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Abstract 

Research and Development (R&D) has remained the engine of green growth and innovation globally. This study examines how 

R&D contributes to green innovation, focusing on renewable electricity generation in Canada between 1996 and 2023. The 

datasets on renewable electricity generation and the R&D indicators from the World Bank, UNESCO, and the National Science 

Foundation's Science and Engineering Indicators were analysed using summary statistics, cointegration tests, the least squares 

and residual diagnostic tests. The findings indicate that research and development expenditure has a significant positive effect 

on renewable electricity generation in the long run. This finding highlights the effectiveness of research and development funding 

in driving green innovation in Canaba, especially in the energy sector. Similarly, the results showed that researchers in R&D per 

million people have a positive and significant effect on long-run renewable electricity generation. However, the results showed 

that the number of scientific and technical journal articles per million people has a significant negative effect on renewable 

electricity generation in the long run. The short-run dynamics showed that the error correction coefficient (-1.0554) is negative 

and significant at the 5% level, indicating that the model can adjust toward the long-run equilibrium position. Given the findings, 

this study concludes that R&D expenditure and the availability of R&D researchers enable green innovation by promoting 

renewable electricity generation in Canada. Thus, we recommend that the Canadian government prioritise green, innovation-

driven R&D investments to create more opportunities to improve renewable electricity generation in the country. 
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1. Introduction 

Green innovation is generally understood to be innovation 

that conserves resources, reduces pollution, improves energy 

efficiency, and supports low-carbon development [16, 21]. 

The transition to a low-carbon, environmentally sustainable 

economy has become a key policy focus for both developed 

and developing nations. In this context, green innovation in-

volves the development and implementation of eco-friendly 

products, processes, technologies, and organisational methods, 

and has become a vital element in promoting sustainable de-

velopment. It enhances energy efficiency, reduces greenhouse 

gas emissions, minimises waste, and fosters new economic 

opportunities within emerging green industries. Across the 

broader literature, R&D usually supports green innovation, 

but the effect is often conditional on policy design, firm capa-

bilities, and regional innovation capacity. [14] argue that R&D 
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is widely treated as the engine of sustainable and green inno-

vation because it supports technology creation, knowledge ac-

cumulation, learning, and commercialisation capacity. It is 

also argued that R&D has the potential to stimulate the transi-

tion to renewable energy by spurring innovation in associated 

technologies, increasing individuals' education about the ne-

cessity and opportunity of this transition, and helping to create 

an effective institutional framework for this objective. 

Over the years, Canada has adopted numerous regulations, 

mostly centred around technology and performance standards, 

to enhance environmental quality. Given Canada's commit-

ment to global environmental goals and climate action, it is 

crucial for policymakers, researchers, and business leaders to 

understand how R&D investments translate into tangible 

green innovation outcomes. As a developed G7 economy rich 

in natural resources and with an established innovation infra-

structure, Canada serves as a strong example for studying the 

link between R&D and green innovation. Various levels of 

government offer incentives, such as cash rebates and tax 

credits, to motivate stakeholders to adopt more environmen-

tally friendly practices. Simultaneously, government agencies 

enforce compliance with environmental standards. Spending 

on pollution control includes costs for both incentivising pos-

itive change and enforcement, embodying a stick-and-carrot 

strategy to meet environmental objectives. These expenditures 

primarily aim to prevent, reduce, and eliminate pollution from 

production processes and the consumption of goods and ser-

vices [12]. 

Despite Canada’s initiatives towards environmental sus-

tainability, it still encounters major environmental and eco-

nomic challenges. Its economy heavily relies on resource-in-

tensive industries such as oil and gas, mining, and heavy man-

ufacturing, all of which significantly emit greenhouse gases. 

Therefore, exploring how increased R&D funding can accel-

erate green innovation is crucial to driving sustainable eco-

nomic change without compromising global competitiveness 

[10]. While previous research has advocated consistent R&D 

investment to unlock more advanced and sustainable innova-

tions [12, 18, 20], the magnitude and direction of the link be-

tween R&D and green innovation in Canada remain underex-

plored. Against this background, this study seeks to provide 

evidence on how R&D contributes to green innovation, focus-

ing on renewable electricity generation in Canada to inform 

policy and investment decisions regarding resource allocation 

for environmental sustainability. The following sections focus 

on the related literature, methodology, results, conclusion, and 

policy insights. 

2. Literature Review 

2.1. Theoretical Literature 

This study is anchored in the resource-based theory (RBT), 

developed by [17] and further expanded by [4], which empha-

sises the identification of critical resources and capabilities 

within a firm. These resources include government funding 

for R&D, expertise in green technology, access to sustainable 

innovation practices, and established networks for technology 

transfer. This involves assessing how R&D support and effec-

tive green technology transfer can lead to sustained competi-

tive advantages, such as cost efficiency, market positioning, 

or superior sustainable innovations. Additionally, R&D is rec-

ognised as a strategic competency, as highlighted by the RBT. 

Investing in R&D enables firms to build technological exper-

tise, develop unique innovations, enhance human capital, and 

foster organisational learning. These knowledge-driven assets 

improve a firm's capacity to develop new products, refine pro-

duction methods, and adapt to changing market and regulatory 

conditions [6]. As a result, firms that regularly invest in R&D 

tend to develop unique technological capabilities that drive 

ongoing innovation and long-term growth. The popularity of 

RBT has grown significantly within environmental sustaina-

bility and green innovation. Achieving green innovation in-

volves firms creating eco-friendly products, adopting cleaner 

production techniques, utilising energy-efficient technologies, 

and developing sustainable business models. These efforts 

rely heavily on internal capabilities such as scientific expertise, 

technological knowledge, and ongoing learning, driven by 

continuous R&D investments [7]. The extension of the RBT 

into the Natural Resource-Based View (NRBV) by [7] further 

emphasises the association between research and development 

(R&D) and environmentally sustainable innovation. The 

NRBV asserts that environmental capabilities are strategic or-

ganisational resources that help firms improve environmental 

performance and maintain competitiveness. The RBT is con-

sidered highly relevant to this study because it identifies R&D 

as a strategic organisational capability that generates valuable 

technological knowledge and innovation competencies neces-

sary for green innovation. Accordingly, the theory supports 

the proposition that increased investment in R&D enhances 

firms' capacity to generate green innovations, improve envi-

ronmental performance, and strengthen long-term competi-

tiveness. 

2.2. Empirical Review 

Empirical evidence presents mixed findings on the magni-

tude and direction of the relationship between R&D invest-

ment and green innovation. [1] examine how R&D support 

contributes to sustainable innovation, with green technology 

transfer acting as a mediator, using data from 220 firms in Vi-

etnam. The findings indicate that R&D support positively af-

fects green technology transfer, which in turn mediates the re-

lationship between R&D support and sustainable innovation, 

underscoring the critical role of government R&D funding in 

shaping sustainable innovation in emerging markets. Simi-

larly, [3] employed a mixed-methods approach, combining 

analytical models and empirical analyses to examine the cur-

vilinear relationship between green innovation and firm per-

formance. They also investigated how government subsidies 
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and digital transformation R&D investments act as moderat-

ing factors. The results show that both government subsidies 

and digital transformation R&D investments notably 

strengthen the positive effects of green innovation up to an 

optimal point and help reduce negative impacts. 

Using panel data on Chinese A-share-listed companies 

from 2011 to 2022, [2] empirically examine the mechanism 

through which government green subsidies affect corporate 

green innovation. The findings indicate that government green 

subsidies have a significant positive impact on corporate green 

innovation, and that further increases in them promote it. Fur-

thermore, [13] examined the nexus between green innovation 

and research and development (R&D) practices inside and 

outside firms over time. The results indicate that internal and 

external R&D efforts enhance green innovation activities. 

This finding highlights the role of R&D investments in pro-

moting environmental sustainability. Additionally, [5] used 

data from various regions in China from 2015 to 2019 to in-

vestigate the relationship between R&D investment and green 

innovation performance. The findings indicate that R&D in-

vestment has a significant double-threshold effect on the lag-

ging three-phase green innovation performance. The findings 

further indicate that at high levels of technological innovation, 

the influence of regional R&D investment on green innovation 

performance is sub-optimal. Using a panel linear and nonlin-

ear autoregressive distributed lag (ARDL) analysis of EU-27 

data from 2009 to 2020, [9] examines the link between the 

number of researchers and greenhouse gas emissions. The 

study revealed that an increase in the number of researchers 

can lead to both a long-term increase in greenhouse gas emis-

sions and a short-term decrease. 

2.3. Stylised Facts on Dynamics of R&D 

Indicators in Canada 

The stylised facts on R&D expenditure (% of GDP), re-

searchers in R&D (per million people) and scientific and tech-

nical journal articles per million people are presented in Fig-

ure 1 below: 

 
Figure 1. Sylised facts on dynamics of R&D indicators in Canada. 

The trends in the three variables [R&D expenditure (% of 

GDP), Researchers in R&D (per million people) and Scien-

tific and technical journal articles per million people] indicate 

that Canada's R&D ecosystem improved over the study period. 

In particular, R&D expenditure as a percentage of GDP re-

mained relatively stable. This suggests that Canada's R&D ex-

penditure, measured as a share of GDP, did not change sub-

stantially during the period under review, although modest 

year-to-year variations are evident. The trend in Canada's 

R&D expenditure indicates a fairly consistent level of invest-

ment relative to the size of the economy. The number of re-

searchers engaged in R&D per million people shows a strong 

long-term upward trend. From the late 1990s to around 2007, 

this figure steadily increased, indicating consistent growth in 

Canada's research workforce. A slight dip occurred around 

2008–2009, but the number recovered and peaked again 

around 2011. Between 2012 and 2017, there was a moderate 

decline, followed by relative stability before a renewed rise 

from 2018 onward. The indicator reached its highest point in 
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2021, surpassing 5,300 researchers per million people, then 

slightly declined and stabilised in recent years. Overall, the 

trend reflects significant growth in Canada's human capital 

dedicated to research and innovation, despite some short-term 

fluctuations. It was further observed that scientific and tech-

nical journal articles per million people also showed an overall 

upward trend throughout the study period. Starting in 1990, 

Canada saw about 1,100 articles per million people, with 

slight fluctuations in the late 1990s. Between 2003 and 2007, 

it increased quickly to 1,500 articles, then grew slowly, reach-

ing around 1,650 to 1,700 by the early 2010s. From 2013 to 

2018, the number remained stable with minor variations, sug-

gesting steady research activity. A moderate increase occurred 

between 2020 and 2021, followed by a slight decline. In sum, 

despite short-term fluctuations, Canada's research productiv-

ity has shown significant long-term growth, indicating contin-

uous strengthening. 

3. Methodology 

3.1. Data and Variable Description 

This study utilised time-series data on green innovation and 

R&D indicators for Canada. In particular, green innovation is 

measured by the share of electricity generated from renewable 

sources in Canada. This is expressed as a percentage of total 

electricity production, including solar, wind, hydropower, bi-

oenergy, geothermal, wave, and tidal. The data were sourced 

from the Statistical Review of World Energy. The R&D indi-

cators used in this study include Canada’s R&D expenditure 

(% of GDP), researchers in R&D (per million people), and 

scientific and technical journal articles (per million people). 

The datasets for R&D expenditure (% of GDP) in Canada are 

obtained from the World Bank, while the datasets for re-

searchers in R&D (per million people) and scientific and tech-

nical journal articles (per million people) are obtained from 

UNESCO and the National Science Foundation Science and 

Engineering Indicators, respectively. 

3.2. Model Specification 

As outlined in the variable description, green innovation is 

measured by the share of electricity generated from renewable 

sources in Canada, while R&D indicators were measured us-

ing Canada’s R&D expenditure (% of GDP), researchers in 

R&D (per million people), and scientific and technical journal 

articles (per million people). Accordingly, the functional spec-

ification of the model is as follows: 

RENEW = f (RDEX, RIRD, STJA)      (1) 

Where: RENEW = renewable electricity generation, RDEX 

= R&D expenditure (% of GDP), RIRD = researchers in R&D 

(per million people) and STJA = scientific and technical jour-

nal articles (per million people). 

The vector error correction model (VECM) representation 

of equation (1) is as follows: 

𝛥𝑅𝐸𝑁𝐸𝑊𝑡 = 𝐶1 + ∑ 𝛽11𝛥𝑅𝐸𝑁𝐸𝑊𝑡−𝑖 + ∑ 𝛽12𝛥𝑅𝐷𝐸𝑋 + ∑ 𝛽13𝛥𝐼𝑛𝑅𝐼𝑅𝐷𝑡−𝑖 +𝑘
𝑖=1

𝑘
𝑖−1

𝑘
𝑖=1  ∑ 𝛽14𝛥𝐼𝑛𝑆𝑇𝐽𝐴𝑡−𝑖 + 𝜃1𝐸𝐶𝑇𝑡−1 + 𝑈1𝑡

𝑘
𝑖−1    (2) 

𝛥𝑅𝐷𝐸𝑋𝑡 = 𝐶1 + ∑ 𝛽11𝛥𝑅𝐷𝐸𝑋𝑡−𝑖 + ∑ 𝛽12𝛥𝑅𝐷𝐸𝑋 + ∑ 𝛽13𝛥𝐼𝑛𝑅𝐼𝑅𝐷𝑡−𝑖 +𝑘
𝑖=1

𝑘
𝑖−1

𝑘
𝑖=1  ∑ 𝛽14𝛥𝐼𝑛𝑆𝑇𝐽𝐴𝑡−𝑖 + 𝜃1𝐸𝐶𝑇𝑡−1 + 𝑈1𝑡

𝑘
𝑖−1      (3) 

𝛥𝑅𝐼𝑅𝐷𝑡 = 𝐶1 + ∑ 𝛽11𝛥𝑅𝐼𝑅𝐷𝑡−𝑖 + ∑ 𝛽12𝛥𝑅𝐷𝐸𝑋 + ∑ 𝛽13𝛥𝐼𝑛𝑅𝐼𝑅𝐷𝑡−𝑖 +𝑘
𝑖=1

𝑘
𝑖−1

𝑘
𝑖=1  ∑ 𝛽14𝛥𝐼𝑛𝑆𝑇𝐽𝐴𝑡−𝑖 + 𝜃1𝐸𝐶𝑇𝑡−1 + 𝑈1𝑡

𝑘
𝑖−1      (4) 

𝑆𝑇𝐽𝐴𝑡 = 𝐶1 + ∑ 𝛽11𝛥𝑆𝑇𝐽𝐴𝑡−𝑖 + ∑ 𝛽12𝛥𝑅𝐷𝐸𝑋 + ∑ 𝛽13𝛥𝐼𝑛𝑅𝐼𝑅𝐷𝑡−𝑖 +𝑘
𝑖=1

𝑘
𝑖−1

𝑘
𝑖=1  ∑ 𝛽14𝛥𝐼𝑛𝑆𝑇𝐽𝐴𝑡−𝑖 + 𝜃1𝐸𝐶𝑇𝑡−1 + 𝑈1𝑡

𝑘
𝑖−1       (5) 

Where: 
1C -

4C = vector of constant parameters, β11 - β44 = 

slope parameters, θ1 - θ4 = error correction coefficients (speed 

of adjustments), ECT = error correction term, U1t - U4t = slope 

parameters, In = natural log notation,   = first difference no-

tation and K = optimal lag notation. 

3.3. Estimation Techniques 

The least squares method was used to estimate the VECM, 

providing insights into the long-run relationships and short-

run dynamics. The motivation for estimating a VECM fol-

lowed the evidence of cointegration among the I(1) series. It 

also provides an error correction coefficient, which measures 

how quickly variables return to equilibrium after a shock. 

Summary statistics were also employed to analyse the distri-

bution of each variable during the study period. Additionally, 

the [11] unit root test was applied in this study, while the Jo-

hansen (1988) cointegration test served as the basis for the 

long-run relationship test. Residual diagnostics, including 

tests for serial correlation and heteroskedasticity, were applied 

to validate the reliability and efficiency of the estimated 

VECM. 
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4. Results and Discussion 

4.1. Summary Statistics 

The summary statistics provide insights into the distribution of each variable over the study period. The results are presented 

in Table 1. 

Table 1. Summary statistics for the variables. 

Statistic RENEW RDEX RIRD STJA 

Mean 366.3883 1.811035 4320.533 1515.462 

Median 368.1550 1.780090 4506.055 1665.805 

Maximum 397.7300 2.021170 5411.827 1822.291 

Minimum 330.8699 1.606820 3055.672 1068.820 

Std. Dev. 20.10673 0.121363 668.9288 263.5330 

Jarque-Bera 1.873823 1.809969 1.767118 3.943606 

Probability 0.391836 0.404548 0.413309 0.139206 

Observations 28 28 28 28 

Source: E-views 12 output 

Table 1 presents the descriptive statistics for each variable. 

The results showed that renewable electricity generation aver-

aged terawatt-hours during the study period. It ranged from 

330.87 to 397.73 terawatt-hours. The standard deviation of 

20.106 indicates that the observations for renewable electric-

ity generation clustered around the mean. The results also 

showed that research and development expenditure averaged 

1.811% of GDP between 1996 and 2023. The minimum and 

maximum research and development expenditure are 1.606% 

and 2.0211% of GDP, respectively. The results further 

showed that researchers in R&D and in scientific and tech-

nical journal articles averaged 4,320.533 and 1,515.462 per 

million people, respectively. The standard deviation showed 

that the observations for researchers in R&D and in scientific 

and technical journal articles converged around their respec-

tive means. The probability values of the Jarque-Bera statis-

tics are greater than 0.05, indicating the variables are normally 

distributed at the 5% level. This finding further indicates that 

the data distribution is free of outliers. 

4.2. Unit Root Test 

The Phillips-Perron (PP) method was applied for the unit 

root test at the 5% level. The results are shown in Table 2. 

Table 2. PP unit root test results. 

Variable PP stat. at levels PP stat. at first difference 5% critical value Order of Integration 

LOG (RENEW) -1.798 -8.055*** -2.981 I(1) 

LOG (RDEX) -2.030 -4.308*** -2.981 I(1) 

LOG (RIRD) -1.877 -4.326*** -2.981 I(1) 

LOG (STJA) -0.886 -3.236** -2.981 I(1) 

Source: E-views 12 output 

The results showed that all the variables are nonstationary, as the PP statistics at levels are less than the 5% critical value 
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in absolute terms. Consequently, the null hypothesis of unit 

cannot be rejected. However, the results showed that the vari-

ables became stationary at first difference, indicating that they 

are integrated of order one I(1). This finding necessitates con-

ducting a cointegration test using the [8] method. 

4.3. Cointegration Test 

The cointegration followed the evidence of all I(1) series. 

The results are presented in Table 3. 

Table 3. Summary of Johansen cointegration test results. 

Series: LOG (RENEW) LOG (RDEX) LOG (RIRD) LOG (STJA) 

Lags interval (in first differences): 1 to 2 

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

Hypothesized  Trace 0.05  

None * 0.825282 67.86776 47.85613 0.0002 

At most 1 0.499276 24.25324 29.79707 0.1899 

At most 2 0.206190 6.960741 15.49471 0.5822 

At most 3 0.046407 1.187952 3.841465 0.2757 

Hypothesized  Max-Eigen 0.05  

None * 0.825282 43.61452 27.58434 0.0002 

At most 1 0.499276 17.29250 21.13162 0.1586 

At most 2 0.206190 5.772789 14.26460 0.6425 

At most 3 0.046407 1.187952 3.841465 0.2757 

Source: E-views 12 output 

Note: * denotes rejection of the hypothesis at the 0.05 level 

The Johansen cointegration results shown in Table 3 provide 

evidence of one cointegrating equation based on the Trace test. 

Similarly, there is a cointegrating equation from the maximum 

eigenvalue test results. These findings indicate that a long-run re-

lationship exists among the variables. In other words, renewable 

electricity generation has a long-run relationship with research 

and development expenditure, researchers in R&D, and scientific 

and technical journal articles per million people. 

4.4. Model Estimation 

The estimated VECM is presented in Tables 4 and 5. 

Table 4. VECM long-run results. 

Dependent variable: RENEW 

Standard errors in ( ) & t-statistics in [ ] 

Variable Coefficient t-statistic 

LOG(RDEX(-1)) 0.420625*** 3.51928 

LOG(RIRD(-1)) 0.223944** 2.07213 

LOG(STJA(-1)) -0.444874*** -4.86249 
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Dependent variable: RENEW 

Standard errors in ( ) & t-statistics in [ ] 

Variable Coefficient t-statistic 

C -4.778918  

Source: E-views 12 output 

Note: ***, ** and * indicate significant at 1%, 5% and 10% levels, respectively 

The long-run results showed that research and development 

expenditure has a significant positive effect on renewable 

electricity generation in Canada. The estimated parameter 

showed that a 1% increase in research and development ex-

penditure leads to a 0.4206% increase in long-term renewable 

electricity generation. This finding highlights the effective-

ness of research and development funding in driving green in-

novation in Canada, especially in the energy sector. The sig-

nificant positive contribution of research and development ex-

penditure to renewable electricity generation is consistent 

with the findings of [7, 13, 18], who reported that such ex-

penditure is critical for boosting green innovation. At the same 

time, the results showed that researchers in R&D per million 

people have a positive and significant effect on renewable 

electricity generation. The results showed that a percentage 

increase in researchers in R&D per million people is associ-

ated with a 0.224% increase in renewable electricity genera-

tion. This finding corroborates the results of [9, 15, 19], who 

highlighted the significant role of researchers in fostering in-

novation. However, the results showed that the number of sci-

entific and technical journal articles per million people has a 

significant negative effect on long-run renewable electricity 

generation. This finding contradicts the theoretical expecta-

tions, indicating that scientific and technical journal articles 

published have not created the intended and desired opportu-

nities for green innovation in the energy. 

Table 5. VECM short-run dynamics. 

Variable Coefficient t-statistic 

CointEq1 -1.055451*** -3.49546 

D(LOG(RENEW(-1))) -0.003685 -0.01263 

D(LOG(RENEW(-2))) -0.081764 -0.36535 

D(LOG(RDEX(-1))) 0.250276 1.15864 

D(LOG(RDEX(-2))) 0.435224** 1.82914 

D(LOG(RIRD(-1))) 0.398011** 1.95186 

D(LOG(RIRD(-2))) 0.272841 1.15865 

D(LOG(STJA(-1))) -0.043329 -0.19918 

Variable Coefficient t-statistic 

D(LOG(STJA(-2))) 0.259952 1.08219 

C -0.017462 -1.81314 

R-squared 0.672855  

Adj. R-squared 0.476568  

Sum sq. Resids 0.013502  

S.E. equation 0.030002  

F-statistic 3.427913  

Log likelihood 58.57404  

Akaike AIC -3.885924  

Schwarz SC -3.398373  

Source: E-views 12 output 

Note: ***, ** and * indicate significant at 1%, 5% and 10% levels, 

respectively 

The short-run dynamics showed that the error correction co-

efficient (-1.0554) is negative and significant at the 5% level, 

indicating that the model can adjust toward the long-run equi-

librium position. The results showed that R&D expenditure 

has a significant positive effect on renewable electricity gen-

eration in the short run. A percentage increase in R&D ex-

penditure is associated with a 0.435% increase in renewable 

electricity generation. Similarly, the results showed that re-

searchers in R&D per million people have a positive and sig-

nificant effect on short-run renewable electricity generation. 

A 1% increase in researchers in R&D per million people leads 

to a 0.398% increase in renewable electricity generation. 

However, the short-run results showed that scientific and tech-

nical journal articles published do not significantly affect re-

newable electricity generation. The R-squared (0.6728) 

showed that about 67.28% of the total variation in renewable 

electricity generation was explained by changes in R&D indi-

cators. This finding attests to the statistical reliability of the 

estimated model. The statistical reliability of the short-run re-

sults is also evidenced in the F-statistic (3.4279), which high-

lights that the R&D indicators are jointly significant in ex-

plaining changes in renewable electricity generation. 
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Table 6. Residual diagnostics test results. 

a. VEC Residual Serial Correlation LM Tests 

Lag LRE* stat Df Prob. Rao F-stat df Prob. 

1 11.76 16 0.7599 0.694481 (16, 25.1) 0.7733 

2 36.77 32 0.2572 1.140261 (32, 16.3) 0.4001 

 

b. VEC Residual Heteroskedasticity Tests (Levels and Squares) 

Joint test: 

Chi-sq Df Prob. 

186.41 180 0.3559 

 

c. VEC Residual Normality Tests 

Chi-sq Df Prob. 

3.0072 4 0.5566 

Source: E-views 12 output 

The residual diagnostics test focused on the Lagrange Mul-

tiplier (LM) serial correlation test, the VEC homoscedasticity 

test, and the VEC normality test. The LM serial correlation 

test results showed the probability values at lag 1 (0.7599) and 

lag 2 (0.2572) are greater than 0.05, indicating that the null 

hypothesis cannot be rejected at the 5% level. This implies the 

absence of serial correlation in the residuals for the VEC 

model. The heteroskedasticity test also has a p-value of 0.3559, 

which exceeds 0.05; therefore, the null hypothesis of ho-

moskedasticity cannot be rejected. Additionally, the normality 

test results indicated that the residuals were normally distrib-

uted, as the corresponding p-value (0.5566) is greater than 

0.05. This finding suggests that the VEC model satisfies the 

normality assumption, making statistical inference more valid. 

5. Conclusion and Recommendations 

This study provides insight into the long-term and short-run 

dynamic effects of R&D on green innovation in Canada, using 

renewable electricity generation as a proxy for green innova-

tion. The findings revealed that R&D expenditure as a per-

centage of GDP significantly improved renewable electricity 

generation. This finding indicates that funding of R&D is crit-

ical for promoting green innovation in Canada. Evidence of a 

positive and significant effect of researchers in R&D on re-

newable electricity generation in Canada highlights the con-

tribution of researchers and skilled professionals to green in-

novation in the country. However, the study revealed that the 

number of scientific and technical journal articles per million 

people has a significant negative effect on long-run renewable 

electricity generation. This outcome contradicts theoretical 

expectations that scientific publications contribute positively 

to enhancing innovation and technological advancement. 

Given the findings, this study concludes that R&D expendi-

ture and the availability of R&D researchers enable green in-

novation by promoting renewable electricity generation in 

Canada. The findings also indicate that academic research out-

puts have not translated into green innovation in Canada. 

Therefore, this study recommends that the Canadian govern-

ment prioritise green, innovation-driven R&D investments to 

create more opportunities to improve renewable electricity 

generation in the country. Regulatory authorities should strive 

to improve the academic research outputs to enhance their im-

pact factor, especially in promoting green innovation in Can-

ada. 
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