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Highlights 

• Examines the effect of crowdfunding on renewable energy generation. 

• Use a panel of 32 countries from 2013 to 2018.  

• Crowdfunding drives renewable energy generation. 

• There exists bi-directional causality between crowdfunding and renewable energy 

generation. 

• China has the highest effect of crowdfunding on renewable energy generation. 

 

Novelty 

This study has, for the first time, measured the contributions of crowdfunding to renewable energy 

generation. The study has also demonstrated that there exists bi-directional causality between 

crowdfunding and renewable energy generation. Finally, this study has shown that China has the 

highest effect of crowdfunding on renewable energy generation.  
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Abstract 

For the first time, this paper investigates the relationship between crowdfunding and renewable 

energy generation for a panel of 32 countries from 2013 to 2018. Applying the instrumental 

variable generalised method of moment, this study indicated that crowdfunding has a significant 

positive effect on renewable energy generation. Notably, 1% increase in crowdfunding raises 

renewable energy generation by 0.35%.  Specifically, we also found that crowdfunding spurs the 

generation of solar energy (0.45%), wind energy (0.37%), and other renewable energy (0.30%) 

while having a neutral effect on hydroelectricity generation. The findings from the causality 

analysis showed that there is bi-directional causality between crowdfunding and renewable energy 

generation. Country-specific analysis indicated that China has the highest effect of crowdfunding 

on renewable energy generation, while the United Arab Emirates has the lowest effect. These 

findings suggest that policymakers need to advance crowdfunding development by promoting 

favourable regulations, social capital (trust), and internet infrastructure investment. Policies that 

advance renewable energy generation, such as subsidies, feed-in-tariffs, and technology 

procurement, are also recommended.  

Keywords: Crowdfunding, Renewable energy, Panel data. 
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1. INTRODUCTION

The Intergovernmental Panel on Climate Change special report indicates that anthropogenic

factors are estimated to have contributed approximately 1.0°C of global warming above pre-

industrial levels.1 The report further projects that global warming is likely to reach 1.5°C between 

2030 and 2052 if it continues to increase at the current rate. It is argued that global warming from 

anthropogenic emissions from the pre-industrial period to the present will continue to rise and 

cause further long-term changes in the climate system1. Therefore, achieving global temperatures 

to a more tolerable 1.5-2.0°C will require policymakers worldwide to undertake renewable energy 

(RE) transformation2. Thus, RE transition is the pathway for addressing climate change and 

achieving energy efficiency, security, and accessibility.3,4 

RE has received much attention in sustainable development policy; however, RE 

transformation is often constrained by capital (funding).5–7 According to Elie et al.8, bridging the 

RE financing gap requires a better understanding of the role play by a different source of RE 

finance. Over the years, most countries have relied on mainstream financial sources such as 

commercial banks, capital markets, institutional investors, and international financial institutions 

to mobilise funding for developing RE technologies8. However, the  2014 decline in oil price 

coupled with failed cleantech deals led many investors to think of clean energy as a “dirty word”, 

and these industrial challenges have given rise to the need for RE technologies firms to seek 

alternative forms of funding outside the mainstream financing sources.9  

Recently, crowdfunding is used as an alternative source of finance for renewable energy 

projects (REP). 5,7,9–14 REP such as the “GEN- Produce Renewable Energy for Your Home”, 

“Clean Energy Empire- The Card Game”, “Home Biogas 2.0- Transform Your Food Waste Into 

Clean Energy”, “Cow Power” and “Light Salone- Small-Scale Renewable Energy for Sierra 

This is the peer reviewed version of the following article: Appiah-Otoo, I., Song, N., Acheampong, A. O., & Yao, X. (2022).Crowdfunding 
 and renewable energy development: What does the data say? International Journal of Energy Research, 46(2), 1837-1852, 

 which has been published in final form at https://doi.org/10.1002/er.7301.  
This article may be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Use of Self-Archived Versions. 



4 

Leone”  have been financed using crowdfunding.15 The fast development of the internet, social 

media, big data, artificial intelligence, and cloud computing has made crowdfunding probably the 

surest way to raise funds for REP in recent times.5 Over the years, there has been significant growth 

in crowdfunding. For instance, crowdfunding has increased from $880 million in 2010 to $16 

billion in 2014 and over $34 billion in 20151. 

According to Lam and Law5 and Bozanini et al. 7, crowdfunding can spur renewable energy 

generation (REG) in the following ways. First, crowdfunding helps entrepreneurs expand their 

organisations by providing the platform to attract venture capital funds at the early stages and 

expand existing investment. 2 Also, crowdfunding helps reduce and share risk among investors 

and removes the collateral associated with the traditional banking system.7 Further, crowdfunding 

facilitates the investment of smaller projects which investors often neglect.7 Finally, crowdfunding 

reduces intimidation and propels the local communities to become managers of REP.7 Contrary, 

crowdfunding can impede REP if its rapid development has an amplified risk and breaks down 

social capital.16–20 For instance, China witnessed the collapse of 5,357 crowdfunding platforms 

representing 84.2% in the spate of eight years.21 This affects individuals, businesses, and industry 

growth,22 thus likely to inhibit REG. Also, profit is the main motive for crowdfunding REP.7 This 

might migrate funds from the real economy to crowdfunding platforms. Thus, the bank’s capital 

will be affected, which will, in turn, reduce domestic credit supply, increase financial crisis, and 

impede REG through the reduction in investment and production.  

Most existing studies on RE crowdfunding have focused on an exploratory case study,5 energy 

co-operatives,10 success factors,7 and a survey on crowdfunding RE ideas.14 However, given the 

importance of crowdfunding to the economy, none of these studies has attempted to quantify the 

 
1 https://www.forbes.com/sites/chancebarnett/2015/06/09/trends-show-crowdfunding-to-surpass-vc-in-

2016/?sh=4219f54a4547 
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impact of crowdfunding on REG. Therefore, this study aims to examine the effect of crowdfunding 

on REG using a panel of 32 countries from 2013 to 2018. In achieving the goal of this study, this 

study seeks to provide answers to the following specific questions (i) What is the effect of 

crowdfunding on REG? (ii) Does crowdfunding has a different effect on a different source of REG? 

(iii) Are there causal relationships between crowdfunding and REG, and (iv) Does the effect of 

crowdfunding on REG differ among countries? Policymakers are keen on achieving 100% RE 

supply by 2050. Therefore, answers to the research questions are critical for informing RE policies. 

For instance, if crowdfunding is found to drive REG, policymakers will find an alternative channel 

to create REG by bringing a new financial landscape of financing renewable technologies. Also, 

suppose crowdfunding is found to spur REG, in that case, other sustainable development goals 

such as enhancing affordable and clean energy, mitigating climate change, reducing poverty, 

improving good health and well-being, decent work and economic growth, reduced inequality, and 

other SDGs goals will be easily achieved.  

Some studies have examined the effect of the stock market and banking institutions on RE, 

23,24, while others have explored citizens’ motivations to crowdfund renewable energy.12,25 

However, our study is distinct and contributes to the emerging literature on crowdfunding and 

REG in the following ways. To the best of the authors’ knowledge, this is the first empirical study 

to estimate the effect of crowdfunding on REG. Therefore, to avoid the assumption that 

crowdfunding has a homogenous effect on REG, our study also contributes to the literature by 

examining the effect of crowdfunding on disaggregated REG sources such hydroelectricity, wind, 

solar, and other REG to reduce. Moreover, we explored the causal links between crowdfunding 

and REG. Furthermore, we extend the literature by examining the country-specific effect of 

crowdfunding on REG. In addition, to produce efficient outcomes and address endogeneity sources 
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such as measurement errors, omitted variable issues and reverse causality, we relied on the 

instrumental variable generalised method of moments (IV-GMM) technique for the analysis. For 

practice, the findings from this study will inform the ongoing discussions on financing RE 

technologies and policies.  

2. BRIEF LITERATURE REVIEW 

 

Besides the mainstreaming financing sources, crowdfunding has emerged as an alternative 

source of finance for entrepreneurs to develop and expand their investments. Crowdfunding is “a 

collective effort by consumers who network and pool their money together, usually via the internet, 

in order to invest in and support efforts initiated by other people or organisations”.52 Theoretically,  

Lam and Law5 and Bozanini et al. 7 argue that crowdfunding can spur renewable energy generation 

(REG) in the following ways. First, crowdfunding helps entrepreneurs expand their organisations 

by providing the platform to attract venture capital funds at the early stages and expand existing 

investment. 2 Also, crowdfunding helps reduce and share risk among investors and removes the 

collateral associated with the traditional banking system.7 Further, crowdfunding facilitates the 

investment of smaller projects which investors often neglect.7 Finally, crowdfunding reduces 

intimidation and propels the local communities to become managers of REP.7 On the other hand, 

crowdfunding is argued to impede REP if its rapid development has an amplified risk and breaks 

down social capital.16–20 This affects individuals, businesses, and industry growth,22 thus likely to 

inhibit REG. Also, profit is the main motive for crowdfunding REP.7 This might migrate funds 

from the real economy to crowdfunding platforms. Thus, the bank’s capital will be affected, which 

will, in turn, reduce domestic credit supply, increase financial crisis, and impede REG through the 

reduction in investment and production.  

 
2 See ref. 5 for extensive literature on the definition of crowdfunding, crowdfunding comparison with other financial 

models, models of crowdfunding, and crowdfunding motivation. 
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Chester15 has provided several RE projects funded using crowdfunding. One of the RE projects 

indicated by Chester15 is “The GEN- Produce Renewable Energy for Your Home”. This project 

aims to expand rooftop energy generation from solar photovoltaic systems to include wind, 

increase the total capacity, and serve additional energy even when it is not sunny. This project 

promises a 3-year payback and 17 subsequent years of free energy supply.  This project received 

funding from 125 backers and exceeded the $60,000 goal to fund the innovative “world’s first 

patent-pending solar and wind renewable energy generator” for residential energy generation. 

Another REP cited by Chester (2018) is “Clean Energy Empire- The Card Game”. This project 

sought to promote energy literacy and education using the tabletop game craze. The targeted 

amount for this project was modest, but 56 backers were happy to shell out over $4,750 to see 

Clean Energy Empire become a reality. The “Light Salone- Small-Scale Renewable Energy for 

Sierra Leone” is another REP funded using crowdfunding (see Chester,15). The Light 

Salone project sought to build small-scale renewable energy systems with ingeniously recycled 

materials, such as hydropower generators made from spoons, windmills built from scraps, and 

electricity generation from vegetables, to be deployed in rural Sierra Leone. Backers shared this 

vision, with 34 people contributing over $2,400 to fund this endeavour. 

Although studies evaluating the effect of crowdfunding on RE are lacking in the literature, the 

existing studies have examined the impact of either FinTech or financial development on RE. For 

instance, Croutzet and Dabbous26 examined the effect of FinTech on RE for 21 OECD countries. 

The study indicated that FinTech significantly enhances RE. Also, Paramati et al.24 investigated 

the impact of stock market development and foreign direct investment on clean energy in 20 

emerging economics. They indicated that stock market development and foreign direct investment 

significantly increase clean energy use. In another study, Paramati et al.27 investigated the effect 
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of stock market development and foreign direct investment on clean energy in the EU, the G20 

and OECD economics. They found that stock market development and foreign direct investment 

significantly increase clean energy use across these three country groups. Best28 also indicated that 

financial capital promotes renewable energy in a panel of 137 countries. Similarly, Kutan et al.29 

revealed that stock market development and foreign direct investment promote RE consumption 

in BRICS.  

The exploration of the literature suggests that none of the existing studies has attempted to 

quantify the impact of crowdfunding on REG. Therefore, this study contributes to the literature by 

investigating the effect of crowdfunding on REG using a panel of 32 countries from 2013 to 2018. 

 

3. METHODS 

3.1 Model specification 

 

Following 30,31, the empirical model underlying this study is as follows: 

𝑙𝑛𝑟𝑒𝑔𝑖𝑡 = 𝑏𝑜 + 𝑏1𝑙𝑛𝑐𝑓𝑑𝑖𝑡 + 𝑏2𝑙𝑛𝑔𝑑𝑝𝑖𝑡 + 𝑏3𝑙𝑛𝑒𝑐𝑖𝑡 + 𝑏4𝑙𝑛𝑡𝑟𝑎𝑑𝑒𝑖𝑡 + 𝑏5𝑙𝑛𝑑𝑐𝑝𝑠𝑖𝑡 + 𝑏6𝑙𝑛𝑟𝑛𝑑𝑖𝑡 +

𝜀𝑖𝑡  (1)                                  

Where: 

• Dependent variable 

𝑙𝑛𝑟𝑒𝑔 signifies total REG, and it is further divided into hydroelectricity (𝑙𝑛ℎ𝑦𝑑𝑟𝑜), solar 

energy (𝑙𝑛𝑠𝑜𝑙𝑎𝑟), wind energy (𝑙𝑛𝑤𝑖𝑛𝑑) and other REG sources (𝑙𝑛𝑜𝑡ℎ𝑒𝑟𝑠). We sourced the 

RE data from BP Statistics, 2019. 

• Independent variable 

 𝑙𝑛𝑐𝑓𝑑  signifies crowdfunding. Crowdfunding is “a collective effort by consumers who 

network and pool their money together, usually via the internet, in order to invest in and 
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support efforts initiated by other people or organisations”.5 3  We obtained the data on 

crowdfunding from the various report of the Centre for Alternative Finance of the University 

of Cambridge. 

• Control variables 

In this study, we controlled for economic growth (GDP per capita) (𝑙𝑛𝑔𝑑𝑝) 30,32–44, energy 

consumption(𝑙𝑛𝑒𝑐)45,46, trade openness(𝑙𝑛𝑡𝑟𝑎𝑑𝑒)47, financial development(𝑙𝑛𝑑𝑐𝑝𝑠) 48–51, and 

technological innovation(𝑙𝑛𝑟𝑛𝑑) 42,49,52. We derived the data on the control variables from the 

World Bank (2020), World Development Indicators database. 

• 𝑖 = 1 … 32.  𝑡 = 2013 … 2018. 𝜀𝑖𝑡 is the error term.  

This study aims to estimate 𝑏1 of Equation. (1). We expect 𝑏1 to have either a positive or 

negative significant effect on REG. 

We estimated Equation. (1) using the IV-GMM model. This econometric technique is 

acknowledged to produce consistent results since it addresses endogeneity problems that emanate 

from measurement errors, simultaneity, and omitted variables. 53–57 For instance, the crowdfunding 

variable could be subjected to measurement errors from reporting.  Also, many potential variables 

can influence REG; however, not all these potential variables can be controlled in the RE empirical 

model. Also, theoretically, while crowdfunding affects REG, REG can affect crowdfunding. REG 

can affect crowdfunding because private investors who are pro-environmentalist turn to minimise 

the negative impact of one action on the environment. These people are more likely to back RE 

crowdfunding.12,25 Because of these endogeneity issues estimating the above equation with 

ordinary least squares (OLS) could create attenuation bias.56 Thus, in the presence of these 

 
3 See ref. 5 for extensive literature on the definition of crowdfunding, crowdfunding comparison with other financial 

models, models of crowdfunding, and crowdfunding motivation. 
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endogeneity issues, OLS estimates will be downward bias.4 Apart from addressing the endogeneity 

issue,  the IV-GMM allows consistent estimations in the presence of AR (1) autocorrelation within 

panels and heteroscedasticity.58  Following 53,54, we employed the robust option to control for 

heteroskedasticity. We also use the Hansen test to test for instrument over-identification.59 The 

null hypothesis of instrument over-identification restriction should not be rejected in both 

models.59 For our robustness analysis, we used the OLS estimator and the random effects (RE) 

model. 

3.2 Data 

We examined the effect of crowdfunding on REG for a panel of 32 countries from 2013 to 

2018. The availability of crowdfunding data dictated this period. The countries employed in this 

study are Argentina, Australia, Austria, Brazil,  Chile, China, Colombia, Finland, France, Germany, 

India, Indonesia, Israel, Italy, Japan, Latvia, Malaysia, Mexico, Netherland, New Zealand, Peru, 

Poland, Portugal, Singapore, South Africa, South Korea, Spain, Sweden, Switzerland, the United 

Arab Emirates (UAE), the United States of America (USA), and the United Kingdom (UK). Table 

A5 shows the list of countries and the ISO code. These countries were selected because of the 

availability of crowdfunding data.  

Table 1 presents the variables, definition, unit of measurement, and descriptive statistics. The 

results show that economic growth has an average of 9.93%, with a maximum of 11.28%. Energy 

consumption has an average of 4.76%, with a maximum of 6.44%. Trade openness has an average 

of 4.21%, with a maximum of 5.91%. Domestic credit has an average of 4.35%, with a maximum 

of 5.16%. Innovation has an average of 0.24%, with a maximum of 1.60%. Crowdfunding has an 

average of 4.34%, with a maximum of 12.79%. Aggregate REG has an average of 2.57%, with a 

 
4 The attenuation bias can be observed by comparing the OLS estimates to the IV-GMM estimates in  Tables 4 and 5. 
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maximum of 6.46%. With regards to the REG sub-measures, hydroelectricity generation has the 

highest average (3.07%).  

Table 1. Descriptive statistics  

 Variables Definition Unit of 

measurement 

Obs. Mean  Std. Dev.  Min  Max 

 lnreg Renewable energy 

generation 

Terrawatt- 

hour 

192 2.570 1.791 -2.442 6.456 

 lnhydro Hydroelectricity Terrawatt- 

hour 

180 3.067 1.808 -2.801 7.089 

 lnsolar Solar energy 

generation 

Terrawatt- 

hour 

151 0.830 2.025 -2.873 5.176 

 lnwind Wind energy 

generation 

Terrawatt- 

hour 

161 1.816 2.132 -2.978 5.902 

 lnothers Electricity from 

geothermal, tides, 

biomass, and 

biofuels 

Terrawatt- 

hour 

185 1.750 1.546 -2.779 4.540 

 lncfd Crowdfunding US $ 186 4.342 2.747 -2.303 12.789 

 lngdp GDP per capita Constant 

2010 US $ 

198 9.933 0.965 7.343 11.280 

 lnec Energy consumption Gigajoule per 

capita 

192 4.785 0.736 3.014 6.444 

 lntrade Trade openness Percent 192 4.207 0.569 3.113 5.905 

 lndcps Financial 

development 

Percentage of 

GDP 

189 4.354 0.552 2.582 5.162 

 lnrnd Technological 

innovation 

Percentage of 

GDP 

170 0.244 0.938 -2.504 1.600 

 

Table 2 shows the averages of aggregate REG, hydroelectricity, solar energy, wind, other 

REG, and crowdfunding of the various countries under study. Except for aggregate REG, China 

dominates in solar, wind, and other REG. This could be linked to enacting REG laws and carbon 

emissions reduction goals. 47,60 The USA leads in REG. This could be credited to the short-term 

growth of the REG tax credit. 47,60 Countries such as Germany, the UK, India, and Brazil also have 

high averages of REG. Regarding crowdfunding, China dominates in crowdfunding development. 

This could be ascribed to the fast economic development,61 trade openness,62 traditional financial 

markets,61 favourable government policies,63,64, and rapid digitalisation.54 The USA, the UK, 

France, Japan, and Australia also have high averages of crowdfunding.  
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Table 2: Averages of aggregate renewable energy generation, hydroelectricity, solar energy, wind, other 

renewable energy generation, and crowdfunding 

Country lnreg lnhydro lnsolar lnwind lnothers lncfd 

Australia 3.115 2.766 1.914 2.487 1.266 5.736 

Brazil 4.315 5.933 -1.059 3.100 3.896 3.789 

Chile 2.365 3.080 0.691 0.662 1.897 4.174 

China 5.811 6.999 3.850 5.389 4.081 11.289 

Colombia 0.625 3.887 0.000 -2.813 0.596 1.619 

Finland 2.676 2.665 -2.406 0.857 2.454 4.750 

France 3.562 4.091 1.994 3.045 1.927 5.892 

Germany 5.117 2.995 3.636 4.361 3.903 5.782 

India 4.355 4.903 2.303 3.706 3.211 4.084 

Indonesia 2.425 2.807 0.000 -1.609 2.422 2.950 

Italy 4.157 3.819 3.120 2.790 3.215 3.860 

Japan 4.182 4.383 3.535 1.757 3.132 5.648 

Latvia -0.122 0.946 0.000 -2.063 -0.280 4.114 

Malaysia 0.097 2.877 -1.292 0.000 -0.216 1.669 

Mexico 2.814 3.465 -0.868 2.122 1.991 3.268 

Netherland 2.671 -2.410 0.292 2.054 1.604 5.283 

New Zealand 2.331 3.213 -2.585 0.778 2.087 4.396 

Peru 0.673 3.223 -1.278 -0.269 -0.012 1.394 

Poland 2.945 0.776 -1.989 2.333 2.096 4.256 

Spain 4.252 3.445 2.606 3.931 1.744 4.507 

Sweden 3.252 4.170 -1.672 2.652 2.432 4.639 

UAE -0.958 0.000 -0.977 0.000 0.000 3.276 

Argentina 1.111 3.708 -2.303 -0.423 0.843 3.238 

Austria 2.351 3.671 -0.014 1.568 1.536 2.221 

Israel 0.182 0.000 0.093 -2.742 -2.419 4.964 

Portugal 2.789 2.428 -0.272 2.499 1.197 0.605 

Singapore -0.179 2.212 -2.174 0.000 -0.267 4.238 

South Africa 1.576 -0.051 0.658 1.265 -0.808 2.299 

South Korea 2.489 1.087 1.495 0.522 1.765 4.142 

Switzerland 1.099 3.592 0.120 -2.208 0.534 3.239 

United Kingdom 4.305 1.727 1.909 3.678 3.300 8.373 

USA 5.848 5.596 3.791 5.368 4.415 10.022 

Table 3 presents the linear relationship among the variables. It was observed that a 

significant strong positive linear correlation exists between crowdfunding, innovation, financial 

development, and REG. However, there exists a significantly strong negative linear correlation 

between trade openness and REG. Thus, an increase in crowdfunding, innovation, and financial 

development will drive REG, whilst a rise in trade openness will impede REG. Furthermore, 
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economic growth, energy consumption, financial development, and innovation were strongly 

positively related to crowdfunding. This implies that an increase in economic growth, energy 

consumption, financial development, and innovation will increase crowdfunding. Trade openness 

was discovered to have a strong negative relationship with crowdfunding. Energy consumption, 

trade openness, financial development, and innovation were also strongly positively related to 

economic growth. It was established that trade openness, financial development, and innovation 

were strongly positively associated with energy consumption. Also, financial development was 

strongly positively related to trade openness, whilst innovation has a weak positive relationship. 

Finally, innovation was observed to have a strong positive relationship with financial development. 

Tables A1-A4 show the correlation analysis for the sub-measures of REG. The results display that 

crowdfunding has a significant strong positive linear correlation with hydroelectricity, wind, solar, 

and other REG. 

Table 3. Correlation matrix 

Variables lnreg lncfd lngdp lnec lntrade lndcps lnrnd 

lnreg 1       

lncfd 0.600*** 1      

lngdp 0.0703 0.221** 1     

lnec -0.0631 0.237** 0.858*** 1    

lntrade -0.457*** -0.211** 0.373*** 0.530*** 1   

lndcps 0.231** 0.238** 0.518*** 0.525*** 0.357*** 1  

lnrnd 0.316*** 0.387*** 0.707*** 0.706*** 0.198* 0.620*** 1 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Figure. 1 shows the bivariate relationship between crowdfunding, aggregate REG, 

hydroelectricity, solar energy, wind energy, and other REG. The results show a strong positive 

relationship between crowdfunding and aggregate REG, solar, wind, and other REG, whilst a weak 

positive relationship exists between crowdfunding and hydroelectricity generation. These bivariate 

relationships provide preliminary evidence, but it is not robust to conclude that crowdfunding 

increases RE. Therefore, to present robust results and conclusions to inform policy, we further 

employed the IV-GMM technique to estimate the impact of crowdfunding on RE while controlling 
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for other factors such as economic growth, trade openness, energy consumption, technological 

innovation, and financial development. The next section presents and discusses the empirical 

findings from the IV-GMM estimator. 

 

Figure. 1. Bivariate relationship between crowdfunding, aggregate renewable energy generation, hydroelectricity, 

solar energy, wind energy, and other renewable energy generation 

 

4 RESULTS AND DISCUSSION 

4.1 Crowdfunding and aggregated renewable energy generation analysis 
 

Table 4 shows the results for the effect of crowdfunding on aggregate REG. The results 

show that crowdfunding has a statistically significant positive effect on REG in all the models. 

The IV-GMM model results show that 1% growth in crowdfunding increases REG by 0.35%, 

indicating that crowdfunding is critical for boosting REG.  This result supports Lam and Law5 and 

Bonzanini et.al7 arguments that crowdfunding spurs REG since crowdfunding helps entrepreneurs 
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expand their organisations by providing the platform to attract venture capital funds at the early 

stages and expand existing investment.  It is also contested that crowdfunding can boosts REG 

since it helps reduce and share risk among investors and removes the collateral associated with the 

traditional banking system.7 Our results also support the literature that crowdfunding can improve 

REG since it facilitates the investment of smaller projects that investors often neglect and reduces 

intimidation, and drives the local communities to become managers of REP.7 The policy 

implication is that for crowdfunding to promote REG, policymakers need to implement policies 

that regulate crowdfunding, engender social capital (trust), and expand the investment in internet 

infrastructure. Our quantitative result fills the gap in the literature and contributes significantly to 

theory and the ongoing discussion on financing RE technologies and policies. 

The results suggest that economic growth has a statistically significant positive effect on 

REG in the IV-GMM and OLS models. The results show that if economic growth rises by 1%, 

REG will increase by 0.38% in the IV-GMM model. This implies that increasing income or a 

country’s affluence plays an essential role in RE utilisation. Economic growth is necessary for 

expanding REG since higher economic growth increases the tax revenue needed by the 

government to develop its capital infrastructures.  Also, economic growth increases REG because 

achieving higher economic growth requires energy in the production process.55 This evidence 

supports the findings of 30 for 17 sub-Saharan African countries, 32 for 21 transition countries, 38 

for developed and developing countries, 65 for 25 OECD countries, and 39 for G7 countries, which 

revealed that economic growth drives REG. The policy implication of this finding is that policies 

that aim at increasing economic growth will directly boost REG.  

Our findings also suggest that energy consumption exerts a statistically significant negative 

effect on REG in all the models. An increase in energy consumption reduces REG by 
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approximately 1.19% by the IV-GMM model. This result indicates that higher energy consumption 

intensity drives REG. This result is not counter-intuitive because energy inefficiency has been a 

primary contributor to the rising global carbon emissions; therefore, reducing energy inefficiency 

requires increasing the share of RE in the total energy mix. Thus, as energy inefficiency increases, 

REG increases since RE is the optimal path for enhancing energy efficiency and addressing climate 

change.3,4 This backs the findings of 43,66.  

It is also observed that trade openness impedes REG in the OLS, random-effect, and IV-

GMM models. From the IV-GMM model, 1% increase in trade openness decreases REG by 0.80%, 

indicating that trade openness does not promote REG. Thus, trade openness does not promote 

technologies needed to support the REG, confirming the findings of 48.  Our results suggest that 

financial development measured using domestic credit to the private sector drives REG. The 

results show that 1% increase in financial development will promote REG by approximately 0.60% 

in the IV-GMM model. This result implies that a well-developed financial system is fundamental 

for driving REG since the developed financial system channels savings for investment and further 

increases economic growth. Thus, a well-established financial system increases the amount of 

funds available for investing in REP while increasing diversification and liquidity to achieve 

higher risk-adjusted returns from energy investments.23,27 This empirical result is consistent with 

the findings of 41,52.  

Our estimate also shows that technological innovation spurs REG. Specifically, 1% rise in 

technological innovation will drive REG by approximately 0.57% in the IV-GMM model, 

indicating that technological innovation supports REG. It is stated that technological barriers 

hamper REG67. In agreement, Przychodzen and Przychodzen32 and Xu et al.68 also argue that 

insufficient R&D capability inhibits REG as it increases the cost of REP. Given that our results 
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suggest that technological innovation improves REP, policymakers must increase funding for 

R&D and support human capital and knowledge formation. Our result is consistent with the 

findings of 42,52. 

The post-estimation results show that the study does not suffer from multicollinearity 

issues, given that the coefficient of the VIF is below 10. The Hansen-J statistics probability value 

also demonstrates the instruments used are not biased. 

Table 4. Crowdfunding and aggregate renewable energy generation 

 

Variables 

1 2 3 

 REG  

OLS R-E IV-GMM 

lncfd 0.282*** 0.106*** 0.349*** 

 (0.030) (0.020) (0.040) 

lngdp 0.354** 0.551 0.375** 

 (0.164) (0.385) (0.183) 

lnec -1.116*** -1.084* -1.188*** 

 (0.317) (0.571) (0.337) 

lntrade -1.011*** -1.083*** -0.804*** 

 (0.219) (0.320) (0.248) 

lndcps 0.705** 0.634*** 0.598* 

 (0.273) (0.237) (0.323) 

lnrnd 0.512** 0.424 0.566* 

 (0.255) (0.454) (0.298) 

Constant 4.325*** 3.483 3.565* 

 (1.524) (3.669) (1.928) 

Observations 159 159 110 

R2 0.589  0.616 

R2_W  0.438  

R2_O  0.535  

R2_B  0.527  

RHO  0.957  

RMSE 1.165 0.256 1.102 

F 76.395  58.807 

J   0.080 

JP   0.778 

VIF 2.99   
Robust standard errors in parentheses. Hansen J-statistics J, Hansen J-statistics p-value JP, F-statistics represent 

weak instrument identification. RMSE is root mean squared error. VIF is variance inflation factor. * p < 0.1, ** p < 

0.05, *** p < 0.01 

4.2 Further analysis 

This section contributes to the literature by examining the effect of crowdfunding on the 

disaggregated REG sources. Table 5 shows the effect of crowdfunding on disaggregated REG. The 
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results show that crowdfunding promotes solar, wind, and other REG, whilst it has an insignificant 

effect on hydroelectricity generation. Notably, 1% increase in crowdfunding raises solar, wind, 

and other REG by 0.45%, 0.37%, and 0.30%, respectively, in the IV-GMM models. Generally, 

these results further add to our earlier findings that crowdfunding is vital for increasing renewable 

energy generation. For the control variables, the results further show that economic growth drives 

solar energy generation in the random effect model. We also found that energy consumption 

impedes solar energy generation while trade openness impedes hydroelectricity, the solar, wind, 

and other REG. Also, the results suggest that financial development and technological innovation 

promote hydroelectricity, solar, and wind energy generation. These results are not somewhat 

different from our results discussed above.  
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Table 5. Crowdfunding and renewable energy generation (disaggregated renewable energy generation) 

 

Variables 

1 2 3 4 5 6 7 8 9 10 11 12 

 HYDRO   SOLAR   WIND   OTHERS  

OLS R-E IV-

GMM 

OLS R-E IV-

GMM 

OLS R-E IV-

GMM 

OLS R-E IV-

GMM 

lncfd 0.053 -0.008 0.080 0.310*** 0.304*** 0.452*** 0.316*** 0.144*** 0.366*** 0.219*** 0.033** 0.304*** 

 (0.048) (0.014) (0.074) (0.048) (0.056) (0.074) (0.052) (0.035) (0.074) (0.028) (0.016) (0.041) 

lngdp -0.484 -0.612 -0.314 0.232 1.315** 0.284 -0.167 0.095 -0.211 0.265 0.626 0.329 

 (0.357) (0.474) (0.439) (0.196) (0.616) (0.255) (0.363) (0.796) (0.451) (0.198) (0.519) (0.219) 

lnec 0.021 0.773 -0.126 -0.621** -1.827** -0.777** -0.613 -0.804 -0.383 -0.591 -0.561 -0.679 

 (0.542) (0.638) (0.679) (0.300) (0.792) (0.375) (0.712) (0.867) (0.884) (0.430) (0.591) (0.466) 

lntrade -2.031*** -0.572** -2.078*** -1.213*** -1.224* -0.821* -0.321 -0.278 -0.254 -0.909*** -0.764** -0.704*** 

 (0.323) (0.276) (0.384) (0.378) (0.665) (0.472) (0.353) (0.469) (0.427) (0.223) (0.308) (0.244) 

lndcps 0.186 0.486* 0.258 0.588* 1.191* 0.415 0.484 0.898*** 0.467 0.443 0.213 0.469 

 (0.206) (0.278) (0.254) (0.302) (0.680) (0.368) (0.359) (0.336) (0.460) (0.291) (0.235) (0.338) 

lnrnd 0.527*** -0.013 0.430* 0.419** -0.070 0.292 0.892** 0.618 0.744 0.184 0.083 0.111 

 (0.180) (0.113) (0.228) (0.211) (0.642) (0.248) (0.352) (0.569) (0.455) (0.346) (0.167) (0.415) 

Constant 15.089*** 5.805 13.744*** 2.514 -5.365 1.012 4.100** 0.809 2.852 2.843 0.236 1.061 

 (2.259) (3.623) (2.922) (2.396) (6.285) (3.091) (2.064) (6.314) (2.886) (1.871) (3.548) (2.446) 

Observations 149 149 103 128 128 91 137 137 96 154 154 107 

R2 0.432  0.447 0.501  0.517 0.427  0.404 0.373  0.400 

R2_W  0.080   0.589   0.447   0.291  

R2_O  0.157   0.427   0.369   0.247  

R2_B  0.124   0.286   0.188   0.222  

RHO  0.989   0.948   0.983   0.987  

RMSE 1.470 0.175 1.427 1.473 0.455 1.482 1.581 0.279 1.629 1.279 0.156 1.243 

F 14.261  11.137 60.157  48.727 25.911  17.888 45.748  36.661 

J   2.234   0.857   0.001   0.359 

JP   0.135   0.355   0.979   0.549 

VIF 3.37   2.61   3.57   3.19   

Robust standard errors in parentheses. Hansen J-statistics J, Hansen J-statistics p-value JP, F-statistics represent weak instrument identification. RMSE is root 

mean squared error. VIF is variance inflation factor.* p < 0.1, ** p < 0.05, *** p < 0.01 
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4.3 Country-specific analysis 

Given the differences in crowdfunding and REG among countries (Table 2), we further 

examine the individual country-specific effect of crowdfunding on REG using the IV-GMM 

results in Table 4. Figure. 2 shows the effect of crowdfunding on REG at the country level. The 

results show that the effect of crowdfunding on REG is positive in all the countries, except the 

United Arab Emirates. The results further show that China (5.90%), the UK (4.71%), the USA 

(4.65%), Japan (4.22%), France (3.51%), Israel (3.50%), Brazil (3.37%), Australia (3.36%), India 

(3.19%), and Germany (3.18%) have the higher effect of crowdfunding on REG. Among the 

countries studied, China has the highest effect of crowdfunding on REG because of its dominance 

in crowdfunding development and high REG development. Also, China has experienced a speed 

increase in internet financing, smartphone usage,  social media, and online payments system,69, 

and this could also explain why China has the highest effect of crowdfunding on REG. 

 
Figure. 2 Country-specific effects of crowdfunding on renewable energy generation. 
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4.4 Granger causality analysis 

Table 6 presents the causality analysis based on Dumitrescu and Hurlin70 causality test. 

The results revealed a bi-directional causal relationship between crowdfunding and aggregate REG 

and crowdfunding and other REG. The rapid development of crowdfunding promotes REG and 

other REG, whilst REG and other REG also facilitate crowdfunding. There exists a uni-directional 

causality from crowdfunding to solar energy generation. We also found no evidence of causality 

between crowdfunding, hydroelectricity, and wind energy generation. That is, crowdfunding does 

not promote hydroelectricity and wind energy generation and vice versa.  

Table 6. Causality analysis  

 Null hypothesis F-statistic Prob. 

lncfd does not Granger-cause lnreg 3.121 0.079* 

lnreg does not Granger-cause lncfd 3.318 0.071* 

lncfd does not Granger-cause lnhydro 0.274 0.602 

lnhydro does not Granger-cause lncfd 1.329 0.251 

lncfd does not Granger-cause lnsolar 9.852 0.002*** 

lnsolar does not Granger-cause lncfd 0.554 0.458 

lncfd does not Granger-cause lnwind 0.991 0.322 

lnwind does not Granger-cause lncfd 1.553 0.215 

lncfd does not Granger-cause lnothers 7.221 0.008*** 

lnothers does not Granger-cause lncfd 2.829 0.095* 

* p < 0.1, ** p < 0.05, *** p < 0.01 

 

5 CONCLUSION  

This study, motivated by the knowledge gaps within the literature and relevance of 

crowdfunding after the 2008 global financial crisis, for the first time examines the effect of 

crowdfunding on renewable energy generation in 32 countries from 2013 to 2018. In achieving 

the goal of this study, this study sought to provide answers to the following specific questions (i) 

What is the effect of crowdfunding on REG? (ii) Does crowdfunding has a different effect on a 

different source of REG? (iii) Are there causal relationships between crowdfunding and REG, and 

(iv) Does the effect of crowdfunding on REG differ among countries? Given that Policymakers 
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are keen on achieving 100% RE supply by 2050, answers to the research questions are critical for 

informing crowdfunding and RE policies.  

The results from the instrumental variable generalised method of moment suggest that 

crowdfunding drives renewable energy generation. The estimate shows that 1% increase in 

crowdfunding raises renewable energy generation by 0.35%. Also, the results show that 

crowdfunding increases solar, wind, and other renewable energy generation with an estimated 

elasticity of 0.45%, 0.37% and 0.30%, respectively, while having a neutral effect on 

hydroelectricity generation. The causality analysis results revealed a bi-directional causal 

relationship between crowdfunding and aggregate renewable energy generation and other 

renewable energy generation. Also, a uni-directional causality was identified to run from 

crowdfunding to solar energy generation with no evidence of causality between crowdfunding and 

hydroelectricity and wind energy generation. Further, country-specific analysis reveals that China 

has the highest effect of crowdfunding on renewable energy generation, while the United Arab 

Emirates has the lowest effect.  

These findings proffer important policy implications for practice. Our study has indicated that 

crowdfunding is vital for enhancing renewable energy generation. Thus, in addition to the 

mainstream financing sources, crowdfunding serves as an alternative financial landscape for 

financing renewable technologies. Also, given the importance of crowdfunding in renewable 

energy generation, other sustainable development goals such as enhancing affordable and clean 

energy, mitigating climate change, reducing poverty, improving good health and well-being, 

decent work and economic growth, reduced inequality, and other SDGs goals will be easily 

achieved if crowdfunding is promoted. To enhance crowdfunding, policymakers need to expand 

investment in internet infrastructure. Also, enforcing information disclosure among crowdfunding 
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platforms and fundraisers is critical for engendering social capital (trust) among online investors. 

We recommend policymakers design and implement regulatory crowdfunding policies to 

strengthen the efficiency of crowdfunding platforms. Thus, enhancing crowdfunding requires 

implementing strict crowdfunding regulatory policies that seek to inhibit the activities of illegal 

unlicensed fundraisers while supporting the efficiency of the online financial system. We also 

recommend policymakers to support renewable energy generation with subsidies, feed-in-tariffs, 

concession, and technology procurement.  The bi-directional causality between crowdfunding and 

renewable energy generation implies that crowdfunding policies will promote renewable energy 

generation and vice versa. Our study also highlighted that technological innovation drives 

renewable energy generation. Therefore, to strengthen the effect of R&D on renewable energy 

generation, policymakers should increase R&D funding and further support human capital and 

knowledge formation with education and health subsidies. Finally, given the role of economic 

growth and financial development in promoting renewable energy generation, policymakers 

implementing structural and regulatory policies that boost production efficiency and the efficiency 

of the financial system will contribute substantially to renewable energy generation. 

The major limitation of this study is that it covered a short period given data availability. Thus, 

future studies should extend this work by employing a more recent dataset when the data becomes 

available. Notwithstanding this limitation, this study has opened a new line of research by 

presenting the first empirical estimate on the impact of crowdfunding on renewable energy 

generation, with the results been built on robust econometric techniques. While this study focuses 

on renewable energy generation, a supply side variable, future studies can also examine the effect 

of crowdfunding on renewable energy consumption, a demand-side variable. Also, future research 
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can analyse the effectiveness of government incentives in supporting the renewable energy 

industry players.  

Appendix A 

Table A1. Correlation matrix (hydroelectricity) 

Variables lnhydro lncfd lngdp lnec lntrade lndcps lnrnd 

lnhydro 1       

lncfd 0.257** 1      

lngdp -0.217** 0.230** 1     

lnec -0.240** 0.273*** 0.873*** 1    

lntrade -0.612*** -0.198* 0.362*** 0.488*** 1   

lndcps -0.102 0.241** 0.530*** 0.556*** 0.372*** 1  

lnrnd 0.0139 0.390*** 0.722*** 0.781*** 0.237** 0.659*** 1 
* p < 0.05, ** p < 0.01, *** p < 0.001 

 
Table A2. Correlation matrix (solar energy) 

Variables lnsolar lncfd lngdp lnec lntrade lndcps lnrnd 

lnsolar 1       

lncfd 0.612*** 1      

lngdp 0.0994 0.187* 1     

lnec 0.0213 0.222* 0.835*** 1    

lntrade -0.476*** -0.358*** 0.277** 0.433*** 1   

lndcps 0.214* 0.207* 0.429*** 0.455*** 0.195* 1  

lnrnd 0.326*** 0.370*** 0.638*** 0.639*** 0.0679 0.565*** 1 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Table A3. Correlation matrix (wind energy) 

Variables lnwind lncfd lngdp lnec lntrade lndcps lnrnd 

lnwind 1       

lncfd 0.578*** 1      

lngdp 0.164 0.209* 1     

lnec 0.250** 0.330*** 0.897*** 1    

lntrade -0.123 -0.185* 0.332*** 0.304*** 1   

lndcps 0.343*** 0.266** 0.504*** 0.516*** 0.313*** 1  

lnrnd 0.436*** 0.398*** 0.698*** 0.800*** 0.190* 0.631*** 1 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Table A4. Correlation matrix (other renewable energy generation) 

Variables lnothers lncfd lngdp lnec lntrade lndcps lnrnd 

lnothers 1       

lncfd 0.501*** 1      

lngdp 0.0644 0.233** 1     

lnec -0.00425 0.274*** 0.871*** 1    

lntrade -0.384*** -0.199* 0.359*** 0.487*** 1   

lndcps 0.137 0.238** 0.523*** 0.554*** 0.373*** 1  

lnrnd 0.200* 0.389*** 0.720*** 0.764*** 0.224** 0.626*** 1 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table A5. List of countries and ISO code 

Country ISO code 

China CN 

USA US 

Argentina AR 

Peru PE 

Colombia CO 

Mexico MX 

Chile CL 

Brazil BR 

South Africa ZA 

Australia AU 

India IN 

Indonesia ID 

Japan JP 

Malaysia MY 

New Zealand NZ 

Singapore SG 

South Korea KR 

Finland FI 

France FR 

Germany DE 

Italy IT 

Latvia LV 

Netherland NL 

Poland PL 

Spain ES 

Sweden SE 

United Kingdom GB 

Israel IL 

UAE AE 

Portugal PT 

Austria AT 

Switzerland CH 
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Nomenclature 

REG  Renewable energy generation 

RE     Renewable energy 

REP   Renewable energy projects 

PCP   Philanthropic-crowdfunding-partnership  

SCF   Solar Crowdfunding  

CFD  Crowdfunding 

GDP  Gross domestic product 

EC     Energy consumption 

Trade  Trade openness  

DCPS domestic credit to the private sector 

RND  Technological innovation 

Hydro Hydroelectricity 

Solar  Solar energy generation 

Wind  Wind energy generation 

Others  Electricity from geothermal, tides, biomass, and biofuels 

IV-GMM Instrumental variable generalised method of moments 

OLS  Ordinary least squares 

R-E  Random effects 
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