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parameterized beta can be expressed, using the estimation coefficients from 

Model 3, as:  

! = 1.535+ 0.!"#!!"# ! !!!"#!"#$ 

This equation indicates that systematic risk of the renewable energy industry has 

decreased compared to previous estimation results5, and is close to the market beta 

of the benchmark model. This decrease in systematic risk can reflect the low level 

of average returns the industry has seen particularly towards the end of our sample 

period – a development that is consistent with theory. As described above, we find 

profitability and growth opportunities to be the determining factors of systematic 

risk, in addition to the market.  

 

As a robustness check of our resulting Model 3, we performed a Wald test based 

on the unrestricted regression (Model 2) with the following hypothesis: 

!! ! all coefficients of insignificant variables can be restricted to zero  

 H! = all coefficients of insignificant variables cannot be restricted to zero  

 

The test-statistic Chi-square was 3.23 with a p-value of 0.78, and we can therefore 

not reject the null hypothesis. Our restricted model (Model 3) thereby seems to 

appropriately reflect the determinants of systematic risk for the renewable energy 

sector. 

 

5.2 Results for subsamples  

To further examine the systematic risk over the past few years, we have chosen to 

consider two subsamples, which include firms that entered public markets during 

2009 and during 2012. By running our restricted regression on updated samples, 

we aim to check whether the found relationship in the parameterized beta still 

holds. Although we are not able to formally test possible changes, given that the 

samples are different, it could provide us with valuable information about the 

development in the renewable energy sector.  
 

 

 
                                                
5	Both Sadorsky (2012) and Henriques & Sadorsky (2008) find betas of approximately 2, while 
Donovan and Nunez find near-average risk exposure for renewable energy investors in large 
emerging markets.	
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Table (4): correlations subsample 1 (2009-2015) 

 

Correlations are calculated in EViews. There are 605 observations. See description of the variables 

in Table (1) and Section 4.1.   
 

Table (5): correlations subsample 2 (2012-2015) 

 
Correlations are calculated in EViews. There are 351 observations. See description of the variables 

in Table (1) and Section 4.1.  

 

Correlations are reported in tables 4 and 5, while summary statistics can be found 

in Appendix (2). Notice that renewable company return is now negatively 

correlated to oil, although insignificantly so for subsample 1. This shift in 

correlation may be a manifestation of the detached relationship between higher oil 

prices and higher returns for renewable energy companies, as depicted in Figure 

(2) in Section 4.2.  
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Table (6): regression results subsample 1 (2009-2015) 

 
Panel least squares estimation technique has been used. Rm denotes market return. T-statistics are 

reported in the parentheses. *, **, *** denote the significance at the 10%, 5% and 1% level, 

respectively.  
 

Table (7): regression results subsample 2 (2012-2015) 

 
Panel least squares estimation technique has been used. Rm denotes market return. T-statistics are 

reported in the parentheses. *, **, *** denote the significance at the 10%, 5% and 1% level, 

respectively.  

 

As we can see from Table (6), the regression output for subsample 1 show similar 

results as the ones reported for the main sample. Roa x market return and Tobin’s 

q x market return are still significant at a 1% and 5% level, respectively. Yet, the 

benchmark model shows a slightly lower market beta for subsample 1 relative to 

the main sample. Here, the renewable energy segment is reported to be 1.33 times 

as risky as the market. The impact of market on systematic risk in the restricted 

model is also somewhat decreased, whereas profitability proves to have a 

minuscule increase in influence. Tobin’s q still affects the systematic risk 

negatively, but to a smaller degree. With such minor changes, it therefore seems 

that the found relationship between systematic risk and influencing factors 

reflected in the parameterized beta still holds. However, we note that the R2 of the 

model is now significantly lower, meaning that this model holds less explanatory 

power.  

 

The estimated relationship does nonetheless not hold for subsample 2, see Table 

(7). Both the benchmark model and the restricted model report negative 

coefficients related to market return, and Tobin’s q is no longer significantly 

impacting systematic risk. We suspect these results to be largely affected by the 
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small sample size, with only three years (observations) of company data for the 

127 companies included in the sample. 

 

5.3 Discussion 

The systematic risk of renewable energy companies has decreased compared to 

previous studies, and when adding firms that went public during 2009 (subsample 

1), we find a further decrease. Consistent with theory, this is accompanied by 

lower returns. The average return of renewables has been negative from 2009 and 

throughout the rest of the sample period. We find a high level of heterogeneity 

among the firms, meaning that there are large variations, especially in terms of 

performance. Overall, our results indicate that investments in renewable energy 

are not optimal in terms of risk and return. The investors will need to have a fairly 

high tolerance for risk, yet they might not be rewarded for this additional risk. 

This raises an important question, namely what other forces are promoting 

investments in renewable energy? 

 

One possible explanation could be that investors are more motivated by 

sustainable investments than profitable investments. Sustainable investors apply 

both financial and ESG (Environmental, Social and Governance) criteria when 

considering an investment. During the last decade, awareness of sustainable 

investments has increased rapidly. According to the Global Sustainable 

Investment Association (2014; 2016), sustainable investment assets in Europe, 

U.S., Canada, Australia, and Asia rose 61% from 2012 to 2014, with a further 

increase of 25% at the outset of 2016. In most of the regions, professional 

institutional investors such as pension funds, mutual funds and insurers are 

dominating the market. These large agents have incorporated sustainable 

investments into their investment policy statements, while aspiring to keep the 

risk-return relationship at status quo. Within asset allocations, there are large 

variations from market to market. In Canada and Europe for instance, most assets 

were allocated in bonds as of 2016, whereas equities were dominating two years 

before. According to the GSIA, this shift is reflecting the recent rise in green 

bonds.  

Bloomberg New Energy Finance (2016) states that climate change policies such 

as ‘green stimulus’ programs, government and corporate spending on R&D have 
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contributed to the boost in investments, especially in 2011. A drawback of our 

model is that we have not accounted for subsidies or policies, however, neither 

have previous studies. Instead, they have used their results to recommend 

improvements of renewable energy investment policymaking. It is also important 

to note that fossil fuel energy industries have been, and still are, highly 

subsidized6. Nonetheless, subsidies and green stimulus set aside, large 

investments in renewables despite low fossil fuel prices points towards a rising 

cost-competitiveness of renewable energy. Renewable power technologies have 

experienced a substantial decrease in levelized costs of electricity, enabling the 

sector to increase its share of world electricity generation at the expense of 

carbon-emitting sources. Levelized costs typically incorporates all costs 

associated with the development, construction, financing and operation of a 

project or power plant. The indisputable driver of this movement is solar 

photovoltaics, which has seen a spectacular drop of 61% in the levelized cost of 

crystalline-silicon from end-2009 to end-2015, (Bloomberg New Energy Finance, 

2016). Another aspect contributing to the competitiveness is the speed of the 

installation process. Building wind farms and solar parks takes 3-9 months, 

compared to fossil fuel plants, which can take several years. This explains why 

renewables are particularly gaining grounds in developing countries where there is 

a rush in the need for new capacity, (ibid).  

The determinants of systematic risk found in our study do not include changes in 

oil other energy prices, which supports the rising cost-competitiveness of 

renewables discussed above. Marques et al. (2010) also found no significant 

relationship between oil prices and renewable energy in most of their models. 

They suggest however that this result is affected by the fact that their study ends 

in 2006, prior to the large rise in oil prices. Henriques and Sadorsky (2008), on 

the other hand, have a rather different interpretation. They argue that oil prices are 

not as important because investors may view renewable energy companies as 

similar to other technology companies, which makes sense given that the industry 

(excluding hydro) is based on new technology compared to traditional models. 

This brings up another essential issue, namely that conventional energy and 

                                                
6	See for example International Energy Agency:	World Energy Outlook (2016) and Financial 
Times: A world map of subsidies for renewable energy and fossil fuels (2016) 
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renewable energy industries are very different, and therefore it is crucial to clearly 

distinguish them.  

 

Several authors have stressed the importance of understanding industry life cycle 

and how certain conditions can affect the firms within the industry. For instance, 

Karniouchina et al. (2013) examine the industry life cycle in three stages: growth, 

maturity and decline. The industry of renewable energy is in the growth stage, 

which is characterized by high levels of heterogeneity between firms and market 

share instability. Further, a high rate of new firms entering will result in even 

larger differences and thus more heterogeneity, which is reflected well in the 

summary statistics. Our samples of renewable energy companies have the highest 

standard deviation compared to market, tech- and traditional energy firms. We 

also observe large variations in the firm specific variables, with kurtosis as large 

as 600. These differences will ultimately lead to substantial variance in market 

position and performance. For wind and solar, the technology requires that most 

of the costs are incurred upfront rather than during operation (Bloomberg New 

Energy Finance, 2016). This can help explain the negative values we have 

observed for the measure of performance as well as the undesirable risk-return 

relationship. As the industry of renewable energy matures, changes will become 

less radical and more incremental (Karniouchina et al. 2013). Established industry 

norms will become more standardized and the weaker companies will exit, 

leading to less variation and a decline in total risk.  

 

Given the large within-sector volatility, there are evidently certain very successful 

renewable energy firms that may be relatively easy to identify for investors 

seeking profitable investments. Meanwhile, the abovementioned features of a 

young industry still bring a high degree of uncertainty to an investor’s renewable 

energy investment decisions. Technological solutions have yet to become 

standardized, and economies of scale might have to be realized to a larger extent 

before public markets become more confident about the path renewable energy 

will take. In general, the uncertainty characterizing the young industry as of now 

makes it more difficult for investors to do a proper assessment of individual 

companies and the sector as a whole. Whether renewable energy companies 

should be compared to traditional energy companies or other tech companies also 
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highlights the complexity of establishing a clear benchmark to which investors 

can measure the performance of the sector.  

 

6. Conclusion 
 

Given the recent development in the renewable energy sector, the risk-return 

relationship is a highly relevant and important area of study that can help shed 

some light over the profitability of renewable energy investments.  

 

In this paper, we have used a variable beta model to estimate the systematic risk 

of renewable energy companies, as well as the determinants of systematic risk. 

Our results show a risk-return relationship that is not optimal, with negative return 

and high beta values of approximately 1.5. This can, at least to some extend, be 

explained by certain conditions of the renewable energy industry life cycle, such 

as a high degree of heterogeneity.   

 

The determinants of systematic risk are crucial for understanding the companies’ 

financial performance. Our results show that an increase in roa increases the 

systematic risk, while Tobin’s q decreases systematic risk. In contrast to the study 

performed by Sadorsky (2012), we do not find oil price (or other energy prices) to 

have a significant impact on the systematic risk. This points toward a more 

detached relationship with conventional energy and a rising cost-competitiveness 

of the renewable industry.  

 

Overall, our results indicate that there are other forces besides profitability 

promoting the investments in renewable energy. Increased focus on sustainability 

is one important aspect that motivates both individual and institutional investors 

to making greener investment decisions. Different climate change policies such as 

green stimulus programs can also help explain the boost in investments. Finally, 

asset finance seems currently to be a crucial funding source for the large upfront 

costs associated with the industry, and may help renewable energy companies 

overcome the startup phase. But with time, public markets will probably further 

increase the share of financing, and sustainable investments may eventually prove 

to also be profitable investments.  
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Further research can benefit from improved data availability as the industry of 

renewable energy matures and perhaps overcome the limitations of this study. Our 

data selection was restricted due to missing variables and incomplete financial 

reporting. To obtain a more comprehensive picture of the risk-return relationship, 

one may also consider different segments within the renewable energy industry 

separately (such as solar and wind).  
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8. Appendix 
 

Appendix (1): Company lists 

 

Main sample: 2006-2015. Total 67 companies 

 

3Power Energy Group, Inc 

Albioma 

Alerion Clean Power S.p.A 

American Superconductor Corp 

Amtech Systems Inc 

Boralex Inc 

CP New Energy 

C&G Environmental Protection Holdings Limited 

Capital Stage AG 

Carmanah Technologies Corp 

China Everbright International Ltd 

China Renewable Energy Investment Limited 

China Ruifeng Renewable Energy Holdings 

Limited 

Concord New Energy Group Ltd 

Covanta Holding Corp 

EcoBio Holdings Corp 

Electrovaya Inc 

Ellomay Capital Ltd 

Energiekontor AG 

Engie Brasil Energia 

Enlight Renewable Energy Ltd 

E-Ton Solar Tech Co Ltd 

Etrion Corporation 

Falck Renewables S.p.A 

First National Energy Corporation 

Futuren S.A. 
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Gamesa Corp Technologica SA 

Greentech Energy Systems A/S 

Inter Far East Energy Corporation Public Company 

Limited 

Jun Yang Financial Holdings Limited 

K.R. Energy S.p.A 

Kalina Power Limited 

Kong Sun Holdings Ltd 

MDI Energia S.A. 

Motech Industries Inc 

Naikun Wind Energy Group Inc 

New Sources Energy NV 

Ning Xia Yin Xing Energy Co., Ltd 

Nordex SE 

NZ Windfarms Limited 

Odelic Co Ltd 

Ormat Technologies, Inc. 

Pacific Ethanol Inc 

PannErgy Plc 

Petratherm Limited 

Plug Power Inc 

PNE Wind AG 

Polaris Infrastructure Inc. 

Polish Energy Partners 

REC Silicon ASA 

PwrCor, Inc. 

Renu Energy Limited 

Sea Breeze Power Corp. 

Shodensya Co., Ltd. 

Sichuan Chuantou Energy Co., Ltd 

Simplo Technology Co Ltd 

Sino-American Silicon Products Inc 

Solar Alliance Energy Inc. 

Solartron PLC 

SPCG Public Company Limited 
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SunPower Corp 

Trention AB 

U.S. Geothermal Inc. 

United Photovoltaics Group Limited 

Vestas Wind Systems A/S 

Voltalia SA 

West Holdings Corporation 

 

Subsample 1: 2009-2015. Total 105 companies 

 

All companies from main sample 

 + 

Alterra Power Corp. 

Canadian Solar Inc 

Comtech Solar Systems Group 

Ltd 

Edisun Power Europe AG 

EDP Renováveis, S.A. 

Energy Development Corporation 

ErgyCapital S.p.A. 

Fersa Energías Renovables, S.A. 

First Solar Inc 

GCL-Poly Energy Holdings Ltd 

Gintech Energy Corp 

Goldwind 

Green Energy Technology Inc 

Hanwha Q Cells Co Ltd 

Indowind Energy Limited 

Innergex Renewable Energy Inc.  

JA Solar Holdings Co Ltd 

Juhl Energy, Inc. 

Kandi Technologies Group Inc 

Meyer Burger Technology AG 

Nacel Energy Corporation 

Neo Solar Power Corp 
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REACT Energy plc 

ReneSola Ltd 

Sao Martinho SA 

Singyes Solar 

SMA Solar Technology AG 

Solargiga Energy Holdings Ltd 

Solaria Energia y Medio 

Ambiente SA 

Solartech Energy Corp 

Solegreen Ltd 

Sunflower Sustainable 

Investments Ltd 

Terna Energy S.A. 

Tianneng Power International Ltd 

Veer Energy & Infrastructure 

Limited 

Verbio Vereinigte BioEnergie 

AG 

Wind Works Power Corp. 

Yingli Green Energy Holding Co 

Ltd 

 

Subsample 2: 2012-2015. Total 127 companies 

 

All companies from main sample 

 + 

All companies from subsample 1 

 + 

Advance Metering Technology 

Limited 

Aega ASA 

Ameresco Inc 

Arise AB 

Aventron AG 

China Datang Corporation Co, Ltd. 
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Danen Technology Corp 

Daqo New Energy Corp 

Electrawinds SE 

Energixs-Renewable Energies Ltd. 

Enphase Energy Inc 

Gigasolar Materials Corp 

Huaneng Renewables Corporation 

Limited 

JinkoSolar Holding Co Ltd 

Karma Energy Limited 

KTG Energie AG 

Mytrah Energy Limited 

New Global Energy, Inc. 

Orient Green Power Company 

Limited 

Renewable Energy Group Inc 

Shunfeng International Clean Energy 

Ltd 

Tesla Inc 

 

 

Appendix (2): Summary statistics for subsamples 

 
Summary statistics subsample 1 (2009-2015) 

 
See Table (1) on page 11 and Section 4.1 for description of variables.  
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Summary statistics subsample 2 (2012-2015) 

 
See Table (1) on page 11 and Section 4.1 for description of variables. 
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