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Abstract: In this thesis, it is being researched whether a green return- and volatility factor exist. The 

green return factor is found with the help of the Fama-MacBeth methodology. The green volatility 

factor is found with the help of the GARCH(1,1) methodology with student-t innovations. From the 

research follows that renewable energy companies are mainly small-sized growth firms with a higher 

volatility than the market index. A green factor added to the Fama-French 3-factor model has 

significant explanatory power for the returns of renewable energy firms. Furthermore, a renewable 

energy index is created, which is proven to outperform the market index. Finally, the renewable energy 

index contains significant volatility persistence, indicating that the renewable energy index contains a 

significant volatility factor.  
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1. Introduction 
“The idea is taking hold that stock portfolios should be built according to investment factors, 

derived from the way a company performs financially and from how its stock performs, but 

divorced from how the company makes money” (Financial Times, 2015). This is what John Authers 

wrote in his column in the Financial Times on July 29, 2015. At an increasing rate factor indices are 

created. As an example, Authers states: “In 2014, MSCI saw the launch of 42 new Exchange Traded 

Funds that track its factor indexes, where there were six of those launches in 2013” (Financial 

Times, 2015). Not only are more and more factor indices created, the growth of the ETF’s following 

these indices is enormous, indicating that investing in factors is getting increasingly more popular 

(Financial Times, 2015).  

This enthusiasm is not coming out of nowhere. In a research performed by Marie Briere and Ariane 

Szafarz, the researchers created a contest in which they compared investing based on factors with 

its ‘natural rival’, investing based on sectors. The researchers find that based on a time period from 

1963 to 2014, factor investing dominates sector investing when looking at the expected return 

when short-selling is allowed (Briere & Szafarz, 2016). Factor investing thus seems to outperform 

sector investing on the basis of expected returns. No wonder then, that the popularity of factor 

investing is increasing at such a high rate. 

However, caution has to be warranted when picking the factors one wishes to base the investment 

portfolio around. As Harvey, Liu and Zhu point out in their research, at least 316 factors have been 

found in previous research, of which most have been proposed over the last ten years (Harvey, 

Liu, & Zhu, 2015). Cochrane refers to these developments as “a zoo of new factors” (Cochrane, 

2011). Inevitably, data mining is present in a lot of these factors, which makes their significance in 

generating returns doubtful. Harvey, Liu and Zhu show that, of these 316 factors, only a few really 

have a significant influence on the stock returns (Harvey, Liu, & Zhu, 2015). Among those few 

factors are the market, size and value factors, proposed by Fama and French (Fama & French, 

1992). 

Another rapidly growing trend is using renewable energy sources instead of coal and gas. This rapid 

growth started with the introduction of the 20-20-20 targets by the European Union. These targets 

state that, by the year 2020, the European Union is striving to have reached a 20% reduction in gas 

emission compared to 1990, a 20% improvement of the energy efficiency and 20% of the energy 

consumption being produced from renewable sources (Council of the European Union, 2007).  

Recent developments show that European countries are successfully using renewable energy to 

fulfil these targets. In Portugal for example, 48% of their electricity is provided by renewables. 
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Recently, the country even ran on renewable energy alone for four days in a row (The Guardian, 

2016). Around the same time, Germany announced that clean energy had powered almost all its 

electricity needs (Bloomberg, 2016). Last year on July 8, Denmark announced that so much power 

was produced by Danish windfarms that the country was able to meet its domestic electricity 

demand and export power to Norway, Germany and Sweden during that day (The Guardian, 2015).  

Outside Europe, the popularity of renewable sources is also growing. In Australia, a poll performed 

by the Australia Institute indicates that 71% of Australians would be more likely to vote for a party 

supporting small-scale solar. On top of that, 63% of the respondents would be more likely to 

support a party that aims to transition to 100% renewable energy by 2030 (The Guardian, 2016). 

During 2015, worldwide more than twice as much money was spent on renewables than on coal 

and gas-fired power generation, with clean energy investments equal to 286 billion dollars 

(Renewable Energy Policy Network of the 21st Century, 2016). In 2015 alone, 147 Gigawatts of 

renewable electricity came online, which can be compared to the entire power generating capacity 

of Africa (The Guardian, 2016). 

Still, a large amount of investments are needed in the renewable energy sector in order to sustain 

the current growth rate. One way to provide these investments is by investing money in the stocks 

of renewable energy companies. Investors are interested in the large potential economic 

opportunities that the transition to a renewable economy presents. However, many renewable 

investment opportunities do not offer optimal risk-adjusted returns on their investments (United 

Nations Environment Programme, 2010). It is now interesting to research whether there are 

certain factors available in the renewable energy sector which provide high returns, attracting 

capital to the sector. Alternatively, a factor that can explain the volatility of the returns could be 

used to reduce the risk of investing in renewable energy, thereby attracting more capital to the 

sector. More specifically, could there be a factor specific to the renewable energy sector, 

rewarding firms for being green? 

1.1 Research Question and Hypotheses 

In this thesis, it will be researched whether there is a factor which can explain the returns for the 

stocks of renewable energy firms. This will be researched with the help of the following research 

question: 

“Do the returns of renewable energy stocks contain a green factor?” 

To answer this question, a number of hypotheses are formulated. First of all, the descriptive 

statistics of the sample of renewable energy firms are analysed. According to previous research, 
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stocks in the renewable energy sector are mainly growth stocks, coming from firms with a smaller 

size than the average stock in the market, and have a higher volatility than the average stock in 

the market (Chia, Goldberg, Owyong, Shepard, & Stoyanov, 2009). Therefore, the following 

hypothesis has been formulated: 

“The sample of renewable energy stocks consists mainly of small-sized growth stocks, with high 

volatility compared to the market.” 

To research this hypothesis, data on the total returns, market capitalisation and book-to-market 

ratio of both the renewable energy firms and the MSCI World constituents will be gathered. Then, 

the descriptive statistics will be compared and tested whether there is a significant difference 

between the two samples. 

Second, the renewable energy stocks are divided into quintiles based on their size, book-to-market 

ratio, profitability and the amount of investments they make. The average daily returns for these 

quintiles are calculated, and it is researched whether the renewable energy stocks show size and 

value effects similar to the market constituents. The following hypothesis is formulated: 

“The returns of renewable energy stocks show a clear size and value effect.” 

Third, the data on the size, book-to-market ratio, profitability and investments of the sample of 

renewable energy firms is used in order to determine whether the Fama & French 5-factor model 

explains all the returns, or whether there remains a significant part of the returns unexplained. In 

order for a green factor to exist, a significant part of the returns should remain unexplained. The 

following hypothesis is used to research this: 

“After controlling the returns of the renewable energy stocks for the Fama & French 5-factors, a 

significant part of the returns remains unexplained.” 

The Fama & French 5-factor model will be thoroughly explained in the Theoretical Framework 

section. The main methodology used to test this hypothesis is the Fama-MacBeth method. This 

method will be explained in the Methodology section. Using this methodology, we expect there to 

be a significant value for alpha after merely adjusting for the Fama & French 5-factors. 

Furthermore, if the R-Squared value is relatively low, this is also an indicator that there could be 

another factor explaining the returns of the renewable energy sample. 

Next, it will be researched whether there actually is a green factor explaining the returns of 

renewable energy stocks. This will be done with the help of the following hypothesis: 
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“A green factor explains a significant part of the asset returns, after controlling for the Fama & 

French 5-factors.” 

To test this hypothesis, the models used in the hypothesis before are extended with a dummy 

variable indicating whether a firm belongs to the renewable energy sector or not. If this dummy 

variable yields a significant value, a green factor is present in the data. 

Finally, it will also be researched whether there is a green volatility factor present in the data, in 

order to find out whether risk can be explained. Previous research will be replicated, but with a 

more recent and extended dataset (Sabbaghi, 2011). This last hypothesis is as follows: 

“There is significant evidence in favour of volatility persistence in the renewable energy index.” 

To test this hypothesis, a t-GARCH(1,1) model is used. This model is explained in the Methodology 

section. Return data for the renewable energy firms is used as the variable in this model. The 

coefficients and the degrees of freedom for this model will be analysed in order to state a 

conclusion. 

1.2 Summary 

The results from this thesis indicate that green energy firms are smaller than the average firm in 

the market, have a higher volatility, and are mainly growth stocks. Moreover, the results show that 

there is indeed a green factor, explaining the returns for renewable energy firms. Furthermore, 

there also appears to be a green volatility factor. What exactly constitutes these factors is a 

question left open for further research. 

The remainder of this thesis is as follows. In section 2, literature on factor analysis will be analysed. 

Furthermore, research on the risk and return characteristics of renewable energy firms will be 

reviewed. Two specific articles will be reviewed extensively, since this thesis is inspired by those 

articles. In section 3, the gathered data and the used methods will be reviewed. In section 4, the 

empirical tests to test the stated hypotheses will be performed. Finally, section 5 concludes with 

answering the research question. Moreover, the most important findings will be summarized, 

restrictions on this research will be mentioned, and some recommendations for further research 

will be provided.   
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2. Literature Review 
A lot of research has already been performed on factor analysis. In this section, a review of a 

selection of these articles will be provided. Furthermore, a selection of articles about investing in 

the stocks of renewable energy companies will be reviewed. Finally, an extended review will be 

given on the two main papers around which this thesis is built. 

2.1 Factor analysis 
The main research direction of this thesis is the direction of factor investing and factor analysis. A 

theoretical definition of factor investing is rules-based and evidence-based investing. A lot of 

research has already been done on this topic.  

Eugene Fama and Kenneth French are considered to be the founders of factor analysis. They were 

the first to research the way stock returns are affected by sensitivities to different risk factors. In 

their most well-known article, Fama & French create a three-factor model with which stock returns 

can be explained. The three factors in this model are an overall market factor, a factor related to 

firm size and a factor related to book-to-market equity. The size-effect is found to be negative, 

while the book-to-market effect is found to be positive (Fama & French, 1993).  

After the publication of this paper, research has been done on how to improve or extend this 

model. For example, a model has been proposed consisting of the market factor, a factor for 

investments and a return on assets factor for explaining stock returns (Chen, Novy-Marx, & Zhang, 

2010). This model appeared to have results similar to the Fama & French model. Furthermore, 

research proves that a factor for profitability, as measured by gross profits-to-assets, has the same 

predicting power as the book-to-market factor, where profitable firms generate higher returns 

than unprofitable firms (Novy-Marx, 2013). 

As a reaction to these articles, Fama & French have extended their three-factor model into a five-

factor model. This model captures patterns in stock returns using a market factor and factors for 

size, book-to-market equity, profitability and investments. This model performs better than their 

three-factor model (Fama & French, 2015). David Blitz and Pim van Vliet, two researchers from 

Robeco, have some concerns about this extended model. They state that, although the paper does 

fill a gap in the finance literature, this 5-factor model still ignores momentum and low-volatility 

(Robeco, 2015). 

2.2 Renewable Energy 
Quite some research has already been performed on the risk and return characteristics in the 

renewable energy industry. In general, firms included in a market index seem to outperform the 
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renewable energy firms up to 2008 (Boulatoff & Boyer, 2009). In the period hereafter, it is found 

that an increasing share of renewable energy firms in the investment portfolio increases portfolio 

performance (Masini & Menichetti, 2012). Other research finds that during periods of market 

stability, renewable energy indexes outperform market portfolios in terms of returns. This is 

associated with a higher risk level for the renewable energy indexes. This higher risk causes the 

returns of the renewable energy indexes to be lower than the returns on the market index (Ortas 

& Moneva, 2013).  

Another research looked what risk factors drove the performance of German renewable energy 

stocks. The researchers found that the renewable energy stocks outperformed between 2004 and 

2007, and that this was due to the price momentum factor, and a factor concerning the industry’s 

positive economic outlook. However, this outperformance reversed between 2008 and 2011, 

indicating that renewable energy stocks are also affected by a mean reversion factor. Moreover, 

during this period the stocks had a strong positive sensitivity to the size factor and a high market 

beta (Bohl, Kaufmann, & Stephan, 2013). Furthermore, oil prices and technology stock prices 

appear to affect the stock prices of clean energy firms, while there is no significant relationship 

between carbon prices and the clean energy stock prices (Kumar, Managi, & Matsuda, 2012). 

Finally, it is found that company sales growth has a negative impact on the risk of renewable energy 

companies, while oil price increases have a positive impact on the risk (Sadorsky, 2012).  

2.3 MSCI Barra 
An article that is especially important for this thesis is about a research performed by various 

researchers of MSCI. The researchers try to find out whether there exists a green factor in the 

returns of renewable energy stocks (Chia, Goldberg, Owyong, Shepard, & Stoyanov, 2009). The 

current thesis is also trying to find whether this is the case, but a different methodology is used. 

Further differences between this research and the current thesis is that this thesis use a more 

recent sample period and a more extensive sample of renewable energy firms. 

The MSCI research uses a sample of 84 stocks and uses a sample period of 2005 until 2008. First of 

all, the researchers use the MSCI Barra Global Equity Model to find the exposures of these stocks 

to various style factors compared to the global equity universe. They find that renewable energy 

stocks are below average in size, value and momentum, while they are above average in terms of 

volatility. They state that renewable energy stocks are mainly small growth stocks with a high 

volatility compared to the market (Chia, Goldberg, Owyong, Shepard, & Stoyanov, 2009).  

The researchers also find that these factor exposures cannot fully explain the performance of the 

sample of renewable energy firms they use. Therefore, they use two statistical tests to check 
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whether a green factor is present in the data. They regress the weekly returns of the full dataset 

on a dummy variable indicating whether a firm is green or not, to obtain an estimate of the green 

factor return. For consistency, they use rolling windows of 52, 104 and 156 weeks in their 

estimates. In the second test, in order to avoid normality assumptions, the researchers use a 

bootstrap methodology. They repeat the cross-sectional regressions over 1000 bootstrap runs to 

get reliable results. In the first method as well as the bootstrap method they find evidence on the 

presence of a green factor (Chia, Goldberg, Owyong, Shepard, & Stoyanov, 2009). 

2.4 Sabbaghi 
Another important article checks whether a green volatility factor exists (Sabbaghi, 2011). This 

research is also being replicated in this thesis, with as only difference a more recent sample period. 

Furthermore, only one renewable energy index will be researched. 

 The researcher uses a sample of 15 green index funds. He finds that the green returns are 

statistically indistinguishable from zero. Moreover, returns tend to be positive nearly half of the 

time and negative the other half of the time, indicating that daily green returns appear to be mean 

reverting to zero. Furthermore, the returns are highly volatile (Sabbaghi, 2011). A Ljung-Box test 

indicates that volatility clustering is present in the data. As a result, a GARCH model is used to 

analyse whether the green returns contain a significant volatility factor. Specifically, a GARCH(1,1) 

model with student-t innovations is used. Results from this model are that the green volatility 

depends highly on lagged volatility and lagged squared returns, and that there is significant 

volatility persistence in the sample. Furthermore, there are spikes in the volatility in periods where 

there was a market-wide event concerning green energy. The main conclusion is that there is a 

significant green volatility effect throughout the sample period (Sabbaghi, 2011). 
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3. Data & Methodology 
In this section, the data and methods used will be treated thoroughly. First of all, the database 

consisting of all the renewable energy firms used will be discussed. This database is an extended 

version of the database used in my bachelor thesis. For the sake of completeness, the process of 

gathering the data and constructing the database will be restated in this section. Second, the 

financial data will be discussed. Third, the Fama-Macbeth method for estimating coefficients and 

their standard errors will be discussed. This is the leading methodology used in this thesis to get 

to the results. Finally, a quick review will be provided on GARCH modelling, especially the t-

GARCH(1,1) model used in this thesis. 

3.1 Creating the database 

For this thesis, a database of 262 firms has been created. These firms are all actively involved in 

the renewable energy industry. After correcting for missing data, the database consists of 225 

firms that are suitable for this research. These firms provide all the necessary data over the full 

sample period. All firms in the database are listed on a stock exchange. The sample period used in 

this research consists of the first trading day of 2012 until the last trading day in 2015.  

To determine whether a firm is suitable for this research, all firms have been judged individually. 

This is preferred over using already existing indices for two reasons. First of all, the majority of 

existing indices are ‘Clean Tech’ indices. In these indices, a lot of technological firms are involved, 

for which their range of activities goes beyond the scope of this research. This makes these firms 

not suitable to use in the database. Using these indices might give a distorted view of the results. 

Second, the already existing indices do not cover the full renewable energy sector. Due to different 

criteria placed on these indices, most of the times only the largest firms in the sector are involved. 

Manually judging the suitability of the firms makes sure that the smaller public firms are also 

involved in the research. This makes sure that the picture of the renewable energy industry is as 

complete as possible (van Dam, 2015). There is a chance, however, that manually judging the firms 

brings about human errors. For example, it is possible that not the full population of firms in this 

sector have been found due to different constraints. On top of this, it is possible that certain firms 

are incorrectly being left out of this database or put into the database. However, for this research, 

a sample of 225 firms is considered sufficient to make statements about the full industry of 

renewable energy firms (van Dam, 2015).  

3.2 The process of finding firms 

The main criterion for a firm to be included in the database, is that the firm has to perform business 

in one of the pre-defined sub-industries. These sub-industries and their definitions are the same 
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as those used in my bachelor thesis (van Dam, 2015). On top of the already existing sub-industries, 

two extra sub-industries are added to expand the database. In this sub-section, I will briefly restate 

the different sub-industries and their definitions. The ten different sub-industries are biomass, 

wave/ocean, photovoltaic, concentrated solar, geothermal, wind, hydro, energy efficiency, energy 

storage, and other, mainly based on a report made by the Renewable Energy Policy Network for 

the 21st Century (2014). 

The sub-industry biomass consists of all firms using biological materials gathered from living, or 

recently living organisms (Biomass Energy Centre, 2008). The most common sources of energy 

from biomass are firewood, crop residues and animal faeces. There are, however, also deliberately 

grown crops with the sole purpose of being used in energy production. Alternative sources of 

biomass energy are residues from agriculture and deforestation, residues from food- and fibre 

processing and recycling of municipal waste. These sources can be used to provide industrial firms 

and households of electricity and heating (Renewable Energy Policy Network of the 21st Century, 

2014). 

Wave/Ocean energy refers to all the energy produced from the ocean by means of waves, tidal 

range, tidal streams, permanent streams and differences in temperature and salinity. Wave energy 

is mostly used to produce electricity (Renewable Energy Policy Network of the 21st Century, 2014). 

Photovoltaics is the direct conversion of sunlight to electricity (Knier, 2002). Firms in this industry 

perform activities ranging from producing microchips to be used in the solar panels, to firms using 

photovoltaics to produce energy (van Dam, 2015).  

Another sub-industry using the sun as a source of energy is concentrated solar. This method of 

energy production uses the heat of the sun. Two different methods can be distinguished. The first 

method uses heat of the sun to heat a liquid substance to very high temperatures. This liquid 

substance is being used to heat water, creating steam. This steam can then be converted into 

electricity (United States Energy Information Administration, 2014). The second method catches 

heat of the sun by using mirrors, concentrating the sunlight. The heat that originates is being used 

to produce electricity (Office or Energy Efficiency and Renewable Energy, 2014). Both methods are 

also used for heating and producing hot water (Renewable Energy Policy Network of the 21st 

Century, 2014).  

Energy produced from geothermal is the heat from within the earth. Sources of this form of energy 

are hot water and hot rocks from beneath the surface of the earth, but also melted rocks found 
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deeper beneath the surface, like magma (Renewable Energy World, 2015). Geothermal is used to 

provide energy through electricity and heating (van Dam, 2015).  

Wind energy is being produced with the help of big wind turbines. These turbines convert the 

energy from the wind into electricity (Renewable Energy World, 2014). Firms in this sub-industry 

perform activities along the full value chain of the industry. Examples are producers of wind 

turbines and firms performing maintenance on wind farms (van Dam, 2015). 

Hydro energy is energy produced by using flowing water. This water flows from a river through a 

turbine, which activates a generator, producing electricity. Hydro energy is a form of energy that 

can be stored in big reservoirs (Renewable Energy World, 2014).  

Firms that provide energy efficiency are being defined as all firms that “work on using less energy 

to provide the same service”. An example given by the Lawrence Berkeley National Laboratory is 

replacing a single pane window with an energy-efficient one. This new window prevents heat from 

escaping in the winter, saving energy by using less heating. Energy efficiency is not the same as 

energy conservation, which is reducing a service to save energy (Lawrence Berkeley National 

Laboratory, 2016).  

Energy Storage firms provide a wide array of technological approaches to manage power supply. 

Examples of these technologies are compressed air energy storage, where compressed air is 

utilized to create an energy reserve, thermal, which captures heat and cold to create energy on 

demand, and the aforementioned hydro storage reservoirs (Energy Storage Association, 2016).  

Finally, the industry other is a collective name for all lesser known sources of renewable energy. 

Examples are producing energy by using hydrogen cells and the conversion of carbon dioxide into 

energy (van Dam, 2015).  

3.3 Market index and Risk-free rate 

The sample of renewable energy firms will be compared to a market index. The MSCI World Index 

has been chosen as the market index, because it is the most frequently used market index when 

performing research on stocks. Moreover, data on all the index constituents of the MSCI World 

Index is used in analysing whether there are significant differences between the sample of 

renewable energy firms and the market. Data of a total of 1579 constituents has been gathered. 

Of these constituents, 43 have been removed because they operate in the renewable energy 

sector. A list of these firms can be found in Appendix A. After removing firms with missing data, a 

total of 1203 constituents remain. Since it is usual to look at the effect of an index after correcting 
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for a risk-free rate, the returns on the daily US Treasury Bill rate have been chosen to function as 

a risk-free rate. 

3.4 Financial data 

The financial data for the sample of renewable energy firms, the market index and its constituents 

have been retrieved from Datastream. Datastream is a financial database with information about 

stocks, indices, bonds and other economic data. The data in Datastream has been provided by 

stock markets worldwide, national statistical bureaus and international organisations like the IMF 

and the OECD (van Dam, 2015). Data has been gathered on the Total Return Index, market 

capitalisation, book-to-market ratio, total investments and the net profit margin for all renewable 

energy firms and MSCI World constituents, and the Total Return Index for the MSCI World Index 

and US Treasury Bill.  

The Total Return Index measures the theoretical value growth of a stock, assumed that all 

dividends are immediately reinvested to buy additional shares of the company stock. Using this 

data provides a more accurate image than using a price index, which merely shows the price 

movements of a stock. Starting with the total return index, daily returns are calculated as follows: 

𝑅𝑖,𝑡 = ln⁡(
𝑇𝑅𝐼𝑖,𝑡

𝑇𝑅𝐼𝑖,𝑡−1
)          (1) 

The daily returns for stock i are calculated as the natural logarithm of the percentage difference 

between the Total Return Index of day t and day t-1. By taking the natural logarithm, extreme 

values are reduces, creating a more normal distribution within the returns.  

The market capitalisation is a primary measure of the size of a firm in financial research. It is 

calculated as the number of shares outstanding for a firm, multiplied by the current price of those 

shares on the stock market. Usually, firms are ranked as large-cap, mid-cap and small-cap 

depending on their market capitalisation (Financial Times, 2016).  

The book-to-market ratio for a firm is found by dividing the book value of equity by the market 

value of equity. The book value of equity is found by looking at the firm’s accounting value, so the 

historical value of the firm. The market value of equity is equal to the market capitalisation 

described above.   

Finally, the Net Profit Margin is calculated as the ratio of net profits to revenues. This measurement 

standardizes the firm’s total profit for its total revenues. Standardizing allows comparison of a big 

company with a large amount of revenues, with a very small company and only little revenue.  
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3.5 The Fama-MacBeth Method 
For running the cross-sectional regressions, the procedure introduced by Fama and MacBeth 

(1973) is used. This procedure will be explained in this section. 

The first step in the Fama-MacBeth procedure is to find beta estimates using a time-series 

regression. In their analysis, Fama and Macbeth use rolling 5-year regressions (Fama & MacBeth, 

1973). Equivalently, a technique with full-sample betas can be used. Since this technique has been 

proven to be simpler, it will be used in this thesis. This technique has been thoroughly described 

by Cochrane, hence is why I will refer to his book in this part of the methodology (Cochrane, 2005). 

To look at this first step more practical, assume we have n asset returns over T days, and m factors 

𝐹𝑗,𝑡 are used to explain the asset returns. 𝑅𝑖,𝑡 refers to the excess returns on time t for asset i. Now, 

a set of regression equal in number to the number of assets one is testing has to be run. The 

outcome of these regressions tell to what extent each asset’s return is affected by each factor 

(Hsu, 2015). This set of time series regressions look as follows: 

𝑅1,𝑡 = 𝛼1 + 𝛽1,𝐹1𝐹1,𝑡 + 𝛽1,𝐹2𝐹2,𝑡 +⋯+ 𝛽1,𝐹𝑚𝐹𝑚,𝑡 + 𝜖1,𝑡     (2) 

𝑅2,𝑡 = 𝛼2 + 𝛽2,𝐹1𝐹1,𝑡 + 𝛽2,𝐹2𝐹2,𝑡 +⋯+ 𝛽2,𝐹𝑚𝐹𝑚,𝑡 + 𝜖2,𝑡     (3) 

⋮  

𝑅𝑛,𝑡 = 𝛼𝑛 + 𝛽𝑛,𝐹1𝐹1,𝑡 + 𝛽𝑛,𝐹2𝐹2,𝑡 +⋯+ 𝛽𝑛,𝐹𝑚𝐹𝑚,𝑡 + 𝜖𝑛,𝑡     (4) 

Consequently, this set of regressions looks as follows in this thesis, where n is equal to 225 for the 

sample of renewable energy firms, 1203 for the sample of MSCI constituents, and 1428 for the full 

sample: 

𝑅1,𝑡 = 𝛼1 + 𝛽1,𝐹𝑀𝑎𝑟𝑘𝑒𝑡
𝐹𝑀𝑎𝑟𝑘𝑒𝑡,𝑡 + 𝛽1,𝐹𝑆𝑖𝑧𝑒𝐹𝑆𝑖𝑧𝑒,𝑡 + 𝛽1,𝐹𝐵𝑀𝐹𝐵𝑀,𝑡 + 𝛽1,𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡,𝑡

+ 𝛽1,𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐹𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,𝑡 + 𝜖1,𝑡 

𝑅2,𝑡 = 𝛼2 + 𝛽2,𝐹𝑀𝑎𝑟𝑘𝑒𝑡
𝐹𝑀𝑎𝑟𝑘𝑒𝑡,𝑡 + 𝛽2,𝐹𝑆𝑖𝑧𝑒𝐹𝑆𝑖𝑧𝑒,𝑡 + 𝛽2,𝐹𝐵𝑀𝐹𝐵𝑀,𝑡 + 𝛽2,𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡,𝑡

+ 𝛽2,𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐹𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,𝑡 + 𝜖2,𝑡 

⋮ 

𝑅𝑛,𝑡 = 𝛼𝑛 + 𝛽𝑛,𝐹𝑀𝑎𝑟𝑘𝑒𝑡
𝐹𝑀𝑎𝑟𝑘𝑒𝑡,𝑡 + 𝛽𝑛,𝐹𝑆𝑖𝑧𝑒𝐹𝑆𝑖𝑧𝑒,𝑡 + 𝛽𝑛,𝐹𝐵𝑀𝐹𝐵𝑀,𝑡 + 𝛽𝑛,𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡,𝑡

+ 𝛽𝑛,𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐹𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,𝑡 + 𝜖𝑛,𝑡 

The second step in the Fama-MacBeth approach involves running a cross-sectional regression at 

each point in time. Here, 𝛽̂𝑖,𝐹𝑘is defined as the estimated betas for each asset for factor Fk. They 
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are the outcomes of the regressions in the first step. In the following set of cross-sectional 

regressions, these variables are the same for every regression. This set of cross-sectional 

regressions looks as follows: 

𝑅𝑖,1 = 𝛼1 + 𝛾1,1𝛽̂𝑖,𝐹1 + 𝛾2,1𝛽̂𝑖,𝐹2 +⋯+ 𝛾𝑚,1𝛽̂𝑖,𝐹𝑚 + 𝑒1     (5) 

𝑅𝑖,2 = 𝛼2 + 𝛾1,2𝛽̂𝑖,𝐹1 + 𝛾2,2𝛽̂𝑖,𝐹2 +⋯+ 𝛾𝑚,2𝛽̂𝑖,𝐹𝑚 + 𝑒2     (6) 

⋮  

𝑅𝑖,𝑇 = 𝛼𝑇 + 𝛾1,𝑇𝛽̂𝑖,𝐹1 + 𝛾2,𝑇𝛽̂𝑖,𝐹2 +⋯+ 𝛾𝑚,𝑇𝛽̂𝑖,𝐹𝑚 + 𝑒𝑇     (7) 

The 𝛾𝑗,𝑡 terms are regression coefficients for factor j on time t. In this thesis, the set of regressions 

look as follows, where T is 1044: 

𝑅𝑖,1 = 𝛼1 + 𝛾𝑀𝑎𝑟𝑘𝑒𝑡,1𝛽̂𝑖,𝐹𝑀𝑎𝑟𝑘𝑒𝑡
+ 𝛾𝑆𝑖𝑧𝑒,1𝛽̂𝑖,𝐹𝑆𝑖𝑧𝑒 + 𝛾𝐵𝑀,1𝛽̂𝑖,𝐹𝐵𝑀 + 𝛾𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠,1𝛽̂𝑖,𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠

+ 𝛾𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,1𝛽̂𝑖,𝐹𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝑒1 

𝑅𝑖,2 = 𝛼2 + 𝛾𝑀𝑎𝑟𝑘𝑒𝑡,2𝛽̂𝑖,𝐹𝑀𝑎𝑟𝑘𝑒𝑡
+ 𝛾𝑆𝑖𝑧𝑒,2𝛽̂𝑖,𝐹𝑆𝑖𝑧𝑒 + 𝛾𝐵𝑀,2𝛽̂𝑖,𝐹𝐵𝑀 + 𝛾𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠,2𝛽̂𝑖,𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠

+ 𝛾𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,2𝛽̂𝑖,𝐹𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝑒2 

⋮ 

𝑅𝑖,𝑇 = 𝛼𝑇 + 𝛾𝑀𝑎𝑟𝑘𝑒𝑡,𝑇𝛽̂𝑖,𝐹𝑀𝑎𝑟𝑘𝑒𝑡
+ 𝛾𝑆𝑖𝑧𝑒,𝑇𝛽̂𝑖,𝐹𝑆𝑖𝑧𝑒 + 𝛾𝐵𝑀,𝑇𝛽̂𝑖,𝐹𝐵𝑀 + 𝛾𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠,𝑇𝛽̂𝑖,𝐹𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠

+ 𝛾𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,𝑇𝛽̂𝑖,𝐹𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝑒𝑇 

Fama and MacBeth now suggest that the alpha and risk premiums can be estimated as the average 

of the cross-sectional regression estimates (Cochrane, 2005). These averages and their standard 

errors are the values used in the analysis in this thesis. Getting these values can be done via an 

ordinary least squares regression, an example of which is the following five-factor model: 

𝑅𝑖,𝑡 = 𝑎𝑖 + 𝑏𝑀𝑎𝑟𝑘𝑒𝑡 ∗ 𝛾𝑀𝑎𝑟𝑘𝑒𝑡,𝑡 + 𝑏𝑆𝑖𝑧𝑒 ∗ 𝛾𝑆𝑖𝑧𝑒,𝑡 + 𝑏𝐵𝑀 ∗ 𝛾𝐵𝑀,𝑡 + 𝑏𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠 ∗ 𝛾𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠,𝑡

+ 𝑏𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∗ 𝛾𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦,𝑡 

Statistical software programs are now necessary to estimate the values for bm and their standard 

errors. EViews is used to perform these estimations. 
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3.6 GARCH Modelling 
For researching the final hypothesis, a GARCH model is used. In order to be consistent with the 

research of Sabbaghi (2011), a renewable energy index is created. The daily returns for the 

renewable energy index are used as the input for the model. A GARCH(1,1) model is used. A 

GARCH(1,1) model tells us that the volatility changes with lagged shocks, but that there is also 

momentum in the system. The model uses the squared values of the lagged errors and the lagged 

volatility as inputs. The model is very popular in research, especially because it can capture long 

lags in the shocks with only a few parameters (Hill, Griffiths, & Guay, 2012). 

The GARCH(1,1) model is extended with conditional student-t density innovations (Sabbaghi, 

2011). The conditional student-t density innovations are added to the model because the daily 

returns data is not normally distributed. The key parameter that differentiates the t-GARCH(1,1) 

model used in this thesis from the usual GARCH(1,1) model is the presence of the shape parameter, 

which changes as the degrees of freedom increase (Sabbaghi, 2011). Formally, the model used 

looks as follows: 

𝑟𝑡 = √ℎ𝑡𝑧𝑡           (8) 

𝑧𝑡𝑖𝑖𝑑
𝑡𝑑

𝑠𝑡𝑑(𝑡𝑑)
           (9) 

ℎ𝑡 = ⁡𝜔 + 𝛼𝑟𝑡−1
2 + 𝛽ℎ𝑡−1         (10) 

In this model, rt is equal to the daily return residuals, ht is equal to the volatility parameter and d 

is the degrees of freedom. The statistical program EViews has an in-built function to perform t-

GARCH(1,1) analysis. This function will be used when performing this test. 
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4. Empirical Results 

4.1 Full Sample Results 
First of all, various hypotheses are tested on the full sample of renewable energy firms. The first 

hypothesis to be researched is: 

“The sample of renewable energy stocks consists mainly of small-sized growth stocks, with high 

volatility compared to the market.” 

This has been examined with the following cross-sectional regression formula, where, in this 

example, the returns are the dependent variable: 

𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 ∗ 𝑅𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 + ⁡𝛽 ∗ 𝑀𝑎𝑟𝑘𝑒𝑡       (11) 

In this formula, Renewable is a dummy variable yielding a value of 1 if a firm belongs to the sample 

of renewable energy stocks, and a value of 0 otherwise. Market is a dummy variable yielding a 

value of 1 if a firm belongs to the sample of firms in the market index, and a value of 0 otherwise. 

No constant term has been added to this formula, since the two dummy variables capture the full 

sample of firms analysed. By adding a constant term, this would yield perfect multicollinearity. To 

check whether the differences between the groups are significant, several F-tests have been 

performed.  

Table 1 gives an overview of the outcomes for this model. The dependent variables used are the 

returns in percentages, market capitalisation in billion dollars as a proxy for size, the book-to-

market ratio, total investments in billion dollars and the net margin as proxy for profitability. As 

can be seen in the table, the returns of the renewable energy stocks are negative, while the returns 

for the stocks in the MSCI World Index are positive. Specifically, an equally-weighted portfolio of 

renewable energy stocks yields a negative return of 2 basis points per day, where investing in an 

equally-weighted portfolio of stocks in the MSCI World Index yields a positive daily return of 4,4 

basis points. The difference between the two groups is significant, meaning that renewable energy 

stocks significantly performed worse over the sample period. Results not disclosed in this table 

state that the return volatility for renewable energy firms is 11,9 basis points, where it is only 6 

basis points for the MSCI World Index firms. We can thus state that renewable energy stocks have 

a higher return volatility than the market. Looking at the size variable, we can see that indeed the 

renewable energy firms are significantly smaller than the firms included in the MSCI world index. 

Specifically, the average size of a firm in the renewable energy sample is around 6 billion dollars, 

while this is 22 billion dollars for the firms included in the MSCI World Index. Finally, we can 
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conclude that the renewable energy firms are significantly less profitable than the firms in the 

MSCI World Index. 

Table 1: Differences in stock characteristics between renewable energy firms and firms 
included in the MSCI World Index. 

 

Next, we will check whether there is return variation within the sample of renewable energy 

stocks, which is caused by any of the five factors. Specifically, the focus will be on the size- and 

value-effect. The size effect states that smaller firms earn higher returns on average. The value 

effect states that firms with a higher book-to-market value earn higher returns. This will be 

researched with the following hypothesis: 

“The returns of renewable energy stocks show a clear size and value effect.” 

To analyse this hypothesis, the sample is split into five quintiles, based on the four factors. For 

example, firms with the smallest market capitalisation are placed in the lowest quintile for the size 

factor, and firms with the largest market capitalisation are placed in the highest quintile. 

Rebalancing of the five portfolios is done every year at the beginning of April and the beginning of 

October. This is done for each of the four factors. An overview of the outcomes is given in table 2. 

This table shows the average equally-weighted monthly returns for all the quintiles. What can be 

seen in this table is that the quintile with the smallest values for the factors, systematically gets 

the lowest returns. This ranges from negative 140 basis points to negative 222 basis points. We 

can also see that the returns seem to be higher in the highest quintiles. However, there is no clear 

trend in the quintile returns. Specifically, it is not systematically the case that the returns go up 

when we move up a quintile. Therefore, no clear conclusion can be made based on these 

outcomes. 

Table 2: Average monthly returns in percentages for the renewable energy stocks, sorted by 
size, book-to-market ratio, profitability and investments. 
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It is interesting to check whether these effects have a significant influence on the returns of the 

renewable energy stocks. Moreover, if a part of the returns remain unexplained, this could be an 

indicator that there is an additional green factor which has an explanatory effect on the returns of 

renewable energy stocks. The following hypothesis is used to research this: 

“After controlling the returns of the renewable energy stocks for the Fama & French 5-factors, a 

significant part of the returns remains unexplained.” 

Table 3 shows the time-series averages of the slopes from the daily Fama-MacBeth regressions of 

the renewable energy stock returns on the market return, size, book-to-market ratio, investments 

and profitability, and its corresponding p-value. The table also shows the values of the alpha’s of 

the regression, as well as the R2 for each regression. First, it can be seen that the returns of the 

market portfolio, the size of the firm, the amount of investments and the profitability of the firm 

individually have a significant influence on the cross-section of average stock returns for the 

renewable energy firms. Size, investments and profitability all seem to have a negative influence 

on the returns. This indicates that bigger firms, firms with a higher amount of investments and 

firms with high profitability receive lower stock returns. The size effect is consistent with the 

findings of Fama & French (1992). Analysing the data, it generally appears that the largest 

renewable energy firms are also the firms who invest the most money and are the most profitable. 

This could explain the common negative influence of these three factors on the returns.  

Next, looking at the three- and five-factor model, we can conclude that only the slopes for the 

market returns and the book-to-market ratio have a significant influence on the renewable energy 

stock returns. Firms with a higher book-to-market ratio have lower returns, a finding inconsistent 

with Fama & French (1992). Looking at the data, it is the case that the smaller firms are on average 

the firms with a higher book-to-market ratio. Consequently, it could be the case that this variable 

captures the effect that the size, profitability and investment factors captured in the individual 

regressions.  

Regarding the question whether there remains a part of the returns unexplained, the answer is 

twofold. First of all, for all of the regressions concerning the renewable energy firms, the alpha is 

insignificant. This means that there is no residual return to be explained by factors other than those 

included in the model. On the other hand, the model with the highest R2  value only has a value of 

40%. This means that 60% of the variation in returns remains unexplained by the model. Adding a 

green factor to the model could increase its R2, indicating that it does have explanatory power for 

the returns of renewable energy stocks.  
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Table 4 shows the time-series averages of the slopes from the daily Fama-MacBeth regressions of 

the stock returns for the MSCI constituents on the market return, size, book-to-market ratio, 

investments and profitability, and its corresponding p-value.  

Table 3: Average slopes (p-values) from daily regressions of renewable energy stock returns on 
the market return, size, book-to-market ratio, investments and profitability. 

 

Table 4: Average slopes (p-values) from daily regressions of MSCI constituents stock returns on 
the market return, size, book-to-market ratio, investments and profitability. 

 

As can be seen, the factors for the market, size, book-to-market and profitability are all individually 

significant. When looking at the three-factor model, the same conclusions can be drawn as Fama 

and French (1992). All three factors have a significant influence on the returns. Specifically, larger 

firms yield lower returns, and firms with a higher book-to-market ratio receive higher returns. 
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Moreover, looking at the five-factor model, more or less the same conclusions can be drawn as 

Fama and French (2015). Again, the factors for the market, size and book-to-market have a 

significant influence. The sign of these factors is also consistent with their research. However, the 

factors for investments and profitability do not have a significant influence on the stock returns. 

To find out whether a green factor is present in the data, the following hypothesis has been 

formulated: 

“A green factor explains a significant part of the asset returns, after controlling for the Fama & 

French 5-factors.” 

The samples of the renewable energy stock and MSCI constituents are added together to create 

one big sample on which to perform the analysis. Since it is not possible to gather data on, for 

example, the amount of carbon dioxide emission or some sort of green rating, it is analysed 

whether a dummy-variable yielding a value of 1 when a firm belongs to the renewable energy 

sample has a significant influence on the stock returns. If this is the case, the returns for renewable 

energy stocks do have an additional factor explaining their returns. The outcomes for this analysis 

are in table 5. Panel A shows the outcomes of the analysis without the green factor included, 

whereas panel B shows the outcomes including the green factor. 

First, analysing panel A shows that the results are comparable with the results from Fama and 

French (1992). Again, factors for the market, size, book-to-market ratio and profitability have a 

significant influence on the stock returns of the full sample. The three factors in the three-factor 

model also all have a significant influence on the stock returns, with signs consistent with those 

found in Fama & French (1992). However, the alpha in this three-factor model is significant. This 

indicates that there is some other factor explaining a part of the returns, which could possibly be 

the green factor. Finally, panel A shows that the two added factors in the five-factor model have 

no significant influence on the stock returns. Therefore we can focus on the three-factor model 

only. 

 

Table 5 
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Panel A: Average slopes (p-values) from daily regressions of the full sample of stock returns on 
the market return, size, book-to-market ratio, investments and profitability. 

 

Panel B: Average slopes (p-values) from daily regressions of the full sample of stock returns on 
the market return, size, book-to-market ratio, investments, profitability and a green factor. 

 

 

Panel B includes the green factor in every model. Looking at this panel, we can see that the 

inclusion of this green factor changes the coefficients of the factors slightly in every model, but the 
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sign and the significance of the factors remains the same. Therefore, in the analysis, it is sufficient 

to look at the three-factor model and compare the model without the green factor to the model 

with the green factor. What can be seen is that the green factor has a significant negative influence. 

So, correcting for the market-, size- and book-to-market factors, being a firm active in the 

renewable energy industry yields lower returns than the other firms in the sample. This is 

consistent with a finding done in my bachelor thesis, stating that there are a lot of bad companies 

within the sector (van Dam, 2015). Adding the green factor has as a consequence that the alpha of 

this model is no longer significant. This means that the remaining return to be explained by the 

model is explained by the added green factor. Finally, the R-squared increases slightly when adding 

the green factor.  

4.2 Renewable Energy Index Returns 
These results, especially the negative sign of the green factor, are of no good to the renewable 

energy sector. Seeing these results, the conclusion would be to avoid investing in the renewable 

energy sector, since on average its returns are lower than those for the market index. However, it 

is possible to create a profitable renewable energy investment strategy. An example of a profitable 

renewable energy investment strategy is a theoretical stock index I have created in cooperation 

with the Erasmus University’s Energy Finance Institute, the Renewable Energy EFI-25 index. I will 

describe the way this index is created, and perform an empirical test with the help of the return 

data of this index. 

All the renewable energy firms used in the database for this thesis are eligible to be used in the 

index. The only constraint placed on the firms is that a firm is not used in the index if it has an 

above-average amount of returns equal to zero over the 4-year sample period. This way, we make 

sure that only relatively liquid stocks are used in the index. The remaining 187 firms are sorted by 

market capitalization. The top 50 percent of biggest firms are now used to create the index. The 

index itself consists of 25 firms and is equally-weighted. The firms that constitute the final index 

are selected by using a model with a constant term (alpha), market returns and the change in oil 

prices. Every half-year, the 25 renewable energy firms with the highest alpha over that half-year 

period are selected. It is rebalanced half-yearly, at the end of March and the end of September. 

This index will be used in the analysis of the final hypothesis. Since we have found that the sample 

of renewable energy firms has a higher return volatility than the market, perhaps there is a green 

volatility factor as well. If this is the case, it could be made possible to control the amount of risk 

that comes with investing in renewable energy. This could attract more funds to the sector. The 

last hypothesis therefore is as follows: 
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“There is significant evidence in favour of volatility persistence in the renewable energy index.” 

First of all, the descriptive statistics are presented in table 6. To get a clear view of the descriptive 

statistics of the index, the values for the renewable energy index are compared to the full sample 

of renewable energy firms. All values are in percentages. As can be seen from the table, the 

renewable energy index yields a positive daily return of 4 basis points, compared to a negative 

daily return of 2 basis points for the sample of renewable energy firms. The median for both 

samples is higher than the average value, indicating that the returns are negatively skewed. 

Moreover, the extreme returns are wider for the index than for the full sample. Together with the 

standard deviation, this indicates that investing the index is more risky than in the full sample. This 

is mainly because in the full sample, diversification benefits are bigger compared to a selection of 

25 high-return companies. 

Table 6: Descriptive statistics of the renewable energy index and the full sample of renewable 
energy firms 

 

Despite the higher risk, the renewable energy index performs good compared to the full sample 

and the MSCI World index during the sample period. Figure 1 shows this graphically. In the figure, 

the cumulative returns for these three samples are shown. As a starting point, it is assumed that 

an amount of 1000 euro is invested in the three indexes. The graph shows the value of the portfolio 

assuming that the index is held throughout the full sample. As can be seen, the renewable energy 

index outperforms both the market index and the full set of renewable energy firms. The higher 

volatility is also visible, indicated by the amount of variation in the curve. Investing an amount of 

1000 euro in the renewable energy index at the start of the sample period yields a portfolio value 

of 1370 euro at the end of the sample. Comparably, investing this amount in the MSCI World index 

yields a portfolio value of 1280 euro, while investing in the full set of renewable energy firms 

constitutes in a loss. Where investing in the full sample of renewable energy firms is unprofitable, 

it is very profitable to invest in an index consisting of a sub-sample of renewable energy firms. 
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Figure 1: Cumulative returns of the Renewable Energy index, the MSCI World index and the full 
sample of renewable energy firms 

 

Before estimating the GARCH model, it is necessary to test the returns for the renewable energy 

index for volatility clustering with the Ljung-Box test (Sabbaghi, 2011). This is done by testing the 

index for autocorrelation in the squared return series. Results for this test are presented in 

Appendix B. It appears that the p-values in this Ljung-Box test are near zero up and until the 36th 

lag. Consistent with the research performed by Sabbaghi, we can reject the null of no serial 

correlation, which suggests the presence of volatility clustering in the index (Sabbaghi, 2011). This 

justifies the use of the t-GARCH(1,1) model as described in the methodology.  

Table 7 reports the parameter estimates for the t-GARCH(1,1) model used. The two GARCH 

coefficients α and β are highly significant, which suggests that current volatility depends highly on 

lagged volatility and lagged squared returns, consistent with previous research (Sabbaghi, 2011). 

The β-estimate is greater than the α-estimate, suggesting that the conditional volatility of the day 

before is the most important indicator of today’s volatility. To test whether there is persistence in 

the volatility process, the sum of the α and β coefficients must sum to a value around 1 (Sabbaghi, 

2011). In this case, the two coefficients sum to approximately 0.98, which is sufficiently close to 1 

to conclude that there indeed is a high degree of volatility persistence in the renewable energy 

index. These results are consistent with previous research (Sabbaghi, 2011). Finally, the degrees of 

freedom parameter is also highly significant. Since this parameter functions as a shape parameter, 

this is evidence that estimating the volatility with student-t innovations is important. Given the 

significance of the coefficients in the model, the conclusion can be made that a significant volatility 

factor exists in the renewable energy index. 
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Table 7: Coefficients, degrees of freedom and P-values of the t-GARCH(1,1) model on the 
conditional volatility of the renewable energy index. 

 

Finally, a graph showing the conditional volatilities resulting from the t-GARCH(1,1) model for the 

renewable energy index is shown in figure 2. It is shown that the conditional volatility tends to 

mean revert to a value around 1%. Comparing this data to the data of Sabbaghi (2011), there are 

no real spikes seen in the data. Where the conditional volatility in his research shows a spike up to 

6% from an average value of 1.5%, the highest spike in the current research is around 1.8%. 

Therefore we can conclude that the current sample period is a relatively stable period in terms of 

sudden market events in the renewable energy sector.  

Figure 2: Conditional volatilities for the renewable energy index 
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5. Conclusion 
In this thesis, research is done to the return and risk characteristics of the stocks of firms in the 

renewable energy industry. More specifically, research is done to the existence of some sort of 

green factor, with the help of the following research question: 

“Do the returns of renewable energy stocks contain a green factor?” 

In order to answer this question, a sample of 225 renewable energy firms is used. With the help of 

the Fama-MacBeth methodology, it is found that a green factor does exist. This green factor is 

found via a dummy variable giving a value of 1 if a firm is in the sample of renewable energy firms 

and a value of 0 if it is not. However, the sign of the green factor is negative, indicating that the 

sample of renewable energy firms yields a lower daily average return than the market. 

Despite these findings, there are still profitable investment opportunities in the renewable energy 

industry. In this paper, an index is created by selecting the 25 firms with the highest alpha from a 

regression model, with rebalancing occurring semi-annually. This renewable energy index 

outperforms the market index as well as the full sample of renewable energy firms. Furthermore, 

it is found that this index contains a significant volatility factor. This indicates that there is 

significant volatility persistence in this renewable energy index. 

There are some limitations to the research performed. First of all, human error could be present 

in the creation of the database of renewable energy firms. There is a probability that there are still 

renewable energy firms that have been overlooked in the process of creating the database. 

Moreover, it is possible that certain sub-industries are relatively unknown. This could cause the 

omission of this complete sub-industry and consequently the companies in this industry. Finally, 

the proposed method for creating the renewable energy index is very straight-forward. Most 

important, the method lacks constraints which are normally placed on stock indexes, for example 

the requirement that a firm is at least a minimum number of months publicly traded. 

Opportunities for further research are very rich, given that the renewable energy industry is a 

relatively new industry. First of all, the current database can be extended and improved. It is very 

likely that not all renewable energy companies are included in the database. Furthermore, the 

same research could be repeated, but with a different methodology. The methods used in this 

research are not the only methods suitable for performing this research. Therefore, using different 

methods could be useful. Finally, what constitutes the actual green return and volatility factors 

remains unclear. It would be recommended to replace the green dummy variable with firm data. 

Examples are carbon dioxide emission per company, or some kind of green rating.  
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Appendix A: Renewable energy firms in the MSCI World Index 
This table gives an overview of the renewable energy firms which are excluded from the MSCI World 

Index. To make sure that there are no duplicate values in this research, these firms have been removed 

from the sample of MSCI constituents. 

ABB Limited AES Corporation Alstom 

BASF Calpine Centrica PLC 

Contact Energy Dominion Resources Duke Energy 

DuPont E.On SE Electric Power Development 

Endesa Enel Green Power Exelon 

FirstEnergy Corporation Fortum Honeywell 

Iberdrola SA Intertek Johnson Controls 

Kansai Electric Power Koninklijke DSM Kurita Water Industries 

Kyushu Electric Power Mitsubishi Electric NextEra Energy Partners 

Novozymes NRG Energy Quanta Services 

RWE AG SAFT Groupe Schneider Electric 

SGS SA Siemens Skanska Energy 

SSE PLC Tesla Motors Tokyo Electric Power 

Umicore United Utilities Group Vestas Wind Systems 

Xylem Corporation 
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Appendix B: Results of the Ljung-Box test for volatility clustering 
    

Sample: 1 912      

Included observations: 912     
       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
              .|*     |        .|*     | 1 0.187 0.187 32.073 0.000 

       .|      |        .|      | 2 0.011 -0.025 32.187 0.000 

       .|      |        .|      | 3 -0.049 -0.048 34.404 0.000 

       *|      |        *|      | 4 -0.088 -0.072 41.556 0.000 

       .|      |        .|      | 5 -0.053 -0.025 44.166 0.000 

       .|      |        .|      | 6 0.011 0.024 44.283 0.000 

       .|      |        .|      | 7 0.021 0.008 44.698 0.000 

       .|      |        .|      | 8 0.066 0.054 48.748 0.000 

       .|      |        .|      | 9 0.057 0.033 51.782 0.000 

       .|      |        .|      | 10 0.022 0.008 52.225 0.000 

       .|      |        .|      | 11 0.004 0.007 52.239 0.000 

       .|      |        .|      | 12 -0.001 0.010 52.240 0.000 

       .|      |        .|      | 13 0.005 0.015 52.261 0.000 

       .|      |        .|      | 14 0.042 0.044 53.894 0.000 

       .|      |        .|      | 15 0.009 -0.008 53.968 0.000 

       .|      |        .|      | 16 -0.016 -0.020 54.212 0.000 

       .|      |        .|      | 17 0.001 0.007 54.212 0.000 

       .|      |        .|      | 18 0.006 0.008 54.243 0.000 

       .|      |        .|      | 19 -0.047 -0.052 56.316 0.000 

       .|      |        .|      | 20 0.012 0.026 56.445 0.000 

       .|      |        .|      | 21 -0.000 -0.010 56.445 0.000 

       .|      |        .|      | 22 -0.016 -0.022 56.672 0.000 

       .|      |        .|      | 23 -0.016 -0.019 56.901 0.000 

       .|      |        .|      | 24 0.003 0.009 56.910 0.000 

       .|      |        .|      | 25 0.047 0.049 58.971 0.000 

       .|      |        .|      | 26 0.039 0.017 60.388 0.000 

       .|      |        .|      | 27 -0.013 -0.025 60.559 0.000 

       .|      |        .|      | 28 -0.008 0.003 60.624 0.000 

       .|      |        .|      | 29 0.017 0.030 60.893 0.000 

       .|      |        .|      | 30 -0.062 -0.064 64.552 0.000 

       .|      |        .|      | 31 -0.050 -0.029 66.939 0.000 

       .|      |        .|      | 32 -0.057 -0.046 69.965 0.000 

       .|      |        .|      | 33 0.002 0.020 69.968 0.000 

       .|      |        .|      | 34 0.054 0.035 72.737 0.000 

       .|      |        .|      | 35 0.071 0.039 77.497 0.000 

       .|      |        .|      | 36 -0.018 -0.044 77.790 0.000 
       

 


