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ABSTRACT

This thesis seeks to investigate if indications of a run-up to a green bubble can be found in the U.S.
renewable energy industry, based on observed market tendencies. A time-series analysis is
performed investigating the explanatory effects of contagion proxies and fundamental proxies on
stock returns. The analysis was performed on three samples grouped based on the degree of
involvement in renewable energy. A green sample with a sole focus on renewables, a grey sample
in transition to renewables from fossil fuels and a black sample with a sole focus on fossil fuels.
Neither the green nor the black sample exhibited indications of a run-up to a bubble. However,

through a cointegration test, the grey sample discloses an indication of a bubble run-up.

In line with previous research, the indicated bubble run-up may be a cause of a positive green
reward deriving from the grey sample transitioning to renewables (Gorgen et al., 2019). The
empirical analysis conveys how fully renewable companies have a significant risk attached to the
possibility of not received government support, in addition to dependency on innovation. These
risk factors are possible reasons for why the green sample is not benefitting from the deduced
green reward like they more diversified grey sample possibly do. If these risks decrease it may
allow fully renewable companies to benefit fully from the possible indicated green reward which

may foster for a green bubble to grow in the future.

Keywords: green bubble; renewable energy; asset price dynamics; time series; carbon risk; green

reward
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1. INTRODUCTION

The first chapter of this master thesis will introduce the green finance tendencies observed in the
financial market and describe how these lay the foundation for the research question of this thesis.
1t will elaborate on the motivation and the applicableness of researching a possible green bubble
within renewable energy. This will be followed by description of the delimitations taken in
researching the field, and this will be followed by an elaboration on the research approach. Lastly,

an overview of the further structure of the thesis will be depicted.

1.1 INTRODUCING THE SCENE

The globe is facing an inevitable climate crisis, caused by humans’ actions. The increased global
temperature and its consequences has been followed by an increased awareness of the climate
change. The stock markets develop together with economic and global trends. Hence, trailing the
increasing awareness of the climate crisis, the term green finance has appeared in the financial
markets. Green finance or green investing integrates environmental considerations into the
investment process and there are numerous of investors looking for green investment opportunities.
The two climate activists, Greta Thunberg and George Monbiot further pushed the topic green
finance on to the public in describing how green funding is one of the ways people can help fight
climate change (Conservation international, 2019). Investors mindset have changed, and investors
want to “do more with their money than invest it for a return and that will continue” says James
Sym of London-based Schrodes (The Irish Times, 2020). This change of focus is shown in the
stock market as green stocks the most recent years has experienced a surge. For example, U.S.
investment funds characterized with a sustainable focus, received a record of 21 billion dollars of
investments in 2019, which was nearly four times the rate of inflow in 2018 (Financial Times,
2020). This trend has been the most evident in the energy sector, specifically within renewable
stocks. Transitioning to a low carbon economy by using renewable energy instead of fossil fuels
can keep global warming under the healthy target level of 1.5 °C. This transition requires
investments of an average of three trillion dollars a year, the next three decades (IPCC, 2018). The
large required investment need has been heard by investors and is reflected by the surge in
renewable stocks in the last and first quarter of 2019 and 2020, respectively. Some analysts have
expressed concerns about this development. The head of global ESG research of Credit Suisse,

Eugene Klerk, voiced, in regard to the renewables stocks, that “there appears to be a growing



disconnection between operational performance and stock price returns. There is a growing
awareness or nervousness around this particular topic” (Financial Times, 2020). A disconnection
between operational performance, which is an important feature impacting a firms’ fundamental
value, and the stock price return, may imply that the asset is mispriced. If an asset has an overly
high price which its fundamentals cannot justify, the asset may be mispriced in the form of having
a bubble component to its pricing. Brunnermeier and Oehmke (2013) describes how the formation
of a bubble is often incepted and started from a type of innovation or event. Climate change can be
seen as an event that has changed investors priorities and expectations about the future. Overall,
climate change has also had an impact on the financial markets bringing in the term green finance,
where specifically renewable energy stocks has received great attention and funding the past years.
The general pricing of these assets is high and may seem disjointed from their intrinsic value.
Consequently, this thesis seeks to investigate whether green renewables stocks has experienced a

run-up to a bubble in the past decade.

1.2 RESEARCH QUESTION

The research question is inspired from the increasing green focus observed in the financial market.
The great attention and the funding that the field of green finance has received, lays the foundation
for the suspicion of whether the market has experienced a run-up to a green financial bubble. The
run-up to bubble prices is suspected since the increasing awareness for green stocks has brought in
large sums of investment and high valuations for some green companies. This motivates the
question of whether the high valuations and prices of the green stocks, reflect their intrinsic
fundamental value. If the prices do not reflect its intrinsic value, there may be a bubble component
to the green stocks pricing (Porras, 2016). The bubble run-up phase is characterized with growing
awareness amongst investors for the specific asset and is where bubbles and imbalances form
(Brunnermeier and Oehmke, 2013). Further, the particularly great attention the renewables stocks
has received narrows down the research field, into looking at a green bubble development within

renewables stocks in the United States (U.S.). The research question is stated below.



Can a run-up to a financial green bubble be indicated in the U.S. renewable energy industry?
- To which degree can stock prices be explained by proxies for fundamental value and
proxies for a bubble component?
- Dependent on the degree of involvement in renewable green energy, do the significance of
the key proxies differ? Specifically, are the bubble proxies more evident within stocks

involved with renewable energy?

The main research question of whether a run-up to a financial green bubble within renewables can
be indicated will be examined by analyzing energy companies’ stock returns and the explanatory
effect of fundamental proxies and bubble proxies. If fundamental proxies have significant
explanatory effect on stock returns, the stocks prices are likely to reflect its fundamental value. On
the other hand, if bubble proxies, namely contagion proxies, can explain stock returns, a bubble
can be indicated. Further, the three samples that are grouped on the basis of degree of involvement
in renewable energy will be investigated, to see whether the significance of the fundamental and
bubble proxies differ. If contagion proxies are significant for companies involved with either fully,
or partially, green renewable energy, and not for companies involved with non-green fossil fuel, it
may be indicative of a green bubble. If fundamental proxies are significant for companies involved
with fossil fuels, and not for companies involved with renewable energy it may indicate that the
fossil fuel companies have a value closer to its fundamental value. Comparison between fossil fuel
and renewable companies are also made to distinguish whether the bubble is present in the overall

energy industry, or whether it is, as suspected, present in only the green renewable companies.

The question is formulated in past-tense as the analysis will investigate whether there has been a
run-up of a green bubble in the time period of 2009 - 2019, since this is the time period where the
area of green finance has received great attention. Hence, the research question does not address
the new 2020 market conditions that the market currently is facing in relation to the coronavirus
pandemic and the current recession. The thesis will examine the implications of the new market
situation on the possible indication of a green bubble in the discussion, after the findings has been
presented. Overall, it is important to mark that the main empirical analysis conducted in this thesis
is based on data and circumstances before the economic recession in which will not be taken into

consideration before the discussion.



1.3 DELIMITATIONS

A clear delimitation of this thesis is that it does not seek to establish for certain that a run-up to a
green bubble has existed. Also, even if an indication of a bubble is present, it is not the equivalent
of stating that there has been a bubble, since the indication of a bubble can be present without a
bubble being present in the reality (Porras, 2017). Furthermore, Fama (2014) describes how
previous predictions made about bubbles only were stated as correct when the bubble had burst.
The burst of the bubble is the “basis for the inference that the original bubble prediction was
correct” (Fama, 2014:1476). Hence, if the analysis gives an indication of a run-up to a green
bubble, whether that prediction will be stated as correct, depends on whether that bubble at some
point will burst. Consequently, this thesis limits itself from stating that there has been a run-up to a
green bubble, as that task is challenging since history have shown that it can only be established
after the burst of the bubble. Hence, the thesis will seek for indications for run-up to a green
bubble. The indications and findings are also bound to the chosen statistical method applied, as
there are a range of methods that can be used to indicate a bubble. Hence, the findings are limited

to the method applied, as other methods could have given other indications and findings.

As the research question states, it looks for indications of a green bubble within renewable energy
stocks. Hence, for the purpose of further analysis, the term green bubble will refer to a green
bubble within renewable energy stocks. However, although the research analysis is narrowed down
to these stocks, the introductory analysis describing the green finance area will uncover similar
tendencies for the general group of green stocks. Since the area of general green stocks is outside
of the scope of this thesis, additional research is needed to uncover whether the general group of
green stocks can be associated with bubble tendencies. Further specification is made by only
analyzing companies registered at the two large U.S. stock exchanges NYSE and Nasdaq. Hence,
the data sample only includes established public companies, with a large part of their business in

the United States.

1.4 RELEVANCE

The study of and aim to identify a potential green bubble can contribute with case specific
knowledge research field of bubbles. By conveying specific characteristics of the possible run-up
to a green bubble can provide additional case-specific knowledge, which together with other
studies of bubbles, collectively can broaden the field of knowledge and understanding of the

mechanisms involved in bubbles. Case specific research can be seen as extra important within the
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field of bubbles, since bubbles will find new ways to form and burst, and thus studying specific
bubble cases can provide a better perception of the concept of bubbles. Porras (2017) describes
how “achieving a better understanding of the formation of bubbles and the impact of contagion will
no doubt determine the stability of future economies” (Porras, 2017:ix). Bubbles are important to
understand since they can negatively affect the economy. Long-lasting bubbles affect the real
allocation of resources in the economy in addition to draining resources from the system (Porras,
2016:6). Hence, if a run-up to a green bubble can be indicated, this can in the interest of the
government, portfolio managers and investors. The U.S. government may find it valuable in the
way that some politicians, like Federal Reserve Board Vice Chairman Stanley Fisher, find it
important to identify and prevent bubbles, in order to stabilize the economy (Forbes, 2014).
Portfolio managers and investors may find it interesting since an indication of a run-up to a green
bubble may signal that investments into green renewable stocks should be evaluated critically in
order to avoid paying a too high price, for investing in a bubble. For example, James Sym of
London-based Schrodes cautioned that “it’s important for managers to respect ESG but they should
be “very careful” that they don’t put investors’ money into bubbles” (The Irish Times, 2020).
However, as will be debated in the discussion, the current economic environment characterized by
a recession, will not allow for a bubble to grow. If a run-up to a green bubble can be indicated as
present from 2009 — 2019, it may however, increase the risk of a green bubble forming again when
the economy is back in an expansion phase. Further indicating a run-up to a green bubble within
renewables, maybe indicate a similar tendency to the general group of green stocks, which may
encourage further research on this area. Consequently, uncovering a run-up to a green bubble may

be in the interest of researchers, the government, portfolio managers and investors.

1.5 RESEARCH APPROACH

According to Thornhill, Saunders and Lewis (2009) the research approach or research design is a
general plan on how to answer the research question. Consequently, all research decisions should
be related to the research question. In general, the first decision to make is whether the research
question is to be answered with a deductive or inductive approach. A deductive approach builds
upon a theory and hypotheses, and a research strategy is set up to test these hypotheses.
Furthermore, a deductive approach is testing theory. In order to do so, a set of hypotheses are set
up to test the specific theory, where the results of the hypothesis test can be modified in the light of
the theory (Thornhill et al., 2009).



1.5.1 DEDUCTIVE APPROACH APPLIED

This thesis presents a research question that will be answered using a deductive approach. The
question does not seek to develop a new theory on the basis of the results, thus, an inductive
approach is counterintuitive. The question rather seeks to test whether green stocks can be
described as being priced with bubble prices, according to existing theory on bubbles. The
deductive approach is implemented using an econometric analysis and framework. The
econometric deductive approach implemented in this analysis has three main approaches. Firstly,
the method aims to search for relationships between variables. Secondly, the data needs to be
measured quantitatively and a set of controls is needed to test the validity of the hypotheses. The
controls implemented should test whether the chosen variables are the best ones to the hypothesis.
Lastly, it is necessary to collect data on a sufficient number of entities in order to being able to

generalize statistically (Thornhill et al., 2009).

The research question posed in this thesis aims to investigate whether renewable energy stocks can
be described with bubble prices. A bubble price can be defined as when the price of the asset is
over its fundamental value, namely there is a bubble component to the pricing of the asset (Porras,
2016). In order to answer this question, stock price returns are analyzed in relation to its
correlation with variables that are presented in financial bubble and asset price theory. According
to financial and bubble theory, stock prices and its returns can be explained by the general
economic environment, its fundamental variables and bubble components (Porras, 2016:24). By
using an econometric time-series approach, the data is analyzed to investigate the relationship
between green stock returns and changes in explanatory variables deducted from Porras (2017)
financial bubble framework. Hence, if the bubble proxies can explain the development in stock
returns within the renewable energy sector over time, this may indicate a bubble within green
energy stocks. To test these relationships, data on company financials, stock prices and other

trading data is collected on public American energy companies.

The econometric method is chosen as it lays a numerical and founded basis for making inferences
on whether a green bubble can be indicated. The phenomenon of bubbles is characterized of
abnormally high prices which develops within a period of time. Consequently, by using an
econometric time-series approach which analyzes stock price data over time, the possible bubble
component may be identified. Further, as opposed to using a few specific case studies, the

sampling of numerous American energy companies enables to draw a more general inference on



the identified economic phenomenon. However, the drawback with using a time series econometric

approach is that faulty relationships that does not represent the truth, may occur.

1.5.2 COLLECTING EMPIRICAL THEORY AND LITERATURE

Empirical theory and literature have been reviewed from primary sources, such as founding
research articles, and secondary sources, such as Porras (2016), which review original fieldwork.
Tertiary sources, in the form of the financial databases, like Capital IQ and Federal Reserve
Economic Data (FRED), has been used to collect data on stock prices, trading data, financial
statement information and macroeconomic data. Theory on bubbles, corporate finance, firm
valuation, asset price dynamics and econometrics and time series will be applied. Information on
the energy industry, economic environment, institutions and organizations, and news articles will
further support the analysis. Further, conversations with the researcher and the author of the main
literature and method applied, PhD Eva Porras, have further given insight into the field of bubbles
and method applied. Additional mail correspondence with employees at Maj Invest have given

insight into a general framework of looking at P/E ratios and expected growth rates.

1.6 STRUCTURE

The thesis consists of eight descriptive chapters. The first chapter, as read, introduced the scene,
research question, delimitation, relevance and method of the thesis. The second chapter, namely
literature review, will introduce the area of green finance and tendencies observed, the energy
market, theory on financial bubbles and principles on asset price dynamics. This chapter will lay
the foundation for the method and delimitations taken in the research approach and analysis. The
third chapter, data sample, will show the market conditions present for the data samples time
period, describe field specification, and characteristics of the data samples, and lastly describe
variables and how the dataset has been transformed. The fourth chapter will introduce the time
series methodology which is the toolbox that will be applied in the fifth chapter, statistical
analysis, which analyses the data using an econometric time series analysis. The sixth chapter will
describe the findings, its implications and give a review of the applied research approach. The
seventh chapter, discussion, will uncover the implications that the new economic environment will
have on the findings and research question. The last descriptive chapter, the conclusion, will

integrate the findings from before and after the economic recession.



2. LITERATURE REVIEW

For the reader to get a better understanding of the underlying theories and concepts behind the
research questions, various literature on relevant topics are presented in this chapter. This part of
the thesis will lay the basis for further research and analysis. The first section will present
development on the green transition both in the financial markets and the overall economy. The
second section describes the energy industry which is important to understand the data samples
that later in the thesis will be analyzed. The third section presents theory on financial bubbles and
circumstance that is needed for them to grow. The last and fourth section, elaborates on asset
price dynamics. This section explains how fundamental variables and contagion proxies can be
used to indicate the existence of a bubble. Hence, this section explains the relevance of the

variables chosen in the econometric analysis applied later in chapter five.

2.1 THE GREEN TRANSITION

2.1.1 SUSTAINABLE FINANCE AND GREEN FINANCE

The stocks markets develop together with events and trends in the general economy and world. In
line with the world facing a serious climate crisis, the term sustainable finance has appeared in the
stock markets. Investors look for investment opportunities in which their money can contribute to
working towards a more sustainable economy. University of California, Berkley (2017) describes
sustainable finance as “the practice of creating economic and social value through financial
models, products and markets that are sustainable over time.” European commission (collected
24.04.2020) further defines sustainable finance as “to the process of taking due account of
environmental and social considerations when making investment decisions, leading to increased
investment in longer-term and sustainable activities.” The Environmental, Social and Governance
(ESG) score, measures the sustainability and societal impact of an investment in a company or
business, and is a fairly widely accepted and used term amongst investors (AXA Investment
Managers and AQ Research, 2008). Thus, the concept of sustainable finance, can refer to several
related terms such as green finance, carbon finance and ethical finance, which all aim to finance

sustainable development.



For the scope of this thesis, green finance is the term that will be investigated, as it is the area
where a bubble formation is suspected. Green finance and the approach of green investing
integrates environmental considerations into the investment process. It applies a set of criteria to
collect environmentally friendly assets active in different areas. Such areas can be renewable
energies, alternative fuels, clean technologies and pollution reduction (Lesser, Lobe and
Walkshaiisl, 2014). The figure below conveys which terms that are related to green finance and
what is least and most commonly included. For example, in the branch “Clean Energy” the terms
“Wind, Solar, Geothermal, Small Hydropower” is the most commonly included and the terms
“Clean coal” and “Carbon Capture and Storage (CCS)” is least the commonly included in the term

green finance.

FIGURE 2.1 COMPONENTS OF GREEN FINANCE DEFINITIONS
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2.1.2 CLIMATE CHANGE

The climate crisis the globe currently is facing is undeniable. The Intergovernmental Panel on
Climate Change (collected 23.04.2020) has stated that, “scientific evidence for warming of the
climate system is unequivocal.” The evidence for rapid climate change can be seen in a global
temperature rise, warmer oceans, shrinking ice sheets, glacial retreat, decreased snow cover, sea
level rice, declining arctic sea rise, extreme events and ocean acidification (NASA, collected

23.04.2020). The list is long and conveys the seriousness of the challenge humans are facing.



Individuals and institutions are aware that the globe is under a time pressure in terms of fighting
the climate change. Green investments are one of many possible ways individuals and institutions
can support the green change towards a more sustainable economy. Although transitioning to a low
carbon economy may be capital intensive at first, New Climate Economy (2018) has estimated that
the net economic gain from transitioning to a low carbon economy is 26 trillion dollars: through to
2030, compared with business-as-usual. A green economy, or a low carbon economy, is an
economy that is low carbon and resource efficient (UNEP, collected 23.04.2020). Thus, the term
green transition refers to the transition to a green and low carbon economy. Further, transitioning
to a low carbon economy represents a large growth potential for green environmentally friendly
industries such as renewable energies, alternative fuels, clean technologies (New Climate
Economy, 2018). Thus, green investing is attractive for two main causes, it finances a good cause
in addition to expected positive returns represented by the expected net economic gain and
expected growth in green industries. James Sym of London-based Schrodes describes how
investors and clients has changed their mindset in regard to investing. Sym stated to the Irish
Times that “clients want money managers to do more with their money than invest it for a return
and that will continue” (The Irish Times, 2020). Further Anténio Guterres, secretary general of
United Nations, states that “financing is critical for achieving the sustainable development goals

and fulfilling the aims of the Paris Agreement on climate change” (United Nations, 2018).

2.1.3 GREEN INITIATIVES

There are several initiatives that are set out in order to deter the climate changes’ negative
development. Three main sustainable initiatives are the Paris Agreement and the Sustainable
Development Goals (SDG), and United Nations Environment Programme Finance Initiative (UNEP
FI) organized by the United Nations. As a part of the Paris Agreement (2016) all parties agreed to
«holding the increase in global average temperature to well below 2°C above pre-industrial levels
and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels,
recognizing that this would significantly reduce the risks and impacts of climate change» (United
nations, 2015). In all there were 175 countries which signed this agreement, including the U.S.
(United Nations, 2016). United Nations describes the 17 Sustainable Development Goals as «the

blueprint to achieve a better and more sustainable future for all» (United Nations, collected

1 Dollars in this thesis refers to U.S. dollars (USD)
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23.04.2020a). These 17 goals are an agreement between the 193 United Nations member states, and
five of these goals is directly related to fighting climate change (United Nations, collected
23.04.2020b). Further, United Nations has an Environment Programme Finance Initiative (UNEP
FI) which is a global partnership established between financial institutions and the United Nations
Environment Programme (UNEP FI, collected 24.04.2020). UNEP FI aim to “help create a
financial sector that serves people and planet while delivering positive impacts” (UNEP FI,
collected 24.04.2020). The many initiatives set out, both in general sustainability and specifically
directed to green financing, shows the importance and attention this topic of green finance has

received.

The 193 United Nations members represent countries from all over the world. These countries face
different challenges in financing their sustainable development in line with the SDG goals. The
field of green finance is still under development and there are no concrete guidelines on how the
“green aspect” are integrated into traditional financial mechanisms (Ziolo and Sergi, 2019). Some
of the frameworks that are developed to signal companies’ sustainability are the ESG-score and
companies’ own statement of which SDG-goals they are working towards. Signaling these goals
and information may make sustainable investments more transparent in addition to attracting
investors that care about the same goals (United Nations, 2019). Although ESG-scores and firms
stated SDG goals are present, it still may be hard for investors to grasp how sustainable and
environmentally friendly a company in reality is. Companies are aware that many investors are
looking to make green investments, and that may induce the companies to green wash themselves.
That is, to signal themselves as more environmentally friendly, than what they really are (Bowen,
2014).

2.1.4 GREEN EQUITIES

Within traditional financial products as debt and equity, there is green finance products such as
green bonds and green funds (Ministry of Economic Affairs and Employment of Finland, 2017).

This section will focus on the green equity side, investigating development in green stocks.

Several studies have found that in later years green equites performs better compared to black
equities. Green firms and funds are entities that promotes a green economy, and black firms and
funds does the opposite and obstruct for a green economy. Ibikunle and Steffen (2017) investigated
the financial performance of green, black and conventional mutual funds over the 1991 - 2014

period. The authors found that over the full sample period the green funds underperformed
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compared to the conventional mutual funds but found no performance difference between green
and black mutual funds. However, the authors evidence suggested that the green mutual funds were
beginning to significantly outperform the black mutual funds, especially in the 2012-2014 time
period (Ibikunle and Steffen, 2017). Further, Gorgen et al. (2019) found that green firms on
average outperform black firms. In line with the findings of Ibikunle and Steffen (2017), Gorgen et
al. (2019) also found that the outperformance of green firms compared to black firms, was
particularly evident in the recent years of 2010 - 2016. Gorgen et al. (2019) relates the performance
to the term carbon risk, which is the financial risk to companies associated with the transition to a
low-carbon economy. The authors explain the performance gap, with that green firms are more
likely to invest in innovation and clean technology, and less in “dirty” black technologies.
Although, the firm would be exposed to carbon today, their investments in green projects would
signal future less carbon emissions, and a lower carbon risk (Gorgen et al., 2019). The term carbon
risk has come as a result from the past years’ introduction of carbon pricing in some countries and
less willingness from institutional investors to invest in business that rely on the burning of fossil
fuels. Hence, black firms will increasingly be exposed to higher capital costs, lower growth, and

reduced returns on their investments (Gorgen et al., 2019).

In the most recent years, the sustainable and green stocks have experienced a surge. In 2019 a
record of 21 billion dollars were invested in U.S. investment funds with a sustainable focus, nearly
four times the rate of inflows in 2018 (Financial Times, 2020). The surge of interest was also
shown for firms with top ESG rankings in February 2020. Savita Subramanian, head of US equity
strategy at Bank of America, describes how companies with strong ESG rankings traded at a 30%
premium compared to the poorest performers as measured by their forward price-to-earnings ratios
(Financial Times, 2020). This trend has been the most evident in the energy sector. The fossil fuel
firms are facing big headwinds given their carbon emissions, whereas the renewable energy stocks
had a surge between the last and first quarters of 2019 and 2020 respectively. Eugene Klerk, Credit
Suisse’s head of global ESG research, expressed, in regard to the renewable energy stocks, that
“there appears to be a growing disconnect between operational performance and stock price
returns. There is a growing awareness or nervousness around this particular topic” (Financial
Times, 2020). Operational performance is often deemed as one of the features that represent a
firms’ fundamental value. Hence, if there is a disconnection between a proxy for fundamental
value and the stock price returns, that may raise the question of whether the stock prices reflect
their intrinsic fundamental value. If stock prices are not equal to their fundamental value, there

may be a bubble component to their pricing. This is in line with Porras (2016) which defines a
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bubble as “asset prices that are not justified by the assets ‘fundamentals’ or intrinsic value”

(Porras, 2016:5).

2.1.5 INDICATIONS OF A GREEN BUBBLE?

The formation of a bubble is often incepted and started from a type of innovation or event
(Brunnermeier and Oehmke, 2013). The climate change can be seen as an eye-opening event that
has changed investors priorities and expectations about the future. For many, transitioning to a
green economy is the only way the globe can be sustained, and this may lead to investors forming a
“this time it is different” mindset. This mindset may convince investors that abnormally high stock
prices are fairly priced, given the new expectations for the future (Brunnermeier and Oehmke,

2013).

To investigate the indication of a bubble further, price-to-earnings (P/E) ratios and their implicit
growth expectations can be examined. The P/E ratio is a ratio for valuing a firm and measures the
value of equity to the firm’s earnings. The forward P/E ratio, calculated with the estimated next
twelve months EPS is applied in the graph under, and it shows what the market is willing to pay

based on the company’s next year’s estimated earnings (Berk and DeMarzo, 2017).

A P/E ratio can implicitly convey expected growth rates for a company, in the way that investors
pay a very high price for, often, little expected earnings the next year, in order to hold the stock
when it is expected to grow immensely in future years. Thus, by looking at P/E ratios and their
related growth expectations a bubble price can be implied. The graph under is a general
framework, projected at a presentation made by Maj Invest (2020), which conveys different P/E
ratios implicit expected growth rate for the next ten years. It is meant for illustrative purposes to
show a general tendency. Thus, it should not be understood as a relationship that always holds true
as it is simplified relationship using specific assumptions together with a two-period dividend
model (Mail correspondence Maj Invest, 2020). Hence, other assumptions and methods of finding
implicit expected growth rates for P/E ratios may find other relationships. See appendix A for
calculations of the formation of the graph for the general framework. The framework is used to
represent P/E ratios for companies that were named as green pioneers by Saxo Bank Group (2020).
Hence, the graph outlined under, shows P/E ratios for selected green pioneers, the green pioneers
weighted average P/E ratio and the P/E ratio for S&P500. All numbers are from the date of
31.12.2019.
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FIGURE 2.2: P/E RATIOS AND INDICATED FUTURE GROWTH
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The graph indicates that Beyond Meat and Brookfield renewable energy partners, with the P/E
ratios 293 and 230 respectively can be characterized with bubble prices. The former P/E ratio
represent an expected growth, every year, the next ten years of nearly 45%, and the latter represent
an expected growth, every year, the next ten years of nearly 40%. It is fair to describe these large
growth expectations as unrealistic and even naive. The growth expectation induced from
companies with a P/E ratio in the range of 70-81 can also be seen as unlikely. According to Maj
Invest (2020) stocks with a P/E ratio in the range of 25-50 had indicated a growth at reasonable
prices. Further, stocks with P/E ratios in the range of 10-25 are described as value stocks. A key
point which is conveyed by the graph is the difference in P/E ratio for S&P500 and the total green
pioneers. The average P/E ratio for the green pioneers is higher than the S&P500 with a difference
of 12,42. This difference again shows how green stocks has above average high values, compared

to the general stock market.
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As previously discussed, the stocks that significantly experienced a surge the last and first quarters
0of 2019 and 2020, were the renewable energy stocks. The price and valuation in some of these
stocks have grown immensely the past year. For example, the solar company Enphase energy, was
in February 2019 trading at 7 dollars, and in February 2020 it traded at 58 dollars, indicative of a
forward P/E ratio of 57 (Financial Times, 2020). Another point worth mentioning is that a large
part of the green stocks on the market are involved in the energy industry. For example, energy

companies account for 40% of the Saxo Bank Group (2020) list of green pioneers.

As shown, there is a large demand for investing in green stocks. The increasing and large demand
for green equities, paired with a limited supply of these stocks, may drive the prices over
fundamental value. If prices are above the fundamental value some investors may pay a premium,
possibly explained by the green aspect of the stock. On the other side, the stock may have a fair
price reasoning the great growth potential for the green industry driven by the large pressure on
transitioning to a green economy. The large surge of interest in green stocks, specifically in
renewable energy stocks, motivates this thesis’ green bubble indicative analysis on stocks in the

energy industry.

The next section will elaborate on the energy industry’s development, characteristics and structure.
Elaboration on this field lays the foundation for understanding the method and logic behind the
sampling process of the data. It provides information on the samples different characteristics which

is important for understanding the samples different underlying drivers.

2.2 ENERGY INDUSTRY

The energy industry is one of the main industries that is pivotal in keeping global warming in
check. United Nations branch for assessment of climate change science, The Intergovernmental
Panel on Climate Change (IPCC), found that a transition to renewable energy from fossil fuels can
keep global warming under 1.5 °C. This requires investments of an average of three trillion dollars
a year, the next three decades. Transforming the energy supply systems does not require new funds
created, but a redirection of investments in fossil fuels into efficiency and renewable energy. This
transition has already started, but investments would need to be increased significantly to meet the
1.5°C target (IPCC, 2018). The fact that transitioning to renewable energy alone, can have an
immense impact on the global warming, in addition its large required investment need, may act as

a large motivation for investors to finance renewable energy.
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The required renewable investments and possible related return are dependent on the main
characteristics of the energy industry. The following sections will describe the development in the
energy industry, segmentation of the types of energy and give an overview of the structure.
Knowledge on this field provides understanding of the data samples presented later, its main

characteristics and underlying drivers.

2.2.1 ENERGY DEFINED

The U.S. Energy Information Administration (EIA) defines energy as the ability to do work and
describes how energy comes in different forms (EIA, 2019a). Westley (2017) describes energy as
“the work and heat available from all energy carriers, from the point of supply to consumption.”
The consumption of energy can be divided into the different forms such as the primary and
secondary form. The primary form is the form without any transformation, such as fossil fuels. The
secondary form is where primary energy sources like fossil fuels, coal, natural gas, nuclear energy,
solar energy and wind energy is transformed into a secondary form such as electrical power (EIA,
2019a) (EIA, 2020a).

The energy industry can be further grouped into non-renewable energy carriers such as fossil fuels,
coal and nuclear fuels and into renewable sources such as wind, solar radiation, hydropower,
biomass and geothermal. Energy sources such as fossil fuels, nuclear fuels and biomass can, in its
direct form, be stored and transformed into work when needed. Energy sources such as wind and
solar radiation need to be transformed, into the secondary form of electricity, the moment where it

appears (EIA, 2019a).

The above elaboration on the industry illustrates how the energy industry is complex and includes
numerous different energy carriers and several forms and procedures prior to the energy being
consumed. Thus, giving a full and detailed overview that can be applied to energy in all of its
forms is challenging. Hence, the subsequent sections will give a simplified overview of the players
involved and the value chain in order to explain the industry in its broad form and for the reader to
understand the analysis grouping of companies that are green, grey and black, and players that
although not directly involved in producing energy, still will be considered as a green energy

company.
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2.2.2 DEVELOPMENT

The U.S. Energy Information Administration (EIA) has illustrated the U.S. primary energy
consumption by major sources from 1950 — 2018, shown below. In order to compare different
types of energy, British thermal units (Btu) is used as a measure of heat energy (EIA, 2019b). As
displayed in the graph, the consumption of energy has increased substantially, between the years of
1950 — 2018, going from consuming quadrillion 34,61 Btu to quadrillion 101,12 Btu. Today, the
energy consumed consists of 36% petroleum, 31% natural gas, 13% coal, 8% nuclear electric
power and 11% renewable energy. Looking at the past decade the graph outlined under conveys a
small decrease in the consumption of non-renewable energy and an increase in consumption of
renewable energy. Non-renewable energy sources had a negative CAGR of -0,21% in the years of
2008 — 2018, mainly driven by phasing out coal as a primary energy source. Renewable energy has
had a positive CAGR of 4,85% in the years of 2008 — 2018. The development of the energy
consumption is primarily influenced by technological advancements, consumer behavior and

politics. These topics will be elaborated on below.

FIGURE 2.3: ENERGY CONSUMPTION
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2.2.2.1 Technological advancements

In recent years it has become cheaper to produce renewable energy. The International Renewable
Energy Agency (IRENA) (2019) describes how the general cost of the renewable energy
technologies improved in 2018 and reached a new low. Furthermore, solar and wind energy has
experienced reduced costs deriving from reductions in the cost of battery storage which has

decreased 85% since 2010 (Deloitte, 2019). Overall, the reduce in costs is enabled by technological
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advancements, such new industrial-scale solar farms now producing electricity at cost levels
making it competitive within solar energy, some without subsidies (Saxo Bank Group, 2020). The
cheaper production of renewable energy sources makes this energy more competitive and
accessible and provides incentives for companies and consumers to choose renewable energy. The
oil industry has also experienced technological advancements. For example, shale oil extraction,
fracking, benefits from innovative drilling techniques, which since 2014 created a boom in U.S.
domestic crude oil production. This fracking technique causes ecological damage to the

environment and enhances o0il’s competitiveness (Amadeo, 2020).

2.2.2.2 Governmental policies

The U.S. government, and its sub-branch the U.S. Department of Energy, creates and maintains
policies, legislative initiatives and budget requests regarding the U.S. energy industry (U.S.
Department of Energy, collected 13.04.2020). In other words, the U.S. government has a great
influence on the energy industry, especially in regard to prioritizing non-renewable or renewable
energy. In recent years the U.S. has made significant progress on renewable energy expansion and
closures of coal-fired power plants. However, the current sitting president Donald J. Trump is
scaling back this progress as he announced in 2017 a withdrawal from the Paris Agreement, in
addition to his promise to stop a “war” on fossil fuels, specifically coal-fired power plants (Climate
transparency, 2019) (Dlouhy, 2019). For example, the 2019 Affordable Clean Energy implemented
by Trump, repealing Obama’s Clean Power Plan, opens for companies to build new coal plants in
addition to not including specific emissions-reduction targets in the power sector for states
(Dlouhy, 2019). Furtherly, the Climate Transparency (2019) rates the environmental friendliness of
U.S. policies as low for both “Renewable energy in power sector” and “Coal phase-out in power

sector.”

However, looking at the pro-environment side, despite support from the federal government, the
coal industry is in decline. In the years of 2015 — 2018, several coal companies declared
bankruptcy, including four industry leaders. This decline is driven by lower costs in renewable
energy, and abundant natural gas and renewable energy, in addition to pro-environment regulations
aimed at reducing emissions and protect public health. Examples of such regulations and incentives
are, federal clean energy tax credits, grants and loans, state-level support policies and requirements
to install pollution controls (Climate Transparency, 2019) (Belfer Center, 2017). Further, some
U.S. states has incorporated feed-in-tariffs where specific rates on how much of the energy

purchased should come from renewables (EIA, collected 09.05.2020).
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In 2011 there was a change in the political landscape in regard to renewable subsidies, as a
consequence of recovering from the financial crisis in 2008. This brought a large uncertainty to
whether the renewable companies would continue receiving governmental support, adding a
governmental risk factor to renewable companies. In the years of 2004 - 2009 the annual growth
rate in renewable investments was in the range of 32% — 85%, largely driven by governmental
subsidies (Johansson, Patwardhan, Naki¢enovi¢ and Gomez-Echeverri, 2012). However, as a result
of the government deficits resulting from the financial crisis, countries implemented austerity
policies which led to cuts in renewable support, and cuts in renewable investments (Mahalingam
and Reiner, 2016) (REN21, 2018). Renewable companies were especially at this point very reliant
on subsidies and the risk of not receiving governmental support was suddenly very evident for the
renewable companies. This change led for example to that several solar panel manufacturers in the
US and globally reduced their workforce by 20% and that the industry experienced several
bankruptcies in the time period 2011 —2012. Only the large firms seemed to survive the downturn

in the industry (Jordan, 2013).

In a global basis, the International Energy Agency (IEA) showed that 70% of the worlds’ clean
energy investments are directly or indirectly government driven (Birol, 2020). Direct investments
include direct government finance, and indirect investments include business and consumer
responses to policies such as subsidies or taxes. However, the government does not only subsidize
renewable energy, as IEA found that fossil fuels subsidies totaled of approximately 400 billion
dollars each year (Birol, 2020).

2.2.2.3 States autonomy

Although the current U.S. governments’ policies is not favorable in terms of promoting renewable
energy, there is however, considerable climate action happening on a sub-national level and by
non-state actors (Climate Transparency, 2019). Climate Transparency (2019) evaluates how public
finance institutions are willing to restrict the financing of coal and coal-fired power. In the U.S. the
National development agencies and banks, domestic export credit agencies and export credit

restriction in OECD are all willing to restrict financing coal activities.

Furthermore, there are several states that are using their autonomy and going against the current
president’s climate and energy policy. For example, after President Trump withdrew from the Paris
agreement, there were 23 governors that individually signed the Paris agreement on behalf of their
states. In addition to this, states like California, Hawaii, Maine, Nevada, Virginia, New Mexico,
New York and Washington have introduced laws that aims at making the states solely run on
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renewable fuels within 2050 (Mortensen, 2020). Generally, many Americans wants a green climate
change which is represented by the many American green pro-climate organizations and funds

supporting this (Leiserowitz, 2006).

2.2.3 SEGMENTATION

The energy industry can be segmented into companies that operate with renewable energy sources
or non-renewable energy sources. Renewable energy comes from sources such as wind, solar
radiation, hydropower, biomass and geothermal whereas non-renewable energy comes from
sources such as fossil fuels and nuclear energy. The following section will elaborate on these
sources of energy. Furthermore, there are four main users of energy in the U.S. and they are the
industrial sector, the transportation sector, the residential sector and the commercial sector.
Looking at the energy consumption in Btu in 2018, the largest consumer of energy was the
industrial sector consuming 32%, the second largest the transportation sector consuming 28%, the
second smallest the residential sector consuming 21% and the smallest was the commercial sector
consuming 18% of the total energy consumed (EIA, 2019c). These sectors typically consume

energy from different sources.

2.2.3.1 Renewable energy sources

Renewable energy comes from sources that are naturally replenishing, like sun, wind and water
movements. Thus, renewable energy refers to energy from wind, solar radiation, hydropower,
biomass and geothermal sources. The graph below shows the U.S. renewable energy consumption

divided by its renewable energy sources.

FIGURE 2.4: U.S. RENEWABLE ENERGY CONSUMPTION BY ENERGY SOURCE, 2018
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As depicted in the figure above, it shows that in the U.S. the overall biomass fuels is the largest
consumed renewable energy source, accounting for 45% of the consumption of renewables. The
second and third largest renewable energy sources is hydroelectric and wind with 25% and 21% of

renewable energy consumption, respectively.

The renewable energy sources are flow-limited in the amount of energy that is available per unit of
time (Frewin, collected 12.04.2020). In most cases the energy needs to be transformed into the
secondary form, electricity, in which after transformed can be consumed instantly (EIA, 2019¢). If
transformed into electricity, the electricity can be stored in batteries or be directly transported out
to the consumers. There are new battery storage technologies under development, that will enable
electricity to be stored in larger amounts, which is important for the convenience of using
renewable energy (Leblanc, 2019). Most commonly, electricity is directly transported through an
electricity grid out to the consumers. An electricity grid refers to the complex network which
consists of “electricity substations, transformers, and power lines that connect electricity producers
and consumers” (EIA, 2019f). The company generating the electricity, may distribute and sell the
power independently, or sell it to second party utilities company for the electricity to be distributed
and sold to consumers (EIA, 2019f). Some energy companies are involved with both the power

generation and distribution, thus involved in both the energy and utility sector.

The process of transforming the renewable energy into electricity is different dependent on the
source, but the renewable energy industry generally has a high capital-intensity, and higher capital-
intensiveness than non-renewable sources. Renewable energy requires a high upfront cost and a
longer investment horizon, in addition to being subject to a higher risk as the green transition is
dependent on governmental support and future technology innovation (Volz et al., 2015). Hence,
the renewable energy sector requires more investments into R&D as green innovation are needed to
increase the applicableness and cost-efficiency for the renewables (Feng and Chen, 2018). Best
(2017) found that the transition to renewable energy depends on countries stock of financial
capital, where a high financial capital supports transition the more capital-intensive renewable
energy (Best, 2017). Further, a positive change in capital expenditures (capex) has happened in
later years, decreasing capex which made renewables less capital intensive (Goswami and Kreith,

2015).
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Renewable energy plays an important role in reducing greenhouse gas emissions. Using renewable
energy can reduce the use of fossil fuels, which emits about 93% of total U.S. anthropogenic
carbon dioxide emissions (EIA, 2019d). The U.S. Department of Energy’s National Renewable
Energy Laboratory (NREL) made in 2012 a comprehensive study that showed that the US can
generate most of its electricity from renewable sources by 2050 (NREL, 2012). Thus, the growth

potential for the renewable energy industry is large.

2.2.3.2 Non-renewable energy

Non-renewable energy sources are sources that drain fossil reserves deposited over centuries, and
when these energy reserves are depleted, they cannot be restored (or not for millions of years)
(Conserve Energy Future, collected 13.04.2020) (Sciences learning hub, 2008). Non-renewable
energy resources include fossil fuels and nuclear power. The non-renewable energy is not

recognized as environmentally friendly.

2.2.3.2 a) Fossil fuel

Fossil fuel include energy from sources like coal, oil and natural gas. These energy sources are dug
or pumped out of the ground which is a capital-intensive process (however, less capital-intensive
than the renewable energy industry) (Best, 2017). They act as a direct source of energy and can
therefore be stored until needed to be used. Companies within this field acquires, explores for,
develops, transport and produces natural gas, natural gas liquids, coal and oil in the United States
and some worldwide. Burning fossil fuels produce the greenhouse gas, carbon dioxide. Burning
coal produces both carbon dioxide and sulfur, which when being let into the air increases the air
pollution (Sciences learning hub, 2008). Thus, the environmental impact of using these energy

sources is great, and they are a major source of U.S. carbon dioxide emissions (EIA, 2019d).

2.2.3.2 b) Nuclear

According to general definition and classification, nuclear energy is not renewable energy (EIA,
collected 13.04.2020). It produces radioactive nuclear waste which is harmful for humans for
thousands of years. The waste therefore needs to be safely stored in protecting radiation dry
storage containers. An uncontrolled nuclear reaction could result in pollution of air and water.
However, there are environmental benefits to using nuclear energy as it does not directly produce
carbon dioxide or air pollution (EIA, 2020b). The fact that nuclear companies are listed on Saxo
Banks list of green pioneers, highlights nuclear energy recognition as environmentally friendly.
Consequently, whether nuclear energy should be part of the futures sustainable energy solution is
argued (Rhodes, 2019). Since it is debatable whether nuclear energy is environmentally friendly or
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not, nuclear companies will not be included in this thesis’ analysis. Hence, the industries that will

be further focused on, are the fossil fuels and the renewable energy.

2.2.3.3 Hybrid energy companies

There are energy companies that originally was involved with solely fossil fuel energy sources.
However, in recent years fossil fuel companies has transitioned to including renewable energy
sources in their business operations. Many companies have started seeing the value of green
renewable energy and the need to shift focus, as it is predicted that the fossil fuel energy at some
point will be replenished (Sciences learning hub, 2008). Delivering renewable energy is also a way
for companies to diversify themselves in a competitive climate where price is usually the only
differentiation (Marketline, 2019). Thus, for the purpose of this analysis the data is divided into
three samples, green with fully renewable energy, grey with partial renewable (hybrid) and black

with non-renewable energy companies.

2.2.4. INDUSTRY STRUCTURE

In order to provide an overview of the activities and actors involved in the general energy industry,
this thesis will present a simplified energy industry value chain. As previously highlighted, the
energy industry has a complex structure, with many different energy sources, transformation
processes, distribution channels and customers. Thus, finding and presenting an overall value chain
of the energy that is detailed and applicable for all types of energy sources is challenging.
Consequently, this thesis will present a simplified overview of the energy industry’s value chain,
which presents the main activities and actors involved. By looking at different value chains
presented on the energy industry from Bamber, Guinn, Gereffi, Muhimpundu and Norbu (2014),
Ugarte et al. (2014), E&M Combustion (2018), and Deloitte (2018), the energy industry’s main
activities has been identified. Based on these studies, a general energy industry value chain has

been crated and is shown below.
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FIGURE 2.5: THE ENERGY VALUE CHAIN
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The above outlined activities are meant to give the reader an overview of the energy industry and is
therefore a simplified illustration. Thus, exceptions for some energy sources may occur. The figure
depicts three main energy sources, namely fossil fuels, renewables and nuclear energy. In
exploiting these energy sources there are three main activities, energy extraction and generation,
transmission and distribution and, lastly, consumption. For the first activity, energy extraction and
generation, the supportive activities are also described. A small elaboration on the activities is
given in the illustration. The activities will not be elaborated on furtherly, as deeper insight into
this field, is not needed in order to understand this thesis’ method and reasoning for sampling
companies. However, what is important to add, is firstly, that many of the companies operating in
the energy industry is involved in several of the activities in the value chain. This way, the
companies can gain larger control and benefit from scale economies. Thus, the data sample will
include companies compressed with several activities in the value chain. Secondly, as mentioned
previously, many energy companies are involved with several sources of energy, typically
operating with both fossil fuels and renewables. Hence, the grey data sample will include
companies, previously called hybrid companies, that are involved with both renewable energy and

non-renewable energy.

The energy industry is dominated by a few and large firms. Some firms are conglomerates that
operates in several industries, and others have a sole focus on energy. The energy industry has
become increasingly consolidated in recent years with vertical integration of generation, supply
and network activities. This has reduced the incentives to trade and for new companies to enter the
industry. Additional barriers to entry are requirements for expertise, investment required in

technology, raw materials and plants, finding suitable locations for power plants and the cost of
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regulatory compliance (Marketline, 2019). This may limit the number of renewable energy
companies, and thus the supply of renewable energy stocks which is possible for investors to invest

in.

Overall the U.S. energy industry has experienced an increase in production and consumption of
renewable energy but faces a few challenges in the transition towards a green economy. Based on
companies’ degree of involvement in renewables, the data samples will in chapter three be divided
into three samples, namely green (fully renewable), grey (hybrid-renewable) and black (non-
renewable). This section also describes the renewable energy stocks high capital intensity, risks
and limited number of players. As previously described the growing awareness and demand for
green renewable stocks, together with limited supply may lay a foundation for a bubble formation

for these stocks.

The next section will introduce theory on financial bubbles, the mechanisms involved and which
circumstances that is needed to be present for a bubble to form. It will lay the foundation for
understanding the last section of this chapter, asset price dynamics which presents the variables

applied in this thesis’ econometric analysis.

2.3 FINANCIAL BUBBLE THEORY

The following section will introduce theory on financial asset bubbles. It will define financial
bubbles, elaborate on bubbles life cycles, describe how human factors affect bubbles growth, state
which market conditions that are needed for a bubble to cultivate, and lastly describe the

consequences of bubbles.

2.3.1 INTRODUCING BUBBLES

Brunnermeier and Ochmke (2013) refers to the term bubble as a mispricing of a financial or a real
asset. However, not every temporary mispricing can be called a bubble, since a bubble has a “long
period of sustained significant mispricing and higher-than-average volatility in the financial
markets” (Porras, 2016:6). Porras (2016) defines a bubble as “asset prices that are not justified by
the assets ‘fundamentals’ or intrinsic value” (Porras, 2016:5). The author further elaborates on
asset bubbles, “an asset bubble occurs when a financial asset is traded in the market at a price
higher than the level its economic fundamentals can sustain, such as when the price of the share
grows in the exchange markets for a sustained period of time at a rate much greater than its
earnings” (Porras, 2016:5). The long-lasting bubbles can have a negative impact on the economy as
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it can affect the real allocation of the resources in the economy and drain resources from the

system, reasoning why it is important to investigate and understand bubbles (Porras, 2016:6).

2.3.2 BUBBLE APPEARANCE IN FINANCIAL MARKETS

Financial markets can be defined as a place where financial assets are traded. Hence, suppliers and
users meet to exchange capital. The financial markets transfer resources across time and between
agents and countries. Some agents participating in the financial markets are firms, individuals and
the government (Munk, 2015). Historically asset bubbles have occurred in stock, bonds,
commodities and housing markets. However, the most significant financial bubbles have been the
bubbles occurring in the stock market and housing markets (Porras, 2016). There are several
historical examples of financial bubbles. A frequently mentioned bubble is the Dutch tulip mania,
where immense expectations and demand for tulips caused the price of a tulip to rise largely over
its fundamental value. Further, the Japanese asset price bubble collapse in 1991 had significant
impact on the Japanese economy and caused the “lost decade”. In recent years, there has been the
stock market crash on the Shanghai stock exchange, as well as the 2008 housing bubble collapse in
the US, which were followed by a global financial crisis (Porras, 2016). As seen, bubbles occur in
a broad specter of geographic areas and markets. Common for all bubbles in financial markets are

their significant impact on the economy, both locally and its contamination effect across markets.

Bubbles can occur at both market level and at sector levels, but most often bubbles occur within a
specific sector. As seen by the dot-com bubble in 2000, the pricing of internet stocks had an
extensive growth and when the bubbles collapsed, 8 trillion dollars of shareholders wealth was
destroyed (Porras, 2016:1). Further, the housing market bubble in 2008 caused a global financial
crisis with contamination effects far outside of the housing market. Hence, sector specific bubbles
have the possibility to affect a whole market. Previous historic bubbles have been subject to
specific events leading to their resurrection. Although subject to individual and particular
circumstances, there are many common elements in the bubbles life cycle and the market
conditions needed to be present for the bubble to form (Porras, 2016:23). This knowledge can help
in the difficult task of detecting a bubble and possibly bubble prevention, if even possible.

The following theory will first elaborate on a bubble’s life cycle, secondly the human factors that
support the growth of the bubble will be discussed, and lastly the market conditions that are needed

for a bubble to cultivate will be identified.
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2.3.3 PHASES OF A BUBBLE 'S LIFE CYCLE

The growth of a bubble is characterized with different phases. Brunnermeier and Oehmke (2013)
divides a bubbles’ life into two phases. A run-up phase, where bubbles and imbalances form
followed by the crisis phase, where after the gradual buildup of a bubble and the related
imbalances an event triggers the burst of the bubble. Porras further divides a bubbles life into four
phases, namely stealth, awareness, mania and the blow-off. The phases have different
characteristics, and there are different mechanisms involved. The figure below gives an overview
of bubbles’ phases showing how the valuation of assets grows with time, and how it lastly falls and
the bubble bursts. The figure also shows where the different types of investors typically get
involved in the bubble. As the bubble depicts the mania phase is the phase where exponential

growth starts. Elaboration on the bubble life cycle follows in the coming sections.

FIGURE 2.6: THE BUBBLE LIFE CYCLE
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2.3.3.1 Stealth

In the stealth phase the opportunity of wealth creation is discovered by informed investors, also
known as “sophisticated” investors. The sophisticated investors are often sector experts who get
into the market and purchases larger stakes of the business as prices gradually increases. The
assumption of future growth is still an assumption and there is thus risk attached to the opportunity
(Porras, 2016:25). Often the expectations of increased profits and economic growth is ignited or
rationalized, by the recent availability of a new innovation, new technology, happening or financial
innovation (Brunnermeier and Oehmke, 2013:1222). The innovation may create a shift in the

economy, which can make it hard for investors to separate whether the high stock prices are
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because of the new expected growth as a consequence of the innovation, or whether the pricing is
high because a bubble has formed. Innovation in form of new financial products may also appear
during bubbles, as seen by the collateralized debt obligations in the housing bubble in the U.S. in
2008.

2.3.3.2 Awareness

The awareness phase is characterized as experiencing further asset price increase, as investors are
realizing the momentum and adding further capital. Some investors may collect initial returns as
buying the asset and selling it relatively higher, in the price increase phase yields profit. The smart
money investors benefits from increased awareness, which is also helped by the media making
uninformed or “unsophisticated traders” enter the market. Prices start exceeding the fundamental

value (Porras, 2016:25). Further, the awareness phase is the opening phase to the mania phase.

2.3.3.3 Mania

In the mania phase, prices are furtherly pushed up, mainly due to unsophisticated investors that
believe that previous price increases is an assurance of future price increase, also called a retro-
feedback mechanism. The business opportunity is generally known, and unsophisticated trader’s
friends and family also get into the market. Money keeps pouring in, further supporting the
exponential growth and the understanding of the assets fundamental value is gone. Unsophisticated
investors push prices further up in the bubble by accessing additional capital through leverage and
loans, rationalized by the appearance of further wealth creation. Meanwhile, sophisticated traders
start collecting their returns, de-scaling their investments. The bubble starts halting when there for
some reason, information or other mechanics, makes investors realize that the assets fundamentals
cannot sustain additional growth. The price level has reached its plateau and the bubble starts

collapsing, while credit becomes unavailable (Porras, 2016:25).

2.3.3.4 Blow-off

The last phase is the blow-off phase. The high expectations have changed due to a general market
realization. Some investors exit the market promptly, while others hesitate and stay due to
problems with determining if the price fall is a temporary setback, or a permanent price collapse,
trapping the hesitant investors to stay holding depreciated assets. At this point of time the smart
money investors are gone, and the general public is left with the bubble priced assets in which the
price drops at increasing rates. Now, every investor is ready to exit the market and cash-in,
supported by liquidity needs forcing to fire sell (Brunnermeier and Oechmke, 2013:1222). The

retro-feedback mechanism seen during the price appreciation phase now works in the opposite
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way, now believing that previous price depreciation is evidence for future price depreciation,
further supporting the price plunge, pushing the price to a historically low level. Smart investors
realize that the significantly low price is under its fundamental value and thus makes a bargain sale

on the asset, which at later times can be sold to a higher value (Porras, 2016:25).

2.3.4 HUMAN FACTORS

To understand how a bubble can develop and the associated contagion mechanisms, it is necessary

to understand the human aspect and the market behavior that are in play.

2.3.4.1 Bounded rationality
There are four groups of behavioral models and explanations that describe the development of
bubbles and contagion. In behavioral models, bubbles may begin to form when agents may over- or

underreact to signals regarding the fundamentals (Porras, 2016:19-21).

2.3.4.1 a) Heterogenous beliefs

There are so-called optimistic and pessimistic investors with differences in personality traits,
opinions, actions and sale constraints. The optimistic investors neglect the fact that the pessimistic
investors integrate their pessimistic views into prices giving a gap in the price assessment, and

hence adding a bubble component (Porras, 2016:19).

2.3.4.1 b) Feedback trading

The feedback trading behavior is related to the trading strategy based on recent price movements
and similar to the retro-feedback mechanism. When the asset price increases the feedback-trader
believes that it indicates further future appreciation, and thus buys the asset, pushing price further
upwards. The additional price increase attracts extra attention from other feedback-traders giving
the price an additional positive boost. This mechanism pushes the price of the asset to a level

where it is above its fundamental value (Porras, 2016:20).

2.3.4.1 c¢) Biased self-attribution

The bias of self-attribution refers to the case when a person mainly recognizes the signals that
confirm his or her prior beliefs, while disregarding the information that opposes the existing
opinion and belief. In the case of a bubble, an investor may from a private signal generate a high
initial valuation. Later on, when this belief is challenged by contradicting public signals the

investor may disregard this information and become overconfident in the initial valuation and not
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adjust the price according to all information i.e. confirmative and contradicting information

(Porras, 2016:20).

2.3.4.1 d) Representativeness heuristic and conservatism bias

The representativeness heuristic works in the opposite way of the conservatism bias, in the way
that investors affected by the representativeness heuristic overreact to salient news by putting too
much emphasis on such signals compared to their base probabilities. On the opposite side,
investors affected by the conservatism bias underreact to salient news signals and thus assign this
too low probability weights. The representativeness heuristic and conservatism bias deviates from
the assumptions in optimal Bayesian information processing models. The Bayesian models is based
on probability and is used to represent and manipulate uncertain information — giving the scientists
a tool to define rationality (Porras, 2016:20). The model of Bayesian information processing is
dependent on which assumptions that are put into the model, and problems arise when people

depart from Bayesian rationality.

2.3.4.2 Market behavior
Market behavior like herding, speculative trading and settings of asymmetric markets may induce
investors to act in a way which supports and ignites bubble formation. The following sections will

elaborate on this aspect.

2.3.4.2 a) Herding

Herd behavior is important to examine as a transmission mechanism in the way that it can spread
word and behavior in regard to the perceived value of the asset. It can induce people to assimilate
its behavior in masses, creating exponential growth and devaluation when the bubble bursts, thus
an important mechanism in the bubble’s life cycle. The are several possible explanations to why
herding behavior can make sense for the investor. Firstly, some agents may rather decide to follow
and imitate the actions of others, disregarding their own information and perception. In this
scenario few individuals may have a disproportionate effect on the whole system. Secondly, there
may be costs associated with collecting information. If the cost exceeds the benefit of sampling the
information, it may be reasonable for the agent to imitate the behavior of other agents that are
assumed to be better informed. This may result in information asymmetry and transmission of
crises through global portfolios. Lastly, the relationship between private and public information
may induce some agents to copy other agents behavior that are assumed to have superior (i.e.
private) information. An additional mechanism that may amplify the herd effect, is the positive
feedback reaction, where the more people that join the crowd, more people are induced to follow.
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More and more people following the crowd may be assessed as additional evidence of that
following the herd is sensible. The positive feedback reaction may explain the excess volatility in
asset markets and unpredictable changes in fads (fashions). Overall, herd behavior can make price
shocks magnified and explain some of the incremental stock market variability (Porras, 1999:235)
(Scharfstein and Stein, 1990). In reference to this thesis’ methodology, the herding behavior is

what this analysis bubble proxies, namely the contagion proxies, seeks to capture.

2.3.4.2 b) Speculative trading

Theory distinguishes between investors that buy an asset for its perceived fundamental value and
speculators that buy an asset for its resale value. The U.S. Commodity Futures Trading
Commission (CFTC) defines a speculator as “a trader who does not hedge, but who trades with the
objective of achieving profits through the successful anticipation of price movements" (Frankel and
Lee, 1996) (Porras, 2016:67). The speculator trades the asset with the goal of benefitting from
short- or medium-term anticipated price movements. Hence, the trader does not focus on the
fundamental value of the asset, deriving from dividends and interest, but focus rather on following
the assets price movements and the market expectations. Thus, speculators may contribute to the
growth of a bubble, in the way that although they have an understanding of the fair fundamental
value of the asset and the asset may be classified as overpriced, it may be rational to purchase that
asset when another (uninformed) investor is willing to purchase the same asset at a higher price
(Porras, 2016:237) (Galbraith, 1955). Speculators can be both beneficial and harmful to the
financial market. They can be beneficial as they provide liquidity by trading, absorbs risk other
agents are not willing to take on, and helps improve overall market efficiency. However, excessive
speculating can also be harmful for the proper functioning of the futures markets. Prices can
become distorted if a large number of speculators participate and the real underlying demand and
supply becomes small compared to trading volume. Additional drawbacks are the short-term
volatility influenced by speculators and the speculators effect on financial bubbles (Porras,

2016:67).

2.3.4.2 ¢) Asymmetric information and incentives

In financial markets, there is several participants holding different information. When these
participants, such as funds, banks, rating agencies and financial analysts, are engaging, private
information problems may arise. During the housing bubble in 2008, there were several parties
involved such as mortgage sellers, intermediaries, mortgage holders, investments funds and
homeowners. The different parties were sitting on different information and the mortgages were

first sold to homeowners, and again resold to financial intermediaries which again sold the same
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mortgages to investment funds. These linkages caused problems due lack of transparency and
private incentives (Porras, 2016:57). Too much information may also confuse investors and distract
them from focusing on the key facts and instead focusing only on certain aspects or
announcements. Further, analysts may have incentives to give recommendation that affects stock
prices which again affects their own earnings. Then it becomes a private benefit for the analyst,

and they may work towards maximizing their own wealth (Porras, 2016:57).

2.3.5 MARKET CONDITIONS ENABLING BUBBLE FORMATION

There are three general conditions that need to be present for a bubble to cultivate. Firstly, the
economic environment has to be a scene where the “right mood” can be fostered. This is typically
seen in market expansions, which will be elaborated on under business cycles. Secondly, there
must be sufficient credit availability. The monetary and fiscal policy affects the credit availability
and will be further discussed in the second sub-section. The third condition that needs to be present
is asymmetric information which is a condition in inefficient markets which will be elaborated on

in the third sub-section.

2.3.5.1 Business cycles: Economic environment where the right can mood fostered
Porras (2016) explains that a “general condition prior to the bubble development is the existence of
an economic environment where the “right mood” can be gauged” (Porras, 2016:24). The upward
swing in the economy and the general positive outlook allows investors to believe in potential large
wealth creation beyond other current available alternatives. This can drive speculative bubbles
where expectations of future earnings are valued more than current realizations (Porras, 2016:24).
Thus, the economic environment sets the scene for whether bubbles can cultivate. The
macroeconomic environment can be explained by several factors, where economic indicators are
one of them. Business cycles is one economic indicator and are defined as up-swings and down-
swings in an economy. Up-swings in the economy are typically referred to as market expansion,
characterized by upturn in business activity. Down-swings in the economy are known as a
recession, characterized by high unemployment and a slowdown in business activity. The different
phases of the business cycles go in shift. The highest point of the expansion is called a peak, which
is then followed by a decline in the expansion, which at one point will turn into to a recession. The

level between a recession and an expansion, is referred to as the recovery phase (Frumkin, 2015).

The causes of business cycles are a research field where new theories and perspectives

continuously are developed. Some of the factors reflected by business cycles are production,
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inflation, prices, profits and employment (Frumkin, 2015). Business cycles can reflect the whole
market, but they may also just be present in certain sectors. Further, although business cycles may
be present in the whole market, some sectors may not be affected, as they, sometimes reasoned by

negative correlation, work in another direction than the market.

2.3.5.2 Monetary and fiscal policy: Credit availability

The second condition that needs to be met for a bubble to form is sufficient credit availability.
Helped by the strong upswing in the economy, credit expands, and money is accessed easily.
Sufficient credit capacity is necessary in order to reach the market overall, as it is “the aggregate
speculative capacity of the market that drives the bubble” (Porras, 2016:24). In detail, the
expanded credit is used to purchase bubble priced assets, which causes prices to rise to new
heights. This attracts additional investors, with expectations of additional price increases and easy
profits, into the process (Porras, 2016:24). Continued process of price inflation expands the bubble,

with the help of easily accessible credit.

Monetary and fiscal policies affect the interest rates and credit availability and is thus pivotal in
bubble formation (Porras, 2016:24). Porras (2016:31) describes monetary policies as the
connection between interest rates and total money supply which are set by the monetary authorities
in the given economies. The monetary authorities can through monetary policies control the
amount of assets, such as currency in circulation and demand deposit in commercial banks, to
achieve a specific goal. The monetary policies vary among economies and their individual
objectives. The optimal monetary and fiscal policy for a given economy varies and depends on its
economic situation. Fiscal policies in combination with monetary policies are used by the
government to achieve economic stability. Fiscal policy instruments are for example taxation and

government spending (Porras, 2016).

Common for all monetary policies is that the central banks, also known as monetary authorities,
have a set of instruments and target variables that are used to achieve their goals. Interest rates are
one of the instruments that the monetary authorities can use. Low interest rates foster credit
availability and is thus often present when a financial bubble form. When credit is easily available,
investors will prefer to borrow from banks and invest their leveraged capital in financial assets
instead of saving (Porras, 2016:33). This can, as previously explained, give rise to and alter bubble
prices. Major changes in regulatory environment may also give rise to financial asset bubbles.
There may occur difficulties to adjust to the new regulatory environment and asset prices are
highly sensitive in these periods (Porras, 2016). Hence, uncertainty of federal policies may gauge
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for greater volatility in the market and may create difficulties assessing an assets value (Hartley,

2015).

2.3.5.3 Inefficient markets: Information asymmetry

Many of the premises that a bubble grows under is founded in characteristics and mechanisms
uncovered in an inefficient market. The definition of efficient markets is derived from Fama (1970)
which proposes the efficient market hypothesis (EMH) which posits that a market is efficient if
market prices instantly and «fully reflect all available information” (Fama, 1970:1). In efficient
markets there is no private information, and everyone has the same goals (Porras, 2016:55). Thus,
for the efficient market hypothesis to hold, all investors should be in position of the same
information. Further, Porras (2004) describe how the EMH implies that changes in stock prices
result from changes in expectations, due to new information about fundamentals becoming
available to investors (Porras, 2004). However, as uncovered in most markets there are frictions,
private information and personal circumstances, such as taxes and liquidity needs, which affect the
agent’s decision making. Hence, information asymmetry, which is when market participants hold
different information, negatively affect market efficiency. It enables investors with only partial
information, instead full transparency and knowledge, to more easily imagine that there is a
limitless growth potential. Investors with full knowledge on the other hand, knows that there is top
to the growth due to their ability to assess whether the price-value relation is out of its boundaries

and above its fundamentals (Porras, 2016:24). Hence, bubbles can only grow in inefficient markets.

Fama (1970) further poses three different forms of market efficiency. The weak form suggest that
market prices instantly and fully reflect all past information derived from market trading data. The
semi-strong form suggest that market prices instantly and fully reflect all past and publicly
available information. Lastly, the strong form suggest that market prices instantly and fully reflect
all available information which is past, public, and private information. Whether markets in reality
are efficient is debated, as there is research with supportive evidence (e.g. Busse and Green 2002)
and research with contradicting evidence confirming a market anomaly (e.g. Rouwenhorst, 1998).
Generally, most empirical research, especially in developed markets, support the semi-strong form
of efficient market hypothesis. This implies that market prices instantly and fully reflect all past
and publicly available information and stock prices follow a random walk and therefore are

unpredictable (Fama, 1995).

Fama (2014) has in more recent years made specific research on bubbles. The author found that it
was not possible to detect bubbles looking solely at past history of stock prices. Hence, the
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researcher was testing whether it was possible to detect bubbles according to the weak form of
market efficiency and confirmed that the weak form of market efficiency could not detect a bubble
(Fama, 2014). This means that the semi-strong form of market efficiency ability to detect bubbles
has not yet been opposed. In fact, Greenwood, Shleifer and You (2017) found that looking at stock
return together with publicly available information like turnover, issuance, patterns of volatility,
and fundamentals, in conjunction with rapid price increase could be helpful in predicting crashes or

future returns.

2.3.6 CONSEQUENCES OF A BUBBLE

During a bubble’s lifecycle from birth to implosion the bubble’s resulting prices dislocates
resources and drain resources from the system. With the current degree of globalization, which also
affect the financial systems, the burst of a bubble may have widespread consequences. On the other
side, some argue that there are benefits associated with a bubble. The next sections will elaborate

on the consequences of a bubble.

2.3.6.1 Resulting misallocations

Long-lasting bubbles that bring on a long period of sustained significant mispricing together with
above average volatility in financial markets negatively impacts the economy. Porras (2016)
describe how “bubbles create “fictitious” wealth and destroy real wealth” (Porras, 2016:27). The
bubbles resulting high prices affect the real allocation of resources in the economy and can be
destructive particularly to the unsophisticated and less liquidity-wealthy participants. In some
cases, it may even be destructive to innocent bystanders (Porras, 2016:27). Further, a bubble drain
resources from the system as the burst of a bubble causes a deflationary period where wealth
vanishes from the overall economy. Porras (2016) further elaborates on how the burst of a bubble
may “affect the balance sheets of firms, financial institutions, and households, reducing the overall

economic activity” (Porras, 2016:6).

2.3.6.2 Global markets

As described above, the consequences of a bubble can be negative to an economy. However, with
the current degree of globalization, the burst of a bubble in one economy may also have disruptive
effects on other related financial markets and economies. Financial markets transfer value across
nations and sectors, transfer value over time and allocates risk among market participants.
Additionally, financial markets supply information on the expectations and value of the asset.

Thus, the global financial systems are complex and interdependent (Porras, 2016:35).
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The worldwide interaction between economies and financial systems forms market conditions
which may affect the contaminative effect of bubbles. Financial contagion, or contamination, refers
to “the phenomenon that occurs when one asset or basket of assets is affected by changes in prices
in other markets of this asset or basket of assets” (Porras, 2016:4). Contagion in this context should
not be inferred with the trading pattern meaning of contagion, which later in this thesis will be
described. Thus, to avoid confusion the term contamination will be used as a synonym of
contagion. The global economic system operates in a series of interdependencies which allows

financial contamination to spread.

In order to understand how bubble implosions, spread throughout the economic system it is
necessary to recognize the interdependencies that exist among markets, sectors, and asset classes
(Porras, 2016:39). A holistic perspective which considers the effects within a system and across
countries deriving from monetary, fiscal, and financial stability policies is needed. In examining
these structures three main considerations are important. Firstly, the structures are dynamic,
meaning that the relations between parties such as governments, corporations and banks changes
over time. Secondly, the macro risks are accrued in a non-linear style. Lastly, when entities such
banks, governments, and corporations are guaranteeing for each other, the risk rises. This enables
that the weakness of one entity may spread to the other, magnifying the feedback loops of the risk.
This shows that the complexity of the financial systems may also be a vulnerability (Porras,
2016:39). The global financial system also means that a bubble may not only be limited to a

specific geographic economy, but the bubble can be present on a global basis.

2.3.6.3 Possible benefits associated with a bubble

Looking at the overall economy bubbles are harmful and destroy real wealth. However, although in
the grand scheme bubbles are harmful, there can in some cases be beneficial consequences of
financial bubbles. Some bubbles may support transformations in different sectors. For example, the
bubble preceding the great depression during the 1930’s contributed to electricity’s spread into
rural areas in the U.S. Further, the dot-com bubble fostered many great technology companies
present today, and may in that way have pushed society’s tech capabilities. Along these lines, some
bubbles may be transformational in the way that they can benefit human’s quality of life and give

room for future innovation (Glaeser, 2017:141).
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2.4 ASSET PRICE DYNAMICS

The first part of the literature review highlights the increased focus on a green economy and
describes the energy industry. This is followed up by presented theory on financial bubbles which
describes the characteristics and phases of financial bubbles in addition to the needed macro
conditions. The coming section will elaborate on asset price dynamics to further explain the

methodology that will be undertaken in the aim of indicating a run-up to a green bubble.

2.4.1 INTRODUCTION

The coming section will present founding theory on asset pricing and bubble theory on asset

pricing.

2.4.1.1 Founding theory on asset pricing

Essential theory on pricing of assets are the Capital Asset Pricing Model (CAPM) that by looking
at risk, expected market return and the risk-free interest rate can determine a theoretically
appropriate required rate of return on an asset or portfolio (Sharpe, 1964) (Lintner, 1965) (Black,
1972). However, the CAPM model is a simple model and has created reservations according to its
reliability (Berk and DeMarzo, 2017:424). The renowned Fama and French Factor Model builds
upon the concept of CAPM and extends the model by including three variables explanatory effect
on asset returns (Fama and French, 1992). Furthermore, Connor (1995) define three types of factor
models, macroeconomic factor models, fundamental factor models and statistical factor models,
where all types are used to estimate stock returns. Multifactor models are widely used in financial
and macroeconomic time series where the purpose is to estimate expected returns on assets based
on a wide range of different factors. Asset pricing and asset dynamics are complex topics and it
can be challenging, if not impossible to determine the fair value of an asset in a dynamic

environment (Porras, 2016:18).

Porras (2016) argues that average explanatory power of factor models incorporating the
relationship between earnings and stock returns are minimal. In other words, such factor models
have shown to have small coefficients and low R? scores. To summarize, there is a collective
opinion that stock returns are difficult to model and predict. Instead of applying a factor model to
investigate this relationship, Porras (2017) rather investigates the explanatory effect of
fundamental and contagion variables on stock prices. If assets are fairly priced there should be a

statistical positive relationship between the development in earnings and the development in prices
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over time. However, if a bubble component is suspected, contagion proxies are also included as an
explanatory factor of asset return. Contagion proxies refers to variables representing volatility,

volume and money flow.

2.4.1.2 Bubble theory

Literature and history have shown that the price of an asset may have a bubble component to it, or
commonly named the asset has a bubble price. In the light of financial asset bubble theory, it is
important to distinguish between the price of an asset and the value of value of it. The price refers
to the amount someone is willing to pay to own an asset. Whereas, the value of an asset refers to
the net present value of the expected earnings, i.e. cashflows that the owned asset will generate in
the future. If an asset has a bubble component to its pricing, it means that the price of the asset and
the value of the asset is not equal (Porras, 2017:1). Thus, the bubble priced assets’ price cannot be

justified with the future expected earnings from owning that asset.

Financial asset prices are dynamic and will change over time. There are several factors that can
influence how the pricing of an asset will develop (Porras, 2017:2). Such factors can be innovation,
changes in market conditions, changes in market sentiment and news articles. For example, an
innovation within a sector can make companies more efficient and hence more valuable which
again affects the price of the stock. In general, the price of an asset is affected by supply and
demand for the asset. Little supply and high demand drives prices up, and conversely little demand
and high supply pushes prices down. In the run-up phase of a bubble there is a lack of supply
compared to the demand, as many investors want to buy a certain type of asset and the asset price
is rising. However, when the bubble bursts there is excess supply and the asset price drops (Porras,

2016:97).

In line with existing theory, this thesis argues that the asset price can be explained by its
fundamentals and contagion proxies. As previously shown, the world economy is facing a green
transition to a low carbon economy. This transition may affect the growth potential for some
industries, such as pro-environment industries including the green energy industry. The new
growth potential may influence investors’ expectations for the industry, in which can influence
these stocks price development. However, it is difficult to disentangle whether the asset price
change comes from investors new growth expectations for the industry, or whether the price
change simply can be explained by the industry’s companies own fundamental performance.
Fundamental variables can explain whether the assets price development is according to the assets’
value, meaning that the price is just and in line with the future expected earnings from holding the
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asset. Thus, by performing a historical analysis on companies’ fundamental characteristics,
performance and growth, it may show whether the price change comes from the companies’
fundamentals or from investors new growth expectations. The contagion proxies described in the
next section, may be an indicator of investors new growth expectations and investors associated
herding behavior, which both are related to the formation of a bubble (Porras, 2017:130;235).
Hence, performing a historical analysis on whether contagion proxies are explanatory in the asset
price development, can further disentangle the drivers behind the assets price development. If, the
contagion proxies can explain the companies’ price development, it may be an indication of a run-

up to a bubble.

2.4.2 FUNDAMENTAL VALUE

The fundamental value, also referred to as intrinsic value, is the true, inherent and essential value
of an asset (Ballentine, 1916) independent on its market value. This intrinsic value is determined
by the factors that that ensures sustainable future growth of the company and of the various
owners’ shares. Generally, the value of a company can be determined either by its book value or
market value. The market value is often fairly higher than its book value and can be determined by

following formula (Berk and DeMarzo, 2017).

Market Value of Equity, = Shares outstanding, * Market price per share;

In theory, under the assumption of efficient markets, the market stock price and the intrinsic value
of the stock is equal (Fama, 1970). In reality, the assumption of perfect markets does not always
hold (e.g. Rouwenhorst, 1998), and the market stock price and the intrinsic value of the stock may
differ. There are many possible causes to why the two terms may differ, and a bubble component to

the pricing of the financial asset is one of them.

Within financial bubble theory, Barucci and Fontana (2017) provides a model that represent the
stock price constituted by two components. Firstly, the price of a stock is determined by the
fundamental value of company (F;). Secondly, the price can also include a bubble component
which is unrelated to the fundamental value of the company (B;). Porras (2016) represent this

relationship in the model shown below:

xt=Ft+Bt
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where;

x; = the price of the asset today

F, = the part of the price that correspond to its fundamentals

B; = The part of the price that correspond to the bubble component which cannot be justified by
the company’s fundamentals (will be proxied contagion variables reasoned in next section)

When x; = F, there is no bubble component related to the price

As shown above, the stock price can be explained by the company’s fundamentals and possibly a
bubble component. If the stock price is equal to the fundamental value, there is no bubble
component to the pricing of the financial asset. Hence, in order to identify if there is a bubble

component, the correct fundamental value of the asset needs to be determined.

2.4.2.1 Determinants of fundamental value

The determinants of the fundamental value of the company (F;) are the factors that affect the
company’s growth outlook. These determinants can be captured by growth in earnings and
dividends, the risk of the future expected cash flows generated by the firms, profitability ratios,
capital structure and the cost of financial capital (Porras, 2016:5). As displayed, there are many
determinants that affect the fundamental value of a financial asset. Consequently, defining the
fundamental value and thus the correct market price of the asset is challenging. The main
difficulties in defining the correct market price of a stock, lies in the analysts ability to develop

correct expectations about the future of the company (Porras, 2016).

2.4.2.1 a) Discounting cash flows and forecasting

Theoretically, the fundamental value is the present value of cash flows that the owner of the asset
expects to receive over time (Porras, 2016:101). The cashflow of a company refers to the cashflows
that comes as a result of the wealth creation process from the firm’s operations. However, some
investors in referring to cashflow, refer to the cashflow derived from selling the stock in the future.
This referral to cashflows should not be confused with the cashflows used to determine the
fundamental value of the asset, since market price and fundamental value do not always coincide.
Thus, when referring to cash flows in determining fundamental value, it refers to the cash flows
derived from the company’s wealth creation process, which may be distributed as dividends or
further invested to generate future value (Porras, 2016). When determining the fundamental value
of a company valuation methods such as discounted cash flow (DCF) to calculate the present value

of future expected free cash flows (FCF) can be applied. This process involves numerous
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considerations and calculations and the future expected cash flow of the company needs to be

forecasted into an unknown future.

In general, when forecasting free cash flow, the firm’s revenue and expenses needs to be projected.
Revenue growth is normally limited to demand and development in inflation (Porras, 2016:101).
Overall, demand is affected by various factors such as the growth and income level of the
population. Expenses can be fixed and variable, and often trails the revenue growth. Thus, there
can be factors that affects both revenue and expenses. Such factors can be innovation, market
development and sector specific changes which can make businesses more profitable. These factors
can be difficult to foresee and to estimate the factors specific impact on the business. It is often
assumed that a firm’s future earnings are limited to the underlying growth factors that affects the
future expected cash flow. If asset prices are growing at levels that cannot be justified by important
underlying drivers such as demand, inflation growth and innovations, the market stock price may
be higher than the assets fundamental value. In summary, if the value of an asset cannot increase
beyond the impact of the underlying growth factors, it may indicate that the asset price contains a

bubble component (Porras, 2016).

2.4.2.1 b) Fundamental financial variables
There are several variables that can represent a firms’ fundamentals, F;. Derived from firms’

financial statements, Porras (2017) use the following variables to capture F;:

- Earnings before interest and tax (EBIT)
- Research and Development (R&D)

- Depreciation

- Net working capital (NWC)

- Capital expenditure (Capex)

- Free cash flow (FCF)

- Debt-to-equity ratio

Normally, the company financials listed above will be affected by the underlying economic growth
factors. The economic environment which can be measured through variables like inflation, the
cost of credit, or tax expenditures, impacts a firms’ business activities and thus is expected to be
somewhat reflected in a company’s financials (Porras, 2016:35). For example, if demand increases
as a consequence an economy in expansion, the revenue growth is also expected to rise. Further, if

an innovation has a positive impact on the business it is expected to show in financials such as an
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improved operating profit, EBIT, and increase in free cash flow. Porras (2017) argues that if the
expectations on average are formed correctly, there should be a relationship between the firms
operating earnings and changes in stock prices over time. The author does not provide a single
specific model and definition of what variables represent the fundamentals but focuses rather on
the company earnings. The researcher’s reasoning is that “in the long-run operating revenues are
the only source from which any payments can be made, including dividend payments” (Porras,
2017:232). Further, Porras (2017) describe how earnings is a better measure compared to revenues,

since if operating expenses are growing at a higher rate than revenues, the net effect is negative.

As will be elaborated on later, the term operating earnings, EBIT, can have different operational
components linked to it. For example, depreciation is a non-cash expense and is therefore added
back to the operating profit, EBIT. Variables such as net working capital, capital expenditure and
R&D can reflect the company’s investment into expanding its operations, which later can drive
revenue growth. In addition to looking at the term earnings, it is also relevant to investigate firms’
capital structure. A company’s value, in an imperfect market, is also affected by its capital
structure, often measured with the debt-to-equity ratio. An unfavorable high debt-to-equity ratio
may signal financial distress, and an unfavorable low debt-to-equity ratio may represent inefficient
use of the firms’ assets and agency problems, which both may affect the firms’ value (Berk and
DeMazaro, 2017). Hence, according to theory the company’s financials, representing fundamental

value, should be able to explain changes in stock prices.

2.4.2.2 Bubble effect on financial statements

Taking a closer look at how the bubble formation affects firms’ financial statements provides a
deeper insight into the financial variables explanatory effect on companies. Overall, in a bubble’s
growth, the company’s financial statements are affected. For example, when the bubble forms,
credit is easily available and savings are discouraged, and this affects the income statement.
Corporate profits are boosted by firstly, private households’ easier access to borrowing and
willingness to spend, and secondly the firms’ surrounding growing environment. When profits and
asset prices rise, companies may feel more confident in making new investments. Higher
investment spending implies a stronger growth outlook. Overall, Porras (2016) points to the
connection between credit creation, asset inflation and profit formation. Higher borrowing results
in higher profits and asset prices (Porras, 2016:38). However, it should be noted that these factors
alone do not format a bubble but may contribute to it. In summary, if the value of the stock and the

price of the stock is equivalent, the changes in fundamentals, should in theory have explanatory
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effects on the stock returns. Hence, if there is no mispricing of the assets, the stock price should in

the long run be related to the corporate revenue.

2.4.3 CONTAGION PROXIES

The bubble component, B;, may be a part of the stock price, and contagion proxies are measures
that aims to capture the bubble component (Porras, 2017:233). The contagion proxies in this thesis

are represented by the following three variables;

- Volume
- Volatility

- Money flows

Contagion proxies can capture the bubble component since the proxies capture investors herding
behavior, which is one of the factors that leads to a bubble. Herding behavior can induce people to
assimilate their behavior in masses which can amplify the perceived value of the asset (Porras,
2017:235). Porras (2017) defines contagion as the trading patterns resulting from herding behavior,
and in this way, contagion may be the result of informational externalities or psychological factors

(Porras, 2017:235).

The chosen contagion proxies, volume, volatility and money flows, derives from noise trader
models that suggest a relationship between each of these variables and stock returns (Porras,
2017:234). The noise trading models include, noise traders that are less than fully rational, and
sophisticated traders with rational expectations (Porras, 2017:184). There are two assumptions
made in the noise trading models which point to the relationships between the contagion proxies
and stock prices. Firstly, the trading strategies undertaken by the noise trader cause stock prices to
move. Secondly, the noise traders use positive feedback trading strategies, where traders
extrapolate past price trends on to expected future trends (Porras, 2017:226;239). Thus, the noise
traders make investment decisions based on past trends and this may drive the asset price away
from its fundamental value (Porras, 2017:226). Generally, the noise trading model may indicate
that bubbles arise solely from the trading process and the expectations formed by the different
agents (Porras, 2017:188). Accordingly, by looking at contagion proxies, which captures this

trading process which implicitly convey agents’ expectations, the bubble may be recognized.
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2.4.3.1 Volume and volatility

Volume is a proxy for herding behavior as it measures the common shares traded for a given period
(Porras, 2017:234). If there is a large volume traded, many stocks change hands, and this may
imply a fast and large stock price change. This way, volume can describe information flow and the
speed of adjustment to information (Porras, 2017:69). Causality between volume and stock price,
have been tested on the basis of the idea that large positive price changes result in capital gains.
With higher returns, comes higher willingness to follow the crowd, which provokes further

transactions and higher volume (Porras, 2017:239).

In stock markets the term volatility refers to the rate of change in asset prices (Porras, 2017:6).
Volatility is usually estimated using the standard deviation of the historical returns of the asset.
However, Porras (2017) measures the changes in volatility by using percentage changes in the
price range, which is, the difference between price high and price low. Porras (2017) explains how
herd behavior can rationalize some of the excessive stock market volatility, since a large group
who undertake the same trading strategy, dealing towards the same direction, often will magnify
price shocks and consequently increase volatility (Porras, 2017:239). The ideal breeding ground for
a bubble to start growing is an environment characterized by low volatility (Brunnermeier and
Oehmke, 2013). In this environment the difference in returns of risky and risk-free assets are less
and this results in a low-risk premium available. The low-risk premium makes financing easy
(Porras, 2017:69). However, when the bubble bursts there will be high volatility as a consequence
of excess supply (Porras, 2016:97).

Many studies have shown that, trading volume and volatility, are positively correlated, and it is
difficult to disentangle the volume effect from the volatility effect (Porras, 2017:68). Narayan,
Mishra, Sharma, and Liu (2013) describe how both trading volume and volatility have a positive
effect on financial bubbles. Bubble episodes are often associated with increase in trading volume
due to increased volatility in beliefs that results in boost of the value of the resale option. In other

words, traders want to buy the asset because they can sell it at an even higher price.

2.4.3.2 Money flow

Money flow describes additional capital invested each period to purchase companies’ stock
(Porras, 2017:243). Money flow is derived from multiplying the stock price mean with volume and
is hence directly correlated with volume. Thus, money flow captures some of the same herding

behavior aspects as volume do but captures an additional price effect. In other words, when noise
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traders which uses positive feedback strategies see a positive stock price development, the group
extrapolates the positive price development on to the future. The noise traders continue buying the
stock, increasing volume, and at a higher price, increasing mean stock price. Porras (2017) found
that money flow could explain positive price changes, and the greater the price change the greater
the significance of the variable. However, on the other side, money flow was not significant for

companies with on average negative price changes (Porras, 2017:252).

2.4.3.3 Contagion proxies as a bubble indicator

Several studies have established positive relationships between the contagion proxies, volume,
volatility and money flow, and stock price. These contagion proxies can capture investors herding
behavior which is part of forming a bubble. Although a positive relationship between the contagion
variables and stock price can be found, it is not the equivalence of that there is a bubble. The
reason for this, is that there can a be a bubble in the economy without contagion. Correspondingly,
there can be contagion without the existence of a bubble. Consequently, the concept of a bubble
and contagion is disjointed (Porras, 2017:233). Although their relationship is not direct, the
contagion proxies still serve as a relevant indicator of a bubble. To establish for certain that a
bubble has existed is a challenging task, as there are many factors affecting the stock price

development. Hence, establishing a definite existence of a bubble is out of scope for this thesis.

Summing up, if explanatory effects between the changes in contagion proxies and the stock return
can be found, this may indicate the existence of a bubble. Also, if the fundamental variables have
little explanatory effect, and the contagion does have explanatory effect, the indication of a bubble

is even more significant.

2.4.4 DEFINING THE TEST MODEL

Stock returns will be investigated using the model portrayed by Porras (2017). The authors’ theory
on bubble’s and contagion theory suggests that stock prices can be explained by fundamentals and
contagion proxies (Porras, 2017:231). Porras (2017) presents a method to investigate whether stock
prices of the S&P500 companies are explained by fundamentals or contagion proxies and analyzes
historical data looking at 1988-1998, the period building up to the dot-com bubble in the US in
2001. Findings show that the stock prices could not be explained by fundamentals in any of the
models presented. However, the contagion proxies could explain the stock prices, presenting an

indication of a bubble (Porras, 2017).
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This thesis will apply the same method presented by Porras (2017). Hence, the explanatory effects
of fundamental value proxies and bubble proxies on stock prices will be assessed in the statistical
analysis applied in this thesis. In order to analyze stock prices through time series, stock returns
will be analyzed by looking at changes in fundamental proxies and contagion proxies. The equation
below shows how stock return will be analyzed with the possible explanatory variables changes in
fundamentals and changes in a bubble component. As shown, proxies for fundamental value are
earnings and capital structure. The bubble component will be proxied by contagion proxies which

are volume, volatility and money flow.

AP t = AF t + AB t
\ J \ J \ J
Y Y Y
Stock return Fundamental proxies Contagion proxies
E = Earnings C = Volume
D/E = Capital structure C = Volatility

C = Money flow

The bubble and fundamental proxies will be tested in a joint model as illustrated above, and

individually as illustrated below.

AP t = AF t AP t = AB t
| J | J \ J | J
| Y Y f
Stock return Fundamental proxies Stock return Contagion proxies

E = Earnings C = Volume

D/E = Capital structure C = Volatility

C = Money flow
and

The benefit of testing the variables individually is that it may give insight into whether changes in
fundamental, or bubble variables, do have explanatory effect in explaining stock returns. Testing
the variables in a joint model can give further insight how the variables together explains stock
returns. Further, below an overview and explanation will be given on how the presence and
absence of the explanatory effect of the fundamental proxies and contagion proxies may indicate a

run-up to a bubble.

These tests may provide a little indication of a run-up to a financial bubble;

1) If stocks return cannot be explained by changes in fundamental proxies

2) If stocks return can be explained by changes in contagion proxies
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If the first point, stocks return cannot be explained by changes in fundamental proxies, it may
indicate that there is another factor explaining stock returns. If the second point, stocks return can
be explained by changes in contagion proxies, it may indicate the presence of herding behavior
which is a mechanism involved in the growth of a bubble. If only one of these points are present it
can provide a little indication of a run-up to a bubble, however, if both points are present at the
same time, it may strengthen the indication of a bubble. Furthermore, if stock return can be
explained by changes in contagion proxies, is present together with that stock return can also be
explained by changes in fundamental proxies, the explanatory effects yield different signals, one
confirming and the other contradicting a bubble, and the bubble indication is thus not clear. Lastly,

if neither of the above outlined points are present, a bubble indication is not found.

The models and relationships outlined above will be tested on the three samples. Bubble
confirmative relationships for the green sample may indicate a direct run-up to green bubble.
Bubble confirmative relationships for the grey sample may indicate a run-up to a bubble, possibly
explained by a green reward deriving from transitioning to renewables. However, if the bubble
confirmative relationships are present in all samples, also present in the black sample, a bubble
may be indicated in the general energy industry. Thus, the statistical chapter in this thesis will
apply the above outlined models to investigate the three different samples to disclose if there are
any differences in the explanatory effects of the changes in fundamental proxies and the changes in

contagion proxies on stock returns.
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3. DATA SAMPLE

The following chapter will introduce the data samples that will be used for the statistical analysis.
Firstly, data on the surrounding market conditions in the sample time period will be presented, as
this lays the foundation for further bubble indication study. Secondly, elaboration of sector
specification for the three samples will be discussed. Thirdly, an overview of the three data
samples, namely green (fully renewable energy), grey (both renewable and fossil fuel energy) and
black (fossil fuel) will be displayed, which will be followed by the fourth section which describes
the three samples characteristics. The fifth section will introduce the specific independent
variables used as proxies for fundamentals and contagion. The last and sixth section will describe

how the data has been transformed in order to perform the statistical analysis.

3.1 SAMPLE PERIOD MARKET CONDITIONS

As presented in the previous chapter, there are three market conditions that needs to be present for
a bubble to cultivate. Firstly, the economic environment has to be a scene where the “right mood”
can fostered, which often is the case when the market is in expansion. Secondly, there must be
sufficient credit availability, which can be indicated by looking at interest rates that the monetary
authorities set. Lastly, the market needs to be incomplete with asymmetric information. The
coming section will investigate if these market conditions were present in the U.S. within the data
samples time period of 2009 — 2019, compared with historical numbers. Overall, the coming
section will examine whether the conditions for a bubble to form has been present in the time

period analyzed.

3.1.1 MARKET EXPANSION

Shiller (2020) describes how a US economic expansion began in June 2009 after the financial
crisis, which led to the markets passing a historical length record ten years later in June 2019 with
120 months of expansion. To illustrate the longest expansion Shiller (2020) displays graph below,
showing the development in U.S. Real Per Capita GDP and Real Per Capita Personal Consumption
Expenditures in the time period of 1929 - 2019.
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FIGURE 3.1: U.S. REAL PER CAPITA GDP AND REAL PER CAPITA PERSONAL CONSUMPTION
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Source: U.S. Bureau of Economic Analysis; Shiller (2020)

Additional statistics conveying the U.S. market expansion the last decade is the development of
S&P500. A general market expansion is often also associated with a rise in the stock market and
looking at the development of S&P500 is therefore valuable (Jermann and Quadrini, 2007).
S&P500 index is often used as an indicator that represents how the general stock market performs.
As conveyed in the graph below, since after the financial crisis in 2008, the S&P500 has been
growing with a CAGR of 11,22% in the time period of 2009 - 2019.

FIGURE 3.2: S&P 500
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Source: S&P 500, Federal Reserve Bank of St. Louis (2020a)
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A third indicator of the U.S. market expansion is the U.S. equity market capitalization to GDP
ratio, also known as the Buffet indicator. The market capitalization to GDP ratio is a valuation
indicator on a country’s stock market and can be used to determine whether the stock market is
over or undervalued compared to a historical average (Mislinski, 2020). The graph below shows
the ratio in the years of 1996 — 2017 (data until 2019 was not available) and shows that it reached a
record height in 2017, with a ratio of 153%. Furthermore, Haver Analytics (2020) stated that this
ratio reached another new record high in the beginning of 2020. This information may indicate that
the general stock market is overvalued in relation the overall economy. A drawback with
comparing historical numbers using this measure is that the last 20 years is characterized with
increasing globalization, and thus the market capitalization on the U.S. stock market do not only
reflect American wealth creation, which the GDP does. Hence, the larger share of market
capitalization may come from wealth creation made in other countries, and not only in the U.S

(Berg, 2015).

FIGURE 3.3: MARKET CAPITALIZATION TO GDP RATIO
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Consequently, the data above shows that the first condition for a bubble to cultivate, namely

market expansion, is present in the data samples time period.

3.1.2 SUFFICIENT CREDIT AVAILABILITY

The second economic condition that needs to be present for a bubble to grow is sufficient credit
availability as it is the aggregate speculative capacity of the market that drives the bubble. A high
speculative capacity enabled by easily accessible credit can be identified by looking at interest

rates (Hiferding, 2019) If interest rates are low it enables investors to borrow more cheaply, and
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thus invest loaned money into a possible bubble. The monetary authorities in the U.S. is the

U.S. Federal Reserve System, which uses the effective federal funds interest rate to influence the
economy. This interest rate is used as a benchmark for interest rates for credit cards, mortgages and
bank loans (Sellon, 2002). The graph below conveys that the interest rate has been kept low since
after the 2008 financial crisis and until 2016. In the years of 2016-2019, the interest rate has
gradually risen. The U.S. Federal Reserve System can as previously discussed use interest rates as
an instrument to stimulate the economy. As seen, the U.S. Federal Reserve set the interest rate low
after the 2008 financial crisis to support the growth of the economy in its recovery phase. In the
years after 2016, the economy has been doing well in its expanding phase, which allows the U.S.
Federal Reserve to push interest rates up in order to make sure the inflation is not too high
(Alvarez, Lucas and Weber, 2001). Although, interest rates have been slowly increasing in the last
three years, it is concluded the interest rates are sufficiently low to make the credit access easily

available for investors.

FIGURE 3.4: EFFECTIVE FEDERAL FUNDS INTEREST RATE
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3.1.3 ASYMMETRIC INFORMATION AND INEFFICIENT MARKETS

The third condition that needs to be present for a bubble to cultivate is that the market is
inefficient, and that information is asymmetric. For the purpose of this thesis’ analysis, asymmetric
information, will be assumed to be a premise for investors. Furthermore, the study performed in
this thesis, is in itself a test of whether markets are efficient. As previously described, the semi-
strong form of market efficiency’s ability to detect bubbles, has been shown helpful in predicting

bubble crashes or future returns (Greenwood, Shleifer and You, 2017).

51



The method applied later in this thesis will apply past stock price movements and trading patterns
together with publicly available information in the form of fundamentals. Thus, the applied
statistical method is testing the semi-strong efficient market theory by analyzing the effect of
public information in form of fundamentals, and trading patterns explanatory effect on stock
returns. It should be noted that the method does not seek to predict a crash or predict returns but
seeks to find the explanatory effect of these variables on stock returns over time, as an indication
of, if there has been a run-up to a green financial bubble. Further, if a green bubble can be detected
by using the past stock return and publicly available information, this contradicts the semi-strong
efficient market hypothesis. As described, the semi-strong form of the efficient market hypothesis
poses that market prices fully reflect all past and publicly available information. However, if the
test applied later shows that the market price do not fully reflect the public information,
fundamentals, it may indicate that the semi-strong form of efficient market hypothesis do not hold
in this case, since fundamentals should be reflected in the stock price. If this contradicting
indication of the semi-strong EMH will be present, it would be a weak contradiction, as the test

only applies one parameter of public available information.

3.2 SECTOR SPECIFICATION AND SAMPLE CONSIDERATIONS

The coming section will elaborate on the considerations made in focusing on the energy industry,
on the U.S., on public companies and on the specific period of time, in investigating a run-up to a

green bubble.

3.2.1 U.S. ENERGY INDUSTRY

The thesis investigates whether a green bubble for American renewable energy companies can be
indicated. The attention, attractive returns, need for investment, and relevance that renewables has
in the green transition yields some of the reasonings that investors may have in investing in
renewable energy stocks. The renewable stocks represented fully by the green sample, and partly in
the grey sample, will be compared to the black fossil fuel sample, by investigating companies
involved in the general energy industry. Ideally, in order to the best way compare comp anies with
somewhat the same underlying fundamentals and structure, analysis based on companies operating
in only one part of the energy value chain, such as the power generation industry would be optimal.
However, there are two main reasons why this methodology turned out to be counterintuitive,

mainly restricted by the energy industry structure.
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Firstly, the number of companies that is fully focused on only green and renewable energy is
limited, and if looking at only one part of the energy value chain the number of exchange-listed
companies is small. For example, only looking at green power generation companies with a sole
focus on renewable energy would result in a sample of only nine companies. The low number of
fully renewable energy generation companies can be explained by the recent decades transition
from fossil fuel energy to adding renewable energy to the fossil fuels companies’ portfolio. Since
there are high barriers to entry within the energy industry (Marketline, 2019), the entry into
developing energy from renewable sources, has mainly been possible for existing players in the
industry, and can have served as a way to diversify themselves in order to get customers that are
conscious about the environment (Marketline, 2019). The low focus on only renewable energy, is
also the case for companies before and after in the value chain. The suppliers supply equipment
and other services to a range of different companies, not only green energy companies. The buyers,
which are the utility electricity retailers sell energy from both fossil and renewable energy sources,
only some focus solely on renewable energy sources (Marketline, 2019). Summing up, there is a
limited number of companies that focus solely on green and renewable energy, which makes the

possibility of making analysis in only one step of the energy value chain challenging.

Secondly, many companies are involved in several stages of the energy value chain, so looking at
companies in only one part of the value chain would yield a little number of sample companies.
For example, many of the black fossil fuel companies are involved in assessment, acquisition,
exploration, and development of oil, gas, and other hydrocarbon properties. This is also the case
for the green energy companies that are involved in several steps in the value chain such as

generating power and distributing the power out to the consumers (EIA, 2019f1).

To sum up, looking at companies within the same part of the energy value chain would be valuable
when comparing companies’ fundamentals and structure, as it would be more similar in regard to
type of assets it would hold and sensitivity to the economic environment. However, the energy
industry structure limits firstly, the number of companies focused solely on renewable energy, and
secondly, the number of companies that are only involved in one part of the energy value chain. If
only analyzing data in one part of the value chain, with very little data, would in turn decrease the
validity of the findings. Therefore, in order to analyze on the basis of sufficient amounts of data,
the general energy industry will be analyzed. Although, it can be more difficult to draw
conclusions based on companies that are less similar, it may be argued that the total validity of the
results will increase by increasing the sample size significantly (e.g. for the case of the green

companies it means going from only 9 companies to 19 companies). Additionally, it is possible to
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argue that since the companies are within the same industry their fundamental s and reaction to the

surrounding environment is comparable.

Overall, three samples will be analyzed to see whether there is difference in the explanatory
variables dependent on the degree of involvement will be analyzed. A green sample with fully
renewable energy, a grey sample with hybrid companies in transition from fossil fuels towards
renewables and a black sample with fossil fuel companies. The black sample is analyzed to
differentiate whether a bubble can be indicated for the broad energy industry, or whether it is only
for companies involved with renewable energy. The grey sample is also investigated to see whether
transitioning to renewables from fossil fuels can have an additional green positive effect on their
stock price, as transitioning to renewable energy can be seen as decreasing their carbon risk

(Gorgen et al., 2016).

3.2.2 AMERICAN COMPANIES

The data collected consists of companies listed on American stock exchanges. The American stock
market is the largest stock market in the world, making up 54,5% of the total global stock market
in 2020 (Statista, 2020), and it may be argued that it can represent the world market. In addition,
comprehensive and detailed data is more accessible on the American stock exchanges, and
complete data may improve the validity of the thesis’s findings. Additionally, according to a global
study about global warming awareness, the U.S. was ranked as top second most aware, with 97,7%
of respondents saying they were aware of climate change (Lee, Markowitz, Howe, Ko and
Leiserowitz, 2015). Although, amongst the most aware countries, the U.S. is not top amongst the
countries that regards the climate change as a serious threat, with only 50%-69% of the
respondents seeing the threat of global warming to them and their family as serious (Lee et al.,
2015). With the climate-crisis-denying republican Donald J. Trump as president, it may be argued
that the seriousness of the climate crisis may be further viewed as negligible to many Americans.
This is in line Lee et al. (2015) conveying that American liberals and Democrats are more likely to
express concern about climate change than the conservatives and Republicans (Lee et al.,
2015:1016). As shown through a study made by Bonaparte, Kumar and Page (2017) the political
affiliation and the current political climate affects investors optimism towards financial markets.
When the preferred party is in power “investors increase allocations to risky assets and exhibit a
stronger preference for high market beta, small-cap, and value stocks, and a weaker preference for
local stocks” (Bonaparte et al., 2017:69). Consequently, with the republicans as a ruling party, that

typically has less concern about climate change, and with higher optimism amongst republican
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investors, may affect the rise of the green stocks negatively in the U.S. On the other side, there is
also many international investors on the American market, where foreign ownership of U.S.
equities was at a share of 35% in 2018 (U.S. Department of the Treasury, 2019). International
investors, with high awareness, and higher risk and seriousness perception towards climate change,
may give the American green stocks a positive push upwards. Furthermore, many of the American
energy companies are global and thus have operations in other countries, and international

circumstances may therefore affect the American companies.

3.2.3 PUBLIC COMPANIES LISTED ON NYSE AND NASDAQ

The sample companies are listed on the American stock exchanges New York Stock Exchange
(NYSE) and National Association of Securities Dealers Automated Quotations (Nasdaq). These are
the world’s largest stock exchanges by market capitalization of listed companies (Statista, 2020).
Thus, these stock exchanges contain data on numerous companies, in a wide range of industries,
over a long time period. Hence, sampling data from these exchanges on public established
companies, provides the analysis with broad and extensive info. This can increase the validity of
the analysis findings, compared to if data was sampled from a less reliable and smaller stock

exchange.

3.2.4 TIME PERIOD

The time period of 2009 — 2019 has been chosen as the focus on the field of green transition seems
to particularly commence this year. In 2009, ministers from 34 countries signed a green growth
declaration, for the Organization for Economic Cooperation and Development (OECD) to develop
a green strategy that brings together “economic, environmental, social, technological, and
development aspects into a comprehensive framework” (OECD, 2011). Hence, the time sample
will be started from 2009 until 2019, with quarterly data. The method applied requires data on
stock prices, trading data and data on company’s financials. Hence, since the norm for companies
is to publish only quarterly data on their financials, a quarterly interval will be applied. As
described previously, the samples time period does not include data from 2020, and changes in the

economic environment and data on the first quarter of 2020 will be enlightened in the discussion.
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3.3 OVERVIEW OF SAMPLE

This section will give a brief overview of the three samples, their structure and the companies
included. As depicted in the table below, there are three samples, green, grey and black, which are
grouped on the basis of degree of involvement in renewables in order to capture the degree of
“greenness.” Further elaboration on the three samples composition of companies will be given
below the table. The table also presents the range of number of companies included in the sample.
This because, within all samples, and especially the green and black sample, the number of
companies included in the sample will change over time, as a result of new companies getting
listed on the stock exchanges. Hence, when new companies within the same industry enter the
stock market through initial public offerings, the sum of the market capitalization for that sample
increases, and the companies relative share of the total market capitalization changes. As later will
be elaborated on, in 3.5 transformation of dataset, the time series variables for each sample will be
calculated using weighted average, with market capitalization as the weight factor. Thus, the
matter of changing number of companies entering the samples is accounted for using the weighted
average method, so that the companies which have not entered the market yet will not count before
their stocks are publicly listed. The table below shows an overview of the three samples, its key

characteristics and the range of number of companies.

TABLE 3.1: SAMPLE OVERVIEW

Sample Description Number of companies
a: Green companies | Companies only involved in renewable Low number; 10
energy Top number; 19
b: Grey companies Companies primarily involved in oil and Low number; 26
gas with a transition to renewable energy Top number; 29
c: Black companies Companies only involved in oil and gas Low number; 51
Top number; 68

Below a small elaboration on the samples composition of companies will be given. The
composition of large and small companies is important to mark since the larger companies, with a
large market capitalization, will with the weighted average method have a greater influence on the

time series data line. For a full list on the companies within each sample, see appendix B.

3.3.1 GREEN: RENEWABLE ENERGY

The energy companies with the largest market share in 2009 is First Solar with around 50% and
Quanta services with 20% of market capitalization. However, the distribution changes over time,

and in 2019 the companies Avangrid had 30% of the market capitalization, Enphase Energy Inc,
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Quanta services and Portland General electric company with around 10% each of the market
capitalization. Hence, the green sample has had large changes in the market capitalization share
distribution, compared to the black sample, as will be described below, large companies has had

stable market capitalization share over the eleven-year period.

3.3.2 GREY: RENEWABLE ENERGY AND FOSSIL FUELS

The grey sample can be characterized as more fragmented, where no company exceeds more than
20% of the market capitalization at any point, in the time period. In 2009 Exelon Corporation and
The Southern Company had the largest market capitalization share with 15% and 11%,
respectively. However, this distribution changed in 2019 where NextEra Energy had 20% of the

market, and Duke Energy and The Southern company had 10% each of market capitalization.

3.3.3 BLACK: FOSSIL FUELS

The black samples companies are more consolidated, as there is a few and large fossil fuel
companies with the majority of the market capitalization. These companies are amongst others,
Chevron corporation, Exxon mobile and ConocoPhilips, where the sum of their market
capitalization is in the range of 57% - 76% in the time period. Thus, the development in these
companies will have a large impact on the development of the time series. The remaining market

capitalization is approximately evenly distributed between the remaining companies

3.4 SAMPLE CHARACTERISTICS

The following section will plot key numbers of the three data samples in order to get an overview
and initial grasp of the data’s characteristics. The key numbers which are valuation ratios, capital
structure and profitability ratios, will be visually presented over the time period to show the
development in these characteristics. The P/E ratio will show the development of the valuations,
the debt-to-equity ratio will exhibit the capital structure and the EBIT/Revenue ratio will display
the profitability. The samples’ ratios, based on data points from individual companies, are

calculated using the weighted average method described in section 3.5 transforming the dataset.
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3.4.1 P/E RATIO

The price-to-earnings ratio, (P/E ratio) can be used get an insight into the valuation of a company
and can be used to determine the relative value of a company compared to peers and to compare a
company, or industry, valuation development over time. The price earnings ratio is calculated

using the following formula;

. Market Share price;
P/E ratio, =

(3.1)

Earnings per share;

The P/E ratio can also be used to analyze whether a stock price is over or under valued. The ratio
represents the relationship between the earnings a company can generate to its shareholder and the
price investors are willing to pay. Furthermore, if a P/E ratio equals 30, it implies that investors are
willing to pay over 30 times the company’s current earnings to purchase the stock. Hence,
companies with high P/E ratios tend to have strong growth outlooks to justify the high price
investors are paying (Berk and DeMarzo, 2017).

Further, P/E ratios depends on the nature of the industry, and high P/E ratio industries are typically
characterized has high growth. Some may argue that the P/E ratio is a too simple measure.
Although, the simplicity of the assessment, it can be valuable as an initial indication on whether
stocks have an irregularly high value. For example, the average P/E ratio for S&P500 in the time
period 2000-2020 has been 26, while right before the crash of the financial crisis in 2008 the ratio
exceeded 100 which could imply prices that could not be justified by growth outlook (Macro
trends, 2020). Moreover, for the energy industry the P/E ratio has been in the range of 10-20 the
past 20 years, while the utility sector has been in the range of 15-25 (Gurufocus, 2020).

As seen on the graph beneath, the P/E ratio for the grey sample has been relatively stable between
10 — 30, which is in line with an average ratio of the energy and utility sector of 10 — 25. The green
and black sample has more spikes in the development of the P/E ratio and seem more volatile than
the grey sample. A possible explanation to the green samples’ high spike may be the attention and
funds the renewable energy stocks has received in recent years as previously shown. Further,
according to (Volz et al., 2015), there still exist some uncertainty related to green projects and their
growth potential due to new technology and business models, pushing the average P/E valuation
down. Hence, these factors may also influence the growth outlook for green companies and result
in more volatile P/E ratios than the black and grey sample. The high spike in the green sample in
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2019 comes as a result of First Solar and Enphase energy, which both in 2019 had P/E ratios of

over 200. These high P/E ratios should in general be a concern for bubble pricing.

FIGURE 3.5: P/E RATIOS
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3.4.2 DEBT-TO-EQUITY RATIO
The debt-to equity ratio is a measure of the capital structure of a company (Berk and DeMarzo,

2017). The debt-to-equity ratio is calculated using the following formula:

Total debt,

Total equity, (32)

Debt — to — equity ratio; =

A debt-to-equity ratio above one means that the company has more debt than equity. Furthermore,
as the case for P/E ratio, the debt-to-equity ratio also varies by industry. Capital intensive
industries often tend to have more debt than other industries (Rao, 1989). Thus, this is the case for
the energy and utility sectors since these industries requires extensive upfront investments (Volz et
al., 2015). Furthermore, the renewable energy sector requires more investments into R&D as green
innovation are needed to increase the applicableness and cost-efficiency for the renewables (Feng
and Chen, 2018). The average debt-to-equity ratio for the renewable energy sector has been in the
range of 0,7 to 0,8 (IRENA and CPI, 2018). For the fossil fuel sector, the average debt-to-equity

ratio has been in the range of 0,6 and 0,9.

The graph below shows the three samples debt-to-equity ratios. It depicts that until 2012 the green
sample had approximately the same debt-to-equity ratio as the black fossil fuel sample. However,
in 2011 as a consequence of changes in the political landscape, brought uncertainty to whether the
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renewable companies would continue receive subsidies from the government (REN21, 2011). The
renewable companies are very reliant on these subsidies, and which may have caused them to take
up extra debt to finance their operations, increasing the debt-to-equity ratio. After 2011 companies
within renewable energy has in general had a higher debt-to-equity ratio compared to the fossil fuel
companies. The higher debt-to-equity ratio is in line with that the renewable energy industry in
general, is more capital intensive than the fossil fuel industry (Volz et al., 2015), and may thus find
it necessary to deploy more debt in order to operate and finance new investments, especially when

governmental subsidies disappear.

The green sample also exhibits large spikes in the debt-to-equity ratio exceeding 1,5 in 2018 and
2019. These spikes may be related to debt-to-equity changes in the companies Enphase Energy and
SunPower