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The price of oil and alternative energy investments: What is the link?
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1 Introduction
The energy sector is in flux. Concerns about climate change, energy insecurity and fossil fuel depletion are fuelling demand for alternative solutions to global energy problems. 

In December 2008, the EU has agreed upon an ambitious emission reduction agenda, referred to as 20-20 by 2020 agenda, which aims to reduce greenhouse gas emissions by 20% by 2020, and to increase the use of alternative energy by 20% by 2020. 

To realize these ambitious goals a substantial increase in alternative energy investment is paramount (Stankeviciute and Crique, 2008). To some extent, such investments can be expected to come from the private sector. However, a considerable amount will come from the public sector, as policy makers are trying to encourage the use of alternative energy. 

It seems apparent that the size of alternative energy investments hinges on developments in the wider energy sector. Therefore, the investment strategies of big energy market players might play a vital role in reaching alternative energy production goals. It appears that, throughout the past decade, energy firms have shown increasing financial commitment to alternative energy investments. Oil-company Shell for instance, has projected to increase its alternative investments up to 30-40 percent by 2060 (Kolk and Levy, 2001). However, such commitments seem to be waning. Recently the oil company has announced that it will shed its alternative investments and concentrate investment efforts on oil and biofuels, which it feels are closer to Shell’s core competences (Reuters, 2009). 

It appears that the private sector has thus far not always been able to guarantee the stable investment commitments required for the alternative energy sector to evolve. 

Bearing in mind that a stable level of investment is a prerequisite for the evolution of the alternative energy sector, it becomes clear that identifying possible impediments to investment commitments is of importance. Especially policy makers, involved in the 20-20 by 2020 agenda, or other plans to boost alternative energy production, might find such knowledge useful. Indeed, identifying impediments appears a logical first step in tackling them.   

Interestingly, at the time of the announcement of Shell’s plans to rid itself of its alternative energy investments, the oil price had plummeted considerably from previous’ years levels. Although Shell might very well have believed that it was better suited to concentrate on its core competencies, the decision inevitably raises the question what kind of role the low price of oil, prevailing at that time, might have played in this resolve. 

Generally, the impact of rising oil prices on alternative energy investments is thought to be positive, as high oil prices encourage substitution from petroleum based energy sources to renewable energy sources (Henriques and Sadorsky, 2008). Therefore, one would surmise that a low oil price could curb the use of alternative energy. Consequently dampening the associated investments. Drawing from the Shell example; low oil prices might have made Shell’s alternative investments less appealing, causing it to shed these investments. 

To further investigate whether such claims can be validated, this research aims to examine whether the price of a traditional energy source, oil, effects the investments in the source of energy for the future, alternative energy. The following research question arises:

What is the relationship between the price of oil and the level of investment in alternative energy?

By establishing whether the oil price might affect the level of investment in the alternative energy industry, this research hopes to contribute to the further understanding of the complex issues involved in alternative energy investment. 

The link established in this research can help policy makers to plan the amount of financial stimulus required to achieve their minimum preferred level of activity within the alternative energy sector. Consequently securing the success of any abatement and emission reduction targets. 

In addition, the existence of the link would imply that policies directed towards the oil price have the potential to influence the developments concerning alternative energy. Hence, policy makers would be capable of stimulating the use of alternatives by implementing policies in the oil sector. 

In order to establish whether a relationship between the price of oil and alternative energy investment exists, this research makes use of an empirical analysis of the price of oil and alternative energy investments, using the Winderhill New Energy Global Innovation Index (NEX) as a proxy for the latter. An Ordinary Least Squares (OLS) regression analysis is performed to deduce the predictive value of the oil price upon the alternative energy investment. Based on this predictive value recommendations for policy can be made. 

The research commences with an overview of recent developments that influenced the oil price and alternative energy investment in section 1.1. The relevant literature will be shortly discussed in section 1.2. An overview of the methodology involved in the statistical analysis and the general approach used for the empirical research will be brought forward in section 2.0, followed by a discussion of the results in section 2.1.
Subsequently, section 3.0 aims to examine whether support for the formulated results can be found in the relevant existing literature. Policy recommendations will be made in section 3.1. A general conclusion will be drawn in section 4.0. The final section, section 4.1, will provide the readers with suggestions for further research. 

1.1 Recent Developments

Over the course of just 6 years, alternative energy investments have grown by 604.5%
. Several developments around the globe have been important drivers of this growth. 
Concerns about climate change, energy insecurity, fossil fuel depletion and the advancement of new technologies are among the most important. 

	TABLE 1.1.

Year
	Total Alternative Energy Investments

in $bn
	Growth Rate in %

	2002
	22
	25

	2003
	27
	29

	2004
	35
	73

	2005
	60
	54

	2006
	93
	59

	2007
	148
	5

	2008
	155
	--

	Source: New Energy Finance, 2009


When we look at Table 1.1 it becomes clear that the alternative energy sector has been growing strongly from 2002 until 2007. In the year from 2007 to 2008 however, growth has faltered (UNEP, 2009). This is particularly due to the global financial crisis, which has dampened growth in many sectors crucial to the world economy. 

As mentioned earlier this research uses the NEX-index as a proxy for the growth in alternative energy investments. The NEX-index consists of 85 companies from across the globe, that focus on technologies and services that serve to advance the use of renewable energy. Graph 1.1 displays the price development of the NEX-index throughout 2006, 2007, 2008 and the first quarter of 2009.  

At first glance, it can already be seen that the alternative energy market is rather volatile. On the 3rd of January 2006 the NEX-index closed at $220,61. Later, it reached $462,48 on the 8th of November 2007 (thus, more than doubling its value within two years), whereafter it declined to reach a mere $132, 35 on the 9th of March 2009. At present, the index is rising slowly again. 

This research focuses on the effect that the oil price might have on alternative energy investments. Therefore, a closer study of oil price fluctuations is called for and on display in graph 1.2. As can be seen, the period of study is marked by high volatility. In this relatively small period of time, the price of oil has more than doubled from $63,45 on the 3rd of January 2006 to $145, 66 on the 11th of July 2008. This period of rapid increase was followed again by a decline, caused by strong OPEC production growth and the weakening of the world economy and oil consumption, dropping the price as low as $30,81 on the 22nd of December 2008.
 Currently, the oil price seems to be rising once more. 


It appears that both the NEX index and the oil price are subject to considerable volatility. 

However the graphs already illustrate, albeit at a superficial level, that some link might exist. It is interesting to observe that the NEX index had already doubled in value by November 2007, while it took the oil price until the 11th of July 2008 to reach its peak in our period of analysis (graph 1.3). Nevertheless it should be noted that, when absolute values are disregarded, the graphs seem to be moving in unison. Thus, a first glance at graph 1.3 seems to justify a research further into the matter. 

Graph 1.3 shows the movements of the DJIA together with those of the NEX and the oil price. The Dow Jones Industrial Average is an index comprised of 30 companies from different industries that provide a clear image of the stock market and the U.S. economy.
 Note that the DJIA, which serves as a proxy to overall economic development in this research, seems to follow a quite distinct pattern when compared to that of the oil price and the NEX-index. It seems that the DJIA and the NEX as well as the DJIA and the oil price cannot claim to be connected as closely as the NEX and the oil price. Naturally, we need to statistically analyse this observation to validate it. More on this in section 2.2



While conducting this research it is vital to take into account that developments during the year 2008 may have been to some extent influenced by the effects of the financial crisis, which is reflected in the DJIA. For most of 2008, the alternative energy sector has done considerably better than many other sectors of the global economy. According to an UNEP report, this was mainly due to extremely high oil prices. At the end of 2008 however, the clean energy sector was swept away by the tide, along with the rest of the economy. Especially the global freeze on liquidity had a strong effect on investments in clean energy projects and companies. The overall growth rate in 2008 of a mere 5% contrasts sharply with the 59% growth the year prior and serves as a testimony to the negative effect of the financial crisis.
Might this signify the end of a period of staggering growth for the clean energy sector? Not necessarily, according to New Energy Finance and the International Energy Agency, the two leading providers of clean energy investment information and governmental energy policy advise. The clean energy sector has been allotted a considerable amount of funds via ‘green stimulus’ packages while in addition governments around the globe are ceasing the moment to create ‘green collar’ jobs (UNEP, 2009). Such measures might eventually help alternatives weather the storm. It is expected that this stimulus money will show it’s full effect this summer, likely causing investments to rise. These measures indicate that the political will to support clean energy is there, which is likely to boost the confidence of clean energy investors in the years to come. This development is important to the research presented here, as investors’ perceptions concerning the future of alternative energy, play a pivotal role in their investments decisions (Kolk and Pinkse, 2004).

1.2 Related Literature

There have been a myriad of studies focusing on topics that are related to this research. A study focusing on the link between the oil price and alternative energy has been performed by Henriques and Sadorsky and will be used as an important point of reference for this thesis. Further, as the oil price is expected to be an important explanatory variable of the value of alternative energy investments, literature on the price of oil will be presented. Particularly, the literature on the Oil-GDP effect will be of importance for the forthcoming discussion on the policy implications of the results of this research, and will be explained here. 

In addition the case of peak oil, which focuses on the timing of peak production of oil, will be presented and the associated literature discussed. Expectations concerning peak oil will play an important role in the pricing of oil and incentives to invest in alternative energy. Therefore, a study performed by Almeida and Silva is thoroughly discussed as it focuses on the evolution of the expectations concerning peak oil timing. 

As mentioned, a paper by Henriques and Sadorsky (2008) lies at the heart of this research. The methodology used in this research is similar to the one presented in their paper. As a result their research has served as an inspiration for the inclusion of an extra variable, namely the value of the DJIA in the linear regression performed in section 2.1. The methodological similarities make this paper an excellent benchmark against which results from the regression analysis can be compared. 

Their paper investigates the empirical relationship between technology stock prices, alternative energy stock prices, oil prices and interest rates, using data from the period of the 3rd of January 2001 to May 30th 2007, in a four variable vector auto-regression model. Henriques and Sadorsky commence with a Granger causality test. A variable X is said to ‘Granger cause’ another variable Y, if Y can be better predicted from the past of X and Y together than the past of Y alone (Pierce, 1977). The test shows that all variables they have included in their model, posses some explanatory power concerning the movements of the stock prices of alternative energy companies. 

In addition they studied the response of each of the variables in their model to a shock, the size of one standard deviation, and found that shocks to technology stock prices significantly affect the alternative energy stock prices. However, they come to the conclusion that an oil price shock has only a small insignificant effect upon the price of alternative energy stocks, suggesting that oil price volatility might not be of as much importance to the level of alternative energy investment as generally assumed. 

In the paper it is further argued that technology shocks have such a marked effect upon alternative energy stocks because investors perceive alternative energy investments as high tech investments and not, as is commonly assumed, as common energy investments. 

This previous inspection of the relationship between energy stocks and oil price movements is relevant to this research as it suggests the inclusion of an important variable, the value of high tech stocks, and further emphasizes the rapid changes in the alternative energy sector relevant to policy recommendations. The main difference between this thesis and the above-mentioned paper is that the focus here is mainly on the relationship between the oil price and alternative energy investments and thus initially presents a model, which does not include the high tech stocks prices. By adding the technology stock variable to the model at a later stage one can observe in how far the oil price and economic situation alone can explain alternative energy investments. It is assumed that there is no relationship between the price of oil and the value of technology stocks. This is confirmed in section 2.2. 

Although there might be some striking resemblances between this research and the one performed by Henriques and Sadorsky, the differences between the datasets allow for some additional extensions of the original research. As the alternative energy sector is changing rapidly it could be insightful to examine whether investor perceptions might have changed over the past two years. It is for instance, not unthinkable that a shift in these perceptions would render a decline in the relevance of the technology stocks. Furthermore, it should be noted that the dataset from the Henriques and Sadorsky research does not include any major price decreases. As mentioned in section 1.1 the dataset of this research does. Therefore, this research will include an analysis of the possible asymmetry in the responses of the NEX to oil price volatility. The additional literature discussed in this section will be used to strengthen the findings of the empirical work offering explanations for any possible contrasts between this research and the findings of Henriques and Sadorsky.

Relevant to this study are oil price changes and so it is useful to gain some further understanding on the movements of the oil price. Especially considering the fact that it will be used as an explanatory variable in the regression model. 

In order to understand changes in crude oil prices, this research refers back to Hamilton (2009). He emphasizes that changes in oil prices are very difficult to predict. The results of his research point out that the real price of oil seems to follow a random walk without drift. Ergo, from one date to the next the oil price takes a random ‘step’ away from its previous position.  When predicting the price of oil a year or a decade ahead, it would not at all be unjustified to forecast the current price. Indeed, sometimes such naïve forecasts appear to be more accurate than those made on the basis of complicated models. However, it should be mentioned that any prediction, whether naïve or modelled, can be very different from the observed value. To illustrate this point; in Hamilton’s research the standard deviation for the oil price is (= 15.28%. When using $115 as the price for the 1st quarter of 2008 to forecast the oil price of next quarter, the 95% confidence interval according to Gaussian distribution indicates that the price could lie anywhere between $85 and $156; a big discrepancy. 

The paper in question elaborates on possible theories that could explain the high oil price in the summer of 2008 which include; commodity price speculation, strong world demand, time delays or geological limitations in increasing production, OPEC monopoly pricing and an increasing importance of the contribution of scarcity rent. Hamilton concludes that all these factors will have, to some extent, played a role in producing the sky-high oil price. 

The article emphasises the restrictions to the prediction of such major oil prices increases, which might entail important complications in predicting alternative energy investments, if a link between the oil price and the latter were to be found. Thus, this will be taken into account when making policy recommendations. 

Furthermore, Mork (1989) points out the asymmetric effect of oil price changes on GDP. In general he finds that oil price increases have a larger effect upon GDP then oil price decreases.  Utilizing his methodology, section 2.1 will show a test of oil price changes on the responses of the NEX to observe whether alternative investments react to oil price increases and decreases in a similar way. 

Although it might be very difficult to use existing models to predict the oil price with perfect accuracy, it should be noted that investors could use oil price futures curves to estimate the effect of the oil price on alternative energy investments. On the futures market participants buy and sell future contracts for delivery on a specified future date. The futures curve shows the price developments of the futures.  
Whether investors should base their investment decisions on future prices depends on to which extent they believe that current future price curves represent an accurate estimate of the real future prices. A whole polemic based on various researches concerning this topic has come into existence over the past decades. Moosa and Al-Loughani (1994) concluded that futures prices are not efficient forecasters of spot prices. Bopp and Lady (1991) found that spot prices provided essentially the same forecasting significance as futures prices. However they also conclude that the 1month forward might provide some additional predictive accuracy. Abosedra and Baghestani (2004) concluded that only the 1 and 12 month futures added some accuracy to prediction but ruled out the usefulness of futures with a 3, 6, or 9 months maturity. According to Gülen (1998) the West Texas Intermediate (WTI) posted price has some informational value in the very short run and that futures can be viewed as superior and efficient predictors of the spot WTI price. Bearing this in mind a regression will be run in section 2.1 to examine whether the spot and futures price provide different predictions.

Further focussing on the oil price, this research draws upon Almeida and Silva (2009) to incorporate the peak oil theory in the empirical analysis. ‘Peak oil’ theory is concerned with predicting the point in time when oil production will be at it’s maximum. After reaching this ‘peak’, production will decline causing the inevitable decreased availability of crude oil. This is expected to result in price increases and to affect the economy negatively (Hubbert, 1949). The timing of the peak has been widely discussed among scientists, policy makers and oil industrialists. However, consensus on the timing of the peak has thus far not been reached. 

Peak oil theory is of particular interest to this research, because the depletion of fossil fuels, and especially the depletion of crude oil, is likely to have devastating effects upon the global economy, as alternatives to liquid fuels are not readily available. At present, alternative energy represents only 1% of energy consumed in the transport sector (IEA,2008). Thus, as fears of fossil fuel depletion are mounting and the related consequences (such as rising prices) will start to appear more and more pressing, one would expect that a large part of investment should eventually be directed towards developing more economically competitive and efficient technologies. Ergo the higher oil prices will provide an impetus to alternative energy investments. 

Following up on the above-mentioned basic theories concerning ‘peak oil’, Almeida and Silva (2009) have conducted some interesting research, relevant to this thesis. They emphasize that, although there might be a lot of different predictions concerning the timing of the oil peak, what really matters are the market participants’ perceptions concerning the peak. In their research Almeida and Silva evaluate the evolutions of petroleum market participants (in terms of acknowledgement of the peak oil problem), through an analysis of the evolution in time of crude oil futures prices.  

It is well know that oil futures price curves show strong backwardation, which means that present prices for futures contracts turn out lower the more distant in the future are their dates of expiration (Litzenberger and Rabinowitz, 1995; Haubrich et al., 2004). Almeida and Silva (2009) note that looking at predictions from a range of experts in the peak oil field, it can be said that most experts believe world oil production will peak around 2010 (with some exceptions like the I.E.A. who expect oil to peak well after 2020). One would expect that such predictions would exert considerable influence on the futures prices of oil. Informed market participants should incorporate an oil price increase as a response to the information on oil depletion, to ensure market efficiency. This would result in a futures price increase.

When first conducting research on peak oil expectations and backwardation in 2004, Almeida and Silva found that futures contracts for December 2010 were priced well below $30. This seems at odds with the predicted peak timing of 2010. Conducting the same research in the years thereafter they found that although backwardation still seems to prevail, futures prices with an expiration date in 2010 had became significantly higher over time. Almeida and Silva concluded that ‘market participants have started to believe that, in the next few years the oil production curve would, at least, reach a plateau of increasingly insufficient production’ (2009). 

The above-mentioned research has important implications for this analysis, as Almeida and Silva have been able to provide evidence for the claim that recent developments in the futures markets are changing investor perceptions. The last futures curve they studied dates back to early October 2008, and shows a very short period of backwardation, followed by a very strong contango, a situation in which the spot price is below the future price, until 2010. 

Partly, this situation can be explained by the low oil prices prevailing at that moment in time. Prices were expected to increase regardless of any future supply side contraction. However, even after 2010 there are signs of significant contango, which serves as evidence that petroleum markets participants have come to believe that future oil prices will be higher. Almeida and Silva also explain that the price increase is perceived as driven by contractions on the supply side predicted by peak oil theory. As periods of negative backwardation are associated with relatively low oil prices (Litzenberg and Rabinowitz, 1995), one would expect contango to prevail now that investors have incorporated peak oil in their expectations. 

Following this line of reasoning it seems that the using the spot price of oil to predict alternative energy investments might lead to underestimation of the latter. As mentioned earlier the potential superiority of the futures prices is examined in section 2.1. Based on those results it seems that the use of either price makes no significant difference.
Furthermore, one of the underlying theories that will be used in making some policy recommendations is the theory concerning the oil-GDP effect. In principle, the oil-GDP effect points out the negative effect a volatile oil price has on the GDP. The oil-GDP effect arises from oil price volatility, which (1), has proved to dampen macroeconomic growth by raising unemployment and inflation and (2), depresses the value of financial and other assets. 

The combination of these effects result in a lower GDP, the higher are the oil price fluctuations.

Awerbuch and Sauter (2006) argue that the oil-GDP effect can be exploited to increase investments in alternative energy. Their main argument is that investing in alternative energy involves minor price risks as opposed to the high price risks of investing in oil, and that adding alternative energy investments to ones portfolio considerably reduces overall portfolio risk. Thus, increased investment in renewable energy releases wealth that might otherwise be lost due to the oil-GDP effect. This money could be used to fund more alternative energy investments and hence, would increase the economic viability of alternative energy investments. All above-mentioned findings will be discussed in relation to the empirical findings in section 3.0.

2 Data and Methodology

In order to study whether there exists a link between the movements of the oil price and the changes in the level of alternative energy investments, this research will make use of a an ordinary least squares regression (OLS). The general form of the regression equation is 

Y’= b0 + b1 (X1) + b2 (X2) + …+ bp (Xp) + ε
Where Y’ is the point on the line above X, b0 is the intercept of the line, b1 and b2 to bp the slope and ε the error term. Generally the intercept is referred to as the constant. The regression line resulting from OLS is the line that best ‘fits’ the data; this is the line that minimizes the sum of the squared residuals (also referred to as error terms), ∑ε2. 

The values of b0 and b1 are calculated using the following formulae:

b1= SP/SSx1  

b2= SP/SSx2                  Partial regression coefficients                                

bp=SP/SSp2  

b0=
[image: image1.wmf]  

y 

-b1
[image: image2.wmf]  

x 

  ( intercept

With SSx=∑ (xi-
[image: image3.wmf]  

x 

)2  and  SP=∑(xi-
[image: image4.wmf]  

x 

)(yi-
[image: image5.wmf]  

y 

) (Kinnear and Gray, 2009).
SSx represents the sum of squares of the deviations from the mean and SP the sum of the products of deviations from x and y for all data points in the study. X and Y represent the sample means for X and Y. 

The level of alternative energy investments will be considered as a dependent variable, predicted from the values of the independent variables. As this research aims to establish the link between oil and alternatives, the price of oil will be used as an explanatory, or independent, variable. 

 To conduct the OLS, a proxy is need for alternative energy investments. For this purpose the Winderhill New Energy Global Innovation Index (NEX) has been chosen. The NEX-index is ‘comprised of companies worldwide whose innovative technologies and services focus on generation and use of cleaner energy, conservation and efficiency, and advancing renewable energy generally. Included are companies whose lower-carbon approaches are relevant to climate change, and whose technologies help reduce emissions relative to traditional fossil fuel use.’

The data is collected from the NEX-index website.
 The data selected are the daily closing values at the end of the trading days in US dollars. The period of study ranges from the 3rd of January to the 15th of May, adding up to 837 data-points after removing dates with missing values, which are used in the OLS regression. The variable will be referred to as NEX.

By studying the NEX-index, it can be analysed whether there are changes in the alternative energy investments. In general, as the index rises, one would expect alternative energy investments to have gone up as the profitability of alternative energy companies increases. Conversely, if the NEX-index falls one expects that alternative energy investments will go down as the profitability of alternative energy companies is reduced.

As mentioned earlier the main interest of this research will not be to assess which absolute value this index might take. Rather, the directions of the movements of the index will be studied. For example, is the index going up or down as a result of oil price changes? Using the NEX rather than the absolute level of alternative energy investments over time allows for a regression analysis based on the daily changes in the variables.
For the oil price variable, data was collected over the same period of time; 3rd of January 2006 up to 15th of May 2009 resulting in 837 data-points after removing dates with missing values. The source for the data is the Energy Information Administration website
, which publishes official energy statistics for the US government. The variable will be referred to as WTI, which is an abbreviation for West Texas Intermediate.

The aim is to examine to what extent movements in the oil price can explain movements in alternative energy investments. Henriques and Sadorsky pointed out that there are other variables that have a significant impact on alternative energy investments. Bearing this in mind, the DJIA and the ARCHA TECH 100 are added as additional variables to the model.  The latter is a price-weighted index of the stocks of technology-related companies.

In 2008 an economic crisis developed and evolved into 2009. One would expect, and it has been shown in the recent data mentioned above, that such a development has impacted the alternative energy sector (UNEP, 2009).  Therefore, an attempt is made to control for this effect by adding the Dow Jones Industrial Average (DJIA) index to the analyses. As the DJIA can be viewed as a proxy for developments in the US economy one would expect that most of the important economic developments, such as the occurrence of a crisis, will impact the value of the index. Thus, if the DJIA seems to move in unison with the NEX-index it would seem likely that alternative energy investments have been particularly influenced by wider economic developments. The variable will be referred to as DJIA. Data was collected for the same period as the NEX and WTI and thus 837 data-points for the DJIA are included in the analysis. 

Although the analysis will commence with the 3 above-mentioned variables, an additional variable will be added further on. The research by Henriques and Sadorsky, mentioned in section 1.2, has inspired the addition of the value of high tech stocks as a variable to this research. For this purpose the Archa Tech 100 is used since this stock has been valued as a multi-industry technology index. The objective of the index is to provide a benchmark for the measurement of the performance of companies using technology innovation in a wide variety of industries.  The time-range is identical to that of the other variables. Thus 837 observations of this variable are used in the regression. The data has been collected from the New York Stock Exchange website.
 The variable will be referred to as ARCHA.

Using all the above-mentioned variables the following regression equation can be constructed: 

Value NEX= constant + b1 (WTI) +b2 (DJIA) + b3 (ARCHA) + ε
To compare whether a variable has significant additional explanatory value and to deduce which model can be considered the most robust, the regression analysis will be performed in steps. 

Firstly, a regression is run using the variables NEX, WTI and DJIA. To deal with autocorrelation problems, a similar regression is run, but now adding the lagged value of NEX (yesterday’s value of the NEX) as an explanatory variable. As the value of the Durbin-Watson remains low a third regression using the first differences of all three variables is presented which seems to solve the problems in the previous models. Then a regression using the mutation in percentage of all the three variables is performed to improve the comparability of the coefficients. Thereafter, first-difference and percentage mutation regressions are performed adding the ARCHA variable to study in how far the findings of Henriques and Sadorsky are relevant to this particular research and whether the value of technology stocks still represents a relevant explanatory variable to the level of alternative energy investments. Lastly, the symmetry in the response of the NEX to oil price increases and decreases is tested. 

2.1 Regression Results 

An OLS regression was performed in accordance with the methods described in the previous section. Seven different regressions were performed. The robustness of each model will be discussed briefly. Thereafter the most robust model is chosen to construct the regression line of which the interpretations of the coefficients will be given and discussed accordingly. 

Table 2.1 provides the reader with some closer more insight on the variables used in the regression analysis, showing their minimum and maximum value as well as their mean, standard deviation and the size of the data set.

	TABLE 2.1 Descriptive statistics

	Variable
	Min.
	Max
	Mean
	Std. Deviation
	N

	Nex closing value ($)
	$132.35
	$462.48
	$ 306.18
	$85.43
	837

	WTI ($) per barrel
	$30.81
	$145.66
	$76.05
	$24.52
	837

	DJIA ($)
	$6,547.05
	$14,164.53
	$11,517.23
	$1,769.82
	837

	ARCHATECH 100 ($)
	$516.89
	$1.016.19
	$835.25
	$116.34
	837


As mentioned in previous sections, the relevance of the futures price has to be considered. After performing all the regressions presented below using the futures price of oil it appears that the use of the futures price leads to similar coefficients for all variables and to similar predictions concerning the level of alternative energy investments.
 Since it appears to make no difference whether the spot or futures price is used, the regressions presented below have been performed using the spot price. 

The results of the first regression can be found in Table 2.2, where B represents the coefficient for each explanatory variable, SE B denotes the Standard Error of the coefficient in question and the t the t- statistic.
	TABLE 2.2
Regression Results
	B
	SE B


	t
	Sign.

	Constant
	-193.23


	5.81


	-33.21


	0.00*

	WTI ($ per barrel)
	1.43


	0.04


	61.41


	0.00*

	DJIA ($)
	0.03


	0.00


	35.89


	0.00*

	R2
	0.91
	
	
	

	Durbin-Watson
	0.047
	*=Significance at 1% level




From Table 2.2 it becomes clear that both the DJIA and the oil price have a significant effect on the value of the NEX index. In addition a remarkably high R2 ascribes a high predictive value to our model. Not less than 91.1% of the variation in the NEX-index appears to be accounted for in our model. However, an alarming low Durbin-Watson (0.05) calls for attention, as it indicates that there is evidence of positive autocorrelation between the error terms. A value of 1.8-2 would indicate that they are uncorrelated.  Granger (2001) warns that a high value of R2 cannot be viewed as evidence for a significant relationship between time series of auto-correlated variables.  

Furthermore, it can be observed from Graph 2.1, that the variance of the residuals is not constant. This is an indicator of autocorrelation. As the absence of autocorrelation is one of the assumptions on which the OLS regression is built one can imagine that this will bring forward some problems. Generally, there is a big chance that the variance coefficients will be underestimated and that t-scores will be inflated. This means that autocorrelation might make some statistically insignificant variables seem significant. 

Hence, steps need to be taken to improve the accuracy and reliability of our model. There are several methods to achieve this end, and it will be shown that by transforming the data the robustness of the model can be improved considerably. 
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When further scrutinizing our model one important observation can be made. As we are using daily data one would expect that tomorrow’s value of the NEX-index is likely not to be very different from todays’ value. Indeed, ‘as regards economic time series, one typically finds a very high serial correlation between adjacent values, particularly if the sampling interval is small, such as a week or a month’ (Granger, 2001).

In general it can be said that many economic series are ‘smooth’ as the changes from the current level to the next are small in magnitude. Bearing this in mind, the lagged value of the dependent variable in question is added to the model, which directly results in a higher, yet still unsatisfactory, value for the Durbin-Watson test statistic (1.15), as can be seen in Table 2.3. Note that the R2 is now even 0.99 and that all estimated coefficients are significant and have the expected sign.

	TABLE 2.3
Regression Results

Lagged Value NEX
	B
	SE B


	t
	Sign.

	Constant
	-12.70
	3.01
	-4.23
	0.00*

	WTI ($ per barrel)
	0.15

	0.02

	7.30

	0.00*

	DJIA ($)
	0.00

	0.00

	5.58

	0.00*

	Nexmin(-1)


	0.91

	0.00

	79.84

	0.00*

	R(
	0.99
	
	
	

	Durbin-Watson
	1.15
	*=Significance at 1% level




Granger points out the dangers of forecasting models biased by high autocorrelation and suggests as the best available method to deal with this problem to take first differences of all variables that seem to be highly auto-correlated. The first difference of a time series is the series of change from one day to the next and can be calculated using Y (t)- Y (t-1).

Granger adds that this will not serve to eliminate the problem in its totality, but that it will considerably improve the interpretability of the coefficients. Thus, the first difference for all variables are calculated and inserted into the regression analysis. The results are presented in Table 2.4.

	TABLE 2.4
Regression Results First Differences
	B
	SE B
	t
	Sign.

	Constant
	-0.04

	0.16


	0.25


	0.80*

	WTIfirstdifferences
	0.70

	0.70


	9.6


	0.00*

	DJIAfirstdifferences
	0.02

	0.00


	17.2


	0.00*

	R2
	0.33
	
	
	

	Durbin-Watson
	1.75
	*=Significance at the 1 % level


There appear to be some strong contrasts between the initial regression model and the output of the first difference model. Firstly, the constant is no longer significant. Secondly, the R( has decreased from 0.99 to 0.33. Thirdly, the value of the Durbin Watson has improved considerably from 1.15 to 1.75.  The insignificance of the constant is easy to account for. In the first differences model it simply indicates that the value of the NEX does not change significantly as long as the independent variables, WTI and DJIA, don’t change. Hence, in the steady state there are no changes in the value of the NEX. The lower value of the R(, is simply a result of the first differencing method (Granger, 2001). The improvement in the Durbin Watson shows that autocorrelation is no longer a cause for serious concern for the validity of the regression when first differencing has been applied. As can be seen in table 2.4 the variables remain significant. 

From graph 2.2, one can conclude that the first differencing has lead to the elimination of any potential problems arising from autocorrelation.
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The percentage mutation model is constructed to improve the comparability of the coefficients and presented in Table 2.5. Here one can observe that the variables remain significant. 
	TABLE 2.5
Regression Results

Percentage Mutation
	B
	SE B


	t
	Sign.

	Constant
	0.00
	0.0
	-0.18
	0.86

	WTIPM
	0.20

	0.02

	17.16

	0.00*

	DJIAPM
	0.64

	0.04

	10.57

	0.00*

	R2
	0.36
	
	
	

	Durbin-Watson
	1.70
	*=Significance at 1% level




As mentioned before, the ARCHA variable is added to the model in order to allow for comparison with the findings of Henriques and Sadorsky and to test whether the results are robust for including the technology stocks. As can been seen from Table 2.6 and Table 2.7, adding the ARCHA variable increases the Durbin-Watson from 1.7 to 1.8, a satisfactory level, and adds some extra predictive value to the model, as the R( increases from 0.36 to 0.39.
As assumed in earlier presented models, the inclusion of the ARCHA variable does not influence the coefficient for WTI. 

	TABLE 2.6
Regression Results

First Differences including ARCHA TECH 100
	B
	SE B


	t
	Sign.

	Constant
	-0.05
	0.15
	-0.32
	0.75

	WTIfirstdifferences
	0.63

	0.07

	9.04

	0.00*

	DJIAfirstdifferences
	0.01

	0.00

	5.07

	0.00*

	Archafirstdifferences

	0.18

	0.02

	8.76

	0.00*

	R²
	0.39
	
	
	

	Durbin-Watson 
	1.80
	*= Significance at 1% level


These favourable results lead to the conclusion that developments in the high-tech sector are still important for the developments in the alternative energy sector. However, it should be noted that the WTI variable remains a significant explanatory in this research whereas Henriques and Sadorsky found the influence of the price of oil insignificant. In addition, wider economic developments, represented by the DJIA variable, add some extra explanatory value. 

	TABLE 2.7
Regression Results

Percentage Mutation including ARCHA TECH 100
	B
	SE B


	t
	Sign.

	Constant
	0.00
	0.00
	-0.24
	0.81

	WTIpercentagemutation
	0.17

	0.02

	9.23

	0.00*

	DJIApercentagemutation
	0.18

	0.05

	3.59

	0.00*

	ARCHApercentagemutation

	0.63

	0.05

	11.99

	0.00*

	R²
	0.45
	
	
	

	Durbin-Watson
	1.79
	*=Significance at 1% level




Using the regression results from Table 2.7 the following regression equation can be constructed:

NEX = 0 + 0.17 (WTI) + 0.18 (DJIA) + 0.63 (ARCHA) + ε
The partial regression coefficients represent the average change in the dependent variable that would be produced by a positive increase of one %-point in the independent variable, holding the effects of the other independent variables constant (Kinnear and Gray, 2009). Hence, the regression line can be interpreted as follows: a 1% change in the price of oil will lead to a 0.17% increase in the value of the NEX. Similarly, a 1% increase in the value of the DJIA will lead to an 0.18% increase in the value of the NEX, and a 1% increase in the value of technology stocks will results in a 0.63 % increase in the value of NEX. 

From the OLS regression it has thus been established that a rise in the oil price results in a rise of the NEX-index. Since the NEX-index serves as a proxy for alternative energy investments, it can be discerned that an oil price increase has a positive effect upon alternative energy investments. This conclusion raises the question whether an oil price decrease has the ability to influence the alternative investment level negatively. 
To investigate whether oil price changes lead to symmetrical responses in the value of alternative energy investments, the effects of an oil price increase and decrease are tested separately. To test the asymmetry four variables are added to the regression (Mork, 1989).

Two variables represent the cases where the oil price increases with less and more than 5% respectively. The other two variables represent the cases where the oil price decreases with less and more than 5% respectively. Adding the variables leads to the results presented in Table 2.8

	TABLE 2.8
Regression Results

Percentage Mutation including ARCHA TECH 100 & asymmetry variables
	B
	SE B


	t
	Sign.

	Constant
	0.00
	0.00
	-1.33
	0.19

	DJIApercentagemutation
	0.18

	0.05

	3.56

	0.00*

	ARCHApercentagemutation

	0.62

	0.05

	11.79

	0.00*

	Oil price increase < 5% 
	0.21
	0.05
	3.79
	0.00*

	Oil price increase > 5%
	0.22
	0.03
	6.24
	0.00*

	Oil price decrease < 5 %
	0.09
	0.06
	1.52
	0.13

	Oil price decrease > 5%
	0.14
	0.03
	4.22
	0.00*

	R2
	0.45
	
	
	

	Durbin-Watson
	1.77
	*=Significance at 1% level




Firstly it should be noted that the coefficients for the DJIA and ARCHA are still significant. Taking a closer look at the different oil price increase and decrease scenario’s one finds that the coefficients for an oil price increase smaller and bigger then 5% are roughly similar and significant at the 1% level. It appears that the response of alternative energy investors is broadly similar regardless of the magnitude.

Examining the coefficients of the different levels of the oil price decrease shows a somewhat different picture. An oil price decrease larger than 5% corresponds with a coefficient of 0.14, which is significant. However an oil price decrease smaller than 5% corresponds with a coefficient of 0.09 that appears to be insignificant. It seems that investors only signify a large decrease with a response. The fact that large decreases do seem to lead to a fall in alternative energy investments suggest that it cannot be claimed that complete asymmetry exists. There is some evidence that when changes are small, the response of the NEX is asymmetrical but when decreases are substantial this asymmetry does not seem to hold. Moreover, Wald-test statistics indicate that the variables for oil price increases and decreases do not seem to vary significantly from one another. This indicates that any claims concerning asymmetry should be made with care. 

3 Discussion OLS results and findings from relevant literature

This section will juxtapose the conclusions derived in the previous section with the existing literature, mainly drawing on the literature brought forward in section 1.2. The contradictions and similarities will be discussed. It can be shown that, although some of the researches seem to contradict the findings of this thesis at first glance, closer examination can explain the discrepancies, and it appears that the previous literature does not at all contradict the findings of this particular research. 

As can be deduced from section 2.1 the results of this research at first sight contradict the findings of Henriques and Sadorsky at first sight. Recalling the similarity in methodology between this research and theirs, this calls for close scrutiny of any discrepancies. The most striking contrasts between this research, and that performed by Henriques and Sadorsky, is the different conclusion concerning the significant effect of the oil price upon alternative energy stocks. There are several possible explanations for this discrepancy. 
As mentioned, Henriques and Sadorsky argue that the influence of technology stocks upon alternative energy investments is so strong because investors regard an alternative energy investment as a high-tech investment rather than an energy investment. Therefore, the significance of the oil price is minor. Not dismissing the valuable findings of the above-mentioned authors, this study finds that there are forces at work that might have shifted investor perceptions concerning alternative energy. As alternative energy advances and obtains a prominent position within the energy sector, it can be expected that the current perceptions of investors, namely that alternative energy investments are predominantly related to the high-tech sector, will shift to some extent. Recent developments indicate that such change is not at all unlikely. The 20-20 by 2020 commitment of the European union mentioned in section 1.1, aiming at a 20% increase in alternative energy generation by 2020, will aid alternative energy in obtaining a centre stage position in the provision of energy. A 20% increase in the use of alternative energy would certainly secure its inclusion to the list of most important energy resources. As such, investments in alternative energy are increasingly likely to be regarded as common energy investments and no longer solely as investments in the high-tech sector. This change in investor perceptions could partially invalidate the conclusions brought forward by Henriques and Sadorsky for the more recent data used in this research. Additionally, such changes might serve as an explanation for the increased relevance of prices in the wider energy sector to investments in alternative energy.

Most developments concerning alternative energy are of recent date and changes within the sector are rapid. At present, alternative energy is becoming widely endorsed by many governments around the world from China to the US (IEA, 2008). The new US administration under president Obama for instance, has committed and estimated $ 180 billon for sustainable energy in the major fiscal stimulus packages (UNEP, 2009). The wide endorsement of this means of energy production, could be changing investor’s attitude towards alternative energy. By and by, it thus does not seem unthinkable that investors are starting to regard alternatives as a serious source of energy rather than a high-tech hype. Such a development might be pushing alternative energy investments into the sphere of investments of the wider energy sector. This would undoubtedly result in a closer comparison between alternative and traditional energy investments. 

Following the above-mentioned line of reasoning, it can be expected that alternative energy investments will become increasingly intertwined with the developments in the wider energy sector and, noting that oil belongs to this category, it seems likely that the oil price will exert a growing influence upon alternative energy investments. In fact, the most recent edition of the World Energy Outlook confirms this statement (IEA, 2008).

As oil prices rise in conformity with the expectations deduced from peak oil theory, and alternatives become relatively cheaper, it is likely that alternative energy will become increasingly more profitable. Consequently alternatives will become more appealing to investors. Vielle and Viguier (2007) note: ‘High oil prices may change agent’s behaviour as regard to energy consumption and force technological change’ 

When in addition, alternatives become credible substitutes for other sources of energy, investors are even more likely to compare oil investments with those in alternatives. 

It has been argued in the previous paragraphs that recent developments are forcing alternative energy into the sphere of energy sources, which may suggests that investor perceptions are changing (have been changed) and that this could provide a possible explanation for the discrepancy between the in section 2.1 presented results and the conclusions of Henriques and Sadorsky. That this line of thought is not the result of mere speculation becomes apparent when examining studies conducted by Almeida and Silva. 

What, apart from the EU’s and US’s newly affirmed aims at emission reductions, could serve to increase the role of alternative energy as a primary energy source? The reader will remember that fears of fossil fuel depletion are further adding to the impetus.

Fossil fuel depletion has been the subject of a flourishing polemic over the past 2 to 3 decades (Campbell and Heapes, 2008; Campbell and Laherrère, 1998; Hubbert, 1949; Laherrère, 2003; Zhao et al. 2009). And although it seems hard for scientist to reach consensus on the specific timings concerning the different peak oil scenarios, it is agreed that oil depletion is an inevitability (at least, to most) that will force the energy sector to reinvent itself in the near future. 
As discussed in section 1.2, Almeida and Silva have provided this research with interesting insights on investor perceptions concerning peak oil. Using oil futures price curves they have been able to show that the backwardation usually found in oil futures is slowly being replaced by contango, which is a situation where futures prices rise, the further the dates of the contracts are in the future. This serves as evidence that investor perceptions have changed; they have started to incorporate the effects of the peak oil scenario in their expectations of future oil prices. Hence, the futures oil price has increased. Previously, the peak oil scenario seemed to be disregarded by the petroleum market participants. 

Although the International Energy Agency might claim, in it’s most recent publication of the world energy outlook, that ‘The world is far from running short of oil’, the reasoning introduced in this section need not be dismissed.  Bearing in mind that futures prices are formed on the basis of markets participant’s beliefs about the future balance between supply and demand, as long as investors believe that peak oil is near, this can potentially influence the movement of the oil price. The inclusion of the peak oil scenario in investor expectations indicates that investors believe that a supply-side contraction will occur in the near future. Hence: when investors believe that oil will become scarce, the price of the fossil fuel is likely to go up and investments in alternatives are more likely to increase in parallel as alternatives become more attractive. 

The biggest changes in perceptions mentioned in the Almeida and Silva research can be observed from late 2008 onwards. Hitherto, the oil price futures curves were dominated by backwardation. Note that the research conducted by Henriques and Sadorsky concerns the period from the 3rd of January 2001 to the 30th of May 2007. Almeida and Silva point out that increase in the oil price futures curve can be observed around February 2007, while contango can only be detected from October 2008 onwards. Hence, it is likely that the changes in investor perceptions detected by the latter duo were not observable at the time of the Henriques and Sadorsky study. Had these changes already been observable, they might have reached a different conclusion regarding the relevance of the oil price to the value of alternative energy stocks. In this regard, the contradictions between this thesis and the research performed by Henriques and Sadorsky need not be alarming. The discrepancy between the results emphasizes that the alternative energy sector is in a state of flux, which signifies growth potential and a need for additional investment.

In section 2.2 it was analyzed whether the observed link between the oil price and alternative energy investments, namely the occurrence of an increase in alternative energy investments when oil prices rise, also holds the other way around. When observing a strong decrease in the price of oil, as seen over the past months, a decline in alternative energy investments is to be expected. Section 1.2 seems to vindicate that this expectation is confirmed in reality. 
New Energy Finance conducted a survey, questioning ‘expert representatives of the financial and renewable energy sectors for the purpose of eliciting their perceptions, observations, and projections of the current and future developments of the financial crisis and its impact on the renewable market’  (UNEP, 2009). Participants were asked whether they believed that a decrease in oil and gas prices would lower the incentive for renewable energy production. 56% of the respondents expect that the effect will be small, 20% expect no effect and 24% expect a strong effect. 

The survey seems to underline an important point. It appears that the oil price influence upon alternative energy investments is asymmetrical. Although a strong response to oil price increases is observed, alternative energy experts do not expect the strength of the response to hold in the opposite scenario. 
Recalling the analysis in section 2.1 however, it becomes clear that the empirical evidence on the existence of an asymmetrical relationship is somewhat mixed. 
According to New Energy Finance, the mild consequences of an oil price decrease as mentioned by survey participants’ are due to the fact that the playing field is being leveled, mainly resulting from fossil fuel depletion and a higher level of efficiency in the production of renewable energy. Moreover, renewable energy technology is becoming cheaper while going forward, whereas oil prices are expected to increase due to supply side contractions. Hence, lower oil prices exert a smaller influence, as they are not expected to persist long enough. Additionally one can argue that alternative energy will be crucial in the future, regardless of the current oil prices and that therefore governments will keep investing in alternative energy either directly or via subsidies. Therefore, a response to an oil price decrease will not be as large but an oil price increase will lower the threshold for a switch to alternatives. 

3.1 Policy recommendations

It was suggested in section 1.1 that the existence of a link between the oil price and alternative energy investments has important implications for policy. 

For policy makers who wish to tackle issues such as fossil fuel depletion, climate change and energy insecurity alternative energy will serve as a means to their ends in the years to come. Therefore, governments will need to take into account factors that might influence the level of alternative energy investments. This research has revealed that the oil price belongs to this category. Thus, policy makers would be well advised to take the link between the oil price and alternative energy investments into account. 

The link established in this research can potentially help policy makers with planning the amount of financial stimulus required to achieve their minimum preferred level of activity within the alternative energy sector. Consequently securing the success of any abatement and emission reduction targets. Hence, when planning policy makers should take into account the effect that, any policies directed at the oil price have the potential to reinforce or curtail subsidies and investments in the alternative energy sector. Therefore, whenever implementing a policy results in a change of the oil price the effects upon alternative energy investments, measured by the partial regression coefficient for WTI in section 2.1, should be studied and evaluated accordingly.

It has been shown in section 2.1 that alternative energy investors react strongly to oil price increases and large oil price decreases. Clearly, policies resulting in a substantial reduction of the oil price can potentially curtail alternative energy investments. On the other hand, policies leading to an increase of the oil price can substantially increase the level of investments.  The reaction of investors to oil price volatility suggests that policy makers involved in alternative energy should monitor the developments in the world oil market. Notably because they have a direct interest in maintaining a certain level of investment to keep the alternative energy sector afloat.

The close monitoring of the oil price would allow them to step in when the oil price falls to a level that might result in a decrease of alternative energy investments below their desired level. 

Recalling the Shell example in section 1, it becomes evident why it might be necessary for policy makers to keep the oil market under surveillance. If the low oil price was one of the factors in Shell’s decision to abandon its alternative energy investments, policy makers could have anticipated such a move on the basis of the price developments in the oil market. This would have allowed the public sector to react swiftly, filling the void left by the corporate investors when low oil prices made alternative energy less appealing.  In practice, such a reaction to the current overall economic downturn can be observed in the ‘green stimulus’ of various governments (UNEP, 2009). This research suggests that, regardless of the overall economic situation, policy makers should consider ‘green stimulus’ as a reaction to considerable oil price decreases.  

It should be noted that many believe that the era of cheap oil is over (Campbell and Laherrère, 1998). Thus, it seems likely that in the near future oil price increases are likely to ensue. This research indicates that a higher oil price will increase alternative energy investments. Hence, if oil price increases prevail there might be less need for government stimulus. If the private sector builds up its level of investment in alternative energy once more, the public sector will probably need to invest a smaller proportion to keep the sector afloat. In such a scenario, public funds can be directed elsewhere. Again a close monitoring of the oil price is essential, in this case to avoid unnecessary government expenditure.  

Unfortunately, oil prices are very difficult to predict (Hamilton, 2009). Consequently, this will reflect upon the predictive accuracy of the level of alternative energy investments as presented by the model. Would one be capable of providing an accurate prediction of the oil price it would become a lot easier for policy makers to estimate what level of government or corporate stimulus would be needed to achieve a certain level of alternative energy production, using the findings of this research. Various institutions, such as the International Energy Agency, provide oil price forecasts that policy makers could use to predict what level of alternative energy investment should be made. That such forecasts are not always reliable, especially in the longer run, once more emphasizes the importance of a close monitoring of oil price movements. 

Lastly, when evaluating investments in alternative energy policy makers should keep the oil-GDP effect in mind. As mentioned in section 1.2 adding alternative energy investments to ones portfolio considerably reduces overall portfolio risk. Policy makers can exploit this effect to fund more alternative energy investments and to shield the GDP from the negative effects of oil-price volatility. As can be deduced from table 2.1 volatility is high and consequently the merits of avoiding its effects are likely to be substantial.

4 Conclusion

The aim of this research was to establish whether a link between the oil price and alternative energy exists. The empirical research suggests that it does, and more precisely that an oil price increase brings about an increase in alternative energy investments. It appears that this link is somewhat weaker for oil price decreases. The research shows some evidence of asymmetry. The response of alternative energy investors to oil price decreases seems to depend upon the magnitude of the decrease. Only the larger decreases seem to have the potential to affect the level of alternative investment negatively.  

Contrasting these findings with previous work suggests that the dynamics of the alternative energy sector are changing and that in the near future investors expect alternative energy to hold a key position in the energy sector. Fossil fuel depletion, concerns about climate change and energy security all seem to drive policy makers across the globe to change the investment climate for alternative energy. The research conducted shows that the price of oil might play an important role in the growth of the alternative energy sector, as it seems to evince a strong influence on alternative energy investments. It suggest that policy makers who wish to advocate the growth of alternative energy will need to monitor oil market developments closely in order to secure the growth of the alternative energy sector. 

4.1 Suggestions for further research 

This research undoubtedly has some shortcomings that further research might address. Firstly, as this research is chiefly concerned with the effects of the oil price on alternative energy investments it has included a limited list of variables. The list consists of; the NEX-index, the price of oil, the value of the DJIA and the value of technology stocks. It is understandable that one might feel that the amount of explanatory variables is limited. Very likely, additional insight can be gained by analysing the effects of a multitude of variables upon alternative energy investments. Such research would allow policy makers to take all variables of importance into account when building a framework in tackling climate change issues and advocating the use of alternative energy. 

Secondly, further research concerning the effects of the oil price on specific policies would be insightful. Perhaps the effect of the oil price upon alternative energy policies differs per type of policy.

Thirdly, it would be interesting to see whether an updated research performed by Henriques and Sadorsky would confirm the change in investor perceptions regarding alternative energy investments. 
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� Using the information from Table 1.1. 155- 22  / 22 * 100 = 604.5 %


� BP statistical Review of World Energy June 2009.


� � HYPERLINK "http://www.djaverages.com/?view=industrial&page=overview" ��www.djaverages.com/?view=industrial&page=overview�.





�www.nexindex.com


�� HYPERLINK "http://www.nexindex.com/Constituents" ��www.nexindex.com/Constituents� And Weightings.php


� � HYPERLINK "http://www.tonto.eia.doe.gov" ��www.tonto.eia.doe.gov�





� � HYPERLINK "http://www.nyse.com/about/listed/pse_i.shtml" ��www.nyse.com/about/listed/pse_i.shtml�
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� For example: in the percentage mutation model using the oil futures price would lead to an oil price coefficient of -0.21, a coefficient for the DJIA of 0.63 with standard errors 0.02, 0.04 and t-statistics of -10.52 and 17.05 respectively. Both variables are significant at the 1% level. These results are almost identical to those presented in table 2.5 using the spot price of oil. 
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