CHAPTER TWO

FEASIBILITY ANALYSIS -SENSITIVITY ANALYSIS OF AN ENERGY PRODUCTION STATION (THE WIND ENERGY CASE)

1. INTRODUCTION

According to the EU Electricity Directive, which came in force on 19 February 1997, the 60% of the community's electricity market is opened up to competition during 1999, leading to fundamental changes of the corresponding power industry. Generally speaking liberalization will lead to price competition, which generally is not in favor of renewable generation. However in several Greek regions there is an excellent wind potential, as in many cases the annual mean wind speed at 10m height is up to 11m/s. On the other hand, the mean electricity production cost of autonomous power stations (APS), used to fulfill the electricity demands for most of the Aegean Sea islands, is extremely high, approaching the value of 0.15 €/kWh. Finally, Greece dependency on imported fuel (≈70% of its domestic energy consumption is imported), leads to a considerable exchange loss, especially with countries outside the E.U.. For all the above mentioned reasons, the Greek State is strongly subsidizing private investments in the area of renewable energy applications, either via the 2601/98 development law or via the "Energy Operation Program" of the Ministry of Development. As a result, requests for more than 350MW of new wind parks exist in the Min. of Development, in order to take advantage of the subsidization by 40% of the total cost of the project.

2. THEORETICAL MODEL
2.1 Investment Cost
The future value (after -n years of operation) of the investment cost of an energy production (e.g. wind turbine "WT") installation is a combination of the initial installation cost and the corresponding maintenance and operation cost, both quantities used are given in current values. More precisely, the future value of the total investment cost "Cn" of the installation reads:
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The initial investment "ICn" cost includes the market price of the equipment (usually ex-works) and the corresponding installation (or balance of the plant) cost. Using a market survey by the authors, specially adapted for the Greek market, the specific ex-work price "Pr" of a WT can be approached by a simple exponential expression, as a function of the rated power "No" of the machine, i.e.:
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see also figure [1]. Consequently, the turn-on key price "ICo" of a WT plant is given as:
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where "f" expresses the installation cost (e.g. foundation cost, electrical interconnection cost, access tracks) as a fraction (f(30(60%) of the ex-works price of the WT, see figure [2]. Keep in mind that the exact value of "f" also depends on the number and size of machines and on the location of the wind farm. As an example, the windiest sites on the hilltops of small islands, being often remote from the central grid, along with the coastal locations, where deep piling into silt is needed, tend to incur cost above average values. Summarizing, the future value of the initial investment cost can be expressed as:
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where :
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and "γ" is the subsidy percentage by the Greek State. According to the existing 2601/98 development law, a 40 percent subsidy is provided to private investors in the area of wind energy applications, for all over the country. The first term of the RHS on equation (4) describes the invested capital "α.ICo" future value ("i" return on investment index), while the second term expresses the corresponding cost (" i/ " capital cost) of the loan capital, "β.ICo".

The maintenance and operation (M&O) cost can be split into the fixed maintenance cost "FCn" and the variable one "VCn". Expressing the annual fixed M&O cost as a fraction "m" (see figure [3]) of the initial capital invested and assuming an annual increase of the cost equal to "g", the future value of "FCn" is given as:
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The variable maintenance and operation cost mainly depends on the replacement of "ko" major parts of the installation, which have a shorter lifetime "nk" than the complete installation. Using the symbol "rk" for the replacement cost coefficient of each one of the "ko" major parts (gear box, rotor blades etc.), the "VCn" term can be expressed as:
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where " lk" is the integer part of the following equation, i.e.:
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while "gk" and "ρk" describe the mean annual change of the price and the corresponding level of technological improvements for the "k-th" major component of a WT.
2.2 Investment Revenue 

According to previous analysis by the authors, the total savings (in current values) over a -n year period, due to the energy produced (by the wind plant), are given as:
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where "cj" is the effective cost coefficient of the energy "Ej" produced (by the wind farm) at the j-th year, while "Φj" describes the amount paid for taxes by the energy production enterprise. For simplicity and space limit reasons, the impact of taxation, although remarkable, is not explicitly presented here. However, in all calculation results given, the tax on profit is properly included. Usually, the effective cost coefficient is related to the electricity price escalation rate "e" (i.e. the annual rate of change of the market price of the energy sources) via the following equation:
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2.3 Break-Even Equation
The corresponding gains "Gn" of the investment investigated are defined using equations (1) and (9). In the case that:
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the break-even equation of the energy production investment is obtained.

Accordingly, the pay-back period "n*" of the investment is estimated by solving the above equation. For this purpose, an "expert type" numerical code has been devised, based on the iterative solution of the non-linear break-even equation (11). Additionally, the developed algorithm has the ability not only to check the economic viability of similar installations under unsteady external conditions, but also to predict the modifications of the pay-back period due to changes of the values of the main techno-economic parameters.

2.4 Economic Efficiency of a Wind Plant

In order to examine not only the economic viability but also the economic attractiveness of a similar investment, an additional parameter is defined called "economic efficiency-
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" compares the net gains of the investment over "n" (e.g. n=10 or 20) year period in constant terms to the initial capital invested. Thus one may write:
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Where the symbol "~" is used to express constant values, i.e.:
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which is equivalent to the current value of a quantity normally divided by the total inflation (during a -n year period) of the economy. Additionally, "Yn" represents the residual value of the investment, i.e. amounts recoverable at the end of a project's life (e.g. value of land or buildings, scrap or second-hand value of equipment etc.) along with the experience gained and the corresponding technological know-how. The economic efficiency of a wind park may be either negative (investment not viable) or positive, while in the case that 
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 one may calculate the pay-back period, see also equation(11).

For the exact solution of equations (11) and (12), the accurate value of all parameters appearing in these expressions is required. However, due to the continuous changes in the value of the governing parameters, a detailed sensitivity analysis of the main variables of the problem (e.g. 
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) is obligatory, so as to investigate the impact of techno-economic factors on the economic behaviour of energy production applications and to assure the viability and attractiveness of similar investments.

3. SENSITIVITY ANALYSIS
Before presenting the calculation results concerning the influence of the governing parameters on the pay-back period and the economic efficiency of an energy production station (e.g. wind plant), it is important to define the central point of the proposed sensitivity analysis. These values should be representative for the techno-economic situation of the local (e.g. Greek) market at the beginning of 21st century. After extensive research, the following values are selected for the main parameters of the problem:

i.
The wind park analysed contains ten (10) WTs of nominal power No=500kW, which is the most appropriate size for the big islands of the Aegean Archipelago.

ii.
The turnkey price of a WT is accurately described by an equation similar to equation (2) and figures [1] and [2] respectively.

iii.
The mean annual energy production of the installation is 2980kWh per kW installed, a value that corresponds to capacity factor value equal to 34%, i.e. CF=0.34.
iv. The maintenance and operation cost factor "m" is well described by figure [3], while the corresponding terms related to the variable maintenance cost are chosen from published documents referred to long-term operation of wind parks all over Europe.

v. The mean long-term annual electricity price escalation rate is assumed equal to e=4%, a value based mainly on historical records.

vi.
The mean annual inflation rate is assumed equal to g=3%, since a target value for the local economy is 2%.

vii.
The corresponding capital cost value is taken equal to i/=9% (=g+3(6%), while the demanded return index of the own capital invested is set equal to i =12%, (i= i/+3(6%).

viii.
The market value for the electrical energy is taken equal to co=0. 0725€/kWh.
Recapitulating, the central values of all parameters appearing in the developed computational frame are included in Table I.

Applying now equation (11) and using the above defined central values for the main parameters, the predicted by the numerical code pay-back period is n*= 6.26 years, see also figure [4]. Additionally, by calculating (see equation (11)) the net investment revenue "Gn" versus time in constant values for the expected lifetime period of the WT, the economic efficiency of the installation can be estimated (see also equation (12)), therefore η10=1.945 or 194.5% and η20=7.347 or 734.7%. 

4. SENSITIVITY ANALYSIS RESULTS

In the following, the calculation results concerning the estimated pay-back period and the corresponding economic efficiency of a wind plant in Greece are presented as a function of each main parameter of the problem.

4.1 Capital Cost - Return on Investment
Generally speaking, the capital cost mainly depends on the local market economic wealthiness and more precisely on the existing investment opportunities, the timing of repayment, the risk of the investment and on any government or European subsidies. In addition, the value of the capital cost "i/" varies with the inflation rate of the economy, in order to obtain positive inflation-free capital return. More precisely, the capital cost is the sum of the inflation premium, the pure time-preference and the risk premium, depending on the risk of the investment undertaken, figure [5].

In addition, any capital investment process is based on the idea of spending money at a time period in the "hope" of getting more money back later. The annual amount of money, which the investor demands in order to invest his own capital, is defined as the "return on investment". This economic parameter depends on the same factors as the above mentioned capital cost parameter, but in addition reflects the expectancies of the single investor along with his own abilities and chances to invest money. For these reasons it is assumed here that the variation of return on investment follows the capital cost, plus a premium Δi=i-i/ Some typical "Δi" values are included in the present study.

According to figure [6], the pay-back period of a typical wind power investment increases significantly with the increase of the capital cost, especially after the (i/=12%) value. In addition, the investment becomes not viable if "i/" exceeds the value of 25%. Similarly, the ten-year economic efficiency of the investment decreases as the capital cost index takes greater values. This is mainly attributed to the corresponding increase of the pay-back period, which in some cases exceeds the ten-year period. On the other hand, the "Δi" increase (Δi=3% and Δi=6%) seems not to influence the pay-back period and the ten-year efficiency, because these two parameters are dominated by the behaviour of the capital cost.

This is not the case for the twenty-year economic efficiency of the wind power plant, since this parameter is strongly influenced by "Δi". This fact can be explained taking into account that a wind energy investment, being a high capital intensity one, has big annual returns and limited annual expenditures. By re-investing the net annual gains with the selected return on investment value, it is quite reasonable to multiply the total gains, after the pay-back period is achieved. Finally, as the pay-back period is dramatically increasing, the twenty-year economic efficiency stops increasing, since the available time to obtain after tax gains is remarkably reduced.

4.2 Inflation Rate
The inflation rate expresses the tendency of everyday-life cost to increase and it is quantitatively approximated by the average rise in price levels. The direct influence of the inflation rate on the pay-back period of a wind farm is relatively small, figure [7], since an almost 15% change of inflation imposes one-and-a-half year increase of the pay-back period. However, one has also to take into consideration the significant indirect influence of the inflation rate on the pay-back period via the corresponding values of the capital cost. On the contrary, the impact of the inflation rate on the considered investment’s economic attractiveness is very important, since the total gains for a twenty-year period-in constant terms-decrease by almost two orders of magnitude, as the inflation rate varies between 0% and 15%.

4.3 Electricity Price Escalation Rate
The term "electricity price escalation rate" is used here instead of the more commonly used term of "fuel escalation rate", to describe not only the annual rate of change of fuel prices, but also primarily the corresponding changes of the electric energy market price. The exact value of this parameter depends on various factors, like the dollar exchange rate, the economic-political situation of the country, the nature of the conventional energy to be replaced and on the attitude of every electrical utility towards renewable sources. As it is expected, from figure [8] it results that the pay-back period is remarkably diminished when the electricity price escalation rate is increased. The corresponding efficiency of the investment is also greatly ameliorated, especially for the twenty-year operation period.

4.4 Turn-Key Cost
The initial investment cost (turnkey cost) includes the ex-works price of the equipment needed (wind turbines etc.) and the corresponding installation cost. The application of the new technological achievements and the economies of scale decrease the prices of the wind turbines in the international market. However, the relative value of the local currency has to be taken into account in order to foresee the future evolution of the wind turbine prices.

According to the calculation results summarised in figure [9], a strong relation between the initial investment cost and the pay-back period is encountered. More precisely, a 30% decrease of the first installation cost leads to a more than three years diminution of the pay-back period. On the other hand, the economic efficiency of the investment decreases almost hyperbolically with the increase of the first installation cost.

4.5 Maintenance and Operation Cost
The application of modern design and improved construction techniques leads to more efficient and reliable installations. The direct result of this evolution is a remarkable decrease of the M&O cost. According to figure [10], a moderate increase of the pay-back period of a wind park is encountered by increasing the value of the M&O cost coefficient "m" respectively. This is also the case for the economic efficiency of the investment, since similar changes (in opposite direction) of "η10" and "η20" have been predicted.

4.6 Capacity Factor
As stated above, the capacity factor value for the energy production sector depends on the mean power coefficient and on the technical availability of the installation. Based on the results of figure [11], there is a significant reduction of the pay-back period of the installation, by increasing either the mean power coefficient or the technical availability values of the power plant. This fact is even more obvious for lower values of "CF". Similarly, the economic efficiency of the investment is linearly ameliorated by increasing the realised values of the capacity factor.

5. CONCLUSIONS
A complete cost-benefit method, concerning the economic viability and attractiveness of commercial energy production installations, is presented. Accordingly, a numerical code is developed in an "expert type" mode. Finally, a quite extensive sensitivity analysis is carried out, in order to demonstrate the impact of the main techno-economic parameters on the economic behaviour (pay-back period, economic efficiency for ten and twenty years operation) of similar applications on the energy production sector and to minimize the uncertainness of the investment decision makers.

According to the results obtained, it is concluded that the profitability of (wind) energy production applications is very sensitive to changes of the capital cost, the capacity factor (utilization rate), the electricity escalation rate and the first installation cost. It is slightly less sensitive to changes of the M&O cost. The direct impact of the inflation rate on the pay-back period of similar ventures seems to be limited.
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Figure 1: Ex-Works Prices of Commercial WTs
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Figure 2: Installation Cost Coefficient for Wind Parks
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Figure 3: M&O Cost Coefficient (insurance included) for Wind Parks
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Figure 4: Cost-Benefit Analysis for a Typical Wind Farm in Greece.
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Figure 5: Capital Cost vs Investment Risk Level.
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Figure 6: Influence of Capital Cost-Return on Investment on the Economic Behaviour of a WT Installation.
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Figure 7: The Impact of the Inflation Rate on the Economic Behaviour of a WT Installation.
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Figure 8: The Impact of the Electricity Price Escalation Rate on the Economic Behaviour of a WT Installation.
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Figure 9: Influence of the Turnkey Cost Change on the Economic Behaviour of a WT Installation.
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Figure 10: The Impact of the M&O Cost on the Economic Behaviour of a WT Installation.
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Figure 11: The Impact of the Capacity Factor on the Economic Behaviour of a WT Installation.
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