CHAPTER THREE

TECHNO-ECONOMIC EVALUATION OF HYDRO POWER PLANTS USING (NPV-IRR) METHOD:

A COMPLETE SENSITIVITY ANALYSIS
1. INTRODUCTION

Hydropower has by far been the most mature renewable energy resource used for electricity generation, providing almost 1/5 of our planet electricity consumption. In Greece, several -mostly large- hydroelectric plants are in operation, exceeding 3100MW of electrical power. Recently, the investors’ interest was whipped up by the mass development of small hydro power stations, being in accordance with the E.U. target to increase small hydro capacity by 4500MW (50%) before the year 2010.

In this context, it is important to mention that small hydro power (SHP) plants are the most prosperous way for additional hydro power penetration in European electricity market, considering that most large-scale opportunities have either been already exploited or face serious contradictions by local societies as environmentally unacceptable. On the other hand, SHP units usually operate as "run-of-river" systems, thus any dam or barrage used is quite small, not really disturbing the water flow rate. Although to date there is no internationally agreed definition of SHP plants size, the officially size in the local electricity generation market is set equal to 10MW maximum.

The present work is concentrated on the systematic investigation of the techno-economic viability of SHP stations on the basis of the NPV (net present value) and IRR (internal rate of return) criteria. Accordingly, the impact of the governing techno-economic parameters on the financial behaviour of SHP plants is analysed. This study is concluded by a sensitivity analysis properly adapted for the local market financial situation, in order to enlighten the decision makers on the expected profitability of the capital to be invested.

2. ENERGY PRODUCTION OF SMALL HYDROPOWER STATIONS

Hydro-turbines transform the water potential (mainly high pressure) into mechanical shaft power, which is finally converted to electricity. The electrical power "N" available of every turbine used is proportional to the product of total pressure head "H" and volume rate "Q" of penstock, thus one may write:
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where "η" is the total efficiency of the turbine (including the electrical generator), see for example Fig.1, "ρ" is the water density and "g" is the gravity acceleration.

The energy production over a time period "T" (e.g. one year) of a hydro power station based on "z" hydro-turbines of rated power "No" (generator loss is included) is given as:
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or equivalently as:
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where "CF" is the corresponding capacity factor of the installation and "δE" describes the line transmission and transformer loss as well as any self-consumption of the power station on annual basis.

It is important to underline that the water flow-rate through the turbine is not exactly the river flow-rate "Qr", because a minimum flow-rate "Qe" should remain in the river for reasons of conservation, while one should also consider water channelling for irrigation or agricultural purposes. In addition, natural river flow is highly variable; given that most rivers exhibit pronounced seasonal variation in their flow (see Fig. 2).

Recapitulating, one may estimate the annual electricity yield of a hydro power plant using equation (3), the operational characteristics of the selected hydro-turbines and the river flow-rate probability density or duration curve. The net energy output of the station should make an allowance for the technical availability and the electric power consumed by the auxiliary systems of the plant.

3. COST-BENEFIT ANALYSIS OF A SMALL HYDRO POWER STATION

According to previous analysis by the authors, the present value of the investment cost of a SHP installation (after n years of operation) is a combination of the initial cost and the corresponding maintenance and operation cost. The initial cost includes the market price of the electromechanical equipment (usually ex-works), the civil engineering activities and the corresponding balance of plant cost. Thus one may write:

	
[image: image4.wmf])

1

(

Pr

f

N

IC

o

o

+

×

×

=


	(4)


where the specific (reduced) ex-works price "Pr" (€/kW) of the SHP is given as:
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Keep in mind that "Pr1" describes the electro-mechanical equipment reduced cost, being mainly a function of the hydro turbine nominal power and the corresponding head (see also Fig. 3), hence one may write:
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with bo=3300€, b1=0.122 and b2=0.107.

On the other hand, "Pr2" describes the specific cost of civil engineering works, including infrastructure, land purchase, dam construction, weir and intake, water canal, forebay tank, penstock etc. Unfortunately, it is not possible to simulate the "Pr2" value, since it depends on the local situation of every specific site. More specifically, the characteristics of topography, geology, road access and local electricity grid of each site have such an influence that each project becomes a prototype. So, the risk of the budgetary deviations is quite high. Generally speaking, according to the experience of a remarkable number of local installations, "Pr2" can be expressed as:
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with "ξ" taking values between 0.8 and 2.0. The higher "ξ" values appear in cases of dam construction (usually earthen) and long penstock utilization.

Finally, "f" expresses the installation cost (e.g. electrical interconnection cost, access tracks, development cost etc.), which is given as a fraction (f(5%-10%) of the "Pr" (or "Pr1").

The maintenance and operation (M&O) cost can be split into the fixed maintenance cost "FC" and the variable one "VC". Expressing the annual fixed M&O cost as a fraction "m1" of the electromechanical equipment ex-works price plus a fraction "m2" of the civil engineering work cost and assuming an annual increase of the total cost equal to "gm", the present value of "FC" is given as:

	
[image: image8.wmf]j

n

j

j

o

n

m

m

m

o

n

i

w

W

i

g

i

g

i

g

N

m

m

FC

å

=

=

-

ú

û

ù

ê

ë

é

+

+

×

+

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

+

+

+

+

÷

ø

ö

ç

è

æ

+

+

+

×

+

+

×

×

×

+

×

=

1

1

2

2

1

1

1

1

1

1

...

1

1

1

)

1

(

)

1

(

)

Pr

Pr

(


	(8)


where "i" is the investment discount rate (or interest rate). Bear in mind that the last part of equation (8) expresses water fees "Wo" (rarely applied), including an annual cost escalation rate equal to "w".

The variable maintenance and operation cost mainly depends on the replacement of "ko" major parts of installation, which may have a shorter lifetime "nk" than the complete power station. Using the symbol "rk" for the replacement cost coefficient of each "ko" major part (e.g. electrical generator, rotor blades etc), the present value of "VC" term can be expressed using the following relation:
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where "lk" is the integer part of the following equation, i.e.:
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Note that "gk" and "ρk" respectively describe the annual change of price and the corresponding technological improvement level for the "k-th" major component of the hydropower station.

Finally, the present value of the total investment cost "Cn" of the SHP installation after n years of operation reads:
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where "γ" is the subsidy percentage by the Greek State or the E.U. According to the existing 2601/98 development law or the current National Competitiveness Program of the Ministry of Development, a 40% subsidy is provided to private investors in the area of small hydropower applications countrywide.

Subsequently, the total savings over an n-year period -resulting from the operation of a SHP station- are mainly due to the energy production sold to the national electrical grid. In addition, there is a monthly compensation for the power added to the local network. On the other hand, according to the current legislation frame (Law 2773/99), a supplementary amount from the investment revenues is directly transferred to local municipalities, defined as their fraction "p" (p(2%-3%). Thus, the present value of the total SHP station income (operating for n years) is given as:
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where "c" and "cN" respectively are the energy price (€/kWh) and the power reimbursement per month (€/kW/mo). Also "e" and "eN" are the corresponding electricity price and electrical power compensation annual escalation rate. Finally, "Nmax" is the maximum output power of the station for every month of the year and "σ" is the average power contribution factor of the SHP to the local grid, defined by the 2244/94 law, i.e. σ=0.7.

Comparing the present value of the total investment cost and the corresponding total revenues, one has the ability to estimate the net present value of the investment "NPV" after n years of operation, i.e.:
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where:
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In equation (13) "Φ(j)" describes the tax paid only during the "j" year, mainly due to the revenue of the previous year. According to the Greek tax-law, the "Φ(j)" depends on the law-defined tax-coefficient (e.g. 35%), the net cash flow of the "j-1" year, the investment depreciations, as well as the financial obligations of the enterprise. In the following, the impact of taxation will be explicitly presented on the evaluation results of a SHP station investment.

Similarly, "Yn" represents the residual value of the investment, owing for the most part to amounts recoverable at the "n" year of the project 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.

As acknowledged, the internal rate of return "IRR" of an investment operating during an n-year period is predicted by setting the "NPV" equal to zero, thus we get:
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For the estimation of "IRR" an "expert type" numerical code has been devised, based on the iterative solution of the non-linear break-even equation (13). Additionally, the developed algorithm has the ability not only to check the economic viability of SHP stations, but also to predict the modifications of the "IRR" due to changes in values of the main techno-economic parameters.

4. APPLICATION RESULTS
The above-described analytical method is used to analyse a representative case in the mainland of Greece, concerning the installation of a new small hydro power station. The case investigated is a typical "run-of-river" plant, exploiting the significant flow rate of Aracthos River, using a small artificial hydrostatic head of 27m. In this specific case, the utilization of one to three Kaplan S-type hydro turbines is examined, taking into account the large flow rate and the low head available.

4.1
Calculation of Energy Production

More precisely, a SHP plant is under development in Tsimovo Bridge near Ioannina town of Epirus prefecture, using the Aracthos river flow rate. In order to estimate the expected mean annual energy production of the station, 20-years water-potential data (on hourly basis) are contemplated. According to Fig. 2, the mean annual flow rate varies between 15m3/sec and 38m3/sec, excluding the unusually extreme data of the 2nd year investigated. Applying a statistical analysis on the available measurements (on hourly basis), it is possible to estimate the 20-years long-term possibility density profile of the available water potential (Fig. 4), along with the corresponding duration curve. 

On the basis of the data analysed, 25% of the available flow rate measurements are between 5m3/sec and 10m3/sec, while only 2% of the data exceed the 80m3/sec. Besides, a very small part (only 1.8%) of data are below the 5m3/sec, while a fairly constant possibility density distribution appears for flow rate values between 15m3/sec and 50m3/sec.

Using the information of Fig. 4 and the analysis of section 2, one may estimate the expected long-term mean power coefficient, on the basis of two similar Kaplan S-type hydro turbines, i.e. the corresponding capacity factor numerical value is almost 46.7%. Thus, the proposed installation is based on 2x5MW hydro turbines with nominal flow rate of 22m3/sec and design head equal to 27m. The expected mean annual yield is 38,400MWh and the mean power contribution to the local grid is 4.7MW.

In an attempt to increase the reliability of the proposed analysis, the river flow rate time series, Fig. 5, for the entire period analysed is taken into consideration. Hence, using equations (1) and (2), it is possible to estimate the annual energy production of the installation for the 20-years time period examined (see Fig. 6). According to the calculation results, the expected annual energy production varies between 20,000MWh (for the worst year of the twenty-year period) and 70,000MWh (for the best year). The corresponding long-term average energy yield (including the technical availability impact and the station energy self-consumption) is approximately 38,500MWh.

4.2
Cost-Benefit Analysis

Before presenting the calculation results concerning the financial behaviour of a representative SHP installation, it is important to define the central values of the governing parameters of the problem. These values should be representative for the techno-economic situation of the local market for the next 10 to 20 years. After extensive research, the following values are selected for the main parameters of the problem; see also Table I.

· The SHP station analysed is based on two (2) hydro turbines of rated power No=5000kW, mass flow rate 22m3/sec and nominal head 27m. The number of turbines used is one of the parameters of the problem, while the total station power should not exceed the 10MW.

· The turnkey price of the SHP station is realistically described by equations (4) to (10) and Fig. 3.

· The annual mean capacity factor of the installation is assumed equal to 0.467, being a realistic value for the site selected, (see Fig. 6).

· The maintenance and operation cost factors "m1" and "m2" are taken equal to 2.5% and 1.5% respectively, while the corresponding terms related to the variable maintenance cost are chosen from published documents referred to long-term operation of SHP all over Europe.

· The mean long-term annual electricity price escalation rate is assumed equal to e=3%, a value based mainly on historical records.

· The mean maintenance and operation cost annual inflation rate is assumed equal to gm=3%, in view of the fact that a target value for the local economy concerning the inflation ratio is 2%.

· The corresponding capital cost value is taken equal to i=8% a reasonable value in comparison with the local market investment opportunities and the corresponding investment risk, while the loan amortization period is set equal to five (5) years.

· The corresponding price for the electricity production sold to the national grid is determined by the law 2244/94, according to the tariffs of the Greek Public Power Corporation, and it is assumed equal to 0.0606€/kWh, while the corresponding monthly power compensation is 1615€/(kW.mo).

· No water fees are taken into consideration in the present survey, i.e. Wo=0.

Subsequently, the net present value distribution of the Tsimovo SHP station may be estimated by using equation (13) as a function of the operation time horizon of installation. For this purpose, several investment discount rate values are tested so as to nullify the investment "NPV" in course of time. For example, the selected discount cost value zeroing the "NPV" after 15 years of operation is 21.12% (see Fig. 7). Thus the corresponding 15-years "IRR" value of the investment is 21.1%, a quite good value in comparison with the local market current annual inflation rate (3.5%). A closer inspection of Fig. 7 data emphasizes the dominant role of the station’s annual savings compared with the investment cost -being however slightly decelerated in the course of time- due to the discounting factor impact. At the same time, the present value of the investment residual value is gradually decreasing, practically approaching zero bordering on n=20years, while -as expected- the M&O cost is gradually increasing with time. On top of this, the residual value esteemed during the calculations of the present section is assumed equal to 50% of the logistic current value of the enterprise in order to incorporate possible investment liquidation problems.

In an attempt to obtain a clarified picture of the financial behaviour of the station under examination, an additional analysis is carried out, using a quite lower discount rate value, i.e. i=10%. According to the results achieved (see Fig. 8), the SHP station NPV becomes positive from the 2nd year of operation, underlining the economic attractiveness of the investment. As in the previous case, the variable M&O cost impact is quite small, which is not the case for the corresponding fixed one. In addition, one cannot disregard the taxation impact on the NPV  -being higher than the SHP station total M&O cost effect. Finally, by comparing Figs 7 and 8, it is almost obvious that when high "IRR" values are imposed there are no additional gains from the long operation of the station, since the corresponding "NPV" remains almost constant. On the other hand, by setting the "IRR" value near the market capital cost (6%-8%), one may expect significant gains from the long-term operation of the station.

5. PARAMETRICAL ANALYSIS OF THE FINANCIAL BEHAVIOUR OF A SMALL HYDRO POWER PLANT
In the following, the impact of the key parameters on the "IRR" value of a SHP plant in Greece is examined in the course of time (i.e. years of operation).

5.1
Capacity Factor

As stated above, the capacity factor value of a SHP plant depends on the water potential of installation site and on the power curve of hydro turbine utilized. Additionally, the technical availability of the power station also influences the exact "CF" value. The dominant impact of "CF" on the "IRR" value of a SHP investment may be observed in Fig. 9. More precisely, there is an almost positive linear relation between "IRR" and "CF" values (i.e. 0.5% "IRR" amelioration for every 1% "CF" increase), which is almost independent of the operation time, especially for low "CF" values. On top of that, for "CF" values exceeding 30% -which is a very conservative value- the ten-year and fifteen-year "IRR" value respectively exceed 14% and 13.5%, a rather motivating financial efficiency of similar risk energy production installations.

Subsequently, the combined impact of the "CF" value and the subsidization percentage on the "IRR" value of a typical SHP investment may be examined in Fig. 10. As in the previous figure, the positive linear relation between "IRR" and "CF" is revalidated. However, the slope of the "IRR-CF" curve in case of State subsidization is higher than in case of no-subsidization. This outcome is quite unexpected; as one may assume that realization of low capacity installations need further financial support than those of high water potential regions.

5.2
Turnkey Cost

The initial investment cost (turnkey cost) includes the ex-works price of the required equipment and the corresponding balance of the plant cost. Application of new technological achievements and economies of scale reduce the price of a SHP installation. Besides, the installation head is in inverse proportion to the water volume required for a given power produced; therefore smaller and low-cost equipment is required. However, high head sites are usually disposed in mountainous areas of low population density and poor infrastructure. In similar cases, long electricity transmission distances to the main consumption centres nullify any profits of remote high head SHP stations.

Applying a wide range of reduced initial investment cost values (i.e. from 1000€/kW to 2000€/kW), see also Fig. 3, "IRR" appears to be intensely decreasing as the "Pr" value increases, see Fig. 11. However, the "IRR" value of the proposed investment exceeds 15% after 10 years of uninterrupted operation, even at a 2000€/kW turnkey cost value. Finally, the years of operation hardly affect the "IRR" value ((0.5%) for the entire "Pr" value range analysed.

5.3
Subsidization Impact

During the last twenty-year period, the E.U. and the corresponding country members remarkably subsidize investments in the energy production sector, under the precondition of clean energy production, i.e. utilization of renewable energy sources. In Greece, all SHP applications are currently subsidized by 40% of the initial capital invested, while this value formerly was 50% (Ministry of Development, 2003b). In several other E.U. countries, it is not the initial capital but the energy production price that is financially supported, in an attempt to guarantee enduring and regular operation of the power station. Bear in mind that this subsidization amount is only a portion of the evaded environmental and macro-economic outlay and benefits from the operation of renewable energy production stations instead of fossil fuel fired plants.

Indicative of Fig. 12, the "IRR" distribution is enhanced in cases of initial cost subsidization comparatively to the no-subsidized ones. This disparity is almost 15% for the first years of operation of the power station, being slightly decreased to 10% for long-term operation of the investment. A closer inspection of Fig. 12 may also affirm the following:

a. Apart from subsidization, the "IRR" value of the investment is above 10% for operation exceeding eleven years, including taxation and assuming residual value equal to 50% of the logistic-official value.

b. The "IRR" value in all cases increases every year of operation, independently of the subsidization value "γ".

c. The "IRR" increase descends as "γ" ranges from 0-20% rather than from 20% to 40%.

The same figure also introduces the "IRR" profile versus years of operation, in case that the second subsidization option of the law 2601/98 is adopted. More precisely, according to the 2601/98 law, investors have the alternative to refuse the 40% subsidization of the initial investment cost, erect the plant on their own (using loan capitals) and instead to operate the enterprise tax-free for a decade. As it becomes obvious from Fig. 12, such an option leads to significantly lower "IRR" values (14.5% maximum value) than the initial capital subsidization, explaining thus the inefficiency of this latter alternative.

5.4
Electricity Price Escalation Rate

The term "electricity price escalation rate" is hereby used to describe the annual rate of change of the electrical energy (and power) market prices, as according to the existing legislative frame (Laws 2244/94 and 2773/99) the electricity generated by the SHP stations is finally sold to the local network at a price directly related to the corresponding retail price. More specifically, for private investors of the electricity generation sector the buy-back rate is set equal to 90% of the utility's domestic consumer tariff (for autonomous island grids) and to 90% of the utility's mid-voltage (or commercial) price in the mainland of Greece.

As expected, Fig. 13 demonstrates that the "IRR" value is significantly increasing with the electricity price escalation rate. More precisely, there is an almost linear positive relation between "IRR" and "e", leading to 1.5% "IRR" rise as "e" increases by 1%. Similar to previous cases, the impact of operational years is limited, although more intense than the one shown in Figs 9 and 11.

5.5
Maintenance and Operation Cost Inflation Rate

The inflation rate expresses the tendency of everyday life cost to increase in the course of time. Thus, the M&O cost inflation rate "gm" describes the annual escalation of the M&O cost, in view of the annual changes of labour cost and the corresponding spare parts. Generally speaking, M&O cost inflation rate follows the market inflation rate tendency, being usually one or two percentage units lower.

In this context, M&O cost inflation rate has a negative and relatively small direct influence on the "IRR" value of a SHP plant, Fig. 14, since an almost 8% change of "gm" practically imposes a 2% on the 15-year "IRR" value and an 1.5% on the 10-year "IRR" value decrease.

5.6
Investment Residual Value

As already mentioned, the residual value of an investment after n years of operation considers the current value of the installation. This numerical value is usually predicted using at first logistic methods (based on depreciation models and taking into account the financial obligations of the enterprise) and then qualitative estimations regarding the experience gained and the corresponding technological know-how transfer that cannot easily be quantified. Additionally, the impact of investment residual value is normally investigated after the 5-th year of operation, given that five years is the normal loan amortization period.

In the present analysis, three typical residual value profiles versus time are utilized; Fig. 15. The first distribution assumes a time variation of the investment residual value, given as a ratio to the initial capital invested "υ", resulting from the enterprise logistic balance-sheet historical data, with the exception of every component that cannot be easily quantified (e.g. experience, know-how, etc.). Bear in mind that the terms presented are in current values; hence their present value should regard the corresponding depreciation factor. The second profile is equal to the former one multiplied with one half (½). This case is analysed in order to look into difficulties related with the liquidation process of a SHP enterprise. It is worth mentioning that similar enterprises cannot easily be sold in Greece, due to lack of relative experience.

Finally, the last prospect examined assumes zero residual value of investment, independently of the years of operation. Such an extreme situation may be the case of either granting the installation to local municipalities or abandoning the plant for various reasons. To be more realistic, in case the investment is subsidized, the law does not permit change of the enterprise’s capital stock before a decade of operation.

In this context, the impact of investment residual value on the corresponding "IRR" distribution versus time may observed; see Fig. 16. According to the results presented, the impact of different residual value distributions is important for the first decade of operation. After this period, the "IRR" profiles converge, almost independently of the residual model adopted, especially after the 15-th year of operation. Additionally, the investment "IRR" value is remarkably increasing with time as "υ" varies between 0 and 0.5. On the other hand, the "IRR" values are decreasing with time if "υ" is equal to the case (i) distribution, due to the impact of the first installation cost subsidization. Finally, in any case the "IRR" value is above 20% for 10 years of operation of the investment under investigation, while the residual value of the investment is in proportion to the corresponding "IRR" value.

5.7
Taxation Impact

According to the existing tax-law, every energy production company pays an amount per annum, mostly attributable to the gains of the previous year. This amount depends on the law defined tax coefficient "φ", the investment revenue, the annual maintenance and operational cost, the debt repayment method, the investment depreciations etc.

As most other countries, Greek State exercises several investment taxation alternatives in order to encourage new ventures based on either local or international capitals. For this purpose, several tax coefficient values -ranging from 0% up to 35%- are applied. Thus, Fig. 17 states that although the taxation does not change the "IRR" versus time distribution (as the residual value does), it reduces the corresponding "IRR" values from 3% for a 10-years operation period up to almost 5% for longer service period of the power plant.

Recapitulating, one may classify the impact of all above-analysed parameters on the "IRR" value of a SHP (see Table II) as follows:

· The installation capacity factor and the electricity price escalation rate affect the "IRR" value of the investment quite positively

· The State subsidization and the residual value of the examined power station undeniably influence quite positively the corresponding "IRR" value 

· The impact of the first installation (reduced) cost increase on the "IRR" value is strongly negative

· The maintenance & operation cost inflation rate and the tax coefficient increase affect the financial viability of the investment in a negative way

· The number of the hydro turbines used in the plant, given the maximum rated power, imposes a parabolic distribution of the corresponding "IRR" value, providing the opportunity to select the optimum configuration of a SHP station.

6. CONCLUSIONS
An extensively thorough techno-economic analysis is hereby presented, concerning the small hydropower installations in Greece, together with the most important parameters of the problem. The method applied is based on a well-elaborated theoretical model, on long-term measurements and real market techno-economic information. For this purpose, a numerical code is developed in an "expert-type mode", in order to predict the resulting "IRR" values of any similar type investment under variable external conditions. On top of this, this numerical tool is used to carry out a comprehensive sensitivity analysis, so as to demonstrate the impact of the main techno-economic parameters on the behaviour of a SHP venture for ten or fifteen years of operation.

According to the results obtained, the predicted "IRR" values of a SHP installation are greater than 18% for most cases analysed, in comparison with the local economy inflation rate of 3.5% and with the corresponding market annual capital cost of 6-8%. Subsequently, the "IRR" value maximizes after ten to fifteen years of operation. It is also worth mentioning the insignificant "IRR" amendment upon increase of the installation service period; a fact that undermines the long-term operation of similar applications mainly due to the current subsidization practice. This fact is contradicting the established international opinion that hydropower plants are generally characterized as long-term investments.

The sensitivity analysis provides clear evidence that the installation capacity factor, the annual escalation rate of local market electricity price and the reduced first installation cost are the parameters that mostly affect the viability of a SHP station. Finally, the current subsidization scheme is definitely necessary to encourage similar investments, leading however in several peculiarities. For example, the current first installation cost subsidization status principally supports installations with high capacity factor values instead of sites possessing lower hydraulic potential, although latter cases need further financial support to be realized.

Table I: Central values of the governing parameters

	Parameter
	Numerical Value
	Units
	Parameter
	Numerical Value
	Units

	No
	5000
	kW
	i
	8
	(%)

	Ho
	27
	m
	e
	3
	(%)

	Qo
	22
	m3/sec
	gm
	3
	(%)

	z
	2
	-
	m1
	2.5
	(%)

	Pr
	1500
	€/kW
	m2
	1.5
	(%)

	CF
	46.7
	(%)
	c
	0.0606
	€/kWh

	Δ
	95
	(%)
	cN
	1615
	€/MW/mo


Table II: Small hydro power station cost-benefit assessment. Sensitivity analysis results.

	Parameter
	Range of Values
	Impact on IRR
	Relative Change*

	CF
	20%-60%
	Linear Positive
	(+0.5%)/(1%)

	z
	1-3
	Parabolic
	-

	Pr
	1000€/kW-2000€/kW
	Negative (Hyperbolic-Linear)
	(-17%)/(1000€/kW)

	γ
	0%-40%
	Positive
	(+10%)/(40%)

	e
	0%-9%
	Linear Positive
	(1.5%)/(1%)

	gm
	1%-9%
	Negative (Linear-Parabolic)
	(1.5%-2%)/(8%)

	υ
	0%-100%
	Positive
	(5%-2%)/(100%)

	φ
	0%-35%
	Negative
	(4%-5%)/(35%)


* In case of two values, the first is for 10-years and the second for 15-years of operation
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0

500

1000

1500

2000

2500

3000

3500

4000

4500

0

25

50

75

100

125

150

HYDRO-TURBINE HEAD (m)

Reduced Cost (Euro/kW)

50kW

500kW

1000kW

5000kW

10000kW

Local Market Mini

Local Market Micro

Local Market Small



[image: image18.wmf]Water Potential Parameters for Tsimovo SHP Station
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[image: image19.wmf]Water Volume Rate Time-Variation of Tsimovo HPS Station
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[image: image22.wmf]Small Hydro Power Station Viability Analysis (IRR=10.0%)
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�Fig. 2. Water potential long-term variation for Tsimovo SHP station.





�Fig. 3. Specific cost of small hydro power plants.





� Fig. 4. Main water potential parameters of Tsimovo SHP station for a 20-years period.





�Fig. 5. Time-evolution of Tsimovo SHP station water volume rate.





�Fig. 6. Time-evolution of annual electricity yield of Tsimovo (10MW) SHP station.





�Fig. 7. Viability analysis of a SHP station-IRR prediction.





�Fig. 8. NPV variation for a selected SHP station in the course of time.





�Fig. 9. The impact of capacity factor on the IRR distribution of a SHP station.





�Fig. 10. The combined impact of capacity factor and State subsidization percentage on the IRR distribution of a SHP station.








�Fig. 11. Initial cost impact on the IRR distribution of a SHP station.





�Fig. 12. State subsidization impact on the IRR distribution of a SHP station.





�Fig. 13. Electricity price escalation rate impact on the IRR value of a SHP station.





�Fig. 14. Inflation rate influence on the IRR distribution of a SHP station.





�Fig. 15. Typical residual value profiles of a SHP station with time.





�Fig. 16. Operation years and residual value impact on the IRR distribution of a SHP station.





�Fig. 17. Tax Impact on the IRR distribution of a SHP station.





�Fig. 1. Efficiency curves of typical small hydro turbines.
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