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Energy Produced from Renewable Sources [GWh]
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PhotovoltaicsPhotovoltaics

IsIs the the fieldfield ofof technologytechnology and and researchresearch relatedrelated toto the the applicationapplication
ofof solarsolar cellscells forfor energyenergy ((sunlightsunlight, ultra , ultra violetviolet radiationradiation) ) byby convertingconverting solarsolar

energyenergy directlydirectly intointo electricityelectricity

Incentive Incentive SchemeScheme ::
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y - Incentive Incentive SchemeScheme ::
-- BasicBasic Incentive (“Conto energia D.M. 19/02/07”): Incentive (“Conto energia D.M. 19/02/07”): fromfrom 0.34600.3460€€ toto 0.60330.6033€€ forfor eacheach
kWhkWh producedproduced. The . The rangerange isis linkedlinked toto a a severalseveral parametersparameters relatedrelated toto the generationthe generation
plantplant (i.e. (i.e. PowerPower Generation Generation ClassClass, , LevelLevel ofof integrationintegration withwith prepre--existingexisting urbanurban
facilitiesfacilities + a + a seriesseries ofof BonusesBonuses). ). ItIt can can bebe appliedapplied forfor 20 20 yearsyears..

++
RevenueRevenue fromfrom Energy sold on the Energy sold on the 
market: 0.10market: 0.10€€ forfor eacheach kWhkWh up up toto a a 
2Million kWh 2Million kWh producedproduced. . OverOver thisthis
amountamount the the energyenergy producedproduced can can bebe
sold in a open sold in a open competitioncompetition regime (no regime (no 
temporaltemporal limitlimit))

Use the selfUse the self--produced energy produced energy 
to cover the producer’s own to cover the producer’s own 
energy needsenergy needs

OROR
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Wind Power (Eolic)Wind Power (Eolic)

It is the Conversion of wind energy into useful form of energy, such as It is the Conversion of wind energy into useful form of energy, such as 
electricity, using wind turbineselectricity, using wind turbines

Incentive Scheme:Incentive Scheme:
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“Green Certificate”
(D.M. 18/12/08)

(Basic Incentive based on Energy 
Yearly produced by the Power Plant

- subject to Open Competition -
Applicable for 15 years)

Revenue from Energy Revenue from Energy 
sold on the marketsold on the market

(AEEG 280/07 (AEEG 280/07 
see Photovoltaic)see Photovoltaic)

+

“Tariffa
Omnicomprensiva”

0.3 € Revenue for 
each kWh
Produced

- Applicable for 15 years -
Plant Power Limit: 

P� 200 kWe

Scenario1Scenario1 Scenario2Scenario2



S
ol

ar
 T

he
rm

al
 D

yn
am

ic
Solar Solar ThermalThermal dynamicdynamic

It is a technology based on the use of mirrors able  to concentrate the solar radiation It is a technology based on the use of mirrors able  to concentrate the solar radiation 
on so called thermal fluids. Once high temperatures  have been achieved, the on so called thermal fluids. Once high temperatures  have been achieved, the 

heated fluids transfer the thermal energy to steam engines that finally convert it heated fluids transfer the thermal energy to steam engines that finally convert it 
into electricityinto electricity
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Incentive Incentive SchemeScheme::
-- BasicBasic Incentive (“Conto energia D.M. 11/04/08”): Incentive (“Conto energia D.M. 11/04/08”): fromfrom 0.220.22€€ toto 0.280.28€€ forfor eacheach
kWhkWh producedproduced. The . The rangerange isis mainlymainly linkedlinked toto useuse ofof ibridibrid systemssystems toto improveimprove the the 

efficiencyefficiency ofof the the ThermodynamicThermodynamic plantplant. . ItIt can can bebe appliedapplied forfor 25 25 yearsyears..

++
RevenueRevenue fromfrom Energy sold on the Energy sold on the 
market: 0.10market: 0.10€€ forfor eacheach kWhkWh up up toto a a 
2Million kWh 2Million kWh producedproduced. . OverOver thisthis
amountamount the the energyenergy producedproduced can can bebe
sold in a open sold in a open competitioncompetition regime (no regime (no 
temporaltemporal limitlimit))

Use the selfUse the self--produced energy produced energy 
to cover the producer’s own to cover the producer’s own 
energy needsenergy needs

OROR
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BiomassBiomass
It is the Conversion of wind energy into useful form of energy, such as It is the Conversion of wind energy into useful form of energy, such as 

electricity, using wind turbineselectricity, using wind turbines

Incentive Scheme:Incentive Scheme:
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“Green Certificate”
(D.M. 18/12/08)

(Basic Incentive based on Energy 
Yearly produced by the Power Plant

- subject to Open Competition -
Applicable for 15 years)

Revenue from Energy Revenue from Energy 
sold on the marketsold on the market

(AEEG 280/07 (AEEG 280/07 
see Photovoltaic)see Photovoltaic)

+

“Tariffa
Omnicomprensiva”

0.28 € Revenue for 
each kWh
Produced

- Applicable for 15 years -
Plant Power Limit: 

P� 1000 kWe

Scenario1Scenario1 Scenario2Scenario2
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HydroelectricHydroelectric
It is based on It is based on the production of power through use of the gravitational the production of power through use of the gravitational 

force of falling or flowing waterforce of falling or flowing water

Incentive Scheme:Incentive Scheme:
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“Green Certificate”
(D.M. 18/12/08)

(Basic Incentive based on Energy 
Yearly produced by the Power Plant

- subject to Open Competition -
Applicable for 15 years)

Revenue from Energy Revenue from Energy 
sold on the marketsold on the market

(AEEG 280/07 (AEEG 280/07 
see Photovoltaic)see Photovoltaic)

+

“Tariffa
Omnicomprensiva”

0.22 € Revenue for 
each kWh
Produced

- Applicable for 15 years -
Plant Power Limit: 

P� 1000 kWe

Scenario1Scenario1 Scenario2Scenario2
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Capital Capital BudgetingBudgeting ofof anan investmentinvestment

� In this complicated scenario a capital budgeting of an
investment has to take into account a large number of
variables
� The use of a parametric model, properly calibrated, 
can represent a valid support for anyone who wants to
enter into the business of the Renewable Energies
� An effective tool needs to:

� Provide quick Responses

C
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g � Provide quick Responses

� Be able to run financial trade-off analysis
� Require a minimum number of inputs
� Be flexible enough in order to easily adapted to

any change in the regulation
� Generate financial outputs depending on the 

engineering aspects (development and 
implementation), the incentives schemes and the 
fiscal scenario (taxes)
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Financial Financial TradeTrade--OffOff Analysis Analysis ToolTool

� The development of the tool, based on Excel, starte d in 2007
� Involvement of several specialists (field experts, financial analysts)
� The basic version is a freeware software and was su bjected to several 
improvements (most of them based on comments and fe edback coming 
from forums’ users)
� The model is fully operation for Photovoltaic (“SIMU LARE”), Wind 
Power (“SIMULWIND”) and Solar Thermodynamic Systems 
(“TERMODINAMICO”)
� Parametric models for Biomass e Hydroelectric are u nder development
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Financial Financial TradeTrade--OffOff Analysis Analysis ToolTool –– InputsInputs and and OutputsOutputs

Inputs

Technical 
Parameters
(Total Power, 

fixed/tracker system, 
Latitude, Azimut, Tilt)

Investment 
Specific 

Cost
(€/kW)

Secondary 
Parameters
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Outputs

NPV IRR PBT ROI ROE LEC

Financial IndexesFinancial Indexes Redditivity IndexesRedditivity Indexes
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Financial Financial TradeTrade--OffOff Analysis Analysis ToolTool –– InputsInputs and and OutputsOutputs

� NPV (Net Present Value)NPV (Net Present Value)
It is defined as the total present value of a time series of cash flows. It It is defined as the total present value of a time series of cash flows. It 
basically measures the excess or shortfall of cash flows in present termsbasically measures the excess or shortfall of cash flows in present terms

�� IRR (Internal rate of Return of an investment)IRR (Internal rate of Return of an investment)
It is the annualized compounded return rate that ca n be earned It is the annualized compounded return rate that ca n be earned 
on the invested capital. In other words this is the  interest rate at on the invested capital. In other words this is the  interest rate at 
which the costs of the investments lead to the bene fits of the which the costs of the investments lead to the bene fits of the 
investments  investments  
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�� PBT (PayBack Time):PBT (PayBack Time):
Period of time required for the return of investmen t to repay the sum of Period of time required for the return of investmen t to repay the sum of 
the original investmentthe original investment

�� ROI (Return Of Investment)ROI (Return Of Investment)
It is the ratio of money gained or lost on an inves tment relative to the It is the ratio of money gained or lost on an inves tment relative to the 
amount of money investedamount of money invested

�� ROE (Return Of Equity)ROE (Return Of Equity)
It measures the rate of return on the ownership int erest of the common It measures the rate of return on the ownership int erest of the common 
stock ownersstock owners
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Financial Financial TradeTrade--OffOff Analysis Analysis ToolTool –– InputsInputs and and OutputsOutputs

� LEC (Levelised Energy Cost)LEC (Levelised Energy Cost)
It is the cost of generating energy for a particula r system. It includes It is the cost of generating energy for a particula r system. It includes 
initial investment, operations and maintenance and cost of capitalinitial investment, operations and maintenance and cost of capital

� WACC (Weighted Average Cost of Capital)WACC (Weighted Average Cost of Capital)
It is the minimum return that a company is expected  to earn on existing It is the minimum return that a company is expected  to earn on existing 
asset base to satisfy its creditors, owners and in general all providers of asset base to satisfy its creditors, owners and in general all providers of 
capital.capital.

MainMain AssumptionsAssumptions inin thethe algorithmsalgorithms
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MainMain AssumptionsAssumptions inin thethe algorithmsalgorithms

�� AllAll thethe cashcash flowflow contributorscontributors havehave beenbeen escalatedescalated takentaken intointo
accountaccount thethe indexesindexes providedprovided byby thethe ItalianItalian NationalNational InstituteInstitute ofof
StatisticsStatistics (ISTAT)(ISTAT)
�� TheThe cumulativecumulative CashCash flowflow havehave beenbeen dede--escalatedescalated atat presentpresent timetime
byby usingusing aa fixedfixed valuevalue ofof thethe WACCWACC..
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Financial Financial TradeTrade--OffOff Analysis Analysis ToolTool –– BenchmarksBenchmarks

In order to evaluate the efficiency of an investmen t the following In order to evaluate the efficiency of an investmen t the following 
2 set of conditions have to be fullfilled:2 set of conditions have to be fullfilled:

�� VAN>0, IRR>WACC%, PBT<Power Plan LifetimeVAN>0, IRR>WACC%, PBT<Power Plan Lifetime
�� ROI>WACC%, ROE>Italian “BOT” Bonds Interest rateROI>WACC%, ROE>Italian “BOT” Bonds Interest rate
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PowerPower PlantPlant mountedmounted onon toptop ofof GreenGreen HousesHouses
PowerPower == 1010 MW,MW, LatinaLatina (ITA)(ITA)
EnergyEnergy producedproduced:: 11..520520,,7979 kWh/kWpkWh/kWp
SpecificSpecific CostCost:: 44..500500 €€/kWp/kWp
WACCWACC%% ==66%%;; “BOT”“BOT” InterestInterest Rate=Rate=33%%,, MortgageMortgage InterestInterest Rate=Rate=44%%

Capital Budgeting on a Photovoltaic Power PlantCapital Budgeting on a Photovoltaic Power Plant
(Equity: 100%) (Equity: 100%) 
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WACCWACC%% ==66%%;; “BOT”“BOT” InterestInterest Rate=Rate=33%%,, MortgageMortgage InterestInterest Rate=Rate=44%%
IncentiveIncentive SchemeScheme:: ContoConto energiaenergia dd..mm 1919//0202//0707
ProducedProduced energyenergy soldsold onon thethe marketmarket

Costo kWh prodotto
LEC [€/kWh] 0.2503 

Investiment € 45,000,000.00
Yearly 

MaintenanceCost  € 523,657.61
r 5.0%
t 25.00

E [kWh] 14,848,479.31



Capital Budgeting on a Photovoltaic Power PlantCapital Budgeting on a Photovoltaic Power Plant
(Equity: 0%) (Equity: 0%) 
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EolicEolic PlantPlant mademade ofof 55 WindWind turbinesturbines ((22MWeMWe each)each) ��� �� �� � P=P=1010 MWeMWe
EnergyEnergy producedproduced:: 22..100100,,0404 kWh/kWekWh/kWe
SpecificSpecific CostCost:: 11..500500 €€/kWe/kWe
WACCWACC%% == 66%%;; ItalinaItalina “BOT”“BOT” InterestInterest Rate=Rate=33%%;; MartgageMartgage InterestInterest Rate=Rate=44%%

Capital Budgeting on a Wind Power PlantCapital Budgeting on a Wind Power Plant
(Equity: 100%) (Equity: 100%) 

E
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WACCWACC%% == 66%%;; ItalinaItalina “BOT”“BOT” InterestInterest Rate=Rate=33%%;; MartgageMartgage InterestInterest Rate=Rate=44%%
IncentiveIncentive SchemeScheme:: “Green“Green Certificates”Certificates” dd..mm.. 1818//1212//0808
ProducedProduced energyenergy soldsold onon thethe marketmarket

Costo kWh prodotto
LEC [€/kWh] 0.0649 

Investiment € 15,000,000.00
Yearly 

Maintenance 
Cost € 298,585.92

r 5.0%
t 25.00

E [kWh] 21,000,382.81



Capital Budgeting on a Wind Power PlantCapital Budgeting on a Wind Power Plant
(Equity: 0%) (Equity: 0%) 
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“Pure” Solar “Pure” Solar ThermodynamicThermodynamic PlantPlant , P,, P,totale=totale= 10 10 MWeMWe
EnergyEnergy producedproduced:: 22..600600 kWh/kWh/kWekWe
SpecificSpecific CostCost:: 44..000000 €€//kWekWe
WACCWACC%% == 66%%;; ItalianItalian “BOT”“BOT” InterestInterest Rate=Rate=33%%;; MortageMortage InterestInterest Rate=Rate=44%%
IncentiveIncentive SchemeScheme :: “Conto“Conto energiaenergia termodinamicotermodinamico dd..mm.. 1111//0404//0808””

Costo kWh prodotto

CkWh [€/kWh] 0.1677 

Investiment € 40,000,000.00
Yearly 

Maintenance 
Costs € 1,758,587.08

r 5.0%
t 30.00

E [kWh] 26,000,000.00

Capital Capital BudgetingBudgeting on a Solar Thermo Dynamic on a Solar Thermo Dynamic 
PowerPower PlantPlant ((EquityEquity: 100%) : 100%) 
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IncentiveIncentive SchemeScheme :: “Conto“Conto energiaenergia termodinamicotermodinamico dd..mm.. 1111//0404//0808””
ProducedProduced energyenergy soldsold onon thethe marketmarket



Capital Capital BudgetingBudgeting on a Solar Thermo Dynamic on a Solar Thermo Dynamic 
PowerPower PlantPlant ((EquityEquity: 0%) : 0%) 
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Sensitivity Analysis a Solar Thermo Dynamic (1/4)Sensitivity Analysis a Solar Thermo Dynamic (1/4)
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Sensitivity Analysis a Solar Thermo Dynamic (2/4)Sensitivity Analysis a Solar Thermo Dynamic (2/4)
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Sensitivity Analysis a Solar Thermo Dynamic (3/4)Sensitivity Analysis a Solar Thermo Dynamic (3/4)
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Sensitivity Analysis a Solar Thermo Dynamic (4/Sensitivity Analysis a Solar Thermo Dynamic (4/44))
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ConclusionsConclusions

�� ThanksThanks toto the incentive the incentive schemesschemes, the , the ItalianItalian Market on Renewable Market on Renewable 
Energies Energies isis receivingreceiving a a substancialsubstancial boostboost
�� The The mainmain “task” “task” ofof the the incentivesincentives isis toto speedspeed up the up the researchresearch ofof
Renewable Energies in Renewable Energies in orderorder toto letlet themthem gaingain competitivenesscompetitiveness vs vs 
NRE NRE sourcessources
�� In In orderorder toto attractattract investorsinvestors in the in the fieldfield a a properproper financialfinancial analysisanalysis
isis indispensableindispensable
�� The The financialfinancial tooltool presentedpresented herehere offersoffers the the possibilitypossibility toto runrun
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�� The The financialfinancial tooltool presentedpresented herehere offersoffers the the possibilitypossibility toto runrun
quickquick and and reliablereliable tradetrade--offoff analysisanalysis and and bebe sensitivesensitive toto the the severalseveral
costcost driversdrivers ((technicaltechnical and and financialfinancial) ) involvedinvolved in the in the looploop
�� Future Future developmentsdevelopments include the include the implementationimplementation ofof similarsimilar
modelsmodels forfor renewable renewable energyenergy comingcoming fromfrom BiomassBiomass and and 
HydroelectricHydroelectric sourcesource
�� ModifyModify the the modelmodel in in orderorder toto makemake itit compatiblecompatible withwith otherother
marketsmarkets ((GermanyGermany, , SpainSpain, US), US)
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Thank you!
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Dott.Ing Alessandro CaffarelliDott.Ing Alessandro Caffarelli
www.ingalessandrocaffarelli.comwww.ingalessandrocaffarelli.com
info@ingalessandrocaffarelli.itinfo@ingalessandrocaffarelli.it


