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Energy produced from Renewable Sources vs Gross Consumption of Electricity
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Gross electric energy (GWh) produced in Italy from 1997 to 2007 using
Renewable Energy Sources

Biomass/
dero GeoThermo Eolic waste Solar
GWh
46457 | 46902 | 52001 51.390 | 55099 | 49,027 47984 55286  49.921 | 52272 50423 *

60.000—

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Source\}jﬁf

Energy produced from Renewable Sou



Photovoltaics
Is the field of technology and research related to the application
of solar cells for energy (sunlight, ultra violet radiation) by converting solar
energy directly into electricity

Incentive Scheme:

- Basic Incentive (“Conto energia D.M. 19/02/07"): from 0.3460€ to 0.6033€ for each
kWh produced. The range is linked to a several parameters related to the generation
plant (i.e. Power Generation Class, Level of integration with pre-existing urban
facilities + a series of Bonuses). It can be applied for 20 years.

+

Revenue from Energy sold on the
market: 0.10€ for each kWh up to a
2Million kWh produced. Over this
amount the energy produced can be
sold in a open competition regime (no
temporal limit)

Use the self-produced energy
to cover the producer’s own OR
energy needs
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Wind Power (Eolic)

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

electricity, using wind turbines

Incentive Scheme:

Scenariol

“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
sold on the market
(AEEG 280/07
see Photovoltaic)

Scenario2

“Tariffa

Omnicomprensiva”
0.3 € Revenue for
each kWh

Produced
- Applicable for 15 years -
Plant Power Limit:

P 200 kWe




Solar Tinemmeal adlymemc
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
heated fluids transfer the thermal energy to steam engines that finally convert it
into electricity

Incentive Sidimemee:

- Basic Incentive (“Conto energia D.M. 11/04/08"): from 0.22€ to 0.28€ for each

kWh produced. The range is mainly linked to use of ibrid systems to improve the
efficiency of the Thermodynamic plant. It can be applied for 25 years.

+

Revenue from Energy sold on the

Use the self-oroduced ener market: 0.10€ for each kWh up to a
P , gy OR 2Million kWh produced. Over this

to cover the producer’s own

amount the energy produced can be
energy needs : o :

sold in a open competition regime (no

temporal limit)



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

Biomass

electricity, using wind turbines

Incentive Scheme:

Scenariol

“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
sold on the market
(AEEG 280/07
see Photovoltaic)

Scenario2

“Tariffa

Omnicomprensiva”
0.28 € Revenue for
each kWh

Produced
- Applicable for 15 years -
Plant Power Limit:

P 1000 kWe




Hydroelectric
It is based on the production of power through use of the gravitational
force of falling or flowing water

Incentive Scheme:

Scenariol Scenario2

“Green Certificate”
(D.M. 18/12/08)
(Basic Incentive based on Energy “Tariffa

Yearly produced by the Power Plant . AN
- subject to Open Competition - Omnicomprensiva
Applicable for 15 years) 0.22 € Revenue for

each kwh
+ Produced

- Applicable for 15 years -
Revenue from Energy Plant Power Limit:

sold on the market P 1000 kWe
(AEEG 280/07
see Photovoltaic)




Capital Budgtimy of an inrestater@nt

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

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)



Financial Treatbe-Ofif Analysis Toobl

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



Financial Treatke-Offf Analysis Toobl — limy




Financial Treabe-Offf Analysis Toodl — Impuis s Outputs

NPV (Net Present Value)
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 terms

IRR (Internal rate of Return of an investment)
It is the annualized compounded return rate thatca  n be earned
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
iInvestments

PBT (PayBack Time):
Period of time required for the return of investmen t to repay the sum of
the original investment

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

ROE (Return Of Equity)
It measures the rate of return on the ownership int  erest of the common
stock owners



Financial Treabe-Offf Analysis Toodl — Impuis s Outputs

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

WACC (Weighted Average Cost of Capital)
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

capital.

Main Assumptions im the algorithms

Al the caskh flow contiduitns héewe been escalated ttldem imio
account the inddeges rmadextl by the Itdiman Netiomal |httitiee of
Statistics (I FA))

The cumulative Gaabh flow Hexe been de-escalkEEdl at pressent times
by wsimy a fikext walliee of the VWXECC.



Financial Treae-Offf Analysis Tood! — Bemcnmeantks

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

VAN>0, IRR>WACC%, PBT<Power Plan Lifetime
ROI>WACC%, ROE>Italian “BOT” Bonds Interest rate



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

Power Plamt moumied ontopof Gréeaen Houses

Power = 10 WM\, Latina ((ITA)

Energy maatucesdl: 1.5200,79 kWh/KWp

Specific Cosst: 4.580D €/kWp

WACC% =6%; “BOT” Interest Rate=3%, Mortgage Interest Rate=4%
Incentive Sttmmee: CQonito emengyea d.m 19/02/07

Produced estezqyy sultil ontihe maidkdet

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
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Capital Budgeting on a Photovoltaic Power Plant
(Equity: 0%)
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Capital Budgeting on a Wind Power Plant

(Equity: 100%)

Eolic Mkt mmadie of 5 \WWintdl tunbimes (2MWée each) P=10 MWe

Energy madlumesl: 2.1000,04 kWh/kWe
Specific Csst: 1.5 €/kWe

WACC% = 6%; Italina “BOT” Interest Rate=3%; Martgage Interest Rate=4%

Incentive Sxtieemee: “@emn Caiiffceatss” d.m. 18/12/08
Produced esmezqyy st on tihe nraidkddet

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
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Capital Budgeting on a Wind Power Plant
(Equity: 0%)
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Capital Budigettmy ooneaSadda T hieenmoo ) yiaamac
Power Plmt ([Equity:: TI000%))

“Pure” Solar Thieenodgyaantc PRIiant , P totale= 1M MWe
Energy malueesdl: 2.6600 kWh/kwe
Specific Csst: 4.00D €/kWe

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 [kKWh] 26,000,000.00

WACC% = 6%; Italiem “BOT Iheeesst Aets—3%,; Montage |Inenest iReee—4%

Incentive Scheme: “Conto energia termodinamico d.m. 11/04/08”

Produced ey sultdl om tihe naidkddet
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Sensitivity Analysis a Solar Thermo Dynamic (1/4)
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Sensitivity Analysis a Solar Thermo Dynamic (2/4)
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Sensitivity Analysis a Solar Thermo Dynamic (3/4)
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Sensitivity Analysis a Solar Thermo Dynamic (4/4)



Conclusions

Thanks to thiecmceatitree ssbhikremss, ttiee lialiam NWenkestt am Remeameatil ke
Energiesis reeeeingg a ssinsstanocahl bloosst

The main “tasik’ of thihe Incentives is to speeekd wp tine nessenan off
Renewable Energies in oatder to let thiem gmim competitivemness Vys
NRE sources

In order to aditaact imeesttoss innthiee fiedldl a gaper fimsanwal| sanadygsss
IS | ol EgppesesaHil e

The financial tool presented here offers the possibility to run
quick aadl reliable tteshie-offf aanbigss and be samstike to thie several
cost dhnxens (temtimozdl agnad fimancial) imvebkheed imntitiee |mmp

Future dExampments inokidddhiee inmpdemneatdabon of sisiiaitar
models flor repaeablae earergy comimy ffoom Bomess aantd
Hydroelectric seatoee

Modify ttiee modiel im ocodeer to nmakiee it cornmzdiiidde witith attiner
markets (G@many, Jpam, US)




Thank you!

Dott.Ing Alessandro Caffarelli

www.ingalessandrocaffarelli.com
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