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ABSTRACT

Energy is one of the most valuable social goods. A very important of the social economy is the search and
discovering of new energy sources, the most efficient management and saving of existent energy resources,
as well as environment protection. In this paper the contribution of public funding energy projects for
producing electricity from RES sectors, to investment efficiency, will be examined. The Renewable Energy
Sources under investigation in this paper are: Wind Energy, Solar Energy and Hydro Energy. There will be
established for the numerical indeces for measuring and comparing financial efficiency of different energy
investments (eg IRR — Internal rate of return and NPV — Net Present Value)

1. Introduction:

The Energy Economy Division is responsible for
the development of a new organisation for the
electricity markets. Its main focus is on public
services and supply security, and on the creation
of favourable conditions for increasing the
renewable energy contribution as well as the
provision of the necessary instruments.

Over the past years, the countries of the E.U. has
continued its process of liberalising its energy
industries. In Greece, directive 2001/77/EC on the
promotion of electricity produced from renewable
energy sources in the internal eectricity market
(OJ L283/27.10.2001) in its annex sets an
indicative target for Greece to cover a part of its
gross national eectricity consumption by 2010
from renewable energy sources (RES) equal to
20,1 percent, with the contribution of large-scale
hydroelectric plants included.

According to the most recent estimates, the gross
consumption of electric power in 2010, amounts
to 68 TWh.

Subsequently, production of eectric power from
RES in the order of 13,7 TWh (including large-
scale hydro-electric plants) is the goal for 2010.
Electricity consumption in 2005 is estimated to
reach 57,8 TWh, with an installed capacity of
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12.500 MW of PPC-operated plants and 1400
MW of auto-producers, conventional power and
renewabl e energy sources generators.

The transmission lines in the interconnected
system have a length that exceeds 12.000 km
whereas the distribution lines exceed 200.000 km.
The number of customers served in Greece is
some 7 million [1].
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Fig. 1. Evolution of RES installed capacity
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According to the above, the installed RES
capacity required for 2010 in order for the target
to be achieved, are presented in table 1:
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ENERGY TYPE SALES€/KWh
WIND ENERGY 0,073
SOLAR ENERGY 0,45 (<100 Kw)

or 0,4 (>100 kw)
° HYDRO ENERGY 0,073
c2z| 8¢ | 23oe
n 8s 8= g B @ . .
g §_ = o = g é S _ Table 2. Typical Values of R.E.S. in Greece.
Bgg| &5 [E2P8 .
S—-25 | 3o < Price of energy (Euro/MWH!
B | e |50l | nter connected Non-
X co 0 B25 Generation of electricit i
= S P y System inter con-
Wirtpaks 33 70 02 rom: _r;ecteéd
islands
Srall-sefydo B 10 10 Wind energy, hydraulic
Lagesdehydo 335 453 674 energy exploited in smal-
i scale hydroelectric  plants
Bames 108 08l 119 with an installed capacity up
Gadremd 2 0 013 15 MW, Geotherma energy,
biomass, gases released from
Fotodidics 18 0@ QB || sanitary S andiills and 75.82 87.42
Tad 7198 1367 010 biological trestment plants
' and biogases, miscellaneous
RES, High-efficiency
cogeneration of heat and
Tablel. RES installation requirements to meet the electricity
2010 target [1]. ]\c/;/ri rrrlSs energy from sea wind 92.82

2. General description of under investigation
RES

The Renewable Energy Sources under
investigation in this paper are Wind Energy,
Solar Energy and Hydro Energy. In general, for
the cost calculation of the renewable energy
sources, we have two main costs:

a) the capital costs (as the preparation, building,
integration, support investment, insurance, project
management),

b) the running costs such as variable and fixed
costs (operation, maintenance, overheads).

Generally the shape of the cash flow profile is
important, because of the effect that discounting
has in devaluing future costs and income.

It's also necessary to measure the value of the

renewabl e energy being produced and the value of
an aternative source of energy.
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Solar energy utilised in
photovoltaic units with an
installed capacity less than,
or equal to 100 kW, and
which will be ingtalled in a 452.82 502.82
lawfully owned or possessed
property or in adjacent
properties of the same owner
or lawful possessor

Solar energy exploited in
photovoltaic units with an
installed capacity of over 100
kw

Solar energy exploited in
units employing a technology
other than that of
photovoltaics  with an
installed capacity up to 5
MW

Solar energy exploited in
units employing a technology
other than that of
photovoltaics  with an
installed capacity of over 5
MW

402.82 452.82

252.82 272.82

232.82 252.82

Table 2a: Renewable energy feed-in tariffs in the
year 2007 [1]
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In general for al the under investigation
renewable energy sources in this paper, has high
capital costs. On the other hand, the operating
costs are low because there are no fuel costs, and
operational repair and maintenance costs.

Financial results of theinvestment plan

Net present value (NPV) is a standard method for
financial evaluation of long-term projects.

Used for capital budgeting, and widely throughout
economics, it measures the excess or shortfall of
cash flows, in present value (PV) terms, once
financing charges are met. All projects with a
positive NPV are profitable, however this does not
necessarily mean that they should be undertaken
since NPV does not account for opportunity cost.

Assuming a firm aims to maximise profit, projects
should only be undertaken if their NPV is greater
than the opportunity cost. To do this, the firm
would simply recalculate the NPV equation, this
time setting the NPV factor to zero, and solve for
the now unknown discount rate. The rate that is
produced by the solution is the project's internal
rate of return (1.R.R.). The project's I.R.R. could,
depending on the timing and proportions of cash
flow distributions.

Thus, we can see that the usefulness of the IRR
measurement lies in its ability to represent any
investment opportunity's return and to compare it
with other possible investments.

Both of these measurements are primarily used in
capital budgeting, the process by which
companies determine whether a new investment
or expansion opportunity is worthwhile.

Given an investment opportunity, a firm needs to
decide whether undertaking the investment will
generate net economic profits or losses for the
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energy industry. To do this, the firm estimates the
futurecash flows of the project and discounts
them into present value amounts using a discount
rate that represents the project's cost of capital and
its risk. Next, al of the investment's future
positive cash flows are reduced into one present
value number. Subtracting this number from the
initial cash outlay required for the investment
provides the net present value (NPV)of the
investment. The following analysis does not take
into consideration the current financial results,
which are really positive regarding not only the
increase of its sales but also of its profitability.

Because of this there will only be an analysis of
the expected results that will arise from the
materialisation of the suggested investment plan.
It is outlined that this form of analysis regarding
investment efficiency has minimised the risk
because these results will help in the improvement
of the efficiency of the suggested investment plan.

Possible scenarios are the existence of long-term
borrowings with an interest rate of 5% and for a
15 year duration and in the 2™ year after the
materialisation of the investment for the sales of
the new investment plan (2,5% respectively for
the next years until the end of thefirst 5 years and
1% the following years.

The following analysis takes into account the
scenarios below, which show the viability of the
suggested investment plan.

COST OF INVESTMENT FINANCING TH. EURO / MW nominal power

WIND ENERGY 1000

SOLAR ENERGY 6300

HYDRO ENERGY 1200
INVESTEMENT WIND SOLAR HYDRO PERCEN-

ENERGY ENERGY ENERGY TAGE

TOTAL /MW 1.000,000 6.300,000 1.200,000 100%
EQUITY CAPITAL 250,000 1.575,000 300,000 25,00%
SUBSIDY FROM THE STATE 550,000 3.465,000 660,000 55,00%
BORROWING 200,000 1.260,000 240,000 20,00%
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ANNEX OF RESULTS OF THE SUGGESTED INVESTMENT PLAN

(amount in thousands Euros)

A) BASIC ECONOMY OF A WIND ENERGY PLANT (1 MW)

FORECASTED PROFIT & LOSE ACCOLUNT (I THOUSAHTS £}

PERIOD
OF CONETAUCTION 151 YE&A Ind YEAR 2rd YE&4A Hh YEAR iih YE&A
DEBIBN
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Rinue: Ceet ol Goads seld amamn wE
GROSS WORKING COET M RN 24 341
[AIITTIEN SAdinlilstmt pn Expenaca HA L A w2V
L Opsmbicn £ Dispasal Expanecars
OFERATION OUTCORE (&) 1 T LT AR 127 di
Evpart Aubaldles
Cradl e rest RAlag
harIncoms
TOTAL
[AlIIT'EH EdcliRgcs
OHher Exfian s
TOTAL
PROFIT BEFORE INTEREST | TANE DEPAECIATION
RATES athi 110 1z 116 113 £
Minus:
-Lemzing
- keeng-1erm Indei sk Rales 1 1 o o 3
PRUFIT BEEFURE DEFRECIOTION & TAX) 1Ta T 1 1 )
LOapmsiaticn Hokl] | =1 Ll 2 =
PRCFIT BEFORE TAX ] ] a7 61 ]
505 -l 6. 1% TEEN T6.9% % TF 1%
LT FFATT 12.9% 54.B% 162% T6% 3B.A%
FORECAETED CAPITAL FLOWS (IN THOUSANTS €
PERIDO 1
OF CONSTRUCTION 1l YEAR, 2nd YE&AR, rd YEAR 4th YEAR ShYEAR
DESIGH
A. INFLAUIE
1. PipdH befare depreeledlon 100, 30 107 463 107,025 110,201 1144E1
2. Campeny Capiml Canbikwrion 20000
2. LenwHem Invcsbicnd Lidia 200,90
4. Buppllera Credibs dheed msaeks)
G. Blde Asalskunec G0 A0
§. Balea of 1heed
T. Cihel Bauiecs
TATAL & 1.03D 0] o Woald] 107 463 107,025 110,201 114 4E1

E. OUTFLOVS
1. Immstman sanenses 1.0

2. Brlem Cpimtan Espaneas

E. Imuraed Al o CansAnicicn Pariad

4. snnual Immsmams

5. Dobd Instalmants ol Hewe Inva=lmant Laans A.2%E [Pt 11.21E 10,0 M 215
1. Supnlisre cradit sarsicn

T

E

B

. Incame= Taa 1.0 2 365 B2 24,26 25,70
. Shams 24.000 25512 2350 3,13 40451
. CHhar irlees
TATAL B 1.000 007 d,25E aE8,7E7 1,314 \d,1% BE M9
VIOAKIHG CaPITal
WARICS (- ¥, 732 41 BB ¥.125 41 555 41 472

ISSN: 1109-9526 45 Issue 1, Volume 6, January 2009



WSEAS TRANSACTIONS on BUSINESS and ECONOMICS

1804

150

1204

901

601

301

150 154

lo ETOZ 20 ETOZ

158 162

30 ETOZ

SALES FORECAST IN THOUSANDS EURQ

166

TOTALPRODUCTION COST (PRIOR TODEPRECIATION)

(INTHOUSANTS €)

1o ETOZ 20ET0L

30ETOE 4oET0D

YEARS OF OPERATION

50 ETOE

300

270

210

4{. GROSS & NET PROFITS  (IN THOUSANTS €) I—

OGROSS  ENET

lo ETOZ

20 ETOZ

30 ETOZ 4o ETOZ

S0 ETOZ

ISSN: 1109-9526

Evangelos C. Tsiblostefanakis, Koralia A. Mantouka

.PROFIT BDT/ SINKING FUND
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B) BASIC ECONOMY OF A SOLAR ENERGY PLANT (1 MW)

FORECASTED PROFIT & LOSE ACCOLNT (M THRUSANTS €)
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SALES FORECAST IN THOUSANDS EURO
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C) BASIC ECONOMY OF A HYDRO ENERGY PLANT (1 MW)

FORECASTED PROFIT & LSS ACCOLNT (N THRUSAKTS £)
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After the economical basic analysis, we have for
the more various type of renewable energy plant,
thefollowing basic results, for the Internal Rate of
Return (I.LR.R.) and the Ne Present Vaue
(N.P.V.):

TYPE OF IRR NPV (TH.
ENERGY €)
PLANT

WIND ENERGY | 7,7% -112

SOLAR
ENERGY

5,7% -1302

SOLAR
ENERGY (when

sales value was same

-5,8% -4493

withthewind or
hydro energy)

HYDRO
ENERGY

11,9% +108

In the following table we can see the contribution
of public funding energy projects in either saving
energy or producing electricity from RES sectors,
to investment efficiency, will be examined, in
Greece.
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timing and proportions of cash flow distributions,
be equal to 7,7%.

At the end, Hydro' s project has a positive NPV
(= 108 th. E) and the project's IRR could,
depending on the timing and proportions of cash
flow distributions, be equal to 11,9%.

In general, we can see that this energy projects for
which the initial capital costs are very large, and
annual costs are low, will be less attractive
financially than one with a more even cash flow
profile.

Viathese results, from the same nominal power of
different type energy plant of RES, which was
investigated in this study, we can take the
following classification, via the comparison of
I.R.R. and N.P.V. for all the above cases:

a) Hydro energy

b) Wind energy
c) Solar energy
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