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ANALIZA DE SENZITIVITATE PENTRU
EVALUAREA UNEI INVESTITII INTR-O
INSTALATIE SOLARA DE PREPARARE A APEI
CALDE MENAJERE

SENSITIVITY ANALYSIS FOR EVALUATION OF
AN INVESTMENT IN A SOLAR INSTALLATION
OF PREPARATION OF DOMESTIC HOT WATER

Sef lucr. ec.,ing. dr. Carmen Elena STOENOIU
Universitatea Tehnica din Cluj-Napoca

Abstract: In this study we performed a sensitivity analysis for an investment in a solar system for
domestic hot water. Knowledge of behavior and the level of variation of each variable were the main
target. For this we calculated the main indicators of the sensitivity analysis: VAN, RIR, IP, PR and
subsequently we conducted a risk analysis by studying the variation of each variable changes to an
increase or decrease at a parameter. In the end of calculation we obtained that the most sensitive changes
that affect the return on investment are the operational revenues. A less significant influence was given
on discount factor and in the study was used for calculations a discount rate of 6%. Although it getting
solar energy it is influenced by climatic conditions of zone we consider that in the current context an
investment in a solar system for domestic hot water production can be implemented successfully as an
alternative both to reduce final energy costs and also to reduce pollution.

Keywords: investitie, randament, risc decizional.

1 INTRODUCERE 1 INTRODUCTION

Conform studiului efectuat de Ernst & Young According to the study conducted by Ernst
Roménia este plasata printre primele 13 tari la nivel & Young Romania is placed among the top 13
mondial privind atractivitatea pietei locale pentru countries worldwide on the attractiveness of the
dezvoltarea de proiecte energetice (Ernst & Young, local market for the development of energy
2013). In acest context valorificarea potentialului projects (Ernst & Young 2013). In this context
surselor de energie regenerabile in Roméania unlocking the potential of renewable energy
prezinta o temd de interes stiintific deoarece poate sources in Romania presents a topic of scientific
duce in viitor la noi perspective de dezvoltare pe interest because it may lead to new insights into
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plan economic prin aportul direct la produsul intern
brut.

Necesitatea de valorificare a surselor de
energie regenerabile este datd si de contextul actual
de epuizare a surselor conventionale de energie, iar
cautarea de noi surse de energie si modalitati de
exploatare eficientd este o preocupare a multor
cercetatori (PNAER; Hatch).

Se considerd céd analiza de senzitivitate este o
tehnicd  cantitativd care permite masurarea
impactului pe care-l produce modificarea unor
variabile de intrare, in timp, asupra rentabilitatii
proiectului, aceasta permitand justificarea alegerii

unui proiect 1intr-o analizd cost beneficiu
(Anastasiei; Hongbo Ren et all).
Cercetatorii din diverse domenii au adus

contributii cu privire la modul in care poate fi
considerata eficientd din punct de vedere economic
o investitie intr-o instalatie solard. In urma studiilor
economice realizate avand la baza analize
comparative intre mai multe zone geografice s-a
stabilit ca existd variatii ale parametrilor de intrare
care afecteaza economia de energie pe care ar putea
sd o genereze o investitie intr-o instalatie solara
(Axaopoulos et all; Burns et all;).

Se considera ca analiza de senzitivitate ar fi o
solutie pentru aprecierea unei investitii §i aceasta
poate fi privitd atat din punct de vedere cantitativ
cat si calitativ (Saltelli, 2000; E.C., 2002, E.C.,,
2008). Totusi, cea mai mare dificultate in evaluarea
proiectelor de investitii o reprezintd alegerea
metodei de studiu care si ducd la cel mai bun
rezultat, respectiv cunoasterea riscurilor si a
beneficiilor finale. Principalele forme de abordare a
analizei de senzitivitate sunt:

e analiza factoriala, cand dorim sa
cunoastem cum variaza beneficiile nete ale
unui proiect la modificarea unei ipoteze de
lucru, 1n conditiille 1n care restul
variabilelor ramén constante (Griensven et
al);

e analiza de abordari extreme ce presupune
identificarea situatiilor care aduc beneficiul
pozitiv din mai multe variante existente
(Campolongo et all);

e analiza statisticA ce presupune repartitia
beneficiilor nete prin tratarea valorii
parametrilor ca extrageri din diferite forme

future economic development through direct
contribution to gross domestic product.

The need to exploit renewable energy
sources is given and the current context of
depletion of conventional sources of energy, and
the search for new energy sources and ways of
efficient operation is a concern of many
researchers (PNAER; Hatch).

It is believed that sensitivity analysis is a
quantitative technique that allows measurement
of the impact that it produces modification of
input variables on the profitability of the project,
thus enabling the justification for choosing a
project in a cost-benefit analysis (Anastasiei,
Hongbo Ren et all).

Researchers from various fields had made
contributions on how it can be considered
efficient in economic terms an investment in a
solar installation. Following economic studies
realized based on comparative analysis between
multiple geographies there has been established
that there are variations of the input parameters
affecting the energy savings that could it
generate an investment in a solar installation
(Axaopoulos et all; Burns et all;).

It is considered that the sensitivity analysis
can to be a solution for assessing an investment
and that it can be seen both in terms of quantity
and quality (Saltelli, 2000; E.C., 2002; E.C.,
2008). However the greatest difficulty in
evaluating investment projects a represents the
choice of method of study that to lead to the best
result, knowledge of risks and benefits final.
The main forms of approach to the sensitivity
analysis identified are:

e factorial analysis when we want to
know how the net benefits of a project
vary from changing a working
hypothesis, given that the other
variables remain constant (Griensven et
al);

e extreme approaches analysis which
involves identifying the situations that
bring the benefit positively from many
existing variants (Campolongo et all);

e  statistical analysis which presupposes
the distribution of net benefits by
treating the parameter value as
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de distributie (Frey et all; Saltelli, 2004;
Parmigiani).

Prin analiza de senzitivitate se urmaéreste
identificarea variabilelor critice care pot influenta
decizia de investire, iar studiile in domeniu au
demonstrat cd cel mai critic parametru pentru o
instalatie ~ solara  este:  costul initial al
echipamentului, urmat de stimulentele
guvernamentale, pretul energiei si, in final, valoarea
reziduala (Baez-Fernandez et all; Banica; Tavakoli
et all). Alaturi de aceste variabile mai sunt si alte
variabile mai putin semnificative precum costurile
O&M, perioada de analizd si pretul de vanzare al
energiei electrice.

2 MATERIAL SI METODA

Proiectul de investitie ales pentru studiu este o
instalatie solara de preparare a apei calde menajere,
pentru o locuintd unifamiliald formati din 4
persoane, pentru care s-a stabilit o duratd de
recuperare a investitiei de pana la 5 ani.

S-a considerat cd acest proiect, pe perioada
exploatarii, genereaza energia necesard pentru
prepararea apei calde menajere si aceasta s-a
convertit in euro, tindnd cont de pretul actual a unui
kWh utilizat de operatorul national din Romania.
Valoarea obtinutd a fost consideratd venit din
exploatare generat de instalatia solard pentru
prepararea apei calde menajere care s-a considerat a
fi egal cu incasarile operationale deoarece proiectul
nu mai genereazd si alte beneficii in termeni
monetari.

Deoarece, o importantd deosebitd in
exploatarea instalatiei pentru prepararea apei calde
menajere o reprezinta atdt cheltuielile initiale cat si
cheluielile de exploatare s-a considerat cd acestea
includ cheltuielile legate de mentenanti. Acestea
s-au stabilit a fi egale cu plitile operationale
deoarece s-a considerat ca in procesul de exploatare
nu vor mai fi angajate si alte cheltuieli.

Pentru a stabili valoarea fluxului de numerar
operational s-a folosit urmatoarea formula de calcul:

FNON:Io‘Po (1)

Unde:

FNON - flux de numerar operational net
I, — incasari operationale

P, —plati operationale.
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withdrawals from various forms of
distribution (Frey et all; Saltelli, 2004;
Parmigiani).

By sensitivity analysis aims to identify
critical variables that may influence the
investment decision, and studies in the field have
shown that the most critical parameter for a solar
installation is the initial cost of the equipment,
followed by government incentives, energy price
and finally residual value (Bédez-Fernandez et all;
Banica; Tavakoli et all). Alongside these variables
there are other variables less significant such as:
O&M costs, the period of analysis, and the selling
price of electricity.

2  MATERIALS AND METHODS

Investment project chosen for the survey is a
solar installation for domestic hot water for a
single-family dwelling consisting of 4 persons, for
which established a payback period of up to five
years.

It is considered that this project during
exploitation generate the energy required for
preparation the domestic hot water and it was
converted into euro taking into account the
current price of a kWh set by the national operator
in Romania. The value obtained was considered
operating income generated by the solar
installation for preparation the domestic hot water
which was considered to be equal to operational
revenues because the project no longer generates
other benefits in monetary terms.

Because a special importance in the
exploitation of solar system for preparation
domestic hot water represents initial costs and
also exploitation costs it is considered that they
include expenses related to maintenance. They
were set to be equal to operational payments since
it has been considered that into the exploitation
process will not be employed and other expenses.

To determine the amount of operating cash
flow was used the following formula:

FNON =1, - P, (1)

Where:

FNON — Net operating cash flow;
I, — operational revenues;

P, — operational payments.
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S-a considerat ca fluxul de numerar operational
net ajustat (FNONA) are aceeasi valoare cu FNON
deoarece valoarea reziduala pentru aceasta investitie
s-a ales a fi zero. De asemenea, s-a ales in studiu ca
rata de actualizare sa aiba valoarea de 6%.

Factorul de actualizare s-a obtinut folosind
urmatoarea formula de calcul:

x| 2
e _;(lm)" @

Unde

f. — factor de actualizare
r, — rata de actualizare

1 —numir de ani, i=1+6

Fluxul de numerar operational net ajustat
(FNONA) este egal cu fluxul de numerar
operational net (FNON) deaorece pentru aceastd
investitie s-a considerat valoarea reziduala zero.

Pentru calcularea fluxului de numerar net
ajustat (FNNA) se insumeaza fluxurile de numerar
rezultate din fiecare an de exploatare iar apoi se
scade valoarea investitiei, conform formulei de
calcul (3):

FNNA=Y FNONA-I (3)

Unde:
FNONA — flux de numerar operational net ajustat;
I — valoarea investitiei,

Pentru calcularea fluxului de numerar net
ajustat actualizat (FNNAA) s-a folosit urmétoarea
formula de calcul:

FNNAA = FNNAxf, 4)

Pentru calculul valorii actualizate nete (VAN)
s-a folosit urmatoarea formula de calcul:

VAN = FNNAA Q)

Rata interna de rentabilitate (RIR) este egalad cu
rata de actualizare atunci cand VAN = 0.

Pentru calculul indicelui de profitabilitate (IP)
s-a folosit urmatoarea formula de calcul:

FNNA
= (6)
14

P

It is considered that net operating cash flow
adjusted (FNONA) has the same value as FNON
because residual value for this investment was
chosen to be zero. Also in the study was chosen as
the discount rate has a value of 6%.

Discount factor obtained using the following
formula:

v 1 @)

Where:

f, — discount factor;

1. — discount rate;

i — number of years, i=1+6

Cash flow net operating adjusted (FNONA)
is equal to cash flow operating net (FNON)
because for this investment was considered zero
residual value.

To calculate the cash flow net adjusted
(FNNA) we will add the cash flows from each
year of operation and then we decrease the value
of the investment, according to the following
formula (3):

FNNA=Y FNONA-1 (3)

Where:
FNONA — cash flow net operating adjusted;
I — investment value.

To calculate the cash flow adjusted net
updated (FNNAA) was used the following
formula:

FNNAA = FNNAXxf, “)

To calculate the net present value (VAN)
was used the following formula:

VAN =" FNNAA ()

Internal rate of return (IRR) is equal to the
discount rate when VAN = 0.

To calculate the profitability index (IP) was
used the following formula:

FNNA
= (6)
14

IP
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Unde:
FNNA — flux de numerar net actualizat;
IA — valoarea investitiei actualizata.

Pentru calculul raportului dintre 1incasérile
actualizate si platile actualizate (RIP) s-a folosit
urmatoarea formula de calcul:

RIp = Lo (7
P

oa

Unde:
loa — Incasari operationale actualizate;
Poa — plati operationale actualizate.

Pentru calculul perioadei de recuperare a investitiei
(PR) s-a folosit urmatoarea formula de calcul:

Ro— L ®)
Y FNONA

n

Unde:
n — reprezintd numarul de ani de exploatare a
investitiei (5 ani).

Deoarece analiza de senzitivitate studiaza
analiza riscurilor, permitdnd studierea fiecarei
variabile in functie de anumite variatii posibile, s-au
ales spre studiu urmatorii parametrii: rata de
actualizare, 1Incasarile operationale si platile
operationale.

Procentele de variatie alese spre studiu pentru
fiecare variabild mentionata au fost: 1%; 5% si
10%, acestea permitand studiul si analiza fiecarui
parametru atat in ceea ce priveste cresterea cat si
diminuarea.

3 REZULTATE SI DISCUTII

In urma calculelor efectuate s-a obtinut tabloul
simplificat al fluxurilor de numerar operationale
prezentat in tabelul 1.

S-au considerat incasdri operationale doar
veniturile care s-ar obtine prin exploatarea
instalatiei pentru prepararea apei calde menajere de
un consumator casnic (o familie formata din 4
persoane). Nefiind un proiect industrial nu s-au luat
in considerare eventuale cresteri sau scaderi de
creante.

- 69 -

Where:
FNNA - cash flow net adjusted;
IA — updated investment value

To calculate the ratio between updated
operational revenues and updated operational
payments (RIP) was used the following formula:

I
RIP =" (7
Poa
Where:

loa — updated operational revenues;
Po. —updated operational payments.

To calculate the payback period (PR) was used
the following formula:

S ®)
Y FNONA

n

Where:
n — it represents the number of years of operation
of the investment (5 years).

Because sensitivity analysis is a risk analysis
that allows studying each variable depending on
some possible variations were chosen to this study
the following parameters: discount rate, operating
revenues and operating payments.

The percentages of variation for each
variable chosen to study mentioned were: 1%; 5%
and 10%, thus enabling the study and analysis of
each parameter in terms of increasing and
diminishing.

3 RESULTS AND DISCUSSIONS

After we finish our calculation we have
obtained a simplified picture of operating cash
flows which shown in Table 1.

It was considered operational revenue only
operating income that would be obtained by the
solar system for preparation domestic hot water
for a domestic consumer (a family of 4 people ).
Since it is not an industrial project but a project
for a domestic consumer we did not consider any
increases or decreases of receivables.
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in cadrul platilor operationale s-au inclus doar
cheltuielile de mentenantd (verificare anuald) pe
care consumatorul casnic le-ar putea angaja. Nu
s-au inclus in cadrul plitilor operationale: cheltuieli
cu amortizarea, cresteri sau scaderi de stocuri,
cresteri sau scaderi de datorii curente, respective
impozit pe proft.

Tabelul 1. Tabloul simplificat al fluxurilor de numerar

operationale
Categorie / an 2 3 4 5 6
Venituri din 1,628 1,628 | 1,628 1,628 | 1,628
exploatare
Incasari 1,628 1,628 1,628 1,628 | 1,628
operationale (I,)
Cheltuieli din 100 100 100 100 100
exploatare
Plati operationale 100 100 100 100 100
(Po)
Flux de numerar 1,528 1,528 1,528 1,528 | 1,528
operational net
(FNON)

Din analiza tabelului 1 se observa ca incasérile
operationale sunt constante pe toatid perioada de
exploatare (recuperare) a investitiei, la fel si platile
operationale.

In tabelul 2 s-a realizat un calcul al valorii
actualizate nete (VAN) pe perioada celor 6 ani, anul
1 fiind considerat anul in care se realizeaza
investitia iar exploatarea propriu-zisa realizdndu-se
doar din anul al doilea. Calculele efectuate au avut
in vedere modificarea in timp a banilor, pentru care
s-a folosit o ratd de actualizare de 6%.

Tabelul 2. Calculul Valorii Actualizate Nete

1 2 3 4 5 6
I 5,582.64
Io 0 1,628.09 | 1,628.0 | 1,628.0 | 1,628.0 | 1,628.0
9 9 9 9
Po 0 100 100 100 100 100
FNON 0 1,528.09 | 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0
9 9 9 9
VR 0
FNONA 0 1,528.09 | 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0
9 9 9 9
FNNA - 1,528.09 | 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0
5,582.64 9 9 9 9
Ia 6% 6% 6% 6% 6% 6%
fa 0.943 0.890 0.840 | 0.792 | 0.747 0.705
FNNAA | -5,267 1,360 1,283 | 1,210 1,142 1,077
VAN 806

In the operational payments were included
only maintenance costs (annual check) for an
domestic consumer. There were not included in
operating expenses: expenses with depreciation,
increases or decreases stock, increases or
decreases of current liabilities or income tax.

Table. 1. Simplified picture of operating cash flows

Category / Year |2 3 4 5 6
Operating 1,628 1,628 | 1,628 1,628
income
Operational
revenue (I,)
Operating 100 100 100 100 100
expenses
Operational 100 100 100 100 100
payments (P,)
Net operating
cash flow
(FNON)

1,628

1,628 1,628 | 1,628 1,628 | 1,628

1,528 1,528 | 1,528 1,528 | 1,528

By analyzing Table 1 is observed as
operating revenues are constant throughout the
operational period of the investment, as well as
operational payments.

In Table 2 was performed a calculation of the
net present value (NPV) during the 6 years, the
first year being the year in which the investment
occurs, the exploitation being made only in the
second year. In calculations it was considered the
fact that the value of money changes over time
and was used a discount rate of 6%.

Table 2. Net present value calculation

1 2 3 4 5 6
I 5,582.64
Io 0 1,628.0 | 1,628.0 | 1,628.0 | 1,628.0 | 1,628.0
9 9 9 9 9
Po 0 100 100 100 100 100
FNON 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0
9 9 9 9 9
VR 0
FNON 0 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0
A 9 9 9 9 9
FNNA - 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0 | 1,528.0
5,582.64 9 9 9 9 9
Iy 6% 6% 6% 6% 6% 6%
fa 0.943 0.890 | 0.840 | 0.792 | 0.747 | 0.705
FNNA | -5,267 1,360 | 1,283 | 1,210 | 1,142 1,077
A
VAN 806
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Din analiza tabelului 2 se observa ca pe masura
ce trec anii valoarea banilor se depreciaza in
conditiile in care rata de actualizare s-a mentinut
constanta, aceasta influentd fiind provocati de
factorul de actualizare. Indicatorul valoare
actualizatd netd este utilizat in teoria economica
atunci cand dorim sa evaluam proiecte de investitii.
Valoarea reziduald (VR) s-a considerat a fi zero.

In tabelul 3 alaturi de indicatorul VAN s-au
calculat si alti indicatori folositi in evaluarea
proiectelor de investitii: RIR, IP, RIP, PR.

Rata interna de rentabilitate (RIR) a investitiei
s-a calculat deoarece se utilizeaza pentru evaluarea
eficientei economice a investitiei la proiecte de
amploare micé, cu durata de executie sub un an.

Indicele de profitabilitate (IP) s-a obtinut prin
intermediul raportului dintre doi indicatori: suma
fluxurilor de numerar net operational actualizate si
valoarea actualizatd a investitiei. Este un indicator
de randament deoarece masoard fluxurile de
numerar net operational care sunt considerate a fi
efectul generat de exploatarea investitiei raportat la
valoarea efortului investitional dat de wvaloarea
actualizata neta.

Perioada de recuperare (PR) a investitiei
reprezintd perioada de timp (calculatd de la
momentul in care investitia se pune in functiune) in
care se recupereazd valoarea investitdi pe seama
fluxurilor anuale.
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By analysis Table 2 we notice that as the
years go value of money decreases in the
conditions in which the discount rate was kept
constant, this influence is caused by the update
factor. The net present value is used in
economical theory when we wish to evaluate
investment projects. The residual value (VR) was
considered to be zero.

In Table 3 with VAN indicator were
calculated and other indicators used in evaluating
investment projects: IRR, IP RIP, PR.

Internal rate of return (IRR) on investment
was calculated because it is used to assess the
economic efficiency of investment in small-scale
projects, lasting for execution under a year.

Profitability Index (PI) was obtained by the
ratio of two indicators: the sum of net operating
cash flows and discounted present value of the
investment.

It is an indicator of performance because it
measures net operating cash flows which are
considered to be the effect generated by the
operation of the investment relative to the value of
the investment effort given by the net present
value.

The recovery period (PR) represents the time
period (calculated from when the investment is
put into operation) in which recovers the amount
invested on account of annual cash flow

Table 3 Sensitivity Analysis Project

Din analiza tabelului 3 se constatd ca proiectul
are o valoare actualizata neta pozitiva, o ratd interna
de rentabilitate de 11% si un indice de profitabilitate
in jurul wvalorii de 1%. Valoarea indicelui de
profitabilitate supraunitar ne aratd cd in aceastd
investitie pentru a obtine fluxurile de numerar
estimate s-a investit o valoare initiald mai mare

Nr. Crt.

crt. Tip de indicatori Valoare no. Type of indicators Value

1 Valoarea actualizata netd (VAN) 806 1 Net present value (VAN) 806

2 Rata interna de rentabilitate (RIR) 11.46% 2 Internal rate of return (RIR) 11.46%

3 Indicele de profitabilitate (IP) 1.15 3 Profitability Index (IP) 1.15
Raportul incasari actualizate / plati Report date receipts / payments to

4 actualizate (RIP) 16.28 4 date (RIP) 16.28
Perioada de recuperare din FNONM The period of recovery FNONM

5 (PR) 3.65] |5 (PR) 3.65

By analysis Table 3 we finds that the project
has a positive net present value, internal rate of
return of 11% and a profitability index of around
1%. Profitability index value above par in this
investment shows that to achieve the estimated
cash flows we have invested an initial value
greater than that which would have been
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decat cea care ar fi fost necesard pentru aceasta
investitie. Valoarea ratei interne de rentabilitate
superioara valorii ratei de actualizare ne spune ca
proiectul este bun si poate fi acceptat pentru
implementare.

Raportul incasari actualizate / plati actualizate
reflectd gradul in care platile operationale necesare
pentru exploatarea investitiei pot fi acoperite pe
seama incasdrilor operationale generate de
exploatarea investitiei. Din analiza rezultatului
obtinut putem spune ca si la acest indicator situatia
este favorabila, deoarece investitia se poate intretine
singura, respectiv incasarile pot acoperi cu succes
platile pe care procesul de exploatare le genereaza.

Perioada de recuperare a investitiei reflecta
numarul de ani de exploatare in care efortul
investitional este recuperat pe seama fluxurilor de
numerar net operational.

Deoarece ne confruntam cu o singura investitie,
problema care se pune este de acceptare sau
respingere a acesteia. Ludnd ca factor de selectie
randamentul generat de investitie pe perioada
exploatarii observam ca si cu o ratd de actualizare
de 6% se poate accepta acest proiect deoarece: VAN
este pozitiv; RIR are o valoare superioard ratei de
actualizare (valoarea de 11.46% ne spune cia
obtinem un surplus), indicele de profitabiltate este
supraunitar. Pentru a putea vedea nivelul riscurilor
la care ne expunem ca urmare a implementarii
investitiei s-a realizat o analiza a variatiei celor trei
variabile identificate in proiect: rata de actualizare,
incasari operationale, plati operationale.

In tabelul 4 s-a calculat abaterea relativa a celor
patru indicatori: VAN, RIR, [P si RIP prin
diminuarea sau cresterea ratei de actualizare cu 1%,
5% si 10%. Am luat in considerare sase situatii
posibile care ar putea determina variatia unui
parametru prin crestere sau diminuare.

Tabelul 4 Variatia ratei de actualizare

necessary for this investment.

The value of internal rate of return is higher
than the discount rate what we say that the project
is good and can be accepted for implementation.

The report between update receipts and
update payments reflects the extent to which
operational payments required for the operation of
the investment can be covered at the expense of
operating revenue generated by exploitation of the
investment. After analyzing the obtained results
we can say that at this indicator the situation is
favorable because the investment can support
herself, respectively operational revenues can
cover with sucess the operational payments which
results for the exploitation process.

The payback period reflects the number of
years of operation in which investment effort it is
recovered through net operational cash flows.

Because we face an investment the problem
that arises is the acceptance or rejection of it.
Taking the yield generated that a selection factor
during operation we observe as a discount rate as
the 6% is acceptable because for this project:
VAN is positive; IRR It has a value superior to
the discount rate (11.46% value tells us that we
get a surplus), profitabiltate index is greater than
one.

To see the risks to which we are exposed as a
result of implementing the investment was carried
out an analysis of the variation of the three
variables identified in the project: the discount
rate, operating revenues, operating payments.

In Table 4 was calculated relative deviation
of the four indicators: VAN, IRR, and IP RIP by
reducing or increasing the discount rate by 1%,
5% and 10%. We considered six possible
situations that could cause a parameter variation
in growth or reduction.

Table 4 Variation discount rate

-10% |a= VAN = RIR = IP= RIP =
54% |912 11.46% |1.17 16.28
ar - 13.10% 0.00% 1.65%| 0.00%
10.00%
-5% |a= VAN = RIR = IP= RIP =
5.7% | 858 11.46% |1.16 16.28
ar| -5.00% 6.49% 0.00% 0.82%| 0.00%

-10% |a= VAN = |RIR = IP = RIP =
5.4% 912 11.46%|1.17 16.28
ar| -10.00%| 13.10% 0.00% 1.65%| 0.00%
-5% |a= VAN = |RIR = IP = RIP =
5.7% 8581 11.46% 1.16 16.28
ar -5.00%| 6.49% 0.00% 0.82%| 0.00%
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Din analiza tabelului 4 se observa cd pe masura
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1% |a= VAN = RIR= |IP= RIP = 1% |a= VAN= |[RIR= |IP= RIP =
5.94% 816| 11.46% 1.15|  16.28 5.94% 816| 11.46% 1.15| 1628
ar| -1.00% 1.29%| 0.00%| 0.16%| 0.00% ar|  -1.00%| 129%| 0.00%]| 0.16%| 0.00%
1% |a= VAN = RIR = IP= RIP = 1% |a= VAN = |RIR = P = RIP =
6.06% 796| 11.46% LI5|  16.28 6.06% 796| 11.46% 1.15| 16.28
ar| 1.00% -1.28% | 0.00%| -0.16%) 0.00% ar|  1.00%]| -128%]| 0.00%| -0.16%| 0.00%
% ja= VAN=  |RIR="|IP= RIP = % |a= VAN= |RIR= |IP= RIP =
6.3% 755| 11.46%|1.14 16.28 6.3% 755 11.46%|  1.14| 16.28
ar| 5.00% 637%| 0.00%]| -0.81%]| 0.00% T 500% 637% 1 000% | 081%] 0.00%
0, = = = = =
o 2 6% VAN 704 Rl?l 46% g 1.13|16 Iz? 10% |a= VAN= |RIR=|IP= RIP=
16 oi)fy 12.64% o.oo; 1 6i<y 6 00% 0.6% 704] 1146% L13] 1628
i et B i sl I ar|  10.00%|-12.64%| 0.00%| -1.61%]| 0.00%

By analysis table 4 is observed that as the

ce rata de actualizare se diminueazd VAN creste, RIR
ramane constantd, iar IP scade atunci cand rata de
actualizare se diminueaza si creste atunci cand are loc
cresterea, iar RIP ramane constant nefiind influentat.

In tabelul 5 s-a calculat abaterea relativa a celor
patru indicatori: VAN, RIR, IP si RIP la variatia
incasarilor operationale (diminuare sau crestere).
Aceste calcule au fost necesare deoarece investitia
luatd in studiu foloseste energia solara care poate fi
influentata de conditiile climaterice zonale, veniturile
fiind direct influentate de cantitatea de energie
produsa.

discount rate increases diminishes VAN, RIR
remains constant and [P decreases when the
discount rate diminishes and increases when growth
takes place, and RIP remains constant not
influenced.

In Table 5 was calculated relative deviation of
the four indicators: VAN, RIR, IP RIP at the
variation of operational revenues (decrease or
increase). These calculations were needed because
the investment made in this study uses solar energy
which can be influenced by regional weather
conditions, revenues are directly influenced by the
amount of energy produced.

Tabelul 5. Variatia Incasérilor operationale Table 5. Variation in operating revenues
-10% |[a=6% |VAN= |RIR= IP= RIP = -10% |a=6% |VAN= |RIR= IP= RIP =
159 7.1% 1.03 14.65 159 7.1% 1.03 14.65
ar|  0.00%| -80.27%| -38.03%| -10.65%| -10.00% ar|  0.00%| -80.27% | -38.03% | -10.65%-10.00%
-5% |a=6% |VAN= |RIR= IP= RIP = -5% |a=6% |VAN= |RIR= IP= RIP =
482 9.31% 1.09 15.47 482 9.31% 1.09 15.47
ar|  0.00%| -40.14%| -18.80% -5.33%| -5.00% ar| 0.00%| -40.14% | -18.80%| -5.33%]| -5.00%
-1% |a=6% |VAN= |RIR= IP= RIP = -1% |a=6% |VAN= |RIR= IP= RIP =
741 11.04% 1.14 16.12 741 11.04% 1.14 16.12
ar| 0.00%| -8.03%| -3.73% -1.07%| -1.00% ar| 0.00%| -8.03%| -3.73%| -1.07%]| -1.00%
1% a=6% |VAN= |RIR= IP= RIP = 1% a=6% |[VAN= |[RIR= IP= RIP =
871 11.89% 1.17 16.44 871 11.89% 1.17 16.44
ar|  0.00% 8.03% 3.71% 1.07%| 1.00% ar| 0.00%| 8.03%| 3.71% 1.07%| 1.00%
5% a=6% |VAN= |RIR= IP= RIP = 5% a=6% |VAN= |RIR= IP= RIP =
1129 13.57% |1.21 17.1 1129] 13.57% 1.21 17.1
ar|  0.00%| 40.14%| 18.42% 5.33%| 5.00% ar| 0.00%| 40.14%| 18.42% 5.33%| 5.00%
10% |a=6% |VAN= |RIR= IP= RIP = 10% |a=6% VAN =|RIR = IP= RIP =
1453 15.65% |1.28 17.91 1453 15.65% 1.28 17.91
ar| 0.00%| 80.27%| 36.49%| 10.65%| 10.00% ar| 0.00%| 80.27%| 36.49%| 10.65%| 10.00%
ar — abaterea relativa a fiecarui indicator la wvariatia| |ar— relative deviation of each indicator at the variation of
parametrului incasdri operationale operational revenues
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Din analiza tabelului 5 se poate observa ca
VAN scade atunci cand incasérile operationale scad,
de asemenea, si RIR, IP si RIP.

In tabelul 6 am calculat efectul pe care-l
produce variatia platilor operationale asupra
indicatorilor VAN, RIR, IP si RIP. Deoarece platile
operationale au finregistrat un volum redus
modificarile asupra celor patru indicatori sunt, si
ele, de intensitate redusa.

Tabelul 6. Variatia platilor operationale

By analyzing Table 5 can be seen as VAN
falls when lowering operating revenues, and also
RIR, IP and RIP.

In Table 6 we calculated the effect it
produces variation of operational payments on
indicators VAN, RIR, IP and RIP. Because
operational payments has registered a low volume
changes on the four indicators are also low
intensity.

Table 6. Variation operational payments

-10% |a=6% | VAN=| RIR= IP = RIP =
846 | 11.72% 1.16 18.09
ar| 0.00%| 4.93%| 228%| 0.65%| 11.11%
-5% |a=6% | VAN=| RIR= IP = RIP =
826| 11.59% 1.16 17.14
a;| 0.00%| 247%| 1.14%| 0.33%| 5.26%
-1% |a=6% | VAN=| RIR= IP = RIP =
810| 11.49% 1.15 16.45
a;| 0.00%| 0.49%| 023%| 0.07%| 1.01%
1% |a=6% | VAN=| RIR= IP = RIP =
802| 11.44% 1.15 16.12
ar| 0.00%| -0.49%| -0.23%| -0.07%| -0.99%
5% |a=6% | VAN=| RIR= IP = RIP =
786 | 11.33% 1.15 15.51
ar| 0.00%| -2.47%| -1.14%| -0.33%| -4.76%
10% |a=6% | VAN=| RIR= IP = RIP =
766 11.2% 1.15 14.8
a;| 0.00%]| -4.93%| -2.29%| -0.65%| -9.09%
a,— abaterea relativa a fiecarui indicator la variatia
parametrului plati operationale

In tabelul 7 s-a calculat efectul variatiei celor
trei parametrii asupra perioadei de recuperare a
investitiei.

Tabelul 7. Influenta variatiei parametrilor asupra
perioadei de recuperare a investitiei

Ta Io Po
-10% | Pr=3.65 Pr=4.09 Pr=3.63
ani ani ani
ar 0.00% 12.05% -0.55%
-5% Pr=3.65 Pr=3.86 Pr=3.64
ani ani ani
ar 0.00% 5.75% -0.27%
-1% Pr=3.65 Pr=3.69 Pr=3.65
ani ani ani
ar 0.00% 1.10% 0.00%

- a=6%| VAN=| RIR= IP=| RIP=
10% 846| 11.72% 1.16 18.09
ar| 0.00%| 4.93%| 2.28%| 0.65%| 11.11%
-5% |a=6% | VAN=| RIR= IP=| RIP=
826| 11.59% 1.16 17.14
ar| 0.00%| 247%| 1.14%| 0.33%]| 5.26%
-1% |a=6% | VAN=| RIR= IP=| RIP=
810| 11.49% 1.15 16.45
ar| 0.00%| 0.49%| 0.23%]| 0.07%| 1.01%
1% |a=6%| VAN=| RIR= IP=| RIP=
802| 11.44% 1.15 16.12
ar| 0.00%| -0.49%| -0.23%| -0.07%| -0.99%
5% |a=6% | VAN=| RIR= IP=| RIP=
786| 11.33% 1.15 15.51
ar| 0.00%| -2.47%| -1.14%]| -0.33%| -4.76%
10% [a=6% | VAN=| RIR= IP=| RIP=
766 11.2% 1.15 14.8
ar| 0.00%| -4.93%| -2.29%| -0.65%| -9.09%
a,— relative deviation of each indicator at the
variation of operational payments

In Table 7 was calculated variation effect on
the three parameters payback period.

Table 7. The influence of parameters variation on the

payback period
Ta Io Po

-10% | Pr=3.65 Pr=4.09 Pr=3.63
years years years
ar 0.00% 12.05% -0.55%

-5% | Pr=3.65 | Pr=386 | Pr=3.64
years years years
ar 0.00% 5.75% -0.27%

-1% Pr=3.65 Pr=3.69 Pr=3.65
years v years
ar 0.00% 1.10% 0.00%
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1% Pr=3.65 Pr=3.61 Pr=3.66
ani ani ani
ar 0.00% -1.10% 0.27%

5% Pr=3.65 Pr=3.47 Pr=3.67
ani ani ani
ar 0.00% -4.93% 0.55%

10% Pr=3.65 Pr=33 Pr=3.68
ani ani ani
ar 0.00% -9.59% 0.82%
ra — rata de actualizare; Io — incasari operationale; Po

— plati operationale.

Din analiza tabelului de mai sus se observa ca
variatia ratei de actualizare (r,) nu produce modificari
asupra perioadei de recuperare a investitiei.

Variatia incasérilor operationale (I,) influenteaza
perioada de recuperare a investitiei astfel ca, la o
diminuare cu 10%, avem o perioada de recuperare de
aproximativ 4 ani iar, la o crestere cu 10%, perioada
de recuperare a investitiei este mai rapidd, aceasta
inregistrand o scadere la aproximativ 3 ani.

Variatia platilor operationale (P,) produce
modificari mai reduse asupra perioadei de
recuperare a investitiei, astfel, pe masurad ce platile
cresc, creste si perioada de recuperare.

In figura 1 este prezentati senzitivitatea VAN
la modificari survenite asupra ratei de actualizare.

15% -+
13.10%

10% A

6.49%
5% A

1.29%
0% : : . : : .
100% 200% 300% 400%'-3¥0% 600%

-5% A
-6.37%

-10% +

Abaterea relativa a VAN [Euro]

-12:64%

-15% -

Variatia ratei de actualizare [%]

Figura 1. Senzitivitatea VAN la modificarea ratei de
actualizare

Se observa ca o scidere a ratei de actualizare
cu 10% (de la 6% la 5.4%) determina o crestere a
valorii actualizate nete de la 806 euro la 912 euro
respectiv de 13.10%. De asemenea, se observa ci o
crestere de 10% a ratei de actualizare va duce la o

1% Pr=3.65 Pr=3.61 Pr=3.66
years years years
ar 0.00% -1.10% 0.27%

5% Pr=13.65 Pr=3.47 Pr=3.67
years years years
ar 0.00% -4.93% 0.55%

10% Pr=3.65 Pr=33 Pr=3.68
years years years
ar 0.00% -9.59% 0.82%
ra — discount rate; I, — operational revenue; Po —

operational payments

Analyzing the above table it is observed that
the variation in the discount rate (r,) does not
produced changes on the payback period.

Variation of operational receipts (Io) affects
the payback period on investment such as at a
decrease of 10% we have a recovery period of
about 4 years and at a increase of 10% the
payback period on investment is faster this
declined at approximately 3 years.

Variation of operational payments (Po)
produces the changes lower on the payback
period, such as the growing payments will
increase the recovery period.

In Figure 1 it is presented the sensitivity of
VAN to changes in the discount rate.

15% -
_ .\ 13.10%
S 10% -
2,
\ o,
5 s 6.49%
ki
-
$ . | 129% | |
2 100% 200% 300% 400% '-58%% 600%
© -5 4 :
g e 6.37%
§ -10% _
12:64%
-15%
Variation discount rate[%]

Figure 1. VAN sensitivity to changes in the discount
rate

It is noticed that at a decrease in the discount
rate by 10% (from 6% to 5.4%) will result in an
increase in the net present value of 806 euro to
912 euro respectively 13.10%. Also it is noticed
that at a 10% increase in the discount rate will get
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valoare actulizatd netd de 704 euro si, deci, o
diminuare de aproximativ 12.64%.

In figura 2 este prezentatd grafic senzitivitatea
VAN la modificarea incasérilor operationale.

a net actualized value of 704 euro and therefore a
decrease of approximately 12.64%.

In Figure 2 it is presented graphically
sensitivity VAN to changes operational revenues.
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Figura 2. Senzitivitatea VAN la modificarea incasarilor
operationale

Din analiza figurii 2 se observda ca valoarea
actualizatd netd este influentatd si de variabila
incasari operationale care este egald cu veniturile
oprationale pe care proiectul de investitie le-a
generat. O diminuare cu 10% a Incasarilor
operationale va duce la o diminuare de aproximativ
80.27% a valorii actualizate nete (de la 806 euro la
159 euro). in schimb o crestere de 10% a incasarilor
operationale determind o crestere in aceeasi masura
de 80.27% a valorii actualizate nete (de la 806 euro
la 1453 euro). Putem spune ca variabila incasari
operationale este direct proportionald cu variabila
valoare actualizata neta.

in figura 3 este prezentatd senzitivitatea VAN
la modificarea platilor operationale. In categoria
plati operationale au fost incluse cheltuielile care se
vor face pentru asigurarea mentenantei.
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Figure 2. Sensitivity VAN the changing operational
revenues

Analyzing Figure 2 we see that the net
present value is influenced by variable operating
revenues which are equal to income operating of
investment project that generated them. A
reduction of 10% in operating revenues will result
in a decrease of approximately 80.27% to the net
present value (from 806 euro to 159 euro). Instead
a 10% increase in operational revenues leads to an
increase equally by 80.27% net present value
(from 806 euro to 1453 euro). We can say that the
variable  operating revenues is  directly
proportional to the variable net present value .

In Figure 3 it is presented VAN sensitivity at
variation operational payments. In the category of
operational payments were included expenditures
that will be made to ensure maintenance.
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Figura 3. Senzitivitatea VAN la modificarea platilor
operationale

Din analiza figurii 3 se observa cad si platile
operationale determina modificari invers
proportionale in structura indicatorului valoare
actualizatd netd. Astfel, la o diminuare cu 10% a
platilor operationale, va avea loc o crestere de
4.93% a valorii actualizate nete (de la 806 euro la
846 euro).

4 CONCLUZII

In studiul realizat s-a pornit de la cunoasterea
valorii actualizate pentru un proiect de investitie
care are ca principal scop obtinerea de apa calda
menajera pentru un consumator casnic (4 persoane).

Cunoasterea valorii actualizate nete a permis sa
identificam surplusul de valoare rezultat din
exploatarea investitiei. Ulterior s-a calculat rata
internd de rentabilitate care masoarda rata de
randament la care resursele banesti mobilizate vor fi
fructificate. Prin calculul indicelui de profitabilitate
s-a dorit sd se cunoascd valoarea raportului dintre
fluxurile de numerar net operational actualizate
vizavi de valoare investitiei actualizate, deoarece
acesta ne permite sa apreciem efectele obtinute fata
de efortul investitional.

In urma calculelor s-a obtinut o VAN pozitivi,
un RIR peste valoarea ratei de actualizare si un IP
supraunitar ceea ce ne permite sid apreciem ca
investitia poate fi realizatd deoarece va produce un
plus de valoare.
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Figure 3. Sensitivity VAN the changing operational
payments

By analyzing Figure 3 1is observed as
operational payments cause changes inversely in
the structure of net present value indicator. Thus a
10% reduction of operational payments will be a
4.93% increase in net present value (from 806
euro to 846 euro).

4 CONCLUSIONS

In the study conducted we started from the
knowledge of net present value for an investment
project which has as main purpose the preparation
the domestic hot water for domestic use (4
people).

Knowing net present value we had allowed
to identify surplus value resulting from
exploitation of the investment. It was later
calculated internal rate of return which measures
the rate of return that cash resources mobilized
will come to fruition. By calculating profitability
index we wanted to know the report value
between net operational cash flows discounted
opposite the updated investment value because it
allows us to appreciate the effects of the
investment effort.

In our calculations we have obtained a
positive VAN, a RIR over discount rate and a IP
value greater than one what we say that the
allows us to appreciate that investing can be done
because it will produce more value.
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Prin intermediul analizei realizate s-a obtinut o
comparatie intre efortul investitional dat de valoarea
investitiei si efectele obtinute care se regisesc in
fluxurile de numerar net operational. Deoarece
mediul in care ne desfisuram activitatea este in
continud schimbare orice investitie presupune un
risc pe care investitorul si-l asumid si pe care
incearcd sa-1 minimizeze prin actiuni de cunoastere,
masurare si control. Desi aceste variabile isi pot
modifica in viitor comportamentul datoritd unor
factori independenti de actiunile noastre, analiza de
senzitivitate reprezintd un mijloc prin care putem
cunoaste ordinul de marime a acestor variatii.

Din studiul realizat se constatd cd cea mai
sensibild modificare este data de variatia incasarilor
operationale unde la o modificare de 1% avem o
modificare de 8% a valorii VAN si de 3.7% la RIR.

Desi estimarea probabilititii de modificare a
valorii unui factor este dificil de estimat, este
necesar, totusi, s se cunoasca impactul unui risc
asupra rezultatelor finale ale unei investitii. Pentru
aceasta s-a studiat impactul modificarii relative a
nivelului unui indicator la modificarea relativd a
unui factor de risc.
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