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Abstract. The article considers the theoretical and practical problems of the project efficiency calculating on the
example of one of its main estimated indicators — NPV (net present value). The discounted project performance
indicators used by most theorists and analysts in some cases do not reflect the real project profitability (unprofitability).
The net present value calculation for various options for the nature of projects cash flow is shown in a number of
simulated examples. It is shown that for some unprofitable projects the net present value indicator, nevertheless,
indicates a positive effect, which contradicts with idea of this indicator using for evaluating of alternative projects
efficiency. This situation is typical for projects with long-term loans and quick returns on capital investments. We
believe that this situation arises as a result of the fact that costs include in the calculations of performance indicators,
which are discounted simultaneously with revenues and thus numerically increase the discounted level of project
profitability (when discounting a negative amount of costs, total profitability increases). Although, if we proceed from
the theory of money value over time, exactly costs create a future value — PV. The article analyzes the considered
contradictions of performance indicators of various project options and proposes a new indicator for projects efficiency
evaluating.
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YU BIABUBAE€ NPV PEAJIBHY EQEKTUBHICTDb ITPOEKTY?

Kapnos, B. A. Yu giobuseac NPV peanvhy egpexmusnicme npoexmy? BiCHUK comiaJbHO-€KOHOMIYHHUX JOCIHIDKEHb :
36. Hayk. mpanpb / 3a pea. : M. L. 3BepskoBa (ronos. pen.) ta in. Oneca : OnechbKuii HAIIOHAIBHUN €KOHOMiYHHN
yuiBepecuret. 2019. Ne 1 (69). C. 108-117.

Anomauyin. Y cmammi po3ensinymo meopemuyHi ma npakmudni npooiemu po3paxynkie epekmusHocmi npoekmy Ha
npUKIadi 00HO20 3 20106HUX 1020 oyinounux noxasnuxie — NPV (net present value — uucmuii ouckonmosanuii 00xio).
Bukxopucmosysani 6invuicmio meopemuxis i aHaANiMuKié OUCKOHMOBAHI NOKA3HUKU eheKmUHOCmi npoeKmie y Husyi
sunaokie He 8i00Opascaromv  pearvHy —npudymkogicme  (30umxosicmv) npoekmy. Pospaxynox  uyucmoeo
OUCKOHMOBAH020 00X00Y O/ PI3HUX 6APIAHMIE 3a XAPaAKMepoM 2pOulo8020 NOMOKY NPOEKMI6 HABEOEHO HA OesKux
3mo0envoganux npuxiadax. Iloxazano, wo 0 OesaKux 30UMKOGUX NPOEKMIE NOKAZHUK HYUCMO20 OUCKOHMOBAHO20
00X00y 8KA3Y€E, npome, HA NOZUMUSHUL edheKm, WO 8XO0O0UMb 8 NPOMUPIYYSA 3 I0e€l0 BUKOPUCMAHHA OAHO20 NOKAZHUKA
0N OYiHKU —eexmueHocmi —anrvmepHamuenux npoexmis. Taxa cumyayis Xapakmepna 01 NPOEKMie 3
006820CMPOKOBUMU KPEOUMAMU I WEUOKOI0 8i00ayer0 8i0 KanimaivbHux ékiadeHsv. Beascacmo, wo nodibna cumyayis
BUHUKAE BHACTIOOK MO20, WO 00 PO3PAXYHKIE NOKA3HUKIE epeKmUGHOCMI 6KIIOYAIOMbCA  SUMPAMU,  AKi
OUCKOHMYIOMbCS  OOHOYACHO 3 00X00aMu [ MUM CAMUM, YUCEIbHO 30inbuiylomb OUCKOHMOBAHUL DIBeHb
npubymkosocmi  npoexkmy  (npu  OUCKOHMYBAHHI — He2AMUGHOI  GeIUYUHU — BUMPaAm  30UILUWYEMbCA  CYMAPHA
npubymrosicmy). Xoua, Axuo suxooumu 3 meopii yinnocmi epoutell y 4aci, came sumpamu HapoOICyiomy MaoymHio
sapmicmv — PV. ¥V cmammi npoananizoeano poszenanymi npomupiuys NOKA3HUKIE eheKmueHocmi pisHux eapianmis
npoexKmie i 3anponoHOBAHO HOBUL NOKAZHUK OYIHKU eeKMUSHOCMI NpOeKmis.

Knrouosi cnosa: epowiosuti nomix; epekmuHull npoexm; Kpusa eqpeKmusHocmi; yucma npueeoeHa 6apmicme.
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OTPAXAET JIA NPV PEAJIBHYIO DO®EKTUBHOCTD ITPOEKTA?

Kapnos, B. A. Ompaowcaem nmu NPV peanvhyio sgppexmusnocms npoexma? BecTHHK COIUANBEHO-IDKOHOMHYCCKIX
uccaenoBanuii : ¢6. Hayu. Tpyaos / ITox pen. : M. U. 3Bepsikoa (ri1aB. pea.) u ap. Omecca : Onecckuil HAMOHATBHBIN
sKoHoMuueckuit ynusepcutet. 2019. Ne 1 (69). C. 108-117.

Annomayua. B cmamve paccmompenvi meopemuueckue u npaxmuyeckue npoonemvl pacuemos dpghexmusnocmu
npoekma Ha npumepe 00HO20 U3 21asHbIX e20 oyeHounvix noxasamenet — NPV (net present value — wucmoii
OUCKOHMUPOBAHHBINI  00X00). Hcnonv3zyemvle OONbWUHCIIBOM MEOPEMUKO8 U AHATUMUKOS8 OUCKOHIMUPOBAHHbIE
nokasamenu 3@ pexmusHocmu npoeKmos 8 psoe Ciyiaes He omoopaNcaom peanbhyio npubbLIbHOCMb (YObIMOYHOCHIb)
npoexma. Pacuem uucmoeo OuckoHmupoeannozo 00xo0a 01 PA3IUYHBIX SAPUAHIMOE NO XAPAKMEPY OEHEHCHO20
NOMOKA NPOEKmMos npueeden Ha pade CMOOETUPOSAHHbIX npumepos. [loxkasano, ymo Oni HEeKOMOpwbIX YOLIMOUHbIX
NPOEKMo8 NOKA3amenb YUCMo20 OUCKOHMUPOBAHHOZO 00X00a YKA3vledem, MeM He MeHee, HA NOAOHCUMENbHYII
agppexm, umo éxooum 6 npomugopeuue ¢ uoeell UCHOIb308AHUST OAHHO20 NOKA3amesis Olsi OYeHKU dPPexmusHocmu
anvmepHamusHvix npoekmos. Taxas cumyayus XapakxmepHa 015 HPOEKMog ¢ 00N20CPOUHbIMU Kpeoumamu u 6bicmpotl
omoaueli om KanumansHovlx enodcenutl. Cuumaem, ymo noOOOHAS CumMyayus 603HUKAem 6C1e0Cmeue mozo, 4mo 8
pacuemuvl nokazamenei 3Q@eKmueHOCMU GKIOUAIOMCA 3aMpPamyl, KOMopuvle OUCKOHMUPYIOMCA OOHOBPEMEHHO C
00X00amMu U mem CAMbIM, HUCIEHHO YBeIUYUSArom OUCKOHMUPOBAHHBII YPOGeHb O0XOOHOCMU npoekma (npu
OUCKOHMUPOBAHUY  OMPUYAMENLHOU  BeUYUHbL 3aMpam yeenuuueaemcs CyMMAapHas 0oxoonocmy). Xoms, ecau
UCX00ums U3 Meopuu YeHHOCMU OeHe2 80 8PEeMeHU, UMEHHO 3ampamvl nopodcoarom 6yoywyro cmoumocms — PV,
B cmamve npoananusuposarnvl paccmompennvie npomugopeuus noxkazamenei 3¢GexmusHoCmu pasiuiHbIX 6aPUAHMO8
NPOEKMO8 U NPeONONCEH HOBbIL NOKA3AMENb OYEHKU IPHEKMUHOCmU NPOEKMOo8.

Kniouegvie cnosa: oenedicnviti nomok; dpghexmuenuviii npoexkm, Kpugas Ip@ekmusHocmu, wucmas npusedenHas
COUMOCHIb.
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1. Inroduction
It is generally accepted that there is such an estimation rule of an effective project [2-6; 8-11]:

— IFNPV> 0, PI> 1, IRR> i (the project is effective);
— if NPV <0, PI <1, IRR <i (the project is not effective);
— ifNPV =0, PI =1, IRR =i (zero effectiveness);

where NPV is a net present value, Pl stands for profitability index, IRR means internal rate of
return, i is a discount rate.

In the article published in 2014 [1], we demonstrated that discount indices of project effectiveness
traditionally with used by the majority of theoreticians and analysts did not always represent the
actual profitability (unprofitable ness) of the project. This article is an attempt to analyze the new
similar project variants in theory and practice and offer the way out of such situations.

2. Aim and methodology of research

More generally, the economic efficiency of the project can be defined by the following expression
[2, p.103]:

E=f(t k RL..Rn,A),

where E stands for a complex conversion rate; tis a time factor; k means inflation; R1 ... Rn means
risk factors; A is the project alternativeness.

3. Literature review, shortcomings and problem statement

The function cited above is of little use for practical application because of its multidimensionality.
Most of the authors [2-6; 9; 10] and analysts use a set of efficiency criteria that describe the
feasibility of the project from different angles. They use the index of net present value (NPV) as the
main indicator of the project profitability which can be updated taking into account the time factor.
The given quantity characterizes the general absolute outcome of the investment activity, its final

109



ISSN 2313-4569  Bicnuk coyianbHo-exonomiunux docnioxcens, Ne 1 (69), 2019

effect. NPV stands for the difference between the discounted for a moment incomes measures B (t)
and expenditures for the realization of the project C (t). In this case t is the number of the year of
project life-cycle. If receipts and expenditures are represented as the intake flow, NPV equals the
updated variable of the flow. As a majority of authors point out, the variable NPV is the basis for
defining other indicators of efficiency [2-6; 9; 10].

4. The main material research

If receipts and expenditures are represented as an intake flow, NPV equals the updated variable of
the flow. The variable NPV is a basis for defining other indicators of efficiency.
In case the intake flow is characterized by the values Rt=B(t)-C(t), which can be both positive and
negative, the comparison rate equals i, and we get [3]:

_OB(M)-C(t) & R()
NPV_; @+i)" Z(1+|) @

When initial expenses A are singled out during the so-called zero period, Formula 1 is changed in
the following way:

- R(®)
NPV = Z<1+.) . (2)

Formulas 1, 2 on the one hand represent the function of the project efficiency, on the other hand the
numerical series of the cash flow calculation. As an effectiveness function, these formulas offer a
complex modification of hyperbola or the power function, the form of which depends on the
dynamics of the cash flow, while the numerical series is a modification of the geometric
progression, the form of which is also dependent on the dynamics of the cash flow. In many ways
these conclusions simplify the analysis approach to the project effectiveness in practice.

Let us consider some peculiarities of calculating NPV for definite kinds of cash flows.

1. If the cash flows of the project are uniformly distributed in time, Rt is a constant = R (constant
ordinary annuity). The uniformity of cash flow distribution can be achieved by extending the
intervals of planning.

In that case NPV will represent the following numerical series [4]:
1 1 1 ] 1

NPV =-A-R+[ R+R—+R-—5+..+R—— |+ R——.
1+i @+i @a+n" @a+n"

(3)

We used square brackets to mark out a classical geometric progression with the general term

q= % <1 (series coincide) [4]. After Formula 3 translation we get the following expression:
+i

NPV =—A-R+ R~ R oo pgroplr -1

=R———— (4)
1-q 1-q i(L+1)
If Formula 4 is viewed as the efficiency function where n—0 (perpetual annuity), equation 4 is
rearranged in the form:
npv =R A, (5)
i

Let us analyze a similar simple variant. In this case the project efficiency depends on the
comparison rate i and combination of R and A. If A=0, we have a classical hyperbola (Fig. 1,
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negative values of discount rates are given conditionally). In this case the stability of the project is
absolute, while IRR—o0. Can we have such cases in practice?

by

Fig. 1. Classic hyperbole Fig. 2. Classic efficiency curve

Yes, we can, if the initial investments are diffused in the years of life-cycle or are completely
lacking (sponsorship, investments out of proceeds of credit, etc.).

If the initial investments are used in zero period the shape of the function of effectiveness depends
on the combination of R and A (Fig. 2). IRR can be defined with the help of the expression —

NPV = E —-A=0->1i= % That is why the forecasting models, based on the cash flow uniformity

i
can have high IRR.

5. Research results

Let us analyze the general approach to the effectiveness function using Formula 1. We may have
variants in this case as well. The most interesting are [5]:

— decrease of the cash flow by the end of the life cycle of the project;
— increase of the cash flow by the end of the life cycle of the project;
— fluctuation of the of the cash flow during the life cycle of the project;

— at last one more variant is possible when NPV = ZR(t) (net present value is more than total net
profit).
Let us study the first case — decrease of the cash flow by the end of the life cycle of the project (Fig. 3).

NPV

v

1
[N

i

gy

Fig. 3. Reduction of cash flow to the end of the project life cycle
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The effectiveness curve starts at point Y R(z) when i=0 (we do not take into consideration the
negative values of comparison rates in our article) and drops dramatically to the critical value
IRR when NPV=0. Further with i growth, NPV<O0.

The second option is increase of the cash flow by the end of the life cycle of the project (Fig. 4).
NPV

Fig. 4. Increase the cash flow to the end of the project life cycle

This variant repeats the previous one in its shape but has a much higher point of total cash flow —
>'R(t) and larger IRR (other conditions being equal). Software products for automatic calculations
of project efficiency mostly use two models of cash flow growth [1]. In the first model the cash
flow growth takes place before the project capacity saturation (Fig. 5) reaching some point (M),
then the level of cash flow flattens till the end of the project life cycle. The second model is closely
associated with the life cycle of the project. It means a gradual growth of the cash flows (Fig. 6) to
demand saturation (point P), followed by stabilization on this level while maintaining the given
value of service, next followed by decrease to the extent of recession in demand for goods.

Net cash flow Net cash flow

\ 4

M

v

/ Life cycle / Life cycle

Fig. 5. Saturation of project capacities Fig. 6. Reduced capacity as demand falls on the
product
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The first model has an effectiveness curve that is closer to the graphic chart of Fig. 4, the second
one is closer to the graphic chart of Fig. 3.

In the third case of the practically investigated cash flows the relation will not be so facile and
“correct” as in Fig. 3 and 4. The picture of the examined relation changes if the members of the
flow reverse signs more than once [5] for example as a result of the fact that some years later after
the beginning of the return, modernization of production may be provided, which requires
considerable expenses. In this case the graphic chart showing relation between NPV and i will differ
significantly from the graph in Fig. 3 and 4. Thus Fig. 7 demonstrates the condition when the
variable NPV reverses its sign three times.

NPV

o Pt > / (
g \_ i

Fig. 7. The NPV value changes its sign three Fig. 8. The cash flow changes its sign from the
times from the plus to minus minus plus

v

However, in all three cases that we have examined the sign of the cash flow is reversed from the
negative to the positive one, in the latter case from minus to plus, then to minus again and so on.

Theoretically the reversed situation is possible when the cash flow reverses a sign from plus to
minus (not in zero period). In such a case we can get the effectiveness curve like the one in
Fig. 8.

At the same time there might be situations with calculating NPV, when NPV > YR (total net cash
flow). Such a situation may seem impossible based on expressions 1 and 2. Let us study the
situation of illustrative example 1 (Tab. 1).

Table 1
Illustrative example of cash flow calculation of project 1
Initial expenses 10 L Periods
Discount rate 0,15 Activities 1 2 3 4 5 Total
Units of cash flow Standard | Current o/ o0o| 0| o0 5 | 50
unit expenses
Life cycle of the project 5 Revenue 0 0 | 40 | 10 10 60

When the discount rate is on the level of 0,15 (15%), the initial expenses in the zero period are 10
standard units, and the cash flow distribution is as shown in table 1, we have a zero net cash return

(> R=-10-50+40+10+10=0), however NPV =-10+ 40 5+ 10 7+ 10-50 =213
(1+0.15° (1+0.15" (1+0.15)

It seems to contradict the fundamental postulate of project efficiency — if NPV>0, the project is
effective. However, for crisis project variants the problem situation > R=0 remains, which makes
the project effective. Let us calculate the effectiveness curve for our example 1 (Tab. 2).
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Table 2
Calculation of the effectiveness curve of illustrative example 1

i 0,00009 0,004 043 0415 02 03 04 05 06 07 0809 1
NPV 0,0035 0,003 2,04 213 1,89 093 -025 -144 -25 -35 -43 -5 -56

As we see from the table information and the effectiveness curve based on it (Fig. 9), NPV
maximizes from 0 at point i = 0.15, NPV = 2.13, then it drops to point IRR=0.38 and below 0.

A

NPV

»
»

0,15 03;\\\\\ '

Fig. 9. Performance curve of illustrative example 1 (NPV>0, > R=0)

However, as our experience has shown, such a situation is quite possible in practice for quite
successful projects. If the project has moderate volumes of current expenses, which, for example,
are realized against credit or some other ways of borrowing with a considerable delay of credit
payment, we may have non-recurring incomes from the project at one of the initial stages. These
non-recurrent incomes can significantly exceed current costs. Credit repayments take place at the
end of the project life cycle. In this case it is possible to have the situation NPV >y R>0.

Let us examine the situation. A credit for capital costs was given for project 2. The credit is at the
amount of 30 standard units at annual interest 16,7% for 5 years on condition of paying off at the
end of the period. The results of realizing the project with the life cycle of 5 years and the annual
comparison rate of 15% are represented in Tab. 3.

Table 3
Ilustrative example of cash flow calculation of project 2
Initial expenses 30 N Periods
Discount rate 0,15 Activities 1 2 3 4 5 Total
Units of cash flow Stant_jard Current 0 0 0 0 65 65
units expenses
Life cycle of the project 5 Revenue 50 | 20 | 10 0 0 80

According to the credit conditions the amount of payment will be 65 standard units at the end of the
fifth year.

In terms of the results of the project we have ) R=-30+50+20+10-65=-15 standard units, and
50 20 10 65
NPV =-30+

+ + —
(1+0.15)" (1+0.15)%> (1+0.15)° (1+0.15)°

= 2.86st.monet.unit
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In this case we have NPV >0>) R<0. It is a positive NPV in an inefficient project.

Let us calculate the effectiveness curve for our example 2 (Tab. 4).

Table 4
Calculation of effectiveness curve of illustrative example 2

i |0,00009|0001| O1 /015 02 | 03 | 04 ] 05|06 |07 |08/09] 1

NPV | -1499 |-14,79|-086| 286 | 52 | 73 | 747 | 6,62 | 53 | 3,79 |12,2|0,69] -0,78

NPV 3

Fig. 10. Performance curve of illustrative example 2 (NPV>0, Y'R<0)

As we see from the information in the table and the effectiveness curve based on it (Fig. 10), NPV
at two points equals O (if i = 0,11 and 0,946), the maximum is between the points i = 0.3 and 0,4,
NPV = 7,47, there may be equality between NPV and Y R at the point i = 3.

As calculations given above show, the measures of project efficiency, based on calculating NPV do
not always render the actual effectiveness of the project (variant in Tab. 3).

In our opinion, such a situation can arise as a result of including expenses into the calculation of
measures of effectiveness, which discount at the same time with the revenue, thereby they
computationally increase the discount level of project profitability (as a result of discounting the
negative value of expenses the total rate of return increases. Though, if one accepts the premise of
the theory of time value of money [10, p.353], it is the expenses that influence the present value —
PV. That is in every period of time t costs C(t) give rise to future earnings B(t). In its semantic
loading C(t) is the initial value P for a future earnings-flow during t period. That is why we think it
is not advisable to include the costs into the discount part of the measure of project effectiveness.

In order to evaluate the general effectiveness of the project it is possible to offer the index of total
discount revenue deducting the total project expenditure during the whole life cycle of the project
(PVNC):

n R(t) n
2y &
Let us analyze the use of formula 5 to evaluate the above mentioned examples of projects.

Zero value of PVNC index is obtained for the projects in which the total discount revenue equals the
total expenditure:

> RO _sem=0=3 R0 _socq

= @+ I FU+) 5
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The calculations showed that for project 1 }R=0, NPV= 2.13, PVNC = -23.16<0. For project 2
>'R=-15, NPV= 2.86, PVNC = -29,8<0.

Thus, according to the index PVNC, both projects are ineffective because total discount revenues do
not cover the total project expenditure.

Table 5
Illustrative example of calculating NPV and PVNC of project 3
Initial expenses 80 Activities Periods
Discount rate 0,15 1 2 3 4 5 Total
Current
Units of cash flow StanQard expenses, 0 0 0 0 1000 1000
units General
project costs — — — — — 1080
Life cycle of the Revenue
project 5 390 350 | 360 | 210 | 240 1550
>R 470
NPV 502,7
PVNC -0,123

In practice it is often possible to come across projects which have the growing current cost,
connected with its liquidation, at the end of economic life. The numerical illustration of such
project 3 is presented in Tab. 5.

As we see from table 5, NPV=502,7 >>R=470, which completely distorts the fundamental
postulates of the theory of time value of money. In fact, the total discount revenues do not cover

the total costs of the project Z% =1079.9< ZC(t) =1080, they are about equal, the index
=1 (Lt t=0

PVNC =-0,123 is approximate to zero. Taking into consideration the value PVNC, project 3 from

the point of view of the theory of time value of money has zero efficiency.

6. Conclusions

1. The rule NPV >0, Pl >1, IRR >i is not always true. In some variants of project realization
(sponsorship, credit with deferral of payments, other forms of investment at the cost of
borrowed funds, as well as projects, which have growing current cost at the end of economic life,
the cost exceeds the project revenue, which stops the whole project). This rule does not always
represent the real profitability (unprofitableness) of the project. For such projects we suggest
counting the index of the total discount revenue with the deduction of total project expenditure
during the whole project life cycle — PVNC, if its value is below zero. Such a project should be
turned down, as total discount revenue does not cover the total project expenditure.

2. The calculation of conversion rate is to be accompanied by the economic analysis of the project
cash flow.
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