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It is generally accepted that there is such an estimation rule of an effective pro-
ject: [2,3,4,5,6,8,9, 10, 11]:

if NPV> 0, PI> 1, IRR > i (the project is effective),

if NPV <0, PI <1, IRR <I (the project is not effective),

if NPV =0, PI =1, IRR =1 (zero effectiveness),

where NPV is a net present value, PI 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 used by the majority of theoreticians and analysts
did not always represent the actual profitability (unprofitability) 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.

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; t is a time factor; k means in-
flation; R1 ... Rn means risk factors; A is the project alternativeness.

The function cited above is of little use for practical application because of its
multidimensionality. Most of the authors [2, 4, 5, 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
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quantity characterizes the general absolute outcome of the investment activity, its fi-
nal effect. NPV stands for the difference between the discounted for a moment in-
comes measures B (t) and expenditures for the realization of the project C (t). In this
case t is the number of the year of the project life-cycle. If receipts and expenditures
are represented as the intake flow, NPV equals the updated variable of the flow. As
the majority of authors point out, the variable NPV is the basis for defining other in-
dicators of efficiency [2; 4; 5; 6; 9; 10].

If receipts and expenditures are represented as the intake flow, NPV equals the
updated variable of the flow. The variable NPV is the basis for defining other indica-
tors 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]:

NPV=iB(Z)_C(t) — N R(t) (1)

= 1+ FA+D)

When the initial expenses 4 are singled out during the so-called zero period,
Formula 1 is changed in the following way:

ey =3 RO 4 )
o (L+1)"

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 the effective-
ness 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 nu-
merical series is a modification of the geometric progression, the form of which is al-
so dependent on the dynamics of the cash flow. In many ways these conclusions sim-
plify the analysis approach to the project effectiveness in practice.

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

1. If the cash flows of the project are uniformly distributed in time, R is a con-
stant = 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]:

NPV =—A—R+| R+R 1 ~+R 1' - +...+R% ]+ R 1‘ .
1+ (1+19) 1+q)" 1+9)"

3)

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

general term ¢ :% <1 (series coincide) [4]. After Formula 3 translation we get the
+i

following expression:
NPV =—d—R+ R pgr gD L &)
l-g 1-g¢q i(l+9)"
If Formula 4 is viewed as the efficiency function where n—0 (perpetual annu-
ity), equation 4 is rearranged in the form:
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nev =R _ 4. (5)

l
Let us analyze a similar simple variant. In this case the project efficiency de-
pends on the comparison rate i and combination of R and A. If A=0, we have a clas-
sical hyperbola (fig.1, the negative values of discount rates are given de benne esse).
In this case the stability of the project is absolute, while IRR—oc0. Can we have such

cases in practice?

Figure 1 Figure 2

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 the 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 = ? —4A=0—>i= % That is why the forecasting
models, based on the cash flow uniformity can have high IRR.

Let us analyze the general approach to the effectiveness function using For-
mula 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;

- 1ncrease 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 => R(r) (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 cy-
cle of the project (Fig.3).

The effectiveness curve starts at point Y R(#) when i=0 (we do not take into
consideration the negative values of comparison rates in our article) and drops dra-
matically to the critical value IRR when NPV=0. When i goes on rising, NPV=<0.

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

49



ISSN 2413-9998 PunkoBa exOHOMIKA: CydyacHa Teopis i npakTuka ynpaeiinasa. Tom 14. Bum. 2 (30)

NPV
. A !
2RO s
_1§ L ] l
Figure 3
NPV
| A
2R()
1 . i

1
1
1
1
1
I
I
I
1
1
1
1
1
I
I
I
1
1
1
1
1
I
I
1
1
1
1
-
I
I
1
1
1
1
1
I
I
I
1
1
1
1
1

i

Figure 4

This variant repeats the previous one in its shape but has a much higher point
of total cash flow — Y R(#) and larger /RR (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 associ-
ated 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, and next followed by decrease to the extent of
recession in demand for goods.
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M >
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The first model has an effectiveness curve that is closer to the graphic chart of
Figure 4; the second one is closer to the graphic chart of Figure 3.

In the third case of the practically investigated cash flows the relation will not
be so facile and “correct” as in Figures 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 Figures 3 and 4. Thus Figure 7 demonstrates the condition when the var-
iable NPV reverses its sign three times.

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 the zero period). In such a case we can get the effec-
tiveness curve like the one in Figure 8.

NPV N,
0 N\ >
\-../ !
Figure 7 Figure 8
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At the same time there might be situations with calculating NPV, when NPV >
>R (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 (table 1).

Table 1
[lustrative example of cash flow calculation of project 1
Initial expenses 10 Periods
Discount rate 0,15 Activities 1|2 3 4 5 | Total
Standard | Current ex-
Units of cash flow unit | penses 0] 0| 0| 0] 5 | 50
Life cycle of the pro-
ject 5 Revenue 0] 040 ] 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
I, we have a zero net cash return (D R=-10-50+40+10+10=0), however
NPV =-10+— 0 T+ 10 S+ 10_505
(1+0.15°  (1+0.15*  (1+0.15)
mental 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 pro-
ject effective. Let us calculate the effectiveness curve for our example 1 (table 2).

5

=2.13. It seems to contradict the funda-

Table 2

Calculation of the effectiveness curve of illustrative example 1

i 10,00009/0,001} 0,1 /0,15/0,2]03]0405]06 07108091

NPV | 0,0035 10,003/ 2,04 |2,13]1,890,93 |-0,25]-1,44] -2,5 | -3,5 | -4,3 | -5 |-5,6

As we see from the table information and the effectiveness curve based on it
(Figure 9), NPV maximizes from 0 at point i = 0.15, NPV = 2.13, then it drops to
point IRR=0.38 and below 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 bor-
rowing with a considerable delay of credit payment, we may have non-recurring in-
comes 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 pro-
ject life cycle. In this case it is possible to have the situation NPV >) R>0.
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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 Table 3.

Table 3
Illustrative example of cash flow calculation of project 2
Initial expenses 30 Periods
Discount rate 0,15 Activities | 1 | 2 | 3 4 5 | Total
Standard | Current
Units of cash flow units | expenses 0] O] O] O] 65| 65
Life cycle of the project 5 Revenue |50[20| 10 | O 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 stan-
dard units, and
50 20 10 65
+ + + —~
(1+0.15)"  (1+0.15* (1+0.15)° (1+0.15)°

In this case we have NPV >0>) R<0. It is a positive NPV in the inefficient pro-
ject.
Let us calculate the effectiveness curve for our example 2 (table 4).

NPV =-30 = 2.86st.monet unit

Table 4
Calculation of effectiveness curve of illustrative example 2

i 10,00009/0,001| 0,1 0,150,203 ]04]05)06|0,7 0809 1

NPV| -14,99 -0,8612,86 | 5,2 | 7,3 |7,47|6,62| 5,3 |3,79(2,2(0,69 -0,78

14,79
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NPV

Figure 10

As the 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 table 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 profit-
ability (as a result of discounting the negative value of expenses the total rate of re-
turn 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 ¢ costs C(z) give rise to future earnings B(?). In its semantic load-
ing C(?) is the initial value P for a future earnings-flow during ¢ 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 of-
fer the index of total discount revenue deducting the total project expenditure during
the whole life cycle of the project (PVNC):

prnc=% RO __$ e (6)
= (+0)" i3
Let us analyze the use of formula 5 to evaluate the above mentioned examples
of projects.
The zero value of the index PVNC is obtained for the projects in which the to-
tal discount revenue equals the total expenditure:

S R _Sem=0= 320 v

o+ = o (1+0)" =

The calculations showed that for project 1 Y R=0, NPV= 2.13, PVNC =
=-23.16<0.

54



Market economy: modern management theory and practice. Vol. 14. Issue 2 (30) ISSN 2413-9998

For project 2 Y 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
[lustrative example of calculating NPV and PVNC of project 3
Initial expenses 80 Periods
Discount rate 0,15 Activities 1 2 3 4 5 Total
Current ex-
penses, 0 0 0 0 1000 1000
Standard | General pro-
Units of cash flow units ject costs - - - - - 1080
Life cycle of the
project 5 Revenue 390 350 | 360 | 210 | 240 1550
>R 470
NPV 502,7
PVNC -0,123

In practice it is often posssible 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 table 5.

As we see from table 5, NPV=502,7 >Y R=470, which completely distorts the
fundamental postulates of the theory of time value of money. In fact, the total dis-
count revenues do not cover the total costs of the pro-
jeth% =1079.9 < >_C(r)=1080, they are about equal, the index PVNC = -0,123 is

t=1 t=0
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.

Conclusion:

The rule NPV > 0, PI > 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.

The calculation of conversion rate is to be accompanied by the economic anal-
ysis of the project cash flow.
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AHAJIN3 ®YHJIAMEHTAJIBHBIX TIPOTUBOPEYNI Y®DEKTHUB-
HOCTHU JEHEKHBIX ITOTOKOB ITPOEKTA

AHHOTaNUsA

B crarbe mpeampuHsATa MOMBITKA OCMBICIUTH TEOPETUYECKUE U MPAKTUUECKHE MPOOJIEMBI
pacuetoB 3¢ dekTuBHOCTH MpoekTa. Ha mpumepax, mpuBeieH pacdyeT YUCTOrO TUCKOHTHPOBAHHOTO
JI0X0J1a JIJIs1 Pa3HbIX M0 XapaKTepy BAPUAHTOB AEHEKHBIX TOTOKOB ITPOEKTOB.

KiroueBble c10Ba: qeHEXHBIN MOTOK, () (PEKTUBHBINA MPOEKT, KpuBas 3HPEeKTUBHOCTH, YH-
cTas TeKylasi CTOUMOCTb.
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AHHOTALlIA

3arabHONIPHUIHATUM BBa)KAETHCS HACTYITHE MTPABUJIIO OLIHKUA €(PEKTHBHOTO MPOEKTY:

akio NPV >0, to PI > 1, IRR >i (mpoekT edekTuBHMIA),

axmo NPV <0, to PI <1, IRR <1i (mpoekT He eeKTHBHUIA),

akmo NPV =0, To PI =1, IRR =i (HynboBa e(peKTHUBHICTB),

ne NPV — uuctuit npusenenuit noxin, Pl — innexc mpudyTtroBocTi, IRR — BHyTpinmHs HOpMa
JOX1HOCTI, 1 — CTaBKa AUCKOHTYBaHHSI.

Ane, TpamuIiiHO BUKOPHCTOBYBaHI OUIBIIICTIO TCOPETHKIB Ta aHAIITUKIB TUCKOHTOBaHI
MOKa3HUKHU €(PEeKTHUBHOCTI MPOEKTIB Yy Ps/l BUMAJKIB HE BiAOOpa)kaloTh pealbHy MPUOYTKOBICTH
(30uTKOBICTB) MpoeKTy. binbmricTe aBTopiB, Takux sk: Kapnos B.A., Kyapssues B.A., Jlemunosuu
B.I1., I'op6auenko C.A., Apaneco E.T., CokonoBa O.€, bpirxem E.®. i aHaniTUKIB BUKOPUCTOBY-
I0Th Ha0lp KpUTEpiiB €PEeKTUBHOCTI, IO BiOOPAKAIOTh 3 PI3HUX CTOPIH PEANiCTUYHICTH MPOEKTY.
SIK OCHOBHUI1 BUMIPHUK NPUOYTKOBOCTI MPOEKTY, CKOPEKTOBAHOIO 3 ypaxyBaHHSIM THMYacOBOT'O
(hakTopa, BUKOPHUCTOBYIOTh TIOKA3HUK 4UCHO020 npugedero2o 0oxody (net present value, NPV). Jla-
Ha BEJIMYMHA XapaKTepU3ye 3arajJbHuil aOCONIOTHUI pe3yNbTaT IHBECTUIIINHOT NIIBHOCTI, ii KiHIle-
Buii edexT. [1ix NPV po3ymiroTh pi3HHUIS JUCKOHTOBAHWX HA OJMH MOMEHT 4Yacy MOKa3HHKIB JI0-
xoxy B(t) 1 Butpar Ha peanizauito npoekty C(?). Y 1iboMy BUNAJIKy / — € HOMEPOM POKY KHTTEBOTO
UKy TPOEKTY. SIKIIO TOXOIU W BUTPATH MPENCTABIICHI Y BUTJISAAI TOTOKY HAJAXO/KEHb, TO NPV
JIOPIBHIOE Cy4YacHIM BEeIMUYMHI 1bOro MOTOKy. Bennunna NPV € ocHOBOIO 111 BU3HAUEHHS 1HIIUX
BUMIPHHUKIB €()eKTUBHOCTI.

KpuBa edextuBHOCTI mounHaeThes i3 Touku Y R(t) mpu 1=0 (HeraTtuBHI 3HaYEHHS CTaBOK
MOPIBHSHHS MU HE PO3TJISAa€MO B HAIIIM CTATTi) 1 MIBHIKO 3HWKYETHCA JI0 KPUTUYHOTO 3HAYCHHS
IRR y skomy NPV=0. Jlani 3 poctom i NPV<0. [Ipyruii Bapiant - 301IbLIEHHS IPOIIOBOTO MOTOKY
70 KIHIISI )KHTTEBOTO LUKy MpoekTy. Llel BapiaHT 3a (opMOrO MOBTOPIOE TMOTEpENHid, OHAK, 3
O1JIBIII BUCOKOIO KPAIKOK CyMapHOTO TPOoIIoBoro moToky — » R(t) 1 6inbmoi IRR (3a iHmUX piBHHX
yMOB). Y MpOrpaMHHX NPOAYKTaX, MPU3HAYECHUX JUIsI aBTOMATH3alii po3paxyHKy e(eKTHBHOCTI
IIPOEKTIB, BUKOPUCTOBYIOTh B OCHOBHOMY Bl MOJI€JIl POCTY I'POLLIOBHUX MOTOKIB. Y TPeTbOMY BHUIIa-
JIKY, JJIsl CIIOCTEPEKYyBaHUX HA MPAKTHUI MOTOKIB IJIATEXKIB, 3aJIC)KHICTh HE Oy/1e HACTUIBKU PIBHOIO
i "mpaBuibHOO". KapTuHa pO3MISIHYTOI 3aJ€KHOCTI CTa€ 1HIIO, SKINO YJIEHH TMOTOKY MIiHSIOTh
3HaKu Ouible oHOTrO pa3y. Ha Hamn mormnsia, Taka cuTyalliss BAHMKA€e BHACIIJOK TOTO, 110 B pO3pa-
XYHKHU TTOKa3HUKIB €()EKTUBHOCTI BKIIIOUAIOTHCS BUTPATH, SIKI TUCKOHTYIOTHCS OJHOYACHO 3 JIOXO-
JaMH 1 TUM CaMHM, YHCEJIbHO 30UIBINYIOTh TMCKOHTOBAHUN PiBeHb MPHOYTKOBOCTI MPOEKTY (Ipu
JTMCKOHTYBaHHI HETaTUBHOI BEIMYMHU BUTPAT 301IBIIYEThCS CyMapHa MPUOYTKOBICTh). Xo4a, SKIO
BUXOJMTH 3 TeOpii LIHHOCTI TpoIIeH y yaci, came BUTPATH HAPOIKYIOTh MaOyTHIO BapTicTh — PV.
ToOTo B KOXKHUH Tiepioa yacy t ButpaTu C(t) mopomkyroTh MaitOyTHI noxoau B(t). 3a 3micTroBUM
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HaBaHTaxkeHHsM C(t) € s mepioAy t MepBICHOIO BEMMYUHOK P 11 Maii0yTHHOTO MOTOKY JOXO/IIB
B(t), ToMy BKJIIOUaTH BHTPATH B PO3PAaXyHKOBY JMCKOHTOBAaHY YacTHHY MOKa3HHKa €(EKTHBHOCTI
MIPOEKTY, Ha HAIll TIOTJISA, HE TOLLIBHO.

[TpaBuno NPV > 0, PI > 1, IRR >i gie He 3aBxau. Y IesSKUX BapiaHTax peaizallii IpOeKTiB
(cTIOHCOPCTBO, KPEAUTHU 3 BIACTPOUKOIO IUIATEXIB, 1HIII ()OPMU 1HBECTYBaHHS 32 PAXyHOK MO3HKO-
BUX KOIITIB) 1€ MPABUIIO MOXKYTh HE BiT0OOpa)kaTH peasbHOI MPpUOYTKOBOCTI (30MTKOBOCTI) MPOEK-
Ty. J{1st mOMIOHMX NPOEKTIB MPOMOHYETHCS PO3PAXOBYBATH IMOKA3HUK CYMapHOTO JMCKOHTOBAHOTO
JIOXOAY 3a BUpPAaXyBaHHSIM CyMapHHUX BHUTpAT 3a MPOEKTOM 32 BECh KUTTEBHHA IMKII MPOEKTY —
PVNC, skiio #oro 3Ha4eHHS MEHILE HYJIS, TO TaKUW MPOEKT CIiJl BIAXWIMTH, OCKIJIBKUA CyMapHi
JMCKOHTOBAaH1 JOXOAM HE MOKPUBAIOTh 3arajbHi BUTPATH 3a MPOEKTOM. Y CBOIO Yepry, pO3paxyHOK
MOKa3HUKIB €(DEKTUBHOCTI NMOBUHEH CYNPOBO/KYBATHUCS €KOHOMIYHHM aHATI30M T'POIIOBHUX MOTO-
KiB IIPOEKTY.

Kuro4oBi ciioBa: rpomoBuii MoTik, €ePpEeKTUBHUIN MTPOEKT, KpUBa €PEKTUBHOCTI, YUCTA MTOTO-
YHA BapTOCTb.
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