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USE OF AN INVESTMENT PAYBACK PERIOD
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This article analyzes one of the key factors of project effectiveness; the investment payback pe-
riod. For different conditions of project financing and the subsequent profit from its implementation,
calculating formula are derived that facilitate the analysis of the effectiveness of the investment
project. The main content of this work is the suggestion and explanation of the generalized factor
of increasing profits, which, in our opinion, is the most objective criterion of project effectiveness.
The method works well in situations when investments involve a high degree of risk, therefore,
the shorter the payback period is the less risky the project is. This situation is typical for industries or
activities that are characterized by a fairly high probability of rapid technological change.

The suggested generalized index of the growth of an income can be recommended for the ana-
lysis of the effectiveness of an investment project in all cases.

Keywords: the investment payback period, the criterion of project effectiveness, index of
the growth of an income.

Many studies have been devoted to the analysis of methods of calculation of project investment
payback periods and their influence on the effectiveness of investment (see e.g. [1-3]). First of all, we
need to consider the undiscounted payback period PP (Payback Period). This factor is one of the most
simple and widespread in world practice. The algorithm of calculation of PP depends on the regularity
of the distribution of a projected investment income. If an income is distributed by year, the payback
period is calculated by dividing the lump-sum cost for the size of the revenue R, i.e,

PP=K/R. (1)

If the profit is distributed not regularly, the payback period is calculated by a direct calculation of
the number of years during which an investment will be repaid with the help of a cumulative (total) income.

The indicator of a payback period is very simple in its calculations, however it has a number of dis-
advantages, the main one concerns the undiscounted rates on which this method is based, it does not dis-
tinguish between projects with the same amount of a cumulative income but are different in their distri-
bution by year.

DPP (Discounted Payback Period) — this is the expected repayment period of initial discounted in-
vestments from discounted earnings. This method is similar to the previous one, but it is based on
the discounted rates of investment and income. N’ is selected (n") (NPV — net discounted income for n
periods ') satisfies the conditions: NPV(n') <0, a NPV(n'+ 1)>0,then the approximation formula is used

DPP =+ NPV (') /( NPV (' +1)— NPV (n')). )

Two factors influence the discounted payback period, they are the dynamics in revenue over time
and the discount rate.

Let us examine the dependence of the discounted payback period on the flow of revenue dynamics.

Let us first consider a steady stream of payments (terminable annuity).
K — the amount of investments, R — steady income per period (rent income member), i — discounting.

K 1-(1+i)" |
We have — = #, it goes that
R i
K.
—In(1-—1i)
n=DPP=— R 3)
In(1+1)
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If K/R— 1/i DPP— oo, i.e. if K/R > 1/i investments don’t pay off.
Now a variable flow of payments with an initial member R changes with a constant growth rate a.
Then, the discounted value of an unsteady flow of payments is calculated with the help of the formula:

an _
P:Re E

q
I+a
where g =In——.
1+

The formula for DPP calculation is derived here.

1n(11§q+1] ln(lliln 11+? +1j
DPP = - LLE (4)

q 1n1+a
1+

If a=0 (steady flow of payments) the formula (4) flows into (3).

If a=i (payments go up, but their discounted rates are steady) formula (4) according to L'Hopital's
rule it flows into (1).

When o grows DPP goes down, accordingly, when o goes down DPP grows, then the condition

+a 1.0,

should be able to carry out Eln
R 1+i

R

Thus, when o, < (1 +1i )e K —1 investments don’t pay off (DPP—0).

For example, if K=400, R=100, i=0.1, then:

o, =11e%% —1=-0,143.

This example shows that when dealing with a one-time investment of 400 thousand rub. and a sub-
sequent income stream with an initial member of the 100 thousand rub. with the pace of its change
at a=0.143 —in a period, investments don’t pay off .

A great amount of a material for economic analysis is represented in the graph of the NPV (net dis-
counted revenue) by periods of the investment cycle. Let us study three investment projects with equal
one-time investments of 400 thousand rub., 7=8 and various subsequent streams of income (postnume-
rando). In the variant A R=100 thousand. rub., a=0 (a constant stream of payments); variant B R =80,
0.=0.1 and R= 140 thousand rub., a=-0.1, i.e. income dynamics by year as follows:

A: 100, 100, 100, 100, 100, ...

B: 88,96.8,106.5,117.1, 128.8, ...

C: 126,113.4,102.1,91.9, 82.7, ...

The payback period of all three projects is (4) 5 years. The graph NPV for all three projects by year
is below.

As we see in Fig. 1, the curves NPV are very different.

v

Fig. 1. Net discounted revenue for T periods
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KpaTtkme coobLieHus

DPP
S, == [ NPVr(t)dt.
0

S,=DPP-K — §;. The best option in terms of minimizing the diversion of investment funds is one of
the three considered options, which allows the recovery of spent funds more quickly. This is variant C,
for which income from the beginning of the operation is higher than for the other projects. It decreases
towards the end of the payback period. To quantify the differences in payback of capital investments [2]
an income rise factor is introduced, which can be defined as the ratio:

)

The bigger the rise income factor p is, the higher the effectiveness of investments is with other
things being equal. This figure has a significant disadvantage connected with the fact that it does not
depend on the nature of the rise of NPV after the payback period.

In this article, we suggest a generalized indicator of the income increase, which can be defined as
the integral of NPV for all periods of the investment cycle.

T
P =[NPV (t)dt. (6)
0

In Fig. 1 one can see that P = S; — S, thus max p is equal to min S, that in its term gets to max P.
So, criterion (5) is a particular case of our derived criterion (6). But the indicators PP, DPP, and crite-
rion (5) do not take into account the influence of the income of past periods. While criterion (6) provides
a comparison of investment options beyond the payback period, which removes the negative aspects that
are inherent to the payback period as the indicator of effectiveness of the investment project.

There are a number of situations in which the application of a method which is based on the calcula-
tion of the payback period can be rational. In particular, this is a situation when the company’s manage-
ment is more concerned with solving the problem of liquidity but are not concerned with profitability of
the project — most importantly, and its investments need to be paid off as soon as possible. The method
also works well in situations when investments involve a high degree of risk, therefore, the shorter
the payback period is the less risky the project is. This situation is typical for industries or activities that
are characterized by a fairly high probability of rapid technological change.

The suggested generalized index of the growth of an income (6) can be recommended for the analy-
sis of the effectiveness of an investment project in all cases.

This factor takes into account the dynamics of capital investments and the dynamics of income
beyond the payback period.

In Fig. 2 the graphs of NPV increase are depicted for two investment projects (project A — solid
line, B — dotted line). In this case, we see that project B is more preferable than A according to criterion
(6), despite the fact that its discounted payback period is larger than NPV.

2 NPV

Fig. 2

This result is due to the fact that the difference of squares in the negative region of project A is
greater than the difference in the positive region, so Pa < Psg.

From a technical aspect the NPV rise graph of investment project B (in comparison with project A)
is provided by the following activities:

* execution of work that requires investments within late time frames;

* acquisition of an income from investments within the earliest time frames.
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MCNOJIb30BAHUE CPOKA OKYNAEMOCTU UHBECTULIMA
ana AHANNN3A 3PPEKTUBHOCTU NMPOEKTA

O.B. JloeuHoeckul, 51.0. enbpyd
FOxHO-Ypanbckuli 2ocydapcmeeHHbIlU yHusepcumem, 2. YenssibuHck

AHanu3upyeTcsl OJIMH M3 BOXKHEHIINX MoKazarene 3Q(PEeKTUBHOCTH MPOEKTa — CPOK OKyIlae-
MOCTH WHBeCTUIUH. J[J1 pa3HbIX ycIOBHHA (PMHAHCHPOBAHUS MPOCKTA M MOCIEAYIOUIETO TOIy4YeHUS
NPUOBLIA OT €0 pealn3alii BbIBOISTCS pacueTHbIC (POPMYJIbI, OOJIeryaromnie aHaimu3 3 peKTHBHO-
CTH MHBECTHIIMOHHOTO MpoekTa. OCHOBHOE CoJiepKaHue TaHHON paboThl — IMPEATIOKEHNE U 000CHO-
BaHHE 000OIICHHOTO TIOKa3aTeNs HapacTaHWs MPHUOBLIN, KOTOPBIH, Ha HAIll B3I, SBIAETCS HanOO-
Jiee OOBEKTHBHBIM KpUTepueM 3P PEeKTHBHOCTH MpoekTa. MeTo Xopoo paboTaeT B T€X CUTYallH-
SIX, KOTJ1a UHBECTUIIMH CBSA3aHBI C BBICOKOW CTENEHBIO PUCKA, TIOATOMY, YEM KOPOUE CPOK OKYNaeMo-
CTH, TEM MEHEE PUCKOBAHHBIM SBIIIETCS NPOEKT. Takas CHTyalus XapakTepHa A OTpacied WiIu
BUJIOB JIEATENBHOCTH, KOTOPBIE XapaKTEPU3YIOTCS JOCTATOYHO BBICOKOH CTENEHBIO BEPOSTHOCTU
OBICTPBIX TEXHOJIOTHYECKUX N3MCHEHHH.

[TpennoxxeHHbIH 0000IMEHHBIH HHIEKC POCTa I0X0Aa MOXKET OBITh PEKOMEHIOBAH JUIsl aHaIu3a
3¢ PEKTUBHOCTH HHBECTUIIMOHHOTO ITPOEKTA BO BCEX CITydasiX.

Knouegvie crnosa: cpok oxynaemocmu ungecmuyuil, kpumepuu d¢hpexmuenocmu npoexma, uh-
dekc pocma 00x00a.

Jumepamypa
1. Bepenc, B. PykoBozactso 1o onenke 3¢ dexrrBHocT napectuimii / B. bepenc, [1.M. Xappanek. —
M.: AO3T «Murepakcnepr»: Uudpa—M, 1995, — 528 c.
2. bupman, I'. DxoHOMHYECKHI aHAIW3 MHBECTHUMOHHBIX NpoekToB / I'. bupman, C. IlImuar. —
M.: banku u 6upxu, FOHUTU,1997. — 631 c.
3. Cmousik, C.A. Tpu npoGnems! Teopun 3¢pdexkrnBHocTH nHBecTuwii / C.A. CMoisik // DKkoHO-
MHKa 1 MaTeMaThudeckue MeToabl. — 1999. — Ne 4. — C. 87-105.

JlorunoBckuii Ogier ButanbeBu4, 1-p TEXH. Hayk, mpodeccop, 3aBenyromuii kadheapoir uadop-
MalMOHHO-aHAJUTHYECKOTO O0ECHECUYCHUs] YIPABICHHUS B COLHAIBHBIX M AKOHOMHYECKHX CHCTEMax,
HOxHO-Ypanbckuii rocyiapcTBEHHBIN yHUBEpCUTeT, I. UensOuHck; loginovskiyo@mail.ru.

leaspyn SIxoB /laBuaoBu4, 1-p TexXH. Hayk, npodeccop kadeapsl mHOpMAMOHHO-aHAIU-
THYECKOTO 00eCICUeHHsI yIPABICHHUS B CONMANBHBIX M YKOHOMHUYECKHX cucTemax, FHOKHO-Ypanbckuii
rOCYJapCTBEHHBIH YHUBEpCHTET, T. Yensabunck; gelrud@mail.ru.

Ilocmynuna ¢ peoaxkuyuto 5 cenmaopa 2016 2.

OBPA3EIl MUTUPOBAHMUS FOR CITATION

Loginovskiy, O.V. Use of an Investment Payback Loginovskiy O.V., Gelrud Ya.D. Use of an Invest-
Period in Order to Analyze Project Effectiveness / ment Payback Period in Order to Analyze Project Effec-
0.V. Loginovskiy, Ya.D. Gelrud // Bectauk IOYpI'Y. tiveness. Bulletin of the South Ural State University.
Cepusi «KoMIblOTEpHBIE TEXHOJOTHH, YIPaBJICHHUE, pa- Ser. Computer Technologies, Automatic Control, Radio
nmoanekTponnkay. — 2016. — T. 16, Ne 4. — C. 132-135. Electronics, 2016, vol. 16, no. 4, pp. 132-135. DOL:
DOI: 10.14529/ctcr160415 10.14529/ctcr160415

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 135

2016. T. 16, N2 4. C. 132-135



