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In the context of globalization and fierce competition in world markets, the high level of investment
activity in the country is a key to economic and innovative development. The high level of wear and tear
of fixed assets in developing countries gives special relevance to solving the problem of attracting
investments for production development. Hence, for the investment management system choosing an
optimal variant among several available investment projects is one of the most responsible stages of
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ensuring the stable operation and sustainable development of an enterprise. In this regard, the aim of the
January 4, 2021

article is to develop a comprehensive multi-criteria approach to choose the best investment option. The

ﬁ‘xggﬁ;; article analyzes the existing methodological approaches to assess the economic efficiency of the
' . investment projects, identifies their advantages and disadvantages. A multi-criteria method of investment
Investment project

project evaluation is proposed, which is characterized by the absence of restrictions on the number of
individual evaluation indicators and the possibility for the investor to determine the significance of every
indicator using weights independently. The use of the proposed methodology by enterprises will improve
the quality of management decisions at the stage of choosing the optimal investment option.
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1. Introduction

High level of investment activity is one of the factors of economic and innovative development of any country in the world,
owing to the fact that without the influx of investments economic life and social development of industries, regions, countries
fades, declining production, providing unemployment and social tension in society. The problem of investment inflow is
foregrounded by the high level of wear and tear of fixed assets of many industrial enterprises in developing countries. It is
possible to prevent the negative consequences of depreciation of enterprise assets with significant increase in the level of
investment activity. At the same time, in the current economic situation, entrepreneurship cannot count on budget investments
due to their numerous limitations. That is why for the investment management system the choice of the optimal option between
several available investment projects is one of the most vital stages of ensuring the steady operation and development of an
enterprise (Goncharov et al., 2013; Kuksa et al., 2019; Hnatenko et al., 2020). The period of return on capital investments,
options for its alternative use and the additionally generated income flow of the enterprise in the future period depend on how
objectively and comprehensively the investment projects are evaluated. In this regard, the development of optimal methods
for evaluating the economic efficiency of investment projects becomes especially important.
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Many scientists research and develop approaches to evaluat the economic efficiency of the investment projects. Thus, Liu,
Hsu (2015) proposed four specific aspects of assessing economic efficiency using as an example of the investment projects
for the development of cable car systems in Taiwan. In another article, Erfani and Tavakolan (2020) developed an integrated
model for assessing the risks of investment projects in the field of wind energy that allows predicting the size of cash flows
from investments. Clements and Si (2011), using the binary choice model, identified the determinants of the probability of
success and cost-effectiveness of some investment projects for the development of natural resources in Australia. BartoSova,
Majercak, Hraskova (2015) discussed the advantages and disadvantages of using traditional evaluation methods, as well as
their relationships with risk, to determine the economic efficiency of investment projects. Wei et al. (2020) proposed a flexible
model for evaluating the effectiveness of investment projects, which can help oil companies evaluate their own investment
projects for the development of oil sands with different characteristics of the relevant technological process in these
companies. Chang et al. (2019), in order to increase the accuracy of investing in grid construction projects and prevent possible
risks, proposed a method for evaluating investment projects to provide optimal decision-making in the management of these
projects. Joppen et al. (2019) considered and analyzed the method of data collection for evaluation of economic efficiency of
investment projects for the development of industrial production. In a scientific work, Ozkir and Demirel (2012) developed a
model of fuzzy linear programming to assess the economic efficiency of investment projects in the field of transport in Turkey.
Aseev et al. (2005) built the optimum function of the management of investment portfolio of an innovative enterprise using
various methods of estimation of investment projects. Mcadam et al. (2010) developed a model for implementing investment-
driven innovation into the activities of small and medium enterprises in the UK, using traditional methods of assessing the
effectiveness of investment projects.

Paying tribute to the above studies, it is noteworthy that there is a necessity of further researches of the existing approaches
to evaluat the economic efficiency of investment, identifying their shortcomings and developing a system-based integrated
multi-criteria approach to choose the best investment option.

2. Research methods

In a modern market economy, the numbers of methods are known to assess the effectiveness of investment. The most common
methods are payback period, efficiency ratio, net present value (NPV), profitability index and internal rate of return on
investment (Petryk et al., 2020; Ganushchak-Efimenko et al., 2020; Samborskyi et al., 2020). At the same time, these methods,
along with some positive aspects, have a number of significant shortcomings that must be taken into consideration during the
analysis of investment projects (Table 1).

Table 1
Analysis of single-criteria methods of evaluating the economic efficiency of investment projects
The name of the method Contents of the method Legend Advantages Disadvantages
and
brief description

1. Payback If the amount of cash flow is ly - the amount of initial 1. Allows you to 1. Does not consider income

Period (PP) constant in each period of the investment costs; assess the liquidity from investments outside the

- the minimum time investment project, the CF;- net operating cash  and riskiness of the payback period.

interval required to recoup  calculation formula is: flow; project, as long 2. Ignores the possibility of

investment costs from net PP =1,/CF. Jj,d - integer and payback means: reinvestment and the

cash flows. If CF is uneven in different fractional components a) long-term temporary value of money.
periods of time, the value of PP is  of the payback period immobilization of 3. Does not have the property
determined by the sum of integer funds; of additivity.
and fractional components. b) increased risk. 4. The overall profitability of
The integer part is: 2. Ease of use the project cannot be measured

pp — Z CF with the isolated use of the
payback method.

The fractional part is:
D = (I, — [CF1 + CF2
+CED/CF +1

2. Account rate of return ARR = () P/n) + Py~ project profit; Easy to understand 1. Does not take into account

= t . .

(ARR) n - the term of and includes simple the temporary value of money

- the average project ARR ~ +((lo + [lo — SAt])/2). investments realization calculations and the possibility of

for its lifetime is If after the end of the project it is reinvestment of income.

compared with the planned to receive liquidation 2. The non-monetary nature of

average investment in the ~ CF, then its forecasted value (Af) some types of expenses and

project. should be excluded from the the related tax savings are
initial amount of investments ignored.

3. It is not possible to assess
the advantages of the projects
with the same ARR, but
different average investments
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Analysis of single-criteria methods of evaluating the economic efficiency of investment projects (Continued)

The name of the method Contents of the method Legend Advantages Disadvantages
and
brief description
4. Profitability PI = PV /ly; If PI > 1, then the It is a relative Cannot be used in the case of
Index (PI) PV = S[CFt/(1+1)] project should be indicator. analysis of extraordinary
- income per unit of accepted; Due to this, it is projects that involve a
expenditure if PI < 1, the project convenient when significant outflow of funds
should be rejected; choosing one project during their implementation or
if PI = 1, then the from a number of after their completion
project is neither alternatives with
profitable nor approximately the
unprofitable same NPV values or
when creating the
investment portfolio
with the maximum
NPV value.
5. Internal This indicator is determined from  r1 - the value of the In general, the 1. The complexity of the

rate of return (IRR)

- discount rate that
compares the present
values of expected
revenues from the project
with the investment

the following equation:

NPV = Iy + Z(cn/
/(1 +1RR) = 0.

There are the following 4 ways to
find IRR:
- - substitution method,
calculating NPV different values
of the discount rate to the value
when NPV changes from positive
to negative;
-using a simplified formula:

IRR =712+ (r1 —r2)x
xNPV2/(NPV2 — NPV1),
the next inequations must be
followed:
r2<IRR<rli
NPV1 <0< NPV2;
- applying standard values of the
current annuity value factor
(PVIFAr, n) at a constant value
of net cash flow

tabulated discount rate,
minimizes the positive
value of NPV

12 - the value of the
tabulated discount rate,
maximizes the negative
value of NPV,

CC — the price of
invested capital.

If IRR > CC, then the
project should be
accepted;

if IRR < CC, the project

should be rejected;

if IRR = CC, the project

is neither profitable nor
unprofitable

method is not very
difficult to understand
and is well consistent
with the main
purpose of financial
management —
increasing
shareholder’s profits

calculation.

2. The most profitable project
is not always allocated.

3. Contemplates an unrealistic
situation of reinvestment of all
intermediate cash receipts
from the project at the rate of
internal profitability, as one
part of the funds can be paid in
the form of dividends, and the
other - invested in low-yield
but reliable assets.

4. Does not solve the problem
of multiplicity of the internal
rate of return for
unconventional monetary
projects.

5. Does not take into account
the size of the project and,
therefore, the absolute value of
improving the welfare of the
company (firm, enterprise)

Thus, the methods of evaluating the efficiency of investment projects, shown in Table 1, have certain shortcomings, and the
existing methodology of investment evaluation provides the selection of the most effective one based on a single indicator.

3. Research results and discussion

The presence of certain shortcomings of modern methods of assessing the economic efficiency of investments significantly
complicates the choice of the optimal version of an investment project, which is clearly shown in the example of the data

presented in Table 2.

Table 2

Estimates of evaluation indicators of hypothetical investment projects

Indicators of economic Projects The optimal
efficiency of X, X5 X3 X4 project
investment projects
Payback Period (PP) 0,3 0,3 0,396 0,6 0,804 (maximum) Xs
Account rate of return 66,0 (maximum) 63,96 54,0 33,96 27,96 X3
(ARR),%
NPV, $ 669,48 723,96 673,2 428,16 273,6 X,
(maximum)
Profitability index (PI) 1,752 1,8 1,764 1,836 1,176 Xy
(maximum)
Internal rate of return 27,24 30,0 32,52 30,36 21,72 X,
(IRR), % (maximum)

According to Table 2, five hypothetical investment projects were selected for the evaluation, each of which is proved to be
optimal due to the presence of the only one indicator of economic efficiency with maximum value. Thus, according to the
payback period, the optimal project is Xs, according to the efficiency ratio — X, according to NPV — X,, according to the
profitability — X4, according to the internal rate of return — X3. It is a typical situation that choosing the best investment option
creates significant uncertainty when choosing the most successful capital investment option. To solve this problem, we
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consider using the method of comprehensive multi-criteria assessment of economic efficiency of investment projects as the
most appropriate one.

From the point of view of the solved problem context, applying the method of an ideal point is the most successful among the
existing methods of multi-criteria optimization. Thus, in general, the algorithm of comparative rating assessment of the eco-
nomic efficiency of the investment project can be represented as a sequence of the following steps:

1. The source data is presented in the form of a matrix (a;;) (table 3), where the rows are recorded numbers of indicators (i =
1,2,3 ...n), and the columns are the projects’ numbers (j = 1,2,3 ...m).
2. For each indicator, the maximum value is found and entered in the column of the reference project (m + 1).
3. Initial indicators of the matrix a;; are standardized for the relevant indicator of the reference project by the formula (1):
Xij = L,

maxa; j ( 1)
where X;; - standardized indicators of economic efficiency of j project;
a;; - initial indicators of the economic efficiency of the project.

4. For each analyzed project, the value of its rating (R;) is determined by the formula (2):

R; 2\[1(1(1—x12]-)2 +~~+Kn(1—x,21j)2 W
where Ky, K,, ... K- weights of the indicators assigned by the expert.

Thus, the evaluation of the project is carried out by comparing it for each indicator of economic efficiency with the reference
project, which has the best results on all comparable parameters.

Table 3

The results of choosing the best option for an investment project
Indicators of economic Projects Reference ~ Weigh

efficiency of X X, X; X4 Xs project t
investment projects
Payback Period (PP) 0,3 0,3 0,396 0,6 0,804 (maximum) 0,804 0,14
Account rate of return 66,0 63,96 54,0 33,96 27,96 66,0 0,10
(ARR),% (maximum)
NPV, $ 669,48 723,96 673,2 428,16 273,6 723,96 0,33
(maximum)

Profitability index (PT) 1,752 1,8 1,764 1,836 (maximum) 1,176 1,836 1,53
Internal rate of return 27,24 30,0 32,52 (maximum) 30,36 21,72 32,52 0,24
(IRR), %
Project rating (R) 0,252 0,238 0,203 0,297 0,482
Ranking (Rank) 3 2 1 4 5

The analysis significantly reduced the uncertainty in making an investment decision and showed that the most effective one
of the proposed hypothetical investment projects is X3. The advantages of the proposed rating technique include the absence
of restrictions on the number of individual indicators of economic efficiency of the project and the fact that the investor
determines their significance using weights. However, the final choice of the optimal investment project is left to the person
who makes the appropriate decisions. Thereby, the proposed method of multi-criteria evaluation of investment efficiency
allows improving the quality of management decisions during choosing investment projects and can be used by various com-
panies at the stage of choosing the best investment option.

4. Conclusions

As a result of the study, it was found that providing a high level of investment activity is the basis of the growth of business
activity, which is a guarantee of quantitative and qualitative growth of production processes. It also increases the investment
attractiveness of economy as a whole. In this case, the efficiency of investment activities is ensured by choosing the optimal
investment project that would reduce the cost of goods (works, services) produced, improve quality, expand the range of
products, increase enterprise income, eliminate production and financial risks.

It is possible to determine the most cost-effective investment project using a multi-criteria method of project evaluation, which
is characterized by no restrictions on the number of individual evaluation indicators and the possibility of self-determination
of the significance of each indicator using weights. In this regard, the use of the proposed methodology by enterprises will
improve the quality of management decisions at the stage of choosing the optimal investment option.
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