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APPLICATION OF BAYESIAN STRATEGY OF COLLECTIVE
DECISION-MAKING TO RESOLVE THE SOCIO-ECONOMIC
PROBLEM OF KYIV CITY

3ACTOCYBAHHS BAUECIBCBKOI CTPATEI'II IPUMHSITTS KOJEKTUBHOTI'O
PIIIEHHSI IIIOJIO BUPIIIEHHS COLIAJTBHO-EKOHOMIYHOI ITPOBJIEMHA
MICTA KUEBA

This article considers an implementation of a constructive scheme of collective decision-
making, which is based on the Bayesian strategy, for the selection of investment projects to solve
the socio-economic problem of Kyiv city. The relevance of this study is that in the absence of an
objective and transparent system for selecting investment projects and with a limited regional
budget, the government should accept only those investment projects that bring the greatest
socio-economic benefits. The main ways of state investment in projects aimed at improving
socio-economic problems are considered. Among them are the State Fund for Regional
Development and the public-private partnership program. It is determined that a significant
advantage of public-private partnership over the State Fund for Regional Development is the
ability to attract both public funds and private investment. Three projects aimed at solving the
problem were selected from the website of the Kyiv Investment Agency, which operates within
the framework of a public-private partnership. The financial indicators of their profitability were
calculated — NPV (net present value), IRR (internal rate of return) and PI (profitability index).
They are based on the concept of incoming and outgoing payments during the period of project
execution. It is determined that these indicators do not always give a consistent result, as well as
their main drawback — the inability to assess the social component. According to the
methodology of collective decision-making by a group of independent experts in terms of the
minimum average probability of error, calculations were made to determine the most attractive
project. It is noted that all experts make decisions separately and independently of each other.
Recommendations were provided for the selection of a specific project. The study identifies the
advantages of this method of project acceptance for investment: objectivity, consistency and
transparency. In the future, it is planned to incorporate risks into the decision-making model.
The main areas that need improvement were considered, and key ones were selected. The most
problematic and urgent is the issue of waste recycling in Kyiv.

Keywords: investment project; making collective decisions; expert evaluation; Bayesian
strategy; optimal solution; public-private partnership.

Y cmammi na ocnosi koncmpykmueHoi cxemu RPpUUHAMMA KOJIEKMUBHO20 DIULEHHS, KA
IDYHMYEMbC  HA  Oatiecigcokitl  cmpameeii, NposedeHo  00CNiOdCceHHs wodo  8i0bopy
IHGeCMUYItIHUX ~ Npoekmie Ol BUPIWEHHs  coyianlbHO-eKoHoMiuHoi  npobnemu  Kuesa.
Axmyanvuicme 0an020 O00CNIONCEHHS NONA2AE Y MOMY, WO 3a GIOCYMHOCMI HA OaHUll 4ac
00’ekmuenoi ma npo3opoi cucmemu 8i000py IHEeCMUYIUHUX NPOEKMI8 ma Npu 0OMeHCeHOMY
PpecioHanbHOMY 0100Jcemi 61a0a MA€ Npumamuy auwe mi iHgeCMuYiliHi npoeKmu, sIKi HeCyms 8



co0i HaubILUWY COYIATbHO-eKOHOMIUHY 8U200y. Pozensinymo ocnoeui cnocodbu OepacasrHoco
[H8ECMYBAHHS Y NPOEKMU, WO CNPIAMOBAHI HA NOKPAUWeHHS COYIANIbHO-eKOHOMIYHUX NpOOIeM.
Cepeo nux eudineno [lepocasnuil ()oHO peciOHATIbHO2O PO3BUMKY MA NPOSPAMY OePHCABHO-
npueamHo20 napmuepcmea. Busmaueno, wo cymmesoro nepesazor 0epiHcasHO-npusamHo20
napmuepcmea Hao [lepacasHum hpoHoOM pecioHATbHO2O PO3BUMKY € MONCIUBICING 3ATYYEHHS K
I Oeporcasnux Kowmis, max i npueamuux ineecmuyiu. 3 camumy KOMYHAIbHO20 NIONPUEMCINEA
«Kuiscvke ineecmuyitine azenmcmeoy, wjo 0i€ 8 pamMKax 0epHCABHO-NPUBAMHOS0 NAPMHEPCMEa
Oyn0 0bpano mpu npoekmu, CAPAMOBAHI HA BupieHHs o00panoi asmopamu npoodIemu.
Ilposeoeno niopaxynxu ¢inancosux noxasuuxis ix npudymxosocmi — NPV (uucma npueedena
seapmicms), |IRR (snympiwns nopma ooxionocmi) ma Pl (indexc npubymxoeocmi), sxi
IPYHMYIOMbCA HA NOHAMMI 6XIOHUX [ GUXIOHUX NIAMeXNCi8 3a Nepioo MHCUmms NpoeKmy.
Busnaueno, wo ne 3a621cou yi nOKA3HUKU 0aiomsv Y3200H4CeHUll pe3yabmam, ad MaKoiC 3a3HAUEHO
PO HEMONCIUBICMb OYIHKU HA IX OCHOBI COYIANbHOI CKIAO0B60I. 3a MemoOon02i€l0 NPUHAMMS
KOJIeKMUBHO20 DIWEHHSI 2PYNOI0 He3ANeNHCHUX eKCNnepmié 3 MOYKU 30py MIHIMyMy cepeoHboi
UMOGIpHOCMI NOMUNKU NPOBEOEHO pPO3PAXYHKU Ol BU3HAYEHHS HAUOLIbUL Npusabiugoco
npoekmy. 3asHaueHo, wjo yci eKcnepmu NpUtiMaromv pPilleHHs OKpeMo, He3aNedHCHO OOUH 6i0
oonoeo. Haoano pexomenoayii wooo obpanHs KOHKpemHo20 npoekmy. 3a pe3yivmamamu
00CNI0JCEeHHs BUBHAYEHO Nepesazu Mmako20 Memooy NPUUHAMMS NpoeKmy O IH8eCH)8aHHs:
00 ’ekmusHicmo, y32003ceHicmb ma nposopicms. Haoani nnamyemucs inkopnopayis pusuxieé 0o
MooOeni  nputinamms  piwenna. bymu  pozenanymi  ocmoemi  chepu, ki  nompebyromo
B00CKOHANIEHHA, ceped HUX euOpano Kioyosi. Hatlbinew npobiemamuyHum ma HALANbHUM €
NUMAanHs nepepooKu 8i0X00I8 )y CIMOUYi.

KawouoBi ciioBa: iHBECTHLIHHUI MPOEKT; NPUNHHATTS KOJEKTUBHUX pIllIEHb; EKCIIEPTHA
OIIiHKa; OalieciBChKa CTpATEris; ONTUMAJIbHE PILICHHS; Iep>KaBHO-TIPUBATHE TAPTHEPCTBO.

Introduction. A regional development is a key issue for stable economic
growth in the country. Significant contribution to such development is made
through public investment and regional projects. Unfortunately, there is currently
no objective and transparent system for selecting such projects — the regulations
available provide only a qualitative assessment. Today, one of the key issues of
sustainable regional development of Ukraine is the introduction of an effective
investment policy. One of the main tasks of the investment program of the region
is a reasonable selection of those investment projects that would be most profitable
for further development of the region [1].

Most often, such investment projects are implemented through the State Fund
for Regional Development or public-private partnership (PPP) programs. Quite
common in the city of Kyiv is the form of PPP, which provides for the
implementation of a regional investment project through the partial attraction of
public investment.

However, the PPP program in its legal framework does not provide a specific
system of evaluation of such projects: usually the socio-economic effect is
assessed “verbally”, without the use of any formalized modeling methods. After
reviewing the passports of already implemented projects, the main drawback was
identified: among the comprehensive evaluation of the project (financial costs,
qualitative and quantitative results, etc.) there is no assessment of the impact of its
implementation on regional development, socio-economic results and forecasting
future effects from the implementation of such projects. Namely, this item is



important in the evaluation and selection of regional development projects, as well
as ensures the transparency of such a procedure.

The importance of this issue is difficult to overestimate, and, therefore, the
purpose of this article is to apply a constructive decision-making scheme, based on
the Bayesian strategy [2,7] for the process of selecting an investment project by the
group of independent experts. The article uses the work of Oglikh V. V.,
Yefanova T. I. [1], Blank I. A. [3], Vovchak O. D. [4] in the field of investment
management and selection of profitable investment projects.

Setting objectives. Each city in the world faces its own special problems, and
Kyiv is no exception. Today, one of the most significant problems for the capital
(and for the whole of Ukraine as well) is the issue of solid waste recycling and
garbage in general.

Annually, each Ukrainian generates about 330 kg of waste, while landfills
accumulate about 11 million of household waste. The total area of such landfills or
dumps is approximately 30,000 km?, which amounts 5% of the total territory of the
state, or, alternatively, the size of Denmark. At the same time, there is only one
waste incineration plant “Energiya” in Ukraine (it is located in the city of Kyiv in
the Darnytskyi district), although previously there were four — in Kyiv, Kharkiv,
Rivne and Sevastopol. Thus, for comparison, there are 126 such plants in France
and 121 in Germany. However, the capacity of the domestic plant is not enough
even to meet the needs of Kyiv alone. Thus, in Kyiv, on average, about 1.2 million
tons of household waste are accumulated per year, and the “Energiya” plant is
capable of burning 260-280 thousand tons. Thus, 77.5% of garbage remains
unprocessed in the capital [5].

Most waste in Kyiv is generated from food - 30%, glass - 12.5%, polymers -
12.3%, paper and cardboard - 8.9%. The other 36.3% are formed by ferrous and
non-ferrous metals, textiles, wood, bones, leather, rubber, hazardous waste, etc.
According to research, based on the number of inhabitants and the average amount
of waste produced by one person, the percentage of waste of various types, as well
as the average capacity of waste processing enterprises, it is needed to build 2-3
sorting plants and 1-2 waste processing plants and composting plants in Kyiv [6].
Today there is no waste processing plant in Kyiv, most of the waste is buried in
landfills.

Thus, the task of this article is to use a constructive scheme of collective
decision-making [7], to decide on the choice of such a project on waste recycling,
which would improve the socio-economic situation in the region. This situation is
assessed through three main components: environmental factor (probable
concentration of CO, in the air, increase in land suitable for farming), economic
(budget revenues from the operation of enterprises, namely tax payments per year),
social (new jobs, improvement in living standards of the population, reduce in the
number of those living below the poverty line). Thus, each expert assesses how
likely it is for each project to achieve these goals.

Methodology. To calculate the profitability of the project, three different
dynamic methods of project evaluation will be used, namely:



— NPV (net present value)
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— IRR (internal rate of return)
IRR=r, under NPV = 0; (2)

— P1 (profitability index)
NPV

Pl=——. 4
i (4)

Where CF; — cash flow at a time t; CF, — cash flow givent = 0 (CF, = IC); r —
discount rate.

Note that according to [11]:

— the project is unprofitable if NPV < 0;
— the project is attractive for investment if NPV > 0;
— the project will provide break-even result if NPV = 0.

It is also known [11] that

— the project is not attractive if the IRR <r;
— the project is attractive if IRR >r;
— the project provides break-even if IRR =r.

If the condition PI < 1 is met, the implementation of such a project will not
cover the costs.

When PI > 1 — the project provides an additional return on capital.

If Pl = 1, the income will be equal to the discount rate.

It should be noted that this approach, like most [11], provides only a financial
assessment of the project and does not reflect the social component of the project.
Modeling of the social component does not belong to the class of tasks that can be
formalized. Therefore, in order to take into account the social factors of the project,
a collective decision-making scheme [7] shall be used in terms of the minimum
average probability of error in  many possible situations ©® @ (

O={S, » (B =m)A..ABy=m), m,..m =LM}, where §=m - the
number of the current state of the object was adopted as a result of an independent

personal decision of the expert A, m=1 M, i =1,N), according to which in each

specific observed situation S ® a collective decision is made according to the
scheme

opt _ 0) (i)
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where J, — a set of number of experts, that in a situation S €® have made a
personal decision 5, =Kk, k=12, J.n), =0 Vpv=1LM,
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PY(E|V,) — pre-estimated on the basis of previous experience distribution of
conditional probabilities of erroneous decisions of each of the experts; P(V,)—

M
probability distribution of the state of the object, Z PV,)=1, M>2.
k=1

Results of the research. It is clear that any project can be successful or
unsuccessful in terms of socio-economic benefits — class V; and V,. Accordingly,
the probability P(V;) is the probability that the project shall be successful, P(V,) —
vice versa. These data can be obtained based on the experience of previous years,
when the commission (committee) made a decision on a project with similar input
characteristics.

For decision-makers, it is possible to determine the frequency of cases in
which experts have made “correct” or “incorrect” (erroneous) decisions. This shall
be P(E|V,) i P(E|V,) for each expert.

Data from the website of the Kyiv Investment Agency, an executive body
subordinated to the Kyiv City State Administration, was taken as input. This portal
carries out the procedure of selection and finding of investors within the
framework of public-private partnership with a help of a commission of 5 experts.

To implement the objectives of this article, the following three investment
projects were selected: project A — “Reclamation of a landfill Ne5” [8]; B —
“Construction of a waste sorting complex on Collectorna street, 44 in Darnytskyi
district” [9]; C — “Modernization of the waste incineration plant “Energiya™” [10].

According to the data provided in [8-10], the following calculations of
financial efficiency indicators were given (table 1):

Table 1 — The results of investment evaluation of projects

Indicator Project A Project B Project C
NPV 2.5 min UAH 5.8 min UAH 121.9 min UAH
IRR 0,03 0,06 1,01

Pl 35% 45% 15%

One may see that project C has a significant advantage over projects A and B.
This is obvious, because the modernization of the waste processing plant is much
more financially advantageous compared to landfill recultivation and construction
of a waste sorting center. However, such conclusions reflect only the financial
content of the project, i.e. its profitability and payback, and in the case of public
investment projects one should consider the social component. As the concept of
socio-economic benefits is difficult to formalize, it is proposed to use a method in
which a group of experts assesses the social attractiveness of the project, and each
expert decides individually to accept or reject the project. Therefore, it is worth
referring to the methodology proposed by the authors.

According to the statistics of the investment fund for the previous ten-year
period, 75.6% of the funded projects were successful, i.e. P(V;) = 0,69, and,
accordingly, P(V;) = 0,31.



To make a decision on the possibility of financing the current project, an
expert group of 5 people was involved. Error probabilities estimates of these
experts for previous decisions are summarized in table 2.

Table 2 — Distribution of conditional probabilities of erroneous decisions

Erroneous decision probability
mPert PO (E| V) POEV,)
1 0,059 0,068
2 0,012 0,059
3 0,048 0,087
4 0,01 0,031
5 0,063 0,053

Subsequently, for each project, the experts have made independent decisions
on whether to accept or reject the project.
As a result of the decision of each of the experts for project A, the following
situation is observed
812121: (81 :1) N (82 = 2) N (83 :1) A (84 = 2) A (85 :1)

We see that in this case the personal decisions of the experts are inconsistent:
the experts A, A,, A have defined project A as successful, and experts A,, A,—as

unsuccessful. To make a final collective decision, one must firstly define the sets
of experts, who in this given S, ,, have provided of agreed decision: J, ={1,3,5},

J, ={2,4}.
According to scheme (4) for making the optimal collective decision we shall
calculate the following values for project A4:

ro | [[1-POEm] | [POE) =
L€]; €]y
P(V)[1 = POEIV)|PPEIV)[1 - PEOEIV)]PDEIV)[L - POEIV)] =
=0,69-(1-0,059)-0,012-(1—-0,048)-0,01-(1—-0,063) =6,95- 1075,

P(V,) 1_[[1 — POEV)] 1_[ PO(E|V,) = 8,86 - 105,
L€J1 €)1
D =argmax P(V,)[ [1-PY(E VI [PV (EIV,) =2,
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1cks<2 iedy izdy

that is, we make the final decision in favor of the class V,, that is, project A is
considered to be unsuccessful.

Similarly, it was determined that project B could also be low-performing, and
project C has every chance of being successful.

Thus, a group of experts decided to finance project C — “Modernization of the
waste incineration plant “Energiya””. In this case, this project proved to be the
most profitable both financially and socially. However, there is a possibility of
inconsistency between these two criteria. In such a way, it is worth either rejecting
such a project or conducting a more in-depth study.



Conclusions. This article presents a practical way to apply the methodology
of collective decision-making based on the Bayesian strategy for the selection of a
regional investment project, which aims to solve a specific socio-economic
problem of the city of Kyiv city. This method of collective decision-making allows
for clear and formalized, and most importantly — effective and transparent selection
of social projects, if the financial criteria give non-homogeneous results. Within
the framework of the presented method, a group of experts performs the
assessment of the project feasibility to achieve socio-economic criteria that will
improve the situation in the region.

This technique was applied to real data obtained from three projects that are
planned to be implemented within the framework of public-private partnership in
the city of Kyiv. In the future, to maximize the realism of the obtained results, it is
planned to add to the calculations the impact of possible risks during the project
implementation in the future.
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