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Abstract

Introduction. The pharmaceutical market is characterized by a stable annual growth of 5-6%. According to the
results of sales in 2018, the key domestic producers of pharmaceutical products were PJSC «Farmak» (the
market share was 5.4%; the sales growth was 20.7%, compared to the previous year), Arterium Corporation
(the market share - 3.5%; the sales growth - 17.6%), PrdSC «Pharmaceutical Firm «Darnitsa» (the market
share - 3.27%; the sales growth - 15.3%), the Group of Companies «Zdorovya» (the market share - 2.32%;
the sales growth - 12.4%).

The successful functioning of a modern enterprise largely depends on its ability for sustainable development
by means of introducing innovations, developing new products and adopting effective models of management.
All these activities require that an enterprise adopts a project approach. As the number of projects is growing,
alongside with their cost and life cycle, it is becoming increasingly important to implement the concept of
portfolio management. The present research outlines different approaches to creating a project portfolio and
describes instruments that can help enterprises select an effective combination of projects in a portfolio. The
object of the research is the project activity of a «Pharmaceutical Company «Zdorovya». In order to achieve
the purpose of the research, the author applies multiple criteria weighted ranking and cluster analysis.
Methods. Multiple criteria weighted ranking is used on the first stage of project evaluation in order to define
its ranking (priority). The method of multidimensional classification, as well as cluster analysis in particular,
is used to divide all the projects into groups. The advantage of cluster analysis lies in the fact that it allows
businesses to group projects according a great number of miscellaneous parameters. Joining (tree clustering)
and K-means clustering methods are employed with the help of STATISTICA software. Ward’s method as
amalgamation (linkage) rule and Euclidean distances as distance measure are also applied as methods of
cluster formation.

Results. Project ranking based on the level of risk, the investment cost, the net present value, the profitability
index and the discounted payback period allowed the author to define the priority of each project and
suggest recommendations as to how they should be included into the portfolio of projects. Nine projects were
considered in order to create a project portfolio for a pharmaceutical enterprise. Multiple criteria weighted
ranking shows that Project 3 has the highest priority.

The conducted clasterisation revealed three clusters of projects that characterise different directions in the
process of starting a modern pharmaceutical manufacturing facility (Cluster 3), launching a new medicine into
the market (Cluster 2) and expanding the existing range of products (Cluster 1).

Conclusion. While forming a project portfolio, it appears worthwhile to use a combination of three parameters:
risk, effectiveness and cost. Additively, which is characteristic of net present value criterion, allows businesses
to select the most effective combinations of projects in their portfolio. Based on the results of calculations, it
is recommended to form a portfolio of 4 projects with a net present value of EUR 179,501.
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HAepeHcbka 1. M.

KaHOMAAT EKOHOMIYHMX Hayk,

JoueHT Kadeapu ynpasniHHA Ta EKOHOMIKU NiANpUEMCTBA,

HaujioHanbHuin (hapMaueBTUYHNIA YHIBEPCUTET, XapkiB, YkpaiHa

Migpxogn no dopmyBaHHA NpoeKTHOro noptdento hapmaueBTUHHNX BUPOOGHUKIB

AHoTauifl. Y cTatTi po3MmsiHyTO 0CO6/MBOCTI iHBECTULINHOIMO PO3BUTKY Cy4yacHoOro apmMaueBTU4HOro
NiGNPUEMCTBA LUNAXOM BMPOBaKEHHS KOHLENMLT MPOEKTHOrO MEHEPKMEHTY, Y MeXXax SIKOro 34ilNCHIOETbCA
BiOOIp Kpawmx ONA BUKOHAHHSA MpPOeKTiB. MeTol [OChifKEHHS € BU3HAYeHHS nigxodis OO (hopMyBaHHA
NPOEKTHOrO MOPTAENtO, a TaKOX IHCTPYMEHTIB, SKi AO3BONATL 3AINCHUTA BiOGIp ePeKTUBHMX KOMOGIHALLi
npoekTiB y noptdeni. [na po3B’aA3aHHA MOCTaBfeHOI METM aBTOPOM BUKOPUCTAHO 6GaraTtokpuTepiasibHe
paH>XyBaHHS 1 KNacTepHUA aHani3. PaH)XyBaHHS MPOEKTIB 3a KPUTEPISIMU: piBEHb PU3UKY, IHBECTULiIAHI BUTPATH,
4yMcTa NOTOYHA BapTICTb, IHAEKC PeHTabeNbHOCTi, ANCKOHTOBAHWUI nepiog, OKYMHOCTI AO3BONMUIN BU3HAYUTU
NPIOPUTET KOXXHOIO MPOEKTY N HapgaTh pekoMeHAaLii WoAo NoAanbLUoro iX po3rmsgy Y Mexax NPOEeKTHOro
noptdento. 3 MeToto opMyBaHHS NPOEKTHOrO NopTdento hapmaLeBTUHHOrO NigNPUEMCTBA rPyni KOMMaHii
«300poB’s» OoCnifKyBanuca Taki npoekTn: «MopepHisauis amnynbHoro uexy»; «CTBOPEHHHA Cy4acHOro
(hapMaueBTMYHOrO BMPOBHULITBA Ta MOAEPHi3avjis icHyrodoro 3rigHo cTanaapTieB GMP»; «BuBegeHHs Ha
PVHOK Npenapaty npoTu NoxMinnsg»; «Peectpauis nikapcbkux 3acobis y B’eTHami»; «PeecTpauia aHeCcTeTuKIB
ansa ctomatonorii y HimedyuHi»; «PosumpeHHs BUpOOHULTBA AEPMaTONOrNYHOro Kpemy npoTmusananbHoi gji»;
«PosLwmpeHHs BMpobHULUTBa 4epMaTooriYHOro Kpemy Ans NikyBaHHS rprbKoBux iHMeKLi»; «Po3wmnpeHHs
BMPOOHMLTBA npenaparty Ans fNiKkyBaHHA MirpeHi»; «Po3wmnpeHHs BupobHMUTBa npenaparty Anas NikyBaHHS
KaLlslo Ta 3aCTygHNX 3aXBOPHOBaHb».

Y pesynstaTi NPOBEAeHOI KnacTepusallii BUSHA4YeHO TpU KracTepy MPOEKTIB, LLO XapakKTepusyoTb HanpsMu
CTBOPEHHS Cy4acHoro hapmaneBTUHHOro BUPOOHMLTBA, BUBELEHHSI HA PUHOK HOBOO Npenapary i PO3LUNPEHHS
BUMNYCKY iCHYytOUMX BUAiB NpogyKuii. Ona dhopMmyBaHHSA BapiaHTiB MPOEKTHUX MOPTQENiB pekoMeHOyETbCA
3acTocoByBaTV KOMOIiHaLi0 mapameTpiB pu3nK — e(PeKTNBHICTb — BapTiCTb. 3a pe3yfkrataMy po3paxyHKiB
pekoMeHOoBaHO cchopmMyBaTh NOpPTdEND i3 4-X NPOEKTIB i3 CYMOK YMCTOI NOTOYHOI BapTocTi 179501 eBpo.
Knro4oBi cnoBa: NpoeKT; NpioOpUTETHICTb NPOEKTIB; yNpaBniHHA NPOEKTHUM nopTdenem; 6aratokputepiasbHe
paH>XyBaHHS; Knactepu NpoeKTHOro noptdento.

HAepeHckas 4. H.

KaHOMAAT SKOHOMUNYECKUX HayK,

JoueHT Kadeapbl ynpasneHns 1 3KOHOMUKW NPeanpusaTns,

HaumoHanbHbI hapMaLeBTUHECKUA YHUBEPCUTET, XapbKoB, YKpanHa

Mopxopabl K hoOpMUPOBaHUIO NPOEKTHOro nopTdens chapmaueBTUHECKUX NpoussoauTenen
AHHOTaumsa. B cratbe paccMoTpeHbl OCOBGEHHOCTM WHBECTUMLMOHHOIMO pPas3BUTMS COBPEMEHHOIO
hapmaLeBTU4ECKOro NpeanpusaTusa NyTem BHEAPEHMS KOHLEMUMU MPOEKTHOrO MEHEIKMEHTa, B pamkax
KOTOPOI OCYLLECTBSETCA OTOOPp Ny4LMX OAs peanu3aumu npoekToB. Llenbtlo nccnepnoBaHns siBNsSieTcA
onpegeneHne NnoaxoaoB K (hopMMpoBaHno NMPOEKTHOrO NOpTdeENs, a TakXKe UHCTPYMEHTOB, MO3BOSIAIOLLNX
oCyLLeCcTBUTb OT60P 3hhEKTUBHBIX KOMOBUHALMA NPOEKTOB B nopTdene. Ona pelleHns nocTaBneHHON
LenM aBTOPOM MCMOJIb30BaHbl METOAblI MHOMOKPUTEPUASIbBHONO PaH>XXUPOBaHWSA N KNacTeEPHOro aHanmsa.
PaH>XnpoBaHne NpoeKTOB MO KPUTEPUSIM, TaKMM KakK YPOBEHb PUCKA, MHBECTULMOHHbIE 3aTpaThl, YMcTas
Tekyllas CTOMMOCTb, WHAEKC PEHTabeNnbHOCTU, OUCKOHTUPOBAHHBIA MEpPUOoA OKYNaemocTy MO3BONUIIO
onpeaennTb NPUOPUTET KaXKOOro NpoeKTa U AaTb PEKOMEHZaLMM Mo AasbHenWeMy Ux pacCMOTPEHUIO B
paMKax NpOeKTHOro noptdens. B pesynstaTe NpOBEOEHHON KnacTepusaunm onpeneneHsl Tpu knacrtepa
NPOEKTOB, XapaKTepusyoLLne HanpasneHnsa Co30aHNA COBPEMEHHOrO hapMaLleBTUHECKOro NPONU3BOACTBA,
BbIBOJ, Ha PbIHOK HOBOro npenapaTta M pacllMpeHne BbiNMyCcKa CYLLECTBYOLWMX BUAOB npoaykuuun. [ns
(hopMMpPOBaHNS BApPNaHTOB NMPOEKTHbIX NOPTdene pekoOMeHAYETCA NPUMEHSTL KOMOMHALMIO NapamMeTpoB
pucKk — 3MdEKTNBHOCTE — CTOMMOCTb. [10 pesynsraTtamMm pacyeToB PEKOMEHAYeTCs copMUpoBaThb
noptdenb 13 4-x NPOEKTOB C CYMMOW YMCTON TekyLlen ctoumocTtn 179501 eBpo.

KnrouyeBble cnoBa: MpPOEKT; MPUOPUTETHOCTb MPOEKTOB; YMNPAaBMEHUS MNPOEKTHbIM MNopTdenem;
MHOroKpuTEpUasnibHOE PaHXXUPOBaHNE; KNacTepbl MPOEKTHOro NopTdens.

1. Introduction

The sustainable development of any modern enterprise and maintaining its market positions
requires constant effort. The integral part of this effort is the ongoing implementation of innova-
tive approaches to management where project management is a crucial component. The neces-
sity to adopt the concept of project management remains relevant for Ukrainian pharmaceutical
enterprises due to strict requirements for the quality of project implementation. It is caused by the
specifics of conducting research, the requirement to adhere to good manufacturing practices in
manufacturing, and legal aspects in the registration of medicines. On the other hand, severe lack
of time and resources requires a profound analysis of the cost-effectiveness of each particular
project. Usually, businesses implement several or even dozens of projects simultaneously. Pro-
ject selection is a challenging task as it is important to forecast the consequences of possible
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combinations of projects and their mutual influence on the effectiveness and security of the pro-
ject portfolio in general.

2. Brief Literature Review

Issues of project portfolio management are considered in the works by foreign scientists, such as
M. Lappe and K. Spang (2014) [1], A. Jordan (2016) [2], M. Wood (2017) [3], O. Zwikael, Ying-Yi Chih
and J. R. Meredith (2018) [4] and others. It is essential to mention J.-P. Paquin, D. Tessier and
C. Gauthier (2015) [5], M. M. Sharifi and M. Safari (2016) [6], R. Bayney (2017) [7], G. Locatelli,
M. Mikic, M. Kovacevic, N. Brookes and N. Ivanisevic (2017) [8], as well as V. Shnaydman (2018) [9]
among the scholars who investigated the project priority.

A Guide to the Project Management Body of Knowledge (2008) [10] defines a portfolio as a
selection of projects and programs that are united together so that these projects can be ma-
naged in a more efficient way in order to achieve certain strategic goals. The connection bet-
ween project portfolio and business strategy is also highlighted in the Standard for Portfolio
Management (2008) [11]. That is why the evaluation of each component of the portfolio starts
with the analysis of how a particular project contributes to the strategic goals of the company.
This evaluation can be descriptive (e.g. the project fully complies with the strategic goals; the
goal can be achieved partially; the project only slightly contributes to the achievement of the
strategic goals) or quantitative (the extent of goal achievement can be measured by points or
by a simple scale:

1 - the project complies with the strategic goal;
0 - it does not).

However, the objective evaluation of portfolio components should rely on several parameters.
Traditionally, projects are evaluated according to financial benefits criteria such as net present va-
lue of the project (NPV), discounted payback period (DPP), investment rate of return (IRR), profi-
tability index (PI) and return on investment (ROI). Apart from that, the Standard for Portfolio Ma-
nagement (2008) recommends to use business criteria, risk-related criteria, regulatory compliance
criteria, marketing and technical criteria to evaluate the portfolio components. Various calculation
and graphic models are applied to make sure that all the necessary criteria are taken into conside-
ration. Some of the most widely spread calculation models for project evaluation are single cri-
terion prioritisation model, scoring model comprising weighted key criteria and multiple criteria
weighted ranking. The results of evaluation are visually presented with the help of graphical com-
parison based on two criteria.

It is worth mentioning that the main peculiarity of project portfolio formation is the necessity to
evaluate projects by multiple criteria.

Y. Hadad et al. (2016) [12] suggest ranking project activity by duration (in particular the activity cri-
ticality index, the cruciality index, the coefficient of variation, the significance index and the rank po-
sitional weight) and costs (in particular the cost and the expenditure rate). This approach allowed the
authors to compile pairwise matrices in order to determine weighted ranking of the selected criteria.

A. V. Katrenko et al. (2013) [13] developed a two-stage procedure of project portfolio formation.
During the first stage, appropriate project portfolios are selected according to the Pareto principle (the
quality of portfolios is considered taking into account the limited availability of resources). During the
second stage, project portfolios are finally selected according to the method of analytical hierarchy,
i.e. by taking into consideration the general strategic aim of the enterprise.

K. Benaija and L. Kjiri (2014) [14] also suggest selecting projects for the portfolio in two stages.
The first stage involves a bivariate analysis that combines risk-value-alignment parameters. These
three parameters are considered together in order to evaluate projects and create a relevant scale,
which helps to evaluate the potential and decide whether a project should be added to the portfolio.
Besides, K. Benaija and L. Kjiri estimate the strategic value of the project, i.e. the extent at which it
helps to achieve the key benefits for the enterprise.

According to V. M. Molokanova (2011) [15], a modern way of project portfolio formation is based
on value, which means that added value maximisation is the main criterion. The scholar suggests
employing an additive general criterion, which takes into account multiplier normalised criteria and
the degree of their importance. There are certain limitations for each of the criteria (e.g. budget,
resources, time) in order to optimise linear programming. This model helps to rank projects by the
target parameter which is the maximization of the aggregate value of the portfolio. Portfolios which
are more focused on profit growth should be evaluated by the criteria of investment (e.g. NPV, DPP,
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PI, ROI), whereas socially-oriented or mixed portfolios should be evaluated according to a larger
variety of criteria.

Another model of selecting portfolios takes into account their social component. O. Ye. Fedoro-
va and O. L. Zhyrov (2015) [16] suggest using three criteria: financial (volume of investment, taxes,
pecuniary advantage), social (usefulness, non-tangible benefits) and risk (chances of successful im-
plementation, time, rate of economic alternative).

A. T. de Almeida and M. D. Duarte (2011) [17] apply the matrix method in order to combine profit
from implementing a project with the additional profit which this project can bring within the portfo-
lio. In other words, a project portfolio is expected to show a certain synergy effect. B. Canbaz and
F. Marle (2016) [18] also recommend to evaluate portfolio components with the help of matrices that
reflect interconnected resources, benefits and probability of success. Matrix-based management of
project portfolios is also supported by Y. M. Teslia and T. V. Latysheva (2016) [19] who use it in or-
der to coordinate portfolio activities of an enterprise.

In order to create matrices of investment strategies, T. Ilvanenko et al. (2018) [20] believe that it is
important to evaluate investment projects and make investment decisions on the basis of a number
of financial criteria (NPV, DPP, PI, and IRR) and risk criteria (Wald’s maximin, Maximax, Hurwicz’s cri-
terion, Laplace’s criterion, Bayes-Laplace insufficient reason criterion, Hodges-Lehmann criterion).

An interesting approach is proposed by M. Y. Hrytsiuk and L. I. Maksymiv (2010) [21], which in-
volves building a REV-diagram based on three components, such as risk, efficiency and cost. The
analysis of project combinations according to these criteria allows businesses to select the most
effective project portfolios.

Despite a considerable number of studies, the problem of project portfolio evaluation and se-
lection never loses its relevance. On the one hand, it is explained by the fact that a large number
of projects undertaken by enterprises calls for portfolio-oriented approach in business administra-
tion. On the other hand, the use of complicated mathematical models for project assessment is
not really feasible due to insufficient organisational maturity of Ukrainian enterprises coupled with a
lack of time and resources allocated for taking project-related decisions. On the other hand, when
choosing criteria for evaluating portfolio components, one should also consider the industry-spe-
cific peculiarities of the projects under implementation.

3. The purpose of the article is to suggest different ways of how projects can be grouped and
evaluated before being included into a project portfolio. The research also gives recommendations
about the feasibility of different project portfolio combinations taking major Ukrainian pharmaceuti-
cal enterprises as a reference.

4. Results

The pharmaceutical market is characterised by a stable annual growth of 5-6% and, according
to forecasts, will increase by 34% next 5 years (2018) [22]. In Ukraine, the volume of sales of phar-
maceutical products in 2017 increased by 20% in money or by 7% in packages. Over the past ten
years, Ukrainian pharmaceutical companies have increased sales 9 times - from EUR 111.7 million
to EUR 880.2 million. Today, the sector is also characterised by a significant increase in the share of
domestic companies’ market. In 2010, Ukrainian manufacturers of medicines had 54.5% as a mar-
ket share; however in 2017 their share rose to 73.5%. The pharmaceutical industry is characterised
by a significant number of enterprises, 115 companies have licenses for the manufacture of medi-
cines (2018) [23].

A significant number of manufacturers of pharmaceutical products results is the small market
share each of them. According to the results of the sales in 2018, the key domestic producers of
pharmaceutical products were:

¢ PJSC «Farmak» (the market share was 5.4%; the sales growth was 20.7%, compared to the pre-
vious year),

¢ Arterium Corporation (the market share - 3.5%; the sales growth - 17.6%),

¢ PrdSC «Pharmaceutical Firm «Darnitsa» (the market share - 3.27%; the sales growth - 15.3%),

e the group of companies «Zdorovya» (the market share - 2.32%; the sales growth - 12.4%)

(2019) [24].

Since 2010, PJSC «Farmak» has been the leader of the pharmaceutical market in Ukraine
and the largest exporter of medicines thanks to product quality and innovation. It is a Ukrainian
manufacturer complying with European standards. According to the official site of the com-
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pany (https://farmak.ua) its product portfolio consists of 220 names of medicines. In 2018,
PJSC «Farmak» brought to the market 34 new nomenclature positions, which are 17 brands.
A quarter of the company’s products is exported to more than 20 countries of the world, in-
cluding the CIS and the EU countries, such as Poland, Slovakia, and Germany. Farmak’s strate-
gic goal is to expand its foreign economic activity. By 2020, the company plans to increase the
share of exports to 40%, while remaining the leader of the Ukrainian market.

Arterium Corporation was established in 2005. It integrates two Ukrainian companies
«Kievmedpreparat» and» Galychpharm», which have over 150 years of pharmaceutical manu-
facturing experience. According to the official site (http://www.arterium.ua), there are more than
150 medicines in the company’s product portfolio. With representative offices in Azerbaijan,
Belarus, Kazakhstan, Russia and Uzbekistan, Arterium Corporation is committed to becoming
a regional market leader in all these countries. It exports products to 11 CIS countries and
Vietnam. The share of export in the company’s income is 25%.

PrdJSC «Pharmaceutical Firm «Darnitsa» is a domestic producer of medicinal products, having
long-standing pharmaceutical traditions. The company was established in 1938. According to the
official site of the company (http://www.darnitsa.ua), «Darnitsa» produces more than 250 names
of medicines. In 2016 «Darnitsa» manufactured the greatest number of products in the form of
pills - 121,578,463 packs. The modern development strategy of «Darnitsa» is primarily aimed at
strengthening the company’s market leadership and competitiveness, based on increasing the
performance of the organisation, introduction of innovations in production and management, per-
sonnel development, working out and updating of the product portfolio.

The object of the research is the project activity of the «Pharmaceutical Company «Zdorovya».
This is a modern high-tech enterprise whose production level meets all international requirements
applied to medicines. According to the official site of this enterprise (https://zt.com.ua), the com-
pany produces more than 250 names of medicines; more than 50 medicines are in development.
The sales are greater by 30%, compared to the previous year. More than 20% of the entire volume
of sales accounts for exports. Company exports to 21 countries of the world. The amplification of
the investment activity of the company in 2016-2018 revealed a need to use the project manage-
ment tools. The example of the enterprise data shows recommendations for reviewing the current
portfolio of projects (the end of 2018).

In order to create a project portfolio for a pharmaceutical enterprise, the following projects were
considered:

1 - «<Ampule shop floor modernisation» (2019-2020);
2 - «Establishing a modern pharmaceutical manufacturing facility and renovating the existing one

according to GMP standards» (fundamental project, 2016-2021);

3 - «Launching a new hangover remedy into the market» (2019-2021);

4 - «Registration of medicines in Vietham» (2019-2021);

5 - «Registration of dental anaesthetics in Germany» (2019-2021);

6 - «Expansion of production of anti-inflammatory dermatological cream» (2019-2020);
7 - «Expansion of production of antifungal dermatological cream» (2019-2021);

8 - «Expansion of production of medicine for migraine» (2019-2021);

9 - «Expansion of production of medicine for cough and cold» (2019-2020).

According to the best practices of project management, each investment project was evaluated
by key performance indicators: NPV, Pl, and DPP. Due to limited funding, the cost of investment
was also considered as an important parameter for project evaluation. The industry-specific pecu-
liarities of the projects are reflected in the level of risk which is estimated depending on the com-
plexity, variability and standardisation of works carried out under the project. Table 1 displays the
results of project evaluation and ranking.

Multiple criteria weighted ranking shows that Project 3 has the highest priority. Projects 1 and
6 are both ranked as second best. They are followed by Projects 8 and 9. Project 2 turns out to
be the least attractive. However, this is a fundamental project for the enterprise, which explains
its high cost, long-term payback period and a high level of risk.

Joining (tree clustering) method was employed to unite projects into clusters. The results are re-
flected in the tree diagram on Figure 1.

The horizontal axis of the tree diagram shows all the projects that were analysed (C1...C9,
or case 1...case 9, which stand for Project 1...Project 9). The vertical axis reflects the distance
measure. Following this principle, Projects 4 and 5 were the first projects to be joined together as
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Table 1:
Multiple criteria weighted evaluation and ranking of the 9 prospective pharmaceutical enterprises’
portfolio projects

. Investment Cost Net Present Value Profitability Index | Discounted Payback I
Proj Level of Risk (IC), euro (NPV), euro (PI) Period (DPP), years Priority
roject
Measure | Rank Result Rank Result Rank Result Rank Result Rank Score Rank
1 0.1 2 50,925 8 46,719 3 2.1 1 1.4 3 3.4 2
2 0.15 3 171,435 9 57,954 1 1.02 7 5.9 8 5.6 7
3 0.1 2 9,318 6 59,933 2 1.8 3 1.12 2 3 1
4 0.05 1 3,783 3 724 8 1.3 6 2.4 7 5 6
5 0.05 1 2,063 1 724 9 1.3 6 2.4 7 4.8 5
6 0.05 1 6,076 4 4,637 6 1.9 2 1.6 4 3.4 2
7 0.05 1 7,156 5 13,724 5 1.4 5 2.1 6 4.4 4
8 0.05 1 3,424 2 1,583 7 1.6 4 1.9 5 3.8 3
9 0.1 2 35,210 7 14,895 4 1.4 5 0.7 1 3.8 3

Source: Compiled by the author

Tree Diagram for 9 Cases
Ward's method
Euclidean distances

Linkage Distance
N

c2 C€c9 CcsB8 C8 C7 C5 C4 C3 C.1

Figure 1:
Tree diagram of the project portfolio clusters
Source: Compiled by the author based on calculated data in the programme STATISTICA

the distance between them is minimal. After that, Projects 6-9 were added to this cluster as well.
Another cluster contains Projects 1 and 3. And there is one more cluster which is represented by
Project 2 alone. The mean values and standard deviations for each project that was part of clus-
ter analysis are presented in Table 2.

Having united the projects into groups according to K-means clustering method, it was dis-
covered that the first cluster includes Projects 1 and 3. What is characteristic of these projects
is that they both have considerable NPV, high Pl and moderate DPP and the average level of

Table 2:
Means and standard deviations (cluster analysis) of the prospective
pharmaceutical enterprises’ portfolio projects

Case Mean Standard deviation

C 1 0.612040 0.794950

C2 1.380347 1.674457

C 3 0.353155 0.898164

C 4 -0.534546 0.404065

C_5 -0.540811 0.403961

C 6 -0.250747 0.751874

C 7 -0.400446 0.257480

C.8 -0.420068 0.424263

cC_9 -0.198924 0.584641
Source: Compiled by the author based on calculated data in the programme
STATISTICA
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risk. Therefore, it is recommended to add these projects into the portfolio. The second cluster
(Projects 4 - 9) has a bigger variance of parameter values. This cluster involves projects with a
predominantly low level of risk, low cost of investment, low NPV, moderate DDP (except Pro-
ject 9), and average PI. Project 2 that belongs to the third cluster requires considerable funding,
high NPV, high level of risk, long DPP, and low PI. All the characteristic peculiarities of clusters
are presented in Tables 3-5.

A well-balanced portfolio in terms of its performance, investment resources and level of risk can
be achieved if it contains projects belonging to different clusters. In this respect, it is recommended
to include Project 2 (which is fundamental for the enterprise), Projects 1 and 3 (as the most effec-
tive ones) and partially some projects that belong to cluster 2. Considering the results of the multi-
ple criteria weighted ranking, it also appears worthwhile to include Projects 6, 8, 9 to the portfolio
and suspend Projects 4, 5, and 7.

In order to define possible combinations of projects in the portfolio and predict their outcomes,
the overall level of risk was estimated together with investment cost and NPV (see Table 6). The
V-risk parameter describes the risk level of a particular project within the portfolio, and it is defined
as the relative risk weight of a project within the general sum of all risk levels of all the projects within
the portfolio.

Considering possible combinations of projects within the portfolio (63 variants) requires tho-
rough analysis, taking into account the correlation between the cost of investment and the obtained
result. The following dependency appears logical: bigger amount of investment — higher NPV. To
make the analysis even easier, all the expected effects of project portfolio implementation with dif-
ferent investment and V-risks are reorganised starting with the lowest NVP (see Table 7).

The project portfolios marked in bold are those that are not recommended for implementation
because they violate the principle according to which bigger investment should lead to higher ef-
fectiveness. In other words, it is not recommended to choose projects where bigger investment
does not guarantee higher NPV in comparison with other portfolio combinations. Likewise, it is not
worthwhile to form portfolios that only contain one or two projects. As it was mentioned above, it
is recommended to include Projects 1, 2, 3 into the portfolio and later analyse combinations with

Table 3:
Descriptive statistics for Cluster 1. Cluster contains 2 cases

Variable

Mean

Standard deviation

Variance

Risk

0.611775

0.000000

0.000000

IC, EUR

-0.037021

0.535771

0.287051

NPV, EUR

1.229853

0.370636

0.137371

PI

1.209688

0.619175

0.383377

DPP, EUR

STATISTICA

Table 4:

Descriptive statistics for Cluster 2. Cluster contains 6 cases

Variable

-0.601306
Source: Compiled by the author based on calculated data in the programme

Mean

0.130987

Standard deviation

0.017158

Variance

Risk

-0.535303

0.561952

0.315790

IC, EUR

-0.410394

0.230789

0.053263

NPV, EUR

-0.645523

0.260601

0.067913

PI

-0.152427

0.676175

0.457213

DPP, EUR

Source: Compiled by the author based on calculated data in the programme

STATISTICA

Table 5:

Descriptive Statistics for Cluster 3. Cluster contains 1 case

Variable

-0.210972

Mean

0.424136

Standard deviation

0.179892

Variance

Risk

1.98827

0.00

0.00

IC, EUR

2.53641

0.00

0.00

NPV, EUR

1.41343

0.00

0.00

PI

-1.50481

0.00

0.00

DPP, EUR

Source: Compiled by the author based on calculated data in the programme

STATISTICA

2.46844
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Projects 6, 8, 9. In the first place, it is advisable to implement Project 9, followed by Project 6 and
project 8 (Portfolios 6.17; 6.30; 6.32 respectively).

5. Conclusion
Studying current approaches to project evaluation in the process of project prioritisation and
selection for project portfolio pointed to the conclusion that project evaluation involves multiple

Table 6:
Estimated values of various parameters
after project portfolio implementation taking into account V-risks factor

Project 1 2 3 6 8 9

IC, EUR 50,925 171,435 9, 318 6,076 3,424 35,210 Values of various parameters of

NPV, EUR 46,719 57,954 59,933 4,637 1,583 14,895 project portfolios

V-Risk__|0.1/0.55=0.18]0.15/0.55=0.280.1/0.55=0.18]0.05/0.55=0.09]0.05/0.55=0.09]0.1/0.55=0.18

p[:)::]fi‘l:i:) Matrix of portfolio compliance with project selections S%TRT:':V Sun}rgary Suw'r,r:,aw
1.1 1 0 0 0 0 0 0.18 50,925 | 46,719
2.1 0 1 0 0 0 0 0.28 171,435 | 57,954
2.2 1 1 0 0 0 0 0.46 222,360 | 104,673
3.1 0 0 1 0 0 0 0.18 9,318 59,933
3.2 1 0 1 0 0 0 0.36 60,243 | 106,652
3.3 0 1 1 0 0 0 0.46 180,753 | 117,887
3.4 1 1 1 0 0 0 0.64 231,678 | 164,606
4.1 0 0 0 1 0 0 0.09 6,076 4,637
4.2 1 0 0 1 0 0 0.27 57,001 51,356
4.3 0 1 0 1 0 0 0.37 177,511 | 62,591
4.4 0 0 1 1 0 0 0.27 15,394 | 64,570
4.5 1 1 0 1 0 0 0.45 228,436 | 109,310
4.6 1 0 1 1 0 0 0.45 66,319 13,119
4.7 0 1 1 1 0 0 0.55 186,829 | 122,524
4.8 1 1 1 1 0 0 0.73 237,754 | 169,243
5.1 0 0 0 0 1 0 0.09 3,424 1,583
5.2 1 0 0 0 1 0 0.27 54,349 | 48,302
5.3 0 1 0 0 1 0 0.37 174,859 | 59,537
5.4 0 0 1 0 1 0 0.27 12,742 | 61,516
5.5 0 0 0 1 1 0 0.18 9,500 6,220
5.6 1 1 0 0 1 0 0.55 225,784 | 106,256
5.7 1 0 1 0 1 0 0.45 63,667 | 108,235
5.8 1 0 0 1 1 0 0.36 60,425 52,939
5.9 0 1 1 0 1 0 0.55 184,177 | 119,470
5.10 0 1 0 1 1 0 0.46 180,935 | 64,174
5.11 0 0 1 1 1 0 0.36 18,818 | 66,153
5.12 1 1 1 0 1 0 0.73 235,102 | 166,189
5.13 1 1 0 1 1 0 0.54 231,860 | 110,893
5.14 1 0 1 1 1 0 0.54 69,743 | 112,872
5.15 0 1 1 1 1 0 0.64 190,253 | 124,107
5.16 1 1 1 1 1 0 0.82 241,078 | 170,827
6.1 0 0 0 0 0 1 0.18 35,210 14,895
6.2 1 0 0 0 0 1 0.36 86,135 | 61,614
6.3 0 1 0 0 0 1 0.46 206,645 | 72,849
6.4 0 0 1 0 0 1 0.36 44,528 | 74,828
6.5 0 0 0 1 0 1 0.27 41,286 19,532
6.6 0 0 0 0 1 1 0.27 38,634 16,478
6.7 1 1 0 0 0 1 0.64 257,570 | 119,568
6.8 1 0 1 0 0 1 0.54 95,453 | 121,547
6.9 1 0 0 1 0 1 0.45 92,211 66,251
6.10 1 0 0 0 1 1 0.45 89,559 | 63,197
6.11 0 1 1 0 0 1 0.64 215,963 | 132,782
6.12 0 1 0 1 0 1 0.55 212,721 | 77,486
6.13 0 1 0 0 1 1 0.55 210,069 | 74,432
6.14 0 0 1 1 0 1 0.45 50,604 | 79,465
6.15 0 0 1 0 1 1 0.45 47,952 | 76,411
6.16 0 0 0 1 1 1 0.36 44,710 | 21,115
6.17 1 1 1 0 0 1 0.82 266,888 | 179,501
6.18 1 1 0 1 0 1 0.63 263,646 | 124,205
6.19 1 1 0 0 1 1 0.73 260,994 | 121,151
6.20 1 0 1 1 0 1 0.63 101,529 | 126,184
6.21 1 0 1 0 1 1 0.63 98877 | 123,130
6.22 1 0 0 1 1 1 0.54 95,635 | 67,834
6.23 0 1 1 1 0 1 0.73 222,039 | 137,419
6.24 0 1 1 0 1 1 0.73 219,387 | 134,365
6.25 0 1 0 1 1 1 0.64 216,145 | 79,069
6.26 0 0 1 1 1 1 0.54 54,028 | 81,048
6.27 1 0 1 1 1 1 0.72 104,953 | 127,767
6.28 1 1 0 1 1 1 0.72 267,070 | 125,788
6.29 1 1 1 0 1 1 0.91 270,312 | 181,084
6.30 1 1 1 1 0 1 0.91 272,964 | 184,138
6.31 0 1 1 1 1 1 0.82 225,463 | 139,002
6.32 1 1 1 1 1 1 1.00 276,388 | 185,721

Source: Calculated by the author
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Table 7:
Variability of expected effects after project portfolio implementation
with different amount of investment and V-risks

Project portfolios (number of the projects) V-Risk IC, EUR NPV, EUR
5.1 (8) 0.09 3,424 1,583
4.1 (6) 0.09 6,076 4,637
5.5 (6,8) 0.18 9,500 6,220
6.1 (6) 0.18 35,210 14,895
6.6 (8,9) 0.27 38,634 16,478
6.5 (6,9) 0.27 41,286 19,532
6.16 (6,8,9) 0.36 44,710 21,115
1.1 (1) 0.18 50,925 46,719
5.2 (1,8) 0.27 54,349 48,302
4.2 (1,6) 0.27 57,001 51,356
5.8 (1,6,8) 0.36 60,425 52,939
2.1% (2) 0.28 171,435 57,954
5.3% (2,8) 0.37 174,859 59,537
3.1(3) 0.18 9,318 59,933
5.4 (3,8) 0.27 12,742 61,516
6.2 (1,9) 0.36 86,135 61,614
4.3* (2,6) 0.37 177,511 62,591
6.10 (1,8,9) 0.45 89,559 63,197
5.10% (2,6,8) 0.46 180,935 64,174
4.4 (3,6) 0.27 15,394 64,570
5.11 (3,6,8) 0.36 18,818 66,153
6.9 (1,6,9) 0.45 92,211 66,251
6.22 (1,6,8,9) 0.54 95,635 67,834
6.3% (2,9) 0.46 206,645 72,849
6.13* (2,8,9) 0.55 210,069 74,432
6.4 (3,9) 0.36 44,528 74,828
6.15 (3,8,9) 0.45 47,952 76,411
6.12% (2,6,9) 0.55 212,721 77,486
6.25* (2,6,8,9) 0.64 216,145 79,069
6.14 (3,6,9) 0.45 50,604 79,465
6.26 (3,6,8,9) 0.54 54028 81,048
2.2* (1,2) 0.46 222,360 104,673
5.6* (1,2,8) 0.55 225,784 106,256
3.2(1,3) 0.36 60,243 106,652
5.7 (1,3,8) 0.45 63,667 108,235
4.5* (1,2,6) 0.45 228,436 109,310
5.13* (1,2,6,8) 0.54 231,860 110,893
4.6 (1,3,6) 0.45 66,319 13,119
5.14 (1,3,6,8) 0.54 69,743 112,872
3.3*(2,3) 0.46 180,753 117,887
5.9% (2,3,8) 0.55 184,177 119,470
6.7* (1,2,9) 0.64 257,570 119,568
6.19% (1,2,8,9) 0.73 260,994 121,151
6.8 (1,3,9) 0.54 95,453 121,547
4.7* (2,3,6) 0.55 186,829 122,524
6.21 (1,3,8,9) 0.63 98,877 123,130
5.15% (2,3,6,8) 0.64 190,253 124,107
6.18* (1,2,6,9) 0.63 263,646 124,205
6.28* (1,2,6,8,9) 0.72 267,070 125,788
6.20 (1,3,6,9) 0.63 101,529 126,184
6.27 (1,3,6,8,9) 0.72 104,953 127,767
6.11 (1,6,9) 0.64 215,963 132,782
6.24 (2,3,8,9) 0.73 219,387 134,365
6,23 (2,3,6,9) 0.73 222,039 137,419
6.31 (2,3,6,8,9) 0.82 225,463 139,002
3.4 (1,2,3) 0.64 231,678 164,606
5.12 (1,2,3,8) 0.73 235,102 166,189
4.8 (1,2,3,6) 0.73 237,754 169,243
5.16 (1,2,3,6,8) 0.82 241,078 170,827
6.17 (1,2,3,9) 0.82 266,888 179,501
6.29 (1,2,3,8,9) 0.91 270,312 181,084
6.30* (1,2,3,6,9) 0.91 272,964 184,138
6.32 (1,2,3,6,8,9) 1.00 276,388 185,721

Notes: * - portfolios the effectiveness of which does not comply with the

recommended dependency «cost of investment - effectiveness» but that cannot
be excluded because they contain Project 2.

Source: Calculated by the author

criteria. However, in most cases, decisions on whether an investment project should be added to
a portfolio almost entirely depends on financial criteria, in particular NPV, DPP, PI, and the level
of risk. At the same time, a larger range of criteria for portfolio components requires more flexi-
ble approaches.

The paper suggests uniting projects into groups by means of cluster analysis, whose main ad-
vantage is the possibility to apply miscellaneous criteria to project description. In order to determine
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possible combinations of projects within a portfolio, it is recommended to consider parameters such
as cost, risk and effectiveness at the same time. Practical application of this approach helps to iden-
tify and reject project portfolios that may violate the principle of direct correlation between cost of in-
vestment and effectiveness.
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