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Abstract

ditions and production areas of the region. The work aims to develop an innovative strategy for state-sup-

ported pilot clusters that would allow for flexible management decision making. The proposed method
involves the compound real options to be employed in the following order: 1) an option to reduce and abandon
the cluster strategy; 2) an option to develop and replicate the experience accumulated in the cluster; 3) an option
to switch from and temporarily stop the cluster strategy; and 4) an option to postpone the implementation of
the new cluster strategy. As an example of the implementation of the method presented, the authors discuss the
strategy for the development of a pilot electric power cluster in the Nizhny Novgorod region presented by the
core company TNS energo NN PJSC. The use of the compound real option method enabled the cost increase
of the strategy for this cluster — i.e., the effect of its implementation by the core company rose by 89.1%, from
2710 022 to 5 124 706 thousand Rubles. Thus, using the compound real options precisely in the presented order
avoids unreasonable management decisions to exit the current cluster strategy, which would include many tacti-
cal opportunities already implemented for cluster development. First, a put option, i.e., an option to reduce and
exit the cluster strategy, supplements the evaluation of the current strategy. If the current strategy continues, the
other three options are used.

The subject of the study is pilot clusters that are beneficial to a particular region, taking into account the tra-
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AHHOTauuA

PEAMETOM HCCIICIOBAHUS SIBISIETCS BBIJIETICHHUE MUJIOTHBIX KJIACTEPOB, KOTOPbIE HAaKOOJIee BHITOHbI HACe-

JICHHUIO PETHOHA, UCXOMS U3 TPAIULMK 1 HCTOPUUIECKUX HalpasiIeHU pou3BoAcTBa. Pabora Hanpasie-

Ha Ha IPUMEHEHUE TaKOH TEXHOJIOTUM ISl pa3paOOTKH MHHOBALIMOHHOM CTPAaTErnu IS ONPEACIIIeMBbIX
roCyIapCTBOM MHUJIOTHBIX KJIACTEPOB, KOTOPAs MO3BOJINT NPUHUMATh TMOKHE yNpaBieHYeckue pemenus. [Ipen-
JIO’KEHHBIN CIIOCO0 BKIIIOYAET UCIIONB30BAHNE COCTABHOIO PEaIbHOTO OMLMOHA, BKIIOYAIOLIETO CIACAYIOIINE KOM-
MIOHEHTBHI, KOTOPBIE IOJKHBI IPUMEHSTHCS B CIIELYIOIIEM MOpsIIKe: 1) OMIMOH COKPAILEHHUS ¥ BBIXOJA U3 KIIacTep-
HOHM CTpaTeruy, 2) ONLUUOH Pa3BUTHS M THPAKUPOBAHUS OIBITa PabOTHI B KiacTepe, 3) ONLMOH NEPEKIIOUCHNUS
1 BPEMEHHOM OCTaHOBKH KJIACTEPHOM cTpareru, 4) OINIMOH OTCPOYKM Hadasla Peasn3alii HOBOW KIIaCTEPHON
crpareruy. B kadecTBe mpuMepa peann3anny MpeiCcTaBICHHOIO METO/Ia aBTOPBl 00CYIMIIN MpoLece pa3paboTKH
CTpaTeruy pa3BUTHUsI MMIIOTHOTO 3JIEKTPO3HEpPreTHYeckoro kiacrtepa B Hikeroponckoit o0macTy, KOTOPbIA ObLT
npencrasieH ocHoBHOH komnanuel [1AO « THC suepro HH». Mcnons3oBanue MeToia COCTaBHBIX PEAJIbHBIX OI1-
LIMOHOB MO3BOJIMJIO YBEITMYUTH CTOMMOCTb CTPATEruH 3TOTO KilacTepa, TO €CTh 3(QEKT 0T ee peaan3ali OCHOB-
HOM KomnaHueH, Ha 89.1% —c 2 710 022 no 5 124 706 Teic. pyOneii. Takum oOpazom, popMupoBaHue COCTaBHOTO
PEaJbHOrO OMLIMOHA MMEHHO B MPEACTABICHHOM IOPSAKE MO3BOJISET M30ekKaTh HEOOOCHOBAHHBIX YIpaBJIeHUE-
CKHX PELICHUH 0 BBIXOJIE U3 HBIHEIIHEH KIIACTEPHON CTpaTeru, KOTopasi BKIII04aia Obl MHOKECTBO TAKTUUECKHX
BO3MOXKHOCTEH, YK€ PEaIM30BaHHbIX ISl KIIACTEPHOTO pa3BUTHs. To ecTh CHavaia K OLEHKE TEKyLIeH CTpaTernu
J00aBIsieTcs MyT-OMIMOH. DTO OINIMOH COKPAIIECHMS M BBIXOJA U3 KIAaCTEepHOH crpareruu. U 3arem, eciu Teky-
11as1 CTpaTerys MPOJOJDKUTCS, K HEH 00aBIIIOTCS CIEAYIOLINE TPH KOJUI-OIIHOHA.

KuroueBble ¢/j10Ba: HHHOBAIIMOHHO-UHIYCTPUAJIBHBIN KJIACTEP, COCTABHOM peasibHbIM OMIIMOH, OMI[MOH OTKa-
3a, OIIIMOH POCTa, OMIMOH Ha MEPEKIIOUYEHHE, OMIIMOH Ha OTCPOUKY MPOEKTa

Hutuposanue: Komenes, E., umonyrnoc, T., Manmyuemmu, 3.C., 2021. Pa3paboTka WHHOBAIIMOHHOU
CTpaTeTuu UHIyCTPUAIBHOTO KJIACTEPa METOIOM COCTaBHBIX pealbHBIX OMIIMOHOB. Sustainable Development
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Development of innovative industrial cluster strategy using compound real options

Introduction

In the context of import substitution policy within a country, the development of large innovation
systems within that country becomes integral. The development of a strategy for the value-oriented
evolution of a region’s innovation systems should be based on analysis of the prospects and socio-eco-
nomic values of the region’s existing innovation and industrial clusters. To do this effectively, it is nec-
essary to bring the indicated values of the clusters into alignment with the value system of the region.
For this purpose, in the present study, the clusters in the Nizhny Novgorod Region of Russia that were
seen to have the production, financial, labour, and other resources necessary for successful develop-
ment were thoroughly analysed (Yashin et al., 2019).

Today, clustering is one of the most effective ways for countries to overcome systemic economic
challenges and crises. To address this, Polyanin et al. (2020) have created a methodology for assessing
the economic security of an individual cluster; this methodology is characterised by an integrated ap-
proach that considers all possible risks and threats to the functioning of the individual components of a
particular cluster structure.

Kudryavtseva et al. (2020) have developed a methodology for assessing and monitoring cluster
structures. Their method makes it possible to assess the following: the level of cluster structure devel-
opment, achieved through analysis of cluster transformations, in the information and communication
sectors of a regional economy; the prerequisites for the formation of a cluster in the region; and the cur-
rent level of digital cluster development in the region. To assess the prerequisites for the development
of a digital economy cluster, an integral indicator is calculated, and a multi-parameter approach is used
to assess the effectiveness of the cluster. The proposed methodology allows researchers to compare
clusters in different regions and monitor their development.

Moeis et al. (2020) studied the dynamics and stability of the Indonesia Jakarta Port Tanjung
Priok port cluster. They used system dynamics to study the issue, and the stability of the port cluster
was assessed by simulating the system dynamics over a 20-year time period. The authors also studied
the impact of an alternative port cluster development program (namely, free trade policy) and a coastal
energy system (CES) program policy on the sustainability of the port cluster. The model indicated that
when free trade policies and SFM programs were combined to maximise economic benefit and reduce
environmental damage, they provided additional benefits to increase economic activities while manag-
ing emission levels.

In the field, considerable attention has been paid to issues of the digitalisation of industrial enter-
prises and clusters during the development of Industry 4.0. Tashenova et al. (2020) developed a method
for assessing the digital potential of the main innovative industrial clusters in a region. The method
is based on existing approaches for assessing the innovative potential of industrial clusters and the
digital potential of industrial enterprises. Furthermore, the method enables the calculation of the final
integral assessment, which includes the calculation of the seven parameters’ sub-potentials (Material
and technical, Financial and economic, Scientific, Organizational and managerial, Staff, Information
and telecommunication, Infrastructure) that experts have identified as important. The suggested meth-
od was successfully tested on the example cluster “Development of information technologies, radio
electronics, instrumentation, communication and info-telecommunication devices of St. Petersburg®.

Clearly, strategic decisions regarding industrial clusters should be based on the systematic
analysis carried out by the appropriate managers in order to obtain sustainable competitive advantag-
es. In keeping with this, Bogdanova and Karlik (2020) considered the following aspects: sectoral and
regional conditions within the strategic activities and interests of organisations, the prevailing forms
and types of strategic interactions, the level of innovation potential of the industry and the region,
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as well as specific influencing factors at the macro and micro levels. However, it is not only the so-
cio-economic significance (efficiency and rationality) of the decision that is crucial, but also the rate
and timeliness of its implementation, predetermined by the dynamics of industry factors.

Despite the existence of numerous standard models of strategic cluster management, including
Leontiev’s model (Tukkel et al., 2011), none of the following have been thoroughly studied: a matrix
approach to cluster management (Bergman et al., 1999), gravity models (Bogomolov et al., 2011), a
model of an export-oriented regional cluster (Gnevko et al., 2006), a cluster construction model based
on fractal theory (Fedorenko et al., 2010), and the processes of cluster development. The relevant
models should adequately describe organisational problems and market mechanisms for their imple-
mentation, using the appropriate mathematical tools.

The identification of pilot clusters that are most important to the population of a particular
region, based on the traditions and production areas, is a challenging task for the executive authori-
ties of that region. To do so, it is necessary to use technologies that allow for the making of flexible
management decisions towards developing an innovative strategy for pilot clusters as determined by
the state. Given the wide range of both opportunities for and threats to such economic formations,
compound real options have become a relevant technology.

Literature review

The compound real option method is closely linked to the implementation of innovative solu-
tions, both in enterprises and in larger economic structures, including innovative industrial clusters.
First, it is necessary to study this technology regarding manufacturing companies since initially real
options were used for manufacturing companies (Rodionov, 2021; Zaytsev, 2020). In manufacturing,
the compound real option method includes early investment — for example, research and development
(R&D), the lease of undeveloped option land or oil reserves, strategic acquisitions or strategically re-
lated projects (complex investment is a prerequisite in the option chain) — and opportunities for future
growth — for example, generating new products or processes, oil reserves, access to new markets,
strengthening of core potential, and investments in strategic positioning (Smit et al., 2004).

Many project initiatives (R&D, capacity expansion, launch of new services, etc.) are multi-
stage investments, within which management can decide to expand or close the project, maintain the
status quo of the project, or abandon the project after receiving new information in order to eliminate
uncertainty as shown by Kodukula and Papudesu (2006).

In the analysis of compound options, the value of one option depends on the value of another. For
example, a pharmaceutical company may undertake a Food and Drug Administration FDA drug-ap-
proval process, in which the drug must be tested in human trials. The FDA approval is highly dependent
on the success of the human trials, which are concurrently conducted as shown by Mun (2002).

In this case, the aggregate value of the interacting options may differ from the sum of the indi-
vidual parts due to their interaction (Rogers, 2002).

Loncar et al. (2017) studied a multi-phase compound (nested) path-dependent real option, con-
sisting of mutually exclusive options — a sequential investment option, as well expansion, retrace-
ment, reduction, and abandonment options — as a complex interaction of separate parts.

Baranov and Muzyko (2015) concluded that the cost of a compound real option increases the
total cost of an innovative project due to the step-by-step investment factor and the possibility ofter-
minating financing.
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The compound real option method can solve a variety of economic problems. For example,
Yang and Lee (2011) presented a real option pricing model using an eight-fold compound option in
the evaluation of defense R&D projects. They illustrated these ideas using a case study in the Repub-
lic of Korea.

Claire and Guiz (2019) evaluated different types of compound options and eventually applied
their assessment to real options, evaluating a biotech firm’s consistent investment in R&D. Scientists
have found that a compound option with multiple exercise periods may necessitate the payment of
transaction costs each time it is exercised. The total transaction costs cannot be negligible, and the
appraised value of the option can be higher than the actual value of the option.

Hauschild and Reimsbach (2015) proposed a binomial approach to modelling sequential in-
vestment in R&D. More specifically, they presented a comprehensive approach to real options that
simplified the existing valuation methodology. The authors demonstrated the applicability of their
approach in a real-life example of evaluating new drug use.

Tavakkolnia (2016) developed a practical method for evaluating multi-stage strategic invest-
ment projects. In their case study, specific volatility is assigned to each stage of the project and is es-
timated using data from previous similar projects, as well as expert knowledge. These fuzzy volatili-
ties are then incorporated into a multi-stage binomial tree estimation model. In the end, the presented
model is implemented in the example of an R&D project. The advantage of this model is that it can
be easily extended by building a variety of options into such multi-stage projects.

Wang, Hee, and Lee (2014) applied fuzzy set theory to model volatile inputs (interest rate and
volatility). The authors outlined the fuzzy pricing of a compound option in terms of the fuzzy share
and the volatility in the compound option pricing formula. Finally, they presented a numerical analy-
sis to illustrate the pricing of a complex option in a fuzzy environment.

Liu, Yang, and Hsu (2018) obtained compound options in a double exponential jump diffusion
model that was more generalised than earlier models.

Konstandatos (2015) assessed a multi-stage mining solution, in which mining operators had
the option to postpone the start of a project, as well as the option to abandon mining or expand pro-
duction to a new rock bed if conditions change.

Cassimon et al. (2011) derived an expanded model from their case study of the real option val-
uation of a multi-stage software application by a major mobile operator. They also showed the ways
that project managers can estimate volatility by phase.

Although the components of a compound real option can vary, we outline the most common
components below as shown by Smit and Trigeorgis (2004), Chance et al. (2002) and Brach (2003).

Abandonment option (option to exit the project). During the life of a project, the company can
choose to terminate the project and stop financing it. This decision is referred to as the default option.
Some default options include the opportunity to retain liquidating value from the project, which is
commonly referred to as the abandonment option as shown by Chance et al. (2002).

Growth option (option to develop and replicate the project). The growth option, sometimes
called an extension option, is one of the most common option types. When a company has this option,
it has the opportunity to invest additional funds during the life of the project and expand the scale of
the project (Chance et al., 2002).

Switch option. If prices or demands change, the management of the firm can plan to employ
the switch option (for example, in the commodity composition of an object — ‘product flexibility’).
Alternatively, materials and goods can be produced using different manufacturing processes (‘process
flexibility’) (Smit and Trigeorgis, 2004). Furthermore, the switch option often refers to technology.
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For example, one technology may be more cost effective or in high-demand regions, and another
could be more cost effective in low-demand regions as shown by Brach (2003).

Option to temporarily end the production process (option to temporarily cease the progress of
a project). If operations are less profitable than expected, production be temporarily halted and may
then start again as shown by Smit and Trigeorgis (2004).

Option to defer the project. Many projects do not require urgent initiation by a company. While
many projects may imply that a company will grow rapidly, significant value can also be gained while
waiting for uncertainty to be resolved. Although this strategy can offer competitors an edge, it can
reveal sensitive information about the nature of the market (Chance et al., 2002).

Dimopoulos and Proptopapas (2019) indicated that that the ‘locational’ characteristics’ were
the most significant variables affecting the price of industrial land, followed by ‘physical and legal’
characteristics and last by the wider ‘economic conditions’.

With regard to the development of an innovative industrial cluster, we employ a compound
option with components similar to those listed above as shown later in the article. The use of such
components allows us to obtain sufficient flexibility in managing the cluster development strategy.

Materials and methods

The proposed method assumes the use of compound real options, which necessitates that the
following components are applied in order:

1. Option to reduce and/or abandon the cluster strategy.

2. Option to develop and replicate the experience in the cluster.

3. Option to switch and/or temporarily stop the cluster strategy.

4. Option to defer the start of the implementation of the new cluster strategy.

Combining compound real options in this order allows one to avoid unreasonable managerial
decisions to exit the current cluster strategy, which would include multiple tactical opportunities for
cluster development that has already been implemented. This would increase the cost of the cluster
strategy, that is, the effect of its implementation by the main company. First, a put option is added to
the evaluation of the current strategy. This is an option to reduce and exit the cluster strategy. If the
current strategy continues, the following three call options are added to it.

Our assessment of the development strategy of an innovative industrial cluster via the com-
pound real option method was carried out according to the following algorithm:

1. Calculation of the expected value of future cash flows from the current cluster strategy at the
time of assessment:

Sl,opt * Popt + Sl,pes * Ppes (1)
1+ WACC ’

where §| ont and S| pes ATC optimistic and pessimistic values of future cash receipts, reduced to their start

value (rubles); p,and p - are the probabilities of optimistic and pessimistic scenarios; and WACC

is the weighted average cost of the capital of the core company (%) as shown by Limitovsky (2019).

2. Calculation of the net present value NPV of the basic variant of the cluster strategy — i.e.,
without options or with existing options:

NPV =E[S]-K, (2)
where K is the investment in the implementation of the strategy — i.e., the total discounted value of
the shares of the company or the core of the cluster (rubles).

E[S,]=
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3. Calculation of the expected value of future cash flows from the cluster strategy for a new
option on a strategy without options or a strategy with existing options.

4. Calculation of NPV__ —a new version of the cluster strategy.

5. Calculation of the premium for a call option (AC,) or put option (AP, ):

AC,=NPV__ NPV, wm AP,=NPV__ NPV . 3)

old

This algorithm is repeated several times until all the possibilities of the cluster development
strategy with the corresponding real options have been considered. Evaluating the components of a
compound real option in terms of a cluster strategy requires a special approach. This also applies to
the option to reduce and exit a strategy and to the option to defer the start of a strategy as shown by
Yashin et al. (2017). Next, we consider these ideas in more detail.

Option to reduce and abandon the cluster strategy. In the pessimistic scenario of the cluster de-
velopment, the value S| nes under the condition of constant probability P is calculated by the formula
that was obtained in (Yashln et al., 2017) based on the formula of leltovsky (2019):

n—-1 1— 4 n—-1 1= !
APV =PV+P=3 CF, ( Ppes J PR 37 77 SN )
pur 1+ WACC (1+WACC) P

where APV is the adjusted present value of the future cash flows of the cluster strategy in the pessi-
mistic scenario, taking into account the possibility of exiting the strategy (rubles); PV is the present
value of future cash flows of the cluster strategy in the pessimistic scenario (rubles); P is the cost of
the put option to exit the cluster strategy (rubles); CF, is cash flow of the strategy in the pessimistic
scenario in years ¢ (rubles); n is the planning horizon (number of years); L, is the liquidation value in
years ¢t — i.e., the forecasted total discounted value of the shares of the core company (rubles); r, -
is the rate of risk-free profitability (%).

Option to postpone the start of the implementation of a new cluster strategy. This is when
the core company can switch to a new technology. The cost of the ‘live,” or not realised, call
option in years ¢ can be calculated using the following formula (Kruschwitz, 1999; Schafer
et al., 1998):

1

¢ = " (Pcz+1,u +(1- p)Ct+1,d) ) (5)
+rr
where pseudo-probability p is calculated as
= (6)
— ]/d

r, s the annual growth rate of the cash flow of the new technology in the optimistic scenario (%); r,
is the annual growth rate of the cash flow of the old technology in the pessimistic scenario (%); C,,
is the cost of the option in case of its growth in the next year ¢ + 1 (rubles); C,, , is the cost of the
option in case of its decrease in the next year ¢ + 1 (rubles).

The cost of the ‘dead,’ or realised, call option in years ¢ can be calculated as

C/' =max{S, - K,,0}, (7)

where S is the cash flow of the new or old technology in years 7 (rubles); K, is the cost of exercising
the option — i.e., management services of the core company in years ¢ (rubles). Since the value K| is
projected for years ¢, based on the IFRS data in the year preceding year 0, this call option is Asian
(average) — that is, an option with a variable strike price.
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Results

The development of a pilot electric power cluster in the Nizhny Novgorod region is considered
here as an example of the implementation of the considered method. Through our study (Yashin et
al., 2019), we was found that it was profitable for the Nizhny Novgorod innovation—industrial cluster
to develop the Electric power branch. The Nizhny Novgorod region has the necessary innovation po-
tential — production, financial, labour, and other resources — for the successful evolution of the cluster.

This pilot cluster is represented by the cluster’s core company — TNS energo NN PJSC. Cash
flow (CF) of this company is presented in Table 1. At the time of valuation in 2019, the weighted av-
erage cost of its capital was WACC = 12.56%, the total discounted value of shares were K =2233864,
thousand rubles, and the risk-free rate of return' was r= 4.21%.

Using the Internet service Wolfram Alpha ( approximated the dependence of the company’s
cash flows on time as follows (Fig. 1):

logarithm: 172 714 Inx + 197 637, R*>=0.00222704;

parabola: 43 558.1x* — 274 774x + 635 915, R*>=0.0082628;

polynomial of the third degree: 274 73.4x* — 286 123x>+ 851 635x —353 127, R>=0.0125885.

The dependences represented by the parabola and the logarithm were the most economically
adequate. Therefore, we accepted them as equally probable optimistic and pessimistic scenarios. It was
then possible to predict cash flows for the next five years for the two selected dependencies (Table 2).

Table 1. Annual cash flow of TNS energy NN PJSC (thousand Rubles)

2013 2014 2015 2016 2017 2018 2019

CF 498 625 —441 563 567 721 2931398 | —4313 838 3282929 330 600

4x10°
L ]
L ]
2% 10°
e —— _____..-_;.‘:-
0 ; e
1 » 3 4 5 [ T
~2x10° — logarithmic
— guadratic
~4x10° "
— cubic

Figure 1. Forecast cash flow functions of TNS Energy NN PJSC

Table 2. Cash flow forecast for two equally probable scenarios of TNS energy NN PJSC (thousand Rubles)

Scenario 2020 2021 2022 2023 2024
Optimistic 1225 461 1691 155 2243 985 2 883 931 3610993
(parabola)

Pessimistic 556 786 577 128 595 326 611 787 626 815
(logarithm)

! https://old.conomy.ru
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Table 3. Liquidation value of TNS energy NN PJSC in the pessimistic scenario (thousand rubles)

2020 2021 2022 2023 2024

L 2514 437 2830251 3185730 3585 858 —

Next, we estimated the profitability of the basic variant of the strategy of the pilot cluster — i.e.,
without options. Discounted forecasted cash flows for 2020 at the rate WACC = 12.56% amounted to:
- Sl’Opt =8 770 806 thousand rubles, in the optimistic scenario;

- 5, bes 2 358 870 thousand rubles, in the pessimistic scenario.

Then, using formulas (1) and (2), we concluded that

E[S,]= 81770 806-0.5+2358 870-0.5 4 943 886 (thousand rubles),

1.1256
NPV =4943 886 — 2 233 864 =2 710 022 (thousand rubles),
which meant that the strategy was profitable. However, it did not account for the possibilities of the
further development of the cluster. To do that, the analysis must be supplemented with the corre-
sponding components of the compound real option as shown in paragraph 3.

1. Option to reduce and abandon the cluster strategy. In the case of the pessimistic scenario,
the liquidation value in years ¢ — that is, the predicted total discounted value of the shares of the
cluster’s core company (L) — can be calculated by increasing each year the total discounted value
of shares K =2 233 864, thousand rubles, at the rate WACC = 12.56% . At the same time, the last
year of 2024 was not taken into account, since the core company has no plan to abandon the cur-
rent cluster strategy as shown by Yashin et al. (2017). The calculation results for L, are presented
in Table 3.

Then, the method of a pilot cluster with a put option for a possible exit from the strategy was
evaluated using formulas (4), (1) and (2) as shown in paragraph 3:

2 3
APV =556 786 +577 128~ﬂ+595 326-(ﬂj +611 787-(1_0'5j L 6263815,
1.1256 1.1256 1.1256 1,1256*

2 3
+2 514 437+ 2 830 251-1_0’5+3[D85 730-(1_0’5 +3585 858-(1_0'5 _
1.0421 1.0421

1.0421
=1374 728+5 001 847 =6 376 575 (thousand rubles),

8770 806-0.5+ 6376 575-0.5
E[S,]= i — 6728 581 (thousand rubles),
0 1.1256

NPV =6 728 582 —2 233 864 =4 494 717 (thousand rubles).

Hence, due to the put option to exit the strategy, it became even more profitable. The premium
for this option, according to formula (3), would amount to

AP, =4494717-2710 022 = 1 784 695 (thousand rubles).

2. Option to develop and replicate experience in the cluster. Short-term investments in 2020
were shown to amount to 551,486 thousand rubles, and in the optimistic scenario they would increase
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the CF by 13.5% by reducing losses through chain companies.? Then, the option to develop experi-
ence in the cluster allowed us to obtain even more value for the cluster strategy:

S op— 1225461 + (8770 806 — 1 225 461)1,135 — 551 486 =9 237 942 (thousand rubles),

1
237 942.0. 0,
B[S,] = 222 ] 242:0-5+6376 575-0.3 _ 5 36 086 (housand rubles),

1.1256

NPV = 6936 086 — 2 233 864 =4 702 222 (thousand rubles),
where the premium for a given call option according to formula (3) will amount to
AC®=4702 222 — 4494 717 =207 505 (thousand rubles).

3. Option to switch and temporarily stop the cluster strategy. In the case of the pessimistic
scenario for TNS energo NN PJSC, it was assumed that TNS energo NN PJSC would switch to the
new technology of TNS energo Rostov-on-Don PJSC. CF per year for TNS energo Rostov-on-Don
PJSC is presented in Table 4.2

At the time of valuation in 2019, the weighted average capital cost of TNS energo Rostov-on-
Don PJSC was WACC = 12.62%. The increase in the total present value of shares at the time of the
possible decision to switch to a new technology in 2020, according to data?, amounted to

AK=K, . —K,=6708617—-2540079 =4 168 538 (thousand rubles).

Using the Internet service Wolfram Alpha, we approximated the dependence of the cash flows
of TNS energo Rostov-on-Don PJSC on time (Fig. 2):

logarithm: 720 254 Inx — 486 173, R*>=0.318403;

parabola: —39 214,6x> + 525 189x — 925 454, R*=0.301307,

polynomial of the third degree: 12 033.9x* — 183 621x>*+ 1 018 580x — 1 358 670, R* =
=0,330813.

Table 4. Annual cash flow of TNS Energo Rostov-on-Don PJSC (thousand rubles)

2013 2014 2015 2016 2017 2018 2019
CF —-803 122 1029575 | —808 148 1193714 254 101 1 104 088 766 859

1.5%10°
1.0 10°
500000
0 = lagarithmic
~ 500000 | — guadratic
1.0 10" — cubic

Figure 2. Forecast cash flow functions of TNS Energo Rostov-on-Don PJSC

Table 5. Cash flow forecast for optimistic scenario of TNS energo Rostov-on-Don PJSC (thousand rubles)

Scenario 2020 2021 2022 2023 2024
Optimistic (polynomial of the third degree) 1199583 | 1707962 | 2498930 | 3644690 | 5217 445

2 https://old.conomy.ru
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The most optimistic scenario is the dependence of the company’s cash flow on time, expressed
by a polynomial of the third degree. This can be used to predict optimistic cash flows for the next five
years (Table 5).

In the optimistic scenario, the predicted CF of TNS energo Rostov-on-Don PJSC, discounted
for 2020 at the rate of WACC = 12.62%, amounted to S| o = 10481 385 (thousand rubles). Then for
TNS energo NN PJSC,

C,...=556786+ 10481 385 -4 168 538 = 6 869 633 (thousand rubles).

Lp

As a result, using formulas (1) and (2) for TNS energo NN PJSC, we obtained the following:

420, 0.
E[S,]= 2227 242:0.5+ 6869 633-05 _ 5 155 106 (housand rubles),
0 1.1256

NPV =7 155106 —2 233 864 =4 921 242 (thousand rubles).

Thus, due to the call option to switch to a new technology, the cluster strategy became even
more profitable. The premium for this option according to formula (3) would be as follows:

AC,=4921242 4702 222 =219 020 (thousand rubles).

4. Option to postpone the start of the implementation of the new cluster strategy. It was
shown that it would be possible for PJSC TNS energo NN to switch to the new technology of PJSC
TNS energo Rostov-on-Don throughout the entire planning horizon, until 2024. In this regard, it
was necessary to determine the optimal moment for the transition to a new technology. To do this,
the prices of ‘live’ and ‘dead’ options should be compared in each node of the binomial tree for
a deferral option.

In Figure 3, forecasted CF of old and new technologies are brought together, taking into ac-
count that we choose the pessimistic scenario for TNS energo NN PJSC (upper branch in the figure),
and the optimistic one for TNS energo Rostov-on-Don PJSC (lower branch). At the starting point
t =0, the average value for the two technologies was taken. The obtained values were averaged in
the internal nodes of the binomial tree.

Then, based on the data in Tables 2 and 5, the annual rates r and r, were calculated for the
new and old technologies, which were then substituted in formula (6) for each forecast year to
calculate the pseudo-probabilities p and 1 — p (Table 6).

The considered option is Asian (average), so calculating the strike price for each of the five
forecast years is necessary. For TNS energo NN PJSC, management services in accordance with
IFRS amounted to 373.265 thousand rubles in 2019. This served as the strike price of the option

Table 6. Calculation of pseudo-probabilities of two technologies

2021 2022 2023 2024
r, 0.423796 0.463106 0.4585 0.43152
r, 0.036535 0.031532 0.02765 0.024564
)% 0.01437 0.024487 0.033538 0.043091
I-p 0.98563 0.975513 0.966462 0.956909
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5217 445
3 644 690
2498 930
3466 335
1707 962
1303108
878 185 1934 586
1003 304
626 815
K, : 420 147 472917 532 316 599 175 674 431
t=0 t=1 t=2 t=3 t=4

Figure 3. Change in cash flows of two technologies (thousand Rubles)

45430141

30455154

2791 9044

12350454

458 038 12601554

328 8734

t=0 t=1 t=2 t=3 t=4

Figure 4. Change in the price of the real option for four years (thousand Rubles)
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for the deferral in 2019. The increment rate of the strike price K, was WAACC = 12.56% for TNS
energo NN PJSC. Using this rate, we could calculate the strike prices of this option (Fig. 3).

After that, starting from the last year and gradually passing to the first forecast year, the pric-
es of ‘live’ and ‘dead’ options were calculated in each node of the binomial option tree (Fig. 3) us-
ing formulas (5) and (7); the more expensive option was chosen as shown by Schafer et al. (1998).
The results are shown in Figure 4.

As aresult, Figure 4 shows that the ‘dead’ option was more expensive — e.g., for TNS energo
NN PJSC, C, = 458 038 thousand rubles. Therefore, it was more profitable to execute the option
immediately (i.e., in 2020).

Taking into account the deferral option, we found that the value of the pilot cluster strategy
would become even higher:

C, ..=6869633+458038=7327671 (thousand rubles),

Lp

91237 942-0.5+7327 671-0.5
E[S,]= i 7 358 570 (thousand rubles),
1.1256
NPV =7358 570 — 2 233 864 =5 124 706 (thousand rubles).
The premium for the analysed call option would amount to

AC,;=5124706 —4 921 242 = 203 464 (thousand rubles).

Discussion

The final conclusion regarding the strategy of the pilot cluster of the electric power industry was as
follows: the use of the method of compound real options made it possible to increase the value of the strat-
egy — that is, the effect of its implementation by the core company rose from NPV = 2710022 thousand
rubles to 5 124 706 thousand rubles. This growth was achieved using the technology of compound real
options to develop an innovative strategy for an industrial cluster, making this approach more effective
compared to previous methods (Polyanin et al., 2020; Moeis et al., 2020; Tashenova et al., 2020; Bogdan-
ovaetal., 2020). Another advantage was the ability to make pre-calculated flexible management decisions
in the process of implementing the planned innovative strategy of the industrial cluster.

Polyanin et al. (2020) developed the methodology for assessing the economic security of
a cluster, which is characterised by an integrated approach that takes into account all possible risks
and threats in the functioning of individual components of the cluster structure.

To assess the prerequisites for the development of a digital economy cluster, Kudryavtseva
et al. (2020) calculated an integral indicator and used a multi-parametric approach to assess the effec-
tiveness of the cluster. The proposed methodology allowed the researchers to compare clusters from
different regions and monitor their development.

Moeis et al. (2020) studied the dynamics and stability of the Tanjung Priok port cluster. System
dynamics were used to study the problem, and the stability of the port cluster was assessed by simu-
lating the system dynamics over a 20-year time period.

Tashenova et al. (2020) developed a method for assessing the digital potential of backbone
innovative industrial clusters. The method was based on existing approaches for assessing the innova-
tive potential of industrial clusters and the digital potential of industrial enterprises. This method also
allowed us to calculate the final integral assessment, which included the calculation of the parameters
for each of the seven sub-potentials.
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Bogdanova and Karlik (2020) considered sectoral and regional conditions within the frame-
work of the strategic activities and interests of organisations, forms, and types of strategic interac-
tions, considering the level of innovation potential of the industry and the region, as well as specific
influencing factors at the macro and micro levels. However, not only the socio-economic signifi-
cance (efficiency and rationality) of the decision itself is important, but also the rate and timeliness
of its implementation, predetermined by the dynamics of industry factors (Kulagina, 2019).

The results obtained can be used for the development of innovative industrial clusters
and the effective development of the regions with these clusters.

Conclusion

In conclusion, we formulated the following theoretical and practical statements.

1. To develop an innovation strategy for state-supported pilot clusters, it is necessary to apply
the technologies that allow for flexible management decision making. Given the wide range of oppor-
tunities for and threats to such economic formations, compound real options could become a relevant
technology as shown by Smit and Trigeorgis (2004), Chance (2002) and Brach (2003).

2. The method proposed in this paper involves compound real options, with components to be
applied in order as follows: 1) the option to reduce and abandon the cluster strategy, 2) the option
to develop and replicate the experience accumulated in the cluster, 3) the option to switch from the
cluster strategy, and 4) the option to postpone the implementation of a new cluster strategy.

3. As an example of the implementation of the method presented, the authors considered the
strategy for the development of a pilot electric power cluster in the Nizhny Novgorod region, pre-
sented by the core company TNS energo NN PJSC. The application of the method of compound real
options made it possible to increase the value of the cluster strategy, which means that the effect of its
implementation by the core company rose by 89.1% — from 2 710 022 to 5 124 706 thousand rubles.
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