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Present approaches based on the qualitative analysis methods are not effective enough
for a comprehensive evaluation of the investment attractiveness of the power generating
company (PGC). It resolves the urgency of the complex deterministic method of accounting
for aggregated risk. The article presents the diagnostics of power generating company risks’
and the assessment of the actual aggregated risk as the integral indicator of investment
attractiveness of the PGC. The proposed authors’ approach to ranking the risk taking into
account the level of hazard is based on the calculation of individual limits of risk states
variation and risk relative value. The individual risk assessment is based on the Bayes
method complemented by a two-step normalization to account for the specificity of PGC.
The Merton — Vasicek method and basic principles of the economic capital theory are used
in developing the method of the final evaluation of the PGC investment attractiveness.
Research veracity is confirmed by the practical implementation. The research results are
recommended for use in assessing the current level of the PGC investment attractiveness
and development strategy of its increase.

Keywords: investments attractiveness; power generating company; risk; Bayes method;

theory of economic capital; Merton — Vasicek method.

The challenges facing the energy at the present stage require industry to transit to a
new higher level maximally contributing to the dynamic social and economic development
[1]. However, the high demand for renovation is accompanied by a limitation of capital
investment including the sanctions of the EU. It makes a very important problem of
improving the investment attractiveness of the energy companies. Up to the present time
there are no objective formalized approaches to assessment of investment attractiveness
of the companies in the Russian energy sector and effective tools for the management of
specific risks are in the initial stage of development [1].

The theory for the development of this complex approach to assessment of investment
attractiveness of PGC is based on the hypothesis of completeness of the PGC’ investment
attractiveness description through the power company risks [1] and observance of the
principle of objective assessment [2].

1. Risk ranking identifies the most dangerous risks that troubled the normal
development of the PGC. It is possible due to the two-step risk normalization based on
the method of linear scaling according to the following equations for indicators of direct
and inverse relations respectively:

H Xj - Xmin °
X = S Tmngge (1)
Xmax - Xmin
H Xmax - Xj °
X = 2w T g, (2)
Xmax - Xmin
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where XJH is actual normalized value of the j-th risk; X; is actual value of the j-th risk;
Xmin 18 minimum actual value of the j-th risk; X.x is maximum actual value of the j-th
risk; factor 90° is introduced for graphical interpretation purposes.
Individual assessment of risk involves the calculation of the individual limits of risk
states variation, which is based on Bayes method:
In(c; - q;) — 0,5 ((X = M)T-S71 (X — M) —In|Si|) — (In(ciyy - Giv1)—
—0,5- (X = My1)™ -S54 - (X — Myyy) — In|S;a])) = 0, (3)

where X is the risk in the space of risks under study; M;, M;,; are the expectation values
of the i-th and the (i + 1)-th states; S;, ;1 are the covariance matrices of the i-th and
the (i + 1)-th states; ¢;,qi+1 are the prior occurrence probabilities for the i-th and the
(7 + 1)-th objects; ¢;,c;11 are the costs of error in the reference of objects to the i-th and
the (i + 1)-th states.

The resulting risks’ rating is the basis for complex analysis of the actual aggregated
risk, which integrates into a single indicator the values of the identified risks. Graphical
interpretation of the aggregated risk involves the location of risks in ascending order
of its influence level on the investment attractiveness of PGC. The example of this
graphical interpretation is presented in Figure. It is the result of analysis of the investment
attractiveness of the power company JSC "T Plus" in accordance to the "neutral" scenario.
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Graphical interpretation of the aggregated risk (JSC "T Plus" with "neutral" scenario)

Evaluation of the actual aggregated risk is based on the analysis of graphical
interpretation and is calculated as the average value between the maximum and minimum
amounts of the aggregated risk according to the following equation:

n

30 (PP pRysin gy 1) +pP N psingy 30 (PP siny )+ pR sinm (4)
1

R = 4 + = 4 ’

max

where R is actual value of aggregated risk; pj*** is maximum of the j-th risk probability;

piel 1s maximum of the (4 + 1)-th risk probability; p™® is minimum of the j-th risk
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probability; i is minimum of the (j + 1)-th risk probability; 7,41 is the (j + 1)-th risk
level of influence on investment attractiveness of PGC; n is the number of risks under

study; Lo

5 . [ZQ?;H&X 'p}lfi( .sin '7j+1) 4 prlnax -pﬁlax . sin 'Yl] — Rmax (5)
j=1
is the maximum aggregated risk value;

n

1 . . . . .
S (D s s ) P siny] = RO (6)
j=1
is the minimum aggregated risk value.
2. Final evaluation of investment attractiveness includes the calculation of threshold
value of aggregated risk by equation which takes into account the basic principles of

economic capital theory: ACR
KLt 7
CRactual )’ ( )

where Ripreshoia 18 @ threshold value of aggregated risk; R is actual value of aggregated
risk; ACR = CRyeq — C Ryctuat; CRyeq is a required by the PGC economic capital; C Rctyai
is the value of PGC net wealth.

Calculation of the initial values of required by PGC economic capital is carried out by
Merton — Vasicek method [3]:

Rthreshold =R- (1

N-Y(PD) + N~Y(a) - /7
Vi—r

where CaR,., is the initial required by PGC economic capital; EAD is exposure at default;
LGD is PGC loss given default; N() is standard normal distribution; N~!() is inverse
standard normal distribution; PD is PGC probability of default; « is reliability level; r is
a coefficient of correlation between PGC state and state of region economy.

In case of exceeding of the duration of the investment phase of the project for more
than one year it requires the correction of the CaR by the amount of risk horizon [4]:

CRyeg = CaRyeq - M, (9)

CaRyey = EAD - LGD - (N( ) — PD), (8)

where CR,., is the required by PGC economic capital including fee of exceeding the
duration of the investment phase; M is maturity [5].

The estimated indicators in equations (8) and (9) correspond to the following
conditions:

( n
PD = Zl(p?ver . ,y;hare>’
]:
o cov(Pley” * Plena)
Oy Oy (10)
v LT =25 b(PD)
-~ 1-1,5-b(PD)
\

share

77" is the average probability of the j-th risk; ~; is the share of influence level

where pj
y 3 3 3 . aver aver 3 3
of the j-th risk on investment attractiveness; cov(pie,” - Pjenq) is the covariance value of

aver aver

: : aver . . Sotd
indicators pfey" and piiig; opever and opaver are the standard deviations of pfer” and p

aver .
jend>
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Djer and plgty are the average values of the j-th exogenous and the j-th endogenous risk

probability; T" is the duration of project investment phase;
factorb(PD) = (0,00852 — 0, 05489 - In(PD))?. (11)

The quantitative assessment of the level of PGC investment attractiveness is possible
by the way of comparison of actual and threshold values of aggregated risk:

ARfinal =R — Rthreshalda (12)

where ARyi,q is the amount of PGC investment attractiveness.

When the value ARyinq > 0, the PGC is not attractive for investors. This value
indicates the "excessive" amount of risk which needs to be minimized. In the opposite
situation PGC is attractive. The formed difference shows the amount of "financial reserve"
for risks the company has.

Conclusion. 1. A topical problem of deterministic assessment of PGC investment
attractiveness is solved. 2. The results are recommended for use in the development of
risk-management program in PGC. 3. The developed method of deterministic assessment
of PGC aggregated risk allows to increase its openness and investment attractiveness.

Acknowledgements. The work was supported by Act 211 Government of the Russian
Federation, contract No. 02.A03.21.0011.

References

1. Domnikov A., Chebotareva G., Domnikova L. Economic and Technological Priorities of
Competitive Development of Russian Systems of Energy Cogeneration Sources. International
Journal of Design and Nature and Fcodynamics, 2016, vol. 11, no. 4, pp. 610-619.
DOI: 10.2495/DNE-V11-N4-610-619

2. Proposed Enhancements to the Basel II Framework (2014). Available at: www.bis.org
(accessed 10 January 2017)

3. Shiryaev A.N. Fundamentals of Stochastic Financial Mathematics. Moscow, MCNMO, 2016.
440 p.

4. Shevelev A.E., Sheveleva E.V. Risks in Accounting. Moscow, KnoRus, 2015. 304 p.

5. Simchera V.M. Methods of Multivariate Analysis of Statistical Data. Moscow, Finance and
Statistics, 2008. 400 p.

Received March 6, 2017

YK 330.322.013+001.895 DOI: 10.14529/mmp170213

KOMILJIEKCHBIII II0/IX0/1 K OIIEHKE MHBECTUIIVIOHHON
[IPUBJIEKATEJIHLHOCTH SHEPTOI'EHEPUP VIOIIIENT KOMITAHIUIN

B.I. Moxos', I.C. Yebomapesa®, T.C. Jemvanenxo'
YO HO- Y panbeKuii rocyIapeTBeHHbIH YEUBepCHTeT, T. YeIa6mHCK
2Vpanbckuii denepadbHBIl YHEBEPCHTET, T. EKaTepHubypT

COBpeMeHHbIe IOAX0oAbl, OCHOBaAaHHBIC Ha Ka4€CTBCHHBIX METOJaX aHaJn3a, HEIO0C-

TaTOYHO 3DPEKTUBHBI JIJIsI BCECTOPOHHEN OIEHKM WHBECTUIIMOHHON IIPUBJIEKATETIbHOCTU
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sueprorenepupyomieii komnanuu (ITK). 1o npenonpenesnuio akryaabHOCTh pazpaboTku
KOMILJIEKCHOI'O JETePMUHUPOBAHHOIO METO/a YIeTa COBOKYITHOro pucka. Crarhs mOCBsie-
HA [UArHOCTHUKE COCTOSIHUSI PUCKOB PA3BUTHS YHEPTOTEHEPUPYIOIIEH KOMIAHUN U OIEHKE
$aKTUIEeCKOr0 COBOKYITHOIO PHUCKA B KAYECTBE WHTErPAJILHOTO TTOKA3ATENs WHBECTUIINOH-
moii npusnekarensaoctr ITK. TIpemmoken aBTOPCKuM MOAXOM K PAHKAPOBAHUIO PUCKOB
Pa3BUTHs MO YPOBHIO MX OMACHOCTH HA OCHOBE PACYETA MHIWBUIYAJbHBIX TDAHUIL H3MEHE-
HUs COCTOSIHUI PUCKOB ¥ OTHOCUTEIBHOTO 3HAYEHH A KAa2KI0r0 pucka. IIlpu nuansuayanpHOM
OIIEHKE PUCKOB PA3BUTHS UCIOIb30BAH METON Baiteca, JOMOTHEHHbBIH IBYXITAITHBIM HOPMU-
posanueMm s yuera crnenuduku K. [lpu paspaborke MeToma MTONOBOM ONEHKU WHBE-
CTHITMOHHOM npuBiekareabHocT 'K ncnonb3osan meron Meprona — Bacuueka n 6a30BbIe
MPUHITATIBI KOHIEITUN SKOHOMU9eCKOr0 KanuTaaa. JJ0CTOBEPHOCTD Pe3yIbTaTOB UCCIEI0BA-
HU3I TIOATBEPIK/IEHA TPAKTUYECKOH peanu3aimeii. [lomyuennbie pe3yibTaTsl PEKOMEH Y IOTCS
K WCIOJIB30BAHUIO TPU OIIEHKE TEKYIIEro COCTOSTHUST U pas3spabOTKe CTPATErnH TIOBBIIIEHWST
WHBECTUITMOHHOM mpuBiekareabaocTu K.

Karouesvie cA06a: uHBECTIUUUOHHAA NPUBAEKGMEADHOCTNL, IHEPLO2EHEPUPYIOULAA KOM-
NAHUA; PUCKY padeumus; memod Batieca; meopus 9KOHOMUYECKO20 Kanumana; memod Mep-
mona — Bacuuexa.
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