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The practical lack of methods for quantitative assessment of capital-intensive renewable
energy projects taking into account the present uncertainty leads to an increase in
the riskiness and reduce the amount of "green" investment in the economy. It resolves
the urgency of the developing approaches to the renewable energy projects assessment.
The article presents the diagnostics of specific risks and assessment of limiting the
investor market share in the renewable energy projects with the optimal risk level. The
proposed authors’ approach to risks formalization of renewable energy deals is based on
the introduction of dummy-variable, evaluation of coefficients’ significance, tendency and
strength of relation of risks indicators. This approach yields an indicative assessment of the
deals’ riskiness taking into account sectoral specifics. The developed method to limiting the
investor market share is based on the principles of the economic capital theory. It allows
for consolidating the current states of investor, project and economy. Research veracity is
confirmed by the practical implementation. The results of the study can be used by the
management of energy companies, investors and analysts in making financial decisions.
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Introduction

The share of conventional hydrocarbon energy in Russia is about 65%. The structure
of this fuel and energy balance in the Russian power sector will not change significantly till
2020. The concept of sustainable development aimed at the rational use of natural resources
without compromising the current and future generations, raises the problem of the
transition to renewable energy (RE) in priority. Phased transition to new energy generation
technologies, accelerated development of renewable energy, development of systems Smart
Grid, tightening climate conditions require the increasing amount of "green" investment
[1].

At the present time the "green" energy projects are characterized as highly risky.
In this regard, the problem of modelling and reducing the level of specific risks’ in the
renewable energy projects is highly actual and practically significant [2-4]. The decision
of the problem involves two main stages.

1. Formalization of RE Investment Risks

In the framework of this stage the logit-model (1) as the most popular one for default

probability forecasting is used:
1

PD=— (1)
1+e*
where PD is probability of RE project default; parameter
z=(bo+ b1 Xix + by Xig+ .. + b+ Xin), (2)
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Xi; is value of j-th financial indicator for i-th project; b; is evaluation value of j-th
coefficient’ significance.

The assessment of parameters’ significance for model "b;" is based on Student’s test
(3) for hypothesis b; = 0 [5]:

= b, \/Z?l(Xij - Xz‘j)7 )

where X; is the average value of j-th financial indicator for i-th project; S is sampling
residual standard deviation.

The empiric base of study for logit-model assessment was formed by experts’ opinion.
It includes eight specific risks indicators for RE project. Financial stability of RE project
is evaluated by: Debt Service Coverage Ratio X;;; Working Capital to Current Assets Xjs;
Internal Rate of Return X;3; Discounted Payback Period X;4; Level of Financial Stress Xjs.
Institutional assessment of RE project is based on introduction of the following dummy-
variable: Indicator of project type X;s is changed by three parameters: new construction
Instl, overhaul Inst2 or modernization Inst3 and obey (4); Level of market risk X7 is
changed from low Inst4 to high Inst6 and obey (5); Level of goodwill X;g characterizes
the field experience of RE project: from lack of skill Inst9 to more than three projects
Inst7 (conditions 6):

Instl =1,
Newconstruction = § Inst2 =0,
Inst3 =0,
Instl =0,
Overhaul = < Inst2 =1, (4)
Inst3 =0,
Instl =0,
Modernization = < Inst2 = 0,
Inst3 =1,
( Instd =1,
Lowrisks = { Instb =0,
Inst6 =0,
Inst4d =0,
Averagerisk =  Insth = 1, (5)
Inst6 =0,
Inst4d =0,
Highrisk = ¢ Instb = 0,
\ Inst6 =1,
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;

Inst7T =1,
Highgoodwill = § Inst8 =0,
Inst9 =0,
Inst7T =0,
Averagelevelo f goodwill = < Inst8 =1, (6)
Inst9 =0,
Inst7 =0,
Lackof goodunll = { Inst8 =0,
Inst9 = 1.

\

As a result the adjusted parameter "z" for formula (1) takes the following form for
the RE project:

2 =10,5578 — 1,785 X;;1 — 0,237 - X2 — 0,008 - X;3+ 0,018 - X;4 — 1,284 - X5+

+0,459 - X;6 + 0,167 - X;7 + 0,091 - Xis. (7)

The results of coefficient interpretations as well as its tendency and strength of relation
are presented in Table 1. The analisis shows Debt Service Coverage Ratio X;; and Level
of Financial Stress X5 exert the greatest influence on RE project results. Consequently,
the corresponding risks are deemed to be most dangerous for the RE project.

Table 1
Results of risks’ indicators formalization
Indicator | Tendency  and | Coefficient|| Indicator | Tendency  and | Coefficient
strength of strength of
relation relation
Xi +++ -1,785 Xis +++ —1,284
X; ++ —0,237 X; —— 0,459
Xi3 + —0,008 X7 — 0,167
Xy — 0,018 Xis — 0,091

2. Limiting the Investor Market Share in Financing
Renewable Energy

To ensure sustainability the investor determines the acceptable risk level based on the
maximum losses that reduce the operation disturbance and temporary insolvency. It is the
first absolute limitation the investor shares in the RE project (formula 8):

NCAP = CCAP — TCAP,

(8)

where NC AP is the investor’ capital the loss of which would not lead to insolvency; CC' AP
is the current capital of the investor; TC'AP is the target capital to cover overall risk of
the investor (in the case of project default). The volume of TC AP is calculated using the
credit rating and counterpart of confidence probability by formula (9) and Table 2:

TCAP = Psgp - CCAP, (9)

where Psg p is confidence probability value by project duration and rating.
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Table 2
Confidence probability value % (Standard & Poor Global Ratings)

Rating 1-Y PD | 3-Y PD | 5-Y PD || Rating 1-Y PD | 3-Y PD | 5-YPD
AAA 0,008 0,03 0,1 BB 1,15 8,6 15

AA 0,04 0,16 0,28 B 9,8 15,4 32,6

A 0,16 0,4 0,58 CCC or | 26,57 45,5 60

lower
BBB 0,3 1,4 3 X X X X

The second absolute limitation is the exposure at default value EAD [2] — the potential
volume of project obligations at the time of default:

N-YPD)+ N-Ya) -/
Vs

where LG D is loss given default; N() is standard normal distribution; N~!() is inverse
standard normal distribution; is reliability level; r is correlation coefficient between
the states of the project and the region economy; FECAP is overall value of the
project economic capital. Parameter EC'AP is also calculated for every separated risk
in accordance with condition (11). It is an example of three most dangerous existing risks
below:

ECAP = EAD - LGD - (N( ) — PD), (10)

ECAP = /| ECAP? + ECAP} + ECAP} + A+ B+C, (11)

where A = 2-ECAP,-ECAP,y-p15, B=2-ECAP-ECAP;-p13,C =2-ECAP,- ECAP5-po3.
ECAP,, ECAP,, EC AP;5 are the capital values for the first, second and third risks; pis,
P23, p13 are correlation coefficients between two risks’ components. Subject to conditions (8)
— (11) the absolute maximum limiting amount of investments in RE project is calculated
by (12):

LF = min(NCAP; EAD), (12)

where LF is the limiting volume of investments. The limiting share can be corrected
additionally by parameter "K" for the RE projects with high riskiness. It depends on the
risks level: PD and LGD. For the purposes of further indication, these indicators were put
together in (13):

EL=PD-LGD, (13)

where EL is the level of expected RE project losses. Experts’ assessment of dependence
between EL and K is presented in Table 3.

Table 3
Correspondence between the K-factor and EL-level
EL | 0-0,05 | 0,06-0,1 | 0,11-0,15 | 0,16-0,3 | 0,31-0,7 | 0,71-1,2 | 1,21-2 | 2,1-3,5
K 1 0,99 0,97 0,95 0,93 0,9 085 | 08
EL | 3,515 | 5,01-8 8,01-10 | 10,01-25 | 25,01-32 | 32-45 | 45-75 | 75-100
K | 0,75 | 065 0,5 0,35 0,1 0,005 |0,0001| 0
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The relative value of investor market share is calculated based on (12) and
supplemented with total RE project budget amount and parameter " K":

min(NCAP; K - EAD)
BDG 7

where BDG is the total budget of renewable energy project.

LF =

(13)

Conclusions

1. A topical problem of qualitative assessment of "green" projects is solved.

2. The results are recommended for the use in the development of risk-management
programme in energy companies and for private investors.

3. The developed approaches of risks’ formalization and limiting the investor market
share for renewable energy projects allow improve their attractiveness.
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MOJEJINPOBAHUE PIICKOB <3EJIEHBIX> MHBECTUITUN

B.I'. Moxoe', I.C. Yebomapesa®, II.M. Xomenro?

TOx10-Ypanbekuit rocy1apcTBeHHbIH YHUBEPCATeT, I. e a0nHCK,

Poccuiickas Peepartus

2Vpannckuit denepanbuniit yausepenTet, T. Exarepuntypr, Pocenitckas Denepanns

HpaKTI/I‘IeCKOe OTCYyTCTBUE METOI0B KOJINYECTBEHHOM OICHKH KallUTAJIOEMKHUX IIPOCK-

TOB B cepe BO30DOHOBJIAEMOI IHEPIETHKH C Y9IETOM CYIIECTBYIOIIEN HEOIPEIeIEHHOCTH
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BEJIET K MOBBIIIEHNIO PUCKOBAHHOCTH CAENOK B JAHHOHN cdepe u CrnocoOCTBYET CHUKEHUIO
0bbeMa <3€eJIeHbIX> MHBECTUIUA B IKOHOMHKE. DTO MPEIONPENEIUI0 aKTyaIbHOCTb Pa3-
pabOTKHU TOIXOMOB K OIIEHKE MPOEKTOB 10 BO30OHOBJISEMON IHEPreTHKe MPU WX pPeajn3a-
nun. CTaThsi TOCBAIMIEHA TUATHOCTUKE COCTOSIHUS CHENM(PUIeCKUX PUCKOB U OIEHKE IMpe-
JEJBHON JIOJW YYaCTUsi WHBECTOPOB B MPOEKTAX BO30OHOBIISIEMON JHEPrETUKU, C YIETOM
obecriedenns ONTHMAJIBHOTO ypOBH: pucka. IIpenmorxken aBTopckumii moxon K (opmamn3a-
IWH PUCKOB (PUHAHCHPOBAHNA BO300OHOBJISIEMOI SHEPTeTHKN Ha OCHOBE BBedeHus dummy-
MTEPEMEHHBIX, OIEHKN 3HAYUMOCTH KO3(M@UIIMEHTOB, 8 TaK¥Ke HAMPABJIEHUS U CUJIbI CBI3U
pucKk-uHAUKATOPOB. OH MO3BOJISET MONYYNTh WHINKATUBHYIO OIEHKY CTEIeHN PUCKOBAHHO-
CTH CIEJIKM C YI€TOM OTPACIEBBIX 0cO0eHHOCTEH. PazpaboTanublit MeTO ] OrpAHUYEHUS TOJIN
y49acTusg WHBECTOPA B MPOEKTE, OCHOBAHHBIM HA 0A30BBIX MPUHIUIIAX TEOPUH SKOHOMHUIE-
CKOT'O KAIINTAaJIa, O3BOJSET KOHCOJIUINPOBAHO YUYUTHIBATH TEKYIEe COCTOSHUE HHBECTOPA,
MPOEKTa U IKOHOMUKU. [J0CTOBEPHOCTE PE3YILTATOB MCCIEIOBAHUS TTONTBEPKAEH, TPAKTHU-
qeckoil peanuzanuei. Pe3ybraThl MCC/IeI0BAHAS PEKOMEHIYETCsT UCIOIb30BATH MEHE K-
MEHTOM JHEPTOKOMITAHUHN, HHBECTOPAM WM AHAJUTUKAM B MPOIECCE MPUHATHS (DUHAHCOBBIX
perenuii.

Karoueenie cao6a: 60300H0BAAEMAA IHEPLEMUKG; <3EAEHBLES> UHBECTNUUUL; MOJEAUPO-

sanue; uHAUKAMOp; POPMAIU3AUUA PUCKOS; 02PaAHUNEHUE JOAU UHBECTNOPA; PUCK-KANUMAL.
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