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Abstract

Analysis of the large-scaled investment projecaygla major role in the decision-
making process of business corporations. Regarthiessxistence of various valuation
models, the methods based on the idea of discocatdflow (DCF) have gained the
upmost popularity among the financial profession&go main problems arise in connection
with this method: the problem of cash flow defimitiand the problem of determining the
discount factor. Thus, under assumption that tbeemental cash flows have been duly
forecasted and the discount factor has been diligdatermined, the management of the
company may take the informed decisions based lonlatged metrics such &PV, IRR,
discounted payback periatc. However, it is presumed that after the denisibout the
investment project has been taken, the managerasittie or no influence on the future
execution of the project. Under such assumptiorirthestment project possesses a static
nature; consequently, all the known present, abagdliture risks and uncertainties
associated with the investment project are assumbd incorporated into discount factor.

In the real world, however, the assumption of atiife uncertainties being captured
into discount factor, as well as the passive rolmanagement seem to be a bit
oversimplified. The method @éal option analysidries to address these problems. The basic
idea ofreal optionis that taking the final investment decision coaidi even should be
postponed in the future, until some basic uncetisrassociated with the investment project
have been resolved. By analogy with the finanguioms, the real options have a certain
value, which might be captured and added to thper®&PV figure resulting istrategic
NPV, which serves as a better gauge for the inforneaistbn making.

The research paper considers the implication ofg¢hEoption component into the DCF

analysis of the real investment projects and addsesome of the criticisms of this method.

Keywords. investment project, discounted cash flow (DCF)hmodt WACC, cost of equity,
unlevered beta, leveraged beta, cost of debt, NIRR, discounted payback period, certainty
equivalent method, risk-adjusted discount rate (RADethod, real option, option to expand

the operations, CRR model, real option premiunatsgic NPV.
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1. Introduction

In the current research paper | am advocating ¢leel of a holistic approach to the
appraisal of the investment project and will consadly develop the Excel-based model,
which might be used in the organization (the Comgp&iam currently working with as a
practical tool in the investment project evaluatwacess. | expect that the results of the
current research paper might be considered foasiss investment manual for the Company
in the future.

The research paper consists of a theoretical pdrpart of research, the latter
containing the practical implications of the revezitheories. The theoretical part is split into
two main blocks represented by the review of theveational methods of the quantitative
analysis and the strategic application of the opéibns theory to the investment project
evaluation process. In the first block | will daberbasic theories and managerial practices
used in the process of analysis of the investmenégts based on the method of discounted
cash flows. The second block will be devoted tortheew the theoretical background of real
options methodology followed by examples of itslaggion to the investment project
evaluation process. For convenience of the readdt &lso provide a short description of
the typical investment project undertaken by thenBany in connection to its business
operations.

In the part of research | will elaborate an Exca$dd investmergroject evaluation
modelusing the theories and practices reviewed undettiboretical part. The explanation of
the model and its results will be preceded by #taited description of the particular
investment project undertaken by the Company;dagcription will contribute to better
understanding of the basic assumptions used irtremtion of the Excel model.

The result of the research paper is the workingept@valuation model, which
management of the Company might use as a pareohtestment evaluation process
including the reference to the aforementioned modelCompany’s investment manual. The
model will also contain guidelines for inserting tteal option evaluation into the broader
process of the investment project appraisal.

1.1. Description of a Typical | nvestment Project

The Company | will review in the current researelpgr is involved into production and
distribution of air gases both in gaseous and diguibstances. The main type of investment
project, which affects the Company’s strategy, demsehuge investments and consequently
requires a thorough analysis and control are tbggrof erection and subsequent operation
of production facilities. The production facilitiesight be of different types; however, further
in the text of research paper | will refer to opedfic type of production facilities denoted
by the term Air Separation Unit (or ASU). The tygi&SU is designed in a way that it can
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produce air gases of high purity using the airifieation process in both gaseous and liquid
substances.

Under the term “investment project” further | ungtand the newly erected ASU, which
is delivering gaseous products toanrsite customethrough the system of connected
pipelines; whereas the additional liquid productifume is being sold by the Company on
the retail market.

The project of erection of ASU might be characediby the following:

1. It normally requires big investments (based onsilae, the investment amounts might be

from 10-15 Mio. EUR to hundreds millions of euros).

It has an extended erection time (normally 20-24t® with some variations).

3. Itis erected and operated by the gas company lmas#tke long-term (normally 15 years)
gas supply contract with onsite customer. The gaspany retains full control over the
production facility and is responsible in fronttbé customer for gas deliveries.

4. There are two basic types of product produced byAtBU: a gaseous substance supplied
to the onsite customer and a liquid substance bgldhe gas company on the open
market.

5. The contract with onsite customer normally includes take or pay (TOP) condition,
based on which the customer is obliged to constmaartinimum designated percentage
amount of the contractual gas volume. If the corsion falls below TOP volume, the
customer is obliged to pay to the gas company lier TOP volume. This clause is
necessary for securing the investment made bydsecgmpany in terms of covering its
fixed costs.

6. Normally ASU is purchased by the gas company framdxternal technology supplier
(main contractor) based on erection-procurementre@sioning (EPC) contract (or turn-
key basis). Thus, the existence of predefined inepayment schedules is supposed.

7. The main components of the plant (in form of thechmaery and equipment or M&E) are
produced, delivered to the site, installed and casioned by the main contractor. After
the gas supply contract with customer expires,etpgipment might be dismantled and
carried over to another location or sold on thekaar
The second component of the investment project laoal civil works (mainly
foundations for M&E, electrical installations, af@ building etc.), which cannot be
dismantled and sold after the expiry of gas supplytract. | will draw the line between
these two in my model.

8. The gas supply contract is mainly prolonged atter éxpiration of initial term. It might
be also terminated with arising obligation for tgas company to dismantle the
equipment. In analysis of the investment projeat flee reasons of achieving the
conservative valuation, it is normally not countedthe possibility of the future contract
prolongation.

n

1.2. Review of the Basic Conventional Methods

The first part of the theoretical background wel @oncerned with particular
conventional quantitative methods used in the m®oé project evaluation. In this section |
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will discuss the basic valuation methods, whichlamadly used in capital budgeting process.
| will review the concepts of theet present valueNPV), internal rate of returnIRR) and
discounted payback perid®PP). In relation to IRR and NPV | will explaihe general
underlying concepts; after that | will briefly tduspecific case of multiple IRR and a case of
conflict results of IRR and NPV.

I will present a review of two methods that migktused during the execution of the
NPV analysis: theertainty equivalent methaehd theisk adjusted discount rate (RADR)
Further under the section of Literature Reviewll déscribe both these methods. The main
difference of thecertainty equivalent methddom the RADR is that the adjustment for risk is
made in the forecasted future cash flows (whickden be subjective from time to time) and
not in the discount rate. The next difference iatesl to the treatment of the tax issues. | will
shortly review the essence of tax issues in the ftaws forecast in NPV model based on
certainty equivalenmethodusing the discussion from Arnold & Nixon (2011).

Under the RADR the adjustment for risk is madehim tequired rate of return discount
rate. | will use in my research paper the ideaveighted average cost of capit&/ACC) for
definition of the discount rate. In my calculatiohWACC | will differentiate between two
sources of capitakquityanddebt For the calculation of the cost of equity | wie the
results of the Capital Assets Pricing Model (CAPRggardless the fact that CAPM is
normally used by analyst on a corporate level lllddmonstrate that based on certain
assumptions it might be successfully applied toathaysis of a standalone project. It should
be also mentioned that although CAPM definitely $ame deficiencies (e.g. the issue of
stability of beta ratios over the time and arisimghis regard more general question about the
applicability of historical betas for determininfitbe cost of equity in WACC) and
sometimes is being criticized for its ambiguitystitl might be regarded as an efficient
simplified method for capturing the complex realldadeas into the generalized model;
consequently, its results might be used as an appation in attempt to capture the
associated with the investment project uncertanti® the discount rate factor.

1.3. Review of the Complementary Real Option Method

The second part of the theoretical section wiltbacerned with the discussion on the
real options concept. This concept representsxtension of the analysis of an investment
project based on the concept of a conventiondi¢sfdPV. The idea of real options provides
an extension to the evaluation framework basedorentional methods. Without
consideration of real options the conventional méshof investment project evaluation
might be imprecise and even flawed because, acgptdiMun (2006, chapter ‘A Paradigm
Shift’, paragraph 3), they “assume a static, ometdecision-making process, while the real
options approach takes into consideration theegiimaimanagerial options certain projects
create under uncertainty and management’s flejitsbkercising or abandoning these options
at different point in time, when the level of uneémty has decreased or has become known
over time”. Thus, the implementation of real optianethod allows the manager to create a
more flexible framework for the investment projappraisal, as the improved model
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accounts for the managerial flexibility and managatis ability to interfere and influence
the project during its life-span.

| also will devote some time to discussion regagdhre various types of real options
based on L. Trigeorgis (2002) and conclude ther#iaal part with the idea of reconciliation
of two methods of the conventional NPV and strategic NPMigure calculated based on
results of the complementary real options analysis.

1.4. Application of the Theory

In the second part of the research paper | wili attention to practical implications of
the theories reviewed in the first part to the psscof investment project appraisal. First, |
will provide a short description of the potentiat&€stment project executed by the Company.
After that, | will focus on the construction of tBcel-based project evaluation model based
on the concepts of NPV, IRR and DPP using as adigaate the number of WACC.

I will conclude the analysis with a practical ingation of a real option to the model and
calculation of thestrategic NPYwhich includes the conventional (or static) NRijusted
for a value of a real option premium, and dischgsviability of this approach to the practical
investment project analysis. The particular valtithe inclusion of the real option valuation
and associated with this numberstifategic NPMnto the investment project evaluation
model lies in the fact that it allows for measurofghe managerial flexibility during the
execution of the investment project under circumsta of existing uncertainty.

The inclusion of the real option valuation bringe tlynamics associated with the
complexity of the uncertain future circumstancese the static conventional model, thus
giving to the manager a more profound insight thereal underlying value of the
investment project. Under particular circumstartbesvalue of a real option might be
intuitively graspable (as in example of the investitnproject discussed in the current
research paper). Under another circumstances fttrbg counterintuitive, as for example in a
case of postponing the crucial decision until safine uncertainties will be resolved (the
value of no-immediate-action, which from the pahwview of trivial logic might seem to
have no value). However, even in the case of intlit justifiable value of the embedded
real option, the real value in the decision makingcess might be created only if some
reliable method of quantification of the aforememnéd value is proposed and used by the
management in their decision making process. Imesgarch paper | propose and develop
the idea of using the figure sfrategic NPVas a number, which captures the value of the
embedded real option related to the existing maieddgexibility under circumstances of a
persistent uncertainty.
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2. Review of Methodology

2.1. General Considerations

The process of the investment project evaluatiahoisely linked to the idea cfpital
budgetingwhich is “concerned with the allocation of res@g@mong investment project on
a long-term basis” (Trigeorgis, 1996, p.23). Thérdgon of capital budgeting process given
above, however, does not define the exact criferithe decision on the allocation of
resources. Financial analyst often thinks of th@tahbudgeting in terms of quantitative
analysis, thus ignoring the strategic aspect ot#pmtal budgeting decisions expressed in the
flexibility of the managerial decision making prese

One should keep in mind that the general ideasttmpany’s existence and thus the
main goal for the management is the maximizatiothefshareholders’ value (at least in the
capitalistic word). The shareholders’ value is gammaximized not only by selecting the
profitable investment projects with positive quéattve metrics (such as NPV, IRR etc.), but
when the managerial potential to influence the ftidthe investment project and its ability to
change the course of the company in case if soiti@ isssumptions do not hold is fully
utilized and incorporated into the final resultioé¢ investment project appraisal.

A manager should also be aware of the fact thafjtiamtitative methods used in process
of investment project appraisal represent only mame of the complete capital budgeting
process. The process by itself shall begin not thighcalculation of the return and risk
metrics, but from general strategic consideratibthe company’s vision, mission and long-
term goals. Speaking in a plain language, a neyegrshall first pass the filter of qualitative
strategic analysis, in order to be accepted agibatihg to the achievement of the long-term
company’s goals.

Although qualitative methods of the investment pobjappraisal are not in the focus of
the current research paper, | would like to stoes® more the fact that without conducting
the initial qualitative strategic review of the newestment opportunity and making a verdict
of whether and how it suits into the general corgfsmstrategy, the manager should not
apply the quantitative evaluation routines irrespecof the fact whatever scientific or
advanced methods he or she might be using. Dayaretral. (2002, p.5) refer to capital
budgeting as a multi-staged activity (see Figute)2.
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Strategic planning
v
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A 4
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Figure 2.1. The stages of a capital budgeting pssce

As one might see on the Figure 2.1., the capitdgbting process starts with the
strategic plan defined by Dayananda et al. (20(8),gs “the grand design of the firm and
[that] clearly identifies the business the firmrisand where it intends to position itself in the
future”. The strategic plan is based on the comisagyal. Moreover, the strategic plan
transfers the corporate goal into the businessukagg by specifying policies, defining the
company’s structure etc., which is required forplesuing the corporate goals. It should be
noted, however, that in most financial booksdhpital budgetings understood more
narrowly with the reference to the stages stantiitg the quantitative analysis and ending
with the post-implementation audit (with some magifions in between).

There is a need to admit that in real life situadionanagement might get caught into
the quantitative mentality without paying duly atien to the fact of how the particular
project does fit into the general strategy of tampany. Migliore & McCracken (2001)
demonstrate the necessity of linking the quantgatiapital budgeting methods to the general
strategic plan of the company. According to thesimce capital expenditures are long-term
commitments, you should consider only strategicddlfined, thoroughly thought-out,



Aleksandr Timarov 11

gualitativeandquantitativecapital budgeting proposals. The classical conckpapital
budgeting decisions says a company will accepinyestment proposals up to that point
where marginal costs equal revenues. But sincecgaiil accept all capital investment
proposals, you need to rank them based on someematital standard and keep going until
you reach the point where funds aren’t availableherproject’s return falls below the
company’s hurdle rate. You’'ll make these choicésrafou accept the mandatory and
nonfinancial operating necessity proposals, sughoistion devices, safety programs, or
employee benefits” (Migliore & McCracken, 2001, §.4ursivemine).

Trigeorgis (1996) further notes that the inhereefiagilencies of traditional quantitative
methods of investment project appraisal (more pedgi the discounted cash flow-based
methods) have become the major obstacle for uigese methods in the strategic planning,
which was therefore dominated by the concepts ofpstitive advantage, market leadership
etc. As the advocate of a real options conceptclaens that the gap between strategic
analysis and quantitative methods might be narrowyeembedding the strategic real options
into the project evaluation process. Consequertdlye part of my research paper is
specifically devoted to the idea and concept of opdions applicability to the evaluation of
the investment project.

2.2. Review of the Conventional Methods of Analysis

2.2.1. Investment Decision Criteria

There are multiple investment decision criterig thayht be used in the process of
the investment project evaluation. In current rese@aper | will focus mainly on two of
them: net present value (NPV) and internal rateetfrn (IRR). According to results of two
surveys of Graham and Harvey (2001) and Brounen]ddg & Koedijk (2004) cited by
Stowe and Gagne (2010), these two techniques dhe ohost importance in the US and play
a major role among the valuation techniques in IN€etherlands, Germany and France
(countries covered by the survey). After this, Il sfortly explain the idea of dscounted
payback periodDPP).

According to the definition given by Stowe and Gaga010), the project NPV is the
‘present value of the future after-tax cash flowsun the investment outlay’. The
conventional formula for calculation of the NPVais follows:

n (16+—F;)t - Initial Tnvestment, (F 2.1)

NPV =Y,
where CF;— after-tax cash flow at time poipt
r — required rate of return on the investment;

Initial Investment- initial outlay at time point zero.

Thus, the concept of NPV is based on the discourdst flow (DCF) method which,
in turn, takes its roots in the theory of time \v&abf money. Hence, the NPV represents
nothing more than just a comparison of the futw@nemic benefits from realisation of the
investment project using their present values Withpresent value of the investment
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required (including the initial investment andfaliure investments attributable to the
particular project). The rule of thumb is: invast\PV is equal or greater than zero; reject
the project, if NPV is below zero.

Although the concept by itself is quite simple,rthare couple of complications
related to the NPV formula. The first complicatisirelated to the question of how the cash
flows are defined and forecasted. The second ceatpn is related to the discount rate
(designated here as trexjuired rate of retur)y the main question here is how the manager
defines this rate and which rate he or she shigtsrom the range of alternative rates. | will
discuss these complications in more details later o

The third complication is related to how to defthe term ‘initial investment’. The
general consensus is that the so called sunk @stests associated e.g. with necessary
research, that should be absorbed before even ctmglthe analysis of the investment
project, and that cannot be recovered afterwargsgxcluded from the amount of initial
investment. In my research paper | will rely on gemeral consensus and exclude the sunk
costs from the calculation.

A fourth complication is connected to the ideaseoiminal valueandsalvage value
The idea oterminal valueis based on thgoing concerrassumption and might be defined as
the present value of all cash flows occurred beytbedsequence of all forecasted cash flows
(efficiently we might refer to it as a perpetuitythe zero-growth assumption holds place). It
should be mentioned here that although the goingexm assumption might be justified in
case of the business entity (a company) as a wiidderather difficult to assume that the
investment project will generate cash flows dutimg unidentified period of time. Thus, the
component of terminal value is excluded from thenfigla (F 2.1.) and will be not used in the
investment model afterwards.

The idea of a&alvage valueelates to the expected realisable (or sellingevaf the
asset after the end of iseful life In the frame of my investment project valuatioadal |
will refer to theuseful lifein terms of a lifespan of the gas supply cont(aotmally period
of 15 years). It is clear that after the gas sugplytract expires, there is a certain value of the
equipment existingregardless the fact that the equipment is beimmally depreciated to
zero value during the 15-years period. The probietn the definition of the salvage value is
related to the technical specifications of the A§Wvhich often possess quite specific tailor-
made characteristics and there is no certainty theefact whether that specific equipment
might be used by another customer without sigmificaodifications. The practical model
constructed and presented in the current reseaiuér @llows a provision for the flexible
managerial assumption over the salvage value pegemfter the expiration of the gas
supply contract.

The concept of IRR is closely associated with threcept of NPV, whereas IRR
represents the discount rate that turns the NPi¥evial zero by discounting the project cash

1 Although, a zero-value for the civil works is asmd, see my comments and considerations above in th
section 1.2 of the current research paper.
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flows. By default, if the IRR is greater than tleguired rate of return, the NPV value should
be above or equal to zero, and vice versa. Howéw&rpuld be taken into consideration that
the IRR by itself has no clear criterion regardamgepting or rejecting the investment
project, as it should be compared to the so-callgeffor hurdle rate that as a rule
represents the return necessary for raising fumdsder to execute the investment project.
The IRR is preferable under condition, when the agament has difficulties with
determining the discount rate (required rate afrrétnecessary for conducting the NPV
analysis.

Of special interest might be some cases, when ther@roblem of multiple IRR
existing in the project. As the IRR equation repres a polynomial equation of wlegree, it
may have up to solutions; moreover, it will have only as maeal solutions, as many sign
changes occurs in the sequence of the cash fldveseTalso might be some special cases,
when the IRR equation associated with the investipeaject has noeal solution. It should
be mentioned, however, that the cases of a muliiffReor “no-IRR” do not mean that the
project should be rejected; in such cases the NR&fion should be used. Such cases do not
occur frequently in a real-life investment practacel are not of the high importance outside
the academic circles.

The interesting case might represent the situatiaghe conflict between the NPV and
IRR rankings (this case is also considered StowleGagne, 2010). In this special case, the
NPV and IRR generate different results for mutuabglusive investment projects. In such
situations the strong suggestion is to use the BiiRErion due to the consideration that the
NPV represents the amount of wealth increase irenay units. Thus, comparing of the
NPV-s of mutually exclusive projects should ind&athich of them does generate the
maximum value in cash flows for the company. Thaimé&ation of cash flow from the
project leads to the maximisation of the valuehef firm, thus aiming the maximization of
the shareholders’ value.

Another measure used for the description of thestment project is thgayback
period The payback period indicates the number of yracgssary for the investment
amount to be earned based on the projected cass. fichis approach has two main
deficiencies. First, it does not take into consadien the cost of capital, as it calculates the
value of incoming nominal cash flows and compalnest with the initially invested amount.
Second, it ignores all the cash flows behind thgbpek period. If the project has a total
length of ten years for example, and the paybadbgequals to seven years, then the
payback calculation provides us with no informatmmthe cash flows after the seventh year
of the project execution.

To battle the first deficiency of thmayback perioadnethod one might use the method
of discounted payback perip@here instead of nominal cash flows the discalintdues of
the projected cash flows are in use. This methadose advanced than the simplyback
period method; however, it also does not provide us wighinformation on the cash flow
series behind the payback period. Oeounted payback perias quite comfortable
measure, as it allows to quickly asses, whetheptbject will earn the invested money back
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during the time of validity of supply contact foxstance. However, to battle the deficiency of
not taking into consideration the residual castvélothis method should be used as a
complementary to the NPV and IRR criteria.

2.2.2. Breaking Apart the NPV Analysis
Two-Periodic Model under Certainty Condition

In this section | will closer investigate the ideaderlying the concept of the NPV
using the simplified two-periodic model with nokiassumption based on Trigeorgis (1996).

Assuming that the main reason for company’s ex¢gtes maximization of
shareholders value, one can further define itimseof maximizing the utility function of the
individual shareholder, which represents the irthiial preferences between current and
future consumption. It should be made clear invééry beginning that the management of the
particular company bears responsibility for the immazation of the particular part of the
shareholder’s utility function, which is relatedth® investment into this company. Thus,
under condition that the shareholders define titdity in monetary terms, the main
objective of the management is the maximizatiothefcompany’s market capitalization,
which represents by itself the expected discoudiedend flow and final liquidation value
(as it might be assumed that any changes in maagke¢ of the share are related to changes
in expectation of the future dividend flow and lidation value, as we assume no-risk and,
thus, no changes in discount rate).

The utility-indifference U curve reproduced below on the Figure 2.2 indictites
relationship between individual's preferences ofent vs. future consumption. On the
Figure 2.2 the Wand U represent the indifference-utility curves for traaticular individual;
Co is the level of income (consumption) in currentipa; C, is the level of income
(consumption) in the future period.

A
Ci

0

» Co
Figure 2.2. Individual Utility Indifference (Ul) Gues

Under assumption of reasonable behavior one migitlade that any individual will
try to push his (her) utility-indifference curvettwe right (4 — U,). Whereas Trigeorgis
(1996) notes that there are only two basic comdgaxisting on how far the utility-
indifference curve might be shifted to the rightteTfirst constraint represents the productive
investment opportunities (i.e. investment into i@E&sdets or a company); the second constraint
is defined by the market opportunities (represebiethe individual’s ability to borrow or to
invest money on financial markets).
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The productive investment opportunity might be diaglly represented by the
productive opportunity curve, as shown in Figui@ Below.

Acording to the PP’ curve on the Figure 2.3., ativildual investor can achieve a higher
income for the future consumption by investingdusrent wealth starting at point P into
productive opportunities (just another definitian the investment project). The slope of the
curve PP’ represents the marginal rate of retura productive opportunity.

c, 4

Uls

Figure 2.3. Productive Opportunity and Ul Curves

It might be assumed that the reasonable individilainvest into productive
opportunities based on his (her) specific utilimpdtion (preferences). The optimal
investment level will be defined by a tangent @& Highest possible utility-indifference line
to the productive opportunity curve. Additionalralent in the Figure 2.3. are the utility-
indifference (UI) curves for typical saver @Jband borrower (WY). As one can see from the
Figure 2.3., the Ul curves for typical saver anuidgsl borrower differ from one another (that
is logical based on the utility concept), thus diefy the different desired investment level
into productive opportunitiesq|P for the saver and,IP for the borrower). Such a conflict
of interests should put the management of the ifim controversial position when different
group of shareholders are expecting different Eweéinvestment; however, the existence of
financial market, which offer opportunity to borraw to lend funds, create the opportunity
for the shareholders to maximize their utility ftinoo apart from investment into productive
opportunities.

The effect of existence of financial markets migatgraphically repesented by the
market opportunity line with the slope (1+r), whemepresents the market interest rate (or
risk-free rate under the risk-free assumption)epsasented by the Figure 2.4.
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0 | P ' m GCp
NPV
Figure 2.4. The effect of the market opportunity

Here again the curve PP’ represents the producppertunity with slope
representing the marginal rate of returp.a@d G are the current and future income
(consumption) level respectively. Line mm’ represahe market opportunity line with a
slope (1+r), where is representing the market rate of return (or fisle-rate in our no-risk
two-period model); note that for optimal case the’nis tangent to PP’. IP represents the
amount invested into productive opportunity in pdrD in order to achieve the level of
income equal to OLin period 1. U, represent the utlility indifference curves respesy
for a saver and a borrower; note that both are Imgler that on Figure 2.3. due to existence
of the market opportunity for borrowing and lendfngds; this ability to maximize the
individual utility function due to existence of &incial market opportunities creates the
possibility for the shareholders to delegate thasilen making process regarding the
productive investments to the management of tine, fivhich is the basis for an agency
theory of the firm (the separation of ownershiprrthe daily management).

Knowingtg(a) = (1+r) and 0G, one can find the Im equal @, /tg(«). Note that
0Cu/tg(e) = OCy)/(1+r) represents nothing else than discounting of theduncome 0g by
the risk-free rate. Further, note that Ol represém current level of income (consumption)
and as | have just demonstrated that Im represeetgtually the discounted future level of
income (consumption), it is clear th@t+ Im = Omrepresent the aggregate amount of
dscounted cash flows from investment into produnctipportunity PP’. Consequently, Pm
defined as Om — Ol (where 0l is the amount investatle period 0 into production
opportunity PP’) represents the positive Net PreYafue (NPV) in risk-free two-period
model (refer to Figure 2.4., see also Trigeorg89@)).

Extension of NPV Analysis to the Risky World

The previous section of the research paper coresidgPV concept in the two-period
world under certainty condition. It is clear thia¢ tatter is mostly not applicable to the real
world situations (except maybe investments intoTJSlls considered as a risk-free
equivalent). Further | will extend the concept d#\Wand include the risk factors into the
analysis.
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| would like to start with a consideration of twibeanative methods that allow us to
incorporate the risk factors into the NPV analy$ise first method is called trertainty
equivalent methgdhe second one is thisk-adjusted discount rate methdeurther | will
briefly consider both concepts, but with greateuon theisk-adjusted discount rate
method

Certainty Equivalent Method

Thecertainty equivalent methddkes its roots in the utility concept. Its basliea is
that any risky cash flow might be substituted lsycértain or zero-riskequivalent. The
substitution should be made in such a way that thehisky cash flow and itertainty
equivalentcash flow are treated as indifferent for the gattir economic agent. Formally
speaking, the present value of tegtainty equivalenmust be equal to present value of its
risky prototype.

After defining thecertainty equivalentthe NPV is calculated as the aggregate present
value of allcertainty equivalentash flows discounted using the risk-free ratdanominator
less the amount of initial investment. The compiaaof the certainty equivalent criterion is
related to the fact that there is no rule of thumfw to define the certainty equivalent for the
particular cash flow. It should be also noted thadifferent periods there will be different
certainty equivalents (even if the cash flow sec@ssist of the equal amounts) due to the
fact that the uncertainty increases for remoteopksri

The second complication is related to the fact ti@tcertainty equivalents by
definition are discounted using the risk-free rétb@s, the discount factor does not include
any reference to the tax effect from interest paynfi@ instance (the problem resolved when
risk-adjusted discount rate, e.g. weighted avecageé of capital is in use). Due to this
complication, one must additionally consider thehciow projection under conditions of
certainty equivalenmethod.

Considerations Regarding the Cash Flow Definition

It has been already mentioned that the problem thigrcash flow definition in the
evaluation of the investment project arises dubedreatment of a tax issue. According to
Arnold et al (2011), for the project evaluationgeas the cash flow may be defined in two
ways.

The first way of cash flow definition is based @ing the value of net income
adjusted for the tax effects of depreciation andrast expense. The formula for adjusted net
income is:

(Revenue — Operating expenses) (1 — Tax Rate) +ebigpion (Tax Rate) + Interest
Expense (Tax Rate) (F 2.2)

It should be mentioned that the idea of a tax difielm interest expense might be
justified only under condition that the relatedhe investment project amount of a loan (or a
part of it) might be identified. The formula (F 9.% borrowed directly from Arnold &

Nixon (2011). The idea to adjust the net incometliereffect of tax savings from
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depreciation and interest expense follows the ltdwat the proper management of these two
components allows company to spend less cash gratarents, which should be
incorporated into the value of incremental castvflo

As a next step, in order to receive the value efdaish flow necessary for the project
evaluation, the result of formula (F 2.2) is furtbeljusted by a change in net working capital
and change in fixed assets (from the balance sii@etompany). The received value is a
cash flow from assets (CFA) and according to Arredldl (2011) should be calculated as
follows:

CFA = (Revenue — Operating expenses) (1 — Tax Rate) +ebepion (Tax Rate) + Interest
Expense (Tax Rate) — Change in Net WC — Changx&u Assets (F 2.3)

The alternative way to define the cash flow neddethe project evaluation is to
calculate the so called free cash flow (FCF). Tlhg v define the value of FCF is similar to
CFA, except of the fact that the tax saving effemtn the interest expense is excluded from
the calculation (Arnold & Nixon):

FCF = (Revenue — Operating expenses) (1 — Tax RabB®preciation (Tax Rate) — Change
in Net WC — Change in Fixed Assets (F 2.4)

Arnold et al (2011) note that there are certaimirsistences among researchers’
approach to the problem of the cash flow definitidowever, taking into consideration the
fact that the FCF might be considered as an “alitggquivalent” of the CFA (i.e. cash flow
to the shareholders from the project that is firahwithout use of the borrowed capital),
they argue that the discount rate for CFA shouldreater than one for the FCF due to the
additional component for borrowed financing (takintp consideration the fact that CFA =
FCF + Interest Expense (Tax Rate)).

Risk-Adjusted Discount Rate Method

The second method used in NPV concept igigkeadjusted discount ratiRADR)
method. Under this method, the projected cash flam@anot adjusted; the risk factors are
incorporated into the discount ratedquired rate of returh

In my project evaluation model | will rely on thisethod. Consequently, | will use for
the cash-flow projection the analogue of modifi€Fmethod discussed above, as it is
explicitly excluding the interest expense from tlaéculation of the cash flow (which is
consistent with the idea of thisk-adjusted discount rateethod, where the interest expense
is effectively incorporated into thaost of dehtsee below). The modification of the FCF
method consists of the exclusion of a tax shiedhfthe calculation due to the fact that the
tax shield is also a part of tkest of deb&ind is included into thesk-adjusted discount rate

Although there are several possible ways of howdleired rate of return might be
determined, the most common way to calculatetid split this rate into parts according to
the interests of providers of different types gbita (equity, debt, preferred shares etc.). This
concept is referred to asaeighted average cost of capi(@/ACQ.
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The conventional formula for WACC calculation bomed from Pagano and Stout
(2004) is:
WACC = Y1 Wi *Ki (F2.5)
where wis the weight of the'i unit of the source of capital based on markebmk)

value in relation to the project total value;
ki is the cost of thd"iunit of the source of capital.

Apparently, the portion of debt financing should &djusted for the tax effect by
multiplying it with (1-T), where T stands for th&fective corporate tax rate. Thus, the cost of
debt in WACC makes a provision for tax effect. Ageault, there is no need for a cash flow
adjustment for the tax effect from interest payraeint a way it is done undearertainty
equivalentmethod. Moreover, any adjustment of the cash fiomtax effects might create
the situation, when the tax effect is double codrfb®th under the cash flow and in discount
factor). The cash flow sequence also has no needn&iusion of amounts of interest
payments on the borrowed capital due to the faattttiecost of debts already incorporated
into the WACC.

Despite the seemingly simple underlying idea of WA@hree basic problems arise in
connection to the process of its calculation. Tite problem is related to the determining the
cost of equityFor the privately held not listed companies tbst©f equity is difficult to
assess, as there is no market information avaifablealculation of beta ratios necessary for
using CAPM. However, estimation for this componanght be made based on the publicly
available information for the listed peer companisich are active in the same industry and
on the same markets, or based on the sector beta.

Evaluating the Cost of Equity

The conventional way of defining the cost of equstyo use the Capital Asset Pricing
Model (CAPM). According to CAPM, the cost of equitydefined by the expected return of
the risk-free rate (B, expected market return{kand company’s beta coefficient (R) using
the following formula:

Ke = Kit + 13 (kn — ki) (F 2.6.),

where [k stands for cost of equity,
k.t for expected return of the risk-free asset (usualpresented by governmental
bond yield),
3 for the beta ratio of the company (defined agbe of change of regression line to
the X-line, where regression line is built basedegression analysis between market
and individual security historic returns);
km stands for expected market return;
(km — k¢) stands for equity risk premium.

As | have mentioned before, for not listed compsutiie estimation of historical betas
could be made only based on the betas of the [mted companies or sector beta.
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The two main questions remain in relation to the eSCAPM in defining the cost of
equity under the project financing exercise. Tt fijuestion is related to the use of the
project-based or company-based cost of equity ueduation of an individual investment
project. The second question is related to theotism/eraged vs. unlevered beta.

Project-Based vs. Company-Based Cost of Equity

The first question is whether one has to calculaecost of equity for the particular
investment project or for the company as a wholte first proposition suggests that one
should use the estimated company’s beta and datadaisk-free rate and the expected
market return for the particular market, in whibke hew project would be executed. The
problem here arises with beta assessment in céserd is no sufficient time-series of sector
vs. market returns (or these time-series are alasextf) for the particular market.

The second proposition suggests that we shallhesedst of equity calculated based
on the aggregate company’s business activitiesunlderlying idea is that if there is no SPV
created for the execution of the new project, #w project will be apparently financed by
the shareholders taking into consideration the w/specter of business activities of the
company. In this case we do not have any probletm bgta estimation, however, the next
guestion might arise regarding which risk-free e expected market return numbers
should be used. If we will use these numbers dérikam the single market, we might face
the situation when the cost of equity will subsiht differ from the cost of equity of the
aggregate company due to the fact that the riskiesedf the particular market might be not
similar to the risk metrics of the main marketsMinich the company conducts its operational
activities. In other case, we have to raise thestim, if the new investment project does
increase substantially the underlying risk of comps business operations. In the latter case
we have to find a way to adjust somehow the riskioge Finally, the question remains,
whether it is justifiable to use the beta estimafar the diversified company operating on
different markets for assessing the cost of edoityhe individual investment project, which
risk apparently might be higher than that of theedsified company.

In the particular company’s case reviewed undep#ré of research of the current
research paper this problem has been resolvedehypdimagement by adding the clause into
Investment Policy manual stipulating that everyestynent project is being evaluated and
assessed on a stand-alone basis. It means thaedifinvestment projects are ‘competing’
with each other for shareholders’ money and shbaltteated by the analyst as separate
companies raising equity for undertaking the priojecthis case the use of risk metrics of the
particular market where the prospective project belexecuted is justified. From the point
of view of shareholders it also makes sense, #asrway the cost of equity will be different
for the markets with different risk metrics. Inghiay, the investment projects cash flows
with different risk levels will be discounted usiddferent required rates of return, thus
delivering comparable data on NPV, IRR and DPP.

The only question left on the table is relatedni® lbeta ratio by itself. As it has been
mentioned above, for the privately held not listechpanies the beta estimation might be
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derived by averaging betas of their close listegtper using the sector beta. However, in
case when the business activities of the peemsanestricted by the particular market (on
which the prospective investment project is bewva@ated) and the particular market offers
no reliable data (which is not a rare case on emgmarkets), the question remains of how
the ‘aggregated’ beta is applicable for the evadmatf this particular project. In my research
paper | propose to use the extrapolation of betas;at means | assume that the sector betas
are similar on the developed and developing marHétss, | will apply the ‘aggregate’ betas
to the analysis of individual investment project.

Unlevered vs. Leveraged Beta

The second main issue in assessing the cost diyaguelated to the use of different
types of beta ratios. It is supposed that the mamiags to acquire the information on the
unlevered (opure-equity beta and afterwards to adjust the number fofiti@cing
structure of the company. The adjustment is beiaderbased on the following formula:

3(leveraged) = 3(unlevered) + (unlevered) x Maikalue of Debt(1-Tax)/ Market Value of
Equity (F 2.7)

The problem with the leveraging of beta for the listed companies is again related
to the absence of the information on market vatdatebt and equity (under realistic
assumption that not all debt obligations of the pany are represented by the listed debt). In
my research paper | propose to use the valuesle¥ened betas for the reason of simplicity
and avoiding making the complicated and simultasBounsubstantiated assumptions.

Reasons for Using CAPM and a Short Review of Adtera Methods

The CAPM has gained its popularity among the ansigsd managers mainly due to
its ease of use and intuitive underlying logic. fEhare, however, serious academic doubts
concerning the validity of the use of this modeldalculation of the cost of equity. Main
critigues and concerns of the CAPM are associattdthe implicit assumptions of this
model: efficiency of markets, stability of betapphcability for the multi-period project, ease
of deleveraging beta and perfect character of aapiairkets (Hall and Westerman, 2011).
Although most of these assumptions seem to be listrean the real world, CAPM
nevertheless remains one of the most frequentlg os®lels for the evaluation of the cost of
equity.

In addition to CAPM, several other methods of cltian of the cost of equity exist.
Two of them worth mentioning here are the Arbitr&yeing Model (APM), which allows to
include into estimation of cost of equity additibegstematic risk factors based on the idea
of financial arbitrage (although, according to Remand Stout (2004), without any theoretic
guidance for the specific risk factors, thus redyin identification of these factors solely on
the empirical data) and the so called Bond YieltsfRisk Premium method (BY+P), which
represents the attempt to estimate the returnerdhity by adding to the company’s bond
yield the certain percentage of additional retwadqulated solely based on empirical data).
In my research paper | will further focus on CAPAg,it is not as complicated as APM and
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also allows estimating the cost of equity for tbhenpanies without marketable debt
securities.

Estimation of the Cost of Debt

The second problem arising in connection to the VAL@Iculation is related to the
definition of the cost of debt. The first remarkhsat in calculation of WACC, which will be
used for the evaluation of the new long-term pmje marginal cost of new debt should be
taken into consideration (not the existing detthefcompany). The idea is that the new
project will be financed by raising the new debt.

The second remark is related to the broader digfinaf the cost of debt. | propose to
consider the cost of debt for the Company beingktgusum of the yield on the 10Y
governmental USD denominated debt and the defagbijpm for the company under
assumption of execution of the investment projébus, for the evaluation of the actual cost
of debt applicable to the use in calculation of WA ®e following equation should be
solved:

Actual cost of debt = Government bond yield + Défaak premium (F2.8.)

The idea | would like to use for the determiningtod default risk premium is based
on the fact that there is an established relate@wéen the Altman’s Z-score (and its
modification Z”-score) and the corporate ratinlhe Altman’s Z-score and its variations Z’
and Z” are used by finance practitioners for quieiinition of the probability of default for
the company. The idea | will use in the part okeesh is following: if | can define the Z”-
score (the Altman’s Z-score is not applicable ® phivately held unlisted companies), and
then find the corresponding credit rating (e.g€olasn Hartzell et al., 1995), then knowing
the cumulative historical rate of default for trexipd of the length of the project available
from Moody’s research, the annual default risk premfor the debt might be calculated.
Then, knowing the governmental yields (this infotima should be normally available on the
market) and adding to this number the default pigmium, | can determine the cost of debt,
which will be used in WACC calculation.

Definition of the Weights of Debt and Equity in WAC

The next problematic issue arising in connectiothéconcept of WACC is related to
the question of how to define the weights of defat aquity in WACC formula. There are
several approaches that might be used. One appio#ziise the market values of debt and
equity. If for the listed public company mainlyistnot difficult to find out the market value
of equity, the market value of debt might be mudarerdifficult to determine. For
calculation of market value of debt the managertb&now the information on the yields to
maturity of all company’s debentures, which is rhyosbt available in the case, if company
has no listed debt. As an approximation, the weddltlebt might be determined using the
formula:

wy = Book Value of Debt / [Market Value of Equity 6@k Value of Debt[F 2.9.)
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For the private not listed company the weight ditdmnnot be determined using the
formula (2.9.), as there is no indication of mankaitie of equity due to the fact, the company
is not listed. In this case the so called targaghts of debt and equity might be used. The
definition of target weights is mainly subjectivedais the task of shareholders. If there are
few shareholders, the definition of target weightsot as complicated, as it may be in case
there are numerous shareholders in the companydifitrent and sometimes conflicting
interests. In my case | will rely in the projecaéation model on the target weights defined
by the corporate policy of the shareholder comgamyugh the Debt / EBITDA ratio.

Single Discount Rate vs. Multiple Discount Raterdpph

One more problem associated with the use of WAC@istount factor under the
NPV concept is that usually the cash flows aredpeiscounted using one single discount
rate. The discount rate should, however, accourthirisk associated with cash flows.
Taken into consideration the fact that the cash flarecast by itself represents the risky
activity (as it eventually represents the atteroptetch up with unknown future), it is
intuitively clear that cash flows for the earliearpds may be forecasted with greater
certainty than those for the later periods. As ihithe case, the discount rate, that
incorporates the element of riskiness of the paldiccash flow, should differ for different
time periods. This is particularly the same idearder thecertainty equivalenmethod.
Although intuitively the problem is quite clear andderstandable, in the real life it is not
easy to overcome, as we do not possess the inflomtatlay regarding the future cost of
different types of capital; due to this fact ouojections into the future will be heavily
influenced by the information available today atidis, biased.

To overcome the problem of the difference betwesogic cash flows it might be
noted that one can use the single discount ratinéowhole sequence of the cash flows
associated with the particular investment projébts single discount rate might be
calculated by replacing the different discountesan the NPV formula with one rate that
will generate the same result. As in such case enadltically it is indifferent, whether one
single discount rate or the sequence of discoues far cash flows associated with different
time periods is in use, one might use the singkebased on the WACC calculated today
under basic assumption that the beta ratios arsgithimicost of equity calculated today
incorporate all available information. By determigiin this way the required rate of return
from the side of shareholders and based on thergdEn of repeating history, there should
be no reason to believe that the future betasbeiBignificantly different from today’s in the
long run.

The additional reason for the use of the diffes#CC for individual years lies in
the fact that the D/E ratio usually changes forabepanies over period of time. However,
under assumption of the target D /E ratio, theaigbe single number of WACC for the
complete time series of the projected cash flowghitribe justified.
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I ncorporating the Real Options Method

The advantage of the so-called conventional metbbds/estment project evaluation
discussed above is in their easiness to be undergétdten on an intuitive level). These
methods provide management with a comprehensivesfrark for the informed and fast
decision-making.

The opponents of conventional methods are arghiaigthe problem of the NPV
analysis is related to its static characteristiahe risk. The only factor capturing the risk
associated with the investment project is the distoate or management’s perception of the
certainty equivalent of the future cash flows. Altigh both described methods try to
incorporate more or less all types and measurasks that are known at the time of the
decision making, they do not take into accountanging character of risks over the time of
project execution.

Further, Mun (2006) argues that the static modkeisvestment project evaluation
deprive the management of any flexibility to infhee the project or change the investment
decision after it has been taken once in the pasuch a case, the static model does not
correspond to the complexity of the real world, veéne management has much more
flexibility to be actively involved into the exedon of the investment project on all stages
beyond the initial project analysis and evaluation.

The method of real options might serve as a renf@dhe static character of the
conventional models. Depending on its specific titpeill refer to these specific types of
real options later in this research paper), theapon might grant the management the right
(but, similarly to the financial option definitionpt an obligation) to wait and see, to expand
or contract the operations based on the new infoom#hat becomes available during the
course of project execution or when some of theettamties associated with the specific
investment project will become resolved.

According to Ford et al. (2002), the main underyaoncept for the real options
theory is that under circumstances of a high ingpliacertainty in the situations, when
subsequent changes in the strategy during the gsa@femplementation of the investment
project might be very costly for the company, inmpénting the flexible strategy and
postponing the final decision making into the fetwhen some of the uncertainties might be
resolved, generates the particular value on tlgeestéproject planning and pre-executional
analysis. According to this definition, the reatiop identification shall start on the stage of
strategic planning with the subsequent analysthefeal options on the stage of the
preliminary project screening and financial ap@b{according to Dayananda et al., 2002).

Moreover, as one will see during the discussiotihefreal options valuation techniques,
the value of a real option depends on the timedtunity and the underlying volatility (the
latter is directly connected to the level of unaetty). Further, Benjaafar et al. (1995) prove
that:
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1. The flexibility has no value under circumstancega-uncertainty.

2. The flexibility has no value under circumstanceshef absence of expeceted future
information.

Hence, as it might be observed, the value of aagi@bn (the option premium) is related
to the value of flexibility. Moreover, if uncertdinrises, the value of flexibility and thus, the
value of related real option, also rises. The sanreie regarding the time of the project: with
an increase in time of the project implementattbe,value of flexibility and connected to it
value of real option increaseseferis paribuk

Speaking of the inclusion of the real option anialysto a broader framework of
investment project analysis and evaluation, Trigisof2002) defines thetrategic(or
expandedNPV as the sum of the passive (or static) NPV andapbn premium:

Strategic NPV = passive NPV + Real Option Premium (F 2.10.)

Taking into consideration the definition of thieategic NPVas the sum of static NPV
and real option premium as in F 2.10., it can beckaled that for the projects with extended
duration and high underlying uncertainty the styat@alue of a real option calculated on the
stage of planning might be high enough to signifiyaalter the result of the investment
project evaluation activities. The fact that simiiafinancial options, real options have
underlying value, means that incorporating reaiooyst into the NPV analysis of the
investment project shall produce more accurateat@n results, which are more consistent
with the real world conditions. Relying solely aatec NVP and other DCF methods in the
process of investment project evaluation might ipocate the risk of underestimating real
economic benefits associated with the project, ilderdemonstrated in the research section
of research paper.

Further discussion on the idea of real options ssedne clarification regarding the
value of option premium. Namely, the option premiisnncreasing along with the increasing
of the standard deviation of the sample, that méaaseal option value in (F 2.10.) should
increase along with the riskeness of the investrpesjéct measured as a standard deviation
of its possible outcomes (represents uncertairtgraing to Benjaafar et al., 1995). This
statement is in line with results of conventionahfcial option valuation models (e.g. the
Black-Sholes model for European options), but &l intuitively clear. The statement
simply means that the value of a real option embédddto the investment project will
increase along with an increase in project’s l®felisk; this means that the managerial
flexibility in e.g. postponing the decision makiwgl become more valuable and add to the
project value according to (F 2.10.) in case whnétinal uncertainties related to the project are
high enough. In such cases waiting for resolvinthefunderlying uncertainties in the future
is worth undertaking.
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Trigeorgis (2002) differentiate between followirypés of the real options:

1. The option to defer investment connected to theagament's flexibility to take
the investment decision in the future, after soffith® uncertainties associated
with the investment project have been resolved.

2. The option to abandon staged investment connegtdtetmanagement’s right to
stop the project on some stage of its executicsprifie of the investment
conditions turn to be unfavourable.

3. The option to expand connected to management’s taghcrease the scope of
the project and future production volume under tamble conditions.

4. The option to contract (contrarian to the secti®. (

5. The option to temporary shut down (and re-starérapon based on the changing
conditions in the future.

6. The option to abandon for salvage value; agaiteiffuture conditions turn to be
unfavourable for the investment project.

7. The option to switch use (if there are several ipdgges to use the assets,
associated with the investment project, in therjtu

8. Corporate growth options connected to the factdbaie investments might be
considered as initial pre-requisites for the futstrategic developments.

Although there are numerious types of real optexisting (see above) in the current
research paper | will limit my analysis to thption to expand the operatiaris should be
mentioned that the option valuation model will wéok any type of real options listed above;
however, the identification of the additional spieaieal options imbedded into the project
needs careful and rigorous analysis on the plarstage. It should be stated, however, that
theoption to expand the operatiomsits form as discribed and discussed in theesurr
research paper represents the crucial elemeneaygical investment project described
below, and the model might be used by the manageofi¢ine concidered company without
significant modifications.

According to Trigeorgis (1996), the analysis ofl i@ations may indicate the need of
inclusion into the model of several options frora tist, sometimes even the structures of
option on option. It should be kept in mind, howetkat any model will represent a sort of
simplified approximation of the real world processdence, any complications of the model
might and should be considered only if they ardyegcessary for the appropriate reflection
of the real world situation and add value to thaelgsis. Any unnecessary complication might
lead to mistakes while adding no substantial vaduie process of project evaluation.

Mun (2006) considers eight following steps in peritg the real option’s analysis:
Qualitative management screening;

Time-series and regression forecasting;

Base case NPV analysis;

Monte Carlo simulation;

Real option problem framing;

Real option modelling and analysis;

ok wbdE
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7. Portfolio and resource optimization;

8. Reporting and update analysis.

As it might be observed, the step of the real optimdelling and analysis is included
into a broader context of the project analysis iarEerformed after identifying the sources
and magnitude of volatility (uncertainties assasatvith the project). Morover, Mun (2006)
mentiones again that the presence of risk (unogyjaand the fact of its influence on the
decision making process is a necessary conditioth&real option analysis.

In the next section of the research paper | witdss the option valuation model
proposed by Cox et al. (1979) named after its aattite Cox, Ross and Rubinstein (or the
CRR) model. This model creates a framework forgis@ntification of the effect of a real
option. However, here | would like to mention tlaetfthat the quantitative valuation of the
real option, as complicated as it might seem, isenbechnical process and might be easily
done using the prefabricated Excel models. The owsplicated step in the analysis is the
part ofreal option problem farmingas sometimes it might be difficult even for the
management to figure out what types of real optamesimbedded into particular investment
project.

Mun (2006) provides us with some considerationghercriticisms of the real option
model:

1. Real option analysis is merely an academic exceesizl has no practical value.

As a counterargument Mun mentiones that althougherpast it might be a true
statement, nowadays more and more corporationgatiauclude the real option
valuation technics into the investment project gsialprocess.

2. Real option analysis just allows the managemeatttficially inflate the value of the
investment project, in order to justify the unptaliile projects.

Mun mentiones that in case if the project has aifsotgint embedded option, not
counting on this option is eventually leading te tindervaluing the value of the
project. He also concludes that the real optionat&bn should be started only after
there is an evidence and understanding that umtgetado exist and that these
uncertainties provide management with the flextillhus, as it might be observed
from the flow of real option analysis process rejmeed on the previous page,
identification of uncertainties (step 4) and analys their effect on flexibility in
decision-making (step 5) are preceding the actualgss of real option valuation and
analysis (step 6).

3. Real option analysis end up in selecting the mskyprocess, as according to option
valuation technics higher volatility (uncertaintgads to higher value of real option.
Again, Mun (2006) mentiones that in case if realapdoes not exist, its value is
effectively zero (pointing to the need of a prudan&lysis preceding the real option
valuation process — refer to the previous secti@isky projects should be necessary
viewed and considered in terms of embedded optbith allows to limit the
potential loss, while keeps the opportunity oparchpturing with potential upside. In
this sense | would add that if the managementtbeesonsiderable uncertainty
surrounding the project, it should conduct the digh analysis of which options do
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they have in the future for the flexible reactiorthe changing circumstances.
Capturing the value of these strategic optionass § technical issue, while
understanding of the strategic options by the mamant might be of vital
importance.

Moreover, Mun (2006) mentiones that regardlesgabethat the value of an option at
any point of time could be either zero or positithes cost for obtaining the option might
sometimes exceed the benefits associated withptieno that might make the value of a real
option negative.

Some Considerations on the Real Options Valuation

The valuation of a real option refers to the stey 6ption analysis and follows
identification of uncertainties associated with iflnestment project and the analysis of real
options framework. Although there are several ways to value the option (the valuation of
the real option in its essence does not signiflgatitfer from the valuation of financial
options), the mostly known method was proposed®ir8lby Fisher Black and Myron Sholes
(now referred to as the Black-Sholes model). | wilt discuss this model in details in my
research paper, as it might be found in varioukdam financial management or financial
engineering. It should be mentioned, however, thaBlack-Sholes model works perfectly
for the European types of options (those with egeronly at the end of the option period),
but for the American types of options more compédastructures of option on option need
to be created. Additionally, according to Cox efl&79), the complicated mathematical
methods used by Black and Sholes are quite advaaragthat they “have tended to obscure
the underlying economics” (Cox et al., 1979, p.230)

Cox, Ross and Rubinstein developed the so-calleahfial option pricing model
(now referred to as CRR model in academic circlesg CRR model is based on
assumptions of no-arbitrage, constant risk-free aad efficient markets. The model assumes
that the price of an asset is moving in descrefgssind every next movement (either up or
down) is defined by the certain probability, anc@ding to Cox et al. (1979), it is of no
importance to know, what is the probability for #eset price to move up or down, as it does
not affect the value of an option (definitely, #iem of two probabilities must still be equal to
one).

us

S< i (F2.11)

where S is initial value, uS and dS are expectégbgaafter first step defined by
probabilitiesp and @-p) (it does indifferent, whether the probabilgydefines the up-
movement or down-movement).



Aleksandr Timarov 29

Assuming that over short periods of time the biradmmodel may replicate the
change in asset’s value in a risk-neutral world sungposing the relation between u and d to
be equal:

u=1/d (F 2.12.)

CRR model proposes the following equations for mhet@ng p, u and d:

eTAtd
p="— (F 2.13)
u = eoVht (F2.14.)
d= e oVAt (F2.15.)

where p is the probability of moving of the asset pricee@tep up or down,
o is the standard deviation calculated as a sqoateof the variance of a risk-free
asset (the model assumes that the variances aEkiree asset and the variance in a
risk-neutral system match),
At is time span between two statuses of the systeg$%eand uS or dS according to
(F 2.11))).

The value of an option according to multistep biredrmodel is defined as follows:

For the put optionV, = max (K — & 0) (F 2.16.)
For the call optionV, = max (S — K, 0) (F2.17.)

whereVy stands for the option price at the end of the no@expiry date),
K stands for the strike price of an option,
Sy stands for the price of an asset the end of the no

Discounting the option value into todays value ®maeeds moving back through the
lattice (similar to the represented in (F 2.11ut tsually with more nodes) and calculating
the option price at every single step.

Although it should be mentioned that the binom@ach to option valuation
generates the approximate results to the more stigagted models (e.g. Black-Sholes
model), it provides a quite good approximationuffieient number of itirations (nodes) are
used. Its strengths is that due to its relativepsioity it may be used with some modifications
by the management not acquainted with the sopatsticmathimatical models.

Closing the part of discussion regarding real apgianalysis and valuation, | would like
to briefly touch one more idea. Although, the mgation that allows the management to
postpone the decision-making until some uncertsniiill be resolved might be seen as
beneficial for the management, sometimes it mightdntrary to the human nature itself.
Postponment of the decision might create the uncdatile situation of realising the
uncertainties associated with the investment ptojemay also demand the coordination of
additional resources in the future necessary fatrotling the course of actions and
mobilisation of these resources for the multipleisien-makings in the future. Due to the
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fact that the decision-making process is time-eamergy-consuming, it might be considered
to be tempting and easier for the management teniekfinal decision regarding the
investment project on an early stage of projectuatan.

3. Resear ch Design

In the part of research | will complement the tletioal ideas and considerations
discussed under the section of literature revieth @evelopment of the Excel-based
investment project evaluation model. | will deseribe basic ideas underlying the concept of
this model further in the text. Here | only wouikkl to mention the fact that in my model |
will use three gauges for the analysis of the tesdPV, IRR and DPP (I have already
reviewed these ideas in the theoretical part ottireent research paper).

Next, | will include into my investment project dwation model the idea of real option
valuation and demonstrate how the value of the elohboe real option can positively affect
the results of the model by adding the value ofréfa option premium to a static NPV figure
resulting in the number of tterategic NPV

I will conclude the research part of the reseagbep with recommendations to the
management regarding the implementation of diffeir@restment project evaluation
methods.

3.1. Stagesof Research Design

The research design of the research paper isrgplifollowing steps:
Design and forecast of thiene serieof cash flows;

Calculation of thecost of equity

Adjustment ofcost of debfor default risk premium

Calculation of WACC,;

Calculation of NPV,

Calculation of IRR;

Calculation of DPP;

Real option valuation;

AN N N N N NN

Calculation of thestrategic NPV

I will introduce the consideration of the reseatmpics listed above by a short description
of the investment case, in order to make the reaciguainted with the background of the
subsequent analysis.

The first block of the research will be devotedrte elaboration of the quantitative model
of the investment project evaluation. In this mddelll rely on the idea of theisk-adjusted
discount rate methqdis the method afertainty equivaleninclude the great amount of
subjectivity and, thus, it would be more diffictdtapply it to the generalized model. Further,
| will conduct the analysis of the investment pobjbased on NPV, IRR and DPP criteria.
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For the calculation of NPV criterion | will use thequired rate of return represented by the
WACC

Next, | will complement the model with the additédrsheet for calculation of the value
of real option ¢ption to expand the operatigrsnd demonstrate how the component of real
option might be included into the investment progaluation. As the value of real option
is capturing the management ability to react flgxib the changing conditions and to change
the course of the project once the investment aeclsas been taken, | will demonstrate how
the inclusion of the real option component into mir@del might add particular value to the
investment project evaluation process and influgheaultimate result of the analysis. For
the real option analysis | will construct the separsheet for calculation of the results of
additional investment (for explanation see furiinethe text of the section 3.3.). | will
calculate theresent valuef the future operating cash flows (representirgrharket value
of the security in the option analysis) and thespre value of the delayed future investment
(representing the strike price of the security uride option analysis). For the discounting of
the operating cash flows | will use the value of @@ calculated on the earlier stages of the
project evaluation model. The amount of delayedriuinvestment will be discounted using
the risk-free rate. The underlying idea is thatdbmpany does not need to invest or borrow
this amount immediately; however, if the companyigddave this amount on its bank
account, it could invest it into risk-free sec@#j in order to receive the necessary amount in
time necessary for the investment.

In order to determine the present value of a rpibo | will use the predefined Excel
model constructed based on the CRR availabletipr//investexcel.nefs the underlying
idea is quite formal and there is no need to cansthe real option valuation sheet by
myself.

The research design is corresponding to the step® @ the proposed by Mun (2006)
eight-step analysis of the real option analysicgss (refer to the page 26 of the current
research paper). Although, as | have mentionelddnrtroductory part of the research paper,
step 1 of the Mun'’s (2006) proposed real optionyesis, which correlates with steps 1 — 4 of
the Dayananda et al. (2002) of capital budgetinggss (refer to the page 10 of the current
research paper) is extremely important in the holgrocess of the investment project
appraisal, these steps lie outside the scope auttent quantitative research. Step 7 of the
real option analysis process has reference togtmization of the investment portfolio on
the corporate level and does not possess any releva the study of individual investment
project. Step 8 relates to the post-executionainteyy and audit of results and thus, it is also
outside of the scope of current research, whicksdeigh the stages of the planning, analysis
and quantitative evaluation of the prospective stveent project.

3.2. Brief Description of the I nvestment Case

For the purpose of construction and explainingategect evaluation model | will use the
example close to the real business situation.llowitsider the possibility of the new
investment on the Ukrainian market of air gases.th® sake of clarity | would like to add



Aleksandr Timarov 32

that although the investment case is very closkdaeal situation, there is no connection
right now between the business case and actuad pfahe particular company regarding the
future development of its Ukrainian business; tlaung, information presented in the current
research paper might not be regarded as the loageking financial or other decisions by
the third parties.

The company has its presence on Ukrainian markeé she year 2005 when it has
acquired the control stake anformer state-owned company from the Ukrainiaregoment.
Since then the Company has been actively involmddkirainian business of production and
distribution of technical gases. In December 20@/Gompany has signed the contract with
Ukrainian steel producer (the customer). Accordmthe Contract, the Company accepted
the obligation to erect the ASU in order to suppith air gases the new electric arc furnace
(EAF) premises erected by the customer. Accordintpe initial plan, start of the new
production facility was planned for the year 2008wever, due to the delay caused by the
worldwide financial crisis of 2008 — 2009, the n&BU was finally completed in 2012.

For the explanation of the Excel-based model | uskk the example of the analysis of the
theoretical investment project in Ukraine similarthe project executed in 2007-2012. Let us
assume that the company is considering an investm@nthe new ASU with a capacity of
7,910 N per hour of gaseous oxygen (GOX). The ASU wilbgisoduce the gaseous
nitrogen (GAN) for the onsite customer. In addittorthe gaseous products, the ASU wiill
produce the air gases in liquid substance: liguiggen (LOX), liquid nitrogen (LIN) and
liquid argon (LAR), which company will be able tellson the open market.

The onsite customer is a steel MiWhich is currently undergoing the process of
renovation of its production facilities. The oldraces are being replaced by the new electric
arc furnaces. The onsite customer estimates thatiuaf oxygen necessary for the new
production process equal exactly to 7,910°ber hour with 7,500 hours per year of
operation; however, as the technology is new, tis¢otner cannot give any guarantee for the
ordered volume. The parties can agree for thedalpay (TOP) quantity of gas in amount of
85% of the maximum volume.

The maximum turn down ratio of the new ASU is 85#hich means, the production of
GOX may be reduced to 6,723.5 Riper hour without any loss in efficiency of the ASany
further decrease in production will cause the esizeselectricity consumption). Hence, the
Company is on the safe side with its investmenthasTOP payment will cover the
minimum volume of production independently on tb&ual consumption profile of the
customer.

Further, the onsite customer is interested in @sirty the air gases, thus letting the
Company proprietary rights to the equipment. Th&tercustomer is willing to sign the gas
supply contract for the term of 15 years of delegrThe company estimates that the
erection of the ASU will take up to 26 month, bhistis satisfactory for the customer, as it is

2 It could be any other customer from any other sty also the type of gas produced might be eagegus
nitrogen.
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expected the renovation works to take up to 30 hmo(thus, leaving the parties about four
months of time for closing the tender and signimggas supply contract). The Company is
welcome to present its technical solution and t&eraprice proposal to the customer. There
is available information that four other gas comearare competing for this project and
considering making their proposals to the customer.

In order to make an offer to the customer, the mameent of the company has to assess
the quantitative part of the project, in order &dble to work out the price proposal for the
customer. For this purpose, the management hasoww the cost of the constructed ASU, its
technological characteristics (absorbed energywupsion etc.) and possible proposal ideas
from the competitors; the management should asaceééct the information from the sales
and marketing department regarding the volumeswarttet prices for the liquid gases
(which will be the complementary product to theegass production into customer’s
pipeline). Then, the management has to clearlgwddie the investment decision criteria
(either NPV, IRR, payback period or something elsder gathering all the necessary
information and defining the investment critertae tnanagement can use the results of the
investment project evaluation model as a decisiaking guideline.

During the forecasting of the project based casivd| the gaseous sales volumes
normally represent the TOP volumes according taehmas agreed with onsite customer (the
so-called worst case scenario). Such a conservappsach to the project evaluation might
be justified; however, taking into consideration tligh uncertainty around the project (the
main factor of uncertainty is the new technologpliemented by an onsite customer and, as
a result, the inability to forecast with certairitye required volume of oxygen and other air
gases), the real sales can be understated if cestooonsumption profile will match the
initial engineering calculation of 7,910 Nmper hour.

Here | would like to go further in the analysis ammhsider the spectre of management’s
choices under circumstances of realization of thestwcase scenario, when it becomes clear
that the onsite customer needs the gaseous produekceeding the TOP quantity.
Eventually, in such a case the management migtgidenthe possibility of acquiring the
additional liquefier, which will create the poséitlyito a company to liquefy the excessive
amount of gaseous oxygen (let us say, 1,108 panhour) and to sell the additional liquid
gas on the open market. The decision to acquin®ito acquire the liquefier depends on the
estimation of the price of liquid oxygen (LOX) dmetmarket in the future.

Not accounting on the management option to ingalliquefier and for the company to
generate the additional revenue through the séladditional volume of liquid gas on an
open market (I will refer to it as threal option to expand the operatignmight create the
situation of possible understatement of the redV MPthe investment project leading to a
situation when management of the company mighttrgetentially profitable project if the
real option analysis will not be included into gr@ject evaluation. Thus, the additional
value generated by the real option might be oifcaiiimportance in the decision making
process of whether to accept or to reject the invest project.
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3.3. The Description of the Project Valuation Model

3.3.1. Basic Assumptions and Structure of the Research Model
The second block of the research part is devotéeteonstruction of the Excel-
based model for the evaluation of the investmenjept. The method is based on the forecast
of the cash flows and then discounting them togaresalue using the required rate of return.
Further | will shortly review the main componenislaesults of the project evaluation
model.

The basic assumptions of the model are as follows:

1. The investment project is being analysed on a stémuk basis.

2. The cash flows are projected in real terms.

3. The construction interest is automatically capitadi due to the fact that it influences
the basis for depreciation.

4. The interest expense on project financing is exadudom the cash flow calculations
due to the fact that it is incorporated into WACC.

5. IRR and NVP are linked to the end of project conuiaoperations.

6. The evaluation of the project is conducted basefbonmetrics: NPV, IRR, DPP and
Strategic NPV (in case of a real option).

7. The annual cash flow is constructed at the entefiscal year.

8. Interest revenues are excluded from the cash fadeutation.

9. 15-years straight line method of depreciation igse.

10. Tax shield from depreciation amount is excludednfithe calculation of the cash
flows due to the fact that the WACC is already uiithg the element of the tax shield.

11.For the means of simplification, the model is chdting all the incoming and
outgoing cash flows in euro equivalent without athiuent for inflation.

| acknowledge that the last assumption is oversfiag| as the model in its current form
does not account for the risk of local inflatiordazonnected to it risk of devaluation of the
local currency against euro. Also the element Bhaiion and the risk of devaluation are
excluded from the calculation of the WACC. | assuheeinclusion of inflation and
accounting for risk of devaluation are the nexp stedeveloping the model and will be the
ideas for the next research.

The model is based on the stages 2 — 6 of the-sigptreal option analysis process
proposed by Mun (2006). The five steps out of eigietd in the construction of the model
are:

Time-series and regression forecasting;
Base case NPV analysis;

Monte Carlo simulation;

Real option problem framing;

Real option modeling and analysis.

abrwbdE

Next | will go through this list step by step.
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3.3.2. Time-series and regression forecasting
On the step of ‘Time-series and regression foreggighe model requires following
information:

1. Available information on prices and quantities,ation of the gas supply contract
with the onsite customer and information on thelaax rate. The quantity of
gaseous product for the onsite customer corresporttie TOP condition resulted
from negotiation between Company’s and customedaagement. The gaseous
prices are the result of the tender process.

The quantity and prices of liquid products arewdekd by the commercial
department of the company; both inputs should bectsted taking into
consideration the three types of scenarios (newaist-case and best-case
scenarios). In the static model the neutral scensaiin use.

The data on product prices are inserted manuallyarworksheet ‘Highlights’ (see
Appendix A). The data on the product volumes araumdy inserted into ‘Finance
Plan’ worksheet (see Appendix B). The number sygnif the duration of the gas
supply contract in years is also inserted manualthe ‘Finance Plan’ worksheet;
according to this number, the model is automatiadditecting the lengths of
incoming cash flows under ‘Sales’ worksheet. Thiaae the local tax rate is
inserted manually ‘Finance Plan’ worksheet andsisdun calculation of the after-tax
cash flows.

2. Average payment terms of customers and to supglieraonths). The data is
inserted manually in the ‘Finance Plan’ workshe®t B being used by the model in
the calculation of the necessary amount of investrimto working capital under
evaluation of project cash flows.

3. Payment schedule to the main contractor, i.e. vemehin which instalments the
Company is supposed to pay to its main contraciothfe delivery of the ASU. The
data is inserted manually in the ‘Finance Plan’ksbeet and is based on the terms of
the contract with the main contractor. The paynsehtdule should differentiate
between payment for the equipment and paymentvdrconstruction activities. This
is important, as the model will use the value afipment for calculation of the
residual value after the end or termination ofghe supply contract.

4. Terms of financing are inserted manually into trewkgheet ‘Cost of Debt’ (see
appendix D) according to the data from the contnattt financing institution. These
data is necessary for calculation of dmastruction intereswhich will be capitalized
and consequently increase the depreciable valtreedASU.

5. Management’s estimation for the residual valuenefeéquipment after the end or
termination of the gas supply contract with pipeloustomer (in percentage). This
number is inserted in the ‘Finance Plan’ workshbated on this figure the model
will calculate automatically the residual valuetloé equipment and use it in the
calculation of static NPV.

6. Cost data for electricity, water supply, maintereaand repair (M&R), insurance etc.
is inserted manually into the ‘Cost’ sheet (see é&mupx C) and is based on the data
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available from the contracts with suppliers of tlst articles (e.g. for prices from
electricity supplier in Ukraine seeww.nerc.gov.up Based on these data, the model
will calculate automatically the amount of yearriable costs taking into
consideration the yearly volumes of sales (produagtirom the worksheet ‘Sales’.

Based on the data and underlying assumptions tescabove, the model calculates the
time series of the cash flows adjusted for thedresdivalue of the equipment at the end of the
contractual period. The time series are calculatedmatically and recorded in the
worksheet ‘Profitability-Statement’ of the projestaluation model (refer to Appendix E).

3.3.3. BaseCase NPV Analysis
On this stage of the analysis the model requires#iculation of the applicable
discount rate for the determining of the presehievaf cash flows time series calculated by
the model on the first stage Bime-series and regression forecastiipe model is using
WACC as the applicable discount rate. Further | take a closer look to the calculation of
WACC, as it is not as obvious as any other inpahenproposed model and require
additional assumptions and considerations.

Based on definition of WACC, the model requires sadditional data necessary for
the calculation of the cost of equity and costelitd For description of the process of
calculation the cost of equity and cost of debtesgdanations below.

Cost of Equity

The main element of the cost of equity, the betia,res not available in our case, as
the Company itself and both of its shareholdergarately held entities, not listed on any of
the stock exchanges. On the worksheet ‘Beta Estmigtata available upon request) | have
derived from the Bloomberg Terminal service twoetyf beta ratios. The first number of
0.72 corresponds to the 5Y historical beta of tiustrial gases and chemistry sector vs. the
broad MSCI World index. The second number of Oegfesents the 4Y historical beta
(starting since 2009 IPO) of the Chinese air gaslygecer Yndge Gases vs. the MSCI
Emerging Markets index. As the comparative figuresnsidered the beta ratios for the
closest listed peer companies German Linde Aktiesltgchaft (present on all markets,
where the Company is active), French Air Liquidr(eatly entering the Ukrainian market,
very active on a Russian market, in Baltics represethrough some resellers) and the US-
based company Praxair, Inc. with presence in RasgidJkraine. The data on the betas of
the peer companies are available e.g. on the weetisithomson Reuters/{vw.reuters.com
The historical betas for the aforementioned thesrpare equal to 0.90; 0.55 and 0.83
respectively. One can observe that the averageobétace peer companies is close to the 5Y
historical sector beta calculated using data frdoaoBiberg and is quite far away from the
emerging market beta represented by the Chinesder@gses. It might be reasonably
assumed that the actual beta ratio of the commaalpse to 0.7-0.8. For the purpose of
further calculations, | propose to use the seotta bf 0.72 as the approximation of the
company’s beta ratio.
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As an approximation for a risk-free (RF) rate oraulg normally use the yield to
maturity of government bonds with a maturity ecoahe length of the cash flow time
series. In the case of absence of information eh bond yields, the general advice is to use
the 10 years governmental bond yield as a proxytierisk-free rate. Unfortunately, no data
is publicly available on the daily yields of thevgonment bonds with 10Y maturities in
Ukraine. As a reference source in this case | gepo use as a proxy the USD denominated
5Y Ukrainian government bond yield available onwebsite of the National Bank of
Ukraine. The respected yield comprised 7.5% asbfirary 1, 2013. Further, the Reuters
report from &' of February 2013 (Thomson Reuters, 2013) indicéiatsthe new placement
of the USD denominated government bonds with 10Yuntg was successfully finalized on
4" of February 2013 with the annualized yield to migwof 7.625%. Thus, we might see
that there is only a minor difference today exigtim the yield curve between the 5Y and
10Y yields. Based on this observation | proposesethe 5Y UAH denominatdd
government bond yield (14.30% as of February 132@% a basis for the calculation of the
risk-free yield. However, we should take into cdesation the fact that in the case of
Ukrainian government the nominal yield encompa#isepremium for risk of default. Thus,
the value of government bond yield should be furtidgusted for the percentage of CDS
(credit default swapdefault spreador finding a proxy of the risk-free yield. Accong) to
Damodaran (2013), as of January 2013 the CDS dedfprdad in case of Ukrainian
government accounted for 6.51%. Thus, the adjystexly figure of the risk-free rate
represents the difference between the governmertt ield and CDS default spread and
equals to 7.79%.

Further, the E(RM) figure afxpected market retumepresent the sum of the risk-free
rate and thequity risk premiunfthe excess equity return over the risk-free rataking into
consideration the fact that the equity risk premuatculated based on country rating equals
to 14.80% (see Damodaran, 2013), one can find (RMIEfigure equal to 22.59%.

The aggregate value of cost of equity thus equal8t41% according to F 2.6. and
will be used further in the process of WACC caltiola For details of ‘Cost of Equity’
calculation please refer to the Appendix F.

Cost of Debt

For the calculation of cost of debt | propose te tie risk-free rate (as explained and
calculated under the previous sectiorCokt of Equity adjusted for the corporate default risk
premium of the company and main (onsite) custoraexplained below. The model also
accounts for the additional information on the addinancing (such as cost of guarantee, if
any; commitment fee; upfront fee). The cost of ficiag impacts the depreciable aggregate
value of the machinery and equipment (as duringtmstruction phase the construction
interest is being capitalized).

® The reason | propose to use as an approximatiathéaisk-free rate the government debt denoméhite¢he
local currency is that only this type of governnamblgations can be considered as quasy-riskiyee b
investors.
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For the determining the default risk premium inesrtb adjust the value of cost of
debt, | propose to calculate the probability ofadstf for the given project. For evaluating the
default probability | calculate the Z' and Z”-Seofor the company based on data from
company’s annual report and its strategic plarairds, | link the results of the Z”-Score
to the table of correspondence between Z”-Scort®icompanies and their rating produced
by Hartzel et al. (1995). The result indicates thatcompany’s rating should be
approximately between Ba2 and Bal (by Moody'’s),doser to Bal. However, as the
Hartzel's et al. (1995) research was constructethi® US companies, some adjustment for
the country risk should be made. Let us supposeatt@rding to the management
assessment, the risk of country of operation witidprthe corporate rating two notches down
to Ba3. The reference to the Moody’s ‘Annual Def&tldy’ (2013) indicates that the 15-
years cumulative default probability (the periodiu# validity of the gas supply contract) for
the company based on the implied credit ratingartage cumulative issuer-weighted
global default rates for the period 1983-2012 tsveeted to be 41.941%. It produces the
average annual number of probability of defaul? &6%.

The next complication is related to the onsite @ungr of the company. Taking into
consideration the fact that the total annual salékis customer might constitute a
considerably high proportion of the company’s tstkes in the particular market, it is
reasonable to assume that the creditors will irchivé default risk premium of a customer
into the company’s cost of debt. Let us supposethieakey customer is ascribed a Moody’s
equivalent credit rating of B3. It means that adauy to Moody’s ‘Annual Default Study’
(2013), it corresponds to the 15 years average ativel issuer-weighted global default
probability of 58.70%, or has the annualized vaifi8.13%.

One can estimate the company’s default risk prenfiyrweighing the annualized
probabilities of default for the company’s regutaisiness operations and for the key
customer by the weights of key customer salesarigtal amount of sales. The result will be
2.74% and, as it might be observed, it is expegteher that the average annual default
probability for the company under condition of modertaking the new project (2.74% vs.
2.36%).

The calculated average probability of the compadgfult is then added to the
approximated value of the risk-free rate equal. @®% generating the adjusted number for
the cost of debt equal to 10.58%; thus, in WACCwlaltion the value of cost of debt
adjusted for the default risk premium will be ireufor details of default risk premium
calculation refer to the Appendix G.

WACC Calculation

The value of WACC is calculated as the weightedaye of the cost of equity and
cost of debt (as in this particular case no otlmamicing sources are in use). For the details of
WACC calculation refer to the Appendix H.

The most controversial element of the WACC calcoiahowever is the calculation
of the weights of debt and equity. As | have alyeantioned before, there are certain
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difficulties arising for the private company witletdrmining of the weights of debt and
equity in financing structure. The source of diffiy lies in the fact that the traditional
method of using the market values of both debteapdty does not work in the case of a
privately held (not listed) company with no tradizbt, as in this case there is no indication
of market value of neither debt nor equity. Theaidler similar cases is to use the target
weights of debt and equity, which might be subjectf the management is actively involved
into definition of these ‘target’ weights or in eathere are numerous shareholders with
conflicting interests. In my valuation model | pose to find the target weights based on the
book valueof Debt / EBITDA ratio predefined by the sharelesklon the corporate level and
enforced by the corporate risk management poliey.us suppose, the corporate risk
management policy prescribes the maximum Debt TBBI level of 2.5 times.

As the next step, one should link the required D&EBITDA ratio with the
company’s strategic financial planning figures. Thedel recognizes the end period of the
financing activities and is searching for the maximamount of debt in this year, using this
value as the acceptable weight of debt for WACCwdation (in the particular case 33.14%,
see details of calculation in Appendixf@ cost of debt calculation). The weight of equgy
calculated by subtracting the weight of debt frad0% (as the company does not use any
other sources of financing, except these two).

The 'WACC Calculation’ worksheet of the model usies input data calculated on
the ‘Cost of Equity data’ and ‘Cost of Debt’ forlcalating the number of WACC equal to
15.22%, which will be used for discounting of thejpcted cash flows time series.

Using the calculated WACC figure (see the aboverig#on and details of WACC
calculation) as the discount factor, the model matiically defines the IRR, static NPV and
DPP numbers (refer to the Appendix A). These nusibkould serve as the guidelines for
taking the investment decision by the managemetiteo€ompany: invest if NPV is equal to
or greater than zero, IRR is greater than the reduate of return (in this case represented by
WACC) and DPP is equal to or less than the coniedgieriod of the gas supply contract.

3.34. Monte-Carlo Simulation

This is the pure mathematical stage of the modglliine Monte-Carlo method
presents the opportunity to define the variancesaaddard deviation of the future price
dispersion for the liquid oxygen (the additionadguct used in real option analysis) on the
open market based on predefined criteria. For ccimtyithe Monte-Carlo analysis | use the
assumption of prices being distributed on the bafsisangular distribution function. The
main parameters of triangular distribution corregpto the LOX prices according to three
scenarios provided by the commercial departmettiemtompany as follows:

Worst-case scenario 0.1785 EUR /Nm

Neutral scenario 0.21 EUR / Nm
Best-Case scenario 0.2247 EUR /N\m
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According to price forecast it may be concluded tha commercial department of
the company expects the prices deviate from -15%7% to their magnitude under the
neutral scenario.

Based on the price information and assumption@®triangular form of price
distribution | conducted the Monte-Carlo simulatlmased on 1,000 iterations and defined
that the variance of the prices for the quasi-ramgoocess equals to 9%. The value of
variance will be further used in the calculatiortté real option value based on the CRR
model.

3.3.5.  Real option problem framing
Although the different types of the real optionsbemided into the investment project

might and should be identified and analysed, | vadtrict the current analysis to one
particular type of the real options, which corregp®to theoption to expand the operations
based on the classifications of real options preddsy Trigeorgis (2002). Let us assume that
the management of the company might theoreticalhsier the possibility of installing an
additional liquefier for the liquefaction of theggaolume above the TOP obligation of the
customer. Now knowing the expected value of tharutnvestment into additional
equipment and expected cash flows from the saladditional product based on the price
information corresponding to neutral scenario cae calculate the present value of the
future project cash flows and required investment.

3.3.6. Real option modelling and analysis

Assuming the value of postponed investment is egu2)300 thousands euros and
discounting it using the risk-free rate of 7.79%e(substantiation for the use of risk-free rate
in this case under the section 3.1.), one can leafcthe present value of the postponed
investment equal to 1,980 thousands euros. Knothiegapacity of additional liquefier of
1,100 Nnf per hour, one can calculate the present valuetofd project cash flows using the
WACC number equal to 15.22% as a discount factiis Value is equal to 2,765 thousands
euros. The results of the calculation of discourmtesh flows from the additional business
and discounted value of postponed investment niighdbserved in the Appendix J.

Please note that essentially the present valuperting cash inflows from the new
liquid volume represents the analogue of the spoe under the framework of the option
analysis. The discounted value of the postponeesimvent represents the strike (or exercise
price) in the same framework. The additional regghielement of price volatility equal to 9%
was calculated on the stage of Monte-Carlo simaatiHence, we can effectively conduct
the valuation of the real option to expand futuperation based on the CRR model.
According the calculation, the value of real optiorexpand the operation shall be 1,424
thousands euros (see Appendix J).

Combining the value of a real option with the résof a static DCF model one can
determine thetrategic NPWalue equal to 632 thousands euros (refer to fhigeAdix A),
which suggests the management should accept thstment under the current conditions.
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4. Discussion of Resultsand Main Findings

4.1. Results

In the current research paper | have reviewedasé theories underlying the
implementation of conventional methods for the pescof investment project appraisal and
the complementary theory of the real option apgbceto the investment project evaluation
process. Based on the theoretical background disdusnder the section of literature review
| have constructed the Excel-based investment grejgaluation model, which is intended to
become the part of the investment appraisal pragiszed by the management of the
particular company.

According to the model, the results of the statitH=based model indicate that under
certain assumptions regarding the prices of the@asproducts (GOX 0.102 EUR / Rm
GAN 0.0075 EUR / Nrfy LAR 0.55 EUR / Nr) the model generates the following results
for the major profitability metrics:

DPP — more than 20 years;
IRR after 15 years —14.22%, which is less than theevaf WACC of 15.22%;
NPVafter 15 years — minus 1.282 thousand euros.

The results of the static model indicate that tlEmagement should reject the
investment project and look for next opportunisesnewhere else.

Inclusion into the model of an additional elemehteal option (particularlythe
option to expand the business operat)adfows determining thetrategic NPMfigure
consisting of the sum of static NPV and the cakadaeal option premium equal to 1,425
thousand euros. The value of #teategic NP\equals to rounded 143 thousands euros. The
result of the inclusion of the real option into theestment project evaluation clearly
indicates that the management should accept tlestment regardless of the fact that the
static DCF-based model generated the negative Ny

The following table summarizes the findings basedimulation of different
outcomes. For the simulation | have used the diffetengths of the gas supply contract (10
years and 15 yed)sand different scenarios. Under scenarios | difféinte between the so
calledbase scenarigunder assumption that the onsite customer willkzatthe 100% of the
gaseous volume of oxygen and nitrogen) and thekedextended scenariunder
assumption that only the take or pay volume ofgseous products should be constantly
available for the onsite customer and the rest trbgHiquefied and sold on the open
market). Consequently, there are four outcomedablai base scenario with 10 years
contract term; extended scenario with 10 yearsraohterm; base scenario with 15 years
contract term; and extended scenario with 15 yeamsract term. For every individual
scenario the following profitability metrics ard@alated and presented in the table: IRR,
DPP, static NPV (under assumption of no real opdieailable) andtrategic NP\{static

“ Please note that the estimated salvage valueaghipment differs in connection to the lengthhef gas
supply contract; the percentages of the salvageeuaded in simulation are 30% for the 10 year eatind
20% for the 15 year contract.
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NPV adjusted for the value of a real option premiufie additional row indicates the value
of the real option under different scenarios.

As one can easily see from the table below, theagement should reject the
investment project under any scenario in the dabe icontractual term is equal to 10 years.
If the contractual term is equal to 15 years, #idet demonstrates that thieategic NPV
value falls between the best-case base scenaue(@ssumption that the onsite customer
will demand the designed volume of gaseous projlacid the worst-case scenario (under
assumption that the onsite customer will demang tivd take or pay amount).

10Y Base 10Y Extended 15Y Base 15Y Extended

Scenario Scenario Scenario Scenario
IRR 15.64% 11.68% 17.99% 14.22%
DPP 10 years More than 20Y 11 years More than 20Y
Static NPV 47 TEUR -4,093 TEUR 3,729 TEUR  -1,282 TEUR
Real Option NA 961 TEUR NA 1,425 TEUR
value
Strategic NPV NA -3,132 TEUR NA 143 TEUR

Table 4.1. Profitability metrics under differenesarios

If the management is evaluating this type of itvest projects, it might be puzzled
by the question of which size of demand for gasgwoaduct from the onsite customer should
be accounted for in the profitability calculatidraking into account the maximum designed
volume produces the positive result demonstratedeariable under both base scenarios.
However, the shareholders’ requirement is to take ¢onsideration the conservative
scenario that might lead to quite opposite redudt static conventional model as
demonstrated in the table under the extended dosna@he inclusion of the real option
premium value into the calculation allows the mamagnt to find the number of the
strategic NP\for extended scenarios and use it as a guideditieei decision making process.
As one might see from the table, the inclusiorhefrieal option premium into the extended
scenarios generates positive result for the comiaaperiod of 15 years (while 10 years
contractual length generates negastrategic NVPvalue). Thus, one might see that the
inclusion of the real option premium into the prafility calculation allows the management
to find the number aftrategic NPVand provides it with an opportunity, while being
conservative in its estimations, to rely on stiategic NPWalue as the basis for the decision
making. If thestrategic NP\Wenerates the positive result, | suggest the neanagt should
accept the investment project regardless of theiplesnegative static NPV number and
negative result of the other investment critenaaiir case, the IRR and DPP).
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4.2. Limitations of the Model

The model presented and discussed under the settiesearch of current research
paper has definite limitations and shortcomingsctvishould be taken into consideration by
the manager who implements the presented mod&Korg investment decisions. The main
limitations are as follows:

1. Due to the fact that | have used the example opthate not listed company, there is
no historical information on the company’s betaywadl as market value of debt and
equity. This leads to some basic assumption iMA&C definition, such as:

a. Using the estimation of beta based on the sectardral betas of close peer
listed companies.

b. Using the unlevered beta in the calculation of WACC

c. Using the Debt / EBITDA ratio (as substitute of tirgerion of target debt to
equity ratio) instead of market values of debt aqdity.

d. Use of the synthetic rating based on the Z”-Samleulation for determining
the default premium due to absence of the assigogubrate rating.

2. For the discounting of the cash flows, the singlmher of WACC is in use, which
can be very restrictive and lead to improper resualthe countries with high rates of
inflation.

3. The inflationary effect and risk of the devaluatufrthe local currency are explicitly
excluded from the cash flow projection, as welfrasn the WACC calculation. This
oversimplification might lead to the understaten&MVACC and overstatement of
the value of discounted cash fldws

4. Under the section of real option analysis it haanbienplicitly assumed that the real
options are identical to the financial options #mas might be evaluated using the
same valuation techniques as in the case of finhoptions. This statement,
however, has some limitations, which were not dised in the current research
paper.

5. The stage of qualitative management screening soreling to the analysis of
project contribution to the strategic plans of toenpany was explicitly omitted in
this research paper. It does not mean that | adectagy or reducing the value of the
strategic analysis of the investment project. Thpdrtance of such approach was
explicitly underscored in the section 2.1. of Gah€onsiderations under Literature
review.

5. Conclusions and Recommendations for Further Resear ch

The results of the research indicate the factttiemtmanagerial flexibility to take
decisions during the course of the investment pt@gecution has a real value, which can be
captured and measured based on the real optiohsisndhe managerial option to take
decisions or undertake actions in the future, ait@ne of the basic uncertainties associated

® In this paper | am using the Ukrainian governnieond yields denominated in local currency as astfasithe
calculation of a proxy for the risk-free rate. 8, | should use the yield of the government bond
denominated in the same currency as the projeetsghl ftows. However, in a simplified model it doet make
difference, as | suppose the stability of the UAELJR exchange rate over time.
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with the execution of the investment projects haeen resolved, cannot be ignored on the
stage of project evaluation. The option to postpbeedecision is not just a waste of time,
but has a certain underlying value that can beucagtandnonetizedn the calculated real
option premium. Ignoring the strategic value oéalroption embedded into the investment
project and conducting the project evaluation basecesults generated solely by the static
DCF-based models might lead to the rejection oéipiddlly profitable investment
opportunities and, thus, foregoing the opportutatgenerate additional value to the
shareholders.

Due to some limitations of the model proposedaresearch paper, | suggest to
complement it with the further research on thea#®f inflation and connected to it risk of
the devaluation of local currency against the elin@ macroeconomic relations between the
figures of local vs. Eurozone inflation are cregtihe risk of devaluation of a local currency
against the single currency and thus posing achditiosks for the projected cash flows.
Thus, the proposed investment project evaluatiodehshould be amended by the inclusion
of the inflationary effect and underlying risk ahdluation, which might affect the final
result of profitability calculation.

In the section of real options analysis of the aeste paper | have focused solely on the
option to expand the future operatioi®ich a narrow focus might be limiting the strateg
importance of the real options analysis in the @fdke reader. However, it should be
clearly stated that multiple real options can stamgously coexist in relation to the particular
investment project. The identification and captgrad a value of different real options
(including option on optioh require additional rigorous research, but it @i of effort
because of the opportunity of mapping the full ptite related to the strategic value of the
managerial flexibility.
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Appendices
Appendix A. Main Highlights of the Model

04/15/13
PI'Oj ect: Please Select the Currency: EUR
Unit / Volume: Nm?
Start of Finance/Fir st Payment:
Quarter - Year 1-2013
Start up of Plant/Production:
Quarter - Year 4 -2015
Project-Periods: 15 years
Investments 2013 2014 2015 2016 2017 2018
ASU incl. GOX & GAN Compr. & Liquefier 6,700 7,9%0 36 0 0 0
Civilworks (foundations, buildings, electrical tadaltions) 2,846 3,305 1,660 0 0 0
Storages for LOX, LIN, LAR; other costs 0 0 0 0 0 0
Construction Interests 1,133 2341 0 0 0 0
Total Investments incl. Construction Interest: 10,673 13,561 5,540 0 0 0
Interest, Taxes, Funding
TaxRate : 17 %
Funding: 66.86 % Equity 33.14 % Borrowed capital
Required Rate of Return (WACC): Y 15.22 %
Cost of Equity / Debt (%) 18.41 % Own funds 10.57 % Borrowed capital
Profitability Statement (10years)
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Sales 2,695 10,780 10,780 10,780 10,780 10,780 10,780 010,78 10,780 10,7
Cost 1,183 4,673 4,673 4,673 4,673 4,673 4,673 4,673 4,673 6734,
Depreciation 1,060 1,985 1,985 1,985 1,985 1,985 1,985 51,98 1,985 1,9
Interest 1 6 6 6 6 6 6 6 6 6
EBIT 450 4,117 4,117 4,117 4,117 4,117 4,117 4,117 4,117 4,117
Loss carry forward 0 0 0 0 0 0 0 0 0 0
Tax 7 700 700 700 700 700 700 700 700 00
Income after Tax 374 3417 3417 3417 3417 3417 3417 3417 3417 3417
Depreciation 1,060 1,985 1,985 1,985 1,985 1,985 1,985 51,98 1,985 1,9
Interest 0 0 0 0 0 0 0 0 0 0
dettaWC -141 -423 0 0 0 0 0 0 0 0
Cash-Flow 1575 5824 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402
Discounted Operating CF 1,030 3,305 2,660 2,309 2,004 391,7 1,510 1,310 1137 9p7
Accumulated DCF -22,071 -18,766 -16,106 -13,797 -11,793 10,053 -8,544 -7,233 -6,096 -5,309

GOXto Onsite Customer
GAN to Onsite Customer
LAR to Onsite Customer

LOX for Retail Market

0.1020 EUR/Nm?
0.0075 EUR/Nm?
0.550 EUR/Nm?

0.210 EUR/Nm?

Dscounted Payback Period:

More than 20 years

LIN for Retail Market 0.150 EUR/Nm?  |Internal Rate of Return: 14.22%

LAR for Retail Market 0.650 EUR/Nm3 after Year: 15

Basic Facility Charge (if any) 20 EUR / month
Net Present Value: - 1,282 TEUR
Strategic Net Present Value: 143 TEUR

after Year: 15

The maximum capacity is not exceeded. 0.K.
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Appendix B. Financial Plan in the Model

Input fields are marked in blue

| Financing Plan

Date and time

Required Rate of Return (WACC):
Cost of Equity / Debt (%)

Go to Cost of Equity Sheet

Go to Cost of Debt Sheet

15.22 %

18.41 % Own funds

10.57

% Borrowed capital

Project:
Start of Finance/First Payment: Please Select the Currency: EUR
At the beginning of quarter 1 Unit / Volume: Nm?
‘Year 2013 Exchange Rate for 1 EURO " 1
Enter the ours per year consumption: 7,500
Start up of Plant/Production: ASU incl. GOX & GAN Compr. & Liquefie 18,500
At the beginning of quarter 4 1 Capacity of Main Air Compressor: i 50,000 Nm*h  ofair |Civil works (foundations, buildings, elec 7,800
Year 2015 Storages for LOX, LIN, LAR; other costs -
Please enter the contractual volumes for onsite customer: Total 26,300
Project-Periods: 15 years (in N3 per hour) GOX 7,910 Nm%¥h Constr. Inter. 3,474
GAN 1,100 Nm¥h TOTAL WITH INTEREST: 29,774
END of CONTRACT LAR 200 Nm¥h
At the beginning of quarter Enter the Take-or-Pay Volume (in %)
‘Year GOX 85%
GAN 85%
Please indicate the managerial assumption for a
terminal value after the year 15 (in %) 20% LAR 100%
Nominal LOX ~ 2,090 Nm%h
Nominal LIN 2,100 Nm¥h
Nominal LAR © 320 Nm¥h
Payments - Cash out for project at the beginning of the period
Please enter the contractual
Electricity Cost 73.8 € MWh
Y ear/Quarter 2013 2014 2015 2016
Description of Project 1 2 3 4| 1 2 3 4 1 2 3 4 2
/ASU incl. GOX & GAN Compr. & Liquefier 4,060 2,640 2,640 2,640 2,640 3,880
Civil works (foundations, buildi electrical i 1S) 1,740 1,100 1,100 1,100 1,100 1,660
Storages for LOX, LIN, LAR; other costs
Total Payments 5,800 [ [ 3,740 3,740 3,740 0 3,740 5,540 [ [ 0 [
Construction Interests 277 248 248 360 473 585 585 698 0 0 0 0
Total Investments incl. Construction Interest: 6,077 248 248 4,100 4,213 4,325 585 4,438 5,540 0 0 0 0
Interest, Taxes, Funding
Tax Rate : 17 %
DSO: 1 months DPO: 1 months
Funding: 66.86 % Equity 33.14 % Borrowed capital
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Appendix C. Cost Calculation in the Model

Depreciation, Interest for borrowed capital, Cost, Savings Pl'OjeCt:
Depreciation EUR 013 0040 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2020 | 2022 | 2023 | 2024 | 2025 | 206 | 2027 | 2028 | 2029 | 2030
Total residual value (straight ine) W4 W4l 2729 M4 279 774 18789 16804  14819]  12834] 10850 8,865 6,380 4895 2910 95
TOTAL Depreciation 1,060 1985 1985 1985 1985 1985 1985 1985 1985 1985 1,985 1,985 1985 1985 1985 95
Interest EUR
Interest on Project 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interest on Operating Invest & Working Cap. 0 1 b b b b b [ [ [ [{ [{ 0 o o o 4
Total Interest after construction Interest ) () 1 o 0 0 [{ [{ 0 [§ [§ [{ [{ f 0 0 4 4
Back to the Finance Plan-Sheet \

Cost EUR WS | 22016 | 2017 | 2018 | 2009 | 2020 | 2021 | 2022 | 2023 | 2024 | 2005 { 2026 | 2027 | 2028 | 2029 | 2030
Power ASU 0415kWhNm*— BBEIEMWh 47 1,892 1,892 1,892 1,892 1,892 1,892 1,892 1,892 1,892 1,892 1,892 1892 1892 1892 1419
Power GOX 25bar 0190kWhNe — BREMWh 168 670 670 670 670 670 670 1 61 670] 670 670 670 67 670 503
Power GAN Compr. 0.140kWhNm® — BBEEMWh 18 yl yl yl y i i i i i i 7 7 7 T B!
Power Liquefier 062kWhNm  BBEEMWh 306 1,225 1,225 1,25 1,229 1,229 1,229 1,225 1,225 1,225 1,225 1,225 1,25 1,25 1,25 918
Cooling Water 2100n/h 0010 € 3 158 158 158 158 15§ 15§ 15§ 15§ 15§ 15§ 158 158 15§ 158 15§
Steam I/ -€ () () () () () () () 0\ () () () 0| ()
Sanitary Water 2ufh -£ () () () () () () () () () () () 0) 0
M&R 1.2% 19T74TE 8 397 397 37 37 37 397 397 397 397 397 397 397 397 397 397
Insurance 06% 1,T74TE 4 1 1 17 1M 179 179 179 179 179 179 179 17 1M 1M 1M
Admin & Overhead -€ () () () () () () () 0 0| () () 0| 0|
Oper. Personnel 10000EUR/a 12 Empl. 45 120 120 120 120 120 120 1 1 1 120 120 10 10 10 10
ExchangeRate ~ EUR/Base Currency 1
Add. Liuefaction
Operating Hours 7,500

Total Cost 0 0 1,183 4,672 4673 4673 4,673 4,673 4,673 4,673 4,673 4,673 4,673 4,673 4,673 4,673 4673 3,708
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Appendix D. Calculation of the Cost of Debt

PLEASE INSERT THE LIMIT FOR DEBT / EBITDA
Please enter the date of the end of financing:
Please select the cumency

EXERPT FROM A COMPANY STRATEGIC PLAN

In thousands LC

2.5 times

2015

EUR

2013 2014 2015 2016 2017
EBITDA Y1514 15,017 15,572 16,09 16,556
Aggregate EBITDA: 15,143 15,017 15,572 16,09 16,556
Existing Debt ) 18,349 13,085 9,564 5,846 3,061
New Debt 19,507 24,459 29,366 34,390 38,330
TOTAL DEBT CAPACITY: 37,857 31,544 38,930 40,231 41,391
TOTAL BALANCE*: b 123176 118,688 117,466 116,909 117,475
Debt Proportion in TB: 31% 3% 33% 34% 35%
*- Dividend payments foreseen in 2014-2016
Maximum LOAN AMOUNT 29366  TEUR
LOAN TERM (YEARS) 10
Margin 10.57%
6M EURIBOR SWAP 0.00% (not applicable for the Ukrainian financing)
TOTAL INTEREST: 1057%
Upfront fee: 0.1%
Cost of Guarantee: 1.2%
Commitment fee: 1.00%
Amountsin TEUR 1 2 3

Period  year 2013 | 2014 [ 2015 )
Quarter I [ v I I I v I I Il v

Residual Amount 6,476 6,476 6,476 10,652 14828 19004 19004 23180 29366 29366 29366 29,366
Upfront fee 29
Principal Payment - - - - - - - - - - -
Payment on Guarantee 19.43 19.43 19.43 319 44.48 57.01 57.01 69.54 88.10 88.10 88.10 88.10
Interest Payment 1 1 1 282 392 502 502 613 776 76 716 776
Commitment fee 57 57 57 47 36 26 26 15 - - - -
Total payment 207 248 248 360 473 585 585 698 864 864 864 864

4
2016

26,325

3,042

3,104

6,146

5
2017

2,962
3,363
2,183

6,146

6
2018

19,43
3,719
2,421

6,146

7
2019

15,131
4112
2,034

6,146

8
2020

10,585
4546
1,599

6,146

9 10

2021 2022
5,558
5,027 5,558
1,1-19 5;88

6,146 6,146
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Appendix E. Discounted Cash Flow Calculation
TEUR PTOJeCt:

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Sales 2,695} 10,780 10,780 10,780 10,780 10,780 10,780 10,780 10,780, 10,780 10,780 10,780 10,780 10,780 10,780 8,085 0f
- Cost 0 0 1,183 4,673} 4,673} 4,673 4,673 4,673 4673 4,673 4,673 4,673} 4,673} 4,673} 4,673 4,673 4,673} 3,708 0f
- Depreciation 0 0 1,060 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 925) 0f
- Interest cost 0 0 1 6} 6} 6| 6] 6] 6] 6] 6| 6} 6} 6} 6| 6] 6} 4 0f
= Income beforeTax 0 0 450 4117, 4117) 4,117] 4117, 4,117, 4117 4117 4117 4117) 4117} 4117, 4,117] 4,117] 4117} 3,448 0f
- Taxes 7] 700 700) 700 700 700 700 700 700 700 700} 700} 700 700 700} 586} 0f
= Income after Tax 374 3,417) 3417 3417 3417 3417 3417 3417 3417 3417 3,417) 3417 3417 3417 3,417) 2,862 0f

+ Depreciation 1,060 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 1,985 925) 0f

+/- delta Working Capital -141 423 0f 0 0 0 0 0 0 0f 0f 0f 0 0 0f 144 419
= EBITDA 1,575 5,824 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402, 5,402 5,402 5,402 5,402 5,402, 3,642 419
Residual Value of Equipment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,955 0 0
= Cash infiow 0 0 1,575 5,824 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 11,356) 3,642 419

Cash flow 1,575 5,824 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402} 5,402 5,402 5,402 5,402 11,356) 3,642 419
- Capital expenditures 10,673] 13,561 5,540 0 0) 0) 0 0 0 0 0 0) 0 0) 0) 0) 0 0 0)
= Free cash flow - 10,673 |-13561 3,965 5,824 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 5,402 11,356 3,642 419
Discounted Investment CF 9263 |-10,215 3,622 - - - - - - - - - - - - - - -
Discounted Operating CF - - 1,030 3,305 2,660 2,309 2,004 1,739 1,510 1,310 1,137 987 857 743 645 560 1,022 284 - 28
Accumulated DCF -9,263]  -19.478 22,071 -18,766) -16,106 -13,797) -11,793 -10,053 -8,544) -7,233 -6,096 5,109 -4,253) -3,509) -2,864) -2,304) -1,282) -997] -1,026)
D\SCOUﬂIed Payback Penod Sokkkk Fkkkk Fkkkk Skkkk Fkkkk Fkkkk Fkkkk | Fkkkk Sokkkk Sokkkk | Sokkkk | Sokkkk | Fkkkk Fkkkk Fkkkk Fkkkk Fkkk Fkkkk Fhkkk
PRESENT VALUE OF INVESTMENT CF -23,100 TEUR
Period # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Vear S 2014 005 | 06 | AU | 208 | 201 | 200 | 202t | 22 | 2088 ] 24 | 205 | 2% | 2007 | 208 | 208 | 203 ] 28 |
Net Present Value - 9,263 -194718 - 2,071 18766 - 16106 - 13797 - 11,793 - 10,053 8544 7233 6,09 5,109 4,253 3,509 2,864 2,304 1,282 97 - 1,026
IRR TOOENUME T aNUMY #NUM! -54% -29% -15% -6% -1% 3% 6% 8% 10% 11% 12% 13% 13% 14% 14% 14%
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Appendix F. Calculation of the Cost of Equity

Histoical Sector Beta Yngde

(Developed Gases Linde Air Praxair, |Average of
Markets) (EM) AG Liquide Inc. Peers
Historical Beta Ratios 0.72 0.37 0.90 0.55 0.83 0.76

Source of Data: Bloomberg Terminal |Source data: Reuters

Histoical Sector Beta
Company Beta Approximation 0.72  (Developed Markets)

10Y Gov Bond Yield, source Reuters
http://w w w .reuters.convarticle/2013/02/05/ukraine-

5Y Sowereign bond yield (UAH denominated) 14.30% eurobond-idUSL5NOB50G320130205
Source: Asw ath Damodaran, Country Default and Risk
Premiums
http://pages.stern.nyu.edu/~adamodar/New Home Page
CDS default spread as of Jan. 2013 6.51% /datafile/ctryprem.html
Approximation of a risk-free rate 7.79%
Source: Asw ath Damodaran, Country Default and Risk
Premiums
http://pages.stern.nyu.edu/~adamodar/New Home Page
Equity risk premium 14.80% /datafile/ctryprem.html
E (RM) 22.59%

Equity risk premium plus risk-free rate

Iég_gregate Cost of Equity 18.41%
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Appendix G. Calculation of the Default Premium

Data for Calculation of Z and Z* Scores
In TEUR

2012 2013 2014 2015 2016 2017
TOTAL ASSETS 118,983 118,983 123,176 118,688 117,466 116,909
wcC 3,902 3,902 5,002 5,178 5,284 5,387
Retained Earnings 23,115 27,434 34,655 41,375 48,519 56,132
EBIT 6,030 9,066 8,913 9,320 9,654 9,967
BV of Equity 76,002 82,887 89,975 97,612 104,321 110,675
BV of old Debt 17,479 18,349 13,085 9,564 5,846 3,061
BV of new project debt 3,537 4,494 1,836 - -
Total BVD 17,479 21,887 17,579 11,400 5,846 3,061
Sales 38,833 43,539 44,892 45,774 46,769 47,868
Z Score Calculation for the Company
0.717 WC/TA 0.02 0.02 0.03 0.03 0.03 0.03
0.847 RE/ TA 0.16 0.20 0.24 0.30 0.35 0.41
3.107 EBIT/ TA 0.16 0.24 0.22 0.24 0.26 0.26
0.42 BE/BVD 1.83 1.59 215 3.60 7.49 15.19
0.998 Sales / TA 0.33 0.37 0.36 0.38 0.40 0.41
Total Z score: 2.50 2.41 3.01 4.55 8.53 16.30
Z" Score Calculation for the Company
6.56 WC/TA 0.22 0.27 0.29 0.30 0.30
3.26 RE/TA 0.75 0.92 1.14 1.35 157
6.72 EBIT/ TA 0.51 0.49 0.53 0.55 0.57
1.05BE/TA 0.73 0.77 0.86 0.93 0.99
3.25 Interception 3.25 3.25 3.25 3.25 3.25
Total Z' score: 5.46 5.69 6.06 6.38 6.68
|Implied Rating of a Company
15Y Cummulative Default probability
(Moody's research) 41.94% 2.36% default probability per annum
|Acuired Rating for a Customer B3|
15Y Cummulative Default probability
(Moody's research) 58.70% 3.13% default probability per annum

Weight of the proportion of sales to Customer

Estimated Default Risk Element in the Cost of Debt

55%

2 .718%

Table of US Corporate Rating vs. Z* Score

Average Z"
US Bond US Bond Score
Rating Rating (with
(S&P) (Moody's)  interception)
AAA Aaa 8.15
AA+ Aal 7.6
AA Aa2 7.3
AA- Aa3 7
A+ Al 6.85
A A2 6.65
A- A3 6.4
BBB+ Baal 6.25
BBB Baa2 5.85
BBB- Baa3 5.65

54
Average Z"
US Bond US Bond Score
Rating Rating (with
(S&P) (Moody's)  interception)
BB+ Bal 5.25
BB Ba2 4.95
(BB- Ba3 4.79
B+ B1 4.5
B B2 4.25
B- B3 3.75
CCC+ Caal 3.2
ccc Caa2 25
CCcC- Caa3 175
D C 0

Source: J.M. Hartzell, M. Peck, and E.I. Altman, Emerging Market Corporate Bonds - A Scoring

System, Salomon Brothers, New York,
May 15, 1995, p.9.
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Appendix H. WACC Calculation

COST OF DEBT:
Risk-free rate 7.79%
Corporate Default Risk Premium 2.78%
Adjusted Coupon Rate 10.57%
Marginal Tax Rate 17.0%
Cost of Debt 8.77%
weight of debt 33%
COST OF EQUITY:
Risk-Free Rate 7.79% Data source: National Bank of Ukraine (http://www.bank.gov.ua/control/uk/index’
Risk Premium 23%
Beta 0.72 Estimation based on beta of competitors
Cost of Equity 18.41%
weight of equity 67%

|Weighted-Average Cost of Capital 15.22%|
Appendix I. Valuation of Additional Business Oppority
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NPV CALCULATION OF ADDITIONAL INVESTMENT INTO LIQUE FIER
‘PLEASE INSERT THE NAME OF THE PROJECT 04/15/13 04/15/13 11:04
Investment Value 2,300 TEUR
(total value ofadditional liquefier together with cost of delivery to site and cost of erection activities)
Indicate the additional volume of LOX 1,100  Nm3/h  The maximum capacity is not exceeded. O.K.
1 1 1 1 1 1 1 1 1 1 1 0.75
Number of period i 2 6 8 9 10 1 12 13 14 15 16 17 18 19
Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Sales of LOX ADDI
Nm3/h 1,100 Production volume (Nm3) 2,063 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 8,250 6,188
EUR/Nm3 0.21
TOTAL ADDITIONAL TURNOVER (in TEUR): 433 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,299
Additional Working Capital 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Inventories
Accounts Payable (15.42) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (61.67) (46.25)
Accounts Receivable 172 688 688 688 688 688 688 688 688 688 688 688 688 688 688 516
Working Capital 156 626 626 626 626 626 626 626 626 626 626 626 626 626 626 469
EXPENSES
Depreciation 15Y - 38 153 - 153 153 - 153 153 153 - 153 153 - 153 153 153 - 153 153 - 153 - 153
Electricity Kw/Nm3 1.035
Price, EUR / Mw 73.83
TOTAL Electricity Cost: - 185 740 - 740 740 - 740 740 740 - 740 740 - 740 740 740 - 740 740 - 740 - 555
M&R 1.2% - 7 28 - 28 28 - 28 28 28 - 28 28 - 28 28 28 - 28 28 -2 -2
Insurance 0.60% - 3 14 - 14 14 - 14 14 14 - 14 14 - 14 14 14 - 14 14 - 14 - 14
Interest on financing WC - 17 - 66 - 66 66 - 66 - 66 - 66 - 66 - 66 - 66 - 66 - 66 - 66 - 66 - 66 - 50
TOTAL COSTS: - 250 - 1,001 - 1,001 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 1,001 - 994 - 792
INCOME BEFORE TAXES 183 732 732 732 732 732 732 732 732 732 732 732 732 732 738 507
TAXES -3 124 - 124 124 - 124 124 124 - 124 124 - 124 124 124 - 124 124 - 126 - 86
INCOME AFTER TAX 152 607 607 607 607 607 607 607 607 607 607 607 607 607 613 421
EBITDA 190 761 761 761 761 761 761 761 761 761 761 761 761 761 766 574 -
Delta WC 156 469 - - - - - - - - - - - - - - 156 - 469
Depreciation Tax Savings 7 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 -
FCF 40 317 787 787 787 787 787 787 787 787 787 787 787 787 792 757 469
DCF 26 180 387 336 292 253 220 191 166 144 125 108 94 82 71 59 2
Equivalent of Stock Price in Real Option
PRESENT VALUE OF OPERATING CASH INFLOWS 2,766 TEUR Analysis
A Equivalent of a Strike Price in Real Option
PRESENT VALUE OF AN INVESTMENT 1,980 TEUR Analysis
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Appendix J. Real Option Valuation

04/15/13 04/15/13 11:04

http://investexcel.net
This spreadsheet compares Option Pricing results calculated via a Binomial method and via an analytical solution of the Black Scholes equation

Read this tutorial so you fully understand the principles http://investexcel.net/736/binomial-option-pricing-excel

Parameters Results

Stock Price S 2,766 Binomial

Exercise Price X 1,980 Call 1,425 TEUR

Interest Rate r 7.79% Put 0

Volatility (Monte-Carlo Method) 9%

Time to Maturity 5|

Number of Steps 5|

Dividend Yield 0

Calculations

Time Interval 1

Up movement 1.090882 u

Down movement 0.91669 d=1/u

Up probability 0.943354

Discount Factor 0.925057

Step 0 1 2 3 4 5

Time Sp U 0 1 2 3 4 5
) >

Stock Price 2765.715 3017.068 3291.264 3590.380001 3916.68 | 4272.63477

2535.302 | 2765.715 3017.067743 3291.264 3590.38]
2324.085 [2535.302047 2765.715 | 3017.06774f
2130.464748 2324.085 2535.30205<_-

1952.975 | 2130.46475

1790.27191

dSe
d2s,

pa
1567.479 1724.238 1896.401821 2085.465 [P203.06464|
1085.715 1198.688 1323.089563 1460.049 [1610.80987
757.0861 841.3238667 934.4997 [1037.49761]
437.0063417 492.8701 [555.731916

131.6792 |150.894617
0]

Option Price

Call
Price




