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ABSTRACT

The Real Option Theory (OR) offers a modern methagio for the valuation of an
investment project because it considers the vafumamagerial flexibility facing project
uncertainties. The present work seeks to studgéferral option value for a polypropylene
petrochemical plant investment project. Perhaps rtiest critical step of OR is the
estimation of the project volatility. This work gsates the project volatility for different
cases, considering different possibilities for threcertain variables modeling. The main
uncertain variables are the price of the raw maltemnd the price of the product. Three
possibilities for price modeling were consideredoBnian Geometric Movement (BGM),
Mean Reversion (MR), and Mean Reversion with Ju(iMii’J). A base case was selected
for the volatility project and then the value ottHeferral option was calculated through
numerical approximations of the Black - Scholedipkdifferential equation.

1. INTRODUCTION

The Real Option Theory (OR) offers a modern methaglo for the valuation of an
investment project. It considers the value of manag flexibility facing project
uncertainties that may have a positive value. lreowords, sometimes managers can attain
the positive value of uncertainty. The value offstlexibility can not be estimated by the
traditional methodology, thought deterministic cafbws and its net present value
estimation. In contrast, OR manages to estimate fiebility value through the
representation of stochastic variables. Waitingnteest is one of the first real options
managers can have. It is called the delay or ddfezal option.

At least four new polypropylene (PP) units are ggaanned and announced for the next
six years in Brazil and Latin America. If all theiswestments come true, it is not difficult
to forecast a PP surplus in the region, negatiaéigcting the profitability of this industry
for two or three year. These investments can lh&edaby the real option theory, in order
to investigate if there is a value in waiting toest.

The main uncertainties which the variation can ey affect the value of a
petrochemical project are:

* The investment cost

* Raw-material prices

* Products prices

* The demand of products



In the real option calculation, the investment utaiaties can be neglected considering that
this cost is undertaken in the beginning of theqokr

Petrochemical prices have cyclical behavior. Theogbemical industry competes with the
energy industry for its raw materials. But the pefiremical industry is much smaller than
the energy industry in a manner that the petroctanprices are highly correlated to
energy and crude olil prices, that exhibit cyclizahavior.

The profitability of the petrochemical industrynmsinly determined by the margin between
products and its raw materials prices. The petnoited prices margins also have a cyclical
behavior and are related to supply-demand prodaieinbe. The demand generally grows
in a steady fashion, as a function of the econagnisvth cycles. As the demand grows,
margins recover, the industry profitability beconagactive, all players will be likely to
invest at the same time. In addition, new productinits are capital intensive, as producers
try to reduce relative fixed costs building largeale units. The result of all players
investing in big units at the same time will beextess of supply and after this, the prices
will fall, the margins will fall and a new cycle Wibegin. The beginning of the cycle
nobody invests because the margins are bad. Sa,rasult of big scale units and bad
timing, the supply grows in large lumps, causingciis in the supply-demand balance.
These shocks also cause the cyclical behavior efirttiustry. Excess of capacity causes
excess in supply, driving the prices and margingrddutler et al. (1998) recommends the
study of the cycles of the petrochemical produstsrder to plan the optimal investment
timing for new projects.

Considering that the actual PP market is balantesl future additions of capacity will
manage to seize future forecasted demand growta.fiist approach, the demand growth
can be seen as a function of the GDP growth.

There are two major categories of real option wadnamodels: the continuous time models
and the discrete time models. The continuous tinoelals solve the partial differential
equation (PDE) of the option and its boundary comads. In order to write the partial
differential equation, the Ito’s Lemma is used $saxiation with a solution method, like
the contingent claims or the dynamic programmingho@ The stochastic modeling of
processes can be modeled inside the option equdticn possible to model one, two or
three stochastic processes inside the equationthbutalculation becomes harder as the
number of processes increase.

The discrete time modeling does not have to solfferdntial equation. One example of
this methodology is the Copeland & Antikarov (2002¢thodology that does real option
valuation in four steps. The first step is to cldtel the present value of the base case
without flexibility using discounted cash flow vailiion model. The second step is to model
the uncertainty using event trees. The third ssefpiidentify and incorporate managerial
flexibilities creating a decision tree. And thedirstep is to calculate real option value.

The Copeland and Antikarov (2002) approach usestdM@arlo simulation to provide
distributions for the value of the underlying puijeThe Monte Carlo simulation can
aggregate different stochastic processes for @iftevariables such as prices, market and



market size into a single volatility for the prdje€hen the project volatility can be used in
a binomial tree to calculate the real option valuh the same parameters as Cox, Ross &
Rubinstein (1979).

The advantage of this methodology is the use ohglesaggregate volatility value for the
project, simplifying the calculation of the realtigm. Different stochastic processes can be
used in the calculation and the number of procassast limited.

Copeland and Antikarov (2002) methodology has tasidassumptions:

* TheMarketed Asset Disclaimer (MAD) hypothesis;
* The value of the project follow a geometric Brownraotion.

MAD hypothesis says that the simulation of the gabfi the project can be used as a proxy
of the risk return relation of the project. Sostpossible to avoid the need of finding a
proxy of the project in the market, what is somesndifficult from the practical point of
view. Sometimes is difficult to find a company iretmarket with exactly the same risk that
the project.

The other Copeland and Antikarov (2002) assumpsiays that the value of the project
follow a geometric Brownian motion (GBM) or, thdke return of the project is normally
distributed, based on Samuelson theorem (1965b).

This theorem says that even if there are diffegtathastic variables within a company,
following different stochastic processes, the aggte return value of the stock prices for
this company will follow an arithmetic Brownian nan (with normal distribution). In
other words, the value of the Project will followgaometric Brownian motion (with log-
normal distribution). If this assumption is trueg wan use a binomial tree to value the
option, because it assumes that the value of tderlying asset fallows a random walk,
and this would be the simplest way to determinadaéoption value.

In this paper we will use the same idea of simafafor calculating the aggregate volatility
of the project, but with some modifications compgrito the Copeland and Antikarov
(2002) methodology, as proposed by Dias (2006)o Aioposed by Dias (2006), will be
another modification to Copeland and Antikarov 2D@nethodology. The real option
value will be calculated using an approximationttté Black-Scholes-Merton differential
partial equation, instead of using the binomiakéhr

With these two modifications, the methodology usethe present work tries put together
the best features of the discrete time and contisdimne modeling. It will gather together
different stochastic processes in a single volgtibr the project and will calculate the real
option of delay value using the Black-Scholes-MertBDE, resulting in a precise
estimation.

The volatility calculation will be performed usirdifferent stochastic processes for the
prices of raw material and product. Three diffeqgmoicesses will be considered:



* Brownian Geometric Motion
* Mean Reverting motion
* Mean reverting with jumps

All the values used will be real with real discowate and all the cash flows will be in
constant currency. The cash flow will be for 300usand tons per year polypropylene unit.

First the parameters for different stochastic psses will be obtained. Then the aggregate
volatility will be estimated considering differestiochastic processes for the prices. Finally
the option value will be calculated for base cdseotatility value.

This paper is organized as follows: the secondi@ectiscusses stochastic processes and
shows the estimated parameters for the differepemain variables involved. The third
section discusses how to estimate the volatilitthef project and its real option value. The
forth section shows the results of simulation arstuwkses selection of the volatility base
case for the real option calculation. The fifthts®t presents the real option calculation and
final conclusions.

2. STOCHASTIC PROCESSES

The most important uncertain variables able to ggae positive value of waiting to invest
in a polypropylene project are:

* Propylene prices (raw-material prices);
* Polypropylene prices (product prices);
» Brazilian demand growth for polypropylene (modedesda GDP function).

These variables can be modeled in order to hatechastic cash flow of the project and to
determine the aggregate volatility of the project.

These variables can be modeled using three diffstenhastic processes:

* Geometric Brownian Motion (GBM);
* Mean Reversion Process (MRM);
* Combined process of Mean Reversion with jumps (MRMJ

The stochastic process parameters for propylendBngrices will be estimated based on a
17 years long monthly time series, from 1990 to6200

The GDP prices and PP demand are available inréy\ssis from 1963 to 2006.
2.1 The Geometric Brownian Motion (GBM)

A continuous-time GBM can be represented by thieiohg differential equation:
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) = a Ut + o [dz (1)
Where:

dz = eJ/dt = Wiener increment; (2)
& = N (01) =normal distribution with mean 0 and standard désel,; 3
a is the drift;

o is the volatility of P, or its standard deviation;

For simulations of the GBM it is necessary to “dedize” the differential equation (eq. 1).
This can be done through Ito’s Lemma. The resuttogation is (Dias, 2006):

P= Po{exp{(a —%ZJ [At+0 [N (0]) E«L/E}} (4)

In the case of risk neutral simulation, the presi@guation can be modified resulting the
following equation:
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Thea ando parameters of equation (4) is estimated by thatsopus (Dias, 2006):
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N is the number of periods per year, in the caseselata is given in moths (N=12) or
days (N=365) and the annuwakndo are needed.

The expected value ofp\and its variances in the t instant are given by:
EV ()] =V,e” ®)
varlv ()] =vze 7 -1 ©)

The estimated GBM parameters for the propylenelaog/n below (table 1):



In(Pt/Pt-1) a.m. a. a.
mean 0,26% | 3,12%
variance 0,96% |11,51%
standard deviation | 9,79% |33,93%
alpha 0,74% |8,87%

Table 1 - GBM parameters for propylene

And the GBM parameters for the PP prices are shuelow (table 2):

Ln(P+/P+.1) a. m. a. a.

mean 0,05% | 0,62%
variance 0,46% |5,55%
standard deviation | 6,80% |23,55%
alpha 0,28% | 3,39%

Table 2 - GBM parameters for PP

For both price series unit root tests were perfarraed it was not possible to reject the
random walk hypothesis.

2.2 The Mean Reverting Process (MR)

The simplest mean reverting process is called Awdttic Ornstein-Uhlinbeck process
(Dixit & Pindyck, 1994):

dx =7 [{x - x) [t + o &z (10)

Where x is the equilibrium level ang is the reversion speed.

The expected value of mean reverting and the vegiah the mean reverting process x(T)
are represented below:

E[x(T)] = x(0)e™ +x(1-e™) (11)
Var[x(T)] = 1-e™) 927—2 (12)

In order to use equation (10), it is necessarydisctetize” it. The discrete equation for real
simulation is given below (Dias, 2004):
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In the case of risk neutral simulation, the presi@quation can be modified resulting in
the following equation:

P(t)= ex;]|>q_1e'"m‘ " {i— (1~ r)} fi-e")+o 1- (e';';m ] [N (01) - (L-e™") 9‘4%}

n

According to Dias (2006), the parameters of thisiatign can be estimated from the
following regression:

In(R) -In(R) =a+(b-1)In(R_)+& (14)

From the parameters a and b of the regressios,pbssible to calculate the parameters of
the mean reversion process using equation (14) g 156) that follows (Dias, 2006).

n =-In(b)N (15)

SRR (16)
(a+ O,SUZJ

— N

P=ex T (17)

o¢ is the Standard error of the regression (eq. 14).

The MR parameters for the prices are presentedvbelo

Propylene| PP
a 0,1996 0,1940
b 0,9686 0,9714
Regression standard errorge 9,77% | 6,78%
P(t=0) 1060 1400
Volatility, o (%a.a.) 34,38% | 23,81%
Reversion speedy (a.a.) 0,3831 0,3478
Long term average price P_bar 671,09 968,01

Table 3 -MR parameters for prices



2.3 Combined process of Mean Reversion with Jump#MRJ)

Dias & Rocha (1998) first modeled a Poisson proedds mean reversion in real options
literature. A stochastic process of Arithmetic Qens-Uhlenbeck mean reverting with
discrete jumps can be represented by (Dias, 2004):

dx =7 [{x - X) [t + o [z + dq (18)

This is a Wierner process and also a Poisson modé® jump process is represented by
dg, and is independent of dz (Dias, 2004). Mogheftime dq is equal to zero. But jumps
can happen of an uncertain sigeccuring with frequency. According to Dias (2004),
dg= 0 with probability 1 -A dt and dg =p with A dt probability. The size of the jumpis
modeled as a probability distribution. AccordingMerton (1976) apud Dias (2004), the
probability distributiong is log-normal. Dias (2004) assumes a symmetritribligion to
the jumps up and down in order that the average becomes zero and so it is not
necessary to compensate the Poisson process.

The expected value of x(T) is the same of the mmea@rting process. The variance is given
by the following equation (Dias, 2004):

o’ + A[E|¢f

Var[x(T)] = @-e2"
ar[x(T)] = @1-e™") o

(19)
Where E[qf] = _[402 [ (¢) [, pois E[qf] # (E[qa ])2 (Dias, 2004).

The “discretization” of eq. 18 results in the folimg equation (Dias, 2004):

P(t)= e’(p|xrlemt +;<[(“‘e_”w)+ g 1—(6_22;w j [N (0D + jumps—(@1-€e™") o +:,7EE v }

(20)

For risk neutral simulation eq. 20 is modified aadult

P(t)=ex;{xt_1e"’EM +[x— (’ul; r)} [(l—e"’m‘)+a 1—[e_22:7m j N (0D) + jumps— (L—e ") o’ "‘jﬂEE[(ﬂz])}

(21)

Symmetric distributions for jumps are imposed, lsat the sum of jumps up and jumps
down are zero. Also the probability of a jump uphis same that a jump down probability.



Doing so, there is not the need of compensationgs(l2004). The jump parameters are
shown below:

Frequency of Jump up (Au) 0,12500
Frequency of Jump down (Ad) 0,12500
Average jump up length 0,69315
Average jump down length -0,69315
E[¢] 0,48045

Table 4 — Jump parameters

The correlation of propylene and polypropylene jsnape considered 90%, close to the
correlation of annual prices.

2.4 Choosing the Right Stochastic Process

Dixit & Pindyck (1994) p. 78 mention that the rand@valk hypothesis for crude oil prices,
tested through unit root tests, is not rejected@i8i0 to 40 years long time series. In these
cases, it is possible to use a random walk mo#elthe geometric Brownian motion to
model crude oil prices. Petrochemical prices areretamted to crude oil prices. As
mentioned before, the random walk hypothesis alas mot rejected for a 17 years long
monthly time series for prices of propylene and PP.

On the other hand, according to Geman (2005), caifitynprices are better represented by
mean reverting processes as long as generally cditymmrices do not present tendency
over long periods of time. In other words, it ig B&pected that commodity prices increase
over the time, or have a positive trend. Howevethére are economic cycles affecting
these prices, the prices may exhibit a trend (Ge2@05).

The choice of the stochastic process suitabledtmophemical prices is a difficult decision.
On one hand, petrochemicals are commodities, shud limited prices and exhibit some
reversion like behavior. On the other hand, petoubal also have cyclical behavior. A
petrochemical price can be compounded into twospdte first part is the cost of
production. The main cost of production normally tiee cost of petrochemical raw
materials. These raw materials are highly corrdlate the crude oil price, that has a
cyclical behavior. The second part of petrochemgicales is the margin between its costs
and its market price. The market price is a fumctod the supply-demand balance. In this
balance, the supply is cyclical. Generally all glsytend to invest when the prices are high
and then nobody invest until the demand is balamagginh. The demand grows in a steady
fashion but is dependant on the economic generkesy So, petrochemical prices are
cyclical mainly due to three factors: crude oilcgs cycles, investment cycles and the
general economic cycles.

Commodity prices with cyclical behavior can alsorbedeled as a mean reverting process
with shocks in the supply-demand balance (Gemafb5)20This more realistic model

combines mean reverting processes with jumps (X866). The jumps represent the
shocks in the supply demand balance. This is tse o&the combined process of mean



reversion with jumps and it is suitable for modglicommodities prices, like the
petrochemical prices, that are exposed to shoc&spply-demand balance.

The internal demand growth variable will be consedeas a function of the GDP of Brazil.
The function is determined and tested in a regoassf the internal market and the GDP.
The GDP will be considered as a random walk andatealcthrough a GBM.

3. ESTIMATING THE VOLATILITY AND THE REAL OPTION VA LUE OF THE
PROJECT

The aggregate volatility of the Project will be mdhted in a different way from the
proposed of Copeland & Antikarov (2002). In ordeobtain the aggregate volatility of the
project Copeland & Antikarov (2002), simulate thecertain variables for all the periods
and calculate the volatility for the return of theject. It is proposed that the simulation
should be done in a single period, in the firstry&faoperation of the plant. The remaining
periods the expected values are calculated basetheorfirst period value. It will be
simulated the value of the project. According ta${2006), this is a way to avoid working
with the logarithm of negative humbers and simatagroblems and simulation problems
resulting from it.

From the simulation it will be obtained the valussthe mean and the variance of the
project value. Considering that the project valakoWvs a geometric Brownian motion,

equations (7) e (8) can be used to obtmimnd o of the Project value. The resulting
equation are below:

ES

a= t (22)
n {var[v (®)] +1}
=1L Mo (23)
t
Substituting (22) into (23), gives:
In 7var[V(t)] +1}
{(E[V(t)])z (24)

t

Note thato does not depend onV

The return of a firm can be represented as its troate a plus the dividend yield paid to
the shareholders



H=a+9d (29

Thea value can be determined by the eq (22) in the caseal simulation. The value of
is the hurdle rate of the Project. Then, it is gdsgo determiné from eq (25):

a=p-0 (26)

In the case of risk neutral simulation, the stgrfpoint is equations (8) and (9), but drift
will be modified using the risk neutral drifi; .

a =r-9% (27)
Where r is the risk free rate.

So, by modifying equation (8) and (9) with equat{@6) will result

EV ()] =Vv,e" " (29)

var|V (1)) = vZe? e -1) (30)

From the simulation it will be obtained the valugsthe mean and the variance of the
project value. Considering that the project valakoftvs a geometric Brownian motion,
From equations (29) and (30), will be obtained

n { Elv (t)]}
Vo
r-9=——"— (31)
In{val{v (t)] + 1}
e2(r—a)m v
o= 0 (32)

t

Equations (31) and (32) are similar to equatior®) @d (23), but can be used in risk
neutral simulations.

Substituting (31) into (32), also will result inwetion (24). Once one have the risk adjusted
hurdle rate, m and the risk free rate r, the valu@ for the process can be calculated using
equation (27). Then the value of a can be calaodlasing equation (26).



3.1 Deferral Option Estimation

After determining the volatility for the projecte next step will be the estimation of the
real option to defer the project.

Starting with the Black-Scholes Differential pakéguation shown below, the option type,
if European or American, will depend on the bougdamditions of the equation.

6F1

W2 V2 Ba; (r—a)V——rF 0 (33)
o 2

In order to obtain the Black-Scholes Formula fordpean call option, an only boundary
condition is needed (Wilmott, 2007):

F(V, T)=Max(V — X; 0)

In this case, equation (33) will have an analytmalution resulting in the Black-Scholes
Formula.

In the case of an American call option, there atg boundary conditions (Dias, 2006):
For V=0, F(0;t)=0

For t=T, F(V, T)=Max(V-X; 0)

And the last two boundary conditions are in theshold:

F(V',t)= V" - | (“smooth-pasting condition”)
oF . . o
W(F ,t) =1 (“high contact condition”)

Dias (2006) developed saftware called Timing that solves the Black-Scholes PDEsfo
American call option through the numerical approiions of Bjerksund & Stensland
(available athttp://www.puc-rio.br/marco.ind/timing.htl This software graphs the F(V,
t) values, and the threshold curve V*(t), and cltas the probability of exercise (in the
case of waiting to invest) and the expected firding time. The Timing software will be
used in order to determine the deferral option @ahstead of using a binomial tree and the
binomial equation. Timing software is more predisen the binomial formula.

4. RESULTS
All discounted cash flows have the following preesis

» Constant currency (2006 American dollars);
* Real values for the cash flow (all prices are wadies, and there is no inflation);



» Discounted values to Jan. 2008 (t=0);

» 10 year of economic life of the project;

* No perpetuity or terminal value is considered;

* Regarding taxes, only the PIS/ COFINS recoveryislered;

* Other taxes considered are: PIS/ COFINS 9,25%, ICMN%, income tax and
CSLL, 34%. CPMF: 0,38%;

e Currency R$ 2,00/ US$;

* Total investment: 300 million dollars and depreciatin 10 years;

» Capital investment schedule: 10% in the first y&&% in the second; 30% in the
third year,;

» For the depreciation/ amortization calculation®ada. inflation is considered.

The total capacity of the plant is 300 kt/a of pAepe. It was considered a production
curve of 80, 90 e 95% of the total production c#yac

The change in working capital will be the total ltagjuivalent to: 5 days of operational
costs; 30 days of product inventory; 30 days of-raaterial inventory; 45 days of product
term sales; 60 days of raw material term supplygdys of other materials supply; 15 days
of other payments; 15 days of wages; e 15 dayaxast In the last year of investment, a
provision equivalent of 80% of the working capitamade.

Fixed and variables cost of the plant were obtafnma literature, from a typical propylene
unit.

The risk free rate and the adjusted discount ratesidered are respectively 4,32% and
9,02%.

4.1 Modeling PP Growth Demand

An attempt to model the PP demand growth as a ifuma the GDP growth stochastic
process was made.

The Brazilian Gross Domestic Product (GDP) timdesefrom 1963 to 2006 are shown
below (currency: 2006 constant Reais)
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Figure 1 - GDP 1963 to 2006

It is clear that the Brazilian GDP has a drift. Adhally, unit root test does not reject the
random walk for this series. So, there is no evigeggainst the use of a GBM to model the
Brazilian GDP.

The GBM parameters for the Brazilian GDP (estimdtech the series above) are shown
below.

IN(Py/P+.1) a. a.

mean 4,22%
variance 0,16%
standard deviation |4,03%
alpha 4,31%

Table 5 — GBM Parameters for GDP

The polypropylene market was estimated based ofQABY 2006 data. In 2005, the total
polypropylene production was 1212,2 kt/a. In theaaoeriod the total volume of imported
polypropylene was 85,59 kt/a and the total volumpoeted was 227,76 kt/a. Then the
Brazilian demand of polypropylene in 2005 was 120227,76+85,59 = 1070,03 kt/a.

If the total demand of PP is regressed againstotia¢ brazilian the Gross National Product
(GDP) the following graph is obtained:
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Figure 2 — Demand x GDP Regression

The PP demand is highly correlated to the GDP iazBr The equation shown is the
regression equation and it will be used to link 2P processes to the PP demand. So

Total demand (t) = 1,1774 x GDP (t) -1532,7 )(34

The polypropylene prices were different accordmghieir destination. If the polypropylene
is exported, its prices will be the reference pricénus US$ 80 per ton. If the

polypropylene is sold in the internal Brazilian ket its prices will be the reference price
plus US$ 150.

As a first approximation, it will be considered thewth of Brazilian market does not
affect the international prices, once the pricesiaternationally determined and Brazil is a
relatively small market comparing to the Chinesek®iand the rest of world’s market.

The internal sales of the Project will be the dé#fece between the PP demand and supply
in Brazil. The total demand will be given using atian (34). For each year the GDP value
is simulated and then the total demand is caladlaséng equation (34).

The actual installed capacity of PP plants in Br&zil335 kt/a. Considering that the
maximum production capacity is 95% of the totaltalied capacity, and that until 2011
will have two 300 kt/a polypropylene new units ardexpansion of 100kta of an existing
unit, the total PP supply in 2011 considered is81956 kt/a.

A minimum import of 10% will be considered for gkars, considering that is not possible
to fully occupy the internal PP market.



4.2 Calculating the Project Volatility

The project aggregated volatility was calculated ddferent cases, considering different
possibilities of stochastic processes for price aiad. The correlation between prices
considered is 74% (monthly prices correlation)e&th simulation, ¥Yis the project value
for N(0;1) = 0. This is also the value of projeatheut flexibility for each case.

First set of simulations were made considering difeerent stochastic process for the
propylene prices, PP prices and considering a G&Mhie GDP process. The results are in
table 6 below. For each case, both real and riskalesimulations were made.

When simulations for polypropylene and PP prices @erformed together using a GBM
model, the value of ¥becomes negative in most of the iterations. Tlasawr is that the
raw material drift (propylene) is greater than gneduct drift (PP drift), so that the margin
of PP and propylene became negative for most ofitdrations. As a result, EfY is
negative. The value of Ms also negative. This is not consistent to a GieMhe value of
the project. So cases 5 and 6 can not be used.

In the case of risk neutral simulation, the newtdequation 27) of the GDP becomes
negative. This significantly affects the value qfrésulting in a greater variance of V, and
a different volatility. So is not recommended t@ wmulations 2 and 4 for the real option
calculation.

The real simulation considering MRJ’s for priced anGBM for the GDP (case 3) resulted
in a greater value fax thanp. In other words, the project profits will grow nean average

than the discount rate. In this cadehecomes negative. So this case was not considered
also.

Case 1 2 3 4 5 6
Simulation Real Risk neut. Real Risk neut. Real Risk neut.
Propylene price MR MR MRJ MRJ GBM GBM
PP price MR MR MRJ MRJ GBM GBM
Demand GBM GBM GBM GBM GBM GBM
V(t = 0), MM USD 280,5 143,59 278,6 94,52 (52,0) (249,83)
EV(tsimul) ] 303,8 148,0 306,5 101,7 (112,4) (317,9)
varV(tsimul)] 4.879,8 5.280,5 17.908,8 21.530,0  199.512,8  213.732,8
Ov 22,70% 46,48% 41,77% 106,08% 167,95% 106,60%
(04V] 7,99% 7,71% 9,57% 12,04% 77,07% 28,79%
oy 1,03% 1,31% -0,55% -3,02% -68,05% -19,77%

Table 6 — Simulation results for stochastic procedsr prices and GDP

The next set of simulation results do not consater stochastic process for the GDP and
PP demand growth. It is shown in table 7 below. pr@blem with the GBM margin for
prices is still present. So cases 11 and 12 cabeaised. The real and risk neutral results



considering MR and MRJ for prices become closee ptoblem of obtaining a negative
dividend yield happens again in cases 8, 9 and 10.

Comparing case 1 to case 7 it is possible to s#ethle demand growth variable does not
result in a much higher variance of ® a much higher volatility. The effect of the damd
growth is not additive to the volatility of the peot for two reasons: first, this variable
affect the value of the project in its first yeafsoperation, until demand growth develops
enough and all the production can be sold in thermal market. Also the effect of chance
in the demand result on more or less exports tfeasald with discount in the international
market.

Case 7 8 9 10 11 12
Simulation Real Risk neut. Real Risk neut. Real Risk neut.
Propylene price MR MR MRJ MRJ GBM GBM
PP price MR MR MRJ MRJ GBM GBM
Demand CONST. CONST. CONST. CONST. CONST. CONST.
V(t = 0), MM USD 281,1 361,96 279,13 310,28 (51,44) (34,07)
EV(tsimul)] 304,1 384,0 306,8 326,1 (112,1) (93,4)
VarW(tsimul)] 4.259,9 9.936,5 17.326,1 21.478,9 198.857,6 213.713,8
Ov 21,22% 25,54% 41,11% 42,89% 167,99% 179,94%
(04V] 7,88% 10,60% 9,45% 9,69% 77,94% 105,58%
Ov 1,14% -1,58% -0,43% -0,67% -68,92% -96,56%

Table 7 — Simulation results for stochastic procedsr prices

A last set of simulation are shown below (table@&)sidering only stochastic processes for
PP prices. This would be the case of an integredetpany from crude oil production to PP
production. In this case the raw material price banregarded as a constant transferring

price.

Case 13 14 15 16 17 18
Simulation Real Risk neut. Real Risk neut. Real Risk neut.
Propylene price | CONST.=671 | CONST.=671 | CONST.=671 | CONST.=671 | CONST.=671 | CONST.=671
PP price MR MR MRJ MRJ GBM GBM
Demand CONST. CONST. CONST. CONST. CONST. CONST.
V(t = 0), MM USD 355,72 359,35 349,63 355,20 876,87 772,19
E[V(tsimul)] 393,7 372,4 402,2 393,4 1.002,8 854,4
var[V(tsimul) ] 8.043,5 5.234,0 31.108,8 38.317,1 | 167.065,8 | 181.761,0
Ov 22,49% 19,25% 41,94% 47,04% 39,20% 47,15%
Qy 10,14% 8,27% 14,02% 14,90% 13,42% 14,81%
Ov -1,12% 0,75% -5,00% -5,88% -4,40% -5,79%

Table 8 — Simulation results for stochastic procedsr PP prices only

The mean reversion result in the smaller values tha volatilities. The volatility
considering BGM or MRJ have similar values.



4.3 Deferral Option Estimation

Case number 1 was chosen for the real option @dlonk as a base case. The real option
parameters are shown below:

Vo [280,48| @ |22,7%
X=128582| a [7,99%
T 10 5 |1,03%
Table 9 — Real Option Parameters

Using these parameters, the delay option was estimdgorough the Timing Program
(available athttp://www.puc-rio.br/marco.ind/timing.htnlThe outputs of Timing Program
are shown below.

2.1) The value of the threshold (level of optimahimediate investment) V' *
V* = 1973,7 $ millions
V¥ = 6,906 unitary threshold (see chart below)

Options theory suggestion: WAIT AND SEE as th optimal action under uncertainty
2.2) The value of the option to invest (or the vakiof the investment opportunity) F

F= 100,750 $ millions

So, the option premium value (or the waiting vala) = F - NPV = 99,67 $ millions

2.3a) Probability of Exercise Occurrence wittHybrid Quasi-Monte Carlo Simulation (HQMC)

Probab* = 36,4%

2.4a) The expectedirst hitting time T* for V' to cross the threshold curve, given thatthe exercise
occurr

T* = 9,99 years

(using HQR)
Table 10 — Timing Output

From table 10, the calculated real deferral opti@as US$ 100,75 million. Timing also
draws two charts: the threshold cart and the rptibo value chart. These charts are shown
below.
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Figure 4 — Timing Program Real Option Value Chart

Alternatively, the real option value can be estedator the case 7 that considers MR for
prices only. The parameters of the real optionutaton are show below. The estimated
value for the option to delay in this case is US$02 million. The value of real option in
base case and alternative case are close to eleh as the its volatilities values were
close to each other too. Again the effect of theaaed growth is not additive, as discussed
before, and it could be neglected.

5. CONCLUSIONS

Considering the selection of stochastic models, Bld a drawback. It has a trend that
depends the data available for its estimation. d3tenated trend can be a value that is not
consistent in the long term. In the present wor®MBmodels for raw material and product
could not be used together in simulations, oncerdlae material drift had a higher value
than the product drift value. This is a situatibattis unbearable in the long term, otherwise
all PP producers would shut their doors. In thimpbR process can be more realistic that
BGM. However, modeling petrochemical prices withrgopmmean reverting process is not
recommended, once petrochemical projects have ceycbehavior. In this case, MR
process can underestimate the volatility of thejgatp and the real option value. The



solution would be a combined process like MRJ. W] volatility can be close to BGM
volatility (see cases 15 and 17).

Comparing risk neutral simulation with real simwdatfor BGMs processes, sometimes the
risk neutral simulation can result in negative esldior the risk neutral drift, as in the case
of the GDP process. These could be a draw badkéorisk neutral simulation.

The uncertainties related to petrochemical pricasegate a value to wait even in the most
conservative cases.
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