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Abstract

This work presents innovations with a-stable processes to value a structured product to minimize energy
costs in a given period assuming that an organization selects between oil and gas to produce electricity.
The short position of the European put option is to minimize energy costs and the long position of the
risk-free bond has a nominal value equivalent to a forward contract and is the estimated energy cost that
the organization is willing to pay. The innovation is the valuation of the structured product modeling the
underlying returns with an a-stable stochastic process. The performance of the returns is analyzed with
descriptive statistics and the a-stable parameters estimation, statistically justifying the relevance of the
astable process with goodness of fit tests. Concluding that hedging for price risk minimizes energy costs,
a-stable options are statistically more efficient and less expensive than Gaussian options and that gas is
less expensive than oil in the period studied.
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Resumen

Este trabajo presenta innovaciones con procesos a-estables para valuar un producto estructurado para
minimizar costos energéticos en un periodo dado suponiendo que una organizacion selecciona entre
petroleo y gas para producir electricidad. La posicion corta de la opcién europea de venta es para
minimizar los costos energéticos y la posicion larga del bono libre de riesgo tiene un valor nominal
equivalente a un contrato a plazo (forward) y es el costo energético estimado que la organizacién esta
dispuesta a pagar. La innovacion es la valuacion del producto estructurado modelando el rendimiento
subyacente con un proceso estocastico a-estable. EI comportamiento de los rendimientos es analizado con
las estimaciones de los estadisticos descriptivos y los parametros a-estables, justificando estadisticamente
la pertinencia del proceso a-estable con pruebas de bondad de ajuste. Concluyendo que la cobertura para
el riesgo de precio minimiza los costos energéticos, las opciones a-estables son estadisticamente mas
eficientes y menos costosas que las opciones gaussianas y que el gas es menos costoso que el petréleo en
el periodo estudiado.

Cadigo JEL: C16, C46, C14, D81
Palabras clave: procesos estocasticos; ingenieria financiera; productos estructurados

Introduction

If an organization has a choice between oil and gas to produce electricity, it will use oil when it is less
expensive than gas and gas when it is less expensive than oil. That is, the organization uses either energy
source to minimize production costs. Substitution of that source generates price competition between oil
and gas for supply and demand. The price of gas is usually lower than the price of oil, but there are periods
when the relation is inverse.

Hartley et al. (2008) analyze the relation between natural gas and crude oil prices, concluding
that the relation between gas and oil prices is indirect, technology is important for the long-term relation
between prices, and short-term deviations are influenced by inventories, weather, and seasonal factors.
Venegas Martinez (2008) presents the valuation of options with Lévy processes.

Moutinho et al. (2011) analyze the short-run dynamics between commodity prices and
electricity prices in Spain from 2002 to 2005 and the long-run relation between the stochastic trends of
fuel, gas, coal, and Brent prices. They conclude that in the long run, the relation of gas and Brent prices
is correlated and that the price of gas explains the price of electricity.

Dahl et al. (2012) indicate that gas prices in the UK spot market follow a similar pattern as the
international oil price, the gas spot market is more liquid, an increasing proportion of gas is used to
generate electricity, competing with coal and nuclear, and an increasing level of natural gas is imported.

They find that the stochastic trend of Brent is less predominant than that of National Balancing Point gas.
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Murphy and Oliveira (2013) examine the pricing of option contracts on the strategic petroleum
reserve and consider how it is likely to be used by the government or refineries. The analysis shows that
strategic petroleum reserve management produces social welfare.

Atil et al. (2014) analyze the translation of oil prices into gas and gasoline prices, concluding
that oil prices influence gas and gasoline prices. Joéts (2014) analyzes price translations in European
energy futures markets (oil, gas, coal, and electricity) with maturities of 1, 10, 20, and 30 months in periods
of normal and extreme volatility, showing that the increases in energy prices are more marked with
extreme volatility, while they are almost nonexistent with normal volatility. In other words, energy
markets behave like financial assets, and portfolio diversification is more profitable in the long run.

Gonzélez Pedraza et al. (2014) analyze the behavior of energy price risk, where the exposure to
energy markets is a portfolio of oil, gas, coal, and electricity that models energy returns with generalized
hyperbolic conditional distributions with daily energy futures data from August 2005 to March 2012. The
analysis shows the importance of leptokurtosis and skewness in the distribution of energy risk factors,
concluding that risk measures for energy portfolios with standard methods and in models with exponential
extreme decay underestimate risk, particularly for short positions and short-termism.

Stern (2014) indicates that international gas prices reflect the market fundamentals of the 1970s
and 1990s, when gas replaced oil and oil derivatives, and that gas and oil are energy sources competing
with other energy products, such as coal.

Kilian (2015) indicates that oil price shocks have been recurring since the 1970s. The author
shows the evolution of the U.S. oil price from a historical perspective and compares it with the price of
coal and gas, concluding that positive oil shocks are associated with recessions in importing countries and
that an increase in the oil price is a sign of scarcity and a precondition for the development and adoption
of alternative energy technologies.

Schdéne (2015) indicates that modeling the cash flows of an investment project deserves attention
in the valuation of real options on commodities where an empirical study reveals that prices are not
stationary and have returns that do not exhibit a Gaussian distribution. The results suggest that the choice
of the stochastic process has significant implications for valuation and optimal investments.

Gatfaoui (2015) states that the prices of energy products are based on factors such as
development and delivery costs, i.e., supply. The balance between demand and supply determines the
prices of energy products that depend on seasonal and periodic weather effects (temperature, rainfall, or
humidity). Supply and demand depend on production costs. Electricity generation is the result of
transforming fossil fuels (oil, gas, and coal), so there is a correlation among the prices of electricity, oil,
and gas: consumers use gas compared to oil products. Gas consumption depends on the price differential

with oil. Gas consumption generates efficiency gains in the transportation industry, while the heavy truck
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sector has tax incentives to substitute oil with gas. The electricity sector chooses oil or gas as an energy
source to produce electricity, managing substitution opportunities. The substitution process requires
investment (equipment or technology), which explains the limitations of the opportunities for substituting
oil or oil products with gas after 2005 and that result from the investments in infrastructure necessary to
enable substitution. Substitution between oil and gas establishes implicit gas prices and price competition
between the two energy sources. The ability of consumers to switch from oil to gas or from gas to oil
contributes to the stabilization process. Organizations arbitrage the oil and gas price differential to
accommodate the efficiency differences between oil and gas as energy sources. In New York and New
England, approximately 30% of electricity generation is a result of energy switching, and given the
shortage of gas in cold periods, increases in energy consumption are generated and gas is the main energy
source. Hence, power plants use oil to produce electricity and satisfy energy switching by compensating
for the shortfall in gas supply.

Shahmoradi and Swishchuk (2016) indicate that oil price returns exhibit a distribution with
heavy extremes and skewness (leptokurtosis and skewness). They then use the inverse Gaussian process,
the diffusion process with jumps, and the gamma variance process as three Lévy processes with extremes
with a higher frequency than the Gaussian distribution. They use the fast fractional Fourier transform to
calibrate the parameters with data from European options on oil futures and conclude that these three Lévy
processes perform best out of the sample of at-the-money options. Vaclavik and Klimesova (2016) analyze
the valuation of gas-exchange options, which are a set of put options on a spread between the prices of
various energy commodities, and indicate that the valuation model is important.

Arrigoni et al. (2019) state that the Canadian government introduced a carbon tax to reduce
greenhouse gas emissions. They define a carbon pricing approach and carbon price as the tax needed to
motivate electricity producers to switch from coal to natural gas. They model prices under three stochastic
procedures: inverse Gaussian, Gaussian, and Heston, concluding that the inverse Gaussian process
outperforms the Gaussian and Heston processes because it considers the nature of energy prices.

Hilliard and Hilliard (2019) develop a diffusion model with jumps for valuation and hedging
with margined options on Brent futures. Model parameter estimation and out-of-sample pricing errors are
calculated using data on Brent crude oil contracts. They conclude that an option on an underlying equity
is effectively hedged by a portfolio with two margined options and the underlying.*

Fang and Chag (2020) use the fast fractional Fourier transform to analyze the efficiency of

option pricing with the Lévy process. The results indicate that compared with the Gaussian model, the

Margin options do not require an upfront payment and there are no early exercise premiums.
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calibration errors for the Lévy process are smaller. They conclude that the parameter estimation makes
the price valuation more accurate, reducing the risk of poor option valuation.

This paper is organized as follows: in section 2, the procedure for structuring the portfolio with
the risk-free bond and the European put option on the relation between gas and oil prices is explained, and
the definition of the a-stable distributions and the proposed model for the valuation of the European a-
stable put options are presented. In section 3, the analysis of the distribution of returns is carried out with
the estimation of the descriptive statistics and the a-stable parameters; the Kolmogorov and Smirnov and
Anderson and Darling goodness-of-fit tests are performed to justify the relevance of the a-stable
distribution; and the fits of the Gaussian, a-stable, and t-Student distributions with the absolute frequencies
of the returns are presented. In section 4, the European put options are valued, and a sensitivity analysis
is performed. Finally, section 5 presents the conclusions and the bibliographical references.

Structured product

This section presents the theoretical framework and explains the procedure for the valuation of the
European option to swap oil for gas.

Put option to substitute oil with gas

This study assumes an organization with a dual-energy infrastructure to alternately use two energy sources
to operate a power plant and produce electricity. The organization generates electricity by switching
between oil and gas. Then the power plant plans the future switching date to use an alternative energy
source to cover consumption increases and compensate for supply shortages in the initial energy source.

Assuming that the organization uses oil or gas as a source of energy for production, then the
organization has the following scenarios:

1. Buying oil when the price of oil is lower than the price of gas.

2. Buy gas when the price of oil is greater than or equal to the price of gas.

Assuming that the organization establishes an energy strategy for a given period and the energy

choice is made at a future date | , then the organization optimizes energy costs at future date T by
purchasing the least expensive energy source, and the optimization strategy is equivalent to forecasting

the trend of energy costs in the short or medium term.



J. A. Climent Hernandez, et al. / Contaduria y Administracion 67 (1), 2022, 1-25
http://dx.doi.org/10.22201/fca.24488410e.2022.3035

If GT and PT are the oil and gas prices at date T , when the energy choice decision is made,

and if T is the energy cost that the organization forecasts while making the energy decision at moment
T , then the organization has the following scenarios:

1. G; > P, the organization buys oil and C; = P

2. G; < P, the organization buys gas and C; =G,

The organization's energy cost at moment T is the minimum between the price of gas and the

price of oil, equivalent to the following scenarios:

1. MT=%>1and C, =R

T

2 |\/|T=%SladeT=GT

T

The resulting energy cost at moment T is:

C, =P min %,1 =R min(M;,S)
T

@)
where |\/|T is the underlying price, and S =1 is the settlement price at maturity. Then, the

organization uses oil when the price of oil is lower than the price of gas and uses gas when the price of
gas is lower than the price of oil. Therefore, the organization's energy cost includes the price of a European
option to substitute oil with gas as an energy source. The energy cost in Equation (1) is written,

equivalently, as:
C =R (S—max(S—MT,O))

2

S—max(S—M;,0)

where is a portfolio formed by the long position of a risk-free bond

and the short position of a European put option on the underlying (relation between the price of gas and

the price of oil) with settlement price at maturity S=1 and maturity at moment T , i.e., a product

structured on the relation between the price of gas and the price of oil.
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The European put option is an option to substitute oil with gas because it is exercised when the
price of gas is lower than the price of oil at moment T . Then the organization's energy cost is the long

position of a risk-free bond with a face value equal to the price of oil at moment T , and the short position
of a European put option to exchange oil for gas equal to the price of oil. Therefore, the option to substitute
oil with gas minimizes the organization's energy costs compared to an oil-only energy policy. The energy

cost of Equation (2) is equivalently written as:

C, =P, (1-max(1-M,,0)) =P, (1-E(max(L- M, ,0)|F, )

®)
E(max (1-M;,0)|F, )

where is the price of the European put option on the maturity

date T ; 1.e., the intrinsic value or settlement payment of the option to substitute oil with gas.

The energy hedging strategy has the following patterns:

1. The decision date is set to define the horizon of the hedging strategy.

2. The short position of the European option to change the energy source is taken prior
to the decision regarding the choice of energy sources.

Therefore, option valuation is necessary to structure the hedging strategy. The valuation of the
European option quantifies the organization's savings through the ability to substitute the energy source.
Therefore, the energy price uncertainty is modeled, and consequently, the risk is quantified with an option

to optimize the organization's energy cost.

a-stable distributions

S(a, B.7,9)

The a-stable distributions are characterized by four parameters and are denoted by ,

where the stability parameter O<a<2 indicates the degree of leptokurtosis and the slope with which
-1< <
the extremes of the distribution decrease. The skewness parameter 1< ﬂ <1 indicates the degree of

asymmetry, and the scale parameter 7> 0 indicates the units of dispersion for the location parameter

—00 <6 <0 , which indicates the location point and the distribution mode. The a-stable distributions

generally do not have a closed analytical expression to characterize the random variable, but the
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K K
characteristic function Pz ( ) or cumulant function Yz ( ) uniquely characterize any a-stable

random variable. A random variable Y is a-stable if and only if Y= 7/2 + 5, where Z is a random

variable with the following characteristic function:

exp[_|K|“ [1_lﬁsgn(zc)tan(%jD it a1

exp[—|z<|(l—%ﬂsgn(x)ln(K)D it a=1

o, (xk)=E (exp(zKZ )) =

4)
where
— xk#0
sgn () =1 |«]
0 x=0
The cumulant function of the random variable Z has the following form:
—|x|" (1-1Bsgn (x)tan (0)) 1t si @ =1
v, (k)=In(e,(x))= ,
- (1) =In(g (x)) —|K|(1—&ﬂsgn(z<)ln(z<)j "sia =1
T
()

where 72 =—1.

The a-stable distributions have closed analytical expressions for the following densities:

1. Gauss: S (2, 0, 22" o, ,u)

2. Cauchy: S (1, 0,7, 5)

3. Lévy: S(Z_l,il,7,5)
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Valuation of european a-stable put options

The properties of historical returns allow the properties of risk-neutral returns to be deduced to perform
the valuation of options considering stylized events and real market conditions. Consequently, in an
incomplete and risk-free market, the price of the European put option is calculated as the present value of

the expected settlement payment with respect to the risk-neutral measure:

p(t,M,)=exp(—iT)E® (max (S —M,,0)|F,)

(6)
where EQ (max ( S-M,, 0) | F, ) is the conditional expectation of the settlement payment
with respect to the information at moment t.

Schéne (2015) and Gatfaoui (2015) indicate that the cash flows of an investment project deserve
attention because an empirical study reveals that energy source prices exhibit returns without a Gaussian
distribution. Thus the choice of the stochastic process has significant implications for the valuation of
options and optimal investments. Therefore, the first innovation presented in this paper is to assume that

the distribution of returns is a-Stable, the second is to justify its suitability statistically, and the third is the

valuation of the European option on the proposed index with the following a-stable model:

M, exp(-rz)®@(d; e, B)-Sexp(-ir)®(d;a,—B)

M, exp(—r7)(1-®(~d;a,~5)) - S exp(~ir) (1-®(~d: s, B))
p(tM,)= Sexp(-ir)®(-d;a, f)-M, exp(-rr)®(-d;a,- )

Y sexp(—ir) (1-@(d; a2, —-B)) - M, exp(—r7) (1-@(d; . B))

C(t'Mt):

O]

with:

re” (®)
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where |\/|t is the relation between the energy sources, S is the settlement price, i is the
Mexican risk-free interest rate, I' is the U.S. risk-free interest rate, » is the annual scale of returns, and

7 =T —1 is the remaining time, where T is the options' term and 1 is the elapsed period.

The model applied is similar to the one proposed by Contreras Piedragil and VVenegas Martinez
(2011) and Rodriguez Aguilar and Cruz Aké (2013) and is based on the valuation of the structured
guaranteed equity product proposed by Climent Hernandez and Cruz Matu (2017), where the parameters

of the a-stable distributions are ¢, /3 and y . Considering that the bounds for the valuation of European

put options are:

méx (S exp(—iz)—M, exp(—rz),0) < p(t,M, ) < Sexp(-iz),
9)
where the valuation of European put options is arbitrage-free and considers a leptokurtic and
asymmetric distribution of returns. The European put option to exchange oil for gas is exercised when the

relation between gas and oil prices is less than unity (MT <l) , 1.e., when gas is cheaper than oil.

Analysis of the distribution of returns

With the data under consideration, the relation between the gas and oil prices with the data sample is

calculated.
Oil and gas price returns

The daily sample data are from January 7, 1997, to July 19, 2019, with 5 350 observations for each series?,
considering the Mexican export crude oil blend price in dollars per barrel and the Henry Hub natural gas
price in dollars per million British thermal units. The gas and oil price relation is calculated with the
thermal conversion of gas to equivalent oil barrels; according to Gatfaoui (2015), one oil barrel represents
5.65853 million British thermal units. Next, the gas price equivalent to the oil price is calculated by
multiplying the gas price by 5.65853, and the relation of gas and oil prices is calculated as the quotient

between gas price and oil price and the logarithmic yields are calculated as:

2Qil price from www.banxico.org.mx/apps/gc/precios-spot-del-petroleo-gra.html
Gas price from https://www.eia.gov/dnav/ng/hist/rgwhhdd.htm

10
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R =In(M,)—In(M,,)

M, . o . . .
where is the current underlying price, i.e., the relation between gas prices (equivalent to

the oil price) and oil prices. The descriptive statistics of the yields are presented in Table 1.

Table 1

Descriptive statistics

min(R) méx(R) R R R Sq o g
-0.5859 0.5594 -0.0003 -0.0004  0.0000 0.0503 0.4528 15.4672

Source: created by the authors with data from Banxico and EIA

Table 1 presents the descriptive statistics, and the following hypotheses are proposed:
1.The returns are leptokurtic and skewed
2.The returns are a-stable

Estimation of a-stable parameters

The returns analysis indicates that the distributions are leptokurtic and skewed. Next, the estimation of a-
stable parameters is performed with the maximum likelihood method with confidence intervals of 95 %
and presented in Table 2.

Table 2

Estimation of a-stable parameters
o B v )
1.6569+0.0415 0.0072+0.1071 0.0254+0.0007 -0.0007+0.0012

Source: created by the authors with data from Banxico and EIA
Table 2 presents the stability and skewness parameters that indicate that the distribution of

returns is leptokurtic, with positive skewness approaching zero and negative location parameter also

approaching zero, so the distribution of returns is leptokurtic and symmetric around the origin.

11
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Goodness-of-fit tests

The quantitative analysis to test the hypothesis that the returns are a-stable with the Kolmogorov and
Smirnov goodness-of-fit statistic is presented in Table 3.

Table 3
Kolmogorov and Smirnov tests (95 %)
Distribution P (D > d) D
Gaussian 0.0000 0.0764
a-stable 0.4034 0.0122
t-Student 0.9218 0.0075
VEG 0.0000 0.1831

Source: created by the authors with data from Banxico and EIA

Table 3 presents the descriptive significance levels that indicate not to reject the hypotheses that
the returns are o-stable or t-Student, and indicate to reject the hypotheses that the returns are Gaussian or
generalized outliers. The quantitative analysis to test the hypothesis that the returns are a-stable is

supplemented with the Anderson and Darling statistic and presented in Table 4.

Table 4
Anderson and Darling tests (95 %)
Distribution P (A2 > a2> D
Gaussian 0.0000 0
a-stable 0.4710 0.8140
t-Student 0.9156 0.3281
VEG 0.0000 0

Source: created by the authors with data from Banxico and EIA
Table 4 presents the descriptive significance levels that indicate not to reject the hypotheses that

the returns are a-stable or t-Student, and indicate to reject the hypotheses that the returns are Gaussian or

generalized outliers.

12
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Distribution fits

The fits of the a-stable, t-Student and Gaussian distributions to the absolute frequencies of the returns are
presented in Figure 1.

The results in Tables 3 and 4 indicate that a-stable or t-Student® distributions are more efficient
than Gaussian or generalized extreme value distributions for modeling the empirical behavior of returns.
Therefore, a-stable distributions are relevant for modeling returns and managing market risks (price risk).

400

""" gaussiano
350 ——a-estable
= = =t-Student

250

200

100 |

0 : . = ’
-0.4 -03 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Figure 1. Return fits
Source: created by the authors with data from Banxico and EIA

Figure 1 presents the fits to the distributions, and the fits indicate that the estimation of the a-
stable distribution is relevant for the valuation of the European put option on the relation of gas and oil

prices.

3This paper does not aim to perform option valuation with t-Student processes as proposed by Cassidy et al. (2010).

13
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Valuation of the european put option

Estimating a-stable parameters for risk-neutral density and goodness-of-fit tests justifies the valuation of
European put options on the relation of gas and oil prices to exchange oil for gas. Then, with the data of

July 19, 2019, the valuations of European put options are performed with the following initial factors:
M, = 0.2284 7=0.7148 1=0.0822 r=0.0188 ,4S =1 i hedging business

periods from July 22, 2019, to March 13, 2020.
Options are a contingent right dependent on the underlying price at the maturity date, so the
valuation of European options is performed with the Gaussian and a-stable models. The performance of

the underlying during the hedging period is presented in Figure 2.

0
050 — AM[,CXP[I:f-J'-_;"J"}‘“SCC[E-LTr!))T‘*”}'T” ZL-T]C)
a
045 —° M“cxpuf-,urz"az)rwrz Z 1)
—M

t

1)

-1
—=- ;’I/:’ucxp((i-r+2'l02)7-(772 Zl-“ ¢

-1
e AM[,CXP[I:f-J'—_;"J"}‘“S(lctz-LTr!)) ey Z, 1(}

Il
Aug 2019 Sep 2019  Oct 2019  Nov 2019 Dec 2019  Jan 2020  Feb 2020 Mar 2020

0.05

Figure 2. Oil and gas relation performance
Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Figure 2 presents the performance of the underlying, which indicates that on March 11, 12, and
13, 2020, the underlying breaches the upper bound of the a-stable confidence interval of 99% because the

price of oil declined from 35.75 to 25.93. If the underlying price is greater than or equal to the settlement

>S5
price ( T ) then the structured product (portfolio) has bounded profits because the long position

of the bond and the obligations for the settlement payment of the short option position are zero; therefore,

I, =S+ p(t,M,)exp(iT)

. . (M <S)
the portfolio's value is . Otherwise , the structured

14
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product has smaller gains because the settlement payment obligations are equal to the energy cost savings
I, =p(t,M, )exp(iT)+M

paid by the long bond position; so, the portfolio value is =~ ' p( ‘) p( ) T,

Therefore, the increase in the underlying price increases the portfolio's earnings. The valuation of

European put options using Equations (7)-(9) is presented in Figure 3.

—— 4}({,;’!/{{)
p“(r.M")

o
-
=)
T
!
i

........... max(Sexp(-i T)—M{ exp(-r7).0)

3
S
T

0.69

0.68 -

67 L 1 L 1 1 L 1 L
Aug2019  Sep2019  Oct2019 Nov2019 Dec2019  Jan2020  Feb2020 Mar 2020
Figure 3. Valuation of European put options
Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Figure 3 presents the valuation of Gaussian, a-stable, and lower bound options for the hedging
business period and indicates that Gaussian options overestimate price risk, and a-stable options minimize
arbitrage opportunities because the price of European a-stable put options written on the relation between

gas and oil prices is the lower bound of Equation 9), ie.,
P, (t, M, ) = Max (S exp(—ir) -M, exp(—rr), O) . The valuation of European put options

with expiration dates on Fridays in the middle of each month is presented in Table 5.
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Table 5

Valuation of European put options

Maturity p(t,M,) p,(t,M,) Se™™-Me ™ méx(S—M,;,0) U(IL,)
16/08/2019 0.7657 0.7629 0.7657 0.7474 1.0231
20/09/2019 0.7583 0.7514 0.7583 0.7833 0.9858
18/10/2019 0.7524 0.7417 0.7524 0.7447 1.0233
15/11/2019 0.7466 0.7314 0.7466 0.6957 1.0712
13/12/2019 0.7410 0.7205 0.7408 0.7652 1.0006
17/01/2020 0.7340 0.7061 0.7336 0.7873 0.9770
14/02/2020 0.7287 0.6943 0.7279 0.7688 0.9944
13/03/2020 0.7236 0.6822 0.7223 0.5462 1.2158

Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Table 5 presents the valuation of the Gaussian, a-stable, lower bound, intrinsic value, and

portfolio utility options, and indicates that the value of the options decreases as the hedge period increases,

the underlying prices are less than the settlement price ( ) in the short term, the proposed hedge is
efficient in the short term, the savings (intrinsic value) from the energy cost decrease in inverse proportion
with the increase in the underlying price, and the portfolio profits increase in direct proportion with the

increase in the underlying price. The structured product has a minimum guaranteed principal equivalent
p, (t,M,)exp(iT)
term and a maximum gain equal to the face value of the bond and put option

S+p, (t,M,)exp(iT)

to the valuation of put option reversed at the risk-free interest rate during the

on the maturity date. The savings performance is presented in Figure 4.
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Figure 4. Intrinsic value
Source: created by the authors with data from Banxico, Federal Reserve, and EIA
Figure 4 presents the energy cost savings and indicates that they are equivalent to the payoff and
decrease in inverse proportion to the increase in the underlying price. The proposed hedge of the structured
product is efficient because when the underlying price exceeds the upper limit of the confidence interval,
the portfolio allows the trading of oil for gas and obtaining a profit equivalent to the product of the oil
Pp, (t,M, )exp(iT

price and the put option on the maturity date ' P ( t) p( ) considering the energy cost of
gas. The value of the structured product is presented in Figure 5.

125
——=S5+p( I..l[l yexp(iT)-max( $-M,.0)
120 F —5'p“1 L.‘Il)cxp(iTHn;l\t S-A\II‘O) ;
.......... S+max(Sexp(-if)-M exp(-it).0)exp(i T)-max( S-M_.0) {
#
1.15 i
i
i
i
1.10 i
H
i
1.05 {’
{]
£
1.00
0.95
L 1 ! 1 1 L
Feb 2020 Mar 2020

0.90 2
Aug 2019 Sep2019 Oct2019 Nov2019 Dec2019  Jan 2020
Figure 5. Value of the structured product
Source: created by the authors with data from Banxico, Federal Reserve, and EIA
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Figure 5 presents the value of the structured product at maturity date and indicates that the

p, (t.M,)exp(iT)+M

portfolio's value is T because the underlying price is lower than the

M, <S
settlement price ( T ) and the portfolio's value increases in direct proportion to the increase in

the underlying price. The hedge is efficient because it allows the trading of oil for gas and earning a profit
Rp, (t,M,)exp(iT)
assuming that the premium for the exchange rate risk is invested at the domestic risk-free interest rate
R (P, (t.M,)exp(iT)+M; )-G;

trading oil for gas. Then the proposed hedge is efficient when the underlying price is greater than or equal

equal to the product of the oil price and the put option on the maturity date—

during the hedge period—then considers the energy cost of

to the settlement price because the organization continues to produce electricity with oil when the price
of oil is lower than the price of gas.

Sensitivity analysis

The sensitivity analysis evaluates the efficiency of the structured product for the organization's energy

hedging, or equivalently, the ability to exchange oil for gas in the short term. The valuation of options

0<M, <15

where the underlying price varies in the interval and with hedging periods in the interval

1<T <365 days is presented in Figure 6.
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Figure 6. Sensitivity analysis with respect to period and price
Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Figure 6 presents the valuation of the options as a function of the hedge period and underlying

price and confirms that the value of the options decreases as the hedge period increases; it decreases as
18
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the underlying price on the trade date increases to equal the settlement price where the options have zero

value. The strategy is effective, and the valuation of the a-stable options adequately quantifies the price
, : _ (M, <S)
risk because when the options are traded in-the-money , then the value of the structured

Rp, (t,M )exp(iT
product on the expiration date allows oil to be traded for gas and the profit is TP ( t ) p( )

, or allows the use of oil and the profit is PP, (t’ Mt)exp(lT) =K (S -M; ) When the

M. >S
options are traded or out-of-the-money ( t ) and the options are in-the-money at the maturity date,

. M . . -
then the portfolio's value is T the option allows oil to be traded for gas, and the profit is

PM; -G, =0

, i.e., null, but considering the energy cost of gas for production. When the options

. . .. PS-P =0
are out of the money, then the portfolio value is S and the profitis T T . Therefore, when
the options are in-the-money on the settlement date, the organization minimizes the energy cost with the
hedge generated from the structured product by trading oil for gas, generating savings maximized as the

underlying price approaches zero and minimized as the underlying price approaches the settlement price.

M; <S) o _ .
, the organization continues to generate power with

When the options are out-of-the-money (
oil because the price of oil is lower than the price of gas. The probability that the European a-stable put

options are in-the-money as a function of the underlying price and the term is presented in Figure 7.

P M<S) o P (M<S)

10k G 1.0 :,—:"

91 \__— 05 M,
0 o

o T
0 o0

Figure 7. Probability of exercise with respect to period and price
Source: created by the authors with data from Banxico, Federal Reserve, and EIA
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Figure 7 presents the probabilities of options being in-the-money as a function of the hedge
period and the underlying price and indicates that the probabilities of trading oil for gas decrease as the
underlying price increases and increase as the hedge period increases; so the probabilities of options being
out-of-the-money are decreasing with respect to the underlying price. Therefore, the probabilities of the

options being out-of-the-money are decreasing with respect to the underlying price and increasing with

respect to the hedging period. The valuation of options with varying volatility in interval 0.1 < y < 0.9

and with hedging periods in interval 1 <T < 365 days is presented in Figure 8.

,,”u.\l_;
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Pa o e 078 < ——T
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Figure 8. Sensitivity analysis with respect to period and volatility
Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Figure 8 presents the valuation of options as a function of the hedge period and the scaling
parameter. It confirms that the value of the options decreases as the hedging period increases and is

constant with the change in volatility because the lower bound on the value of the European put options
is méx(S exp(—ir)— M, exp(—rz'),O). The valuation of the options varying the risk-free

interest rate in the interval 0.01<1i <0.15 and with hedging periods in the interval 1< T < 365

days is presented in Figure 9.
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Figure 9. Sensitivity analysis with respect to period and rate
Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Figure 9 presents the valuation of the options as a function of the hedge period and interest rate
and indicates that the value of the options is a convex function that decreases as the hedge period or
interest rate increase. The valuation of the options varying the settlement price in the interval

0.1<'S <1 and with hedging periods in the interval 1 <T < 365 days is presented in Figure 10.

p(eM)
e 08 ==

" 365 —~ 10

91

0 = 0
Figure 10. Sensitivity analysis with respect to period and settlement price
Source: created by the authors with data from Banxico, Federal Reserve, and EIA

Figure 10 presents the valuation of the options as a function of the hedging period and the
settlement price presented, and indicates that the value of the options is a convex function that decreases
as the hedging period increases, and increases as the interest rate increases.

The sensitivity analysis indicates that the savings and energy costs of switching from oil to gas
or continuing to use oil to produce electricity, respectively, are maximum when the underlying price

approaches zero and minimum when the underlying price approaches the settlement price. The
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organization's strategy using the structured product is financially efficient, even when the settlement price

is less than unity because the value of the portfolio minus the energy cost of production is:

R (S+p, (t,M,)exp(iT)—max (S —M; ))-min(G;, R, )
Then, if the price of gas is lower than the price of oil, the organization's profit is

PT P, (t, |\/|t )exp(iT ) , and if the price of oil is lower than the price of gas, hedging is efficient when

S+p, (t,M,)exp(iT)>1.

The above results exhibit that a-stable options are statistically more efficient than Gaussian
options in quantifying market risk, specifically price risk. The prices and profits of a-stable options are
lower than those of Gaussian options, and the use of gas is less costly than the use of oil to generate electric
power during the study period.

Conclusions

The structured product is analyzed as a diversified portfolio with a long position in a domestic risk-free
bond and a short position in a European put option issued on the relation between the price of gas and the
price of oil with a risk and return profile that is difficult to replicate with doubtful or capital market
products and provides access to a synthetic underlying.

Investors are generally unaware of the characteristics or valuation method, and their information
is focused on the payout diagrams and not on the probability of the contingent payout of the portfolio. On
the other hand, the issuers of the structured product hedge implicit risks by using derivative products, in
this case, a European put option.

The structure provides policies to minimize production costs to increase the competitiveness of
electricity-producing organizations. Changes in the price of oil generate changes in the energy costs of
electricity production that have economic consequences because energy costs are reflected in profits and
consumption.

The opportunity assumption to substitute oil with gas persists in the face of changes in oil and
gas prices, and the creation of hedges to minimize production costs generates savings that promote
competition. Parameter estimation and fit to the a-stable distribution confirm the ability to substitute one
energy source with an alternative source with a lower price and the innovation with a guaranteed capital-
structured product with the statistical justification of a stochastic a-stable process of the underlying return
because the descriptive statistics indicate that the underlying returns are leptokurtic and skewed. The
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Gaussian assumption of the analyzed returns is rejected with goodness-of-fit tests, whereas they do not
reject the a-stable hypothesis. Therefore, the a-stable process applied to the valuation of the European put
option is relevant and statistically justified. Therefore, the proposed energy strategy shows that a-stable
options are statistically more efficient than Gaussian options in quantifying price risk, in which the gains
obtained by European o-stable options are lower than those obtained by Gaussian options.

Sensitivity analysis indicates that the structured guaranteed equity product efficiently minimizes
costs and allows investors to participate in the potential gains of the underlying price while hedging against
potential losses. The European put option quantifies the organization's savings from substituting the
energy source of production, allowing it to earn a higher return than the national risk-free interest rate.
The structured guaranteed equity product maximizes the value of the investors' assets with the following

limitations:

1. The portfolio structure is an imperfect hedge, i.e., there is a risk of making wrong
decisions.

2. A significant portion of the investment is made in the risk-free interest rate.

In future studies, it would be possible to justify the valuation of t-Student options if the relevance
is statistically justified or to evaluate an investment project, including the initial investment costs for the
facilities that allow the change of the energy source, production costs, electricity distribution revenues,
and profits by applying measures such as net present value, internal rate of return, benefit-cost ratio, and

real option valuation.
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