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ABSTRACT

The production of liquid biofuels has emerged as an alternative to the use of fossil fuels for
transportation purposes. Ethanol is described as a renewable energy fuel. In 2021, Brazil
produced 27.46% of the world's ethanol, ranking second among producing countries. The
introduction of light commercial and passenger vehicles with Flex Fuel technology, which
uses both Type C gasoline and hydrous ethanol, into the Brazilian market, began in March
2003, significantly impacting ethanol demand in the Brazilian consumer market. This study
aims to compare the predictive accuracy of the ARFIMA, ARIMA, and Smoothed Exponential
models for Brazilian ethanol prices over a four-year period.
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RESUMO

A producgao de biocombustiveis liquidos emergiu como alternativa ao uso de combustiveis
fésseis para fins de transporte. O etanol € descrito como um combustivel de energia
renovavel. O Brasil em 2021 produziu 27,46 % do etanol no mundo, ocupando a segunda
posicao entre os paises produtores. A introducdo no mercado brasileiro dos veiculos
comerciais ligeiros e de passageiros com a tecnologia Flex Fuel na qual, utiliza
simultaneamente Gasolina tipo C ou Etanol hidratado. A partir de margo 2003, impactou
significativamente na demanda pelo etanol no mercado consumidor brasileiro. O presente
trabalho propde realizar comparacdo da acuracia preditiva entre os modelos matematicos
ARFIMA, ARIMA e Exponencial Suavizado dos pregos do etanol brasileiro no periodo de 4
anos.

Palavras-chave: Etanol. Commodities. Previsdo. Séries Temporais.

RESUMEN

La produccion de biocombustibles liquidos ha surgido como una alternativa al uso de
combustibles fosiles para el transporte. El etanol se describe como un combustible de
energia renovable. En 2021, Brasil produjo el 27,46 % del etanol mundial, ocupando el
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segundo lugar entre los paises productores. La introduccion en el mercado brasilefio de
vehiculos comerciales ligeros y de pasajeros con tecnologia Flex Fuel, que utiliza tanto
gasolina tipo C como etanol hidratado, comenzé en marzo de 2003, lo que impacto
significativamente la demanda de etanol en el mercado brasilefio. Este estudio busca
comparar la precision predictiva de los modelos ARFIMA, ARIMA y Exponencial Suavizado
para los precios del etanol brasilefio durante un periodo de cuatro afos.

Palabras clave: Etanol. Materias Primas. Prondstico. Series Temporales.
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1 INTRODUCTION

The production of liquid biofuels has emerged as an alternative to the use of fossil
fuels for transportation purposes [1]. Carbon emission mitigation, energy security and
agricultural development are the main drivers of this type of bioenergy projects [1]. Ethanol
is described as a renewable energy fuel that helps mitigate climate change, highlighting
technological advances that could enable the production of not only traditional ethanol but
also second-generation cellulosic ethanol from sugarcane bagasse [2].

According to data from the Renewable Fuel Association (RFA), Brazil in 2021
produced 27.46% of the ethanol in the world, thus occupying the second position among
producing countries (Figure 1) [3]. In Brazil, fuel ethanol is derived from sugarcane and is
used pure or blended with gasoline in a mixture called gasohol (25% ethanol, 75% gasoline)
[4].

The introduction and evolution in the Brazilian market of light commercial and
passenger vehicles with Flex Fuel technology, which simultaneously uses type C gasoline or
hydrous ethanol, as of March 2003, significantly impacted the demand for ethanol in the
Brazilian consumer market and quantitatively the variation (the largest) of its price compared
to type C gasoline [5]. Consequently, the introduction of Flex Fuel technology in Brazil,
together with the increase in demand for sugar in the international market, has driven
significant growth in the sugarcane industry in recent decades [6].

Also, according to data from the National Association of Motor Vehicles (ANFAVEA),
in 2021 the number of registrations of motor vehicles and light commercial vehicles, with Flex
Fuel technology engines, corresponded to 82.20% of the total vehicles registered in the

Brazilian market (Figure 2) [7].
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Figure 1
Ethanol production in the world in 2021
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Source: RFA.

Figure 2

Full licensing of automobiles and light commercial vehicles by fuel in 2021
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According to studies by [8] the volatility of ethanol prices in Brazil in consecutive years
is mainly associated with the following factors: (i) amount of sugarcane production; (ii)
percentage of sugarcane for ethanol production, i.e., for the production mix; (iii) consumer
income; (iv) number of vehicles in the light commercial fleet; and (v) the price of gasoline in
view of the compulsory blending of this type of ethanol in the sale of gasoline. To better
understand the problem of volatility in Brazilian ethanol prices, [8] they applied several
mathematical tools in their work, namely: Untrended Fluctuation Analysis (DFA), the
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exponents of Hurst (H) and Lyapunov (A); as well as compare the accuracy between the
Fractional Integrated Moving Average (ARFIMA) and Autoregressive Moving Average
(ARIMA) models in a 365-day forecast of ethanol prices in a time series, presenting, as a
result, an advantage of the ARFIMA model over ARIMA.

Thus, the present work proposes, specifically, to perform a similar comparison of the
accuracy between the ARFIMA and ARIMA models, in a forecast for the next day (next point),
in a time series of ethanol prices in Brazil; however, introducing a new element to the

experiment performed by [8]: a Smoothed Exponential Mathematical Model.

2 METHODOLOGY
The methodology refers to the application of the mathematical models listed in the
following sub-items in the database through the programming language and integrated

development environment R [9].

2.1 DATABASE

The database used in the experiment is the time series of daily ethanol prices in US
Dollars (US$), referring to the period from 02/21/2018 to 03/07/2022 (thousand points),
provided by the Center for Advanced Studies in Applied Economics — CEPEA-Esalq / USP

and available at [10]

Figure 3
Ethanol price in Brazil per m3 — 21/02/2018 to 07/03/2022
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2.2 ARIMA MODEL

Proposed by [11], the ARIMA mathematical model is used in the analysis and
prediction of time series and has as a form of ARIMA notation (p, d, q); where p represents
the orders of autoregression, d represents the integration and q represents the order of the
moving average.

To apply the ARIMA mathematical model in the time series under study, the auto.arima
() function available in the R language forecast library was used. According to the
documentation of the language in question, the auto.arima () function returns the best ARIMA
model according to the AIC, AICc or BIC value. The function conducts a search on the

possible model within the given order constraints [9].

2.3 ARFIMA MODEL

The ARFIMA model is a generalization of the ARIMA mathematical model and is
characterized by the ability to model processes with long serial dependence[12].

To apply the ARFIMA mathematical model in the time series under study, the arfima()
function available in the forecast library of the R language was used. According to the
documentation of the language in question, an optimal ARFIMA model (p, d, q) is selected

and estimated automatically [9].
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2.4 SMOOTHED EXPONENTIAL MODEL

The design of Exponential Smoothing models involves attaching larger weights to the
most recent observations, and the predictions are calculated using weighted averages where
the weights decrease — exponentially — in the older observations in a time series [13].

To apply a Smoothed Exponential mathematical model in the time series under study,
the ets() function available in the forecast library of the R language was used. The only
argument required for the ets() function is the time series. An optimal Smoothed Exponential

model is automatically chosen if it is not specified [9].

3 RESULTS AND DISCUSSION
The results were divided into (1) accuracy of the models used in the experiment and

(2) prediction of the 1001st point per model.

3.1 ACCURACY OF THE MODELS USED

From the application of the mathematical models ARFIMA, ARIMA and Exponential
smoothed in the database object of this work, we obtained the accuracy averages of each
model, namely: Mean Error (ME), Root Mean Squared Error (RMSE), Mean Absolute Error
(MAE), Mean Percentage Error (MPE), Mean Absolute Percentage Error (MAPE), Mean
Absolute Escalated Error (MASE) and Self-Correlation of Errors in Delay 1, as shown in
Table 1.

Table 1
Measures of accuracy of prediction models
MODEL ME RMSE | MAE MEP MAP MASE ACF1
ARFIMA | 0.019569 | 6.3869 | 4.8447 - 1.0686 | 0.9439 -
52 36 44 0.014880 26 653 0.0013054
94 78
ARIMA 0.013183 | 6.3939 | 4.8424 | 0.001978 | 1.0678 | 0.9435 | 1.43362e-
(2,21,0) 3 18 53 034 12 19 05
EXP. 0.007449 | 6.4253 | 4.8687 | 0.005221 | 1.07333 | 0.94863 -
SOFTENED 302 17 07 073 3 44 0.0047364
87

Source: experiment.

3.2 PREDICTION OF 1001ST POINT BY MODEL
Table 02 presents the prediction of the 1001st point by mathematical model used in

the experiment, with confidence intervals of 80% and 95%.
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Table 2
Prediction of the 1001st point by mathematical model
MODEL POIN | FORECA | LOWS80 | HIGH | LOW | HIGH
T ST 80 95 95
ARIMA 1001 | 610.8624 | 602.655 | 619.06 | 598.311 | 623.41
(2,1,0) 9 88 7 31
EXP. 1001 | 611.8587 | 603.603 | 620.11 | 599.23 | 624.48
SMOOTHED 6 37 37 37
ARFIMA 1001 | 610.3783 | 602.193 | 618.56 | 597.86 | 622.89
1 35 01 65

Source: experiment.

4 CONCLUSION

In the present experiment, the statistical model that presented the best predictive
accuracy for the prediction of ethanol prices — in the delimited time interval — was ARFIMA,
taking into account the lower Root Mean Squared Error (RMSE) of this model in relation to
the others, in a forecast of US$ 610.38 for the 1001st point; The inclusion of new
mathematical models should be carried out in the experiment, aiming at greater accuracy in

the daily forecast of ethanol prices.
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