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Abstract 

 

The objective of this research was to investigate forecasting consumption of some petroleum products in Thailand. Two 

methods of statistical modeling, general linear models (GLM) and generalized linear model (GLMs) were applied. The GLM 

compared with GLMs in which response variables are the consumption of gasohol 95, gasohol 91, gasohol E20, and gasohol 

E85. The explanatory variables were gasoline 95 price, gasohol 91 price, gasohol 95 price, LPG price, NGV price, ethanol 

price, exchange rates, and world crude oil prices. The secondary data from many resources in the time period Jan 2010 to Dec 

2015 were collected for analysis. The factor analysis was applied to reduce some-covariate variables that are high relationship. 

The study found that the GLMs with gamma distribution was more appropriate than GLM when response variable is not 

normality. In case of the response variable is normally distributed both of them give well the same result. 
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1. Introduction 

 

Currently, petroleum energy has important role to the 

global economy motivating for the development to move 

forward on all fronts. The realization of the extinction of fuel 

processing from natural energy (crude oil) is very important. 

Therefore, Thai government policy about renewable energy 

development plans (REDP) for 15 year (2008-2022) has been 

set [1]. 

 The government is supporting the production and use of 

renewable energy to reduce dependence on energy import. 

The renewable energy that blends ethanol in gasoline is 

environmental friendly. Thus, an ethanol product which is an 

alternative fuel that has been identified in the development 

plan of renewable energy is very important. The study about 

renewable energy sources such as the production of ethanol 

from the sugarcane and cassava helping agricultural products 

has been increased.  

Since the data of consumption of all response variable is 

right tail (positively skewed distribution). It is not normality. 

The GLMs formula with Gamma distribution was applied. 

Therefore, in this paper the factors affecting consumption of 

gasohol 95, gasohol 91, gasohol E20, and gasohol E85 using 

two statistical methods, classical general linear models 

(GLM) and generalized linear model (GLMs) are 

investigated. The results from both techniques will be 

compared to choose more appropriate model. 

 

2. Materials and methods 

 To investigate the factor affecting consumption of 

gasohol 95, gasohol 91, gasohol E20, and gasohol E85, we 

propose two statistical modeling, GLM and GLMs [2], as the 

following: 

 

2.1 General linear models (GLM) 

 

General linear model or linear model conceptualizes Y as 
the sum of its mean, μ, and a random variable, ε:  

; ( )Y E Y             
                           (1) 

 

It is assumed that the expected value of Y, E(Y) can be 

written as a linear combination of the covariates, X, that 

is 𝜇 = 𝛼 + 𝛽1𝑥1+. . . +𝛽𝑘𝑥𝑘. The error term, ε, is normally 

distributed with mean zero and constant variance. If error 

term is normally distributed, response variable is also 

normality. Linear models can be easily to solve with well-

known linear algebra approaches. However, the required 

assumptions are violated in many applications.  

 

2.2 Generalized linear models (GLMs)  

  

 Generalized linear models extend the linear modelling 

framework   to   response   variables  that  are  not  normally  
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distributed and not constant variance. The variance is 

permitted to vary with mean of the distribution.  That is, the 

variance can be a function of the mean. This situation should 

be applied by GLMs to construct suitable statistical 

modeling. GLMs consist of a wide range of models that 

include linear models as a special case. The response variable 

is assumed to be a member of the exponential family of 

distributions. Finally, the effect of the covariates on the 

response variable is assumed to be additive on a transformed 

scale.  

 

2.2.1 Components of a generalized linear model 

 

- Random component: each component of Y is 

independent and is from one of the exponential family of 

distributions [3].  

 - Systematic component: the p covariates are combined 

to give the linear predictor.   

-   Link function: the relationship between the random 

and systematic components is specified via a canonical link 

function, g, which is differentiable and monotonic.  The 

model formula states that  g(𝜇) = 𝛼 + 𝛽1𝑥1+. . . +𝛽𝑘𝑥𝑘 

 

2.2.2 The GLMs formula with Gamma distribution 

 

Since the response variables in this study are 

consumption of gasohol 91, gasohol 95, gasohol E20, and 

gasohol E85, which are non-negative values and not 

normality, therefore, we apply GLMs with Gamma 

distribution to construct the appropriated model. The 

canonical link function is  g(𝜇) = 𝜇−1, which is the inverse 

link:  

 
 𝜇−1 = 𝛼 + 𝛽1𝑥1+. . . +𝛽𝑘𝑥𝑘 

 
2.3 Factor analysis  

 

Factor analysis is a method of variable reduction. In this 

study, it was applied to reduce covariate variables that high 

relationship before take them to forecast the response 

variables. The eigenvalue is a measure to explain the total 

variance of all observed variables. The relationship of each 

variable to the underlying factor is expressed by the factor 

loading [4]. 

 

2.4 Criteria for assessing the goodness of fit of different 

models 

 

The main criteria used to assess the goodness of fit of 

models is mean absolute percent error (MAPE) , as shown in 

Table 1. A smaller MAPE model is preferred to the other 

models. The mathematical form of MAPE is given by 

 

 

𝑀𝐴𝑃𝐸 =
1

𝑛
∑ |

𝑌̂𝑖 − 𝑌𝑖

𝑌𝑖
| × 100 ,

𝑛

𝑖=1

 

 

 

where iY  and ˆ
iY  are the actual and predicted value of 

response variable, respectively. 
 

 

 

 

Table 1 Typical MAPE Values for Model Evaluation 
 

MAPE (%) Evaluation 

MAPE ≤ 10% High Accuracy Forecasting 

10% < MAPE ≤ 20% Good Forecasting 

20% < MAPE ≤ 50% Reasonable Forecasting 

MAPE > 50% Inaccurate Forecasting 

Source: Lewis, C. D. (1982) [5]. International and Business 

Forecasting Methods. London: Butterworths. 
 

2.5 Response and explanatory variables 

              

 

 

 

 

3. Results  

 

For reducing the explanatory variables by factor analysis 

technique, the factor that affect to consumption of gasohol 

95 and gasohol 91 can be grouped the three dimensions, the 

group of  energy price (factor1), the price of raw material of 

ethanol product and price of LPG (factor2), and price of 

ethanol (factor3). All of the components account for a 

substantial percentage 85.669% of the total variance in the 

transformed variables.  The forecasting equation from both 

general linear model and generalized linear model showed in 

the Table 2. Both models obtained MAPE between 10% and 

20% that were good forecasting models. 

 There were two factors affecting to consumption of 

gasohol E20, energy price (factor1) and the price of raw 

material of ethanol product (factor2). There were three 

factors affecting consumption of gasohol E85, the price of 

raw material of ethanol product (factor1), economic factor 

(factor2), and energy price (factor3). Explaining about the 

eigenvalue which is a measure of how much of the variance 

of the observed variables a factor explains can be explain 

same as the consumption of gasohol 95 and gasohol 91.   

  Moreover, forecasting equation by the general linear 

model and generalized linear model showed in the Table 3 

and 4. However, MAPE of both models was greater than 

50%, which were inaccurate forecasting models. 

 

4. Discussion and conclusions  

 

 From the results, generalized linear models give the 

better result than general linear model. Since the 

consumption of petroleum products are the right tailed 

distribution. We found that the distribution of consumption 

of gasohol is Gamma distribution. Therefore, classical 

general linear model is not suitable for applying for this 

situation. For the forecasting models of consumption of 

gasohol E20 and gasohol E85 give unsatisfying result both 

GLM and GLMs. It may the predictor variables which are 

chosen to predict the consumption of both of them is not 

appropriated. They may depend on others factors. 
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Table 2 The factors affecting consumption of Gasohol 95 and Gasohol 91 and forecasting equations. 
 

 
 

Table 3 The factors affecting consumption of Gasohol E20 and forecasting equations. 
 

 
 

Table 4 The factors affecting consumption of Gasohol E85 and forecasting equations. 
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