
  

 

Abstract—In this study, determination factors that affect the 

production volume of oil palm fruits and the export volume of 

biodiesel are identified using the multiple regression technique, 

and results using model transformation method are compared. 

For this purpose, two models are developed, namely, Model I is 

for the production volume of oil palm fruits, while Model II is 

for the export volume of biodiesel. Data variables are 

transformed using the ladder of power transformation method. 

There are five independent variables in Model I and four 

independent variables in Model II. The four phases in multiple 

regression model-building are carried out on both Model I and 

II respectively. Model I will use the model transformation 

method to change the data from non-normality to normality. 

The best model obtained for Model I by model transformation is 

M72.2.5. The main factor is the total workers employed during 

last pay period, and the interaction factors up to order two are: 

harvested area interact with yield per hectare, harvested area 

interact with local delivery average price, harvested area 

interact with total workers employed during last pay period, 

yield per hectare interact with local delivery average price, 

harvested area interact with local delivery average price 

interact with total workers employed during last pay period and 

yield per hectare interact with local delivery average price 

interact with total workers employed during last pay period. 

The MAPE value for best model on model transformation is 

2.62%. Therefore, the best model using the model 

transformation method is said to be acceptable to forecast for 

the production volume. The best model M72.2.5 is then used to 

obtain Model II which is given by M2.0.0. The main factor is the 

export volume of biodiesel. 

 
Index Terms—Determination factors, multiple regression, 

model transformation, MAPE, production volume, export 

volume.  

 

I. INTRODUCTION 

Oil palm is one of the most important Malaysia‟s export 

commodities and it has been contributing to the Malaysia‟s 

economy income from the nineteenth century till present. 

Palm oil can be used to produce biodiesel which is 

biodegradable and non-toxic fuel. This is a new market for 

palm oil which has the potential to dramatically increase the 

global demand for this commodity. Biodiesel has become 
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more attractive recently because of its environmental benefits 

and the fact that it is made from renewable resources. 

Biodiesel production is the process of producing the biofuel, 

biodiesel, through the chemical reactions transesterification 

and esterification. This involves vegetable or animal fats and 

oils being reacted with short-chain alcohols. According to [1], 

in the beginning of 2004, the increase in the petroleum prices 

have provided the motive force for turning vegetable oils into 

biodiesel as transportation fuel. It converts the cheapest palm 

oil, rapeseed oil or soybean oil into biodiesel and sells these 

oils at the price of petroleum diesel to earn a gross margin. 

The production of oil palm fruits in the international market 

is increasing from time to time. There are many factors at 

present that are able to influence the production of oil palm 

fruits. This research will discuss about the relationship of the 

planted area, harvested area, yield per hectare of oil palm, 

local delivery average price and the total number of workers 

employed during the last pay period of the oil palm with the 

production of the oil palm. An increase in the planted area is 

expected to increase the production of oil palm fruits. Even 

though the expansion of the palm oil plantation helps to 

increase the total palm oil production, it does not reflect the 

technological and scientific advances made [2].  

The production will keep increasing in the future due to the 

increase in the planted areas that have entered the maturity 

stage. Oil palm fruits when reaches their maturity stage would 

depend on many factors, which are technological problems, 

geology problems and also environmental problems. Yield of 

oil palm fruits is normally assumed to depend on the 

technological advancement of its production. Besides that, the 

discovery of new high yielding varieties, improvements in 

planting techniques and the increasing use of fertilizers and 

chemicals will hence increase the yield. Supposedly when the 

oil palm production increases, the palm oil price will also be 

reduced. The price of palm oil started to reduce in 2005 due to 

an increase in its production and a reduction in the price of its 

substitute goods; namely soya bean oil. Hence, there is 

negative relationship between the price of palm oil and its 

production in Malaysia [2]. Increase in the production of oil 

palm will cause the total number of workers employed to be 

increased. Therefore, the total number of workers employed is 

also one of the factors that can influence the production of oil 

palm. If there is a lack of workers in the industry, not just the 

process of harvesting and processing the fruits, even the 

process of extracting and generating the oil will also become 

inefficient. 

In this study, multiple regressions are used to model the 

production volume of oil palm fruits and the export volume of 

the biodiesel. The processes of trans-esterification and 

esterification from palm oil into biodiesel are not dealt with in 
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this paper. Model Transformation method will be used to 

change the non-normality data into normality for production 

model of oil palm fruits in Model I. The best model can then 

be used in Model II for forecasting the export volume 

according to the Mean Absolute Percentage Error (MAPE). 

 

II. MATERIALS AND METHODS 

Study area: This research was conducted based on the 

production volume of oil palm fruits and export volume of 

biodiesel in Malaysia. The data of the oil palm includes the 

production of oil palm fruits (P1), planted area (A), harvested 

area (H), yield per hectare (Yd), local delivery average price 

(Ap) and total workers employed during the last pay period 

(Tw) (viz. the day you get your exact amount pay), whereas 

the data on biodiesel would include the export volume of 

biodiesel (EVol), production volume of oil palm (P1), export 

value of biodiesel (EVal), gross domestic product (GDP) and 

gross national income (GNI). 

Data collection: A total of 31 data of oil palm from 1982 

till 2011 were collected from [3], and through the internet 

official website of [4]. In this research, 26 data sets would be 

used for modelling while only 5 data sets selected at random 

would be used later for validation of the model. The data on 

oil palm would made up the five variables for Model I which 

would thus include the production of oil palm fruits, planted 

area, harvested area, yield per hectare, local delivery average 

price and total workers employed during the last pay period 

(the day you get your exact amount of pay), whereas the data 

on biodiesel volume would made up the four variables for 

Model II which would include the production volume of oil 

palm from Model I, the export volume and value of biodiesel 

obtained from the official website of Malaysian Palm Oil 

Board from 2007 to 2011. Other data two would include the 

gross domestic product and gross national income, taken from 

the [4] from 2007 till 2011.  

 

III. METHODOLOGY 

In this research, the hierarchical multiple regression 

technique is used to relate a dependent variable Y, to several 

independent variables W1, W2, …, Wk. The regression model 

equation can be written in this form [5]: 

 

0 1 1 2 2 1 1... k k k kY W W W W u         (1) 

 

With 0 denotes as the constant term, j is the j-th 

coefficient of the independent variable, Wj for (j=1, 2, …, k), k 

is the number of independent variables, „k+1‟ is the number of 

parameters, and u denotes the residuals of the regression 

model equation. In this research, the independent variables 

would take in the form of transformed variables using ladder 

transformation of non-normal variables to normality. Basic 

assumptions of the multiple regression models can be referred 

to as in [5]. 

Normality Test: In statistics, normality tests are used to 

determine if a data set is well-modeled by a normal 

distribution, and to compute how likely it is for a random 

variable underlying the data set to be normally distributed 

visually supported by the frequency distribution (or histogram) 

and the Q-Q plot (quantile-quantile plot). Both these methods 

were supporting evidences, while the numerical statistical 

tests used, depending on the number of observations (n) were 

the Kolmogorov-Smirnov (for n>50) and Shapiro-Wilk (for 

n<50). If the significance level is larger than 0.05, then the 

alternative hypothesis is rejected and therefore normality is 

assumed. On the other hand, if the significance level is less 

than 0.05, then the null hypothesis is rejected and thus 

normality is not assumed. 

Model Transformation: In this research, data 

transformation is needed on the non-normal data so as to more 

closely approximate a theoretical distribution with statistical 

properties. Transforming the data can spread the data more 

evenly and hence, make the distributions more symmetrical. 

Besides, the relationships between variables are more linear 

and the data have constant variance. 

According to [6], a power transformation is a type of 

transformation that statisticians have found useful for 

straightening a plot. A power is first selected, and each 

original value is raised to that power to obtain the 

corresponding transformed value. The power of 1 

corresponds to no transformation, while the power of 0 will 

transform every value to 1, which is certainly not informative. 

Therefore, statisticians use the logarithmic transformation in 

its place in the ladder of transformations. Table I displays a 

“ladder” of the most commonly used power transformations 

as used in this research. 

 
TABLE I: COMMONLY USED TRANSFORMATIONS 

Ladder-Power Transformed Value Name 

3 (Original value)3 Cube 

2 (Original value)2 Square 

1 Original value No transformation 

1
2

 
(Original value)1/2 Square root 

1
3

 
(Original value)1/3 Cube root 

0 log(Original value) Logarithm 

2
1

 1/2

1

(Original value)


 
Reciprocal root 

-1 
1

(Original value)


 
Reciprocal 

-2 
2

1

(Original value)


 
Reciprocal square 

 

Fig. 1 shows the four phase model-building summaries 

carried out in this research as in [7].  

 

 
Fig. 1. Model building summaries (Source: [7]). 
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According to [8]-[10], the number of possible models of 

Phase 1 is calculated as shown by the formula:  

1

( )
q

q

j

i

N j C


                                 (2) 

In equation (2), N is the number of all possible models, and 

„q‟ is the number of single quantitative vaiables. The 

interactions of the single independent variables (X1X2 — first 

order; X1X2X3 — second order; X1X2X3X4 — third order) 

denote the product of these variables, and can be rewritten as 

X12, X123 and X1234 respectively [5]. All the possible models 

would undergo through the Global test as shown by [11]. The 

selected models of Phase 2 will then undergo two tests, 

namely, the correlation based multicollinearity test and the 

coefficient test at  = 5% significant level. Each variable 

removal due to multicollinearity, and elimination of 

insignificant variables from the model using the coefficient 

test would be denoted in the model labelling [12] as shown in 

Fig. 2. 

 

 
Fig. 2. Model labelling in multiple regression. 

 

From the selected models, the best model of Phase 3 will be 

chosen with the minimum values based on the eight selection 

criteria (8SC) as shown by [8], [10]. The best model will then 

undergo through the goodness-of-fit tests in Phase 4, namely, 

the randomness test using the scatter plot, and the normality 

test on the standardized residuals. These model-building 

processes are performed on all the models in this research. 

The mean absolute percentage error (MAPE) is commonly 

used in quantitative forecasting methods as it produces a 

measure of the relative overall fit. The absolute values of all 

the percentage errors are summed up and the average is 

calculated. The lower MAPE value, the best the model can be. 

It can then be used in forecasting or evaluating the missing 

values. The MAPE of the best model is thus calculated so that 

its efficiency in forecasting the future export volume of 

biodiesel can therefore be made. The acceptable range for the 

MAPE test is less than 25% [11], where the smaller the value 

of MAPE would a better prediction. The MAPE formula is 

given as in [11]: 

 

MAPE=

1

1
100%

n
t t

t t

A F

m A


                    (3) 

 

where At is the actual value, Ft is the forecasted value, and „m‟ 

is the number of randomly selected observations reserved for 

verification of the model. 

 

IV. RESULTS AND DISCUSSIONS 

Using equation (2), Table II shows the number of all 

possible models for Model I (80 models) with its 

corresponding number of variables. Model I contains one 

dependent variable (P1) and five independent variables (A, H, 

Yd, Ap and Tw). 

 
TABLE II: ALL POSSIBLE MODELS WITH FIVE INDEPENDENT VARIABLES 

(MODEL I) 

Number of 

variables 
Single 

Order of Interactions 
Total 

1st 2nd 3rd 4th 

1 5 - - - - 5 

2 10 10 - - - 20 

3 10 10 10 - - 30 

4 5 5 5 5 - 20 

5 1 1 1 1 1 5 

Total 31 26 16 6 1 80 

 

Table III shows the normality tests (Shapiro-Wilk: df=26) 

on the variables before and after transformation using the 

ladder-power transformation method. It can be seen that all 

the non-normal variables (Yd, Ap and Tw) have turned to 

normal after the appropriate transformation with all their p 

values > 0.05 (Table III) and supported by the normality plots 

as depicted in Fig. 3.  

 
TABLE III: NORMALITY TESTS BEFORE AND AFTER TRANSFORMATION 

(MODEL I)  

 
Before Transformation After Transformation 

M
o

d
e
l 

1
 

S
ta

ti
st

ic
s 

P
-v

al
u

e 

  

S
ta

ti
st

ic
s 

P
-v

al
u

e 

P1 0.948 0.210 Normal Y=P1 0.210 0.210 

A 0.936 0.105 Normal X1=A 0.105 0.105 

H 0.941 0.145 Normal X2=H 0.145 0.145 

Yd 0.898 0.014 Not normal X3=(Yd)3 0.934 0.094 

Ap 0.878 0.005 Not normal X4=(Ap)-1/2 0.974 0.716 

Tw 0.879 0.005 Not normal X5=(Tw)-1/2 0.943 0.155 

 
TABLE IV: ALL POSSIBLE MODELS WITH FOUR INDEPENDENT VARIABLES 

(MODEL II) 

Number of 

variables 
Single 

Order of Interactions 
Total 

1st 2nd 3rd 

1 4    4 

2 6 6   12 

3 4 4 4  12 

4 1 1 1 1 4 

Total 15 11 5 1 32 

 

Similarly, using equation (XX), Table IV shows the 

number of all possible models for Model II (32 models) with 

its corresponding number of variables. 

Table IV shows the number of possible models for Model 

II which contains one dependent variable (EVol) and four 

independent variables (P1, EVal, GDP and GNI). Table V 

shows the normality tests (Shapiro-Wilk: df=5) on these 

variables. Thus, no transformation is needed on the variables 

for Model II. 
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Yd 

 

X3 

 
Ap 

 

X4 

 
Tw 

 

X5 

 
 Before Transformation  After Transformation 

Fig. 3. Normality plots before and after transformations. 

 
TABLE V: NORMALITY TESTS (MODEL II)  

Model II 
Shapiro-Wilk (Df=5) 

Statistic P-value Normality 

EVol 0.917 0.509 Normal 

P1 0.964 0.839 Normal 

EVal 0.797 0.077 Normal 

GDP 0.985 0.959 Normal 

GNI 0.980 0.936 Normal 

 

Phase 2 of model-building is then carried out on the 

possible models of the transformed variables. The 

multicollinearity test is carried out on all the models as 

illustrated by [7], and followed by the coefficient test as 

shown by [9]. This has resulted in 34 selected models being 

obtained for Model I. Table VI below shows some selected 

models with their eight selection criteria values. It can be seen 

from Table VI that the best model which has the minimum 

values of all the eight selection criteria (8SC) is given by 

model M72.2.5. Model M72.2.5 would then undergo finally 

the goodness-of-fit tests for validation to be used for 

forecasting. 

Model M72 is given as in equation (1) by equation (3) 

below: 

 

0 2 2 3 3 4 4 5 5 23 23

24 24 25 25 34 34 35 35 45 45

234 234 235 235 245 245 345 345

M72.0.0 : Y β β X β X β X β X β X

β X β X β X β X β X

β X β X β X β X u

     

    

    

     (3) 

 

After the execution of the multicollinearity and coefficient 

tests with the removal of variables (X2, X3, X4, X35, X45, X234, 

and X235), model equation of M72.2.5 is thus obtained as in 

(4): 
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0 5 5 23 23 24 24 25 25

34 34 245 245 345 345

ˆ ˆ ˆ ˆ ˆˆM72.2.5 :

ˆ ˆ ˆ

Y β β X β X β X β X

β X β X β X

    

  
    (4) 

 
TABLE VI: BEST MODEL USING 8SC 

 

 
TABLE VII: COEFFICIENT TABLE FOR MODEL M72.2.5 

 

 
Table VII shows the coefficient table of the best model 

M72.2.5 after the coefficient test has been carried out. It can 

be seen that the remaining factors have all the p-values less 

than 0.05, indicating that they are significant. 

 
TABLE VIII: PEARSON CORRELATION MATRIX FOR MODEL M72.2.5 

 

 

Table VIII shows the correlation matrix for best model 

M72.2.5 after the multicollinearity test and the coefficient test 

have been carried out. The table shows the correlation 

between each significant determining factor (X5, X23, X24, X25, 

X34, X245 and X345) with the production of oil palm fruits, Y. It 

can be seen that the correlation between X5 and Y is 0.9801, 

between X23 and Y is 0.9853, between X24 and Y is 0.9277, 

between X25 and Y is 0.8968, between X34 and Y is 0.2883, 

between X245 and Y is 0.6067, between X345 and Y is 0.7165. 

The factor which is the most highly correlated with the 

production of oil palm fruits is X23 and the factor which is the 

most weakly correlated with production of oil palm fruits is 

X34. 

Referring to the coefficient table in Table VII, by putting 

the values of the coefficients into the best model of M72.2.5 

regression equation as in (4), equation (5) is thus obtained:  

 
7 9 3

5 23

2 3 5

24 25 34

4 7

245 345

ˆM72.2.5 : 3.158 10 9.204 10 1.671 10

2.737 10 1.290 10 1.648 10

4.895 10 4.835 10

Y X X

X X X

X X


      

     

  

   (5) 

          
(a) Scatter plot;                                                                                                   (b) Normality plot 

Fig. 4. The goodness-of-fit tests for M72.2.5. 

 

The Randomness test of Phase 4 can also be tested through 

the scatter plot as a supporting evidence. Fig. 4 shows the 

scatter plot for best model M72.2.5. From the scatter plot, 

almost all the standardized residuals are within the range of 

±3. Hence the standardized residuals for the best model are 

said to be randomly distributed. In addition, the goodness of a 

regression model is also verified by the normality of the 

standardized residuals. The normality test on the standardized 
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residuals based on Shapiro-Wilk statistics (df=26) gives a 

value of 0.956 with a significant p-value of 0.327, hence, 

greater than at 0.05. The standardized residuals are thus said 

to be normally distributed. The bell-shaped normality plot as 

shown in Fig. 4(b), depicts that model M72.2.5 is normally 

distributed. 

 
TABLE IX: RESERVED DATA FOR VALIDATION 

Y X1 X2 X3 X4 X5 

87749835 3947763 3915924 20.18 2777.5 500817 

66766810 4082124 3477438 19.20 2236.5 502229 

64282738 4202381 3565321 18.03 2701.0 446368 

71384441 4302283 3625416 19.69 3219.0 421465 

69834479 4385241 3696902 18.89 2764.0 435763 

 

Table IX shows the reserved data for validation of the 

model. By substituting the values into equation (5), the 

forecasted Y values can thus be obtained. Table X hence 

shows the actual Y and forecasted Y values of the reserved 

data. 

 
TABLE X: RESERVED DATA USED FOR MAPE (MODEL TRANSFORMATION) 

 

 

By substituting all the observations of actual Y and 

forecasted Y values into equation (5), the MAPE value is 

hence obtained as shown in Table X. The MAPE value is 

found to be 2.62% to 3%. Since the MAPE value is less than 

25%, this is thus considered to be an acceptable model that 

can be used for forecasting.  

For Model II, there is only one selected model which is 

M2.0.0. The best estimated export model is shown below in 

(6): 

 

220
ˆˆˆ0.0.2 XYM                           (6) 

 
TABLE XI: COEFFICIENT TABLE FOR EXPORT VOLUME M2.0.0 

 

 

By referring to the coefficient table in Table XI, and putting 

the values of the coefficients into the best model M2.0.0, the 

forecasted export volume equation model is given as in (7):  

 

2

23
10411.310863.1ˆ0.0.2 XxxYM              (7) 

 

The export volume model is also subjected to the 

goodness-of-fit test for its robustness for forecasting and 

prediction as shown in Fig. 5. 

 
(a) Scatter plot. 

 
(b) Normality plot. 

Fig. 5. The goodness-of-fit tests for M2.0.0. 

 

The scatter plot for Model M2.0.0 is used as supporting 

evidence to support that the model is randomly distributed. 

From the scatter plot in Fig. 5(a) above, almost all the 

standardized residuals are within the range of ±3. Hence, the 

standardized residuals for the export volume model M2.0.0 

are said to be randomly distributed. The normality test on the 

standardized residuals based on Shapiro-Wilk statistics (df=5) 

gives a value of 0.995 with a significant p-value of 0.995. 

Since it is greater than at 0.05, therefore, the standardized 

residuals are be said to be normally distributed. 

From the forecasted model M72.2.5 in equation (5), it is 

thus found that the significant variables that have contributed 

to the production of oil palm fruits are one single independent 

variable, X5 and six interaction variables (X23, X24, X25, X34, 

X245 and X345). It is realized that these interaction variables 

have significant contribution to the production model, and 

they cannot occur as single independent variables.  

The forecasted model M72.2.5 can be described as that the 

total workers employed during the last pay period (X5) is the 

only main factor that gives a negative contribution to the 

production of oil palm fruits. It has a strong correlation 

(0.9801) with the production of oil palm fruits. Besides that, 

the harvested area also interacts with the oil palm yield per 

hectare (X23) showing a positive contribution to the 

production of oil palm fruits up to the first order interaction 

factor. It also has a strong correlation (0.9853) with the 

production of oil palm fruits. The harvested area that interacts 

with the local delivery average price (X24) also shows a 

positive contribution to the production of oil palm fruits up to 

first order interaction factor. It too has a strong correlation 

(0.9277) with the production of oil palm fruits. On the other 

hand, the harvested area also interacts with the total workers 
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employed during last pay period (X25) showing a positive 

contribution to the production of oil palm fruits up to first 

order interaction. This also has a strong correlation (0.8968) 

with the production of oil palm fruits. Besides that, the yield 

per hectare that interacts with the local delivery average price 

(X34) shows a negative contribution to the production of oil 

palm fruits up to first order interaction factor. It has a weak 

correlation (0.2883) with the production of oil palm fruits. In 

addition, the harvested area that interacts with the local 

delivery average price and with the total workers employed 

during last pay period (X245) shows a negative contribution 

and medium correlation (0.6067) to the production of oil palm 

fruits up to the second order interaction. Lastly, the yield per 

hectare that interacts with the local delivery average price and 

with the total workers employed during last pay period (X345) 

shows that there is a positive contribution and medium 

correlation (0.7165) to the production of oil palm fruits up to 

second order interaction. 
The value of 3.158×10

7
 which is the intercept of the model 

indicates the production of oil palm fruits in tonnes when all 

the other independent variables from the model are equal to 

zero. According to [13], this is a mechanical interpretation of 

the intercept term. In regression analysis, however, such 

literal interpretation of the intercept term may be meaningless. 

Paradoxically, while the value is generally meaningless, it is 

crucial to include the constant term in most of the regression 

models. It can guarantee that the residuals have a mean of zero, 

and additionally, it can also avoid the regression coefficients 

and predictions of the models to be biased. 

In this research, from best model in Model I, model M2.0.0 

is shown to be the forecasted model in Model II that can be 

used to indicate the export volume of biodiesel. It is found out 

that the main significant factor that contributes to the export 

volume of biodiesel is the export value of biodiesel. The 

export value of the biodiesel (X2) gives a positive contribution, 

and has a strong correlation (0.9691) with the export volume 

of biodiesel. The value of -1.863×10
3
 which is the intercept of 

the model indicates the export volume of biodiesel in tonnes 

when all the independent variables from the model are equal 

to zero. Since it is impossible for the export volume to have a 

negative value, hence, the intercept term is meaningless. 

The best model M72.2.5 for Model I has undergone the 

MAPE test for forecasting purposes. The MAPE value for 

best model M72.2.5 using the model transformation method is 

found to be 2.62%. Since the value is less than 25%, model 

M72.2.5 is hence suitable for use in forecasting the export 

volume of biodiesel. 

 

V. CONCLUSION 

This research is carried out to determine the factors that 

would contribute to the production of oil palm fruits, i.e. the 

production model, and ultimately, this production model is 

further used to forecast the export volume of biodiesel after 

the processes of trans-esterification and esterification. The 

best model M72.2.5 using the model transformation method 

implicates that the main factor that influences the production 

of oil palm fruits is the total workers employed during last pay 

period. The negative coefficient of the total workers 

employed during last pay period shows a negative 

contribution to the production of oil palm fruits. In other 

words, for every single increase (or decrease) in the total 

number of workers employed during the last pay period would 

cause a decrease (or increase) in the production of oil palm 

fruits for approximately 9.204×10
9
 tonnes. There are six 

interaction factors exist in model M72.2.5. They are 

harvested area (X2) interacts with the yield per hectare (X3), 

Harvested area (X2) interacts with local delivery average price 

(X4), harvested area (X2) interacts with total workers 

employed during last pay period (X5), yield per hectare(X3) 

interacts with local delivery average price (X4), harvested area 

(X2) interacts with local delivery average price (X4) interacts 

with total workers employed during last pay period (X5) and 

yield per hectare (X3) interacts with local delivery average 

price (X4) interacts with total workers employed during last 

pay period (X5).  

This research also manages to identify the factor that 

influences the export volume of biodiesel. The model M2.0.0 

indicates that the main factor that influences the export 

volume is the export value of biodiesel. The positive 

coefficient of the export value of biodiesel in the model shows 

the positive contribution to the export volume of biodiesel. 

This means that the export value of biodiesel would increase 

the export volume of biodiesel when the price value of 

biodiesel has attained an economic and competitive global 

market pricing. In other words, positive quantum efforts have 

to made by oil producing countries, environmentally 

concerned governments and bodies, green technologies 

companies, and etc. to help in stabilising and regulating the 

price, and hence, consequently the production of this 

sustainable green energy. 

APPENDIX 

All Possible 80 models OF model i 

M1: 0 1 1Y X u     

M2: 0 2 2Y X u     

M3: 0 3 3Y X u     

M4: 0 4 4Y X u     

M5: 0 5 5Y X u     

M6: 0 1 1 2 2Y X X u       

M7: 0 1 1 3 3Y X X u       

M8: 0 1 1 4 4Y X X u       

M9: 0 1 1 5 5Y X X u       

M10: 0 2 2 3 3Y X X u       

M11: 0 2 2 4 4Y X X u       

M12: 0 2 2 5 5Y X X u       

M13: 0 3 3 4 4Y X X u       

M14: 0 3 3 5 5Y X X u       

M15: 0 4 4 5 5Y X X u       

M16: 0 1 1 2 2 3 3Y X X X u         

M17: 0 1 1 2 2 4 4Y X X X u         
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M18: 
0 1 1 2 2 5 5Y X X X u         

M19: 
0 1 1 3 3 4 4Y X X X u         

M20: 
0 1 1 3 3 5 5Y X X X u         

M21: 
0 1 1 4 4 5 5Y X X X u         

M22: 
0 2 2 3 3 4 4Y X X X u         

M23: 
0 2 2 3 3 5 5Y X X X u         

M24: 
0 2 2 4 4 5 5Y X X X u         

M25: 
0 3 3 4 4 5 5Y X X X u         

M26: 
0 1 1 2 2 3 3 4 4Y X X X X u           

M27: 
0 1 1 2 2 3 3 5 5Y X X X X u           

M28: 
0 1 1 2 2 4 4 5 5Y X X X X u           

M29: 
0 1 1 3 3 4 4 5 5Y X X X X u           

M30: 0 2 2 3 3 4 4 5 5Y X X X X u           

M31: 0 1 1 2 2 3 3 4 4 5 5Y X X X X X u             

M32: 0 1 1 2 2 12 12Y X X X u         

M33: 0 1 1 3 3 13 13Y X X X u         

M34: 0 1 1 4 4 14 14Y X X X u         

M35: 0 1 1 5 5 15 15Y X X X u         

M36: 0 2 2 3 3 23 23Y X X X u         

M37: 0 2 2 4 4 24 24Y X X X u         

M38: 0 2 2 5 5 25 25Y X X X u         

M39: 0 3 3 4 4 34 34Y X X X u         

M40: 0 3 3 5 5 35 35Y X X X u         

M41: 0 4 4 5 5 45 45Y X X X u         

M42: 
0 1 1 2 2 3 3 12 12 13 13 23 23Y X X X X X X u               

M43: 
0 1 1 2 2 4 4 12 12 14 14 24 24Y X X X X X X u               

M44: 
0 1 1 2 2 5 5 12 12 15 15 25 25Y X X X X X X u               

M45: 
0 1 1 3 3 4 4 13 13 14 14 34 34Y X X X X X X u               

M46: 
0 1 1 3 3 5 5 13 13 15 15 35 35Y X X X X X X u               

M47: 
0 1 1 4 4 5 5 14 14 15 15 45 45Y X X X X X X u               

M48: 
0 2 2 3 3 4 4 23 23 24 24 34 34Y X X X X X X u               

M49: 
0 2 2 3 3 5 5 23 23 25 25 35 35Y X X X X X X u               

M50: 
0 2 2 4 4 5 5 24 24 25 25 45 45Y X X X X X X u               

M57: 
0 1 1 2 2 3 3 4 4 12 12 13 13

14 14 23 23 24 24 34 34 123 123 124 124

134 134 234 234+

Y X X X X X X

X X X X X X

X X u

      

     

 

      

     

 

 

M58: 0 1 1 2 2 3 3 12 12

13 13 23 23 123 123

Y X X X X

X X X u

    

  

    

   
 

M59: 
0 1 1 2 2 4 4 12 12

14 14 24 24 124 124

Y X X X X

X X X u

    

  

    

   
 

M60: 0 1 1 2 2 5 5 12 12

15 15 25 25 125 125

Y X X X X

X X X u

    

  

    

   
 

M61: 0 1 1 3 3 4 4 13 13

14 14 34 34 134 134

Y X X X X

X X X u

    

  

    

   
 

M62: 0 1 1 3 3 5 5 13 13

15 15 35 35 135 135

Y X X X X

X X X u

    

  

    

   
 

M63: 0 1 1 4 4 5 5 14 14

15 15 45 45 145 145

Y X X X X

X X X u

    

  

    

   
 

M64: 0 2 2 3 3 4 4 23 23

24 24 34 34 234 234

Y X X X X

X X X u

    

  

    

   
 

M65: 0 2 2 3 3 5 5 23 23

25 25 35 35 235 235

Y X X X X

X X X u

    

  

    

   
 

M66: 0 2 2 4 4 5 5 24 24

25 25 45 45 245 245

Y X X X X

X X X u

    

  

    

   
 

M67: 
0 3 3 4 4 5 5 34 34

35 35 45 45 345 345

Y X X X X

X X X u

    

  

    

   
 

M68: 
0 1 1 2 2 3 3 4 4 12 12 13 13

14 14 23 23 24 24 34 34 123 123 124 124

134 134 234 234+

Y X X X X X X

X X X X X X

X X u

      

     

 

      

     

 

 

M69: 
0 1 1 2 2 3 3 5 5 12 12 13 13

15 15 23 23 25 25 35 35 123 123 125 125

135 135 235 235+

Y X X X X X X

X X X X X X

X X u

      

     

 

      

     

 

 

M70: 
0 1 1 3 3 4 4 5 5 13 13 14 14

15 15 34 34 35 35 45 45 134 134 135 135

145 145 345 345+

Y X X X X X X

X X X X X X

X X u

      

     

 

      

     

 

 

M71: 
0 1 1 3 3 4 4 5 5 13 13 14 14

15 15 34 34 35 35 45 45 134 134 135 135

145 145 345 345+

Y X X X X X X

X X X X X X

X X u

      

     

 

      

     

 

 

M72: 
0 2 2 3 3 4 4 5 5 23 23 24 24

25 25 34 34 35 35 45 45 234 234 235 235

245 245 345 345+

Y X X X X X X

X X X X X X

X X u

      

     

 

      

     

 

 

M77: 
0 1 1 3 3 4 4 5 5 13 13 14 14

15 15 34 34 35 35 45 45 134 134 135 135

145 145 345 345 1345 1345+ +

Y X X X X X X

X X X X X X

X X X u

      

     

  

      

     

 

 

M78: 
0 2 2 3 3 4 4 5 5 23 23 24 24

25 25 34 34 35 35 45 45 234 234 235 235

245 245 345 345 2345 2345

1

+ +

Y X X X X X X

X X X X X X

X X X u

      

     

  

      

     

 

 

M79: 

0 1 1 2 2 3 3 4 4 5 5 12 12 13 13

14 14 15 15 23 23 24 24 25 25 34 34 35 35

45 45 123 123 124 124 125 125 134 134 135 135

145 145 234 234 235 235 245 245 345 345 1234 123

1 +

+

+ + +

Y X X X X X X X

X X X X X X X

X X X X X X

X X X X X X

       

      

     

     

      

     

     

   4

1235 1235 1245 1245 1345 1345 2345 2345+ + + +X X X X u    

 

M80: 

0 1 1 2 2 3 3 4 4 5 5 12 12 13 13

14 14 15 15 23 23 24 24 25 25 34 34 35 35

45 45 123 123 124 124 125 125 134 134 135 135

145 145 234 234 235 235 245 245 345 345 1234 123

1 +

+

+ + +

Y X X X X X X X

X X X X X X X

X X X X X X

X X X X X X

       

      

     

     

      

     

     

   4

1235 1235 1245 1245 1345 1345 2345 2345 12345 12345+ + + + +X X X X X u     
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