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Abstract — This research was conducted at PT. Socfindo Kebun Mata Pao is one of the industrial companies engaged in
palm oil processing. The main raw material used in processing Crude Palm Oil (CPO) is Fresh Fruit Bunches (FFB), where
the FI'B used must be based on good characteristics to get quality CPO. PT. Socfindo Kebun Mata Pao needs to pay
attention to the adequacy of raw materials or the shortage of FFB raw materials. If the FFB inventory exceeds the amount
of production needed, it will certainly cause additional storage costs and a decrease in the quality of CPO. Meanwhile, if the
FEB supply is too small, it will increase procurement costs and interfere with the smooth running of products, resulting in
inefficient production activities. Therefore, companies need to forecast the need for FFB raw materials, to minimize the
occurrence of excess or shortage of FFB. The methods used in forecasting the needs of FFB raw materials are the Linear
Regression method and the Quadratic method. The purpose of this study is to obtain forecasting results with the best
accuracy between the Linear Regression and Quadratic methods to be able to predict the need for FFB raw materials in the
2022 period and so that companies can manage FFB raw material inventory by production needs. The data collection
method was used from the observations and study documents results. The forecasting results from the calculation of the
error rate in the Linear Regression method obtained a Standard Error of Estimate (SEE) of 317.16 and a Mean Absolute
Percentage Error (MAPE) of 0.58%, while the error rate in the Quadratic method obtained a Standard Error of Estimate
(SEE) of 323.55 and a Mean Absolute Percentage Error (MAPE) of 4.75%. From the calculation of the error rate in both
methods, the smallest error rate is obtained in the Linear Regression method.

Keywords: Fresh fruit bunches; Crude palm oil; Forecasting; Linear regression; Quadratics.

Introduction

The potential of the palm oil business in Indonesia is considered very good because Indonesia has advantages
that can make the palm oil commodity industry become one of the competitive industries in world trade. This
is because Indonesia has a wet tropical climate, large islands and small islands that stretch around the Indonesian
equator provide a large enough area for oil palm development (Anugrah & Wachjar, 2018).

In raw material inventory (FEB) planning, several aspects that need to be considered involve determining the
quantities that must be available, the quality standards required for raw materials, as well as relevant prices. Lack
of effective control in managing raw material supplies can result in financial losses or even operational failure
for the company. In essence, the purpose of having raw material inventory (FFB) is to facilitate and carry out
company operations in a sustainable and efficient manner in the production of goods. Therefore, it cannot be
ignored that the role of raw material inventory is very important in the company's development efforts.

One of the stages of oil palm cultivation is harvesting, which is one of the key factors in oil palm productivity.
Management in harvesting is closely related to the timing of harvesting. The timing of harvesting palm fruit
greatly affects the quantity and quality of oil produced (Junaedi et al., 2019).
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The main harvest of oil palm is oil palm fruit in the form of FFB. FI'B is processed in palm oil mills to obtain
vegetable oil. Harvesting activities consist of pre-harvest preparation, harvesting, harvest evaluation, and fruit
transportation. Good preparation for the harvest will facilitate the implementation of the harvest. Successful
harvest will support the achievement of oil palm crop productivity because high production potential is also
meaningless if yield management is not carried out optimally (Kurniawan & Lontoh, 2018).

It is known that to get good (optimal) CPO quality requires certain conditions including the distance of FFB
picking time until itis processed at the processing unit only has a maximum grace time of 12 hours. The allowable
period from the time the FEFB is harvested to the processing process at the palm oil mill should not exceed 12
hours. If the period is more than 12 hours, the quality of the CPO produced decreases, which ultimately has an
impact on reducing the value/selling price of FFB ((Ditjen Bina Pengolahan dan Pemasaran Hasil Pertanian),
2017)

Fresh fruit bunches (FFB), which are used as raw material for processing Crude Palm Oil (CPO) have the
characteristic of being easily damaged if handled too late or if there are errors, which can result in increased levels
of free fatty acids (ALB). Excess raw material inventory will cause additional storage costs and a decrease in
product quality, while too little inventory will result in additional procurement costs, disruption in smooth
production, and inefficiencies in production activities (Amalia & Hairiyah, 2018).

The raw material used for the production of CPO oil is fresh fruit bunches (FFB) from oil palm trees which
must meet certain requirements before being converted into CPO oil (Tanjung & Azmiati, 2015). In this
research, we will predict the amount of oil palm FFB that needs to be prepared by the plantation department so
that it can be processed into Crude Palm Oil (CPO) by the production team. The researcher chose the linear
regression forecasting method and the quadratic method because it is in accordance with the data used so that it
has a high degree of accuracy to overcome existing problems.

The aim of this research is to predict the need for FFB raw materials for CPO (Crude Palm Oil) production
in the coming year, namely 2022 and to determine the best forecasting method between the linear regression
method and the quadratic method by looking for the smallest error rate in each method.

Materials and Methods
Materials

Forecasting is a quantitative method used to predict events that will occur in the future by relying on historical
data or past information as a reference basis. Forecasting is cartied out in order to reduce the risk in conditions
of uncertainty regarding something that may happen in the future. Minimizing this uncertainty can be done by
using a forecasting method approach (Wardah & Iskandar, 2017).

In this study, the discovery of existing problems was carried out through observation or direct observation
at PT. Socfindo Kebun Mata Pao with a focus on the supply of raw materials. Data collection in this study was
carried out with a study of documents whose documents or data were directly requested to the PT. Socfindo
Kebun Mata Pao. The required data is data on the use of Fresh Fruit Bunches (FFB) in PT. Socfindo Kebun
Mata Pao for the period of January-December 2021.

Methods

This study used the Linear Regression method and the Quadratic method to estimate the need for FFB in

PT. Soctindo Kebun Mata Pao in the petiod January-December 2022.

Linear regression method
Linear regression as a prediction method has been used to predict book sales and inventory for future
periods (Ayuni & Fitrianah, 2019). The general form of the equation is:
Dt =a+b.t M
Using the Least Square Method then the price constants a and b are obtained from the equation below:
, - "&bt — BH(EDY)
n(xe?) - (Z6)?
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_ XDt byt

n n

Quadratic method

The quadratic method is the value of the dependent variable with a linear increase or decrease (happens in a
parabola), if the data is made into a scatter plot (the relationship between the independent variable and the
dependent variable is quadratic) and is a non-linear regression method (Utami et al., 2021). It has a forecasting
function, namely:

Dt =a+bt+ct? 2

To perform forecasting by the quadratic method, then we must first find the values of the constants a, b, and

c using the formula:
_ XDt-(b¥ t)—(c.Xt?) p= y.6—6.a _ -
n ’ y.B-a? ’ Y
Using the formula of a normal equation:

0= (Z ZDt) th Dt)

The troubleshooting steps in this study can be seen in Figure 1.
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Figure 1. Problem-Solving Steps.

Results
Based on FFB usage data for the January-December 2021 period that has been obtained from PT. Socfindo
Kebun Mata Pao can then be done forecasting using the Linear Regression method and the Quadratic method.

Calculation of Forecasting and Error Rate with Linear Regression Method
The calculation of dt' from January-December 2021 using the Linear Regression method using the equation

(1) is:

Dt =a+b.t
So, to find the value of a and b, the formula is used below :
_ nx(.Dt)—-(Xt)(XDt) _ xbt _ bXt
Ton@EH-@n?2 > n n

And obtained the results of the values of a and b, namely :

_nax(t.DY) — (RO)(XDt) (12 x 186.405,77) — (78 X 27.60595)

TTaa - cor (12 x 650) — (78)? = 48,72

n n 12 12 =1.983,81

YDt bYt 27.60595 (48,72)(78)
a= = -
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So that the function of forecasting FFB needs with the Linear Regression method is:
Dt =a+ b.t=1.983,81 + (48,72).t

The results of the calculation of FFB need forecasting in the January-December 2021 period using the
Linear Regression method, which can be seen in Table 1. The error rate in this method can then be calculated.

Table 1. Calculation of linear regression method.

No. Month Féfﬂg‘;‘;;‘f Dt (Forecast) Dt-Dp (Dt-Dr’)?
1 January 1.680,50 2.032,53 352,03 123.925,12
2 February 2.362,65 2.081,25 2814 79.185,96
3 Match 2.087,58 2.129,97 42,39 1.796,91
4 April 2.068,72 2.178,69 109,97 12.093,40
5 May 2.202,18 222741 2523 636,55
6 June 2.700,20 2.276,13 424,07 179.835,36
7 July 2.539,10 2.324,85 214,25 45.903,06
8 August 2.393,87 2.373,57 20,3 412,09
9 September 2.060,52 2.422,29 361,77 130.877,53
10 October 2.154,40 2.471,01 316,61 100.241,89
11 November 3.037,85 2.519,73 518,12 268.448,33
12 December 231838 256845 -250,07 62.535

(Soutce: Processed data)

It can be seen from the results of forecasting using the linear regression method, the historical data used
in forecasting the monthly demand for FFB raw materials for 2022 forms an upward linear trend according to
the resulting linear equation. The forecasting results using this method have increased the number of requests.
The thing that causes an increase in forecasting results is the trend of past data (Tiranda et al., 2022).
Forecasting error rate using linear regression method:

Calculation of forecasting and error rate with quadratic method

SEE Linear Regression =

MAPE Linear Regression =
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Figure 2. Linear regression forecasting calculation results graph.

The calculation of dt' from January-December 2021 using the Quadratic method using the following equation

@) is:

Dt =a+ b.t + c.t?

So, to find the values of a, b and c, the formula is used below:
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a= YDt—(b.Y t)—(c.Xt?) _y.6-6.a _ 6—(b.a)

n yB-az >y

And obtained the results of the values of a, b and ¢, namely:

_y.6—6.a  ((~306.020)(—83.605,1)) — ((—976.206)(—22.308))

b - =138,5
VB —a? ((=306.020)(—1716)) — (—22.308)2
_ 6-(b.@) _ (-976206) - (13854 x (-22308)) _ _
=T T —306.020 -
Dt —b(Xt) —c (Nt?) (27.60595) — (138,54 x 78) — ((—6,91) X 650
§I2HED G _( )= U357~ (COM X0 _, 17,

So that the function of forecasting FFB needs using the Quadratic method is:
Dt =a+b.t+ct? =1.774,23 + (138,54).t — (6,91).t?
A quadratic trend is a time series with data in the form of a parabolic line (Rifa’i, 2019). The results of the
calculation of FFB needs forecasting in the January-December 2021 period using the Quadratic method can be

seen in table 2 and can then be calculated the error rate in this method.

Table 2. Calculation of the quadratic method.

No. Month FFB Needs (Tons)/Dt D¢ (Forecasi) Dt-Dt (Dt-Dr)?
1 January 1.680,50 1.905,86 -225,36 50.787,13
2 February 2.362,65 2.023,67 338,98 114.907,44
3 March 2.087,58 2.127,66 -40,08 1.6006,41
4 April 2.008,72 2.217,83 -149,11 22.233,79
5 May 2.202,18 2.294,18 -92 8.464,00
6 June 2.700,20 2.356,71 343,49 117.985,38
7 July 2.539,10 2.405,42 133,68 17.870,34
8 August 2.393,87 2.440,31 -46,44 2.156,67
9 September 2.060,52 2.461,38 -400,86 160.688,74
10 October 2.154,40 2.468,03 -314,23 98.740,49
11 November 3.037,85 2.462,06 575,79 331.534,12
12 December 2.318,38 2.441,67 -123,29 15.200,42

(Source: Processed data)
A quadratic trend is a time series with data in the form of a parabolic line. A parabolic (quadratic) trend is a

trend in which the value of the dependent variable increases or decreases lineatly or becomes parabolic when
the data is made into a scatter plot (Rifa’i, 2019).
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Figure 3. Quadratic forecasting calculation results graph.

Forecasting error rate using the quadratic method:

SEE dratic = Y. (Dt — Dt")? _[942.17495 323 55
Quadratic = — = 12-3 ~ )
] Y |Dt — Dt'| 0,57
MAPE Quadratic = — X 100% = EV X 100% = 4,75%

In all forecasting situations, there is a degree of uncertainty. We recognize this fact by including an element of error
in the formulation of a time seties forecast. The sources of discrepancies in forecasting results are not only related to
errors but also depend on the ability of the forecasting model to recognize other elements in the data set. Therefore,
large deviations in forecasting can be caused by unexpected factors (outliers) that are difficult to predict by any
forecasting method. In addition, deviations can also be caused by the inability of the forecasting method to accurately
model the trend component, seasonal component, or cyclical component that may be present in the data, indicating
the inappropriateness of the method used (in Sungkawa & Megasari, 2011).

In this study using the linear regression forecasting method and the quadratic forecasting method to
determine the need for FFB raw materials for the production of CPO (Crude Palm Oil) at PT. Soctindo Kebun
Mata Pao. Selection of the best forecasting method is based on the level of prediction error, where the smaller
the resulting error rate, the more precise a method is in predicting (in Yant et al., 2016). The accuracy measutes
used in this research are SEE and MAPE.

Table 3. Compatison of SEE and MAPE error rate values.
Forecasting Methods

Accuracy Size

Linear Regression Quadratic
SEE 317,16 323,55
MAPE 0,58% 4,75%

From the table above, it can be seen that each method has a different accuracy measure value. Where the
Standard Error of Estimate (SEE) value in the linear regression method is 317.16, smaller than the SEE value in
the quadratic method which is 323.55. For the MAPE value in the linear regression method of 0.58%, it is smaller
than the MAPE value in the quadratic method which is 4.75%. Of the two forecasting precision measurement
values used to compare linear and quadratic regression methods, it turns out that all the smallest precision values
are found in the linear regression method. This proves that the linear regression method is the best in forecasting
FFB needs for CPO production in PT. Socfindo Kebun Mata Pao.
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Discussion

After obtaining the best forecasting method (SEE and the smallest MAPE), the next step is to verify forecasting.
The purpose of forecasting verification is to check whether the forecasting function has represented the existing data.
To check the forecasting that has been done, you can use the Moving Range Chart.

After verification, it is known and MR = 362,98 can be seen in the graph above that no data is outside the
upper and lower control limits, with the upper limit values obtained, namely UCL = 965.53 and the lower limit
obtained by LCL = -965.53. For this reason, there is no need to verify by eliminating out-of-control data.

From the smallest SEE and MAPE error rates found in the linear regression method. This means that the
linear regression method is the best method to forecast the need for FFB for CPO production in PT. Socfindo
Kebun Mata Pao. This is known from the smallest error value by the SEE and MAPE accuracy measurement
methods. To calculate the results of forecasting FFB needs for the coming year period, namely January —
December 2022, the equation Dt' = a + b.t, with the function of the equation Dt' = 1,983.81 + 48.72(t). So that
it can be known the forecasting of FI'B needs for the January-December 2022 period as in table 5.

The Linear Regression Method is a method that is suitable for making predictions or forecasting, by looking
at the influence between two or many variables. Meanwhile, the relationship between these variables is functional
in nature which is realized in a process or mathematical model (Ababil et al., 2022).

Table 4. Verification of FFB needs data forecasting results.

No. Month Dt D¢’ (Forecast) Et=D¢t-Dt MR=
|E — E¢4l)
1 January 1.680,50 2.032,53 -352,03
2 February 2.362,65 208125 281,4 633,43
3 March 2.087,58 2.129,97 -42,39 323,79
4 April 2.068,72 2.178,69 -109,97 67,58
5 May 2.202,18 2.227.41 2523 84,74
6 June 2.700,20 2.276,13 424,07 449,30
7 July 2.539,10 2.324.85 214,25 209,82
8 August 2.393.87 2.373,57 20,3 193,95
9 September 2.060,52 2.422.29 -361,77 382,07
10 October 2.154.40 2.471,01 -316,61 45,16
11 November 3.037,85 2.519,73 518,12 834,73
12 December 2.318,38 2.568,45 -250,07 768,19
Total 27.605,95 27.605,88 0,07 3.992,76

(Source: Processed data)

—_  YMR 399276
n—-1 12-1

= 362,98

ForecastingVerification Graph
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Figure 4. Forecasting results verification chart.
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Table 5. FEB needs forecasting data January — December 2022.

Month t Dt'= a+b.t (Tons)
January 13 2.617,17
February 14 2.665,89
March 15 2.714,61
April 16 2.763,33
May 17 2.812,05
June 18 2.860,77
July 19 2.909,49
August 20 2.95821
September 21 3.006,93
October 22 3.055,65
November 23 3.104,37
December 24 3.153,09

Conclusion

The best forecasting method for determining the raw material requirement for FFB (Fresh Fruit Bunches) for
CPO production in 2022 is the linear regression method. This is because by forecasting with the linear regression
method it is known that the SEE and MAPE values in these methods are in the smallest value so that the risk
of errors in production forecasting and losses caused by forecasting method errors can be minimized or avoided.
In the experiments that have been carried out, the results from the linear regression method are better than those
from the quadratic method. The error results in the linear regression method are smaller, namely SEE of 317.16
and MAPE of 0.58% compared to the error results in the quadratic method, namely SEE of 323.55 and MAPE
of 4.75%. The results of these errors can be taken into consideration in choosing the right method in making
decisions about the need for FFB for CPO production in order to get even better results. Using this forecasting
method can help companies order FFB according to their needs so that there is no excess or shortage of raw

materials in the coming year.
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