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Abstract:- Nickel is an important metal element in the 

battery cell components used for electric cars. For the 

manufacture of batteries, three main raw materials are 

needed, namely nickel, lithium and cobalt. For nickel, 

Indonesia controls 30 percent. Compared to some other 

countries.From the results of experiments conducted by 

the author, it was found that the most accurate 

forecasting for nickel ore production data is the ARIMA 

forecasting method. The results obtained from nickel ore 

forecasts that there will be a decline after 2020. This is 

not a good thing for the government's plan to increase 

electric battery vehicles that use nickel.The decline in 

nickel production was due to the excavation that was 

exhausted in 2018 and 2019 resulting in production of 

20,219,885/ton & 23,967,427/ton. Therefore, to stabilize 

nickel ore production, it is necessary to control nickel ore 

production targets so that production and demand for 

nickel are not unequal but should be statistically 

parallel.Forecasting using the ARIMA time series 

method, getting the error valueMAPE = 3.940710675%, 

and The Winter's method model with the smallest error 

percentage value of 15.27%. 
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I. INTRODUCTION 
 

Nickel is a mineral that is highly sought after by 

investors in the mining sector. The function of the nickel 

mineral itself is very much, one of which is in the 

manufacture of stainless steel, it can also be used as a Physics 

and Chemistry laboratory tool and many more. Nickel is hard 

but malleable, resists rust, and its mechanical and physical 

properties persist even when exposed to extreme 

temperatures. This metal is of high quality because it is 

useful for coatings and batteries. Nickel also serves to give a 

brilliant metallic finish such as in faucets and showers in 

bathrooms. Even in today's time, almost no one can not 
escape from nickel. This is because this metal is used as one 

of the main ingredients for making rechargeable lithium 

batteries in gadgets. Nickel is also very valuable in the future 

with the rapid trend of electric vehicles in the world. 
 

At present and in the future, the demand for nickel is 

increasing in addition to other needs whose supply is 

increasingly limited. This is because Nickel is a mineral that 

has high economic value. Therefore, the storage area which 

we usually call the stockyard can greatly determine the 

amount of nickel that will be produced. 
 

Starting January 1, 2020, the Government officially 

stopped nickel exports. The decision to ban exports is 

contained in the Minister of Energy and Mineral Resources 

Regulation (Permen) Number 11 of 2019 Second 
Amendment to the Regulation of the Minister of Energy and 

Mineral Resources Number 25 of 2018 concerning Mineral 

and Coal Mining Concessions. This policy was born from 

consideration of the domestic nickel stock which estimates 

that there are only 700 million tons left. Of the remaining 

amount, it is predicted that it will run out in 8 years if mining 

continues. 
 

According to data from the Badan Pusat Statistika(BPS) 

for 2004-2014, three of the six export destinations for 

Indonesia's nickel are Switzerland, Greece and Ukraine. 

These three countries are part of the European Union. The 

following is data on the number of Indonesian nickel exports 

to the three countries. In 2004, there were 258,350 tons of 

nickel exported worth USD 6.92 million. In 2005, there were 

582,787 tons of nickel worth USD 21.35 million. In 2006, 
there were 914,664 tons worth USD 51.45 million. In 2007, 

there were 983,167 tons of nickel valued at USD 86.82 

million. In 2008, there were 1,603,733 tons of nickel worth 

USD 103.8 million. In 2009, there were 922,170 tons of 

nickel worth USD 42.30 million. In 2010, there were 

921,096.6 tons of nickel valued at USD 67.9 million. In 

2011, there were 1,283,671.5 tons of nickel worth USD 85.06 

million. In 2012, there were 1,844,640.7 tons of nickel 

valued at USD 93.17 million. In 2013 there were 1,941,139.7 

tons of nickel worth USD 90.93 million. In 2014 there were 

38,532.8 tons of nickel valued at USD 1.67 million. This is a 
new challenge for Indonesia where Indonesia has to process 

its own nickel ore. The depletion of nickel in nature has 

forced the government to take steps to downstream and 

industrialize the raw materials of its natural resources. For 

this reason, the government has decided to stop the export of 

nickel ore by 2020. 
 

Southeast Sulawesi Province has unstable nickel ore & 

nickel ore production in a decade (2003 – 2013). Nickel 

production is important because of the increasing demand for 

nickel, expansion is expected to increase capacity so that it 

can be a reserve if production is interrupted one day, so that 

delivery can still run with the existing backup. In this thesis, 

we will look for the most accurate forecasting technique, 

with stable production without worrying about shortage of 

reserves. From the description above, it is necessary to 

conduct research on forecasting to achieve the target and 
stabilize the production value. 
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Table 1: Production Nickel Sulawesi Tenggara 
 

Source: Badan Pusat Statistik Sulawesi Tenggara 
 

The data shows an upward trend in the value of nickel 

production, Indonesia is one of the countries with the highest 

production in the world, this is one of the reasons the 

Indonesian government has closed nickel exports. If 

Indonesia can process nickel ore itself, it will increase the 

selling value of Indonesian nickel ore. Nickel ore is one of 

the results of the refining of nickel ore. 
 

II. LITERATURE QUERY 
 

A. Definition of Forecasting 

Forecasting is an activity to predict what will happen in 

the future. Forecasting is necessary because there is a time 

difference between awareness of the need for a new policy 

and the time of implementation of the policy. If the time 

difference is long, then the role of forecasting becomes 

important and very much needed, especially in determining 
when an event occurs so that actions can be prepared that 

need to be taken. [1] 
 

While the forecast is a situation or condition that is 

expected to occur in the future. The forecast can be based on 
various methods known as forecasting methods. Forecasting 

method is a way of predicting quantitatively what will 

happen in the future, based on relevant data in the past. The 

forecasting method will assist in conducting an analytical 

approach to behavior or patterns from past data, so that it can 

provide a systematic and pragmatic way of thinking, working 

and solving, as well as providing a greater level of 

confidence in the accuracy of the predictions made or 

compiled.  
 

B. Function of Forecasting 

There is often a time lag between awareness of an 

upcoming event or need and the event itself. The existence of 

this lead time is the main reason for planning and forecasting. 

In the above situation forecasting is necessary to determine 
when an event will occur or a need will arise, so that actions 

can be prepared that need to be taken.  
 

In planning in an agency, be it government or private, 

forecasting is a very basic requirement. Where good or bad 
forecasts can affect all parts of the agency, because the grace 

period for decision making can range from several years. 

Forecasting is an important tool in effective and efficient 

planning. The usefulness of a forecast can be seen at the time 

of decision making. A good decision is a decision that is 

based on consideration of what will happen when the 

decision is made. If the decision taken is not appropriate, the 

decision should not be implemented. Because the problem of 

decision making is a problem that is always faced, 

forecasting is also a problem that is always faced because 

forecasting is related to making a decision.  
 

Whether or not a forecast is prepared, besides being 

determined by the method used, it is also determined by 

whether or not the information or data used or the accuracy 

of the forecast made. As long as the data and information 
used cannot be used, the forecasting results compiled will 

also be difficult to believe in their accuracy.  
 

Therefore, the accuracy of the prediction is very 

important, however it should be realized that a prediction is 
still a prediction, where there is always an element of error. 

 

So the important thing to note is to minimize the error. 
  
Within the Organization section there are several 

important roles in forecasting: 
 

 Scheduling of available resources. Efficient use of 

resources requires scheduling production, transportation, 

cash, personnel, and so on. Important inputs for such 

scheduling are forecasts of the level of customer or 

customer demand, materials, labor, finance or services. 

 Provision of additional resources. Lead times for acquiring 

raw materials, hiring new workers or purchasing machinery 
and equipment can range from a few days to several years. 

Forecasting is needed to determine future resource 

requirements. 

 Determination of the desired resource. Every organization 

must determine the resources it wants to have in the long 

term. Such decisions depend on market opportunities, 

environmental factors and internal development of 

financial, human, product, and technological resources. All 

of these decisions require good forecasts and managers who 

can interpret forecasts and make informed decisions. 
 

Although there are many other fields that require 

forecasting, the three groups above are typical forms of the 

use of short, medium, and long-term forecasting.  
 

From the description above, it can be said that the 

forecasting method is very useful, because it will help in 

conducting an analysis of data from the past. So that the 

forecasting method will provide a way of thinking, orderly 

and directed work and systematic planning to provide 

accurate analysis results.  
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C. Meaning of Time Series 

Periodic data (time series) is data that is compiled based 
on time sequences or data collected from time to time. The 

time used can be in the form of weeks, months, years and so 

on. Time Series is a series of observational data originating 

from one fixed source and occurring based on a time index t 

in succession with fixed time intervals. Each observation can 

be expressed as a random variable Zt with the notation Zt1, 

Zt2, ...,Ztn 

 

Periodic data or time series is data that is usually used 

to describe a development or trend of 

circumstances/events/activities. Usually the distance or 

interval from time to time is the same.  
 

Examples of periodic data are as follows: 

a) the economic growth of a country per year; 

b) the amount of oil production per month; 
c) stock price index per day. 

 

Time series, periodic data or time series are a series of 

observations of an event, occurrence, symptom, or variable 

taken from time to time, carefully recorded in the order in 
which they occur, and then compiled as statistical data. In 

general, observations and recordings are carried out within a 

certain period of time, for example at the end of each year, at 

the beginning of each year, every ten years, and so on . 
 

Data movement patterns or variable values from time 

series data can be known. So that time series data can be used 

as the basis for: 
 

a) current decision making. 
b) forecasting the state of trade or the economy in the future. 

c) planning activities for the future. 
 

Identify Time Series Models 
 

The formation of the ARIMA model can be seen from 

the results of the ACF and PACF plots. The ACF and PACF 

plot patterns in the model formation are as follows. 
 

 
Table 2: Plot ACF and PACF 

 

D. Autoregressive Integrated Moving Average (ARIMA) 

Method 

The Autoregressive Integrated Moving Average 

(ARIMA) model is a model that completely ignores the 

independent variables in making forecasts. ARIMA uses past 

and present values of the dependent variable to produce 

accurate short-term forecasts. ARIMA has very good 

accuracy for short-term forecasting, while for long-term 

forecasting the forecasting is not good. Usually it will tend to 
be flat (flat/constant) for a fairly long period. 

 

The general form of the autoregressive integrated 

moving average (ARIMA p,d,q) model is: 

 

 
Fig. 1: ARIMA Method 

 

The AR, MA, and ARMA models that have been 

discussed previously use the assumption that the time series 

data analyzed are stationary. The mean and variance of time 

series data are constant and the covariance is not affected by 

time. ARIMA is also known as the Box Jenkins time series 

method. The ARIMA model consists of three basic steps, 

namely the identification stage, the assessment and testing 

stage, and the diagnostic examination stage. Furthermore, the 
ARIMA model can be used for forecasting if the model 

obtained is adequate. 
 

E. Triple Exponential Smoothing (Winters Method) 

This method is used when the data shows seasonal trends 
and behavior. To deal with seasonality, a third equation 

parameter has been developed called the Holtn Winters 

method after the name of the inventor. There are two Holt-

Winters models depending on the type of seasonality, namely 

the Multiplicative seasonal model and the Additive seasonal 

model. The exponential smoothing method that has been 

discussed previously can be used for almost any type of 

stationary or non-stationary data as long as the data does not 

contain seasonal factors. However, if there is seasonality, this 

method is used as a way to predict data containing seasonal 

factors, but this method alone cannot solve the problem well. 

However, this method can handle seasonal factors directly. 
The formula used for triple exponential smoothing is: 

 

Trend smoothing: 

Bt =g (St – St-1) + (1 - g ) bt-1  
 

Seasonal Smoothing: 

I = b t X t S + (1-b) t -L +m  
 

Forecasting: 

Ft + m = (St + bt m)It – L + m 
 

Where L is the seasonal length (i.e., the number of 

quarters in a year), b is the trend component, I is the seasonal 

adjustment factor, and Ft + m is the forecast for m periods 

ahead can be hypothesized either as a function of time or as a 

function of the independent variables. , then tested. An 

important step in choosing the right time series model is to 

consider the type of data pattern, so that the most appropriate 
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method with that pattern can be tested. Data patterns can be 

divided into four types of cyclical and trend. 
 

The exponential smoothing method is a procedure that 

repeats calculations continuously using the latest data based 

on the average calculation of smoothing past data 

exponentially. The method proposed by Winter is based on 3 

(three) smoothing parameters, namely one for stationary 

elements, one for trend, and one for seasonality. The 

advantages of the refining method are that it can provide 

accuracy in short-term forecasts and adjustments can be 

made quickly and at low costs. [6] 
 

Ord et al. (1997:1621) stated that the problem that arises 

in the WES method is that each parameter can have a value 

between 0 (zero) to 1 (one) so it is necessary to use a random 

value to fill in the parameter or by doing trial and error, the 

number of which can be very large. . Makridakis et al. 
(1991:110) stated that to reduce doubts about the optimal 

parameter values, a small value was set for each parameter. 

The parameter values used in this study were 0.1 and 0.2. 
 

III. RESEARCH RESULTS AND ANALYSIS 
 

A. Missing Data Analysis 

The Southeast Sulawesi ESDM data for Nickel Ore has 

some missing data, first it is necessary to calculate the 

missing data using the Basic Statistics Minitab, the results are 
as shown below. 

 

 

Fig.2: Missing Data N Missing Minitab 
 

In Figure 4.3 it can be seen that N missing = 2, meaning 

that there are 2 missing values from the Southeast Sulawesi 

Nickel Ore data. 
 

B. Replacing missing data using Median 

To perform more accurate forecasting, it is not possible to 

delete data for missing data, therefore we will use the median 

to replace missing data. 

 

Fig. 3: Median Calculation using Minitab 
 

the median value of Nickel Ore production data 

(Median = 1702267) is obtained. This value will be used to 

replace the missing value. 
 

C. Calculation of ARIMA forecasting for Nickel Ore 

production 

Production and production value of Nickel Ore will be 
calculated using the Minitab program. First, the researcher 

will use ARIMA forecasting. 
 

 

Table 3: Data after analysis missing data 
 

The data is processed from BPS data from Southeast 

Sulawesi 
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D. First Rounded Value Check 

 

 

Fig. 4: First Rounded Value Check 
 

Because the Rounded Value is still not at a value of 1, 

the data is not stationary, it is necessary to do a 

transformation. This transformation will be used for the 
ARIMA difference value. 

 

 

Fig. 5: The result of the 2nd transformation stationary data 
 

After four times the differentiation is obtained rounded 

value = 1 , then the data can be called stationary. From the 

number of differentiations, we get i = 4 for the 

formula/model from ARIMA, the next is an experiment to 

find the Arima model with the smallest error value. The 

following is the data from the 4 box-cox transformations. 

 

 

Table 4: Nickel Ore Box-Cox Transformation 
 

The data is processed from BPS data from Southeast 

Sulawesi. 
 

E. ARIMA model experiment 

ARIMA model (p,d,q) where p and q are lag levels and d 

are differencing levels (transformations). 
 

 
Table 5: Model ARIMA (1,4,0) 

The data is processed from BPS data from Southeast 

Sulawesi 

 

 

MAD = 0.101526067  

MSE  = 0.022080773  

MAPE  = 3.940710675% 
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Table 6: Model ARIMA (0,4,1) 

 

The data is processed from BPS data from Southeast 

Sulawesi 
 

With the ARIMA model (0,4,1) by using the minitab 

the researcher gets the Error value: 

MAD  = 0.1311124  

MSE  = 0.030642172  

MAPE  = 5.096545434 % 

 

From these results, this model cannot be used because 

the MAPE exceeds 5% 
 

 
Table 7: Model ARIMA (1,4,1) 

 

The data is processed from BPS data from Southeast 

Sulawesi 
 

With the ARIMA model (1,4,1) using the minitab the 

researcher gets the Error value: 
 

MSE = 0.022080773 

MAD = 0.101526101 
MAPE = 3.94071215% 
 

From the three ARIMA model tests, it can be concluded 

that adding the MA(q) value causes the MAPE value to 

increase. Subsequent experiments did not use MA(q). 
 

 
Table 8: Model ARIMA (2,4,0) 

The data is processed from BPS data from Southeast 

Sulawesi 
 

With the ARIMA model (2,4,0) by using the minitab 

the researcher gets the Error value: 
 

MSE = 0.136325333 

MAD = 0.037421698 

MAPE = 5.277661624% 
 

It can be found that increasing the value of 

autocorrelation (AR = p) more than 1 increases the value of 

the percentage error. So from this experiment, it can be found 

that the ARIMA(p,d,q) model with the smallest error 

percentage is ARIMA (1,4,0). 
 

F. Winters Method 

In the winter's method the researcher gets the smallest 

error value as follows: 
 

 
Table 9: Model Winter’s Method (1,1,1) 

 

The data is processed from BPS data from Southeast 

Sulawesi 
 

From these experiments to determine the model (ɑ, β, 

γ). The researcher found that changing the value of on the 

minitab did not affect the error percentage. However, in this 

model the smallest MAPE obtained is 15.27%. 
 

G. Discussion & Suggestions on the results of ESDM data 

research 

From the results of experiments conducted by the author, 

it was found that the most accurate forecasting for nickel ore 

production data is the ARIMA forecasting method. The 
results obtained from nickel ore forecasts that there will be a 

decline after 2020. This is not a good thing for the 

government's plan to increase electric battery vehicles that 

use nickel. 
 

Nickel is an important metal element in the battery cell 

components used for electric cars. For the manufacture of 

batteries, three main raw materials are needed, namely nickel, 

lithium and cobalt. For nickel, Indonesia controls 30 percent. 

Compared to some other countries. The decline in nickel 

production was due to the excavation that was exhausted in 

2018 and 2019 resulting in production of 20,219,885/ton & 

23,967,427/ton. Therefore, to stabilize nickel ore production, 
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it is necessary to control nickel ore production targets so that 

production and demand for nickel are not unequal but should 
be statistically parallel. 

 

 
Fig. 6: Autocorrelation of Nickel Ore Production Data 

 

The ARIMA model used is ARIMA p = 1, d = 4 and q = 

0, in Figure 3.5 this is in accordance with the autocorrelation 

which gets 1 lag touching the significant limit line. This 

proves the value of P = 1, and d = 4 of the number of 

transformations from the nickel ore production data. 
 

IV. SUGGESTIONS AND CONCLUSIONS 
 

A. Conclusions 
In this last chapter, the researcher presents the 

conclusions from the research findings. 
 

1. Forecasting using the ARIMA time series method, 

get the error values (MAPE, MSE, MAD) as follows 
MAD = 0.101526067 

MSE = 0.022080773 

MAPE = 3.940710675% 
 

2. The Winter's method model with the smallest error 
percentage is ɑ = 1, β = 1, γ = 1. With an error percentage 

value of 15.27%. Here are MAD, MSE and MAPE 

MAD = 128546.3 

MSE = 1.64E+11 

MAPE = 15.27288 
 

3. Analysis of Missing data for nickel ore production in 

2015 and 2016 was 1,702,267/ton, representing the median 

result of nickel production data from 2001 to 2019. 
 

B. Suggestions 

The author's suggestion is to make observations on other 

variables that affect the rise and fall of nickel ore production. 
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