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Abstract 
 

This research aims to analyze nickel sales forecasting using time series 
forecasting with the help of Microsoft Excel and then compare the pattern between 
Nickel Mining Companies listed on IDX (Indonesia Stock Exchange). This research 
uses a quantitative descriptive study with a forecasting method. The data used is 
secondary data, which is sales data contained in the financial statements of nickel 
mining companies listed on the IDX (Indonesia Stock Exchange) from 2015-2023. 
There are a total of 43 data. The results of this study show that the highest sales 
forecast from PT Aneka Tambang Tbk's nickel sales is in quarter 4 of 2024 of IDR 
16,4 trillion, and the lowest forecast is in quarter 1 of 2024 of IDR 3,4 trillion. On 
the other hand, the highest nickel sales forecast from PT Vale Indonesia Tbk is in 
the 4th quarter of 2024 of IDR 19,3 trillion, and the lowest forecast is in the 1st 
quarter of 2024 of IDR 4,3 trillion. The patterns formed on the forecasting plot 
graphs of the two companies tend to be the same. The sales trend and forecasting 
trend are also the same, there is an increase and show good business prospects and 
nickel sales.  

  

I. INTRODUCTION 
Indonesia is highly vulnerable to the impacts of climate change. This vulnerability is reflected through the increase 

in Indonesia's Global Climate Risk Index (CRI) ranking analyzed by Germanwatch over the past two decades. It is 
projected that by 2050, economic losses that may occur due to climate change will reach 1.4 percent of the current 
Gross Domestic Product (GDP) value. One of the causes of climate change is greenhouse gas emissions. In 2018, the 
transportation sector was the second largest contributor to GHG emissions in the energy sector, amounting to 26.4 
percent or around 157,325 Gg CO2e with an average increase of 7.88 percent per year over the past decade [1].  

Every country needs to adapt and mitigate climate change in its economic development. Indonesia has committed 
to reducing greenhouse gas emissions by 41 percent by 2030 with international support delivered on the occasion of 
the United Nations Framework Convention on Climate Change (UNFCCC) in July 2021 [2]. Therefore, there is a need 
for development in the energy sector, especially regarding transportation issues [3]. 

On the other hand, concerns about climate change, energy scarcity, and environmental sustainability cause the 
importance of renewable energy [3], [4]. Fuels used for motor vehicles are currently still dominated by fossil fuels. 
Burning fossil fuels will produce air pollution due to exhaust emissions, such as carbon monoxide (CO), nitrogen 
oxides (NOx), hydrocarbons (HC), SO2, and particulate matter (PM) which have a local impact and produce GHG 
emissions in the form of carbon dioxide (CO2) which has a global effect. Electric vehicles produce much less air 
pollution and are close to zero compared to vehicles based on internal combustion engines (ICE). Electric vehicles are 
suitable for tackling air pollution problems, especially in urban areas [5]. 

In general, battery-based electric vehicles have advantages compared to motor vehicles (internal combustion 
engines), namely that they can reduce air pollution and GHG emissions [5]. Cleaner energy generation and utilization 
solely depend on renewable machinery, including power stories batteries, solar photovoltaics (PV), electric vehicles 
(EV), wind turbines, etc., needing critical minerals as raw materials [6] as is known that for the manufacture of 
batteries three primary raw materials are required, namely nickel, lithium and cobalt. The mineral resources of 
Indonesia, along with those of many other developing nations, have attracted the attention of trading partners who 
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meet their material needs for the production and processing of renewable energy technologies [7]. As one of the largest 
producers of nickel in the world, Indonesia has benefited from an increase in investment in nickel mining and export 
promotions of this commodity [8]. Export is one of the most important economic activities for countries that adhere 
to the system the economy is open because exports provide the country foreign exchange that the country can use to 
pay foreign financing such as imports and foreign debt [9]. 

Therefore, it is necessary to know the business prospects, especially regarding nickel sales from nickel mining 
companies in Indonesia. Many nickel mining companies in Indonesia have stated that they have begun to contribute 
to the production of electric vehicles. Starting from selling nickel as a battery material for electric vehicles sold 
domestically and exported. To see the sustainability and growth of nickel sales, it can be done by forecasting sales.  

Forecasting is useful to help implement things efficiently and effectively using qualitative scientific methods that 
are carried out systematically [10]. Sales forecasting or sales prediction is an action to predict or forecast how the 
condition or state of sales in the next few years with the aim of getting profits or profits and making sales data a few 
years ago as a benchmark to predict sales in the next few years [11]. Forecasting can be done by several methods [12]. 
One method of forecasting that can be done is the time series forecasting method. Time series forecasting is sensitive 
to changes in data because its methods are specifically designed to handle data that varies over time. 

The difference this research and the previous research on the same topic by about analyzing the pandemic effect on 
time series prediction of demand and sales manufacturing product, namely plastic products in 2021 accompanied by 
the Covid 19 pandemic. The study used monthly data for 3 years [13]. Furthermore, there is research on the 
Autoregressive Integrated Moving Average Method to Forecast Sales at PT Hibex Indonesia and using sales data from 
July 2014 to December 2017 and using AIC, SIC, and MSE methods to compare and find the smallest error rate [14]. 
The last research focusing on Forecasting Analysis on the Impact of Pandemic Towards Cigarette Sales, forecasting 
is carried out using the moving average method and data used for 16 years [15]. 

Therefore, the purpose of this research is to forecast nickel sales from nickel companies to see future business 
prospects related to electric vehicles using the time series forecasting method, namely simple moving average, and 
calculate error rates using RMSE, MAD, and MAPE methods to see the accuracy of forecasting. In most time series 
analysis determining is quality or accuracy from the information or data obtained and the time or period of the data 
collected. The data used is 9-year quarter sales data. 

II. METHODS 
This research uses quantitative approaches and forecasting methods to determine future nickel sales in nickel mining 

companies listed on the Indonesia Stock Exchange. The population in this research is nickel mining companies that 
go public and listed on the Indonesia Stock Exchange (IDX). The sample of this study was determined by purposive 
sampling technique. Examples of criteria determined in sampling are as follows. 

Table 1. Sampling Criteria 
No. Information Sum 
1 Nickel mining companies listed on the Indonesia Stock Exchange in 2015-2023 6 
2 Nickel mining companies that have no business prospects related to electric vehicles 0 
3 Nickel mining companies that do not have quarterly financial statements 2015-2023 and can 

be downloaded on the website of IDX.co, issuer, or company -3 

4 Nickel mining companies that do not report sales in quarterly financial statements for 2015-
2023 

-1 

Number of Research Samples 2 
Based on the selection of sample criteria, research samples will be obtained and later the data can be accounted for. 

From the table above, the sample criteria are 2 companies. The following is a sample of 2 nickel mining companies 
listed on the IDX. 

Table 2.  Sample of Nickel Mining Companies 
No. Code Company Name 
1 ANTM PT Aneka Tambang Tbk 
2 INCO PT Vale Indonesia Tbk 

Source: IDX.co.id 
This research uses secondary data obtained through the official website of the Indonesia Stock Exchange namely 

www.idx.com, https://emiten.kontan.co.id/, and the official website of the company namely https://antam.com/en, 
https://www.vale.com/in/indonesia. The search data used is nickel sales data in the form of nickel, ferronickel, or 
nickel matte ore in the quarterly financial statements for 2015-2023 because the longer the moving average will 
produce smoother moving averages [16]. Based on previous data, the Simple Moving Average (SMA) analysis 
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approach is utilized to make forecasts for the upcoming period utilizing the forecasting method. One type of MA is 
the Simple Moving Average (SMA), which can give indicators of strong trends and resistant support. [17]. To calculate 
the simple moving average method using the formula: 

MA = 𝑨𝟏"	𝑨𝟐"	.."𝑨𝒏
𝒏

 
A1 : Data Points 

N   : Number of time periods 
Forecasting is done using Microsoft Excel. After that, it is necessary to calculate forecasting accuracy using Mean 

Absolute Deviation (MAD), Root Mean Square Error (RMSE), and Mean Absolute Percent Error (MAPE). Regardless 
of whether the forecasting results are higher or lower than reality, the mean absolute deviation (MAD) is the average 
of the outcomes of the difference between the actual data and the anticipated results over a specific period of time 
[18]. The difference between the actual value and the forecast, squared and divided by the number of forecasting time 
series, yields the MSE value. When the residual magnitude distributed consistently throughout the observation, MSE 
values are employed. [18]. MAPE is the average absolute value of the difference between the predicted value and the 
original value so that later the percentage of model error produced can be known [19].  
The MAD calculation formula or formula is: 

MAD = ∑|𝒚𝒊)𝒚*𝒊|
𝒏

 
𝑦+ : Actual result value  
𝑦,"  : Value of forecasting result 
n  : Amount of data 
The MSE calculation formula or formula is: 
MSE = 𝟏

𝒏
 ∑ (𝒚𝒊 −	𝒚"𝒊)𝟐𝒏

𝒊0𝟏  
𝑦+ : Actual result value  
𝑦,"  : Value of forecasting result 
n  : Amount of data 
The RMSE calculation formula or formula is: 

RMSE = )𝟏
𝒏
	∑ (𝒚𝒊 −	𝒚"𝒊)𝟐𝒏

𝒊0𝟏  

𝑦+ : Actual result value  
𝑦,"  : Value of forecasting result 
n  : Amount of data 
The MAPE calculation formula or formula is: 
MAPE = 𝟏

𝒏
	∑ ∑|𝒚𝒊)𝒚*𝒊|

𝒚𝒊
𝒏
𝒊0𝟏 	 . 𝟏𝟎𝟎% 

𝑦+ : Actual result value  
𝑦,"  : Value of forecasting result 
n  : Amount of data 

The research procedure for forecasting the sales of nickel mining companies on the Indonesia Stock Exchange is 
shown in the following figure. 

 
 
 
 
 
 
 

Figure 1. Research Procedure 

III. RESULTS 
The first step is to create a plot chart for nickel sales from PT Aneka Tambang Tbk and PT Vale Indonesia Tbk in 
2015 quarter 1 to 2023 quarter 3 using Microsoft Excel software. This graph is useful for viewing stationary data. The 
results of nickel sales patterns from the two companies are as follows: 
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Table 3. Data Sales for Nickel of PT Aneka Tambang Tbk for 2015-2023 (IDR) 
Year Q Sales 
2015 1 813.888.326.000 
  2  1.923.101.732.000 
  3 2.137.410.694.000 
 4 2.728.991.398.000 
2016 1 363.607.657.000 
 2 1.108.625.711.000 
 3 1.742.552.509.000 
 4 3.077.528.639.000 
2017 1 388.726.825.000 
 2 1.040.079.086.000 
 3 2.696.140.058.000 
 4 4.592.391.665.000 
2018 1 1.535.039.738.000 
 2 3.318.693.651.000 
 3 5.758.074.380.000 
 4 7.595.899.221.000 
2019 1 2.007.541.979.000 
 2 4.067.765.194.000 
 3 6.104.924.113.000 
 4 8.577.402.095.000 
2020 1 965.950.956.000 
 2 2.110.626.909.000 
 3 3.928.330.074.000 
 4 6.526.956.864.000 
2021 1 2.179.340.377.000 
 2 4.637.873.000.000 
 3 7.596.108.970.000 
 4 10.740.088.000.000 
2022 1 3.479.890.000.000 
 2 5.449.677.000.000 
 3 8.475.272.000.000 
 4 12.023.378.000.000 
2023 1 4.185.630.000.000 
 2 7.426.489.000.000 
 3 10.095.756.000.000 

Source: Processed Data 
 

 
Figure 2. Time Series Plot of Nickel Sales PT Aneka Tambang Tbk 2015-2023 

Source: Data Processed 
 

Based on the nickel sales chart above, sales always increase and are highest in quarter 4 of each year and decline 
again in quarter 1 of each year. The lowest sales occurred in 2015 at IDR 2,7 trillion and the highest sales occurred in 
2022 at IDR 12 trillion. Sales charts in 2015 and 2016 tend to have the same pattern. Sales have increased every year, 
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but there was a decrease in sales in the 4th quarter of 2020 with sales figures of IDR 6,5 trillion compared to the 
previous year, 2019 of IDR 8,6 trillion. Despite the decline in sales in 2020, nickel segment sales from PT Aneka 
Tambang Tbk have an increasing trend from 2015-2023. 

Based on PT Aneka Tambang Tbk's annual report, PT Aneka Tambang Tbk's Royalty expense in 2020 reached IDR 
421.34 billion, down by 11% from 2019 of IDR 472.79 billion. This is also in line with the decline in sales volume of 
ANTAM's nickel and bauxite ore commodities in 2020. In addition, the COVID-19 pandemic has greatly affected 
global demand for goods and services as well as mineral commodities and supply chains.   

In 2022, the total sales of the nickel segment reached IDR 12 trillion which is the highest sales from 2015-2023. 
Ferronickel sales in 2022 reached 98% of the sales target, while nickel ore reached 70% of the sales target. To increase 
the added value of nickel reserves and resources, in line with the Company's business development plan, in 2022, 
ANTAM will initiate strategic partnerships and corporate actions to support the development of the EV Battery 
development ecosystem in the country. 

Table 4.  Data Sales for Nickel of PT Vale Indonesia Tbk for 2015-2023 (IDR) 
Year Q Sales 
2015 1 3.280.293.559.400 

 2  6.342.171.295.200 
 3 9.492.372.129.500 
 4 12.226.595.166.500 

2016 1 1.683.093.015.500 
 2 3.821.456.382.900 
 3 6.277.194.600.300 
 4 9.043.526.683.100 

2017 1 2.638.933.173.500 
 2 4.518.906.967.900 
 3 6.946.762.643.600 
 4 9.743.160.187.800 

2018 1 2.638.933.173.500 
 2 5.799.615.118.700 
 3 8.973.100.429.800 
 4 12.027.732.730.000 

2019 1 1.957.320.367.600 
 2 4.524.526.825.000 
 3 7.840.877.263.700 

Year Q Sales 
 4 12.106.875.180.400 

2020 1 2.704.018.240.300 
 2 5.579.248.600.900 
 3 8.840.360.334.000 
 4 11.839.537.184.800 

2021 1 3.197.822.543.500 
 2 6.424.084.969.900 
 3 10.627.149.776.100 
 4 14.756.753.915.800 

2022 1 3.639.515.444.500 
 2 13.527.553.380.900 
 3 18.259.922.028.400 
 4 12.023.378.000.000 

2023 1 5.622.643.806.000 
 2 10.201.929.403.900 

 3 14.520.224.503.200 
Source: Data Processed 
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Figure 3. Data Sales for Nickel of PT Vale Indonesia Tbk for 2015-2023 

Source: Data Processed 
Based on the nickel sales chart above, sales always increase and are highest in quarter 4 of each year and decline 

again in quarter 1 of each year. The lowest sales occurred in 2016 at IDR 9 trillion and the highest sales occurred in 
2022 at IDR 18,2 trillion. Sales have increased every year, but there was a decrease in sales in Q4 of 2016 of IDR 9 
trillion compared to 2015 of IDR 12,2 trillion. Meanwhile, in 2020 with sales figures of IDR 11,8 trillion compared 
to the previous year, namely 2019 of IDR 12,1 trillion. Despite the decline in sales in 2016 and 2020, nickel segment 
sales from PT Aneka Tambang Tbk have an increasing trend from 2015-2023. 

Based on PT Vale Indonesia Tbk's annual report, the decline in nickel sales in 2016 occurred due to the increasing 
selling price of nickel since the second quarter and the decline in the realization of the company's nickel selling price 
which reached 22% but this can be overcome by reducing production costs per ton by 14% compared to 2015. In 2020, 
the decline in nickel prices to the lowest level occurred in March 2020. In April 2020, a turning point for the nickel 
market began to be seen as many industries resumed operations in China. The movement in China's infrastructure 
sector increased the demand for nickel, and further increased the price of nickel on the world market. Although nickel 
prices have recovered, the average price over the year did not reach the level expected last year due to COVID-19. 
Meanwhile, in 2022, PT Vale Indonesia Tbk recorded positive achievements in financial performance, which was also 
driven by the high realization of nickel prices. During 2022, PT Vale recorded sales realization of 24% higher than 
sales realization in 2021 and even 21% higher than the 2022 target.  

Use one of the Excel application tools, regression, in the data analysis tools to determine the purpose of the moving 
average calculation. The moving average data, where the seasonal factor t is the period, serves as the foundation for 
the regression computation. Seasonality multiplied by trend is the method used to produce the results for forecasting, 
which is based on the regression results. The results of the sales forecast using the seasonal trend method with 
regression for nickel starting from quarter 4 of 2023 to quarter 4 of 2024, can be seen below. 

 
Table 5. Result of Nickel Sales Forecasting in PT Aneka Tambang Tbk (IDR) 

Year Q Actual Forecast 
2015 1 813.888.326.000 222.126.423.884 
  2  1.923.101.732.000 586.182.488.245 
  3 2.137.410.694.000 1.231.261.906.443 
 4 2.728.991.398.000 2.174.791.603.964 
2016 1 363.607.657.000 578.378.287.855 
 2 1.108.625.711.000 1.257.248.439.907 
 3 1.742.552.509.000 2.327.168.883.066 
 4 3.077.528.639.000 3.758.174.604.750 
2017 1 388.726.825.000 934.630.151.827 
 2 1.040.079.086.000 1.928.314.391.568 
 3 2.696.140.058.000 3.423.075.859.688 
 4 4.592.391.665.000 5.341.557.605.537 
2018 1 1.535.039.738.000 1.290.882.015.798 
 2 3.318.693.651.000 2.599.380.343.229 
 3 5.758.074.380.000 4.518.982.836.311 
 4 7.595.899.221.000 6.924.940.606.323 
2019 1 2.007.541.979.000 1.647.133.879.770 
 2 4.067.765.194.000 3.270.446.294.891 
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Year Q Actual Forecast 
 3 6.104.924.113.000 5.614.889.812.933 
 4 8.577.402.095.000 8.508.323.607.109 
2020 1 965.950.956.000 2.003.385.743.741 
 2 2.110.626.909.000 3.941.512.246.552 
 3 3.928.330.074.000 6.710.796.789.556 
 4 6.526.956.864.000 10.091.706.607.895 
2021 1 2.179.340.377.000 2.359.637.607.712 
 2 4.637.873.000.000 4.612.578.198.214 
 3 7.596.108.970.000 7.806.703.766.179 
 4 10.740.088.000.000 11.675.089.608.682 
2022 1 3.479.890.000.000 2.715.889.471.684 
 2 5.449.677.000.000 5.283.644.149.875 
 3 8.475.272.000.000 8.902.610.742.801 
 4 12.023.378.000.000 13.258.472.609.468 
2023 1 4.185.630.000.000 3.072.141.335.655 
 2 7.426.489.000.000 5.954.710.101.536 
 3 10.095.756.000.000 9.998.517.719.424 
 4  14.841.855.610.254 
2024 1  3.428.393.199.626 
 2  6.625.776.053.198 
 3  11.094.424.696.046 
 4  16.425.238.611.040 

Source: Data Processed 
 

 
Figure 4. Result of Nickel Sales Forecasting PT Aneka Tambang Tbk 

Source: Data Processed 
Based on the chart above, nickel sales projections in 2023 and 2024 have the same pattern and will then increase. 

Sales in Q4 of 2023 are expected to reach IDR 14,8 trillion and in 2024 are expected to be IDR 16,4 trillion. In the 
annual report, PT Aneka Tambang Tbk said that the nickel segment sales target increased by 48% compared to 2022. 
Meanwhile, based on calculations, the estimated sales in 2023 increased by 39.47% compared to 2022 and the 
estimated nickel sales in 2024 will increase by 11% compared to the estimated sales in 2023. 

The nickel ore sales target is in line with the growth outlook of the domestic nickel processing industry and takes 
into account the utilization rate and stability of ANTAM's ferronickel plant operations in Kolaka, Southeast Sulawesi 
as well as the production contribution of ANTAM's ferronickel plant in East Halmahera, North Maluku which will 
operate in the second half of 2023. 

 
Table 6. Result of Nickel Sales Forecasting in PT Vale Indonesia Tbk (IDR) 

Year Q Actual Forecast 
2015 1 3.280.293.559.400 1.930.089.593.623 
  2  6.342.171.295.200 3.978.304.781.758 
  3 9.492.372.129.500 6.497.408.039.898 
 4 12.226.595.166.500 9.179.859.940.756 
2016 1 1.683.093.015.500 2.189.654.572.220 
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Year Q Actual Forecast 
 2 3.821.456.382.900 4.495.918.071.930 
 3 6.277.194.600.300 7.316.147.996.031 
 4 9.043.526.683.100 10.301.288.439.698 
2017 1 2.638.933.173.500 2.449.219.550.816 
 2 4.518.906.967.900 5.013.531.362.103 
 3 6.946.762.643.600 8.134.887.952.165 
 4 9.743.160.187.800 11.422.716.938.641 
2018 1 2.638.933.173.500 2.708.784.529.413 
 2 5.799.615.118.700 5.531.144.652.275 
 3 8.973.100.429.800 8.953.627.908.299 
 4 12.027.732.730.000 12.544.145.437.584 
2019 1 1.957.320.367.600 2.968.349.508.010 
 2 4.524.526.825.000 6.048.757.942.448 
 3 7.840.877.263.700 9.772.367.864.432 
 4 12.106.875.180.400 13.665.573.936.526 
2020 1 2.704.018.240.300 3.227.914.486.607 
 2 5.579.248.600.900 6.566.371.232.621 
 3 8.840.360.334.000 10.591.107.820.566 
 4 11.839.537.184.800 14.787.002.435.469 
2021 1 3.197.822.543.500 3.487.479.465.204 
 2 6.424.084.969.900 7.083.984.522.793 
 3 10.627.149.776.100 1.930.089.593.623 
Year Q Actual Forecast 
 4 14.756.753.915.800 3.978.304.781.758 
2022 1 3.639.515.444.500 6.497.408.039.898 
 2 13.527.553.380.900 9.179.859.940.756 
 3 18.259.922.028.400 11.409.847.776.700 
 4 12.023.378.000.000 15.908.430.934.411 
2023 1 5.622.643.806.000 3.747.044.443.801 
 2 10.201.929.403.900 7.601.597.812.966 
 3 14.520.224.503.200 12.228.587.732.833 
 4  17.029.859.433.354 
2024 1  4.006.609.422.398 
 2  8.119.211.103.138 
 3  13.047.327.688.967 
 4  18.151.287.932.297 

Source: Data Processed 
 

 
Figure 5. Result of Nickel Sales Forecasting PT Vale Indonesia Tbk 

Source: Data Processed, 2023 
Based on the chart above, nickel sales projections in 2023 and 2024 have the same pattern and will then increase. 

Sales in Q4 of 2023 are expected to reach IDR 18,1 trillion and in 2024 are expected to be IDR 19,3 trillion. In the 
annual report, PT Aneka Tambang Tbk said that the nickel segment sales target increased by 48% compared to 2022. 
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Meanwhile, based on calculations, the estimated sales in 2023 increased by 39.47% compared to 2022 and the 
estimated nickel sales in 2024 will increase by 11% compared to the estimated sales in 2023. 

Based on calculations, PT Vale Indonesia Tbk's nickel sales forecast in 2023 will increase by 20% when compared 
to 2022 and nickel sales forecast in 2024 will increase by 6% when compared to 2023. PT Vale Indonesia Tbk said 
the most important device in electric vehicles is the battery, and one of the important components in the dominant 
battery technology used today is nickel. Thus, in the future, nickel has a key role because it is indispensable for the 
transition to clean energy options, so it will have an impact on increasing nickel demand. 

Forecasting should provide information about a certain error rate, which means that the forecast should contain 
errors and it is important for the researcher to show how big the error is. The following is the error rate of nickel sales 
forecasting using MAPE method at PT Aneka Tambang Tbk and PT Vale Indonesia Tbk. 

 
Table 7. Error Rate dari Peramalan Penjualan Nikel PT Aneka Tambang Tbk dan PT Vale Indonesia Tbk 

No Company RMSE MAD MAPE 
1 ANTM 1.088.291.797.148 810.285.267.786 33% 
2 INCO 1.439.102.096.336 1.192.140.970.383 17% 

Source : Data Processed 
Based on the MAPE calculation above, the error rate of forecasting nickel sales at PT Aneka Tambang Tbk using 

RMSE is lower at 1,088,291,797,148 compared to PT Vale Indonesia Tbk at 1,439,102,096,336. Likewise, the error 
rate using MAD is lower at 810,285,267,786 compared to PT Vale Indonesia Tbk at 1,192,140,970,383. However, the 
error rate using the MAPE method is higher at 33% but still quite good compared to the nickel sales forecast at PT 
Vale Indonesia Tbk of 17% and is in the good category.  

Sales of nickel from PT Aneka Tambang Tbk and PT Vale Indonesia Tbk are predicted to increase. This is in 
connection with the two companies starting to enter the realm of electric vehicles, even becoming suppliers of electric 
vehicle battery materials. Research on Analyzing the Pandemic Effect on Time series Prediction of Demand and Sales 
Manufacturing Product shows that sales have decreased during the covid 19 pandemic, but the demand for plastic 
products will increase from 2019-2021 although not significantly [13].  

Furthermore, there is research on the Autoregressive Integrated Moving Average Method to Forecast Sales at PT 
Hibex Indonesia and using sales data from July 2014 to December 2017 and using AIC, SIC, and MSE methods to 
compare and find the smallest error rate [14]. The results of the study show that sales at PT Hibex Indonesia are 
expected to increase but very little. In addition, it is also mentioned that the ARIMA method is suitable for short-term 
forecasting instead of long-term because if it is for long-term data, the results tend to be flat. The last research focusing 
on Forecasting Analysis on the Impact of Pandemic Towards Cigarette Sales, forecasting is carried out using the 
moving average method and data used for 16 years. The research shows that sales forecasting results have decreased, 
especially in 2018-2020 [15]. 

This study can help other studies and earlier research to think about appropriate forecasting techniques based on 
available data. Time series forecasting works well for identifying patterns, seasonal variations, and trends in data. 
Furthermore, it can offer a summary of nickel sales opportunities, particularly to address the future need for battery 
materials for electric vehicles. Companies should continue implementing strategies to increase nickel sales, especially 
in becoming a supplier of electric vehicle battery materials. 

IV. CONCLUSIONS 
Data patterns reveal that demand and sales trend data is very dynamic, showing situations and trends. In forecasting 

using time series forecasting, the results show nickel sales in 2023 at PT Aneka Tambang Tbk increased by 39.47% 
compared to 2022 and then increased by 11% in 2024. Meanwhile, PT Vale Indonesia Tbk in 2023 is estimated to 
experience an increase in sales by 20% compared to 2022 and then experience an increase in sales by 6% in 2024 
when compared to 2022. The highest sales forecast lies in Q4 2024, both PT Aneka Tambang Tbk at IDR 16,4 trillion 
and PT Vale Indonesia Tbk at IDR 19,3 trillion.  

The error rate of forecasting nickel sales at PT Aneka Tambang Tbk using RMSE is lower at 1,088,291,797,148 
compared to PT Vale Indonesia Tbk at 1,439,102,096,336. Likewise, the error rate using MAD is lower at 
810,285,267,786 compared to PT Vale Indonesia Tbk at 1,192,140,970,383. However, the error rate using the MAPE 
method is higher at 33% but still quite good compared to the nickel sales forecast at PT Vale Indonesia Tbk of 17% 
and is in the good category. The completeness of this study has not carried out the incorporation of forecasting 
methods, including the selection method, so that further research can be carried out to combine the forecasting method 
in the selection method, which will allow better results from individual methods. The results of this nickel sales 
forecasting show good business prospects and nickel sales, so it is expected to be helpful for the company. Companies 
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should continue implementing strategies to increase nickel sales, especially in becoming a supplier of electric vehicle 
battery materials.  
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