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The ability to forecast the quantity of municipal solid waste (MSW) is critical 

for long-term coordination of MSW. Forecasting the amount of MSW is often 

difficult due to the lack of data, and even when data is available, it is 

frequently inaccurate. Therefore, planning and implementing sustainable 

solid waste management strategies is important to determine the accuracy of 

solid waste generation’s prediction. With regards to the situation, waste 

prediction models have been conducted  to verify the effectiveness of the 

models towards the prediction of solid waste generation. As one of the most 

effective non-linear models, the Artificial neural network (ANN) model has 

been effectively utilized in the prediction of municipal solid waste at the 

Jeram Sanitary Landfill in Selangor’s state. Datasets of solid waste 

generation, population, number of trash truck trips, and oil price index were 

used as input to the model for 114 weeks between 2018 and 2020. The 

generated models' efficiency was measured using the mean square error 

(MSE) and coefficient of regression value (R-square). Both measurements 

showed a good accuracy with the lowest value of MSE at 6379.6, and high 

value of R-square at 0.91585. Based on the data from 2018 to 2020, The 

Jeram Sanitary Landfill is expected to last 9.6 years, according to the ANN 

model. The current study contributes in forecasting and allocating crucial 

resources that will be necessary in the future for effective solid waste 

management, as well as exploring alternate approaches to achieving long-

term objectives. 
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1. INTRODUCTION 

One of the most effective tools for attaining sustainable development is the environmental 

management. The transition of economic and technology into a transformation of population 

lifestyle has led to the increment rate of the Solid Waste Generation (SWG) within the city [1]. 

The goal of solid waste management is to remove trash from the community as fast as possible 

by minimising its volume in order to maintain a stable and healthy environment. According to 

[2], urbanization, economic growth, and an improved standard of living and life expectancy for 

urban residents had come up with the rising of solid waste disposal. Malaysia's population is 

rapidly growing, with 32.6 million people expected in 2019. As a result, a massive amount of 

solid waste has been generated, estimated to be around 38,200 tonnes per day (1.12 kg/cap/day) 

[1]. In order to address this global issue, landfilling is the most effective approach to settle the 

collected waste for eventual waste dumping. Landfills are specifically designed places where 

waste is disposed of in a controlled manner in or onto land but are sources of strong 
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contaminants. The goal is to keep waste from coming into contact with the environment, which 

includes streams and rivers that provide drinkable water to communities. It is essential to track 

the lifespan of current landfills in order to efficiently manage a limited resource and prepare for 

its future use. The anticipated solid waste data can be utilised to improve and optimise landfill 

site operations, estimate the landfill site's future life duration, and optimise alternate disposal 

options [2].  

Most of  landfills in Malaysia have experienced an inadequate facility system and proper 

management. Therefore, this could contribute to the causes of pollution in Malaysia due to the 

inefficiency of management at the landfill’s site. Malaysia's population is rapidly growing, with 

32.6 million people expected in 2019. As a result, a massive amount of solid waste was created, 

estimated to be over 38,200 tons per day. The increment amount of SWG has contributed to the 

potential threat to society, economy, and environment. The landfill is the place where the final 

waste disposal, has caused a significant change towards the landfill’s environment. Forecasting 

Municipal Solid Waste (MSW) at landfills, on the other hand, is a difficult undertaking due to 

a lack of data, discrepancies in the data acquired, and the selection of appropriate forecasting 

methodologies. Traditional forecasting approaches, such as time series, regression, and input-

output methods, are based on semi-empirical mathematical technique that necessitates a large 

amount of previous data. These approaches, however, are found to be’-xm  no longer effective.  

Some studies have been carried out with the intent of estimating the lifespan of landfills using 

various modelling approaches. Recently, various Artificial Intelligence (AI) system have been 

explored by researchers including support vector machine (SVM), adaptive neuro-fuzzy 

inference system (ANFIS), artificial neural network (ANN), and k-nearest neighbours (kNN) 

[3]. The presence of versatility in AI models, as a deep machine learning as part of 

computational models has recently gained appeal. According to [3] findings, artificial 

intelligence models demonstrated excellent prediction performance and might be applied to 

construct municipal solid waste forecasting models, allowing for the prediction of landfill 

lifespan. The ANN has the ability to process enormous amounts of data, identify complicated 

nonlinear correlations between different variables, and detect probable interactions between 

predictor variables implicitly [4]. The structure and functioning features of human neurons and 

biological neural networks inspire the concept of ANNs [2]. Moreover,  the potential of ANN 

to learn and apply relationships between data sets while providing accurate and timely estimates 

has made it increasingly appealing for many engineering fields [4].  

Sanitary landfills are the most extensively used solid waste disposal option in the world [1]. 

The Jeram Sanitary Landfill is located in Mukim Jeram, 20 kilometres northwest of Kuala 

Lumpur, and is located between the coordinates of 3110 2000 North and 101210 5000 East. 

The landfill has a total area of 52 hectares, with six trash disposal phases, and was expected to 

receive about 2,050 tonnes of waste per day during a 10-year period beginning in 2007 [5]. The 

Jeram Sanitary Landfill site is seen in plan view in Figure 1. The ANN technique was used in 

this study to create an empirical model to forecast the lifespan of the Jeram Sanitary Landfill. 

The process of neural network works from the input, where it receives and generates the output. 

The input layer plays the role to receive data from external neurons. The output layer is used to 

estimate the outcome of the result, where the problem solution is obtained. 
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Figure 1: Plan View of Jeram Sanitary Landfill Site 

2. METHODOLOGY 

The solid waste management in Malaysia is administered by the Solid Waste Management and 

Public Cleaning Corporation (SWCorp), which is a collaboration between the Ministry of 

Housing and Local Government, JPSPN, local governments, and Worldwide Holdings Berhad, 

as a private concessionaire. The Selangor state government has appointed KDEB Rubbish 

Management as the private concessionaire to handle waste disposal and public cleanliness 

starting of November 1, 2018[6]. Jeram Sanitary Landfills in Kuala Selangor are currently 

managed by Worldwide Holdings Berhad and are dedicated to municipal solid waste (MSW) 

collected by the municipalities of Kuala Selangor, Klang, and Petaling in the state of Selangor. 

The existing landfill was built in six phases to accommodate solid waste disposal. Figure 2 

depicts the study's methodology, which includes the study region, data collecting, pre-

processing data and analysis, ANN model, ANN evaluation, SWG estimation in 2020, and 

lifespan forecast for the Jeram Sanitary Landfill. 

 

Figure 2: The methodology of the study's process flow 

2.2 Secondary Data Collection 

Population, data on solid waste , number of garbage truck trips, and oil price info were obtained 

from the KDEB Waste Management Sdn. Bhd. and Department of Statistics Malaysia. The 

information was gathered for datasets spanning the years 2018 to 2020. These data are 

important for future estimation of landfill lifespan in order to prepare for better solid waste 

management in future. These data are critical for estimating landfill lifespans in the future and 

planning for better solid waste management.  
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The output of MSW has been substantially increased due to rising population levels, expanding 

economies, fast urbanisation, and rising community living standards[7]. Figure 3 and 4 

illustrated secondary data from the SWG's trend and population in Kuala Selangor, Klang, and 

Petaling districts during a period of 144 weeks from 2018 to 2020. 

 

 

 

 

 

 

Figure 3: Solid Waste Generations Secondary Data from 2018 to 2020 

 

 

 

 

 

 

Figure 4: Population Secondary Data from 2018 to 2020 

The frequency of garbage truck trips and the oil price index were also factors in predicting the 

landfill's lifespan. Solid waste transportation required the use of a garbage truck to transport 

waste from a variety of sites, including business, residential, industrial, and public institutions. 

As the number of solid waste transportation trips increased, so did the volume of solid trash 

collected for disposal at the landfill. The number of garbage truck trip’s trend and oil price 

index’s were illustrated in Figure 5 and 6.  

 

 

 

 

 

 

Figure 5: Trips Made by Garbage Trucks from 2018 to 2020 
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Figure 6: Oil Price Index from 2018 to 2020 

2.3 Pre-Processing Data  

In order to determine the datasets' reliability, the interquartile range (IQR), min-max 

normalisation, correlation, and p-value were used to compare the estimated solid waste 

generation from the ANN analysis to the actual solid waste generation. The IQR displays each 

dataset's results in order to identify outliers. In order to improve the performance of the results, 

the datasets were first put through a data filtering process. As a result of the literature research, 

the Interquartile Range (IQR) was adopted. This procedure must be followed in order to identify 

the data of the outlier in the secondary data that has been gathered. The IQR value was 

calculated by using the Equation (1), which involved subtracting the value of the upper limit 

from the value of the lower limit. The upper and lower limits are shown in the Equation (2) and 

(3).  

 𝐼𝑄𝑅 =  𝑄3 –  𝑄1 (1) 

    𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 =  𝑄3 +  1.5 𝐼𝑄𝑅             (2) 

    Lower Limit =  Q1 –  1.5 IQR                              (3) 

The datasets were sorted from small to large values to describe Q3, which accounted for 75 

percent of the total data, while Q1 is responsible for 25 percent of the datasets. After detecting 

outliers in the IQR method, the datasets were normalised using min-max normalisation, which 

translates dataset ranges from 0 to 1. This can be accomplished by using Equation (4), as below. 

  𝑋𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛  =  (𝑋 – 𝑋𝑚𝑖𝑛) / (𝑋𝑚𝑎𝑥 – 𝑋𝑚𝑖𝑛)                             (4) 

Xnormalization was the normalised dataset, with X being the original dataset. Where Xmin is the 

original datasets' minimum value and Xmax is the original datasets' maximum value. 

The outcome of the IQR analysis is shown in Table 1. The IQR process must be used to identify 

the outlier in order to retain the data in a significant outcome for ANN modelling analysis. The 

datasets in this study preserved 96 percent of the data's originality. On the input and output 

variables, correlation and p-value analyses were done as tabulated in Table 2. The correlation 

coefficient and p-value between the dependent and independent variables are represented by 

these numbers. A correlation value larger than 0.7, according to [8], shows a strong relationship 

between the dependent and independent variables. Values between 0.5 and 0.7, on the other 

hand, indicate a moderate relationship. The population achieved the highest correlation 
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coefficient of 0.865, with a p-value less than 0.05 level of significance, according to the 

correlation coefficients in Table 2. As a result, it is worth noting that the population has a 

considerable impact on solid waste output. 

Table 1: Data Pre-processing for IQR 

 

 

 

 

 

Table 2: Data Pre-processing for IQR  

 

 

 

 

 

2.4 Artificial Neural Network (ANN) 

The brain's immensely complicated network of interconnected neurons is simplified using 

artificial neural networks (ANNs). Layers of neurons, which are the individual processing units, 

compose the framework of a feed-forward multilayer ANN. They receive input, process it, and 

pass it forward to the next layer [9] . The bias and weights were created using the MATLAB 

ANN tool, which prepares the model for forecasting. Figure 7 depicts an ANN architecture 

model with three inputs, one hidden layer with three neurons, and one output.  

  

 

 

 

 

 

 

Figure 7: ANN Structure Model 
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According to the findings tabulated in Table 3, three neurons with a single hidden layer were 

sufficient in this model. The 3-3-1 model seemed to have the highest coefficient regression and 

produced the most precise accuracy, with R-square values of 0.90980 for training, 0.93819 for 

testing, 0.91939 for validation, and 0.91585 for overall.  

Table 3: Artificial Neural Network (ANN) Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mean Square Error is a metric used to manage and improve the performance of Artificial Neural 

Network models [10]. From Table 3 and Figure 8, the lowest value of Mean Square Error (MSE) 

was of 6379.60. The rest of the ANN models performed well, with the R-square achieve more 

than 0.7. By carrying out the analysis in the MATLAB (R2018a 9.4) programme, the outcomes 

of the ANN's model produced a reliable result that delivers the lowest MSE and highest R-

square among the others ANN's model. According to [11], over 30 trials with dataset inputs 

were conducted to examine model reliability and identify the instance with the highest R-square 

and lowest MSE. 
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Figure 8: Mean Square Error (MSE) of ANN Model Results 

3. RESULTS AND DISCUSSION 

3.1 Solid Waste Generation (SWG) Estimation 

The accurate forecasting of municipal solid waste quantities is critical for the effective planning 

of an efficient waste management system and, as a result, the landfill's lifespan. The 

development of integrated waste management infrastructures, as well as their continuing 

sustainable development and optimization, is based on projected forecasts of municipal 

SWG. The study's objective of estimating the lifespan of the Jeram Sanitary Landfill 

necessitates evaluating the SWG first. Figure 9 displays the actual and estimated data for the 

year 2020, which are 8941.54 tonnes and 8787.40 tonnes, respectively. The forecasts show a 

nearly identical result between these two sets of data, previously confirmed by the regression 

analysis results. As a result, the outcome of the ANN modelling analysis has provided an 

accurate estimate of SWG. 

 

 

 

 

 

 

 

 

 

Figure 9: Actual Data and Estimated Result of SWG 
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The inconsistency of actual solid waste generation has made it difficult for ANN's model's 

anticipated result to match the actual figure. The structure of the ANN is significant in ANN 

modelling, according to [12], because it affects the forecasting procedures. The results of the 

estimated SWG will differ depending on the ANN model used. According to prior study, the 

type of input employed as a variable in AI model applications affects the variation trends of 

predicted SWG [3]. 

3.2 Lifespan Prediction of Jeram Sanitary Landfill 

Increasing MSW generation in Kuala Selangor, Klang, and Petaling District will undoubtedly 

lead to a considerable reduction in the life span of the Jeram Sanitary Landfill. The Equation 

(5) below, was used to plan the landfill's lifespan. 

Landfill Lifespan  = Volume of SWG in the end of 2020 + Soil Cover (Ton) x 0.85  (5) 

by 2020               

The actual data obtained from Malaysia's Department of Environment and forecasted data from 

this study of SWG in 2020 was shown in Table 3. The predicted outcome indicated that 

approximately 9.4 years of landfill’s lifespan were required to accumulate the 8787.40 tonne of 

solid waste generated in 2020, compared to data obtained from Malaysia's Department of 

Environment. This demonstrates that there is just a 2 percent discrepancy between the two sets 

of data. 

Table 3: Artificial Neural Network (ANN) Analysis 

 Actual Data of Solid 

Waste Generation 

Estimation of Solid 

Waste Generation 

Volume of SWG in 

the end of 2020 

(Tonnes) 

8941.54 8787.40 

Landfill’s Lifespan 

in the end of 2020 

(Year) 

9.6 9.4 

4. CONCLUSION 

It is critical to track the lifespan of existing landfills in order to properly manage a limited 

resource and prepare for future use. The proper input variables must be chosen in order to 

simulate a reasonably acceptable model. The results show that three input variables are suitable 

for predicting the SWG of Klang District and Jeram Sanitary Landfill’s lifespan. Figures 

indicate a nearly identical relationship between estimated and actual values, which is supported 

by the regression analysis results. Derived from the three input variables (population, number 

of garbage truck trips and oil price index), the model predicted that the landfill’s lifespan at the 

end of 2020 would then have decreased by 2 percent. Other input variables should be used in 

future studies to improve the  results of the utilised model. 
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