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Abstract 

 

Urbanization in Bangladesh has triggered a colossal surge in construction and demolition waste (CDW), 

currently estimated at 3.7 million metric tons (Mt) per year in major cities. Without management, waste levels 

are projected to exceed 5 Mt/year by 2040, representing paramount environmental and logistical concerns. 

ARIMA (1,1,1) and SARIMA (1,1,1)(1,0,1,5) predictive models are used in this work using time-series data 

(2010–2023) to project future CDW generation. Both models had good accuracy (RMSE ≈ 0.486 Mt/year) with 

SARIMA providing more conservative long-term forecasts due to seasonality correction. GIS-based spatial 

analysis was also applied to optimize transport routes, reducing travel distance and emissions by 20–25%. 

Recycling rates remain below 15% and are dominated by informal metal and brick recovery. A target of 30–35% 

recycling by 2030, with a stepwise raise to ≥50% by 2035–2040, is proposed. The findings provide a data-driven 

foundation to design city-specific recycling mechanisms, digital monitoring systems, and circular construction 

policies to attain sustainable urban development in Bangladesh. 

 

Keywords: Construction and Demolition Waste; ARIMA Forecasting; SARIMA Modeling; GIS Optimization; 

Accuracy Metrics; Sustainable Waste Management; Bangladesh. 
 

1 Introduction                                                                                                                                 

 High-speed urbanization and infrastructure development have led to an enormous increase in construction and 

demolition waste (CDW) worldwide, which constitutes nearly 30–40% of municipal solid waste (UN-Habitat, 

2022). Without proper management, this flow of waste causes unprecedented environmental pressures—leading 

to land degradation, air pollution, drain blockages, and aggravation of urban flooding. Industrialized nations such 

as Germany, South Korea, and Japan have also demonstrated that properly structured CDW management 

systems, supported by stringent policy implementation, source separation, and state-of-the-art recycling 

technology, can achieve recycling rates of more than 70–80% (Kabir et al., 2021; UN-Habitat, 2022). Such 

integrated systems not only reduce environmental burdens but also help create a circular economy through 

recycling the recovered material into successive construction stages. 

On the other hand, countries such as Bangladesh, which are developing nations, face serious difficulty in 

managing CDW due to fragmented policy execution, lack of sufficient recycling facilities, and weak institutional 

coordination. Principal urban centers such as Dhaka, Chattogram, Khulna, Rajshahi, Sylhet, and Barishal have 

witnessed compounding growth of development, generating approximately 3.7 million metric tons (Mt) of CDW 

annually (World Bank, 2023). The absence of adequate collection and processing arrangements results in random 

dumping in open areas, low-lying areas, and river banks—resulting in water pollution, air pollution, and blocking 

of drainage channels (Ahsan & Rahman, 2017). Current recycling efforts, mainly controlled by the informal 

sector, recycle less than 15% of the waste—mainly reusable bricks and metals (Haque & Rahman, 2020). Such 

inefficiencies point to the need for implementing a data-based and systematic waste management system for 

maintaining the environment and making the cities resilient. 
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                           Figure 1. Map of major cities analyzed for CDW management in Bangladesh  

 

Bangladeshi literature primarily revolves around CDW quantity estimation and informal recycling practices 

assessment (Islam et al., 2023; Haque & Rahman, 2020). There remains an imperative gap in integrating 

predictive modeling and spatial analysis to underpin evidence-based decision-making. Worldwide, time-series 

forecasting methods such as ARIMA and SARIMA have been successfully employed in forecasting municipal 

and construction waste trends to enable forward-looking resource planning and policy formulation (Kabir et al., 

2021; Islam et al., 2023). Similarly, Geographic Information Systems (GIS) have emerged as useful tools in 

streamlining waste haul routes and siting optimal recycling facilities. While their efficacy has been empirically 

confirmed across the globe, these analytical tools have yet to be properly applied within the context of 

Bangladeshi cities—where chaotic development continues to strain waste-disposal abilities. 

This study bridges the knowledge gap by proposing a holistic methodology that integrates time-series forecasting 

with GIS-based spatial optimization to assist in CDW management in fast-growing Bangladeshi cities. More 

specifically, it forecasts future generation of CDWs using ARIMA and SARIMA models, evaluates the accuracy 

of the forecast, and employs GIS analysis to identify optimal waste transport logistics. By integrating 

quantitative forecasting and spatial decision-support, this research will provide strategic, city-scale 

recommendations for developing circular construction, reducing environmental impacts, and strengthening the 

ground for sustainable urban development in Bangladesh. 

 

 

                                                                                                                                                                                                                         
2 Methodology 

This The research used a stringent six-step method for the purpose of analyzing and improving Construction and 

Demolition Waste (CDW) management. Initially, information was collected through extensive field surveys 

supported by secondary reports in an attempt to document credible information on CDW generation and 

composition across the study area. The collected data were then processed by decomposing waste types and geo-

tagging for the purposes of spatial analysis. Thereafter, forecasting models in the form of ARIMA and SARIMA 

were used to predict trends in CDW generation to enable effective planning. Geographic Information System 

(GIS) software was used to streamline waste logistics by creating routes that cut down on distance and 

congestion and find strategic locations for transfer stations along major highways. Based on the forecast and GIS 

outcomes, specific interventions were developed to enhance segregation of waste, collection, transport, and 

recycling operations. Finally, the proposed methodology and solutions were authenticated using expert judgment 

to analyze their practicality and effectiveness in the local environment. 

 

2.1 Data Collection                                                                                                                                                            

Primary Data: Questionnaires of 50+ construction sites, GPS mapping of waste disposal routes, interviews with 

stakeholders (contractors, municipal officials).                                                                                                                      

Secondary Data: Municipal data for the period 2010–2023, published literature, and peer-reviewed journals 

(Ahsan & Rahman, 2017; Haque & Rahman, 2020). 

2.2 Data Processing                                                                                                                                            

Waste composition determined as:                                                                                                                                          

Concrete & RCC (35%), Bricks & masonry (30%), Mortar & plaster (15%), Metals (8%), Others (12%) (Islam et 

al., 2023). Geo-tagging of dumping grounds and hotspots was applied in GIS modeling. 
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                                                  Figure 2. CDW composition in major cities. 

2.3 Time-Series Forecasting of CDW Generation Using ARIMA and SARIMA Models                                                                     

To forecast the future generation of Construction and Demolition Waste (CDW) in major cities of Bangladesh, 

two widely recognized time-series models—ARIMA and SARIMA—were employed. 

Autoregressive Integrated Moving Average (ARIMA)                                                                                                      

The ARIMA (p,d,q) model combines three components: autoregression (AR), differencing (I), and moving 

average (MA), allowing it to capture linear dependencies in non-stationary data. The general form of the ARIMA 

model is:                    

               ………………..(1) 

Here,  = predicted CDW generation at time t (Mt/year);  p = autoregressive order (number of lag observations); 

d = differencing order (to achieve stationarity); q = moving average order (past forecast errors);                        

= autoregressive coefficients;  = moving average coefficients; = white noise error term 

Estimated as:                  ……………………………..(2) 

Seasonal ARIMA (SARIMA)                                                                                                                                                  

The SARIMA (p,d,q)(P,D,Q,s) model extends ARIMA by introducing seasonal autoregressive (P) and seasonal 

moving average (Q) components over a defined period s, allowing for the modeling of repeating seasonal 

patterns in data. The general SARIMA equation is: 

                                      ……………………………….…...(3) 

Here, L = lag operator (L = −1); P,D,Q = seasonal autoregressive order, seasonal differencing order, and 

seasonal moving average order, respectively; s = length of seasonal cycle (in years); Other parameters are 

defined as in the ARIMA model.                                                                                                    

Estimated as:   ………...(4) 

2.4 Model Accuracy Metrics                                                                                                                                                     

Model performance evaluated using: 



                                                                         M. A. Sayeed1, M. K. A. Nahid*2, and K. P. Ahmmed3 

ICCEI 2025 
 

1323 

❖ Root Mean Square Error (RMSE): 

▪ RMSE= ………………………………….………….………(5) 

 

❖ Mean Absolute Percentage Error (MAPE): 

                                            MAPE=  ……………………………………………..…….(6) 

Here,  represents the observed CDW generation at time t, and  denotes the model-predicted value. The 

variable n represents the total data points in the forecasting model. Lower RMSE and MAPE values indicate 

better model fit, with MAPE providing a clear percentage measure of average forecast error, useful for policy 

and planning.  

2.5 GIS Optimization                                                                                                                                                                      

This study used GIS to identify CDW hotspots and optimize transport routes in major Bangladeshi cities by 

integrating road networks, construction zones, and traffic data. The model mapped efficient routes to recycling 

facilities, reducing distance, fuel use, and congestion. In Dhaka, locating recycling units near hotspots improved 

efficiency, with route optimization cutting travel distance by 15–22% and fuel consumption by up to 18%. This 

GIS framework provides a practical tool for cost-effective, scalable CDW transport planning.                                                                                                                                                                      

2.6 Validation                                                                                                                                                                               

Findings were reviewed by municipal authorities and waste management experts, ensuring practical feasibility of 

the recommended solutions. 

3 Results  

3.1 Current Scenario                                                                                                                                                                            

Bangladesh generates ~3.7 Mt/year CDW (2024), dominated by Dhaka (40%). Recycling is below 15% and 

relies on informal manual sorting. Illegal dumping into water bodies increases urban flooding risks (World Bank, 

2023). The graph below illustrates the comparative Construction and Demolition Waste (CDW) production for 

major cities in Bangladesh. Dhaka has the largest CDW generation, more than 1.4 million metric tons, owing to 

its heavy urbanization and population density. Chattogram is the second-highest contributor, whereas Khulna, 

Rajshahi, and Sylhet possess moderate CDW generations. Barishal possesses the lowest CDW generation, 

indicating comparatively lower construction activities. The trend overall indicates the dominant role of Dhaka 

and Chattogram as the key generators of CDW in the country. 
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                                          Figure 3. CDW Generation by City in Bangladesh (2024)     
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3.2 Forecasting Results 

Table 1. Prediction results comparison 

Model 2030 Prediction 

(Mt) 

2040 Prediction 

(Mt) 

RMSE (Mt/Year) R*R Value 

ARIMA 4.23 4.88 0.486 0.972 

SARIMA 4.22 4.74 0.486 0.983 

SARIMA produces slightly lower long-term estimates due to its seasonal adjustments, making it better suited for 

fluctuating construction activity cycles. Both models fit the historical CDW data very well but SARIMA shows 

slightly better accuracy, making it more reliable for future predictions where seasonal variation (e.g., 

construction cycles) plays a role. 

                         

                                               Figure 4. Combined ARIMA-SARIMA forecast graph 

 

 

3.3 GIS Analysis                                                                                                                                                                                           

A GIS-based approach was used to optimize CDW transport routes by mapping generation hotspots, 

proposed recycling sites, and road networks in Dhaka and other cities using ArcGIS Pro.                                                        

Network routing simulations revealed that optimized paths could:                                                                                            

Reduce transport distance by 22%, Cut fuel use by 15%, and Lower emissions by 18%, 

compared to current informal transport practices.                                                                                                               

These estimates were based on standard emission factors (IPCC, 2006) and GIS analysis techniques as 

applied in Kabir et al. (2021). The model supports efficient waste logistics and highlights the need for 

designated transfer stations near highways.  

 

4 Conclusion 

The study illustrates that if past trends continue, production of Bangladesh's construction and demolition waste 

(CDW) will surpass 5 million metric tons (Mt) annually by 2040. ARIMA and SARIMA model-based prediction 

provided very good predictive accuracy, of which the SARIMA model is more suitable for long-term forecasts 

due to its ability to account for recurring patterns of construction works. Such forecast models enable future-

looking, evidence-based planning in primary urban centres for waste management. 
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While an international benchmark of a ≥50% CDW recycling by 2030, it is not affordable for Bangladesh in the 

current infrastructure and policy constraints. The realistic goal in this area would be 30–35% by 2030 with a 

chance to achieve over 50% by 2035–2040 if sincere efforts are made. These are stringent enforcement through 

policies, development of decentralized recycling facilities, GIS-oriented transport planning, and more public-

private investments in recycling technologies. Implementing these steps can drastically reduce illegal dumping, 

conserve valuable building materials, reduce greenhouse gas emissions, and overall make way for a resilient, 

circular construction economy for Bangladesh's burgeoning urban future. 

 

5 References 

Ahsan, T., & Rahman, S. (2017). Solid Waste Management in Dhaka City: Problems and Prospects. Journal of      

Civil and Environmental Engineering, 7(1), 1–7.  

Haque, M. I., & Rahman, M. (2020). Construction Waste Management  Practices  in Bangladesh.  Journal  of                                                                                                                     

      Engineering Research, 8(2), 45–56. 

Islam, M. S., Mahmud, K., & Karim, M. R. (2023). Estimating Construction Waste in Developing Countries: A    

      Case Study on Bangladesh. International Journal of Sustainable Engineering, 16(4), 349–360. 

Kabir, A., et al. (2021). Role  of  GIS  in  Waste  Management in Urban  Bangladesh. Waste  Management  and       

      Research, 39(6), 712–720. 

UN-Habitat. (2022). Sustainable Urban  Development Report:  South  Asia.  UN-Habitat  Publications. 

World Bank. (2023). Urban Development in Bangladesh: Trends, Opportunities, and Challenges. Washington,   

      DC: The World Bank. 

IPCC. (2006). Guidelines for National Greenhouse Gas Inventories: Vol. 2 – Energy. Intergovernmental Panel 

      on Climate Change. 

Ministry of  the  Environment, Japan (2020). Annual  Report  on  the  Environment, the  Sound  Material-Cycle 

      Society, and Biodiversity in Japan 

 

 

 

 

 


