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Abstract: The objective of this paper is to predict the quantity of solid waste generated in Nagpur city. As population 

is increasing day by day solid waste generation is also increasing. This is very big question in front of NMC that how to 

tackle this problem. It is very important to predict the quantity of solid waste in the upcoming year to implement the 

best solid waste management system. Nagpur city is divided in to ten zones by NMC for better administration. Solid 

waste is collected from each zone and transferred at dumping station Bhandewadi, Nagpur.  Solid waste prediction for 

the city like Nagpur is quite challenging as the values of the variables changes over the time rapidly. After studying the 

working of NMC, Nagpur city profile and literature review four factors, zone wise population, generated solid waste, 

slum population and electricity consumption in KWh/capita/day has been considered as most important factor in solid 

waste generation in the city. A radial basis function neural network mainly known for time series prediction is used in 

calculating the solid waste generated at Nagpur city. This work may be helpful to NMC for better implementation of 

solid waste management system.  

 

Keywords: Nagpur Municipal corporation (NMC), Artificial Neural Networks (ANNs); Solid Waste Management 

System (SWMS); Neural Network (NN); Solid Waste (SW);  kilo watt hour ( KWh); House Hold (HH). 

 

INTRODUCTION 

 

Nagpur is one of the important cities in Maharashtra State 

as well as in central India.  Nagpur is famous for oranges 

and is known as the "Orange City". Nagpur is the sub 

capital of Maharashtra state. Nagpur city is having very 

vast area. It is divided in to 10 zones to implement best 

working system.  

 

Population is increasing day by day and with respect to 

that solid waste generation is also increasing day by day.  

This is very big question in front of NMC that how to 

tackle this problem. Prediction of solid waste for the city 

like Nagpur is quite challenging as the values of the 

variables changes over the time rapidly. As per provisional 

reports of Census of India and given in [2]. 

 

Population 

of Nagpur. 

(2011) 

Literacy rate 

of Nagpur 

Total 

Slum 

Population 

Slum 

HH in 

city 

24,05,421 93.13 %t 858783 171645 

 

Source[2]. 

 

To handle the situation of solid waste management of 

Nagpur city it need to apply a technique which can predict 

the solid waste generation in the city in advance.  

 

Year Total Electricity  

Consumption in Nagpur city 

2000-01 11,50,159 

2010-11 36,76,160 

 

 

The number of slums in the city has increased from 424 

slums in year 2002 to about 446 in year 2008. Of total 446 

slum settlements in the city 287(65%) are notified [2]. 

Electricity Consumption in 000' KWh: 2010-11 by [1]. To 

calculate zone wise per capita consumption of electricity 

we have consider 500 unit (KWh)/capita/year [28]. 

 

Earlier work:- In the literature review, it is observed that 

many researcher have faced the problem of data 

availability, while making prediction of solid waste at 

Municipal corporation level. For prediction of solid waste 

we need quality and quantity of data.  
 

Mr J Sudhir kumar [13] have considered four factors. He 

consider national level growth rate for the same factor. M 

Maleerat Sodanil & Paiboon Chatthong [26] is having the 

same problem of data availability they have consider the 

only one factor i.e. generated solid waste from last 120 

months.  
 

In order to forecast time series for the amount of the solid 

waste generation in Bangkok he uses monthly solid waste 

as a variable. According to him, if the socioeconomic is 

used as variables, it makes non-performance model 

because of lack of monthly data.  
 

Mr Vatsal Patel[16] mentioned that due to non-availability 

of adequate data on waste generation for low-income cities 

of the developing countries, integrated solid waste 

management is very challenging. He uses some dynamic 

factor as well as static factor for his research. 
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Table 1.1 comparison of model on the basis of factors and dataset taken. 

 

 
So while designing the solid waste prediction model for 

Nagpur city, we consider the factors and corresponding 

zone wise data at per capita per year basis for the accurate 

prediction.  Above table contains comparison of model on 

the basis of factor and dataset taken. 

 

Methodology:- After the carefully studying  the working 

system of NMC, it is observed that NMC have divided 

Nagpur city in to 10 zones for better administration. To get 

the accurate result for SW prediction of the city, we decide 

to go for zone wise prediction of solid waste.  Four 

important factors have been selected. Selection of factors 

is done on two things. 1. Importance of the factor with 

respect to city 2.Data availability. We have considered the 

following factors for each zone.   

1. Population, 2. Slum population  

3. Electricity consumption in KWh /capita/year.  

4. Solid waste generated in ton/capita/year. 

Data is considering from city profile Nagpur Municipal 

Corporation[2].Because of unavailability of data we have 

consider this data for zone wise population and slum 

population for the year 2011. 

 

Zones 

Zone wise City 

Population 

% Slum 

Population 

1 230624 20.68 

2 203242 42.77 

3 228664 16.85 

4 202753 56.28 

5 235000 34.04 

6 233058 51.49 

7 214049 52.97 

8 306319 31.99 

9 356741 27.19 

10 254557 24.81 

Total 2465007 34.84 

Source[2]. 

 

Zone wise population and slum population has been 

considered from city profile Nagpur Municipal 

Corporation. Population growth in India from 2001 to 

2026 shall have a growth at a rate of 1.2% of per annum 

[13]. 

 

 
(Year Vs Population) 

Year wise population of Zone1 
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Study area-> Bangkok[26] Elluru[13] Gujarat towns[16] Nagpur(proposed) 

NN used Multilayer 

Perceptron Neural 

Network 

RBF Neural 

Network 

Feed Forward Neural 

Network 

RBF Neural Network 

Factor-> 1. Solid waste 

generated. 

1.Population 

2.Urban 

Population 

3.GDP 

4. Generated 

Solid Waste. 

1. Population of town 

during current year.  

2. Waste generation 

during current year.  

3.SC+ST population.  

4.Total received as tax. 

5.Longitude 6.Latitude. 

1. Zone wise  

Population of Nagpur 

city. 

2. Zone wise solid waste 

generated. 

3. Zone wise Electricity 

Consumption. 

4. Zone wise slum 

population. 

Dataset on 

various 

factors.-> 

Continuous 120 

month data on 

solid waste 

generation has 

been considered. 

National level 

annual growth 

rate has been 

considered on 

various factors. 

He uses two type of 

variable, dynamic and 

static. For dynamic 

variable national level 

growth rate has been 

considered. 

We have considered zone 

wise   kg / capita /year 

rate for generated solid 

waste. KWh/capita/year 

for electricity 

consumption and 

 % of slum population to 

zone population for slum 

population.. 

Zone wise population is 

considering on 1.2% per 

annum growth rate.   
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Zone wise slum population is calculated using % of slum 

population to zone population. 

 

 
(Year Vs Slum Population) 

Year wise slum population for Zone1. 

 

This growth rate is considered to calculate solid waste 

prediction for the year 2011 to 2024. 

Electricity Consumption: - There is little controversy 

whether GDP can be a measure of personal income 

because according to [13], GDP may increase while real 

incomes for the majority decline and the GDP is not a 

measure of standard of living. There is some issue on 

inappropriate use of Gross Domestic Product (GDP) as a 

measure of national well-being, something for which it 

was never designed, according to [4] there is a need of 

indicators which promote truly sustainable development. 

So for taking actual input of economic factor we have 

taken Electricity consumption of the city as a economic 

factor. This factor is important because it is stated in many 

research that economy plays major role in generation of 

solid waste.  

In Nagpur city on an aggregate basis, in 2000-2001, total 

electricity consumption in 2001 was 11, 50,159, which has 

gone up to 36, 76,160 in 2011[1]. We consider per capita 

per year consumption of electricity in Nagpur city is 500 

units (KWh )[28]. 
 

 
Electricity consumption for zone1 

 

Generated solid waste:- Each zone is having different 

population and capacity of solid waste generation. Below 

shows different zone and their SW generation capacities. 

According to [3] and data published by Municipal 

Corporation of Nagpur city, we consider zone wise 

generated solid waste per capita per kg per day basis as 

follows 

 

 
 

Use of RBF Neural Network in solid waste prediction: - 
The main concept of Radial basis function is the function 

approximation. Initially statistical methods have been used 

for the prediction of solid waste, stock exchange and 

pattern recognition. Later on RBFNN is mostly used in 

time series prediction because of its very fast training and 

learning ability. Interpolation is one of best feature of 

RBFNN.  

Simple architecture of RBFNN is as follows. 

 

 
Input layer         Hidden Layer 

       

Designing of reliable Model for the Solid waste 

prediction in Nagpur city:- 
Nagpur city is having very vast area. It is divided in to 10 

zones to implement best working system. While designing 

the solid waste prediction model for Nagpur city, we 

consider four factors and dataset on the basis of per capita 

per year. We also kept this thing in mind during selection 

of variable that in the absence of past data on waste 

generation rates, it is difficult to design a perfect model for 

the SW prediction. Using MATLAB we got the view of 

the model for the prediction of solid waste of the city .We 

provide the dataset of 14 elements of each factor, Output 

will be generated through activation function. 
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(Model architecture generated through MATLAB) 

 

For calculation of the population we use the formula.  

Population of the zone = (PZ /100)*1.2+PZ; (where PZ is 

population of the zone). 

Slum population is considering as % of slum population to 

the zone population. (PZ*% of slum population)/100; 

Zone wise Electricity consumption is getting calculated 

according to the KWh/capita/year; 

Solid waste generated at each zone can be achieved by 

following function 
 

SWi = (√(sum of factors) / no. of factors)*100; 

Where i=1 to 14; 

Year wise Total solid waste of Nagpur City will be 

calculated by adding the SW generated at each zone.10 

SW=∑ (SW + SWi); 

           i =1 

 

Training and Testing of the neural network model: - 
Training and testing can be obtained by using following 

formula. 

net= newrb (Tr, Ts, MSEtrngoal); 

Where Tr =Training data set; 

Ts= testing data set; 

MSEtrngoal=min MSE; 

For ANN training we put the value of MSE  

MSEtrngoal =0.01; 

ANN training will be done according to the loop 

While (MSE<=0.01) 

Train ANN 

End. 

Error can be handled as 

Error =  │Actual - Predicted│ 

         =   │Calculated by Excel-Calculated by ANN│ 

Total Error for individual dataset 

             14 

f(ez) = loop  │Calculated total SW by excel-

Calculated total SW by ANN│ 

            i=1 

 

RESULTS: 

 

The output of generated solid waste and error is given in 

the table obtained through MATLAB. Solid waste 

generated by excels and solid waste generated by ANN is 

used to calculate error. Error is calculated according to 

following formula 

Total Error for individual dataset 

           14 

f(ez) = loop  │Calculated total SW by excel- 

                    Calculated total SW by ANN│        

           i=1 

In this way we can get the solid waste generated at each 

zone of the city. Total solid waste of Nagpur city can be 

calculated by using the following function. 

        10 

SW=∑ (SW + SWi); 

           i =1 

 

As per the information given by the Municipal 

Corporation of Nagpur city we can compare the result 

calculated by ANN and Municipal solid waste data. We 

got the data for 5 years from Nagpur Municipal 

Corporation i.e. from 2011-12 to 2015-16 in MT. 

 

Year 

Solid Waste 

calculated by ANN 

Data on Solid Waste 

given by NMC 

2011 388472.00 313346.38 

2012 367741.00 356689.01 

2013 369941.00 362091.42 

2014 372154.00 353420.82 

2015 374380.00 407023.56 

2016 376620.00   

2017 378873.00   

2018 381139.00   

2019 383419.00   

2020 385713.00   

2021 388020.00   

2022 390341.00   

2023 392677.00   

2024 395026.00   

 

CONCLUSION 

 

It is very important to know the next few year‟s generated 

solid waste for the better implementation of SWMS. NMC 

covers vast area, so it will be very useful for them to get 

Year 

Solid waste 

by Excel 

Total Solid 

Waste by(ANN) Error 

2011 388656.47 388472.00 184.47 

2012 390979.35 367741.00 23238.35 

2013 393316.13 369941.00 23375.13 

2014 395666.91 372154.00 23512.91 

2015 398031.76 374380.00 23651.76 

2016 400410.77 376620.00 23790.77 

2017 402804.02 378873.00 23931.02 

2018 405211.60 381139.00 24072.60 

2019 407633.59 383419.00 24214.59 

2020 410070.08 385713.00 24357.08 

2021 412521.16 388020.00 24501.16 

2022 414986.91 390341.00 24645.91 

2023 417467.42 392677.00 24790.42 

2024 419962.78 395026.00 24936.78 
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the idea of generated solid waste of each zone to make the 

provision of budget, human resource and number of truck, 

vehicles for better planning and management of SWMS. It 

is true that data availability is the main problem in the 

prediction. If quality and quantity of data is not available 

then it is difficult to predict the next few years‟ solid waste 

amount. 
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