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Abstract 
 

In waste management, one important part is that how to carry waste material 

from one place to its disposal site. Now a days, we are expend lot of money on 

transportation of wastage. Therefore in this paper, we present an effective 

transportation method by using transportation problem approach. Municipal 

Solid Waste Management is a critical problem to any metropolis city. In 

context of that we are trying to solve this problem using transportation 

problem. Based on different landfill locations, their distance from each wards 

of city and wastage generation in each wards we formulate transportation 

problem. The proposed method is suggested to  Municipal Corporation of 

Greater Mumbai and compares transportation cost with earlier daily 

transportation cost. 

 

Keywords: Dumping Grounds, Optimization techniques, Solid Waste 

Management, Transportation problem. 

 

 

1. INTRODUCTION 

One of the main current challenge in many urban areas of the world, both in mega 

cities and in smaller villages, is considered to be municipal solid waste management 

(MSWM) (UN Habitat, 2010). Due to rapid urbanization, economic development and 

population growth, the waste generation rates are increasing in several cities of the 

world, leading to diverse challenges. The ways in which solid wastes generated by 

human activities are handled, stored, collected and disposed of can pose different 
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levels of risks to the environment and to the public health (Zhu, D., et al., 2008). Solid 

waste is therefore a vital municipal responsibility, yet municipal authorities in rapidly 

urbanized cities find it hard to manage with the accelerating pace of waste generation 

(UNDESA, 2012). 

 

India, with a population of more than 1.2 billion people, is the second most populous 

country in the world. However, India is also facing some great challenges due to 

poverty and a rapid increase of population that is overloading the natural resources of 

the country (CIA, 2013). According to the United Nations Department of Economic 

and Social Affairs (UNDESA, 2012), urban managers in developing countries should 

focus on a more holistic and system-oriented approach to SWM. The highest priority 

should be on waste prevention, waste reduction and waste recycling instead of just 

trying to handle with the constantly increasing amount of waste through treatment and 

disposal (UNDESA, 2012). It’s very difficult to maintain record about waste 

management, especially in Indian context. Where multi religious peoples living with 

their different functions / festivals. It results lot of waste generation day by day. In 

point of view that, we trying to suggest better transportation system to municipal 

corporation having more than two dumping sites by operational research approach.   

 

Transportation problem is famous in operations research for its wide application in 

real life. This is a special kind of the network optimization problems in which goods 

are transported from a set of sources to a set of destinations subject to the supply and 

demand of the source and destination, respectively, such that the total cost of 

transportation is minimized. The basic transportation problem was originally 

developed by Hitchcock in 1941 (Hitchcock, F.L. 1941). Efficient methods for 

finding solution were developed, primarily by Dantzig in 1951 (Dantzig, G.B. 1951) 

and then by Charnes, Cooper and Henderson in 1953 (Charnes, A. et al., 1953). 

Basically, the solution procedure for the transportation problem consists of the 

following stages: 

• Stage 1: Mathematical formulation of the transportation problem. 

• Stage 2: Finding an initial basic feasible solution. 

• Stage 3: Optimize the initial basic feasible solution which is obtained in Phase 2. 

 

1.1 Study Area 

The city of Mumbai is located in western India and is the capital of the State of 

Maharashtra. Mumbai and its neighboring suburbs, together constituting the Greater 

Mumbai Metropolitan area, inhabits more than 20.7 million people on an area total of 

437.71 square kilometers (UN, 2014; PEARL, 2015; Government of Maharashtra, 

2007). The quantity of municipal solid waste generated within Greater Mumbai is 

9,624 MT per day (2013). The per capita generation of wastes in Mumbai is about 

630 gm per person per day (Municipal Corporation of Greater Mumbai (MCGM), 

2004).  
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Figure 1. Map showing transfer stations and disposal site locations in Mumbai 

 

1.2 Overview of the problem 

The Corporation disposes waste through landfill or land dumping method. At present 

there are three dumping sites in operation. Waste is brought here from various 

locations throughout the city as well as from the Transfer Stations (TSs) at 

Mahalaxmi and Kurla. Refuse and debris are levelled at these sites by means of 

bulldozers and landfill compactors. These are: Deonar (D), Mulund (M), Kanjurmarg 

(K). Out of all the three waste disposal sites, Deonar receives 70 per cent of the total 

waste generated, as this is the largest of all the three dumping sites with an area of 111 

hectares. All the dumping grounds are nearly 30-40 km North of South Mumbai, 

which is generating 48 per cent of the total waste of the city. As a result, 

transportation costs of waste are quite high and approximate to about Rs. 16 lakhs per 

day (Joshi, M.P et al., 2013). Costs for maintenance of dumping ground, waste 

transportation and hire charges come to Rs. 126 crores per annum and constitute 

nearly 28 per cent of the total budget allocated for SWM. These sites need to be 

upgraded and the waste appropriately treated as it has been estimated that they will 

last for only another 5 years. As already Deonar and Mulund landfill, was slated in 

2009. Although the bulk of the city’s garbage being dumped here. So that we are 

trying to give more weightage to new dumping site i.e. Kanjurmarg. 
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Table 1. Classification of dumping sites 

 

Location Area (Hectares) Quantity of MSW received  

(Maximum) (TPD) 

Deonar 111 3024 

Mulund 25.3 2000 

Kanjurmarg 82 4600 

Total 218.3 9624 

               (Source: Joshi, M.P et al., 2013; Yuri Joelsson, and Rebecca Lord, 2016) 

 

 

2. METHODOLOGY 

2.1 Data collection 

The required data for this study were collected from the available real data in the web 

site of MCGM, from various research articles and News papers. 

 

2.2 Method  

A transportation problem is selected for SWM in the study due to its simplicity and 

commonly use. 

There are two types of transportation problem namely 

(1) Balanced Transportation Problem and (2) Unbalanced Transportation Problem. 

Definition of Balanced Transportation Problem: A transportation problem is said 

to be balanced transportation problem if total number of supply is same as total 

number of demand. 

 

Definition of Unbalanced Transportation Problem: A transportation problem is 

said to be unbalanced transportation problem if total number of supply is not same as 

total number of demand. 

 

Basic Feasible Solution: Any solution 𝑋𝑖𝑗 ≥  0 is said to be a feasible solution of a 

transportation problem if it satisfies the constraints. The feasible solution is said to be 

basic feasible solution if the number of non negative allocations is equal to (m+n-1) 
while satisfying all rim requirements, i.e., it must satisfy requirement and availability 

constraint. There are three ways to get basic feasible solution. 

1) North West Corner Rule  

2) Minimum Cost Method or Matrix Minima Method  

3) Vogel’s Approximation Method or Regret Method (VAM) 

 

Optimal Solution: A feasible solution of transportation problem is said to be optimal 

if it minimizes the total cost of transportation. There always exists an optimal solution 

to a balanced transportation problem. We start with initial basic feasible solution to 

reach optimal solution which is obtained from above three methods. We then check 

whether the number of allocated cells is exactly equal to (m+n-1), where m and n are 
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number of rows and columns respectively. It works on the assumption that if the 

initial basic feasible solution is not basic, then there exists a loop. Here, we explain 

the modified distribution method to attain the optimality. 

 

Algorithm of MODIFIED DISTRIBUTION (MODI) method 

Step I: For an initial basic feasible solution with (m+n-1) occupied (basic) cells, 

calculate 𝑢𝑖 and 𝑣𝑗  values for rows and columns respectively using the relationship 

𝐶𝑖𝑗 = 𝑢𝑖  +  𝑣𝑗 for all allocated cells only. To start with assume any one of the 𝑢𝑖 or 𝑣𝑗  

to be zero. 

 

Step II: For the unoccupied (non-basic) cells, calculate the cell evaluations or the net 

evaluations as 𝛥𝑖𝑗  =  𝐶𝑖𝑗 –  (𝑢𝑖  + 𝑣𝑗). 

 

Step III: 

a) If all 𝛥𝑖𝑗 >  0, the current solution is optimal and unique. 

b) If any 𝛥𝑖𝑗 =  0, the current solution is optimal, but an alternate solution exists. 

c) If any 𝛥𝑖𝑗 <  0, then an improved solution can be obtained; 

by converting one of the basic cells to a non basic cells and one of the non basic cells 

to a basic cell. Go to step IV. 

 

Step IV: Select the cell corresponding to most negative cell evaluation. This cell is 

called the entering cell. Identify a closed path or a loop which starts and ends at the 

entering cell and connects some basic cells at every corner. It may be noted that right 

angle turns in this path are permitted. 

 

Step V: Put a + sign in the entering cell and mark the remaining corners of the loop 

alternately with – and + signs, with a plus sign at the cell being evaluated. Determine 

the maximum number of units that should be shipped to this unoccupied cell. The 

smallest one with a negative position 

on the closed path indicates the number of units that can be shipped to the entering 

cell. This quantity is added to all the cells on the path marked with plus sign and 

subtract from those cells mark with minus sign. In this way the unoccupied cell under 

consideration becomes an occupied cell making one of the occupied cells as 

unoccupied cell. Repeat the whole procedure until an optimum solution is attained i.e. 

𝛥𝑖𝑗 is positive or zero. Finally calculate new transportation cost. 

 

2.3 Objectives 

1) Formulate a mathematical transportation problem for the given MSW management. 

2) Minimize the present transportation cost of wastes transportation and provide 

optimal solutions as bases for decision making. 

 

2.4 Assumptions 

1) All generated solid waste in MCGM is collected and transferred to landfills. 

2) We are assuming supply (source) is equal to capacity of respective dumpsite. 
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3) Collection of waste is done, when there is no traffic jam. 

4) Every ward is considered as a generation node. 

 

2.5 Network Representation and Mathematical Model of Transportation 

Problem 

Generally, the transportation model is represented by the network in Figure 2. There 

are m sources and n destinations, each represented by a node. The arcs represent the 

routes linking the sources and destinations. Arc (i, j) joining source i to destination j 
carries two pieces of information: the transportation cost per unit, sign and the amount 

shipped, 𝑥𝑖𝑗. The amount of supply at source i is 𝑆𝑖, and the amount of demand at 

destination j is dj. The objective of the model is to determine the unknowns’ 𝑥𝑖𝑗 that 

will minimize the total transportation cost while satisfying the supply and demand 

restrictions. 

 

 
 

Figure 2. Network representation of transportation problem 

 

Considering the above notations, the transportation problem can be stated 

mathematically as a linear programming problem as: 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑍 = ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗

𝑛

𝑗=1

𝑚

𝑖=1

 

Subject to constraints:  

∑ 𝑥𝑖𝑗

𝑛

𝑗=1

≤ 𝑆𝑖 ;   𝑖 = 1, 2, … , 𝑚 
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∑ 𝑥𝑖𝑗

𝑚

𝑖=1

≤ 𝑑𝑖 ;   𝑗 = 1, 2, … , 𝑛 

 

𝑥𝑖𝑗 ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 𝑎𝑛𝑑 𝑗  
 

The objective function minimizes the total cost of transportation (Z) between various 

sources and destinations. The constraint i in the first set of constraints ensures that the 

total units transported from the source i is less than or equal to its supply. The 

constraint j in the second set of constraints ensures that the total units transported to 

the destination j is greater than or equal to its demand. 

 

3. MODEL APPLICATION 

Every ward is considered as a generation node. There are 24 wards and hence 24 

generation nodes. The amount of waste generated from different wards and the 

distance of generation node from dumpsites is provided in Table 2 MCGM (2001) 

(Sarika Rathi, 2007) and google map. Three disposal sites have been considered in the 

model. On the basis of area (hectares) and location from each nodes of dumping sites 

we are considering their capicities for Deonar, Mulund, Kanjurmarg as 3024, 2000, 

4600 MTs respectively. It is also considering that when the waste amount generated in 

one community exceed the capacity, the expansion of limited waste collected or 

transported to corresponding dumping sites must be planned under such condition so 

that result solved by this method is not vary.    

 

Table 2. Waste generated from ward i (Wi) and distance fromgeneration node to 

dumpsite 

 

Sr. 

No. 

Wards / 

Source 

Distance in km Supply 

Wi (ton) 

2013 Deonar Mulund Kanjurmarg 

1 A 24 32 17.7 375 

2 B 19.75 27.25 17.7 291 

3 C 23 31 19.1 355 

4 D 21.5 29.5 19.1 504 

5 E 19 27 14.3 451 

6 F/S 14.5 22.5 14.2 435 

7 F/N 11.5 19.5 14.2 356 

8 G/S 16.5 24.5 10.3 361 

9 G/N 14.25 22.25 16.3 534 

10 H/E 13.75 22.25 24.6 312 

11 H/W 14.25 24 24.4 385 
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12 K/E 21 19 21.9 483 

13 K/W 20.5 19 21.9 464 

14 P/S 22 19 28.6 381 

15 P/N 24 21 31.6 423 

16 R/S 33 27 8.8 304 

17 R/C 35 29 18.4 350 

18 R/N 36 30 27.5 317 

19 L 11 19 28.6 402 

20 M/E 5.5 17 14.3 504 

21 M/W 2 14 17.7 617 

22 N 7.75 13 18.1 330 

23 S 13 8.75 18.6 373 

24 T 18 4.5 17.7 317 

Capacity 3024 2000 4600 9624 

 

Notes: Table gives distance from ward check post to nearest dumping ground check 

post. It further gives distance to the next closest dumping ground check post. Rest of 

the distances is calculated from the Mumbai city map considering crow fly distance 

from centre of ward to the dumping ground. Source: MCGM (2001) (Sarika Rathi, 

2007). 

 

4. COMPUTATIONAL RESULTS  

The main purpose of our work is the use of operational research in the field of waste 

managemanet. To improve the efficiency of existing scenario in Mumbai, we applied 

a transportation problem for better transportation method. This results much amount 

of cost reduction than existence one. The Microsoft Excel results are given in Table 3. 

Cost of transportation of waste per ton per kilometer is estimated using data provided 

by the MCGM and it is found that Rs. 10. The results shows that, the wastage 

generated in wards F/N, H/E, H/W, L, M/E, M/W, N and somewhat quantity (i.e. 118 

MTs) will be transferred to the Deonar dumping ground. And wastage generated in 

wards K/W, P/S, P/N, S, T and somewhat quantity from K/E will be transferred to the 

Mulund dumping ground. Whereas all wastage generated in wards A to F/S, G/S, R/S, 

R/C, R/N will be transferred to the Kanjurmarg dumping ground and from G/N, K/E 

the quantity of 416, 441 MT will be transferred to the Kanjurmarg dumping ground 

respectively. 

Generally, results shows that 31.42 % of generated waste flow should be routed to the 

Deonar dumping ground, 20.78 % should be to the Mulund and remaining 47.79 % to 

the Kanjurmarg. As Kanjurmarg is newest and large dumping ground than other two. 
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Table 3. Transportation of wastes from wards to dumping sites (Microsoft Excel) 

 

From 

Wards 

To Dumping Sites 
Total 

D M K 

A 0 0 375 375 

B 0 0 291 291 

C 0 0 355 355 

D 0 0 504 504 

E 0 0 451 451 

F/S 0 0 435 435 

F/N 356 0 0 356 

G/S 0 0 361 361 

G/N 118 0 416 534 

H/E 312 0 0 312 

H/W 385 0 0 385 

K/E 0 42 441 483 

K/W 0 464 0 464 

P/S 0 381 0 381 

P/N 0 423 0 423 

R/S 0 0 304 304 

R/C 0 0 350 350 

R/N 0 0 317 317 

L 402 0 0 402 

M/E 504 0 0 504 

M/W 617 0 0 617 

N 330 0 0 330 

S 0 373 0 373 

T 0 317 0 317 

Total 3024 2000 4600 9624 
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5. CONCLUSIONS 

The current system of waste management in Mumbai is found to be inefficient. There 

is a need for improvement in structure, organization and efficiency of both the formal 

and the informal waste management sectors in Mumbai. The main purpose of this 

work is the application of operational research methodologies in the field of waste 

management using the concept of transportation problem. In this paper, motivated by 

a real case scenario of a waste collection problem, we proposed a transportation 

problem with three dumping sites and twenty four generation nodes (wards). It is then 

applied for current situation of MCGM. 

 

The formulated problem then solved by LINGO / Microsoft Excel. It should be noted 

that the proposed model results in least transportation cost of Rs. 13.57 lakhs per day 

(By using Rs. 10/t/km Transportaion cost) compared with the one given by MCGM of 

Rs. 16 lakhs per day (Year 2013). Further, the study shows that any additional 

increase of dumping site will result in a decrease of objective function value. 
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