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Abstract—historically, municipal solid waste management
infrastructure was provided by the public sector throughout
the world. The public sector is primarily responsible for the
coordination and monitoring of required services such as waste
collection, treatment and disposal. In practice, municipal
authorities aggregate the demand for residual municipal waste
management services and make the classical make-or-buy
decision as principals of the transaction, i.e. they can decide
whether to provide waste management services themselves or
to engage external organizations. Therefore Optimization
under uncertain module is an important approach for the
planning of environmental system where many parameters,
objectives and their interrelationships are uncertain. This
module integrates the information on locations of ports and
distances between the centers of population density and waste
treatment plants from the GIS module. The other information
like quantity of solid waste, vehicle technical data (capacity,
fuel consumption, and emissions), inland water port and ship
information are integrated which are needed by the module.
The problem that is being analyzed here belongs to the class of
linear mixed integer programming problems. LINGO
optimization software uses branch and bound methods to solve
problems of this problem.

Keywords- MSW, GIS, inland port facility, location
allocation, linear mixed integer programming.

l. INTRODUCTION

The waste management problem has a complex nature
with a range of important dimensions such as multiplicity of
the types of waste generated in the system, complex spatial
pattern of waste arising, the necessity to transport waste long
distances for processing, a variety of emissions from waste
collection, transporting and treatment, and the almost
unpredictable and localized character of impacts of these
emissions on humans and ecosystems. And although there
have been attempts to analyze regional waste management
systems taking into account environmental impacts of
processes under study, most of them have not formed a
holistic method for analyzing all spatial, temporal as well as
qualitative aspects of the problem.

The challenges faced today by solid waste managing
entities go beyond simple quantification and characterization
of the collected wastes. These challenges involve not only
regulatory and law abiding but also global performance
assessment by quantification of the system’s efficiency.
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Efficiency of Solid waste management is measured in
terms of achievement of management targets, resource
optimization and general environment impact. It is analyzed
to see how could this strategy contributed to improve the
society by offering job or/and improve the traffic flow to
minimize the green gas emission.

Therefore, the aim of the paper is to provide a new
methodological background for developing regional
municipal solid waste management models, taking into
account spatial-temporal patterns of waste generation and
processing, environmental as well as economic impacts of
the system development with a particular emphasis on traffic
jam problem.

Kirca and Erkip [10] proposed a location model of
transfer stations to minimize the total transportation cost.
This model accounted for the technology selection of
loading-unloading facilities and for the type and number of
transfer vehicles.

Caruso et al. [5] developed a location—allocation model
for planning process plants and sanitary landfills for urban
solid waste. Their model minimized the total cost (i.e.,
opening and transportation costs), amount of final disposal to
the sanitary landfill, and environmental impact.

They proposed an iterative heuristic method consisting of
six (also iterative) heuristic procedures and run hierarchically
to produce a subset of approximate efficient solutions using
the weighted sum technique.

Karagiannidis et al. [8] proposed a set of multiple criteria,
which cover social, environmental, financial, and technical
aspects, for dealing with optimization of regional solid waste
management.  Karagiannidis and Moussiopoulos [8]
proposed a modeling framework for regional solid waste
management that accounted for the four level waste facility
hierarchy: transfer station, material recovery facility, thermal
treatment plant (i.e., incinerator), and sanitary landfill.

Hokkanen and Salminen [6] used the decision-aid
method ELECTRE Il to select a solid waste management
system in the Oulu district in Northern Finland, with the
following eight criteria: cost per ton, technical reliability,
global effects, local and regional health effects, acidic
releases, surface water dispersed releases, number of
employees, and amount of recovered waste. Twenty-two
alternatives under either decentralized or centralized
management systems were examined, with various treatment
methods such as composting, RDF-combustion, and landfill.



Antunes [4] developed a mixed-integer optimization
model to determine the location and size of transfer stations
and sanitary landfills. The model has as a single objective to
minimize total transportation and opening costs, and was
applied to central Portugal. Chambal et al. [3] developed a
multiple-objective decision analysis model to select the best
MSW management strategy. This model is based upon the
hierarchy of waste management objectives expressed by the
decision maker.

Sibel Alumur, BaharY. Kara [10]: proposed a multi-
objective location-routing model. The model has the
objective to find the treatment centres location and how to
route waste residues to disposal centres with minimizing the
total cost and the transportation risk.

Il.  CASESTUDY - CITY DUISBURG

The city of Duisburg comprises an area of 232.81 km2 in
Nord-Rhine Westphalia, the most densely populated state in
the Federal Republic. Duisburg is an important transportation
centre, with its extensive network of highways and its access
to the Rhine and Ruhr waterways. Indeed, the Rhine-Ruhr
port is the largest inland port in the world.

The regional municipality of City Duisburg includes
seven main areas, which were further divided into 46
districts in figure 1. The municipality of Duisburg generated
132000 ton/a residual waste, 38500 ton/a waste paper, 11200
ton/a packing, 38600 ton/a compost waste and 222 ton/a
waste of glasses. As municipal service WBD
Wirtschaftsbetriebe Duisburg-AoR [WBR] are responsible to
collected the entire waste daily using different collection
vehicle located in two different depot where the starting in
the morning and turn back in the end of the working day and
or the working task , the target of WBR is to provide high
quality of customers service at reasonable prices.

TABLE I. THE MEAN REGION IN THE CITY WITH WASTE QUANTITY

PER WEEK

The central vehicle depot is located in the southern part
of the city with more than 20 collection vehicle with
different capacity and task, the second depot is located in the
northern part of the city with 15 collection vehicle to service
the neighborhood part of the city.

In this model the concept of intermodality in waste
transportation is introduced. It is observed from the present
geographical situation that the rest-mull can be sent to the
incineration plant by ship due presence of ports on either side
of river Rhine. Strategically two ports in north and south are
selected which are accordingly selected using survey
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methodology with location allocation sub models. It will
serve the purpose of collecting waste and transporting it by
ship to the incineration plant. The waste can be sent to the
incineration plant by ship due presence of ports on either side.
Considering the expansion of the city; strategically two ports,
one in north at Schwelgern and other in south at Logport are
selected so as to cover up maximum area; which will also
serve the purpose of collecting waste and transporting it by
ship to the incineration waste.

Figure 1. Location of ports (A & B) and Incineration plant (C)

Now here the model works with following possibility:
The waste is sent direct to incineration plant using
collection vehicle.

The waste is sent direct to the port first and from
there it is transferred to ship and transported to
incineration plant by ship.

The objective of this study is to propose a mathematical
model for Municipal solid waste management of City
Duisburg including different scenarios. The proposal model
will be minimizing the total solid waste system costs using
mixed integer programming. The best location of the transfer
station from the candidate location list choosing to
minimized the total transportation and operation costs [2].

MATHEMATICAL FORMULATION

Minimize Z,=

Subjected to:

Z=total cost of collection, disposal and building facilities



Z, =Cost due to CO2 emissions;

A= discrete set of different type of waste

I=discrete set of source nodes, 1={1,2,3,4...N};

H=discrete set of port nodes, H={1,2,3,N};

K=discrete set of treatment facility nodes, K={1,2,3,N};

Dik = units of waste collected from source i and transferred to
treatment facility k (per 2 week)

Hi« = units of waste collected from source i and transferred to
port facility h (per 2 week)

L = units of waste collected from port facility h and
transferred to treatment facility k (per 2 week)

X = {0,1} integer decision variable, 1 indicating that port has
been located and O for none.

Cik = waste handling Logistics costs/ton (from i to k)

Cin = waste handling Logistics costs/ton (from i to h)

ch= Waste handling Logistics costs/ton (from h to k)

Cpsik =Dispatching cost for route from generation point i to
treatment plant k or port facility h

Qcoz = Quantity of CO2 generated

Ccoz =Cost for CO2

f= amortized weekly fixed cost of building a waste
management facility at site j, k( total capital x capital
recovery factor for a design of 20yrs and interest rate of 10%
/no. of weeks in a year),

Dist;, = distance between the nodes

Hs = operation costs for port €/ ton.

w; = waste generated at source node i(tons per 2week)

q = capacity of an SWTS (tons per 2week)

Figure 2. The flow chart of the mathematical formulation

The objective function is the fixed charge cost function to
achieve economic efficiency in locating transfer points in the
collection system. The first three sets of terms in (1) compute
the total cost of short haul collection, direct haul trips, and
long haul transfers. The fourth set adds the amortized capital
costs whenever a port has been located.

The first constraint set (2) represents the service demand
constraints. These constraints ensure that waste w; generated
at each source node i should be shipped out to port facility
and/or a final waste treatment facility site. Observe that the
summation sign for i and h nodes were defined over full sets
I and H. This formulation can be easily modified to define

cover sets on the basis of jurisdictional boundaries or policies.

Constraints (3) & (4) represent material balance equations at
each port. This ensures no storage or loss at the port.
Constraints set (5) and (6) impose capacity limitations on

each port. The capacity constraints allow various dispersed
and site strategies to be analyzed.

In this article Lingo optimization modeling software is
used to solve the mathematical expression along with MS
Excel.

Figure 3. Mathematical calculations using Lingo

IV. RESULTS AND ANALYSIS

In this article, three scenarios have been considered for
evaluation. Scenariol is the current situation where the
transportation of waste is directly done to the incineration
plant. Scenario 2 and scenario3 use the inland waterways for
transportation of waste. In scenario 2 only one port is used
and two ports are in use for scenario 3. The next table will
illustrate the scenarios combination.

TABLE II. PROPOSED SCENARIOS
Direct to
Incineration Port 1 Port 2
Plant
Scenario 1 X
Scenario 2 X X
Scenario 3 X X X
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Figure 4 presents the scenarios output, it is observed that
the cost per ton has drastically reduced with implementation
of the inland waterway transportation and also even more
reduced for the scenario 3.

Figure 4. Cost per ton for the total waste handling for Scenarios

The cost comparisons are done on basis of two services
provided. There are two services considered, one is the
normal service (NS) and other is the full-service (FS).
Normal service: the owner of the house is responsible to
bring the bin to street yard and collection crew unloads the
solid waste into the collection vehicle. This type of service
has a collection crew of one driver and two loaders. Full
service: in this service the crew is responsible to get the
waste from the backyard or basement. The minimum crew
size is one driver and four loaders.




Along with the cost, it is observed reduction in the
distance travelled. When compared scenariol with scenario 2
and 3 the travelling distance is reduced. This is mainly due to
inland shipping and large amount of waste transported by
ship (high volume of transportation) during single journey
when compared against trucks. Thus large transhipment
capacity not only reduces distances but also reduces CO2
emission along with reduction in road traffic. The reduction
in emission and traffic is important from point view of fuel
saving but also from environment view.

Figure 5. CO2 emission and Total distance travelled

Table 111 shows comparative evaluation of allocation for
each scenario. This will give clear idea about the waste flow
for each scenario from its source point to the incineration
point.

V.  CONCLUSION AND FUTURE WORK

The need for an organized and efficient solid waste
collection system is focused on providing a service for the
residents that will meet health, regulatory and community
requirements. Having many solid waste collection companies
in an area can create increased truck traffic on residential
roads potentially causing safety hazards. Also, different set
out days per week for these different companies can increase
the potential for insects, rodents and disease.

It is to be feared — and expected — that fuel costs will tend
to rise in future due to further taxation increases and price
developments on the world markets. Another factor which
needs to be considered is the indirect costs caused by delays
on overcrowded roads. It has been estimated that
macroeconomic losses due to this cause alone amount to
several billion Euros per year. The implication is that it could
make economic sense to regulate truck transport even more
strongly in future. All these developments make this the right
time for re-thinking conventional transport solutions and try
to provide alternative solution with help of Inland water. In
such case transportation by rail should be also considered, if
there is such an infrastructure available.

This solution is devised keeping in mind the existing
infrastructure and availability of waterways; thus making
new calculations that will consider the distance, costs and
CO2 emission. This will show that our scenarios which
propose ship transportation as alternative mode to solve the
traffic problem and CO2 emission. An economic
consideration of the alternative options is not a simple matter
but an effort should be made to come up with solutions.

265

The collection and transportation of solid waste account
for more than 50 % from the total solid waste management
budget. According to many previous researches, an
important component of a comprehensive solid waste
management system is an organized and efficient solid waste
collection system, and it is critical for a successful integrated
solid waste management program.

TABLE Il WASTE ALLOCATION (TON)

In the figure 6 which is linked to Table Il presents a
relation between the tranportation costs, quantity and
distance travelled per year. Furthemore it explain why there
are many sources send their solid waste through the port and
some directly go to the facility plant.



Figure 6. Cost of unit waste transferred per km (annual).

One of the proposals of this article is the extension of the
research which includes collection routing problem using
GIS system; it will also include fuel consumption and CO2
emission during the waste collection and stoppages.

Lastly a multi-period version of the model can be used
for location and allocation of different types of solid waste.
This will give an advantage in planning for the system over
time horizon.
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