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ABSTRACT

Kaohsiung City and County, the two administrative regions with entirely different
administrative status, resources, and area of development were merged into one
administrative entity on 25, Dec. 2010. A new top-level plan for managing the
municipal solid wastes (MSW) has to be implemented in time in order to provide
services of equal quality and environmental conditions to all residents without
delay. The authors initiate a new plan at the top level to provide a platform for
planning sub-level soild waste collection and disposal systems. To address the
issue, this study used an new methodology of urban planning and (0,1) mixed
integer programming model within the systems to be built and
maintained/operated at minimum system cost. Hence, the model could reflect the
actual solid waste complexity in the newly merged region and can provide
valuable information for top-down planning of future sub-systems projects. In
addition, the case study focuses on the MSW planning after the consolidation of
two districts. The objective is to construct and propose a new mathematical
methodology for the reference of readers in related fields.
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INTRODUCTION

Kaohsiung City, which was originally a municipality
subordinate to the Executive Yuan of Taiwan government
and the second largest city in Taiwan, was merged with its
neighboring Kaohsiung County to form a new Kaohsiung
Municipality, on 25 Dec. 2010. The two administrative
regions are entirely different administrative status,
resources and arca of development.

After the amalgamation, the city and the county became
one identity, such.that the residents in the entire region
should enjoy the same level of services, and the same
demand of environmental conditions. The demand and
expectation of all residents should be equally satisfied.

Therefore, the development of a superior plan (the top-
level plan) that forms the basis for new solid waste
collection, treatment, and disposal system is increasingly
urgent for the new government.

Based on the superior plan, detailed design of the solid

waste collection machinery and manpower, collection
routes, installation of collection point, and solid waste
collection time at each point can proceed (Shane ct al.,
2013).

Numerous researchers have conducted several studies on
the MSW optimization since 1980s. Mathematical models
have been developed and implemented to establish long-
term programming models for planning solid waste
management (Minciardi et al.,, 2002; Cai et al,, 2007; Li and
Huang, 2009; Tan et al,, 2010) and for supporting decisions
on short-term waste management operation (Lu et al., 2006;
Li et al,, 2009; Chung 2010; Wang et al., 2012; Senthilkumar
and Varghese, 2013).

In the MSW management, uncertainties exist in related
costs, impact factors and objectives, which are presented as
fuzzy, probability and/or interval formats. Such
uncertainties can affect the related optimization processes



and the generated decision schemes (Yeomans et al., 2003;
Alves et al, 2009; Lin et al.,, 2010; Li and Huang, et al,, 2012).
Consequently, various method dealing with uncertainties
have been developed for the planning of MSW management
systems (Chang et al, 2005; Chang and Davila, 2007;
Moeinaddini et al.,, 2010).

In the field of urban planning, it is stipulated that the
superior plan including uncertainty in the MSW
management at the top level is not appropriate
(Madanipour, 2006; Levy, 2010). If uncertainties are
included, they will cause chaos at the next subordinate level
of the detailed MSW planning (Lee and Kim, 2000; Vincent
etal, 2002; Lin et al,, 2010; Li and Huang, 2012).

In addition, the superior plan must assure the principle of
certainty, and hence, problems with uncertainty will not be
considered in this research.

Besides, treatment systems of municipal solid wastes in
other developed countries are equipped with intermediate
treatment facilities of high-quality. On the other hand, there
are only incinerators but intermediate treatment facilities in
metropolitan areas of Taiwan. As a result, in order to make a
complete treatment system of municipal solid wastes in
Taiwan, which is necessary for metropolitan areas, an
intermediate treatment facility needs to be equipped in line
with the current MSW management plan. This allows a (0,1}
mixed integer programming model to be developed to
manage the system.

The major purpose of this research was to provide a
superior plan model and solutions that can be referenced by
the new municipal government for planning the subsequent
detailed solid waste system.

METHODOLOGY
Brief remarks

Most waste disposal systems perform three basic
operations: collection, intermediate processing and final
disposal. The waste generation might be viewed as part of
the disposal system because changes in consumer habits can
significantly alter the nature of materials requiring disposal.
For the purpose of modeling the system as a whole, the
amount and the character of the waste stream will be taken
as given parameters in this study.

(0.1) Mixed integer programming of MSW system

The authors developed a (0.1) mixed integer programming
model to illustrate the system situation. This is given as:
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7 = flow of material from facility i to sink j

L]
X“ = flow of material from source k to intermediate point i

C;. =C, +r, ) ) _
! " /= unit cost associated with a transfer of
material from facility i to sink j (dollars per unit)

C,.j = unit shipping cost facility i to sink j {(dollars per unit)

I'; = unit variable cost associated with using sink j(dollars

per unit)
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V, . . . . . . .
"= unit variable cost associated with using facility i
(dollars per unit)

I = fixed charge for establishing facility i (dollars)

Sk =amount supplied at source k
i

7 = upper bound on amount demanded at sink j
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D/. = lower bound on amount demanded at sink j

0, = capacity of the i'th facility
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i =lower bound of incinerator operation (minimum
required amount of waste for incinerator.)
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P = Number of supply point (waste generation points

o : reduction ratio of the incineration of waste

Model description

1). The objective function is to determine which facilities

should be built and which sources and sinks each facility

serves, so that the total cost of facilities and tran-shipment is
"

minimized. Where ) F, v, represents the fixed costs for i,
i=l

mon
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represents the shipment costs from i to j, and
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operation cost in j, and ZZC“ X‘,
i=l k=l

represents the

shipping costs from k to i.

2). Inequality (2) expresses the requirement that flow from
the source can not exceed the supply of material there.

3). Equation (3) states the conservation of flow requirement
that the flow entering the i-th facility must be equal to the
flow leaving it.

4). In Equation (4), the fixed charge nature of facility
location is expressed. If the i-th facility does not exist, then

¥, = 0 and no flow may take place through it.

5). Equation (5) specifies that flow to sink j must be between
the upper and lower bound on the capacity of the sink.

6). Equation (6) specifies that flow from source k to
incineration plant i must be greater than the lower bound of
incineration.

7). Equation (8) expresses that in the present case study,
there existed 4 incinerators already. And just began to
operate for couple of years.

CASE STUDY
The amount of waste generation

Taiwan is experiencing a period of zero population growth
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in the recent years, and waste resources recycling activities
have always been successful. As such, the amount of waste
generation should be fixed at a constant level in this

research.

Overview of the studied system
Incineration plant

There are two incineration plants in the original Kaohsiung
City, that is, Kaohsiung Central Incineration Plant and
Kaohsiung Southern Incineration Plant. The central plant,
which is capable of treating 900 T/day of solid waste,
consists of 3 sets of 300 T/day incinerators, whereas the
southern plant is capable of treating 1800 T/day of solid
waste with four 450 T/day incinerators. The original
Kaohsiung County has 2 incineration plants: Renwu
Incineration Plant and Kangshan Incineration Plant. Each
plant has a total treatment capacity of 1350 T/day with 3
sets of 450 T/day incinerators. The expected design lives of
these 4 incineration plants are all 30 years. They were put
into operation in 1999 and 2000 and as such, have not
reached the limit of their designed useful lives. The policy
promulgated by Taiwan Environmental Protection
Administration (Taiwan EPA) stipulates that no more
incineralion plant can be constructed in Taiwan (Taiwan
EPA, 2003). Hence, these existing incineration plants will
not have the problem of site selection, and the incineration
plant construction cost will not be considered in this
research.

Sanitary landfill site

There are 10 sanitary landfill sites in the original Kaohsiung
County. All of them have not reached the designed life limit.
Hence, the problem of sitting or expanding sanitary landfill
is not addressed in this research.

Intermediate treatment facility

A typical intermediate treatment facility consists of
incineration plant, resource recovery station, solid waste
transfer station, solid waste compression station, and others
(Chang et al,, 2005; Chang et al,, 2012). Except incineration
plant, all other components have not been constructed.
Based on the current solid waste collection practice, and the
objective for seeking the minimum solid waste
transportation cost, the policy maker of Kaohsiung
municipal government agrees that only the installation of
solid waste transfer posts at Neimen Township, Hunei
Township, Qishan Township, Luzhu Township, Yanchao
township and Nanzih Distinct will be included in the future
planning. Therefore, the setting up of these transfer posts to



handle 500 T/day of solid waste are carried out according to
the (0,1) mixed integer programming model solutions.
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Figure 1 shows the map of the New Kaohsiung
Municipality and location of existing and potential facilities.
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Figure 1: Map of the New Kaohsiung Municipality and location of exisiting and postential facilities.

Computer aid

The (0,1) mixed integer programming model could be
solved using various available software programs, including
Excel, Lingo, Metlab, llog Cplex, and Gams (He et al., 2009).
However, Lingo was chosen because it can be used
conveniently, practicality, and quickly to solve non-linear
problems (Lingo, 2008).

RESULTS AND DISCUSSION

Sclection of the potential facility

Table 1 expresses the results of the intermediate facility
built or not.

The optimal solutions of decision variables

Table 2 shows the optimal solution of the decision variables
from sources to intermediate facility. While Table 3 shows

the optimal solution of the decision variables from
intermediate facility to sink.
CONCLUSION

1). The authors induced the theory of contemporary urban
planning to setting the developed model as a superior plan
(the top-level plan). The MSW management model should be
deterministic without uncertainty consideration, so that the
sub-level plan (optimal MSW collection route, optimal
collection points, optimal dispatch of manpower,..., etc) can
be proceeded smoothly without the possibility of running
into chaotic situations. But in the sub-level MSW plan
uncertainties exist in rclated costs, impact factors and
objectives.

2). The authors suppose that other objectives just like social
and environmental objectives are also very important and
should also be considered in their future research, especially
presented as a multi-objective programming model.

3). There are several additional constraints or side
conditions that might be of interest in the above
formulation. The main purpose of this study is to develop a
guick and easy methodology, so that the mixed integer



programming can be provided to the government. on July 1, 2011. It could be proven that the cost incurred by
4). The optimal solution of this study has been
implemented by the new Kaohsiung municipal government

Table 1: Expresses the results of the intermediate facility is built or not.

Yi (intermediate facility) 1 Facility is built or 0 Otherwise
Y1 1
Y2 il “
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10

OO O P OO R =

Table 2: The optimal solution of the decision variables from sources to intermediate facility.
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Table 3: The optimal solution of the decision variables from intermediate facility to sink.
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implementing this plan will be significantly lower than that
incurred by the original arrangement of waste
management. And according to the early feed back from the
city government, the authors’ plan has saved about
20~30% of cost as compared with the cost before the
combination.

5). Sensitivity analysis is the process of investigating the
dependence of an optimal solution to change in the way a
problem is formulated. Performing a sensitivity analysis is a
key part of the design process, equal in importance to the
optimization process itself. However, due to the time and
budget limitation of the grant, it was difficult for the
authors to add a comprehensive sensitivity analysis into the
current article.

6). The case study focuses on the MSW planning after the
consolidation of two districts. The objective is to construct
and propose a new mathematical methodology for the
reference of readers in related fields.
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