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1. Background 
 

In recent years, it comes closer the difficulties of the problems of resources preservation on earth, environmental load and 
the garbage reclaimed lands. With this background, it is necessary for us to find the direction which is for activating the 
situation related to waster process, and build up the effective waste disposal plant system. In this research, one methodology 
for processing or recycling the life garbage with the system construction plan model was described. Firstly, based on practical 
data, current garbage processing technology and system were studied. Secondly, the amounts of the waste were estimated by 
the model, and the garbage collection and transportation model was also built up. Through the verification study for 
Kusatsu-city, an effective design methodology for the life garbage processing system in a local city is shown as the conclusion 
of this research. 
 
2. The introduction of the planning system for kitchen garbage processing 
 
The kitchen garbage processing plan model built in this research is set to a plan period T, and about the kitchen garbage 

discharged in household system and enterprise system. Taking the assumption of recycling processing, we studied the 
construction patterns of different kinds of facilities, their scales and distributions, for the objective of minimizing the total cost 
during the plan period T. 

The whole system included three models, describing the three 
plan stages. First the amount estimation model of waste discharge, 
which was developed by the team work before, calculated the 
amount of kitchen garbage of each plan year. Then in the model 
of waste collection and transportation, the estimation amount of 
waste was the constraint to be satisfied and each collection 
vehicle was assumed to get full volume and each facility was 
assumed to reach critical capacity. By this way, we set different 
facility location patterns as input, and by the second model, got 
the minimum cost for collection and transportation. The third 
model was the model of processing facilities construction plan. 
Having the collection and transportation and processing cost as 
the input, we concluded the optimal status of processing system 
with all constraints, described by the facility location and total 
capacity, and connected with the second model. The whole plan 
system included this cycle for each plan year.  

Figure 1: Concept of Planning System 
The concept of the plan system was also expressed by the Figure 

1. 
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3. Explanation of the two models 
 

In January, 2002, our group carried out one survey 
around Kusatsu city about the discharge of household. 
As one of the public policies, payment for each 
collection is charged, which influences the discharge 
behavior of citizens.  It was concluded that the 
logarithmic function was able to resemble the 
relationship between the price for collection and the 
streamlining consciousness level of residents to some 
exact extent. Then the household system model was 
built according to region, kinds of waste, period and 
the scale of the household.  
  The industrial system involved much more complex 
factors for waste discharge. It was necessary to discuss 
the industrial system from different aspects such as the 
situation of employment, industrial classification and 
industrial distribution in each region. By regression 
method, the formulation has been well completed. 
  In the model of collection and transportation, the 
basements of trucks, stations, capacity and average 
speed of vehicles, and the status of middle processing 
facilities which means the temporary store base of 
waste, were all given as factors. The cost of one 
distance unit included cost of workers’ payment and 
fuel, and the transshipment fee. It was assumed that 
only one truck worked back and forth in one zone for 
eight hours a day and always selected the shortest 
route between stations. To make it convenient, we did 
not consider about the traffic conditions such as traffic 
congestion.  
  These three formulation models have been 
developed in the former researches and proved to be 
able to simulate the practical situation rationally. Then 
we apply them to the planning system. 

 
4. Model of processing facilities construction  

              
  The functions above represent the model of processing facilities construction. In details, about the income:  

 The processing industry: mainly from tax of the processing, not from the collection payment. 
 The subsidy from national government: at most 50% of the construction free can be got from the subsidy. 
 The sale of recycled resources: the product from the recycle processing. 
 The commission fee of kitchen garbage collection: mainly refer to the payment of the bag garbage collection from 

residents. 
 In the plan model, we set the minimization of the total cost of plan period as the objective. At the same time, some constraints 
were established for the optimization, such as refund time, usage duration, capacity of each facility and bury volume limits. 
The following functions show the whole formulation model. 
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【Constraints】   
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)(th : construction cost of period t                         (11)

)(tu : run cost of period t                                (12)

)(ts : collection and transportation cost of period t, output of the 

other models                                           (13)

)(tc : income of processing kitchen garbage of period        (14) t
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【Original conditions】   
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【Plan variables】   
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If kind i, location j is built, ｘ ij(t)=1, 
otherwise, ｘij(t)=0 

)(tr : the interest of period                              (15)t

sT : years of construction   Tl: years of duration  

)(tw j
i : the input waste of period t in facility t and place j 

j
iw max : the critical capacity for the input waste of period t in facility t 

and place j 
ｇ（ｔ）: the volume of bury waste of each period 
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iα : the leaving ratio of facility ij 

θ(t)：The rate of loss in quantity for extraction reusable garbage 
                            

                     
5. Analysis results 
 
 After model formulation, we collected data about Kusatsu city in Shiga prefecture, which contains six zones and was the 
subject city of this research. We listed five patterns as alternatives for the optimal proposal: 

Pattern 1: new large scale facilities is set near to current cleaning center for dealing with kitchen garbage efficiently  
Pattern 2: expansion of the current compost center in mountain area for dealing with kitchen garbage efficiently 
Pattern 3: setting facilities for each zones, based on campus district unit 
Pattern 4: improvement of pattern 3 considering the difficulties of many current streets 
Pattern 5: improvement of pattern 4 with only two zones in the city  

The figures in this part gave 
the estimated amount of the 
kitchen garbage and the 
cost for collection and 
transportation was then be 
calculated as the output of 
the first section in system. 
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 The five patterns were selected from the classification of area from city level, to zone level and to campus district level. 
Then they were put into the planning system for income and expense as output, which was the most important criterion for 
proposal selection regarding to the objective in this research. 
 
6. Conclusion 
 
Since considering the efficiency in a cost side the pattern 5, the pattern 2, and the pattern 3 have completed refund in a 

comparatively early stage, they were rational plans For a certain reason, generally, since the portion which cannot be evaluated 
only by the efficiency in a cost side also has the good efficiency of cost, it cannot be declared that it is a good plan, either. 
Moreover, since thoroughness of judgment does influence strong against quality in this system, the method which takes the 
classification of discharge person tends is to be advanced. 
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