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Abstract 
 
The population growth in many urban cities and its activities in developing countries 
have resulted in an increased solid waste generation rate, an important issue. In the 
process of solid waste management system; collection and transport play a leading role 
in waste collection and disposal; in which, collection activities contributed the most of 
total cost that is paid for solid waste collection activities by city’s citizen; and transport 
activities are required 60-70% of total cost that is the total expenditures spent on the 
transport, transfer, disposal and treatment of municipal solid waste (MSW) by city 
authorities. Hence optimization of routing system, systematization of collection, 
transport and transfer activities are the important components for an effective MSW 
management system. This paper describes the current problems and the improvement of 
the waste management activities in a city of Vietnam. An integrated solid waste 
management assessment model is proposed and used as a decision support tool by 
municipal solid waste management authorities for daily efficient operations such as 
collection/transport path management, load balancing within vehicles, fuel consumption 
management by using GIS application. In addition, a simple optimal routing model is 
proposed to achieve the minimum cost/distance/time efficient collection and transport 
path for municipal solid waste management.  
 
Keywords: solid waste management, route optimization, waste collection, transport and 
transfer optimization, GIS 
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Introduction 

General 
Rapid growth of urban population in developing Asian countries in recent years has 
made solid waste management (SWM) an important issue. Vietnam is facing serious 
environmental problems in municipal solid waste management (MSWM) that is really 
threatened by a number of problems; some of which include inadequate management, 
lack of technology and human resources, a shortage of collection and transport vehicles, 
and insufficient funding.  
 
In general, an effective SWM system should include one or more of the following 
options: waste collection, transportation and transfer; intermediate treatment, reduce - 
reuse - recycle (3R) activities and disposal. The waste collection, transport and transfer 
methods depend on the specific site situation, waste generated, distribution road 
network, manpower, vehicles, treatment methods, etc. It is ensured that MSWM is 
environmentally safe and sustainable disposal [1, 2, 3]. 
 
Geographical information systems (GIS), are an information system for capturing, 
storing, analyzing, managing and presenting data which are spatially referenced. It 
consists of a geo-referenced spatial database and it also includes all required parameters 
for MSWM. These parameters involve city maps, collection points, transfer stations, 
collection and transportation road network, as well as the location and capacity of 
disposal sites, etc. [4]. MapInfo software has the capability to input and store the 
geographic (coordinate) and tabular (attribute) data, to find specific features based on 
location or attribute value, to answer questions regarding the interaction between 
multiple datasets, to visualize geographic features using a variety of symbols and to 
display the results in a variety of formats, such as maps and graphs. In addition, it can 
be used to display, edit, create and analyze GIS data; browse, find and present 
geographic information.  
 
Recently, there has been an increase in research that uses GIS application as a tool for 
data collection, data analysis and result display. Ghose et al. [5], found that GIS 
application used an optimal routing model that was proposed to determine the minimum 
cost/distance efficient collection paths for wastes collection and transport. Wilson et al. 
[6] used the global positioning system (GPS) to estimate the delay time of waste transfer 
stations. Sharholy et al. [4], noted that GIS application has been used to analyze existing 
maps and data, was generated to give the efficient information concerning static and 
dynamic parameters of MSWM problems; and the emission control with route 
optimization in solid waste collection process used GIS application [7]. 
 
Development of a master plan for waste management is a heavy task for planners. 
Optimization of the operational efficiency for collection, transport and transfer of solid 
waste becomes an important component of an effective SWM system. In this study, an 
assessment to estimate the operational efficiency of waste collection, transport and 
transfer system is conducted; and the MSWM model using GIS application as a decision 
support tool by municipal authorities for the efficient management in waste collection, 
transport and transfer system, load balancing within vehicles, managing fuel 
consumption, and generating work schedules for the workers and vehicles are proposed. 
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Study area and current status 
Can Tho City (CTC) is an urban area directly under the central government and is 
regarded as a "Western capital", with a population of 1,154,900 (2007), and area of 139 
km² [8]. The amount of solid waste generated in CTC has been increasing steadily over 
the last decade. CTC collects approximately 850-880 m3/day of domestic solid waste 
which is only about 50% of waste generation for the whole city. In CTC, because 
suburb area is close to rural area, only waste generated in central districts is collected 
and the collected waste rate is about 80%. In this study, Ninh Kieu District (NKD) 
located in the central area of CTC where there is the most advanced MSWM system is 
chosen as the study area (see  
Figure). NKD discharged approximately 71.5% (600-630 m3/day) of collected waste 
amount of CTC and includes 13 wards with an area of 29.22 km2, population of 212,095 
(2006) and population density of 7,314 people/km2 [8]. The components of solid waste 
are generally presented as biodegradable waste (75-80%); reusable/recyclable waste 
(10-15%); unrecyclable (10-15%); the density of waste is 470 kg/m3; and the amount of 
domestic solid waste production rate by each person on a daily base is about 1.0-1.15 
kg/capita/day [9]. 

 
 

Figure 1. Map of research area. 
 
The domestic waste from the household would be pushed into the private gutters which 
left in front of their door. Then the solid waste is collected from door to door by 
URENCO employees using handcarts. Every employee has responsibility to collect the 
domestic waste at one fixed area with the collected waste volume about 4.5-5.5 m3 per 
day. There are two types of handcarts used for domestic waste collection: one type is 
made by plastic with a volume about 660 litres and another one made by metal with a 
volume of 1,100 litres. Both of them are primitive design, not safe, bulky shape, etc. 
(see Figure 2C.) 
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Figure 2. Configuration of different types of collection vehicles (A, B) and meeting 
point activities (C). 

To collect domestic waste, the URENCO employees work from 18:00 until about 23:00 
every day. In fact, from 18:00, the employee starts picking up the domestic waste from 
every household, when the handcraft is full they drive them to the transfer station. After 
emptying the handcraft, they start for a new route with the remaining area until all 
domestic waste in their fixed area is cleared. With the volume of solid waste from 4.5 to 
5.5 m3 to be collected each day, each employee needs 4-5 route times or 7-8 route times 
for 1,100 litre or 660 litre vehicle type, respectively. And by the fixed area defined base 
on volume of domestic waste, some employees take small area while others get big area 
due to such of authority offices are located inside this area. 
 
Methodology 
 
Methodology description 
This case study was carried out to estimate the waste collection, transport and transfer 
system to find out problems from those activities and then to propose the solutions by 
using GIS application. 
 
For collection and transport system, surveys were conducted on waste collection 
vehicles as handcarts and waste transport vehicles as trucks by using manual GIS 
application. For this activities researchers followed and recorded operation activities of 
collection and transport system; and data was collected on position, tracing, operation 
time, speed, and distance of each vehicle by manual as timer, paper local map, motor 
bicycle, recorder, hand-held GPS receiver, etc.; by MapInfo software, those data was 
integrated and displayed through a GIS interface. 
 
The weight of each load for truck was calculated by subtracting the tare weight of truck 
at the weigh scale; however, waste collection vehicle volume (in metre3) was 
determined. Besides, the time spent for each activity was traced by time recorder. In 
addition, for the purpose of estimation the operation efficiency of collection system, we 
were randomly interviewing some of collectors at chosen meeting points. A small 
questionnaire was prepared in order to obtain information about daily habit activities, 
waste collection habit, satisfaction level, etc.  
 
Regarding to transfer station, at CTC there is one kind of station as meeting points on 
roadsides which the transfer is occured at; and collection vehicles are ready for coming 
transport vehicles. At transfer station, some of parameters such as delay time, speed, 
quantity of waste and vehicles were estimated. Within the boundaries of each transfer 
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station, specific sub-areas were delineated using terrain as the methodology to 
determine the geofence that was described by Wilson et al. [6]. Because the meeting 
point does not have specific limits, fixed number of stations and weigh scale; the 
boundaries of each meeting point  were devided into two specific sub-areas. These are: 
i) an approaching road ahead of the truck’s parking area where vehicles queue while 
waiting to be disposed to measure the delay time for waiting, and ii) an area around the 
transfer floor at the stern of transport vehicle to analyze the delay time for the empty of 
waste. For each transfer station, sub-area was defined using a combination of two or 
more rectangular terrains to provide a more complex transfer station layout used to 
estimate the total time for any particular truck or handcart spent at the transfer stations 
in each sub-areas. Besides, the time spent per period of activities was recorded 
manually.  
 
Regarding to support tool for MSWM using GIS application, MapInfo software was 
used to create maps for MSWM. Firstly, the original map of study area was scanned and 
registered/geo-referenced to be the digital map as a baseline map. Secondly, that map 
was specified its location by inputting coordinates. Then, the collected data from 
various transfer stations’ locations, collection and transport routes, collected area 
boundary for each transfer station, disposal sites, etc. were given as input parameters for 
the creation of support tool using MapInfo/GIS applications. In addition, the property 
information of wards, precincts such as name, area, population, quantity of transfer 
stations, amount of collection, transport vehicles, amount of daily collected waste and 
other information were displayed on the map. Also the properties of each transfer station 
and disposal site such as name, capacity, amount of daily collected waste, flow of waste, 
number of collection and transport vehicle were inputted. Besides, the properties of 
vehicles, workers, and routes were also used.  
 
Statistical analysis 
The collected data from waste collection and transport activities were analyzed as 
follows: i) time spent in each activities, ii) movement speed, distance of vehicles, etc., 
iii) quantity of waste per vehicle, and iv) routes in each activities. 
 
For time spent analysis, the operations of waste collection and transport were classified 
as follows: 1) running forth from a facility (a parking) to the first collection point, 2) 
loading waste, 3) running between waste discharge points on board, 4) running back 
from the last collection point to a facility, and 5) unloading waste. 
 
Operation times were recorded manually by the defined classification. Regarding to 
loading waste and running time between waste discharge points on board, workers will 
repeat the following routines: a) stopping and getting out, b) loading, c) riding on and 
starting, and d) running between waste discharges on board. The study was defined the 
steps from a) to c) as “loading waste” and the step d) “running between waste discharge 
points”, and recorded the operation times by each routine. 
 
Tracking and position data of transfer stations and disposal sites, were also collected by 
mapping and integrating by MapInfo. For analysis of the efficient operations of transfer 
stations that are focused on delay time, the following assessments are performed: arrival  
times of vehicles, correlation between vehicles arrivals, time spent in each activity.  
 
The data was analyzed using a variety of tools and methods. The quantitative data was 
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tabulated and graphed; the relevant statistical tools and computer software were 
performed for analyzing and interpreting the results. Judgments and comments of 
experts and answers from the interviews and public survey were used as basic 
information for the analysis and explanations of the qualitative data.  
 
Results and Discussion 
 
Problem analysis 
Waste collection 
Collection network 
As explained above, URENCO’s distribution of collection area for collectors depends 
on the collected waste volume of 4.5-5.5 m3/day. Therefore, the collection area of each 
collector is not continuous and its boundary is not clear.   
 
 illustrates four collectors’ routes in typical area; it is easy to see that the distribution is 
very confused, overlapped, and discontinuous. Besides, this separation causes many 
problems on waste collection efficiency; collectors and URENCO’s staffs are very 
difficult to determine the collection area boundary of each collection route. Collectors 
will pass the responsibility for collecting at area of nearby their boundary.  
 expresses the distribution of unloading waste routes and loading waste routes in some 
typical collection routes. Another problem of route separation is “road cutting”. The 
distance for unloading waste routes is more than the distance for loading waste routes 
many times. Actually, unloading waste route is the roads, where collector only moves, 
collected by other collectors. This result also presents the non-logical separation method 
of the current collection route system. 

 
 

Figure 3. Illustration of waste collection route distribution at small study area. 
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Figure 4. Illustration of loading waste route and unloading waste route of waste    
collection system. 

Time spent 
The survey within 50 journeys was conducted on collectors by interview, observation 
and time recorder. The results show that average time for a journey collection is 64.50 
minutes for 1,100 litre vehicle types and 45.09 minutes for 660 litre vehicle types. 
Average time spent per ton of waste collection is about 62.4 minutes.  
 shows that time spent for loading waste activities are the greatest with 49.25% of a 
journey. However, time spent for unloading waste (21.94%) is closely similar to the 
running between waste discharge points’ activities (21.05%), while other activities such 
as running forth from a facility to the first collection point and running back from the 
last collection point to a facility are approximately 5.73% and 2.02%, respectively. 
 
Unloading waste activities include recyclable material picked up activities and waste 
compression. Explaining these purposes, collectors want to save money from selling 
recyclable materials which saves about 30,000-70,000 VND (2-5US$) per day, 
supplemented their low salary of about 150-200US$/month. For the purpose of waste 
compression, collectors want to increase the volume of each journey to decrease the 
number of journeys per day. 

 

 
 

Figure 5. Time spent for collection activities. 
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The survey also shows that collection activities are very hard tasks and highly pressured 
by appointment time at the transfer stations. And to guarantee for meeting at the transfer 
station in time, almost collectors hire at least one assistant to help them get the work 
done on time. The survey presents that 89.29% of collectors need assistants who are 
family related of 34% and rent of 66%. Collectors pay the assistant about 35,000-40,000 
VND per day (2-3US$ p.d.) and this is the reason the collectors increase the recyclable 
material picked up activities during waste collection. 
 
Waste transfer  
The survey of 44 samples was conducted at 22 meeting points with twice repeat by 
interview, observation and time recorder. The results show that in the general, the 
waiting time of collectors at meeting point is in a wide range of 3 to 152 minutes 
(average of 42 minutes); and the time for transfer of one handcart happened very short 
about 1.3 minute. In this study, authors defined the waiting time into two types as time 
limit for waiting at meeting points. There are maximum and minimum waiting time that 
are the waiting time at meeting point, calculated as time spent from the arriving time 
until the waste discharge time of the first and the last collector, respectively.  
 
 
 shows that, the maximum waiting time is rather high of approximately 13-152 minutes 
(average of 72 minutes), and the minimum waiting time is approximately 3-70 minutes 
(average of 24 minutes). From this result, collectors’ waiting time is much greater than 
that of collection time. Explaining this problem, the survey found the causes such as: (i) 
collectors lack of handcarts for collection; each collector received 2-3 handcarts, 
however they collect 5-8 routes per day. After they filled up all their handcarts, they 
must wait for the transport vehicle coming to empty handcarts and continue the next 
shift collection. (ii) the schedule of transport vehicles is not fixed; collectors want to 
come early to make sure that they can transfer their waste in the first shift to take the 
empty handcarts for next shift collection. The survey also shows that almost all 
collectors lack handcarts, only 42.86% of collectors are supported with sufficient 
handcarts. 
 

                            
 

Figure 6. Waiting time estimation at the transfer stations. 
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Waste transport 
The observation within 8 routes was carried out to be familiar with the time spent for 
transport activities and the distance distribution of each route in the study area. The 
results express that the route distribution of waste transport system is in a narrow range 
of 24.0-27.5 km which the distance from the central of CTC to the disposal site is about 
20 km. Most of the transfer stations are located nearby distance together in the central of 
CTC.  
 
As the results from the survey show, the time spent for transfer one handcart to the truck 
is approximately 1.25-1.50 minutes (average of 1.32 minutes), the average speed of the 
truck between transfer stations, and from the last transfer station to the disposal site are 
about 30.2 km/h and 45.7 km/h, respectively. In addition, the time spent for waste 
discharge at disposal site is about 3.2-5.5 minutes. 
 
The waste transport route is distributed based on the potential volume of collected waste 
at each meeting point. Each transport vehicle carries the volume of waste that balances 
its capacity by two shifts per day. The transport fee was calculated on the energy 
consumption for transport activities, paid at a fixed rate of 13 liter diesel per a round 
journey. 
 
Possible Solutions 
 
Integrated MSWM using GIS database 
MSW integrated management on collection, transport and transfer system is a useful 
support tool for SWM as URENCO’s staff. In this study, this tool used GIS database to 
analyze and integrate base on the correlative property information. The database 
collected from surveys and other sources was required as in the  
Table 1, and inputted data using MapInfo software. The interface of the case study is 
shown in the ผิดพลาด! ไมพบแหลงการอางอิง. In this figure, each component of MSW 
management system has properties that support  
managers for searching and seeking of  necessary information, current problems, 
monitoring and control; besides, this tool helps official authorities for city planning, city 
developing in the field of solid waste management or multi-purpose development. 
 
Table 1. Database of integrated MSW management. 

Catalogue Detail 

Collection 

Collectors Name, address, age, gender, education level, position, etc. 
Handcarts Handcart’s registration number, volume, type, etc. 
Route Name of road, length of road, location, boundary, etc. 
Meeting points Which one they discharge? etc. 
Time Start time, end time, etc. 

Transport 

Workers Name, address, age, gender, education level, position, etc. 
Trucks Truck registration number, volume, type, etc. 
Route Name of road, length of road, location, boundary, etc. 
Meeting points Which meeting points they collected, etc. 
Time Start time, end time, time at activities at each meeting point, etc. 

Transfer 
station 

Trucks Number of trucks, truck registration number, volume, type, etc. 
Handcarts Handcart’s registration number, volume, type, etc. 
Position Location, boundary of collection area of each meeting point 
Time Start time, end time, time at activities, working time of each shift, etc.
Volume Volume of total and for each handcart, trucks, number of shifts, etc. 

Others … … 
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Figure 7. Illustration photograph of study area using MapInfo software. 

For the purpose of searching and outputting data, that is really a serviceable tool for 
managers. It easily operates on MapInfo application and the interface is simple too. This 
tool allows users for searching and exporting the other required database. For example, 
to find out the meeting points which transport vehicle or the truck’s registry number of 
65-M2848 collected; and the result is shown in ผิดพลาด! ไมพบแหลงการอางอิง, a photograph 
presents the position of meeting points and a table expresses their properties. In another 
case, find out the collection route of a collection or a ward as shown in the Figure 9. 

 
Figure 8. The interface of the case for finding the meeting points following a truck. 
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Figure 9. The interface of the case for finding the collection route. 
 (a): Collection route of collector (by collector’s name: Vui Hoang Phuong) 
 (b): Collection route of a ward (by ward’s name: Tan An) 

 
Waste collection and transport route separation and improvement 
The GIS database as geography information and property information was integrated by 
MapInfo software, combined the method of “test and adjustment” to find out and 
optimize the route for collection and transport. The standards for route separation are 
the minimum road distance/time/cost; and the balance between collected waste demand 
and potential waste of the selected roads. It means that route separation is depended on 
the balance of the capacity of each vehicle and collected waste from the selected roads. 
 
Waste collection route separation based on the volume of waste discharge per length-
metre of road (m3 waste/m). That was calculated as total volume of collected waste each 
small area divides total length of road in that area. Using GIS application, total waste 
volume of each road was known based on the length of road and the waste volume per 
length-metre of road as presented in ผิดพลาด! ไมพบแหลงการอางอิง. Applying the function of 
MapInfo software find out the route for full loading waste per handcart journey and use 
the method of “test and adjustment” to optimize the route. An example for this case is 
shown in  
, a collection route of a handcart 660 litres for a journey. 

 
Waste transport route based on the waste potential at each meeting point gained from 
the survey, using GIS application and “test and adjustment” method to find the suitable 
routes for optimizing transport system schedule of activities.  
 
 presents the geography and property information of meeting points at the current status. 
In this study, it is assumed that meeting point’s information has similar the present 
situation, the transport route was separated depending on the presently collected waste 
status. 
 
ผิดพลาด! ไมพบแหลงการอางอิง presents the curent route compared with the optimized route. 
When optimized route performed in solid waste transport system the distance and the 
time spent of optimized route of the mean of the eight routes decreases as 19% and 
11.57%, respectively. Besides, this separation saves 20% of fuel consumption and 
manpower source, minimizes the number of transport vehicles and round journey per 
day. 
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Table 2. Strong points of the new transport route approach for one day operation. 

Senarios Volume of 
collected  

waste (m3) 

Distance 
(km) 

Time 
(minutes) 

Diesel 
consumption 

(liter) 

Man 
power 

Vehicle 
require-

ment 

Round 
journey 

Exsting route 320.58 2,142 783.51 195 30 8.0 15 
Proposed route 320.58 1,894 634.61 156 24 7.0 12 
% saving 0.00 19 11.57 20 20 12.5 20

 
Figure 10. Interface of the distribution of collected waste volume at roads. 

 

 
 

Figure 11. Collection route of a handcart journey. 
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(MP): meeting point – (n): Number of handcarts – (V): Volume (m3) 

 
Figure 12. The distribution and database of meeting points in the study area. 

 
The solution for long waiting time at transfer stations, the schedule for coming time of 
trucks at each meeting point will be established after fixing the waste collection and 
transport route. This schedule is designed based on the time spent for each activity such 
time spent for movement, loading waste, discharge waste, etc. When collectors make 
sure the coming time of trucks, they easily distribute their collection activities on time. 
 
Conclusions 

 
In this paper, an assessment to estimate the operational efficiency for waste collection, 
transport and transfer system has been conducted to find out the current problems for 
the MSWM at Can Tho City, Vietnam. In addition, an attempt has been made to design 
and develop an appropriate MSWM model using GIS application as decision support 
tool for municipal authorities. Using this tool could increase the efficient management, 
monitoring and control of the daily operations of waste collection and transport system, 
such as load balancing within vehicles, managing fuel consumption and generating 
work schedules for the workers and vehicles. In addition, a simple GIS optimal routing 
model has been developed and used the “test and adjustment” method to find the 
minimum cost/distance efficient collection and transport route. 
 
The results show that the distribution of waste collection route system is very confused, 
overlapped and discontinuous; the waiting time of collectors and transporters at meeting 
points is too long. GIS application plays a leading role in the MSWM, within this tool 
the city authorities can easily manage, search, monitor, control, plan, etc. in the field of 
solid waste planning or other developed planning purposes of the city. 
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