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Abstract 

Solid waste management plays a critical role in urban development. Transportation of 

solid waste from point of generation to point of disposal is required to be done in a 

minimal time to avoid accumulation of solid waste at points of generation. Uncollected 

solid waste poses environmental and health hazards to residents. Therefore, it is 

important to ensure that solid waste generated in an area is collected and disposed safely. 

To achieve this, there should be designated solid waste collection points to control 

haphazard and illegal dumping of solid waste. A pre-determined route for disposal should 

also be known to ensure that all the collection points are visited, and also to minimize 

time wastage during disposal. GIS provide tools for collection, storage, manipulation and 

analysis of spatial data. These capabilities can be used for management and planning of 

solid waste transportation. In this study, GIS have been used to determine proposed solid 

waste collection points and the optimal route for disposal in Thika municipality. This was 

done by solving the location allocation problem and the travelling salesman problem using 

network analysis. Proposed solid waste collection points serving 67% of the population in 

Thika municipality were determined. This is an improvement over the existing collection 

points that serve only 33% of the population. In addition, the proposed solid waste 

collection points provide better spatial coverage since they serve all the sub-locations in 

the municipality in comparison to the existing points which cover three out of four sub-

locations in the municipality.  

 

Key Words: Solid waste, collection points, optimal route, location allocation, GIS, Thika 
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Introduction 

Solid waste refers to non-liquid waste 

materials arising from domestic, trade, 

commercial, agricultural, industrial 

activities and from public services 

(Palnitkar, 2002). Solid waste 

management (SWM) is the collection, 

transportation, processing and disposal of 

solid waste (Kaluli, 2011). Solid waste 

management has become an important 
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factor that should be considered when 

setting up developments such as 

residential houses and industries. The 

world’s population was seven billion 

people in 2010 and was projected to grow 

at a rate of 1.1% per annum (United 

Nations Population Fund, 2010). With 

such an increase in population, there is a 

general increase in Municipal Solid 

Wastes (MSW). Municipal solid wastes 

are commercial and residential wastes 

generated in municipal or notified areas 

in either solid or semi-solid form 

excluding industrial hazardous wastes but 

including treated bio-medical wastes 

(Ministry of Environment and Forests, 

2000).The global MSW generation was 

estimated at about 1.3 billion tonnes per 

year in 2015, and it is expected to 

increase to approximately 2.2 billion 

tonnes per year by 2025 (Scarlat et al., 

2015). A significant increase of the waste 

generation rates per capita has been also 

projected, from the current 1.2 kg per 

person per day to 1.42 kg per person per 

day until 2025 (World Bank, 2012). 

With the above statistics, it is clear 

that efficient solid waste management 

models are critical in planning for urban 

development. Ways of disposing solid 

waste from point of generation (cradle) to 

point of disposal (grave) should be highly 

efficient in terms of cost and time. This 

problem is most pronounced in cities 

where population densities are high. 

Generally, for a MSW collector, the 

problem is to transport solid waste from 

cradle to grave as fast as possible, and as 

soon as it is generated. Any failure would 

lead to overflow of dustbins allocated to 

residents. Consequently, the residents 

would have no option but to dispose their 

waste in undesignated areas, for example 

at street corners or sidewalks. The 

haphazard disposal of waste makes it 

increasingly difficult to plan their routes 

or predict their position. Consequently, 

most solid waste will go unpicked. For 

example, it is estimated that in Kenya, 

30-40% of waste generated in urban areas 

goes unpicked and less than 50% of the 

population is served (Otieno, 2010). 

Geospatial Information Systems 

(GIS) provide tools for collection, 

storage, manipulation, analysis and 

presentation of spatial data. With GIS, 

solid waste collectors can solve 

fundamental problems such as 

distribution of waste generation in an 

area and the optimal route for disposal. 

This can be achieved by considering 

factors that affect selection of disposal 

sites such as topography, geology, 

settlements, land use, water bodies and 

road networks (Sener et al., 2006). GIS 

have capabilities that allow overlay of 

these different factors and create models 

that can be analysed to come up with the 

most suitable location for collection sites. 

In Thika municipality, it is the 

residents’ responsibility to look for 

means to store their solid waste before 

disposal. Most of the residents use plastic 

bins or polythene bags. Once they are 

full, the residents collect their solid waste 

at a central point, for example outside the 

gate of a residential building. The sub-

county government collects the solid 

waste from these communal points using 

solid waste collection vehicles. The 

vehicles have a time table schedule where 

within the central business district 

(CBD), solid waste is collected daily 

while for all other areas, solid waste is 

collected once a week. The solid waste is 

transported to the dumpsite where 

informal separation is done by 

scavengers for their own profit. 
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Scavengers are people who make a living 

out of open air dumpsites by looking for 

food and other economically useful 

items.  

Three main types of vehicles are used 

for solid waste collection in Thika 

municipality. Side loaders are the most 

common, with an average weight of 5 

tonnes when full. Their main advantage 

is that they are covered, hence convenient 

within the CBD. Tippers also have a 

capacity of 5 tonnes, but they are not 

covered. This poses a problem since 

some waste falls along the way during 

disposal. They also cause air pollution to 

road users due to the noxious smell of the 

waste. Skip loaders are used to haul 

heavy waste onto the tippers or side 

loaders. 

Study Area  
Thika municipality lies between 

longitudes 36.98° to 37.98° E and 

latitudes 0.98° to 1.11° S. It has an area 

of 98.29 square kilometres and a 

population of 138,772 (Kenya Population 

Census, 2010). Figure 1 shows the study 

area including four sub-locations within 

Thika municipality.

 

 
Figure 1: Thika municipality boundary and sub-locations (UTM coordinates are in m) 

 

The study area has a gently 

undulating relief. Hence, movement 

along any road in the area would not be 

significantly affected by elevation. Mean 

annual precipitation in the study area 

ranges from 900 mm to 1,250 mm. 

Urbanization is the major land use/cover 

in Thika Municipality, with scattered 

agricultural activities. 

Rate of solid waste generation in 

Thika municipality is 0.55kg/person/day 

(Sira, 2010). Since the population of each 
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sub-location is known, the volume of 

waste generated in Thika Municipality 

per sub-location per day can be 

determined (Figure 2). 

 

 
Figure 2: Rate of waste generation per sub-location/day (kg), (source: this study) 

 

Materials and Methods 

Data 
Topographical maps covering the 

study area were acquired. Geographic 

features like roads, rivers, dams and 

plantations were digitized. Using a 

handheld GPS receiver, the co-ordinates 

of facilities like existing solid waste 

collection points, the dumpsite and the 

sub-county transport department (vehicle 

depot) were collected. Data relating to the 

existing method of solid waste disposal in 

use by Thika sub-county was collected 

through an interview. This involved data 

such as; criteria used in selecting solid 

waste collection points, cost of 

transporting solid waste from point of 

generation to the dumpsite and the 

limitations of the existing method. Other 

data that was acquired include a DTM 

from satellite imagery (SRTM), land use, 

soil and demographic data from the 2009 

Kenya population census. Figure 3 shows 

the methodology adopted in the study. 
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Figure 3: Methodology structure 

 

Data acquired was in two forms; 

spatial data and non-spatial data. Spatial 

data was available in both digital and 

hard copy format. Hard copy data like 

topographical maps was scanned and 

georeferenced and projected to the UTM 

co-ordinate system. The required features 

were then digitized and stored in a 

geodatabase. Data collected in the field 

was also stored in the geodatabase. Non-

spatial data, for example types of waste 

bins used and types of vehicles used for 

solid waste transportation was also 

collected and stored. 

After this stage, two major steps were 

taken. The first was to map the existing 

facilities that facilitate collection, 

transportation and disposal of solid 

waste. A route analysis was then done to 

determine the distance and cost incurred 

along the existing route. The start point 

of the solid waste transportation vehicles 

(depot), the dumpsite and the existing 

collection points were mapped. The 

second step was to independently 

generate new collection points and to 

determine the optimal route for solid 

waste disposal. This was done by 

considering factors that affect location of 

collection points and performing a 

network analysis to determine the 

optimal route. A comparison between the 

existing system and the proposed system 

was then done to assess the viability of 

the proposed collection points. 

Network Construction 
Road centrelines were digitized from 

the topographical maps. Four road classes 

were considered namely; bound surface, 

dry weather, loose surface and motorable 
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roads. All other road classes such as 

footpaths were not considered for 

network construction. This is because all 

roads in the network need to be 

traversable by the solid waste collection 

vehicles in all weather conditions. This is 

to ensure accessibility of the collection 

points at all times. Impedances that were 

considered for the network were: 

• Restrictions – these include direction 

of movement of traffic. For example, 

some roads are one-way only, that is 

movement is allowed in one direction 

only. In others, vehicles exceeding a 

given axle weight are not allowed. 

• Distance - Only the shortest path 

between two points was considered. 

• Cost – this was calculated by 

considering the rate of fuel 

consumption of a solid waste 

transportation vehicle along a unit 

length. The vehicle considered was an 

Isuzu nlr200 Tipper whose average 

fuel consumption is 15 litres per 

kilometre based on the manufacturers 

specifications. This is the model that 

is currently used by Thika 

municipality. 

Cost per unit length (metre) was 

calculated by multiplying fuel consumed 

per metre by the price of fuel. This was 

taken to be 100 shillings, which was 

average cost of diesel at the time of doing 

this research (August 2014).Elevation 

was not considered as an impedance 

factor. This is because the area has a 

gently undulating surface. The highest 

point lies on the north-east, with an 

elevation of 1597m while the lowest 

point lies in the south-east at an elevation 

of 1425m. Movement along any road in 

the area would not be significantly 

affected by elevation.  

Factors Considered While Generating 

New Points 
The factors are discussed below in 

decreasing order of significance: 

(i) Population– areas with high 

population require more points 

since the rate of waste generation is 

also high. 

(ii) Legal requirements – the 

Constitution of Kenya, 2010 in 

chapter 5 article 69 stipulates that: 

“the state shall ensure sustainable 

exploitation, utilisation, 

management and conservation of 

the environment and natural 

resources, and ensure the equitable 

sharing of the accruing benefits”. 

This is enforced by the National 

Environment Management 

Authority (NEMA) through the 

Environmental Management and 

Co-ordination (Waste Management 

Regulations, 2006).  Following 

these guidelines, a collection point 

was placed; 

(a) At least 30 m away from 

environmental features like 

rivers, streams, dams and other 

water bodies. 

(b) At least 10 m away from 

private property, for example 

farms and plantations. 

(c) At least 30 m away from 

protected areas like forests. 

(iii)Accessibility by collectors – 

while collecting and transporting 

waste, speed is an important 

factor to ensure that the collectors 

are able to cover as many points 

as possible. Thus, it is important 

that the collection points should 

be as close to the road as possible. 

This minimises the distance the 

workers would have to walk from 
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the vehicle to the collection 

points. Some containers could 

also be too heavy, which would 

pose a problem if the workers 

would have to carry them for a 

long distance. 

(iv) Accessibility by residents – this 

refers to the ease of access of a 

collection point. A maximum 

distance of 200m was used for 

this project which is a standard 

proposed by the United Nations 

Environmental Program (UNEP, 

2005). 

Suitability Analysis 
This was done in order to determine 

the most suitable places for locating 

collection points. This was to avoid 

situations where a collection point 

generated would not be viable due to 

legal or environmental constraints. 

After considering the factors 

discussed above, buffers were created 

around physical features like rivers, 

dams, plantations and forests. The buffers 

were merged to create a polygon that 

represented areas where collection points 

could not be placed due to environmental 

or legal constraints. The polygon was 

then excluded in the subsequent analyses. 

This initial operation gives, in general, 

suitable areas for locating solid waste 

collection points as shown in Figure 4.

 

 
Figure 4: Suitable areas for locating solid waste collection points in Thika Municipality 

 

Determination of Number of Collection 

Points Required 
Number of collection points required 

was done per sub-location. The number 

of points required was determined based 

on the population of each sub-location 

and the capacity of each collection point. 

The capacity of each point was taken to 
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be 400 kilograms. This is the average 

capacity of a front end loader (FEL) 

container. The number of solid waste 

collection points is then obtained as: 

 

                                                                                               (1) 

where NPS is the number of solid waste collection points per sub-location, PS is the 

population per sub-location and RWG is the rate of solid waste generation per person, 

normally taken as 0.55kg (Sira, 2010). 

The resulting number of collection points per sub location is given in Table 1. 

 

Table 1: Required collection points per sub-location 

Sub-location Population Waste generated/day (kg) No. of Bins 

Township 20028 11015.40 28 

Majengo 17194 9456.70 24 

Kariminu 9414 5177.70 13 

Makongeni 92136 50674.80 127 

Total 138772 76324.60 192 

 

A sample set of points was required 

to make it possible for the location-

allocation analysis to be done. The 

Generate Random Points tool in ArcGIS 

enables a user to generate a given number 

of points in a layer. These points are used 

as input for the location-allocation 

algorithm during analysis. The sample 

points were generated per sub-location. 

Demand points were also created by 

digitizing households from topographical 

maps and satellite imagery. 

Solving the Location-Allocation 

Problem 
The location-allocation problem was 

solved using the ArcGIS Network 

Analyst tool. The tool has the following 

parameters:  

Input – two layers are required: 

(i) Demand points – this represents the 

spatial location where a service is 

required. In this case, a demand point 

represents a household where a 

household is assumed to house three 

people. This was obtained from the 

2009 population census data. 

(ii) Facilities – this layer contains the 

sample set of points from which 

optimally located facilities will be 

chosen. 
Output – after the algorithm has been run, 

two types of output are generated: 

(i) Chosen facilities – these are the 

facilities that have been found to 

satisfy the user defined requirements. 

(ii) Candidate facilities – these are 

facilities that meet the required 

criteria but have not been chosen. In 

cases where some demand points 

have not been served, the user may 

adapt the candidate facilities as 

chosen facilities. 
 

In this study, the problem type was to 

maximize capacitated coverage. This 

option solves the location-allocation 

problem where facilities can only serve a 

fixed number of customers. The 
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impedance factor in locating the 

collection points was distance. The cut-

off value was 200 m, which was the 

maximum allowable distance between a 

facility and a demand point. 

Maximum capacity of a collection 

point was determined by taking into 

consideration the rate of waste generation 

per person (0.55kg/person/day) and the 

maximum allowable weight per 

collection point (400kg). Since a demand 

point represents a household, the average 

number of people per household was 

derived from the 2009 Kenya population 

census data as follows: 

 

                                     (2) 

Where NPH is the number of people per household, TPis the total population and TNH 

is the total number of households. The average number of people per household in the four 

sub locations in Thika municipality is given in Table 2. 

 

Table 2: Average number of people per household 

Sub-location Population Households 

Majengo 17194 6182 

Kariminu 9414 2706 

Makongeni 92136 31370 

Township 20028 5598 

Total 138772 45856 

From the maximum allowable capacity of a demand point and the rate of waste generation 

per person, the maximum number of people that can be served by one collection point can 

be given as: 

                                                                       (3) 

where MNP is the maximum number of people per collection point or facility and MW is 

the maximum weight. 

Thus each collection point will serve a maximum of 727 residents. However, a demand 

point represents a household with an average of three people. Therefore the capacity in 

terms of households is given by: 

                                                            (4) 

where ANP is the average number of people per household. Therefore each collection 

point (facility) will serve a maximum of 242 demand points.  

Determination of the Optimal Route 
The optimal route was determined by taking into consideration the location of all solid 

waste collection points. This was done by adding the solid waste collection points 

(facilities) into the Network Analyst layer. The route analysis layer was then used to run 

the TSP (De Smith et al., 2007), whose output is a layer showing the optimal route 

determined. The Thika Sub-County vehicle depot was chosen as both the start and end 
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point, since this is where the solid waste collection vehicles are parked at the end of the 

day.  All other points within the network were re-ordered during analysis. This made it 

possible to determine the order in which stops need to be made along the network to give 

the least possible impedance.  

 

Results and Discussion 

Existing Collection Points 
After picking the co-ordinates of the existing points using GPS, the results are as 

shown in Figure 5. 

 
Figure 5: Existing solid waste collection points in Thika Municipality 

 

Most of the points were located 

within the CBD, with only a few points 

serving the residential areas. Areas like 

Kariminu sub-location to the North-West 

are not served at all. In such areas, 

residents have alternative methods of 

solid waste disposal such as digging of 

pits. 

Existing Route 

The existing collection points were 

mapped such that the stop number of a 

particular point was noted in the 

attributes. Thus, it was possible to know 

where the vehicle first stopped up to the 

last point. A network analysis was then 

done to determine the total distance along 

these points. The vehicle depot was 

considered as both the start point and the 

end point. The results are as shown in 

Figure 6. Total distance along this path is 

59.16 km and the unit cost along the path 

is Ksh. 895 (approx. USD 8.66).
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Figure 6: Existing route for solid waste collection in Thika Municipality 

 

Proposed Collection Points and Route 
The location-allocation algorithm was 

run and the output was a set of chosen 

points from the sample points that were 

input. However, some chosen points were 

too far away from the road. To solve this, 

a 200 m buffer was created around all 

roads. Thirty points fell outside this 

buffer and were eliminated. Of the 

eliminated points, 26 of them are in 

Makongeni sub-location which is found 

in the southern part of the municipality. 

This represents 87% of the eliminated 

points. This high percentage is due to the 

fact that Makongeni sub-location has the 

highest population (92,136), yet 

accessibility is poor due to a shortage of 

motorable roads. 

Points outside the buffer have a 

capacity to serve 21,810 residents. This 

means that 16% of the population will 

not be served due to inaccessibility. All 

points that fell within the buffer were 

adapted as the proposed solid waste 

collection points (Figure 7). Using the 

route analysis layer in the network 

analyst tool, the best route based on the 

proposed points was determined (Figure 

8). The proposed route is 90.38 km long 

and the unit cost along it is Ksh. 1,360 

(approx. USD 13.17). The proposed 

collection points and route can serve 67% 

of the population in Thika municipality. 

This is an improvement over the current 

system that can only serve 33% of the 

residents (Njoroge et al., 2014).
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Figure 7: Proposed solid waste collection points in Thika Municipal 

 

 
Figure 8: Proposed route for solid waste collection in Thika municipality 
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Conclusion 

The proposed solid waste collection 

points offer better spatial coverage, thus 

more residents of Thika sub-county can 

be served as compared to the existing 

system. However, it should be noted that 

coverage is limited by accessibility of 

roads. Densely populated areas, for 

example in Makongeni sub-location have 

few collection points because the road 

network in the area is poor. This is best 

illustrated at the Kiandutu slums where 

population density is high yet motorable 

roads do not exist. Authorities may 

address this to improve the percentage of 

residents that can be served. More so, 

since the proposed points are all known, 

it is possible to perform more spatial 

analysis such as service area coverage. 

This would be necessary in future after 

the town has expanded, and new 

settlements have come up. Service area 

analysis enables planners to identify areas 

that are not served by the existing 

facilities, thus enabling them to make 

informed decisions for forward planning. 

The proposed collection points have 

the capacity to serve 93,056 residents, 

which represents 67% of the population. 

The existing collection points are 

estimated to serve 33% of the residents. 

Therefore, it is possible to achieve an 

improvement by 34% if the proposed 

collection points and route are 

implemented. It is recommended that 

Front End Loader (FEL) bins be used at 

the proposed collection points. This is 

because they have a large capacity (up to 

400kg) and are also difficult to move. 

This would minimise theft or vandalism. 

They also have a lockable lid and a top 

design that make them easy to access and 

use. This would make them popular 

among residents, hence preventing 

haphazard and illegal disposal of solid 

waste along roads, street corners and 

estates. 
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