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Abstract 
The European Parliament and Council’s directive highlights the importance that each country 

recycles by placing high demands on European countries’ recycling of produced material. 

Accordingly, Swedish law puts pressure on the individual to recycle all of his/hers packaging. In order 

to enable and encourage individuals to recycle, thus ensuring the objectives of the directive, it is 

necessary that the public has a high accessibility to recycling stations. Hence, an optimized location 

of the stations are desired. 
 

This essay aims to improve the location of the existing recycling stations in Bromma. This was done by 

analyzing and evaluating the current recycling stations using Geographic Information Systems (GIS). 

The analyses were based on the population data from Statistiska centralbyrån and the preferred 

walking distance to a recycling station was derived from literature. Close proximity to supermarkets 

as well as public transportation was also taken into consideration in the evaluation. In order to 

determine the optimal location, the recycling stations were relocated in three respects; distributed so 

their service areas do not overlap, close to supermarkets and close to public transport. The three new 

locations were evaluated like the original locations to determine if an improvement had occurred. 
 

According to the results, the existing recycling stations provide their service with the preferred 

walking distance of 640 meters to 51 % of Bromma’s population. The three different relocations 

resulted in a population increase for each set of service areas, of which recycling stations where their 

service areas did not overlap accounted for the largest increase. However, whether that location 

method yields the optimal location is not obvious and further studies in that area with 

complementary methods is proposed.
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Sammanfattning 
Europaparlamentet och rådets direktiv belyser vikten av att varje land återvinner genom att sätta 

höga krav på europeiska länders återvinning av producerat material. Följaktligen så sätter svensk lag 

press på privatpersonen att återvinna alla sina förpackningar.  För att möjliggöra och uppmuntra 

privatpersoner att återvinna, och därmed säkerställa direktivens mål, så krävs det att 

återvinningsstationernas lokalisering optimeras. 
 

Denna uppsats har till syfte att förbättra lokaliseringen av de existerande återvinningsstationerna i 

Bromma och slutligen hitta deras optimala lokalisering. Detta utfördes genom att analysera och 

utvärdera de nuvarande återvinningsstationerna med hjälp av Geografiska Information System (GIS). 

Analyserna baserades på befolkningsdata från Statistiska centralbyrån samt det föredragna 

gångavståndet till en återvinningsstation som tagits fram genom litteraturanalys. Närhet till 

matbutiker samt kollektivtrafik togs även in i beaktning vid utvärderingen. För att bestämma den 

optimala lokaliseringen så omlokaliserades återvinningsstationerna i tre avseenden; fördelade så 

deras serviceområden inte överlappar varandra, nära matbutiker och nära kollektivtrafik. De tre nya 

lokaliseringarna utvärderades likt originallokaliseringen för att bestämma om en förbättring hade 

skett. 
 

Enligt resultaten så tillhandahåller de existerande återvinningsstationerna sin tjänst med det 

föredragna gångavståndet av 640 meter till 51 % av Brommas befolkning. De tre olika 

omlokaliseringarna resulterade alla i en befolkningsökning inom serviceområdena, varav 

återvinningsstationerna där deras serviceområden inte överlappar varandra stod för den största 

ökningen. Huruvida denna lokaliseringsmetod ger den optimala lokaliseringen är dock inte uppenbart 

och ytterligare studier inom detta område med komplementära metoder är att föreslå.
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1. Introduction and background 
According to the European Parliament and the European Union Council’s directive 1994/62/EG of 20 

December 1994 on packaging and packaging waste, all the members of the EU should collect and 

recycle packaging. The goals for the members are recycling at least 60 weight percentages of glass 

and paper packaging, 50 weight percentages of metal packaging and 22.5 weight percentages of 

plastic packaging. However, as seen in Table 1, Sweden is ahead of these goals and have set higher 

goals than the EU and will also raise the goals even further by the year 2020 (SFS 2014:1073). 
 

Table 1: Sweden’s goals today, achieved recycling of 2015 and goals for the year 2020. Statistics from SFS 2014:1073 
 

 Goals before the 1st
 

of January 2020 (%) 
Sweden’s recycling 

2015 (%) 
Goals after the 1st

 

of January 2020 
(%) 

Glass 70 94 90 
Paper & Cardboard 65 82 85 

Plastics 30 45 50 
Metals 70 71 85 

Newspapers - - - 
Total packaging waste 55 73 65 

 
 

Table 1 shows that Sweden has fulfilled all of their recycling targets for 2015. Information concerning 

newspapers, however, was not available. This is because producers do not want to share how many 

newspaper they make out of competition reasons (Allerup & Fråne 2016). 
 

In Sweden, there is a producer responsibility when it comes to all produced material. Regardless of 

the material – glass, cardboard, metal or plastics – it is the producer’s responsibility that the material 

is recycled and taken care of. This means that the producer is obligated to provide a service for the 

costumers where they can drop off their waste. The producer’s responsibility aims to steer the 

producer to manufacture materials that are resource efficient and easy to recycle (Allerup & Fråne 

2016). Today in Sweden, Förpacknings & tidningsinsamlingen AB (FTI AB) is responsible for the 

collection and recycling of all packaging and newspapers in Sweden. FTI AB consists of 5 different 

companies (Plastkretsen, Pressretur, Returkartong, Svensk Glasåtervinnning and Svensk 

Metallåtervinning). They work together in line with the regulation from the government concerning 

the producer’s responsibility (FTI AB 2017). 
 

FTI AB has the same goals for the recycling of the different packaging as mentioned in the packaging 

directive. However, FTI AB does not have any goals regarding their recycling stations in terms of 

number of recycling stations or how big population per recycling station. Since the municipally owns 

all the land, FTI AB needs a building permit in order to establish new recycling stations. FTI AB can 

only try to affect the municipally and other land owners to find new locations for the recycling 

stations. Ahlberg1 states that this situation makes it nearly impossible for FTI AB to set any goals for 

their recycling stations. 
 

Apart from the producer’s responsibility, the consumers has a responsibility as well. According to the 

ordinance Avfallsförordningen (2011:927), consumers are obligated to drop off their waste at the 

recycling stations provided by the producers. Since there is a law pressuring consumers to recycle, it 

is important that there are recycling stations reasonably located for people to have access to. Hence, 

finding the optimal location for the recycling stations is important since it could make way for how to 
 

 
1 Annika Ahlberg region manager FTI AB. Email interview 2017-05-11.
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encourage consumers to recycle. Furthermore, how to achieve the optimal location could be needed 

in order to reach the packaging directive goals, moreover as a basis for FTI AB to be able to set goals 

regarding their recycling stations. 

 

2. Related work 
This chapter will present other papers which have treated the subject of determining the optimal 

location for recycling stations using GIS. Their methodologies and results are studied, kept in mind 

and used as reference as this paper is taking the research further. 
 

2.1. Optimized location of recycling stations in Östersund 
Stuguby (2014) performed a study in order to find out how people are attracted to a recycling station 

and what different criteria makes the location of the station preferable. Using that data, Stuguby 

tried to find the optimal locations in Östersund. Stuguby conducted a literature review which was 

showing that people are willing to walk 500 to 1000 meters in order to recycle their waste. He was 

able to identify thirty locations in Östersund using Google Maps and Adobe. These thirty locations 

were considered as candidates for the optimal location. 
 

Not only did Stuguby (2014) study the location of recycling stations for pedestrians, he also took 

people driving in consideration when trying to find the optimal location. A good location was defined 

as surrounded by a lot of traffic flow, indicating that more people were able to recycle at these 

locations. The thirty locations were analyzed using the surrounding traffic flows. The data of the 

traffic flow was provided from Östersund municipality. The amount of people living in the 

surrounding area of the locations was also a criterion when performing the analysis. Of the thirty 

candidates, fourteen locations were chosen as the optimal locations for the recycling stations. All of 

these locations had a surrounding area of high population and traffic flow. 
 

Like for this project, Stuguby used ArcMap to analyze his locations. In contrast to this study, Stuguby 

used Euclidean buffer zones to see what the surrounding area of the recycling stations consisted of. 

The buffer zones were only visually analyzed and no further calculations of the zones were 

performed. Not taking the road network into account and only using Euclidean buffer zones without 

any proper calculations contributes to unreliable results. However, as Stuguby mentions, the results 

are a rough generalization of the accessibility and can be used in general purposes. 
 

2.2. Locating Stations using GIS 
Illeperuma and Samarakoon (2010) performed a study on the solid waste management system of 

Maharagama Urban Council in Sri Lanka. The study was conducted in order to improve the present 

solid waste management system of the region. They performed a survey on 410 households in order 

to collect data of their generated waste, number of people, attitude towards recycling and income. 

GIS analysis was performed in order to find locations for the stations as well as estimating the 

capacity of the stations. In order to cover the whole region with service areas of the recycling 

stations, they concluded that 1006 recycling bins were needed. 
 

The GIS analyses performed by Illeperuma and Samarakoon is similar to the analyses carried out in 

this paper. For instance, using the road network data they performed network analysis resulting in 

service areas. However, they used the estimated waste generated from households in order to 

create a waste density map which is taken into account when continuing with the analyses. 

Furthermore and in contrast to this paper, Illeperuma and Samarakoon is calculating the capacity of 

the stations using the total generated waste in the service area, data which were derived from their 

survey.
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2.3. Location/allocation of waste bins using GIS in Kolkata Municipal Corporation area 
Paul et.al (2017) are examining the GIS application in the locational analysis of waste bins in Kolkata, 

India, and optimize the overall solid waste collection process. They are using the network analyst tool 

in ArcGIS to create service areas for each of the 35 existing recycling bins. Their service areas are 

running 500 meters along the road network. By visual analysis of maps presenting the service areas, 

Paul et.al (2017) conclude that a large portion within the study area is not serviced by the bins. 
 

Their goal is to make all the parts of the study area serviceable with the minimum number of 

recycling bins to reduce costs. In order to do that, they are adding 16 locations and closing 15, 

resulting in 36 recycling bins. The relocation is based on the service areas not overlapping and the 

bins staying maximum 500 meters between each other. In that way, the study carried out by Paul 

et.al (2017) is similar to this study. However and in contrast to this study, they do not take other 

parameters into account when trying to find the optimal location. This study will have close proximity 

to supermarkets and public transportation as a relocation option in order to achieve the optimal 

location. 

 

3. Research objectives 
This study has the objective to improve the location of the existing recycling stations in Bromma. 

Several relocation methods will be used in an attempt to find the optimal location for the recycling 

stations. It will be investigated if a good location can be related to geographic features such as 

supermarkets and public transportation.
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4. Methodology 
In order to improve the existing recycling stations in Bromma, as well as for finding the optimal 

location, several methods were used. All of the analyses were performed using ESRI ArcMap 10.3.1. 

The following sections will describe these methods. 
 

4.1. Study area 
The area of interest for this study is Bromma, a borough located in the western part of Stockholm. 

North of Bromma adjoins Vällingby, Sundbyberg and Solna. Mälaren is located in the south, creating 

a coastline which stretches around almost the entire area of Bromma. Bromma has a population of 

76068 which is spread over 24 districts (Stockholms stad 2015). The green metro line number T19 

runs through Bromma as well as the Nockebybanan and the Tvärbanan. Bromma airport is located in 

the area and is the third busiest airports in Sweden (Swedavia 2017). The study area is presented in 

Figure 1. 
 

 
 

Figure 1: Study area Bromma with Bromma airport. 
 

4.2. Collection of data 
Lantmäteriet, Statistiska Centralbyrån (SCB), Förpacknings & Tidningsinsamlingen AB (FTI AB) and an 

evaluation of hitta.se information were the main sources for collecting the data for this project. 

Lantmäteriet provided the road network dataset as well as the public transportation data. Gridded 

population data were received from SCB. FTI AB provided the location of their existing recycling 

stations in Bromma. By searching hitta.se, locations for the supermarkets in Bromma were gathered.
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4.2.1.   Lantmäteriet data 

Lantmäteriet data are available at SLU, Swedish University of Agricultural Science (Swedish University 

of Agricultural Science 2017). The data were provided in coordinate system SWEREF99 TM. The road 

network of Bromma was acquired from Lantmäteriet and used when performing the Network 

Analysis. Associated walkways were also collected from the aforementioned website and merged 

with the road network in order to have a complete network of where people are able to walk. 
 

Stations of the public transportation were also collected from Lantmäteriet. The stops for 

Nockebybanan, Tvärbanan and the metro green line “T19” was acquired from Lantmäteriet. Bus 

stops were also contemplated but were unfortunately not available. Some of the stops shown in 

Figure 2 are outside of the study area. This is because when performing “Closest Facility” analysis, 

stops outside and close to the Bromma area will affect the result of what happens inside the study 

area. 
 

Above datasets were used when performing different analyses, such as service areas and closest 

distance. In addition to those datasets, water, administration area, land cover and other data were 

used to easier understand the study area. Above mentioned datasets are represented in Figure 2. 
 

 
 

Figure 2: Map of the study area with public transportation stops and the road network
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4.2.2.   SCB data 
As for the Lantmäteriet data, the data from SCB was also acquired from SLU and in the same 
coordinate system (Swedish University of Agricultural Sciences 2017). The data provided from SCB 
were population data over Bromma on a grid of 100 by 100 meter cells which can be seen in Figure 3. 
The population data consist solely of the total population for each grid, so it does not consist of any 
age intervals. 

 
Figure 3: Population data on a grid of 100 by 100 meter cells. 

 

4.2.3.   FTI AB data 
By requesting login access, the location data of the existing recycling stations were available at the 

FTI AB’s website (FTI AB 2017). The data were acquired as points with coordinates in WGS84. In the 

study area there are 21 recycling stations distributed. Each of them can handle glass, cardboard, 

paper, metal and plastics, see Figure 4. As seen in Figure 5, there are three recycling stations that are 

located outside of the study area. This is due to the fact that they still have the possibility to affect 

the results of the Network Analyses. For instance, their service areas could cross the border into 

Bromma and in that way affect the outcome of the analysis. 
 

Sundbyberg is located outside the study area, in the upper right corner in Figure 5. There are no 

recycling stations next to the border of Bromma in that area which will be included in this study. That 

is because FTI AB is not providing their service in that region (FTI AB 2017). For simplicity reasons, 

this study is only focusing on the recycling stations that are handled by FTI AB. The recycling stations 

that will be treated in this study are assumed to be the only ones available to the people who live in 

the study area.
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Figure 4: Recycling stations located at Fridhemsplan. Photo taken by the author. 
 

 
 

Figure 5: Location of existing recycling stations within the study area.
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4.2.4.   Hitta.se data 
Since there were no available spatial data of the supermarkets to be downloaded, the search engine 

hitta.se was used to locate supermarkets in the study area (hitta.se 2017). “Livsmedelsaffärer” and 

“Mataffärer” was used as search words and their results were identical. Sixteen supermarkets were 

able to be distinguished and their coordinates in SWEREFF99 TM could be derived from the hitta.se 

service. Supermarkets located very close to the study area are also included, since they can affect 

Network Analysis results. Figure 6 shows the supermarkets’ locations within the study area. 
 

 
 

Figure 6: Study area with locations of supermarkets. 
 

4.3. Evaluating existing recycling stations 
To improve the existing recycling stations and find their optimal location, evaluating the existing 

recycling stations first comes naturally. The evaluation of the stations was done in regard to 3 

aspects; the population coverage of the recycling stations, distance to supermarkets and distance to 

public transportation. These three aspects will now be discussed one after the other. 
 

4.3.1.   Population coverage 
Belton et.al (1993) investigated the public use of recycling stations in Glasgow in their research. They 

interviewed 251 people at the location of the recycling stations. The results of the survey they 

carried out showed that people were willing to walk 640 meters in order to get to a recycling station 

(Belton et.al, 1993). This distance will be considered as the maximum walking distance throughout 

this paper and will be used in several analyses.
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In order to analyze how big population the recycling stations are providing their service to, Network 

Analyses were performed in ArcMap in form of network service areas. These network service areas 

encompasses all the accessible streets from a given starting point with a chosen input value (ESRI 

2017). The starting point is each recycling station and the input value is 640 meters. 
 

The service areas are polygons which covers a certain area. People living inside of these service areas 

are considered as living within the optimal walking distance to a recycling station. The interesting 

part is to find out how many people are living within this area and later on in this study, see if that 

number can be increased by relocating the recycling stations. 
 

In order to calculate the covered population of the service areas, the population data were used and 

overlapped by the service areas. By using the spatial join function in ArcMap, the population data 

were applied to each service area. Before the spatial join and in order to have a more accurate join of 

data, the population grid was transformed into point data. Each 100 by 100 cell of the grid was 

converted to points at the centroid of the cell, see Figure 8. The flowchart in Figure 9 shows the 

process of creating service areas and determining their population coverage. 
 

Each service areas’ area was also calculated using the “calculate geometry” function in ArcMap. 

Considering the total area and total population of the service areas, they had to be calculated in a 

special way; the layer with each service area was treated with the dissolve tool, this tool dissolves the 

polygons into one single polygon, see Figure 7. This prevents the polygons from overlapping. 

Consequently, the population data will not be used multiple times and the result will be more 

accurate. 
 

In order to see how accurate the join method used in this paper is, a polygon representing the whole 

study area of Bromma was created. Joining this polygon with the population data, a total number of 

76099 people are living in Bromma. According to SCB, 76068 are living in Bromma (Stockholms stad 

2015). Since there is a small deviation from the join method, the calculated population number is the 

one that will be used in this study, in order to be consistent. 
 

Euclidean buffer zones were created in this study. The purpose for those was to compare the results 

of the method carried out by Stuguby (2014) and the method with network service areas that is used 

in this paper. Euclidean buffer zones are circular shaped polygons that have their center located at 

the recycling station. A radius value of 640 meter for the buffer zones was applied, representing the 

maximum distance people are willing to walk to a recycling station (Belton et.al, 1993). The same 

working steps as for the network service areas were also performed for the Euclidean buffer zones. 
 

For simplicity reasons, throughout this paper, network service areas will be mentioned as service 

areas and Euclidean buffer zones will be mentioned as buffer zones.
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Figure 7: Dissolved polygons for buffer zones (left) and service areas (right). 
 

 
 

Figure 8: Population grid transformed to centroid point data.



 

 
 

Figure 9: Flowchart of the process of creating service areas 
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4.3.2.   Distance to supermarkets and public transportation stops 

According to a survey by Ball et.al (1990), 85 % of the participants recycle their waste in conjunction 

with other errands, such as shopping and commuting. In addition, survey by Belton et.al (1993) 

claims that 55 % of the test group recycle in conjunction to other errands. Hence, distance between 

recycling stations and the closest supermarket and public transportation stop is highly relevant to 

calculate. 
 

In order to calculate the shortest distance, the Network Analyst tool Closest Facility was used. Closest 

facility is calculating the shortest distance on the road network between a set of Facilities (recycling 

stations) and Incidents (supermarkets/public transportation stops). An assumption is made that the 

other errand (grocery shopping or taking the metro for example) is the main errand. The method was 

carried out in the manner that from each supermarket/public transportation stop, the distance to 

the closest recycling station was calculated. In this way, every supermarket/public transportation 

stop will be assigned a closest recycling station. Furthermore, no costs or restrictions are applied to 

the analysis, this is further discussed in section 6. 
 

According to research by the Transit Cooperative Research Program (TCRP) people are willing to walk 

400 meters to transit (TCRP 2017). If the network analysis mentioned in the section above results in a 

mean distance larger than 400 meters, the recycling stations will be moved to the transportation 

stops and further analyses will be performed. 
 

Regarding the supermarkets, 754 meters is considered as the distance people are willing to walk in 

order to shop (Larsen, El-Geneidy & Yasmin 2010). If the network analysis results in a mean distance 

further than 754 meters, the recycling stations will be moved to the supermarkets and further 

analyses will be carried out. 
 

When performing the closest facility on public transportation, there is an issue with one of the public 

transportation stops. The stop “Johannesfred”, seen in Figure 10, does not locate any recycling 

station at all. As one can see in the mentioned figure, the points are not located on the road network. 

Thus, they are snapping to the closest line on the road network. This seems to work for “Norra 

Ulvsunda” and the recycling station, but not for “Johannesfred”. In order to avoid this problem I used 

the near analyst tool in ArcGIS which snaps the points to the nearest part of the road layer. A new 

point layer with all the public transportation stops now located on the road network is created. 

Closest facility was applied to the new point layer but there were no difference in the result. This 

issue could distort the reliability of the analysis since the number of public transportation stops will 

decrease and affect the overall result. In order to avoid this, the public transportation stops and 

supermarkets could be connected to more roads and not just the closest one, enabling more routes.
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Figure 10: The stop Johannesfred is not snapping to the road network causing errors in closest facility analysis 
 

4.4. Finding the optimal location 
With the results of the evaluation explained in sections 4.3.1 and 4.3.2 the existing recycling stations 

were relocated with the aim to improve the location and pursue the optimal location for the 

recycling stations in Bromma. The analysis will mostly circle around the population coverage. The aim 

is to increase the amount of people that is living within the service areas by relocating the recycling 

stations. However, as mention in the previous section, the public transportation stops and 

supermarkets are relevant for the analysis. The assumption is made that it is preferred to live within 

a 640 meter walking distance to a recycling station as well as close to a supermarket and public 

transportation stop. The three upcoming sections will explain three different relocations of the 

existing recycling stations in order to maximize the population coverage and the amount of stops and 

supermarkets within the service area. 
 

4.4.1.   Relocation – sparse areas 
By looking at Figure 15, one can see sparse areas where there are no service area, for an example 

above recycling station number 84. At the same time, looking at the same figure, one can see that 

several service areas overlap each other, for example recycling stations with numbers 64, 65 and 68. 

By relocating the stations to a more even distribution, see Figure 11, service areas will, hopefully, 

also be more evenly distributed and cover more people. Furthermore, the relocation will hopefully 

result in more supermarkets and public transportation stops within the service areas. When choosing 

the new location, the closest sparse area to the overlapping recycling station was selected and solely 

based on my intuition. 
 

Lastly, service areas were created for the new location and then joined with the population data.
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Figure 11: Relocating the existing recycling stations to a more spread out distribution. 
 

4.4.2.   Relocation – close to the public transportation stops 
The study People near Transit by Marks (2016) shows that the urban population is clustering in a 

pattern which is following the expansion of public transit. The study shows that people tend to live 

closer to transit stops than far away from them. With this information, a hypostasis can be made; if 

the recycling stations are relocated near to public transit they will cover more people. Furthermore, 

the results in section 5.2.2 shows a mean distance which exceeds 400 meters which was considered 

as the maximum walking distance to transit (TCRP 2017). Hence, all the recycling stations were 

relocated to their closest public transit stop and on top of it. Then, new service areas were created 

on the new locations. Lastly, the service areas were joined to the population layer. 
 

This relocation will hopefully yield in an increase in population coverage as well as more 

supermarkets and public transportation stops within the service areas. The blue triangles that are 

shown in the downright corner in Figure 12 are the stops that did not get assigned to a recycling 

station since there are more stops than recycling stations. 
 

 
 

Figure 12: Relocating recycling stations closer to public transportation stops
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4.4.3.   Relocation – close to the supermarkets 
The third and final way to find the optimal location is to relocate the recycling stations near 

supermarkets. This method is based on applying the strategies that supermarkets use in order to 

optimize their business onto the site selection of the recycling stations. 
 

Özge Öner describes in his paper (Öner, 2014) that the location of a store is probably the most 

important decision a retailer must make in order to secure long-term success. Öner (2014) mentions 

that short transportation distances attract the consumers. Hence, supermarkets located close to the 

residential areas are preferable. Taking this in consideration, recycling stations located close to the 

supermarkets may yield an increased population coverage. Furthermore, results from section 5.2.3 

shows a mean distance which exceeds 754 meters, which was considered as the maximum walking 

distance to supermarkets (Larsen, El-Geneidy & Yasmin 2010). Hence, the recycling stations were 

relocated at the supermarkets, see Figure 13. Lastly, service areas were created for the new locations 

and then joined with the population data. Since there are more recycling stations than supermarkets, 

the number of recycling stations were decreased to as many as the supermarkets. This yields that 

when the results from the three different relocations are compared, the mean population coverage is 

compared. 
 

The aim with the relocation is to increase the population coverage and the amount of public 

transportation stops and supermarkets in the service areas. 
 

 
 

Figure 13: Relocating recycling stations closer to supermarkets. 

 

5. Results 

5.1. Evaluating existing recycling stations 

5.1.1.   Population coverage 
Comparing the total population coverage of the service areas with the total population of Bromma, 

51 % of the population in Bromma lives within the 640 walking distance to a recycling station. The 

8.03 km2 large service areas are containing 11 public transportation stops and 6 supermarkets. The 

buffer zones are 10.15 km2 larger than the service areas and cover 97 % of the population, 14 public 

transportation stops and 10 supermarkets. The buffer zones cover more people and area than the 

service areas in terms of mean-, max- and min value, see Table 4 and Table 5.
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Figure 14: Buffer zones’ coverage over Bromma. 
 

Table 2: Attributes of each buffer zone. 
 

Station ID Population Area (km2) 

64 6240 1.28 

65 7326 1.28 

66 8705 1.28 

67 4920 1.28 

68 6895 1.28 

69 6164 1.28 

70 2084 1.28 

71 9223 1.28 

72 5987 1.28 

73 5458 1.28 

74 6289 1.28 

75 3411 1.28 

76 2763 1.28 

77 2710 1.28 

78 6713 1.28 

79 8088 1.28 

80 2895 1.28 

81 9756 1.28 

82 2754 1.28 

83 9388 1.28 

84 5016 1.28 

n = 21 Mean = 5847 Mean = 1.28 

 Max = 9756 Max = 1.28 

Min = 2084 Min = 1.28 

Total = 74131 Total = 18.18 



 

 

 
 

Figure 15: Each service area based on the road network with associated ID. 
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Table 3: Attributes of each service area 
 

Station ID Population Area (km2) 

64 2444 0,26 

65 2920 0,34 

66 3931 0,56 

67 1576 0,52 

68 2524 0,38 

69 3239 0,66 

70 1153 0,45 

71 2660 0,33 

72 2285 0,46 

73 1286 0,42 

74 3053 0,46 

75 1464 0,59 

76 1437 0,31 

77 789 0,33 

78 3808 0,59 

79 3641 0,28 

80 1525 0,59 

81 4965 0,52 

82 1415 0,58 

83 3229 0,41 

84 1818 0,51 

n = 21 Mean= 2436 Mean = 0.45 

 Max = 4965 Max = 0.66 

Min = 789 Min = 0.26 

Total = 39048 Total = 8.03 

 
 

Table 4: Comparison of buffer zones and service areas considering their population coverage. 
 

 Mean population Max population Min population Total population 

Buffer zone 5847 9756 2084 74131 

Service area 2436 4965 789 39048 

Difference 3411 4791 1295 35083 

 
 

Table 5: Comparison of buffer zones and service areas considering their areal coverage. 
 

 Mean area (km2) Max area (km2) Min area (km2) Total area (km2) 

Buffer zone 1.28 1.28 1.28 18.18 

Service area 0.45 0.66 0.26 8.03 

Difference 0.83 0.62 1.02 10.15 

 
 

5.1.2.   Distance to supermarkets and public transportation stops 
Table 6 shows that the closest facility analysis on the supermarkets resulted in a mean distance of 

859 meters which is further than the preferred walking distance of 754 meters. Table 6 is showing 

that the mean distance to walk from a public transportation stop to a recycling station is 860 meters 

which is further than the preferred walking distance of 400 meters.
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Figure 16: Showing, calculated from each supermarket, the shortest route on the road network to the closest recycling 
station. 

 
Table 6: Presenting the data for each route from all supermarkets to their closest recycling station. 

 
From Supermarket To Recycling station ID Length (m) 

ICA Supermarket Alvikstorg 73 471 

Coop Nära Minneberg 65 773 

ICA Nära Smelivs 73 1389 

ICA Nära HM:s Livs 78 1277 

Engströms Livs 78 1515 

Källan Ekobutik 78 1110 

ICA Nära Abrahamsberg 78 542 

ICA supermarket Brommaplan 77 1019 

Coop Konsum Brommaplan 75 723 

An Vvong Lien:s Närlivs 75 911 

City Gross 76 849 

Hemköp Ängby Torg 80 589 

Hemköp Blackeberg 66 286 

ICA Supermarket Eneby 82 533 

ICA Nära Söderberga 81 549 

Coop Forum 74 1206 

n = 16 Most mentioned = 78 Mean = 859 



27  

From Stop To Recycling Station ID Length (m) 

Karlsbodavägen 74 640 

Bällsta bro 71 651 

Norra Ulvsunda 76 891 

Nockebytorg 78 1468 

Brommaplan 77 1296 

Alvik 73 403 

Blackeberg 66 282 

Islandstorget 84 331 

Stora mossen 73 682 

Ålstens gård 78 1522 

Smedslätten 73 1595 

Alviksstrand 73 697 

Olovslund 78 1309 

Vällingby 83 731 

Ängbyplan 80 96 

Abrahamsberg 78 667 

Nockeby 77 2038 

Ålstensgatan 78 1238 

Åkeshov 77 388 

Alléparken 73 440 

Höglandstorget 78 1590 

Alvik 73 495 

Råcksta 79 75 

Vällingby 83 1056 

Klövervägen 73 906 

n = 25 Most mentioned = 73 Mean = 860 

 

 
 

Figure 17: From each public transportation stop, the shortest route on the road network to the closest recycling station. 

Table 7: Presenting the data for each route from all transportation stops to their closest recycling station.
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5.2. Finding the optimal location 

5.2.1.   Sparse areas 
Table 8 is showing that the service areas located in sparse areas are covering a total population of 

52452 people. Compared to the 76099 people living in Bromma, totally 69 % of the population live 

within the 640 meter walking distance to a recycling station. As Table 9 shows, the sparse area 

distribution is resulting in a 17 % increase considering the mean population coverage. Furthermore, 

the relocation results in a 34 % increase in total population compared to the original existing 

recycling stations. 
 

The service areas of the recycling stations distributed over sparse areas are containing 14 public 

transportation stops and 6 supermarkets. This is an increase of 3 public transportation stops 

compared to the original existing recycling stations. The amount of supermarkets stays unchanged. 
 

 
 

Figure 18: Recycling stations relocated to sparse areas.
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Table 8: Presenting the sparse service areas’ data. 
 

Recycling station ID Population 

64 2139 

65 1318 

66 4218 

67 2289 

68 3796 

69 3582 

70 1284 

71 4767 

72 3732 

73 2613 

74 1011 

75 2160 

76 1910 

77 1038 

78 3957 

79 4212 

80 1626 

81 5768 

82 1699 

83 4191 

84 2625 

n = 21 Mean = 2854 

 Max = 5768 

Min = 1011 

Total = 52452 

 
 

Table 9: Difference in population coverage between the service areas of the existing recycling stations and the recycling 
stations distributed over sparse areas. 

 

 Mean population Total population coverage of 
Bromma 

Existing 2436 39048 

Sparse distribution 2854 52452 

Difference + 418 + 13404 

Percentage change + 17 % + 34 % 
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5.2.2.   Close to the public transportation stops 

The recycling stations that were relocated to the public transportation stops and their service areas 

are shown in Figure 19. Each green dot has a blue triangle underneath it. The blue triangles that are 

shown in the downright corner are the stops that did not get assigned to a recycling station since 

there are more stops than recycling stations. 
 

The service areas from the recycling stations located on public transportation stops cover a total of 

45270 people, see Table 10. Compared to the total population of Bromma, 59 % lives within the 640 

meter walking distance to a recycling station. These new service areas contain 23 public 

transportation stops and 10 supermarkets. That is an increase of 12 stops and 4 supermarkets when 

comparing with the existing recycling stations. The population coverage is also increasing when 

locating the recycling stations close to public transportation stops. Table 11 shows an increase of 4 % 

in mean population coverage. 
 

 
 

Figure 19: Relocated recycling stations at the public transportation stops.
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Table 10: Presenting the public transportation-close service areas’ data. 
 

Recycling station ID Population 

64 2609 

65 1191 

66 4990 

67 2235 

68 2846 

69 1766 

70 6 

71 8819 

72 2291 

73 1900 

74 1328 

75 1492 

76 546 

77 1164 

78 3693 

79 4806 

80 1478 

81 5157 

82 1014 

83 2090 

84 1948 

n = 21 Mean = 2541 

 Max = 8819 

Min = 6 

Total = 45270 

 
 

Table 11: Difference in population coverage between the service areas of the existing recycling stations and the recycling 
stations distributed at public transportation stops. 

 

 Mean population Total population coverage of 
Bromma 

Public transit 2541 45270 

Existing 2436 39048 

Difference 105 6222 

Percentage change + 4 % + 16 % 

 

 

5.2.3.    Close to the supermarkets 
The recycling stations located at the supermarkets and their service areas can be seen in Figure 20. 

The relocated service areas resulted in a mean population coverage of 2454 people which means an 

increase of 0.7 %, see Table 12 and Table 13. The service areas are containing 12 public 

transportation stops and all of the 16 supermarkets. 
 

Since there are fewer supermarkets than recycling stations, the number of recycling stations were 

decreased to the same number of supermarkets, 16. Since they do not have the same number of 

recycling stations, comparisons of total population between the supermarket distribution and the 

original distribution will not be relevant.
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Recycling station ID Population 

64 1410 

65 2357 

66 5116 

68 2697 

71 2594 

72 1636 

73 1885 

74 284 

75 3100 

76 92 

77 2261 

78 4319 

79 2432 

80 2087 

81 3860 

82 3130 

n = 16 Mean = 2454 

 Max = 5116 

Min = 92 

Total = 35041 

 

 
 

Figure 20: Recycling stations relocated to supermarkets and their associated service areas. 

Table 12: Presenting the supermarket-close service areas’ data
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Table 13: Difference in population coverage between the service areas of the existing recycling stations and the recycling 
stations distributed at supermarkets. 

 

 Mean population 

Supermarket 2454 

Existing 2436 

Difference + 18 

Percentage change + 0.7 % 

 
 

5.2.4.   Comparison of the three relocations 
Comparisons with the supermarket distribution will only be in terms of mean population. This is due 

to the fact that the supermarket distribution consists of 16 recycling stations and the other two 

consists of 21 recycling stations. Furthermore, the comparison in terms of number of covered public 

transportation stops and supermarkets, will still be presented. Since, even though the supermarket 

distribution has fewer recycling stations, it has close to equal coverage which is worth mentioning. 
 

Results from analyzing each of the three relocations are compiled in Table 14. The table shows that 

relocating the recycling stations to sparse areas results in the biggest change regarding each 

category. Furthermore, sparse distribution is covering 69 % of the population in Bromma compared 

to 46 % by the public transit distribution. 
 

The comparison regarding the coverage of public transportation stops and supermarkets for each 

method can be seen in 

Table 15. The table shows that the sparse area distribution is covering the minimum amount of 

supermarkets and the supermarket distribution is covering the maximum amount. In regard to public 

transportation stops, the supermarket distribution cover the minimum amount and the public 

transportation stop distribution is covering the maximum. 
 

Table 14: Comparison of the three relocations in regard to change in population from the existing service areas. 
 

 Change in mean 
population 

Change in total population Total population coverage 
of Bromma 

Sparse distribution + 17 % + 34 % 69 % 

Supermarket + 0.7 % - - 

Public transit + 4 % + 16 % 46 % 
 

Table 15: Comparison of how many public transportation stops and supermarkets each method is covering. 
 

 Public transportation stops Supermarket 

Sparse distribution 14 6 

Supermarket 12 16 

Public transit 23 10 
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6. Discussion 
Buffer zones were created in order to show the difference and improvement of using service areas 

along the road network. Firstly, the results show that the area which the buffer zones cover are 10.15 

km2 larger than the service areas. This is because the buffer zones do not take anything in 

consideration, they are just circles with a radius of 640 meters along a straight line. The buffer zones 

are therefore showing an area which is optimal if you were able to walk through buildings and other 

objects. Hence, buffer zones are simplifications of the reality. This also shows when looking at the 

population coverage of the buffer zones. Table 2 shows that buffer zones cover a total of 74131 

residents. That means 97 % of the Bromma population is living within the preferred walking distance. 

With regards to the facts mentioned above, this can be seen as an overestimation. 
 

When creating service areas and performing the closest facility analysis on supermarkets and public 

transportation stops, no road restrictions were applied. Since this study is regarding walking on the 

road network it is assumed that nothing is interfering with one’s path, total access to the roads 

apply. Restrictions like one way streets does not apply for the same reason and U-turns are allowed 

in order to enable all kinds of routes. For future studies however, there are costs which could be 

taken into account. A slope map as a cost could for instance delimit routes that are considered too 

steep. 
 

The population data that were collected fit this study very well. Since the cells of the grid have a high 

resolution of 100 by 100 meters, they yield accurate and reliable results when joined with the service 

areas. Each cell was transformed to its centroid which may result in people living on the edge of the 

cell now live in its center. However, this distortion is seen as small and assumed that it has no major 

effect on the results. As mentioned in section 3.2.2, Belton et.al (1993) concludes that 38 % of the 

people interviewed were retired and 44 % were over 55 years old. Accordingly, different age intervals 

tend to recycle more than others. Since there were no such age intervals in the population data, an 

assumption is made that there is the same demographic distribution over the whole study area. 

Section 7.2 will bring up a suggestion on how future studies can handle the fact that some age 

intervals recycle more than others. 
 

Results from the survey by Belton et.al (1993), which was carried out in Glasgow, was used as base for 

the analysis in this study. No corresponding research in Sweden was found, hence the survey carried 

out by Belton et.al (1993) was used. It is possible that the recycling habits in Glasgow deviates from 

the habits in Bromma. The socioeconomic structure and age distribution in the region are examples of 

parameters which can affect the habits and attitudes towards recycling in a region. Hence, a survey 

carried out in Bromma would be apposite and could result in more accurate and reliable analyses. 
 

According to this paper, 51 % of the population of Bromma are living within 640 meters walking 

distance to at least one of the existing recycling station. FTI AB does not have any goals concerning 

their recycling stations. However, the relocation to a sparse area distribution, supermarket 

distribution and public transportation distribution resulted in an increase of 17 %, 0.7 % and 4 % of 

the mean population coverage in Bromma, respectively. Furthermore and compared to the existing 

location, all the relocations resulted in an increase or equal amount of covered supermarkets and 

public transportations stops. This shows that there are possibilities for improvements of the recycling 

stations’ locations using different kinds of location methods. 
 

The sparse area distribution of the recycling stations has the biggest improvements in this study 

concerning both mean and total population coverage. In these regards and compared to the other 

two relocations, it is the best one for this study area. However, there will be issues when
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implementing the method practically since it does not consist of actual locations and does not take 

underlying geographic features in consideration. Thus, the recycling stations and their service areas 

could be evenly distributed but they could be located on unavailable locations such as buildings and 

lakes. Consequently, the sparse area distribution should be justified as a theory. For future studies, 

this issue could possibly be managed by creating an algorithm that distinguish and excludes the 

unavailable locations. 
 

Whether the sparse distribution method leads to the optimal location for the recycling stations is not 

obvious. This is because population coverage is not the only parameter which should be taken into 

account. Since each person has their own thoughts on optimal location and which parameters are 

important for them, each result is biased. A Multi Criteria Evaluation could be a good tool for future 

studies. By taking several parameters in consideration and weighing them against each other the 

optimal location could be achieved. 
 

7. Conclusion and further work 

7.1. Conclusion 
Comparing the results between the buffer zones and the service areas based on the road network, it 

was shown that buffer zones are unsuitable for this task and that calculating service areas are a 

better method of choice. 
 

By creating service areas it was shown that 51 % of Bromma’s population live within the preferred 

walking distance of 640 meters. By applying three different methods for the redistribution of 

recycling station, the total population percentage within preferred walking distance was increased to 

69 %. Looking at the results of the three relocations in Table 14 and Table 15, one can conclude that 

there are methods and possibilities to improve the spatial distribution of the recycling stations in 

Bromma. 
 

Of the three relocations, locating the recycling stations in sparse areas whereas their service areas do 

not overlap results in the biggest increase in population coverage. In spite of that, the conclusion that 

this distribution yields the optimal location cannot be made. For that purpose, more parameters 

have to be taken in consideration and plausibly weighted in a MCE. 
 

7.2. Further work 
The population is the main dataset in this study and its accuracy is vital for how good the results are. 

By enhancing the population data, more accurate results can be achieved. For instance, through field 

researches like handing out questionnaires in the specific area or surveys through internet, one can 

find out socioeconomic structures and their attitude towards recycling. With the population data and 

the results from the field research, more detailed analyses can be carried out and extensive results 

can be achieved for the specific area. 
 

There are a lot of parameters that affect what is considered as the optimal location for recycling 

stations in an area. Performing extensive field research as mentioned earlier could be a great tool to 

find out what makes an optimal location for each person. By combining the results, a general opinion 

about what is considered the optimal location may be achieved. Performing a MCE with those results 

could generate a location which resemble the optimal one. 
 

Collecting data on how much households generate waste, a density map could be derived. This 

density map could work as an indicator of which areas are high priority for the location of recycling 

stations.
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