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1. Purpose and background information 
 

This report is part of a large project on waste transportation and provides detailed results on comparisons 
of different scenarios for curbside collection of household waste. The scenarios cover different degrees of 
sorting and different strategies for collection, such as collection with single or multi-compartment vehicles, 
collection for incineration, and collection for subsequent sorting. 

 

The report is outlined as follows. Note that it is part of academic research, and therefore, it is particularly 
important to study the assumptions of the study before using the conclusions. 
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1.1. Involved partners 
In this part of the project, we have obtained data from a number of partners: 

• Reno Djurs A/S (covering the Norddjurs and Syddjurs counties, areas N and S) 
• Renosyd (covering the Skanderborg and Odder counties, area K) 
• Odense Renovation A/S (covering the Odense county, area O) 
• Frederiksberg kommune, Affald og miljø (covering the Frederiksberg county, area F) 

 

 

We point out that the authors of this report are solely responsible for the information in the report. The 
project partners have provided data and initial information, but are not in any way responsible for the 
content of this report. We would like to express our gratitude to our project partners.  

This project was funded by the Danish Council for Independent Research - Social Sciences. Project 
`Transportation issues related to waste management' [grant number 4182-00021]. This support is gratefully 
acknowledged. 

All experiments were run on ABACUS (https://abacus.deic.dk/). We are thankful for this opportunity. 

 

1.2. Underlying data 
For all areas except Frederiksberg, we have used the general waste and the paper fractions (when 
available). In order to obtain a more detailed separation into waste fractions, we have used information 
from Econet AS (2012) to obtain the composition of the waste into the five fractions (excluding paper), as 
can be seen in the following chart. 

For the Frederiksberg instances, we already had detailed data for a total of seven fractions and have used 
that information directly to generate instances.  

Furthermore, we have also used the so-called R-instances, where, for each edge, a random portion of each 
fraction is subtracted from that fraction and added to the general waste fraction. This represents a reduced 
ability of the citizens to sort the waste perfectly.  

 

https://abacus.deic.dk/
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In order to obtain test data of multiple sizes, the graphs are created for the full area, as well as for 
approximately 1/2, 1/4, and 1/8 of its size. For each graph, several vehicle sizes have been assigned in or 
der to create a larger variation in the instances. 

The data generation process is further explained in Kiilerich and Wøhlk (2018). 

Note that with this process, the smaller graphs in some of the areas are quite small, and some of the 
smallest vehicles are quite small. This is a consequence of needing the variation in instances for academic 
purposes. Therefore, when looking at the trends in the comparisons below, focus should be put on the 
larger instances in each area rather than the smaller. 

 

1.3. Technical details 
All data instances are solved with the algorithm presented in Zbib and Wøhlk (2017). The algorithm is 
designed jointly be the authors and is coded in C++ by Hani Zbib. The algorithm is a heuristic and hence it 
does not provide optimal solutions. We do, however, believe that the solution quality does not differ 
significantly across the different scenarios used in the analysis. 

All tests are run on ABACUS, which is a server having the following specifications: Lenovo NeXtScale nx360 
m5 server with two Intel E5-2680v3 CPUs each with 12 CPU cores and a total of 64 GB RAM. 
For each instance, the algorithm is run five times, each allowing a runtime of 1 minute per 100 nodes in the 
graph (slightly less than two hours for the largest instances), and we have used the best of the five results  
in the analysis. 

 

1.4. Assumptions 
In this section, we shortly summarize the main assumptions made in this report. 

• All results underlying the comparisons are obtained by a heuristic algorithm and are NOT the 
optimal routing costs. Hence, we are performing heuristic comparisons. 

• The smallest graphs in each area and the smallest vehicles used in some of the instances are small, 
and therefore, less focus should be given to these when analyzing the results.   

• All comparisons are done on kilometers driven to service each household once (over a two-week 
period) and NOT in monetary units. Though there is no one-to-one relationship between driven 
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kilometers and operations cost, we can assume that they are strongly correlated, and that driven 
kilometers and CO2 emissions from driving are correlated. 

• We also compare the number of routes needed in each scenario. These are the number of routes 
undertaken over the two-week period and hence, the number of vehicles needed can be obtained 
by dividing by ten working days. However, in relative terms this has no effect on the results. 

• As we do NOT compare the time usage, but only the kilometers and the number of routes, the 
analysis does not take into consideration: 

o The extra time needed to empty multi-compartment  bins or multiple bins compared to 
single compartment ones, 

o The time effect of having one or multiple workers on the waste truck. 
o The unloading time, which may be higher for multi-compartment vehicles than for single 

compartment ones. 
• In the algorithm, the length of the routes is only limited by the capacity of the vehicle. It does not 

take into account:  
o Any maximal time duration of a route 
o Any drivers rest rules 
o Any delays caused by traffic 
o Any upper bound on the number of streets that may be serviced (besides the natural 

consequence of capacity limits) 
• All routes start and end in a common depot. Any additional driving needed to transport different 

types of waste to different treatment facilities are not taken into account and thereby, we do not 
consider any type of cost for transferring some waste types from the waste collection vehicle to a 
truck in cases where this may be needed. 

• The analysis as based on an assumption that all waste is collected on a 2-week basis in all scenarios. 
The amounts are scaled to match this assumption, but we do not adjust to the fact that some 
fractions can be collected less frequently. 

• We have not used the same compression factor for all areas. The explanation for this lies in the fact 
that the multi-compartment instances were originally created (combinations of compartment sizes 
and compression factors) in such a way that the compartments would on average be filled equally 
fast. All other instances are created based on that. In the analysis, we discuss this matter when we 
find it relevant. 

In a decision making process, some of the above are important to take into consideration and this report 
should be seen as one piece of information to such a decision making process rather than giving the 
complete recommendation on what is best to do in different areas. However, we do believe that this type 
of analysis is an important input for the decision process. 
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2. Foundation of the analysis 
 

In this section, we present the different data sets that have been used in the analysis. 

 

2.1. Scenario 1 
Collection with multi-compartment vehicles with “optimal” partitioning of compartments. 

The data in Scenario 1 is the original multi-compartment data from Kiilerich and Wøhlk (2018) which is 
solved in Zbib and Wøhlk (2017). 

This data constitute four classes of data, which are based on the original separation of the waste that was 
performed in Kiilerich and Wøhlk (2018). The fractions of each set are summarized here: 

Set Number of fractions Fractions 
A 2 General_Glass_Metal_Plastic_Organic, Paper 
B 3 General_Organic, Glass_Metal_Plastic, Paper 
D 4 Glass_Metal_Plastic, General, Organic, Paper 
 

Note that each graph constitutes an instance in each of the sets and because the total waste in sets A, B, 
and D are the same with the only difference being in the way the waste is partitioned into separate bins or 
compartments of bins, we may compare across these instances. 

The set named C is treated below. 

 

2.1.1. Vehicles in Scenario 1 
 

In Kiilerich and Wøhlk (2018), two vehicles were assigned to each graph, and thereby giving two instances 
for each graph. In addition, the “failure to sort” effect (the creation of “R”-instances) provides two 
additional instances for each graph. 

The vehicles were designed and assigned to graphs in such a way that: 

- The total set of instances provided a broad spectra of characteristics regarding number of routes, 
length of routes, etc.  

- The volume of the compartments, after taking compression into consideration, reflects the balance 
between the amounts of each fraction in the graph. For example, given a graph with 103 units of 
fraction 1 and 20 units of fraction 2, the assigned vehicle would aim to have a balance of 5:1 rather 
than a vehicle with balance 5:3, for instance. This is done with the purpose of 

o Being able to analyze the effects also with “optimal” (or at least good) partitioning of the 
vehicle. 

o Obtaining academically interesting multi-compartment instances (if the vehicles are very 
unbalanced, the problems would in practice reduce to single compartment instances). 

- In order to be able to compare across the A, B, and D instances (e.g. across A, B, and D instances of 
a graph with pink vehicles), the total vehicle size across the three sets must be constant (20 m3 for 



6 
 

the pink vehicle). Furthermore, a fraction that exists in all three vehicles should have the same 
compression factor (2 for paper in the pink vehicles) and the general waste should have a constant 
compression factor (6 for the pink vehicle) even though we take some fractions away. Finally, 
compression factors should be as reasonable as possible.   

- In some instances, the small fraction (needing a small part of the vehicle) had one (or several) 
streets with quite a high demand. For this reason, the compartment has to be large enough to hold 
the amount of that fraction collected from that street. This results in unbalanced – particularly 
when the very small vehicles are used. 

- In order to somehow limit the number of vehicles designed in the original paper, the above rule 
was used approximately rather than strictly. 

- Finally, as the main purpose is academic studies, some vehicles are smaller than what would be 
used in real life (the smallest in all groups but the blue) and the largest blue vehicle is larger than 
what would be used in practice. The small vehicles are used in the smallest graphs which, as stated 
above, should not be given too much attention. 

Vehicles for set A: 

 

 

Vehicles for set B: 

 

Vehicles for set D: 

 

 

 

 

2.2. Scenario 2 
Collection with multi-compartment vehicles with standard partitioning of compartments. 

Knowing that an optimal partitioning of the vehicle is not always possible in practice with the current 
technology, we have – in scenario 2 – assigned standard vehicles to all instances in Set B. 

We have used exactly the same vehicle sizes and compression factors as in Scenario 1 and have only 
changed the partitioning of the vehicles into two compartments. 

1-4-A 1-3-A 1-2-A 1-1-A 2-3-A 2-2-A 2-1-A 3-4-A 3-3-A 3-2-A 3-1-A 4-3-A 4-2-A 4-1-A
Total size 40 31,3 26,1 21,8 20 16,8 12 35 26,4 16,6 12,3 20 17 11,3

general_organic_pla  Compartment 1 size 33,2 26 21,7 18,2 14 11,5 8,2 21,5 16,2 10,2 7,6 14 11,9 8
paper Compartment 2 size 6,8 5,3 4,4 3,6 6 5,3 3,8 13,5 10,2 6,4 4,7 6 5,1 3,3

Compression 1 5 5 5 5 6 6 6 5 5 5 5 6 6 6
Compression 2 3 3 3 3 2 2 2 2 2 2 2 5 5 5

1-4-B 1-3-B 1-2-B 1-1-B 2-3-B 2-2-B 2-1-B 3-4-B 3-3-B 3-2-B 3-1-B 4-3-B 4-2-B 4-1-B
B instances: 40 31,3 26,1 21,8 20 16,8 12 35 26,4 16,6 12,3 20 17 11,3

general_organic Compartment 1 size 26,5 20,7 16,8 13,6 7,6 6,4 4,5 13,4 10 6,4 4,7 7,9 6,7 4,2
metal_plastic_glassCompartment 2 size 7,7 6 5,2 5,2 7,6 6,4 4,5 10,8 8,2 5,1 3,8 7,9 6,7 4,2
paper Compartment 3 size 5,8 4,6 4,1 3 4,8 4 3 10,8 8,2 5,1 3,8 4,2 3,6 2,9

Compression 1 5 5 5 5 6 6 6 5 5 5 5 6 6 6
Compression 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Compression 3 3 3 3 3 2 2 2 2 2 2 2 5 5 5

1-4-D 1-3-D 1-2-D 1-1-D 2-3-D 2-2-D 2-1-D 3-4-D 3-3-D 3-2-D 3-1-D 4-3-D 4-2-D 4-1-D
D instances: 40,0 31,3 26,1 21,8 20,0 16,8 12,0 35 26,4 16,6 12,3 20 17 11,3

glass_metal_plasticCompartment 1 size 7 5,4 5,2 4 5,7 4,8 3,6 8,6 6,5 4,1 3 5,8 4,8 3,2
general Compartment 2 size 23,9 18 14,1 11,9 4,7 3,9 3 8,5 6,4 4,1 3 4,8 4 2,6
organic Compartment 3 size 3,7 3,7 3 2,5 6,1 5,1 3,9 9,3 7 4,5 3,3 6,2 5,2 3,5
paper Compartment 4 size 5,4 4,2 3,8 3,4 3,5 3 1,5 8,6 6,5 3,9 3 3,2 3 2

Compression 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Compression 2 5 5 5 5 6 6 6 5 5 5 5 6 6 6
Compression 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Compression 4 3 3 3 3 2 2 2 2 2 2 2 5 5 5
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We have: 

• Set FF: Vehicles are partitioned with 50% for General_Glass_Metal_Plastic_Organic, and 50% for 
Paper. 

• Set SF: Vehicles are partitioned with 60% for General_Glass_Metal_Plastic_Organic, and 40% for 
Paper. 

Note that we only created these vehicles for the B instances (2 compartments). 

 

2.3. Scenario 3 
Collection of mixed waste by single compartment vehicles (with the purpose of incineration).  

Set BURN resembles the situation where all the waste fractions are mixed and collected by single 
compartment vehicles with a high compression factor. Because the compression factor is high, the waste 
cannot be sorted subsequently. Hence, the natural consequence is to send the waste to incineration. Even 
though the option of not recycling resources is not a fair option in the modern world, we find this scenario 
interesting as it will allow us to investigate the additional cost incurred by the mere fact that we have to 
sort for recycling.   

The vehicles used in Set BURN have the same total sizes as those in Scenario 1 and the compression factors 
of the vehicles is the same as the ones used for the general waste in those instances (the high compression 
factor of 5 or 6, depending on the vehicle).  

Because the total amount of waste is constant across sets A, B, and D in Scenario 1, Scenario 3 only 
contains one common set of instances (set BURN), which is directly comparable to the instances of both A, 
B, and D.  

2.4. Scenario 4 
Collection of mixed waste by single compartment vehicles with low compression (subsequent sorting). 

Set SORT resembles the situation where all the waste fractions are mixed and are being collected by single 
compartment vehicles with a low compression factor (we have used 2 for all vehicles). This is relevant in 
situations where the waste fractions are sorted into bags of different colors which are then placed is a joint 
bin. After collection, the bags containing the different fractions can then be separated by use of optical 
sorting. Hence, this scenario simulates the collect, then sort situation, opposed to Scenario 1, which 
simulates Sort, then collect. 

The vehicles used in Set SORT are the same as in Set BURN, just with a low compression factor. 

 

2.5. Scenario 5 
Collection of fractions separately by single compartment vehicles. 

Set SEP contains, for each fraction (and each mix of fractions) considered in one of the sets A, B, C, and D, a 
set of instances where only that fraction is being collected. Again, the collection is done by single 
compartment vehicles of the same size as the corresponding multi-compartment  vehicle and the same 
compression factor as was used for that particular fraction in the A, B, C, and D instances. 
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The following table provides an overview of the sets created as well as the set in Scenario 1 (and 6 as 
regards to set C) it corresponds to. For instance, Set A contains two fractions 
(General_Glass_Metal_Plastic_Organic, and Paper). In Set SEP, we create two sets based on that: Set MI 
containing the fraction General_Glass_Metal_Plastic_Organic, and Set PA containing the fraction Paper. 
The Set PA is also used in Sets B, C, and D. of Scenario 1 (and 6). 

 

 
Set 

 
Fractions 

Related to set 
A B D 

MI General_Glass_Metal_Plastic_Organic X   
GO General_Organic  X  
GE General   X 
OR Organic   X 
PA Paper X X X 
RE Glass_Metal_Plastic  X X 

 

These sets are used when we collect a given set of fractions (for example 
General_Glass_Metal_Plastic_Organic, and Paper as in Set A) and want to study the effect of collecting 
these by multi-compartment  vehicles (as in Set A) or collecting the two fractions each with their single 
compartment vehicle. 

 

2.6. Scenario 6 
Collection of resources with multi-compartment vehicles with “optimal” partitioning of compartments. 

This data is also from the original multi-compartment data from Kiilerich and Wøhlk (2018) which is solved 
in Zbib and Wøhlk (2017). 

Set C contains only the part of the waste that is sometimes referred to as “resources” and can therefore 
not be compared directly to A, B, and D. It is created in the same way. 

Set Number of fractions Fractions 
C 4 Paper, Glass, Plastic, Metal 
 

Vehicles for Set C are created in the same way as described in Scenario 1, with the one exception that we 
did not need to perform any adjustment across sets for these vehicles as we did in the case of sets A, B, and 
D. Because the waste amounts are significantly smaller in these instances, some of the vehicles are quite 
small.  

 

 

C instances: 5-3-C 5-2-C 5-1-C 6-2-C 6-1-C 7-2-C 7-1-C 8-2-C 8-1-C
32,8 21,9 11,00 20,7 10,3 17,5 9,1 26,1 13,0

paper Compartment 1 size 14,1 9,4 4,7 4,8 2,4 6,8 3,4 9,4 4,7
glass Compartment 2 size 6,6 4,4 2,2 2,1 1 2,1 1,1 2,1 1,1
plastic Compartment 3 size 6,7 4,5 2,3 9,4 4,7 5,5 3 10,6 5,2
metal Compartment 4 size 5,4 3,6 1,8 4,4 2,2 3,1 1,6 4 2

Compression 1 4 4 4 6 6 5 5 5 5
Compression 2 2 2 2 2 2 1 1 2 2
Compression 3 3 3 3 3 3 3 3 3 3
Compression 4 3 3 3 3 3 2 2 3 3
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2.7. Scenario 7 
Collection of mixed resources by single compartment vehicles with low compression (subsequent sorting). 

Set SORT-C is exactly like Set SORT, just based on Set C. It can be used to evaluate if the resources are 
better collected by multi-compartment vehicles (Set C) or by collected for subsequent sorting (Set SORT-C). 

 

2.8. Scenario 8 
Collection of resources separately by single compartment vehicles  

Set SEP-C is created exactly like Set SEP, just based on Set C. The only difference being the sizes of the 
vehicles and the selection of fractions. The following table provides and overview: 

 

 
Set 

 
Fractions 

Related to set 
C 

PA-C Paper X 
GL Glass X 
ME Metal X 
PL Plastic X 

 

 

 

2.9. The boring details regarding data 
 

When creating the SORT set, there were seven instances where the vehicle capacity after compression 
ended up slightly smaller than the largest demand. We therefore had to adjust the vehicle capacity slightly 
in these instances. The adjustment is only made in the SORT instances, and we believe that it is insignificant 
in relation to the comparison. For one instance, the adjustment was not meaningful, as the resulting vehicle 
would have the same size as another vehicle used. The following table shows the adjustments made to the 
SORT set.  

  Old capacity Compression Largest New capacity 

F1 1-2-A 26100 2 55700 27900 

R_F1 1-2-A 26100 2 53382 26700 

F10 1-1-A 21800 2 55700 Delete instance 

F10 1-2-A 26100 2 55700 27900 

R_F10 1-1-A 21800 2 51535 25800 

S1 2-1-A 12000 2 24014 12010 

R_S1 2-1-A 12000 2 24014 12010 
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3. Analysis 
 

In this section, we analyze the results obtained by running the algorithm in Zbib and Wøhlk (2017) on all 
data instances. 

The interesting focus in the analysis is NOT on the specific cost of a given scenario, but rather its relative 
cost. Hence, all results are presented as percentage (how much more is Y compared to X). Furthermore, 
when we use the term cost, we indirectly mean “distance driven” and we combine this with the number of 
routes (also, in relative terms). 

Before going through the analysis in the following sections, we provide here an overview. Scenario 
numbers are given in []. 

1. Incinerate or recycle: By comparing Set BURN to sets A, B, and D (or even to SORT or SEP), we can 
study the relative cost of being able to recycle rather than simply incinerate everything. 

2. By comparing set SEP to sets A, B, and D, we can compare collecting by multi-compartment  
vehicles to collection each fraction by individual vehicles (a similar analysis is obtained by 
comparing SEP-C [8] to C [6]). 

3. By comparing SORT [4] to either A, B, and D [1] or to SEP [5], we can compare the strategies Collect, 
then sort (SORT) and Sort, then collect.  (a similar analysis is obtained by comparing SORT-C to set C) 

4. By comparing set B to sets FF and SF, we can study the benefits of being able to partition two 
compartment vehicles optimally.   

 

An interesting analysis also lies in comparing GO [5] + C [6] to A, B, and D [1 ] as this is an alternative way of 
separating the total amount of waste into different fractions. Be aware though, that the vehicles used in set 
C are not standardized to match the other vehicles and therefor such a comparison is not possible.  

 

All plots are sorted by area in the order: F, K, N, O, S. Within each area, the largest graph is to the left. We 
will base our conclusions on the largest (left most) instances of each group.  

 

3.1. Collect to burn or collect to recycle 
In this section, we analyze the additional cost incurred by the fact that there is a need to recycle. We do this 
by using Set BURN as our base case and study the increased number of kilometers and number of vehicles 
needed, as percentage, in Sets A, B, and D. Hence, in this analysis, we compare collect to incinerate to sort 
and collect using multi-compartment vehicles. 

The results are illustrated in the below plots. Each data point (here illustrated with set A) is determined as 
100*(cost(A)-cost(BURN))/cost(BURN). The data in the plots is sorted by area (F, K, N, O, S) and within each 
area, the left (right) most point is the largest (smallest) instance. Remember that most focus should be 
placed on the larger instances in each set.  

In the first row, we show the increased kilometers needed to collect the sorted fractions (A, B, and D) 
compared to collecting everything in a mix for incineration (BURN), and the second row gives the same 
information for the number of routes. As we move to the right of the table, the degree of sorting increases: 
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In the first column, only paper and general waste is collected (A), in the middle column, 3 fractions are 
collected (B), and in the last column, 4 fractions are collected (D). 

 

   

   
 

The first thing to notice is that the direction of the results is clear: It requires more driving and more routes 
to collect the sorted material. When considering driving distance, an additional 10-25% are required to 
collect two fractions (paper and general waste). This increases when we increase the number of fractions 
and attaint 40-70% when four sorted fractions are collected jointly. We also observe a significant increase 
in the number of routes when the degree of sorting is increased. 

The nature of these results can be explained by two facts: 

1. When sorting, and when increasing the degree of sorting, a larger portion of the fractions are 
collected in compartments with low compression factor (1, 2, or 3) compared to the general waste 
collected for incineration, which is compressed by a factor 5 or 6 in our data. Hence, the total 
volume after compression becomes larger.  

2. As the vehicle’s compartments become smaller, it becomes more difficult to pack the waste from 
the different street segments, and as a result, more empty space is transported. 

Because the data is using slightly different compression factors, it is important to check if the differences 
observed across the areas originate from geographical reasons or from the differences in compression 
factors in the underlying data. We do this in the following plots, where the results are plotted in the same 
order as above, but the colors relate to compression factors. The plots only show travel distance and the 
order is still F, K, N, O, S. 
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Consider the first plot, where BURN is compared to A. The orange points are those where the compression 
factor for the additional fraction is decreased most (from 6 to 2) with a factor 0.33, then grey with a factor 
0.4, blue with a factor 0.6, and finally, the decrease is smallest for the yellow points with a factor 0.83 (from 
6 to 5).  

Therefore, we will expect that the explaining factor related to compression factor will cause the percentage 
increase in distances to be highest for the orange points, then grey, blue, and smallest for the yellow. This is 
indeed the case when excluding the blue points, which relate to area F. Hence, The differences observed 
are most likely related to the different compression factors rather than geography. In other words: We do 
not observe any differences between area O (city with suburbs) and sets K, N, and S (rural) apart from what 
can be explained by a change in compression factor. 

For set F (the blue points), we would have expected the points to be between the yellow and grey points. 
However, the increase is smaller than expected. We cannot explain this by a more difficult packing, and 
therefore tend to believe that the explanation can be either in the fact that these instances are very urban 
by nature (central Copenhagen), or possibly by the fact that these smaller instances may have affected our 
algorithm differently. 

As the compression factors are more complex when increasing the number of compartments, we cannot 
rank the colors simply as in the middle and rightmost plots, but the tendencies are similar. 

We conclude that an increased degree of sorting increases both routing distance and the number of routes 
quite significantly, and that the main explaining factor is the change in compression factor of the different 
fractions after sorting compared to the compression factor of the mixed general waste.  

 

3.2. Co-collection 
In this section, we analyze the cost (in terms of driving distance and number of routes) of collecting a given 
number of sorted fractions by single compartment vehicles (each fraction is collected separately) compared 
to collecting the same fractions by multi-compartment vehicles (one compartment for each fraction). We 
do this by comparing set SEP to A, B, and D.  

In the plots below, we show for each instance (here using SEP vs A as example), 100*(cost(SEP-MI) + 
cost(SEP-PA)-cost(A))/cost(A), where cost represents driving distance in the two top plots, and number of 
routes in the two bottom plots. Intuitively, this is the percent increase in cost for collection by separate 
vehicles relative to collection by multi-compartment vehicles. Hence, positive percentages indicate that 
separate collection is more expensive (measured as driving distance and number of routes).  

The results are plotted by area (ordered F, K, N, O, and S) indicated by colors, and, within each area, the 
largest instances is first. Note that the same compression factors are used across these sets, so there is no 
additional effect to take into consideration. 

 



13 
 

   

   
 

The results show quite a clear picture: If two fractions are collected, it requires approximately 20% (or even 
up to 40%) more driving to collect the fractions separately (recall that the small instances should have less 
focus). With three fractions, the increase is even higher (30-60%) and with four fractions, higher yet. 
However, when considering instead the number of routes used for separated collection, they are generally 
less or unchanged compared to the number used for collection with multi-compartment vehicles. This is 
probably due to the fact that the single compartment vehicles can be packed better. 

The above analysis is performed with multi-compartment vehicles where the relative size of the 
compartments are adjusted to match the instances. If instead one has to rely on the standard partitionings 
of vehicles, the results shift. This is shown below, with 50/50 vehicles to the left and 60/40 to the right.   

  

  
 

We observe that when the multi-compartment vehicles are not partitioned in a desirable way (worst for 
50/50), the benefits of co-collection decreases. For one area (F), the picture actually shifts with that 
separate collection becomes more beneficial. This is due to the fact that the desired partitioning between 
the two fractions in these instances are 83/17. Hence, collection by 50/50-vehicles result in so poor packing 
that single compartment collection is more attractive. 
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The same kind of analysis can be made based on the four types of resources: paper, plastic, glass, and 
metal using the sets SEP-C and C. This is done in the following plot, which shows results that are very 
comparable to the ones obtained for the 4-fraction instances above.  

 

 

3.3. Collect and Sort versus Sort and Collect 
A major strategic question when designing a collection system where several fractions shall be separated 
are whether the fractions shall be sorted at the households and then collected (set A, B, D or set SEP) or 
whether the material shall be collected in a mix but with low compression factor such that it can be sorted 
centrally (set SORT). In this section, we compare these two scenarios.   

In the plots below, we show for each instance (here using SORT vs A as example), 100*(cost(SORT)-
cost(A))/cost(A), where cost represents driving distance in the two top plots and the number of routes in 
the two bottom plots. Hence, the plots show how much more expensive it is (in percentage, and measured 
by driving distance and number of routes) to collect, and then sort, compared to sorting and collecting by 
multi-compartment  vehicles. Positive values indicate that the former is more expensive. 

The results are plotted by area (ordered F, K, N, O, and S) indicated by colors, and, within each area, the 
largest instance is first. 
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Consider the leftmost plots, collecting two fractions. From these results, it is clear that it requires 
significantly more driving (40-60%) and significantly more routes to collect for subsequent sorting than to 
collect the sorted fractions in 2-compartment vehicles. The reason can be found in the fact that when 
fractions are collected in separate compartments, we can use a high compression factor (5 or 6) for general 
waste, whereas when collecting for subsequent sorting we only use a compression factor of 2 (to be able to 
sort the collected material).  

Recall, that general waste is the majority of the waste: Approximately 62% for the O and the smallest S 
instances, approximately 70% for the K, N, and large S instances, and approximately 83% for the F 
instances. Hence, it is the majority of the waste that are being compressed less in the SORT scenario. This 
also explains why the F instances tend to show an even larger difference between the two scenarios. The 
only explanation we can find for the largest F and N instances, which are showing a higher difference for 
the routing, is that the depot location in these instances lies quite isolated on the boundary of the graph in 
comparison with the rest of the instances where the depot is more centrally located, which impacts the 
driving distance negatively when additional routes are needed. 

Note that the effect of less compression is more notable on the number of routes than on the driving 
because the need for additional routes is directly linked to the volume after compression, whereas the 
routing can still be performed somewhat well, even though each route can collect waste from fewer street 
segments.       

Considering the middle and rightmost plots, we note that the increased driving and the number of routes 
needed for collect-then-sort becomes smaller as the number of different fractions increases. The 
explanation for this effect is that in the B and D instances, a larger part of the waste is already compressed 
by a low factor. It is interesting to see that when collecting four fractions, the number of routes is very 
similar in the two scenarios.    

The following plots are created in the same way, but now show the comparison against the 2-compartment 
vehicles with standard partitioning of the compartments. We see here, that the increase in driving and 
number of routes is smaller than for the 2-fraction case (leftmost) above. This can be explained by the fact 
that the 2-compartment vehicles are utilized less efficiently here, and therefore already absorb part of the 
increase.    
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The same kind of analysis can be made based on the four types of resources: paper, plastic, glass, and 
metal using the sets C and SORT-C. This is done in the following plot, where for each area, we state the 
compression factor of the SORT-C instances as well as the four compression factors used in the 4-
compartment vehicles of the C instances. 

 

 

Again, we note that the SORT-C instances result in an increased driving compared to the multi-
compartment ones. Note here, that the peek observed for the largest graph of the N area originates from 
the fact that an extra low compression factor is used for this part of the SORT-C instances, combined with 
the fact that the start and end depot for the routes is on the boundary of the graph. 

 

 

3.4. Optimal partitioning of Multi-Compartment Vehicles  
The multi-compartment vehicles used in sets A, B, C, and D are created and assigned to areas in such a way 
that the partitioning of the vehicles into compartments reflects the balance between the waste fractions. 
We refer to this as the calculated partitioning. In sets FF and SF, we have partitioned the 2-compartment 
vehicles in sizes 50/50 and 60/40, respectively. These are the standard partitioning of 2-compartment 
vehicles, and in this section, we analyze the effect of the calculated partitioning compared to each of these 
two standard partitionings.    

In the plots below, we show for each instance, 100*(cost(FF)-cost(A))/cost(A), and similarly with SF, where 
cost represents driving distance in the two top plots and number of routes in the two bottom plots. The 
results are plotted by area (ordered F, K, N, O, and S) and, within each area, the largest instance is first. 

The color in the plots represents the fraction of the total vehicle capacity contained in the smaller of the 
two compartments, i.e. the blue represents a 17/83-partitioning of the vehicle. In each area (except S), the 
same partitioning is used for all instances. Hence, the colors also show the areas. Area S contains both the 
grey and the rightmost yellow points. 
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For all points but the blue, we observe a small increase in both driving distance (5-10%), and the number of 
routes (10-20%) by using a 50/50-partitioning rather than the calculated one. The effect vanishes when a 
60/40-partitioning is used, which is closer to the calculated one. Furthermore, for the F instances where the 
calculated partitioning is very skewed, the impact is stronger. 

We conclude that using a non-perfect partitioning of the vehicle is not a large problem, but when the 
partitioning diverges for more than 10 percentage points from the calculated one, it does impact both the 
driving distance and the number of routes quite significantly. 

 

4. Conclusions 
Here, we summarize our findings. We find that: 

• An increased degree of sorting increases both driving distance and the number of routes needed. 
Compared to collecting all waste for incineration, an additional 10-25% driving is done when two 
fractions (paper and general waste) are collected separately by 2-compartment vehicles. The 
number increases to 30-50% when three fractions (paper, glass_metal_plastic, and remaining 
waste) are collected by 3-compartment vehicles, and to 40-70% when four fractions (paper, 
glass_metal_plastic, organic, and remaining waste) are collected by 4-compartment vehicles. 

• Given the fractions to be collected from each household, approximately 20% more driving is added 
to collect the waste by separate single compartment vehicles compared to collection by multi-
compartment vehicles for 2 fractions, 30-60% for 3 fractions, and even more for 4 fractions. These 
numbers assume that the compartment partitioning of the vehicles matches the waste 
composition. If the compartment partitioning is skewed compared to the waste composition, multi-
compartment collection requires extra driving, and thereby the separate collection is not as worse 
as it used to be, relatively to multi-compartment collection. The only situation where we have 
observed the separate collection requiring less driving than multi-compartment collection is the 
case where the skewness is as high at 83/17 vs 50/50. However, we generally observe that the 
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single compartment collection requires approximately 10% fewer routes than multi-compartment 
collection. 

• Given the fractions we need to end with after the complete process, it requires 40-60% more 
driving and up to twice as many routes to collect the waste in a mix with low compression factor 
and perform subsequent sorting than collecting the sorted waste at the households by multi-
compartment vehicles for two waste fractions. The extra driving decreases to 20-30% for three 
fractions and 5-20% for four. The need for additional routes also decreases significantly as we edge 
closer to 4 waste fractions.  

• The ability to partition multi-compartment vehicles in a way that matches the composition of the 
waste is quite important. We have observed a 5-10% increased driving and a 10-20% increase in the 
number of routes when the compartment partitioning is skewed compared to the waste 
composition. 

 

 

The main drivers for the increase observed in driving distance and in number of routes are: 

• Differences in compression factors, which changes the volumes to be collected after compression 
significantly. 

• Poor packing of the vehicles, particularly due to the vehicles’ compartment partitioning being 
skewed compared to the waste composition. 
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