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1. Project scope and goals
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Scope:
Collection of non-recoverable waste in Swiss 
municipalities

• Current state: curbside system with rear-
loaded trucks causes high fuel consumption, 
emissions and noise

• Future: improve waste collection process by 
designing efficient and sustainable 
strategies

Source: Schwendimann AG
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1. Project scope and goals
Goals:

1. Develop innovative waste collection concepts
o modern, electric vehicles
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Source: Kyburz Switzerland AG
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1. Project scope and goals
Goals:

1. Develop innovative waste collection concepts
o modern, electric vehicles

o containers with compressors
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Source: System-Alpenluft AG
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1. Project scope and goals
Goals:

1. Develop innovative waste collection concepts
o modern, electric vehicles
o containers with compressors
o multi-stage system with intermediate depots or 

synchronization
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waste depot

small agile vehicle

high capacity trucks



UNIVERSITY OF FRIBOURG

1. Project scope and goals
Goals:

1. Develop innovative waste collection concepts
o modern, electric vehicles
o containers with compressors
o multi-stage system with intermediate depots or 

synchronization

2. Develop mathematical models and optimization 
algorithms
o optimally design a waste collection concept for a given 

municipality
o generate key figures, such as energy requirements or 

financial costs, to support decision-making process
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Concept

Municipality
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2. Current state of the project
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Data processing
1. Original street network from Open Street Map

Instance (a small section of a municipality):
37 nodes
90 edges
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2. Current state of the project
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Data processing
1. Original street network from Open Street Map
2. Add nodes for all possible collection points (white)
3. Add household nodes (gray) and connect each with 

closest (Euclidean dist.) node on street
4. Estimation of waste production based on

o number of inhabitants (data from BFS)
o machine learning of video recordings

Instance (a small section of a municipality):
133 nodes
548 edges

In example, max. distance between 
two collection points £ 50 meters

Source: David Jenni, master's thesis, Hochschule Luzern
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2. Current state of the project
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Characteristics of the problem

• Homogenous fleet with given capacity at the vehicle 
depot (black)

• Waste depot (black square) connected with closest 
(Euclidean dist.) street node

• Estimated waste production at household nodes (gray) 

based on number of inhabitants
• Fixed maximum walking distance for households to bring 

their waste
• Opening costs for each possible collection point (white)

• Travel costs for walking distances and collection route 

distances

Simple waste collection problem (single-level concept)
Represented by a fictive node 

(typically at a larger distance)

In example max. walking 

distance = 150 meters
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2. Current state of the project
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To determine:

Simple waste collection problem (single-level concept)
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2. Current state of the project
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To determine:
1. Determine open waste collection points (red points)

Simple waste collection problem (single-level concept)
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2. Current state of the project
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To determine:
1. Determine open waste collection points (red points)
2. Assign households to closest open collection point (red lines)

Simple waste collection problem (single-level concept)
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Illustrated as direct lines and open towards waste depot
(length: shortest distance on street network)

2. Current state of the project
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To determine:
1. Determine open waste collection points (red points)
2. Assign households to closest open collection point (red lines)
3. Determine collection routes (green arrows)

Simple waste collection problem (single-level concept)
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3. A first MILP model
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Waste production at households: pv for v 2 V house (gray)
<latexit sha1_base64="pJ++ed0jx2Ar94ggJLPEU1t8EIQ="></latexit>

Opening cost at street nodes: copenw for w 2 V street
(white)

<latexit sha1_base64="kA9WIfBsAurkTtJ4r3tCqFiJCq4="></latexit>

Travel cost as function of length of shortest path from v to w in G: ctravvw =
f(lvw)

<latexit sha1_base64="hvWMCp5eWoqxhWT72sA/rX5Xvts="></latexit>

Waste depot �2 2 V
<latexit sha1_base64="iA0mgIPRUaFmBc1eZYedMrVo3hA=">AAACB3icbVA9SwNBEN2LXzF+RS0FWUwEq3AXCy0DNpYRzAfkQtjbTJIle3vH7pwQjnQ2/hUbC0Vs/Qt2/hs3yRWa+GDg8d4MM/OCWAqDrvvt5NbWNza38tuFnd29/YPi4VHTRInm0OCRjHQ7YAakUNBAgRLasQYWBhJawfhm5rceQBsRqXucxNAN2VCJgeAMrdQrnraYQaB9iCOkZd+IYch6aXVKfaFos9wrltyKOwddJV5GSiRDvVf88vsRT0JQyCUzpuO5MXZTplFwCdOCnxiIGR+zIXQsVSwE003nf0zpuVX6dBBpWwrpXP09kbLQmEkY2M6Q4cgsezPxP6+T4OC6mwoVJwiKLxYNEkkxorNQaF9o4CgnljCuhb2V8hHTjKONrmBD8JZfXiXNasW7rFTvqqWam8WRJyfkjFwQj1yRGrklddIgnDySZ/JK3pwn58V5dz4WrTknmzkmf+B8/gA5Tpgu</latexit>

Vehicle depot �1 2 V with homogenous fleet and given load capacity k per
vehicle

<latexit sha1_base64="HdPFfFZ+N4uSc+fnTStt7jsW/K0="></latexit>

Fixed maximum walking distance: d
A neighbourhood N(v, d) = {w 2 V street : lvw  d} for v 2 V house such that

the shortest walking distance from v to w on street network is at most d
<latexit sha1_base64="MnykD8g/wXQyHu4Ljir2dRl3PkI="></latexit>
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Objectives of the simple waste collection problem:
1. :
2. :

3. :

Binary variables:

Other variables:

Find a set of routes to collect the total waste at each node w 2 V coll.
<latexit sha1_base64="16mijFYsQtkCYUM64/ZFq5YWg6s="></latexit>

3. A first MILP model
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Assign each node v 2 V house to exactly one collection point w 2 N(v, d) \
V coll, such that w is the closest open point to v.

<latexit sha1_base64="JdftpgIS/ngD3uNpGd3gQEygf5k="></latexit>

xvw indicating if an arc is traversed by a vehicle
yw defines if the node w 2 V street is a collection point
zvw indicates if node v 2 V house is assigned to node w 2 V street

<latexit sha1_base64="vImnoywJeuJ0GrhtCCbUMGj/q9w="></latexit>
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3. A first MILP model

EFFICIENT AND SUSTAINABLE WASTE COLLECTION 17

• minimize opening, assignment and travelling costs 
s.t.

• each household has to be assigned to exactly one street node

• the total waste amount at a collection point is the sum of the 
waste of the assigned households, linking variables z with g 

• a collection point must be open, if it has a positive waste amount, 
linking variables g with y

• defines the walking distance to the assigned collection point, 
linking variables z with α

• the walking distance must be minimal when looking at the open 
collection points in the neighborhood, M: large constant

• the routes start and end at the waste depot and have to visit the 
vehicle depot once (at beginning and end of the collection)

• all collection points must be visited exactly once

• same number of incoming and outgoing arcs used by the vehicle

• prevents sub-tours by defining the load on the vehicle (similar to 
Miller-Tucker-Zemlin TSP formulation)

X

w2N(v,d)

zvw = 1, for all v 2 V house

<latexit sha1_base64="eP5DEPX1pebaHWNFiVxKohW2LCA="></latexit>

X

v2V house

pv ⇤ zvw = gw, for all w 2 V street

<latexit sha1_base64="upxzybQSAZhtFDoZO1P+WTELgl8="></latexit>

gw  yw ⇤ k, for all w 2 V street
<latexit sha1_base64="82cncacuri9JWgER3a5WZpMUgTI="></latexit>

X

w2N(v,d)

ctravvw ⇤ zvw = ↵min
v for all v 2 V house

<latexit sha1_base64="40WBdxG+Tb4ItvMsMS8b156jx3w="></latexit>

↵min
v  ctravvw + (1� yw) ⇤M for all v 2 V house, w 2 N(v, d)

<latexit sha1_base64="KB89v211cG7wEg5NsprKuS608io="></latexit>

X

v2V

xvw = yw, for all w 2 V street

<latexit sha1_base64="uPJnQG0qfoa/rnONnbhD0DUrRI0="></latexit>

X

w2V :{vw}2A

xvw =
X

w2V :{wv}2A

xwv, for all v 2 V street

<latexit sha1_base64="ixSBBrk05xUooGMeutl3qiVhnno="></latexit>

X

w2V street:{�1,w}2A

x�1,w = 1,

<latexit sha1_base64="8T0uwJvvLg0+H1dePOYs1+OnbNY="></latexit>

X

v2V street:{v,�2}2A

xv,�2 = f,

<latexit sha1_base64="Zs3KkAfhGvmXRWTNkHjw0DOfgS8="></latexit>

x�2,�1 = 1
<latexit sha1_base64="471/euIMYxaqP9r4/zwfR0spZLo=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMGiuJAyMwq6EQpuXFawF2iHIZOmbWiSGZKMWIbZufFV3LhQxK2v4M63MW1H0NYfAh//OYeT84cxo0o7zpdVWFhcWl4prpbW1jc2t+ztnYaKEolJHUcskq0QKcKoIHVNNSOtWBLEQ0aa4fBqXG/eEaloJG71KCY+R31BexQjbazA3r8P0o6ifY6C1MtOftDNMnh0Cd3ALjsVZyI4D24OZZCrFtifnW6EE06Exgwp1XadWPspkppiRrJSJ1EkRniI+qRtUCBOlJ9O7sjgoXG6sBdJ84SGE/f3RIq4UiMemk6O9EDN1sbmf7V2onsXfkpFnGgi8HRRL2FQR3AcCuxSSbBmIwMIS2r+CvEASYS1ia5kQnBnT56HhldxTyvezVm56uVxFMEeOADHwAXnoAquQQ3UAQYP4Am8gFfr0Xq23qz3aWvBymd2wR9ZH9/FU5iF</latexit>

lv  k, for all v 2 V street
<latexit sha1_base64="8/0SJjZxWPEu+pA08gByjUkX8Fk="></latexit>

l1 = l2 = 0
<latexit sha1_base64="cZvQhamhlBi1mVFVTPAwwiv8Bas=">AAAB+nicbVC7SgNBFL0bNcb42mhpMxgEq7C7FtoIARvLBMwDkiXMTmaTIbMPZmaVsOYjbOxsLAxi61dY2ok/42ySQhMPDPdwzr3cO8eLOZPKsr6M3Nr6Rn6zsFXc3tnd2zdLB00ZJYLQBol4JNoelpSzkDYUU5y2Y0Fx4HHa8kZXmd+6pUKyKLxR45i6AR6EzGcEKy31zBLvpfYEXSJdnaxaPbNsVawZ0CqxF6Rczde/Px4fprWe+dntRyQJaKgIx1J2bCtWboqFYoTTSbGbSBpjMsID2tE0xAGVbjo7fYJOtNJHfiT0CxWaqb8nUhxIOQ483RlgNZTLXib+53US5V+4KQvjRNGQzBf5CUcqQlkOqM8EJYqPNcFEMH0rIkMsMFE6raIOwV7+8ippOhX7rOLUdRoOzFGAIziGU7DhHKpwDTVoAIE7eIIXmBr3xrPxarzNW3PGYuYQ/sB4/wE90ZZi</latexit>

lw � lv � gw � (1� xv,w) ⇤ k, for all {v, w} 2 A
<latexit sha1_base64="QLWzTzCw1ZUbCnIKroFaNhEmw38="></latexit>
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3. A first MILP model
Application

• given the instance of a small section of a municipality with simple cost functions

• what are the consequences of different maximum walking distances?
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max walking distance d = 150 meters max walking distance d = 2 meters



UNIVERSITY OF FRIBOURG

Municipality

instance of a small section 
of the municipality

3. A first MILP model
Application

• large problem size, number of variables increases rapidly

• long run time to find optimal solutions

à alternative solution methods necessary to solve larger 
problems with instances of complete municipalities

à develop heuristics and decomposition approaches

EFFICIENT AND SUSTAINABLE WASTE COLLECTION 19
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4. Conclusion and future work
Conclusion:
Improve waste collection process by designing efficient and sustainable strategies:
• develop innovative waste collection concepts
• develop mathematical models and optimization algorithms to optimally design a concept for a given 

municipality

Future work:
• develop optimization algorithms to solve practically relevant, large scale instances
• develop optimization models and algorithms for multi-level collection concepts
• create decision support tool with key figures for municipalities to choose the waste collection concept 

best suited for them
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