
Group 10



 Waste collection is significant
◦ Increasingly evident problem

 Population growth

 Urbanization

◦ Influence over broader urban management

 Economic: cost-efficient services

 Administrative: disposal frequencies, taxes

 Social&Environmental: direct consequences

 Optimization yields substantial advantages



 Optimization for Networked Data in 
Environmental Urban Waste Collection
(ONDE-UWC)
◦ Yields a solution
◦ Funded by the Regional Council of Piedmont
◦ Applied in Turin, Italy

 GUEST OR
◦ Defines project management steps
◦ Lean business methodology
◦ OR-customized version of GUEST methodology
◦ Originated from Politecnico di Torino



1. ONDE-UWC: flexibility in waste management

2. GUEST OR in project management and 
development

3. Addressing the «disjunction»



 No fixed disposal frequencies – dynamic 
schedules
◦ Historical data

◦ On-vehicle weight systems

◦ Network of sensors 

 All these are incorporated into a 
mathematical heuristic optimization 
algorithm



 Different stakeholders with different issues

 Multiple-actor conplex system (MACS)

 Defining a waste collection scenario as such



 Business solutions v. Technical solutions

 Difficulty to communicate results to 
nontechnical stakeholders

 A comprehensive framework of 
implementation will be presented in this 
paper.





 Waste management involves decisions:
◦ Strategic: technologies, locations

◦ Tactical: fleets, weekly schedules

◦ Operational: vehicle routing and scheduling

 Waste collection problems require multiple 
frameworks

 Predetermined set of dumpsters

 Districts require benchmarks for service 
levels and frequencies to be met



Waste Management in Urban Areas: A Multiple-
Actor Complex System

GUEST methodology aims to implement a project 
correctly and develop a solution by always considering 
the stakeholder requirements. 



 MACS of Waste
Management:

-Cidiu S.p.A Management: 
-Responsible for waste-
collection service. 
-10 municipalities
- Information flow from and

to stakeholders such as 
local administrators. 

- Normative relationship
with stakeholders, 
business relation with
technical management of 
Cidiu.



- Cidiu S.p.A Technical 
Management:

-Chief Operating 
Officer(COO) and Team 
Leaders

-Weekly operations of 
services. Routes, shifts, 
disposal activities

-Team leader formulates and
COO advises.



- End Users:

-Citizens

-Generate and collect
waste. 

-Cost of taxes imposed
by administrators are
within their interest. 

-Public pressure to
stakeholders.



 Stakeholders:

-Local and regional
administrators. 

-They manage urban 
waste-collection
services, collect taxes, 
generate reports
periodically.

-Use the data gathered
by the waste-collection
firms.



 ONDE-UWC Value Propositions:





 Central Unit: 

Information 

management and 

optimization.

 CSI (Consorzio per il

Sistema Informativo) 

Database: Data related 

to waste collection in 

the region



 Enabling Technologies: The 
internal and external 
technologies that enhance the 
decision-making process

 Middleware Components:
Allows data exchange between 
the enabling technologies and 
the communication network.

 The IP Network and Mobile
network: Channels used by the 
application. The central unit 
manage



 The timing of each operation 

differs

 the optimization algorithm is 

run three times each day



 Applying GUEST OR methodology:
Development time is reduced to less than one 
month from the beginning of the project

 Without GUEST OR, it was 4 months.



 Average number of third shifts during a week of 

activity (nTS)

 Average number of vehicles used daily (nV)

 Average percentage of waste volume at the moment of 

collection (WV%)

 Total routing time (TRT)

 Average fulfillment percentage of the vehicles (FV%) 

for each time shift during which a vehicle is used

 Average number of dumpsters visited during each time 

shift in which when a vehicle is used (nVD)







The concept of transfer centers has been emerged in Istanbul to reduce waste 
logistic costs, decrease traffic load and save time. Domestic solid wastes 
collected daily by district municipalities throughout Istanbul are transferred to 
larger vehicles at 8 solid waste transfer stations serving in various parts of the 
city and transported to disposal sites.

• Reduce traffic load.
• Reduce CO2 Emissions, noise and visual image pollution.
• Save fuel, labor and time.
• Reduce transportation costs due to being economy-friendly systems.
• Reduce need for tools and equipment for waste collection.









 A dumpster should always be less than 80% 
full (C.12)

 A working day includes 3 shifts; 6 hours each 
(C.18)

 Each truck can collect only a specific type of 
garbage (C.8)

 For each turn (route and time), each 
dumpster is visited at most by one truck (C.4)



 Distances between all dumpsters

 Computed using Google

 Constructed a graph; dumpsters as nodes

 Each node is connected to other nodes by 
arcs



 𝑉1: Set of availabe trucks 𝑖 ∈ 𝑉1

 𝑉2: Set of garbage types 𝑠 ∈ 𝑉2

 𝑉3: Set of time shifts 𝑡 ∈ 𝑉3

 𝑉4: Set of dumpster 𝑗 ∈ 𝑉4

 𝑉4 also includes depot ( j=1) and the dumps (j=J-s,….,J )







• Objective function minimizes cost

• First component is sum of fixed cost for activating 

truck i in shift t

• Second is the routing cost



Constraints linking variables together

One truck for a dumpster j in shift t



Similar to MTZ

Truck Capacity Constraint



A truck can collect only one type of waste

Incoming waste at t =0 in a dumpster

Assigning a truck to a dump 



Flow balance and dumpster Capacity constraint

Ordering of trucks for a shift t





Time Shift constraint for a truck i



 Too many variables

 Model becomes large

 CPLEX cannot handle such a tremendous 
amount of memory (Cidiu uses CPLEX)

 Number of variables of order 2𝐼𝐽
2𝑇

 3-phase heuristic



Clusterization

 Aggregate dumpsters into clusters

 Consider each cluster as a dumpster

 C4 and C5 remove (multiple vehicles can 
collect waste from the same clusters)

 𝑑𝑐1𝑐2 =𝑚𝑖𝑛𝑗1∈𝑐1,𝑗2∈𝑐2 𝑑𝑗1𝑗2
 𝑉𝑐 = σ𝑗∈𝑐 𝑉𝑗



Building a feasible solution

 Second phase produces a feasible solution for 
the original problem

 Apply the following algorithm





Postoptimization

 Obtain a much better feasible solution for the 
original problem 

 Refine it by considering it a TSP problem

 Chained-Lin-Kernighan heuristic for 
asymmetric networks (similar to k-opt)



“What type of a heuristic is this?”

(Construction, Improvement, Meta)
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