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Circular Economy1
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“

A circular economy is based on the principles 

of designing out waste and pollution, keeping 

products and materials in use, and 

regenerating natural systems.
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Logistics 

◉ Logistics (Forward) 
…from the point of origin to the point of 
consumption for the purpose of 
conforming to customer requirement

- Council of Logistics, 1988 -

◉ Reverse Logistics
…from the point of consumption to the 
point of origin for the purpose of 
recapturing value or proper disposal

- Rogers and Tibben-Lembke -

Process of planning, implementing and controlling
the cost-effective flow of raw materials, in-process
inventory, finished goods and related information…
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◉ Collection ◉ Sorting

Waste collection is the 
transfer of solid 
waste from the point of 
use and disposal to the 
point of treatment. 
Industrial waste refers to 
solid waste generated by 
manufacturing or 
industrial processes. 

Waste sorting is the process 
by which the waste is 

separated into different 
elements (paper, plastics, 

glass,...) . The aim is to 
minimize the amount of 

waste from businesses and 
industrial processes that 

ends up in landfill and 
transform it into valuable 

resources.
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Reverse logistics – main issues

Low margin business

Profit margins of waste 
managment companies are 
extremely low. Abscence
of pricing levers and high 
percentage of operation
and logistics costs

Uncertainties in supplies

Waste quality matters! Each
waste container differs in 
its materials composition, 
hence in its
extractable value. This value
is not known before the 
sorting process is 
completed

Flows tracking difficulties

Materials flows are not easiy
measurable, both in terms of 
weight or volume. Data 
quality activities and related
investments must be 
considered for developing
relying support systems.
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Sorting operations Planning2
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Production Planning – Lot sizing models review

The numerous extensions 
of the basic lot sizing 
problem show that it can 
be used to model a variety 
of industrial problems* 

We believe boundaries between lot sizing 
and scheduling are fading and further 
integration of lot sizing, sequencing, 
loading and workforce allocation 
constitute a challenging research track

Lot sizing model extensions 
are influenced by several 
topics regarding set ups, 
production, inventory and 
demand scenarios*

CTW2020 - 18th Cologne-Twente Workshop on Graphs and Combinatorial Optimization – September 14-16, 2020  

*Raf Jans, Zeger Degraeve. Modeling Industrial Lot Sizing 
Problems: A Review. International Journal of Production 
Research, Taylor & Francis, 2008, 46 (06), pp.1619-1643. 



A mixed integer linear program is used to schedule the 
selection operations of a two-phase waste selection process

time time horizon



MILP - parameters
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MILP - parameters
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- Time partioned in working shift



MILP - parameters
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- Time dimension



MILP - parameters
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- Sorting stages dimension



MILP - parameters
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- Stock costs



MILP - variables



MILP - features

◉ Work shifts scheduling

𝑦𝑗,𝑡 ∈ 0,1 : equal to 1 if stage j is 
activated at time t, 0 otherwise

◉ Production lot-sizing

𝑢𝑗,𝑡 ∈ ℝ+ : processed quantity 
during stage j at time t

◉ Workforce allocation

𝑥𝑗,𝑡 ∈ ℤ+ : operators employed in 
sorting stage j at time t



Daily distribution of waste arrivals
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MILP – instances creation

𝑇 ∈ {12,24,36,48,60}

◉ Incoming weight dimension

◉ Time horizon dimension:



MILP – model testing on 5x5 instances grid

◉ Optimal objective value ◉ Runtime
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MILP – Results #1

Comparison of optimal 
objective value and 
runtime between the 
presented MILP and 
the actual waste 
company solution

problems are 
exactly solved 
via branch-and-
bound using 
Gurobi 8 solver



MILP – Results #2
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We attempt to solve instances with a greater number of J sorting stages, up to 5 
subsequent stages. These instances also differ in time horizon but share the same 
kind of average magnitude of arriving waste quantity

*Gap termination tolerance is set to 0.25% ad time limit to 1500s



MILP – Results #3
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Formulation costs tuning can be suitable whenever the decision maker wants to 
foster a scattered production schedule with a bigger lot size by removing stock 
costs, or to encourage a lean production by removing the production costs

*Gap termination tolerance is set to 0.25% ad time limit to 1500s



MILP – WebApp development
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Current and future works

◉ Introducing robustness to supplies uncertainties making use of probabilistic bounds 
of constraints violations

◉ Considering the fractions of materials moving to the following sorting phase within 
the sorting operations planning model

◉ Develop a production model version that includes waste baling press operations

◉ Considering production capacity as a function of operators employed

◉ Avoid linearizing the quadratic curves of stock costs
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