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(For Teams of Junior Secondary School Only)

Optimizing a City’s Recycling Collection Program

Background

With the increasing monetary and environmental costs of landfills, more cities are requiring residents
to recycle waste materials. Cities compel residents to separate their recycling materials from other
waste by charging a much higher price to pick up waste materials than for recyclable materials. The
starting point for the process is for the city to collect potentially recyclable materials from its residents.
To do so, cities provide collection trucks to pick up items to be recycled from each resident and haul
them to a processing facility for sorting and then re-processing into usable materials. Providing

collection services is costly, so cities try to maximize the benefit they can obtain for the costs incurred.
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Scenarios

Because residents are often not careful in sorting different recycled materials from each other and
because segregating different materials on the collection trucks may result in unused space if not
enough materials of that type are available on a particular route, collection trucks are often designed
to collect all recyclable materials together rather than separately. As a result, residents are not
required to sort the different items for pickup (they are collected in one household container) but they
are required to separate the recyclable from non-recyclable materials, which are picked up by a
separate fleet of trucks. This means that the different materials must be sorted and separated at the

processing plant before being sent on for re-purposing.



Tasks

1. Warm-up (glass). As a warm-up example, consider picking up glass (bottles and jars) for
recycling in your city or any other city in China. Develop a model to quantify the benefit (in
reuse, avoidance of environmental damage, and avoidance of landfill costs) of recycling
glass. Next, develop a model to quantify the costs of the production process for re-purposing
used glass into new, usable glass.

2. Generalize to multiple materials. Now consider the following materials that a city could
potentially collect for recycling: glass (bottles and jars), aluminum (cans and foil), rigid
plastic, paper (newspapers, magazines, mixed paper), cardboard, and steel cans. Because of
limited space on the city’s collection trucks relative to the total volume of material to be
collected from households, suppose the city has space to collect only three different materials.
Which of these three items would you recommend the city to collect? In preparing your
decision:

a. Please consider not only the benefits and costs of recycling each material, but also the
transportation costs for each material.

b. Since three different materials will be collected by households and transported in the
collection trucks, please also consider the sorting and contamination costs that each
material imposes on the other materials.

c. In making your recommendation, please choose an appropriate metric by which to
compare the costs and benefits of each material to include.

Submission

Report submitted by your team should contain a 1-page abstract and the main text should not exceed
20 pages. Appendices and references should follow the main text and do not count towards the 20-
page limit

Special Note

The principles of Honor System of IMMC also applies to the use of LLMs (large language models)
or generative Al tools. If a team uses any large language model or generative Al tool in completing
the modeling tasks, from problem research, model development, programing to paper/report writing,
the team must make honest, open and transparent disclosure, including making in-text citations and
detailing relevant content in the "References" section. It should be recognized that although large
language models or generative Al have the advantages of productivity tools, they also have obvious
shortcomings and pose risks to users (such as Al-generated content containing Al hallucinations or
possible plagiarism in the produced content). Whether or not using large language models or
generative Al tools itself in the team’s work has no impact on judges' evaluation; the judges seriously
remind every team that if any Al tool would be used, use it responsibly, correctly, honestly, open and
transparently.
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