IMMC 2024 Problem D (Greater China, Winter) (English Ej{& £82)

Reducing CO; Emissions in a Production Plant
Background

Environmental, social, and corporate governance (ESG) has become a core agenda that more and
more enterprises are paying attention to. Through effective ESG practices, enterprises can not only
contribute to addressing increasingly urgent global issues, but also gain long-term business value and
competitive advantages. In the pursuit of sustainable development, reducing carbon dioxide (CO,)
emissions has become a critical objective for industries worldwide. By considering various
optimization strategies, we seek to identify the most effective combination of measures to achieve

the lowest achievable CO; emission level.

A production plant that manufactures electronic devices has actively implemented plans to reduce

CO; emissions. There were several measures implemented including mainly the following:
1. Reduction of Site Area

One strategy is to change the original sequential production line layout (Figure 1) to a cellular

production line layout (Figure 2).
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Figure 1. Sequential production line
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Figure 2. Cellular production line



By implementing this measure, the area required for the production line reduced from 800 m? to

400 m?2.

2. Reduction of Labor

After changing the layout from a sequential production line to a cellular production line, the labor’s
productivity increased. Subsequently, the labor required were also reduced from 100 people to 50

people.

3. Provision of Comfortable and Cost-efficient Working Conditions

Creating a comfortable working environment not only improved employee well-being but could also
indirectly impact CO, emissions. This measure has been conducted since 2021. The plant believed
after evaluaiton that their gradual improvement (e.g. redesign of workstations and provision of air
conditioning) in working conditions contributed to the following sales efficiency and savings in
energy usage (Table 1)

Table 1. Sales versus Energy Consumption

Year Sales (RMB Yuan ) Energy consumption per year (KWH)
2020 ¥58,100,000 1,670,000
2021 ¥60,495,000 1,760,000
2022 ¥73,100,000 1,580,000
2023 ¥69,120,000 1,400,000

4. Reduction and Recycling of Packaging Materials

Implementing a circular economy approach by reducing and recycling packaging materials could
significantly reduce CO, emissions associated with their disposal. The production plant found that

the annual plastic savings were as follows:

Table 2. Annual Plastic Savings

Material Original Packaging Improved Packaging Method Annual Plastic Saving
Method (kg)
Hardware Disposable plastic bag Vacuum-formed turnover, 100

packaging recycling
Internal magnetic Disposable foam box Foam board turnover, recycling 200
horn

Batteries 2-pack packaging 10-pack packaging 800
Total 1100




Tasks

The production plant claimed that implementing certain measures was effective in reducing CO»
emissions. To evaluate the effectiveness of these measures, mathematical models were required to
establish the relationship between the factors changed by these measures and the resulting reduction
in CO; emissions. Analyze and discuss with your model the effectiveness of the measures claimed
by the production plant for reducing CO, emissions. Based on your modeling, do you have any

further measures you may suggest for reducing CO, emissions in a production plant?

Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and references

should appear at the end of the paper and do not count towards the 21 pages 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 correctly, honestly, open and transparently.
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