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Save money, save the earth
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Globally, food loss and waste

contribute significantly to

greenhouse gas (GHQG) (Image created with AI)
emissions, accounting for

approximately 8-10% of anthropogenic emissions. Preventing waste by enabling consumption
(instead of disposal) avoids upstream emissions from production (agriculture, processing, transport,
etc.) and downstream emissions from waste management (e.g., methane from landfills). For non-
food items, waste reduction avoids emissions from manufacturing and disposal.

This retail model reduces food and product waste, extends resource use, and lowers GHG
emissions across the supply chain, specializing in purchasing or collecting near-expiry or slow-
selling food items (e.g., packaged snacks, drinks, dairy products, baked goods) and day-to-day
commodities (e.g., cosmetics & toiletries and household goods) from supermarkets, manufacturers,
or suppliers, then reselling them at significant discounts (often 50-80% off) to consumers. This
business model diverts goods from disposal (landfill, incineration, or spoilage), reducing waste
while providing affordable access to products.

Your team is invited by a university startup company to develop a rigorous mathematical model and
standardized calculation framework to quantify the carbon reduction contribution (in tonnes of CO;
equivalent, i.e., COze) from such operations of discount retail for near-expiry and surplus goods. The
method should be transparent, reproducible, and suitable for inclusion in carbon accounting, ESG
reports, sustainability reports, or impact assessments—aligned with accepted standards like the Food
Loss and Waste (FLW) Protocol, GHG Protocol, or life cycle assessment (LCA) principles.

The model should account for:



Avoided emissions from not wasting the goods (full supply chain emissions avoided by
consumption rather than replacement production).

Any additional emissions introduced by the discount retail process (e.g., transport to the
startup's warehouse, storage, consumer pickup).

Net carbon reduction = avoided emissions - additional emissions.

Data Case

Consider the following hypothetical but realistic annual data from a university startup operating in a

city like Hong Kong (adjustable for other regions):

Total goods sold: 50,000 kg of food items (average composition: 40% snacks/drinks, 30%
dairy/baked goods, 30% baked goods) and 10,000 kg of non-food day-to-day items (e.g.,
cosmetics & toiletries, and cleaning products).

Without the startup, 90% of these goods would have been discarded as waste (based on
typical retail surplus rates), and the remaining 10% consumed normally.

Average retail price discount: 70% off original price.

Transport: Startup collects goods from suppliers (average 50 km round trip per collection,
20 collections/year, using a small van with 0.2 kg CO»e per km). 10% goods are
transported from Europe, and 30%, Southeast Asia including Singapore, Thailand, and
Malaysia.

Consumer pickup: Assume average consumer travels 1 km round trip per purchase (via
public transport or walking, minimal emissions).

Storage: Refrigerated warehouse for 1 month average, with energy use equivalent to 0.05
kg COze per kg food stored.

Teams may research or use standard emission factors from reliable sources (e.g., IPCC, EPA, WRAP,

Blonk/M¢rieux Nutrisciences databases, or national inventories). For reference, commonly accepted

approximate values include:

Tasks

Average avoided emissions for food waste prevention: ~2.5-3.0 kg CO.e per kg food saved
(full LCA, including upstream production and avoided disposal; e.g., 2.7 kg CO»e/kg from
recent Blonk studies for surplus food rescue).

For non-food items: ~1.0-5.0 kg CO»e per kg avoided (depending on product; e.g., higher
for plastic-heavy items).

Landfill disposal emissions: ~0.5—1.5 kg COe per kg food (mainly methane).

Develop a mathematical model to calculate the net annual COse reduction from the startup's
operations. Specify the definition of variables, the construction of equations and justify the

choice of emission factors and assumptions.



2. Apply your model to the provided data case to compute the net CO2e reduction. Provide
sensitivity analysis for key parameters (e.g., vary avoided factor £20%, change waste diversion
rate from 90% to 70-95%, vary transport distances).

3. Generalize the model into a user-friendly framework (e.g., spreadsheet-compatible formula set
or algorithm) that other startups or retailers can use with their own data. Discuss how to
improve accuracy (e.g., product-specific factors, regional grid emissions for energy).

4. Based on your model, propose a system of loyalty points for rewarding consumers who
contribute to reduction of waste and GHG emission.

Your model should be rigorous, clearly explained, and defensible for real-world application in carbon
credits, ESG reporting, or grant applications. Partial solutions are acceptable; focus on sound
methodology.

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 responsibly, correctly, honestly, open and
transparently.
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