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Plant-based foods are celebrated for their
remarkably low carbon footprint. However,
there is a hidden cost: safely transporting
them to your local supermarket requires
massive amounts of energy. The complex
physical structure of plant-based foods makes
them extremely sensitive to temperature
fluctuations, meaning refrigerated trucks
must work overtime, guzzling electricity and
diesel, which undermines the sustainability of
these green products.

The root of the problem lies in the overly
simplistic brain of current refrigerated trucks.
Traditional thermostats only passively monitor
the air temperature inside the trailer. When a
truck arrives at a store and opens its doors for
delivery, warm air rushes in. The system
immediately panics and blasts the compressor at
full speed to compensate. This reactive approach
acts only after the heat has entered, forcing the
equipment to run inefficiently and waste energy.

To solve this, an Model Predictive Control
(MPC) algorithm was introduced into cold
logistics, giving refrigerated trucks the ability to
see into the future. Instead of blindly tracking air,
the algorithm builds a virtual model of the truck
that calculates and protects the core temperature
of the food itself. More importantly, it plans
ahead like a chess player. If the system knows
the truck doors will open in an hour, it
proactively stores extra cold in the vegan mince
when the compressor is most efficient, turning
the cargo itself into a massive “thermal battery”.
When outside temperatures peak, the system can
let the frozen food slowly buffer the heat
without triggering the compressor, avoiding
operation when its Coefficient of Performance

(COP), or overall cooling efficiency, drops to its
lowest level.

Through rigorous computer simulations, this
predictive smart algorithm could reduce the
refrigeration unit energy consumption by
34.47% while strictly guaranteeing food safety,
keeping the core temperature of the foods below
-18 °C. When faced with severe external thermal
shocks, such as prolonged door openings for
unloading or the scorching midday sun, the
system remains remarkably resilient. It has
already anticipated these harsh conditions. The
controller confidently relies on the pre-stored
cold energy rather than panicking and forcing
the compressor to work overtime at its least
efficient moments.

MPC algorithm actively balances the delicate
line between absolute thermodynamic safety and
economic cost, refusing to waste power on blind
overcooling. This research proves that by
upgrading the software brain of cold logistics,
companies can break the energy-efficiency
bottleneck, ensuring that green food is delivered
in a truly green way.
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