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Research Approach and Outcomes

A digital twin is a virtual model of a produce in a cold chain, which 

● simulates all relevant biophysical transport processes, and 

● is linked to the real world with sensor data, monitoring 
environmental parameters; preferably in real-time.
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Research Questions
● How can monitoring in cold chains be effectively used to foresee

the unique quality evolution of a fresh produce?

● How can digital twins quantify the invisible quality losses
taking place in these cold chains, and mitigate them?

● Fresh produce require refrigerated transport and storage to prolong the shelf life

● Every shipment experiences a unique cooling history and quality evolution

● This complicates logistics at the retailer and leads to unnecessary losses

(a)

(b)

(a) Concept of digital twin highlighting the key elements, viz. (i) monitored sensor data from actual cold chains, (ii) the digital twin based on mechanistic modeling, and (iii) the link between the digital twin and its
physical counterpart. The output or key performance indicators captured by the digital twin are indicated in the box on the right;

(b) Case study of digital twinning in an actual cold chain using monitored delivery air temperature in maritime-freight transport to predict the remaining shelf life days for mango (adapted from Defraeye et al., 2019a,
2019b).
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Actionable metrics for stakeholders

● Quality attributes (firmness,…)
● Remaining shelf life days
● Mass loss
● Chilling injury risk
● Pest mortality
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