
Digital Cold Chain: Learn How This 
Makes the Cold Chain Transparent, 
Less Risky, More Cost-Efficient, and 
Greener

SmartCAE



Who is SmartCAE

SmartCAE is the inventor of 
the Virtual Cold Chain
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The Virtual Cold Chain is an award-winning 
software platform for the simulation of 

Temperature Controlled Logistics

Current customer base around 
the world >20 countries

• Pharma companies: 10 of the top 20 
pharmas work with us

• Packaging companies: most of the 
global relevant companies

Founded in 2002

Thermal engineering company,

since 2014 focus on Temperature 

Controlled Logistics



Digital Twin
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What is the idea of a digital twin

• Definition from Gartner

• A digital twin is a digital representation of a real-world entity or system. 

1. The implementation of a digital twin is an encapsulated software object or model that 
mirrors a unique physical object or process. 

2. Data from multiple digital twins can be aggregated for a composite view across a 
number of real-world entities.

• https://www.gartner.com/en/information-technology/glossary/digital-twin
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History of Digital Twins

• https://www.dhl.com/content/dam/dhl/global/core/documents/pdf/glo-core-digital-twins-in-logistics.pdf
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Last study of Gartner before Corona
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But the last two years have changed a lot for a digital-first approach
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A digital approach was often the only way to determine the risk

And if this works for Covid Treatment it should also work for an Aspirin.



Why there is need for a digital twin in Cold Chain
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Real world shows confusion
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Why not use computer simulation for qualification
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If this reasoning was true in other industries, there would be no driving cars, 
and no flying airplanes.



Why there is need for a digital twin in Cold Chain

• A lot of parameters are not exactly known (e.g. tarmac times)

• Real world testing is not an option (e.g. no test with real product)

• Plan for the unplanned (e.g. closed Suez channel)

• Testing of passive boxes is time consuming (e.g. a lot of weeks of chamber time)

• Testing is not always realistic (e.g ISTA profile vs. lane from India to Australia) 

• Risk versus Cost is important (e.g. VIP box vs. cardboard box)
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Virtual Cold Chain as a digital 
twin of your box and your
supply chain
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Virtual Cold Chain – connecting all players
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Virtual Cold Chain – connecting all players
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Virtual Cold Chain – connecting all players
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Virtual process map
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Virtual Box



Virtual Box
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Geometry:
• Length, Width, Height
• Position

Thermal properties:
• Mass density
• Thermal conductivity
• Specific heat capacity
• PCM: Latent heat and melting point

Sensor Positions:



What kind of thermal packaging solutions can be simulated?

• Any size

• Any transportation (air, ocean, land)

• Any insulation (PU, VIP, thermo covers, …)

• Any type of coolant (ice, dry ice, PCM, …)

• Any temperature range (2-8°C, CRT, deep frozen, …)

• Active and passive systems

Applicability
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Modeling scales
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Product 
vial

Unit of 
sale

Units package
Product box Palette

Reefer Palette cover



How close is computer simulation to reality



Simulation vs measurement: thermal cover (1/2)
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Sensor points in virtual model 
pallet shipper with cover.

Sensor 1

Sensor 2

Sensor 3



Simulation vs measurement 2: thermal cover (2/2)
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Sensor 1 Sensor 2 Sensor 3

Measurement
Simulation

Simulation results from SmartCAE Thermal Packaging.

Comparison of simulation and measurement results for pallet shipper with cover using ambient temperature 
and solar irradiation. 



Virtual lane



Lane data

• Cold lab: lane proxies

• Synthetic reference „lane“, ISTA profile

• Representative lane

• Worst case scenario

• The best you can do:

• Logger data

• Historical data

• Forecast data
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Lane specific data: weather stations
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(1) Ambient loggers (2) Weather stations

https://earthobservatory.nasa.gov/features/
GISSTemperature/giss_temperature2.php



Virtual lane by historical data
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Input for historical data download: 
• Segments (mode/location)
• Start time



Forecast
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How to quantify the risk of temperature excursions and total costs
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Differences between risk numbers and excursion rates



Common risk scoring:
temperature zones SmartCAE Lane Risk

Methodology
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Failure Ratio in VCC
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(1) Simulate shipment for many realistic lane scenarios:
For example: #Shipments = 865

(3) Distribution of Min/Max payload temperatures -> #Excursions

(2) Product temperature for each shipment

(4) Failure ratio



Simulating Total Cost of Ownership in Temperature Controlled Logistics
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Digital Cold Chain, determines the unknown factors using thermal simulation before 
doing any physical shipment! 



Levels of lane risk computation and possibilities to influence risk

• 1. Historical lane risk

➢ Uses Historical lane temperature for risk calculation

• 2. Predictive lane risk

➢ Uses forecast lane temperature for risk calculation
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Historical Lane Risk Assessment:

34

How many days would have led to excursions?

PU All-Seasons

VIP All-Seasons

EPS All-Seasons

PU Winter

PU Summer

Virtual boxHistorical lane temperature profiles



Historical Lane Risk Assessment:
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Historical probability of having no excursions
(using the given packaging materials)

PU All-Seasons

VIP All-Seasons

EPS All-Seasons

PU Winter

PU Summer

Virtual boxHistorical lane temperature profiles

Risk Mitigation:
Right box or combinations of boxes



Predictive Lane Risk Assessment: Next Days
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When would you have a risk of excursion?

PU All-Seasons

VIP All-Seasons

EPS All-Seasons

PU Winter

PU Summer

Virtual boxPredicted lane temperature profiles with possible delays 



Predictive Lane Risk Assessment: Next Days
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PU All-Seasons

VIP All-Seasons

EPS All-Seasons

PU Winter

PU Summer

Virtual boxPredicted lane temperature profiles with possible delays 

Risk Mitigation:
Right box, starting date and time

Pass and fail 
(for different boxes and dates)



Know your CO2 fingerprint
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Carbon footprint calculator
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Package comparison Route and lane comparison
CO2e contribution breakdown

Single use and reuse 
shippers with return

Sources: GLEC Framework and others

CO2e from Grid - Comparison



What if
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Typical questions comes up in the Cold Chain

• What if I see in my test shipments no excursions, is there no risk?

• What is the cost of no risk?

• What do box parameter tolerances mean for your product?

• What happens if there are extreme weather conditions?

• What happens if a flight is delayed or missed?

• What happens if my warehouse or truck is or is not temperature controlled?

• What happens if my active container is unplugged?

• What happens on different lanes with different tarmac times?

• What happens with my dry ice box in the supply chain?

…and much more
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Typical questions comes up in the Cold Chain

• What if I see in my test shipments no excursions, is there no risk?

• What is the cost of no risk?

• What do box parameter tolerances mean for your product?

• What happens if there are extreme weather conditions?

• What happens if a flight is delayed or missed?

• What happens if my warehouse or truck is or is not temperature controlled?

• What happens if my active container is unplugged?

• What happens on different lanes with different tarmac times?

• What happens with my dry ice box in the supply chain?

…and much more
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What happens if my active container is unplugged
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Reefer container 
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Dimensions

12 pallet shippers inside

Sensor overview



Weather stations

45

Antwerp, Belgium Alexandria, Egypt Klang, Malaysia



Worst case time to failure – all results 
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UTC+1 UTC+2 UTC+8



What happens with my dry ice box in the supply chain?
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Supercooling

• Strong supercooling due to a major leakage.

• Temperature as low as -95 °C. 
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Leakage and supercooling

• Identical boxes with same amount of dry ice and different leakage volume.

• Ambient temperature, 15 °C.

• Lifetime lowers with increased leakage.
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Dry Ice Box with leakage in a climate chamber

• Test in a chamber
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Test of the box in the climate chamber with the temperature profile

51



Transport in the supply chain

52

8 2.5 12 2424 12

WarehouseWarehouse
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RKN
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Tarmac Tarmac RKN

96

Warehouse Customs

2 2

Tarmac Tarmac

-20°C 5°C 40°C 5°C 40°C 5°C 40°C 40°C5°C -20°C 15°C

P=0.75 bar P=0.75 bar



Dry Ice Shippers are different in a climate chamber as in reality
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Climate Chamber  Pass Real Supply Chain Fail

It‘s not only the temperature, it‘s also the C02 concentration around the box in transport



What happens if there are extreme weather conditions ?

54



Lane: FCO – AMS – DEL
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10 2.5 25

FCO DEL

66 h9 19.5

AMS

Standard



Historical weather for May 2012-2021
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Temperature range and stability data
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Lane Risk results based on historical May 2012-2021 data
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VIP Summerlight SummerNew



In April/May starts a heat wave in India
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Weather forecast for four days in May
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Lane Risk results based on weather forecast for the next days
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VIP Summerlight SummerNew



What happens if a flight is delay or missed
What happens if my warehouse or truck is not temperature controlled
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Including delays in the Lane Risk
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• 10 h delayed flight @ FCO
• 24 h longer stop in AMS @ ambient storage

10 2.5 25

FCO DEL

100 h9 19.5

AMS

+10 +24

AMS (Ambient)FCO

Delay
ambient



Including delays in the Lane Risk
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• 10 h delayed flight @ FCO
• 24 h longer stop in AMS @ 5°C

Delay
@5°C 10 2.5 25

FCO DEL

100 h9 19.5

AMS

+10 +24

AMS (5°C)FCO



Historical weather for May 2012-2021 ambient storage 
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ambient storage



Historical weather for May 2012-2021 5°C storage 
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5°C storage



Lane Risk results historical May 2012-2021 data ambient storage
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VIP Summerlight SummerNew



Lane Risk results historical May 2012-2021 5°C storage
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VIP Summerlight SummerNew



Find the right box to minimize total costs
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Case study parameters

Scenario

• Lane: Rome–Amsterdam–New Deli, all year

• Payload: 2 – 8°C,  stability data to decide product loss

• 4 available packouts: summer, summer light, all-season VIP, all-season VIP reuse

Task 

• Which packout? 

• When change it, if needed?

Strategy

• Determine failure risk over the year for each container 

• Find the optimal solution in terms of cost/risk
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Lane: FCO – AMS – DEL
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10 2.5 25

FCO DEL

66 h9 19.5

AMS

Standard



Price of air freight rates
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Assumptions
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Reverse Logistics



Exursions are important
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Total costs for single solutions
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Saving

With No Risk



Total costs for best combination single use

76

Saving

With No Risk



A closer look on the CO2 footprint and costs again
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Lane: FCO – AMS – DEL
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10 2.5 25

FCO DEL

66 h9 19.5

AMS

Standard



CO2 Fingerprint per used boxes
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100 times reused



Price of CO2/ton
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CO2 costs per box on lane 68 $/ton
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CO2 Fingerprint per lane all boxes
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CO2 Fingerprint per lane only compliant boxes
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CO2 Fingerprint per lane only compliant and cost effective
combinations of boxes
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Extra total cost without C02 costs for 6424 shipments
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Extra total cost with C02 costs for 6424 shipments

86



Extra C02 gain
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Key takeaways

• Virtual Cold Chain – a digital twin for your temperature controllled logistics

• Allows to play with the what if‘s

• Reduces temperature excursions

• Minimize Total Costs

• Makes CO2 footprint transparent
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