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Part I. Introduction

❖ Diesel power;

❖ Inefficient and highly polluting;

❖ The limited capacity of the fuel tank can not meet the long-distance transportation;

❖ Risk of high operation cost and cargo loss when compressor failure occurs.



❖ High Energy Storage Density(Volumetric);

❖ Low super-cooling;

❖ High thermal conductivity;

❖ Suitable viscosity;

❖ Low cost;

❖ Food and environmentally friendly;

❖ Long cycle life.
Principle of the Cold Energy Storage
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Part II. The Container

Photo of the container and charging facility
Locations of the temperature & relative 

humidity sensors of the container
Three-dimensional view of the 

TES plate



➢ Charging rate

Part III. Performance index

𝑞𝐻𝑇𝐹 = 𝑐𝑝,𝐻𝑇𝐹 ∗ ሶ𝑚𝐻𝑇𝐹 ∗ 𝑇𝑟,𝐻𝑇𝐹 − 𝑇𝑖,𝐻𝑇𝐹

➢ Charging efficiency

𝑐ℎ =
𝑄𝑃𝐶𝑀+𝑄𝐴𝑙+𝑄𝑚𝑎+𝑄𝐸𝐺,𝑖𝑛𝑠𝑖𝑑𝑒

𝑄𝐸𝐺
*100%

➢ System COP

𝐶𝑂𝑃 =
𝑄𝑃𝐶𝑀 +𝑄𝐴𝑙 +𝑄𝑚 +𝑄𝐸𝐺,𝑖𝑛𝑠𝑖𝑑𝑒

𝑊

➢ Energy consumption decrease and cost-saving

𝐸𝑠 =
𝑄𝐷𝑖𝑒𝑠𝑒𝑙 − 𝑄𝑃𝐶𝑀

𝑄𝐷𝑖𝑒𝑠𝑒𝑙
∗ 100% 𝐶𝑆 =

𝐶𝐷𝑖𝑒𝑠𝑒𝑙 − 𝐶𝑃𝐶𝑀
𝐶𝐷𝑖𝑒𝑠𝑒𝑙

∗ 100%

➢ Emission reduction

𝐹𝑅 =
𝐹𝐷𝑖𝑒𝑠𝑒𝑙 − 𝐹𝑃𝐶𝑀

𝐹𝐷𝑖𝑒𝑠𝑒𝑙
∗ 100%



Density

kg/m3

Latent heat

kJ/kg

Melting/freezing 

point °C
880(l)/770(s) 180 4.96/4.84

DSC of the phase change material 

Specific heat capacity 

kJ/kg.K

Thermal conductivity

W/(m.K)

2.0 ±0.2 0.2

Thermo-physical properties of the PCM

Part IV.  Results--Phase change materials



Time evolution of the average temperature inside the container and the plates during the charging process

Part IV.  Results--Charging performance



Time evolution of the average temperature inside the container and the plates under static condition
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Time evolution of the temperature and the relative humidity under dynamic conditions
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Time evolution of the temperature and RH of the loaded container under dynamic conditions (axial 

direction, a: Temperature, b: Relative Humidity) 
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Time evolution of the temperature and RH inside the carrying items under dynamic conditions
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Comparison of  the energy and cost of the TES and diesel-powered container

Part IV.  Results--Overall performance



Vegetables and fruits before and after the transport(a: before, b: after)

Part IV.  Results--Overall performance



Part V. Conclusions

➢ The system COP during the discharging process was found to be 1.84;

➢ Once charged in 2 hours, the container can provide 2-8 oC cooling for up to

96 hours and 2,000 km;

➢ The emission can be reduced by 70.21% when using the PCM-based

container;

➢ Flexible transfer between different transport modes without extra energy

supply;

➢ Reduced water loss compared with forced air and No condensed water drop;

➢ Advanced information technology provides real-time monitor of locations,

temperature and humidity, door opening, available cold energy;

➢ Movable or fixed charging facility with Internet of Things providing the real-

time location and availability information.
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