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A study on the Energy Efficiency Method of A Low Temperature
Logistics Warehouse Through Controlling Chiller System Control based
on Artificial Intelligence Algorithm

Kyung Hoon Jang and Jae Young Oh*

Korea Conformity Laboratories

Abstract  As the demand for cold chain logistics for the distribution of fresh food or medicine increased, the domestic cold
chain logistics center increased rapidly. Due to the nature of managing low temperature, cold chain logistics requires a lot
of energy consumption. In order to cope with the rise in global energy prices and carbon neutrality policies, the establishment
of a platform for converting cold chain warehouses to energy efficiency and low energy consumption structures continues
to be required. In this study, we focused on the energy efficiency of the refrigeration system with the largest energy load in
the operation of the cold chain distribution center, and developed an energy management system operation model through
two Al-based refrigeration system control algorithms for effective energy reduction; 1) 3 dimentional temperature mapping
and unit-cooler control algorithm through Al learning; 2) Al based automatic defrosting algorithm. In order to verify the
energy reduction effect of this control system, it was quantitatively analyzed through experiments in an area of 100? chamber;
1) By applying 3D temperature mapping and unit-cooler control algorithm, unit cooler power consumption is reduced by
19.8% (from 65.85 kWh to 51.97 kWh for 12 hours) ; 2) By applying Al-based automatic defrosting algorithm, 48% reduc-
tion in defrosting power consumption (from 532.2 kWh to 271.9 kWh for 24 hours). In the future, it is expected to contribute
to reducing the national energy load and carbon neutrality by applying it to the actual cold chain distribution center.

Keywords Cold-chain warehouse, Low temperature logistics, Energy efficiency, Total energy solution, Al algorithm
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Table 1. Average annual energy usage per unit area by building use®

o . . Average annual energy usage
Building classification )
per floor area (kWh/m-)
School 150.2
Research Institute 471.7
Hotel 340.0
Hospital 423.0
Communication 1,071.3
Apartment 126.2
etc 257.0
o Frozen 828.9
Logistics Refrigeration 473.6
warehouse
Ambient 176.0
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Fig. 1. Pilot Test Bed for Cold Chain Logistics Warechouse for Energy Reduction Experiments.
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Table 2. Development Algorithm for Energy Efficiency in Cold Chain Logistics Warehouse

. 1) 3 dimentional temperature mapping and unit-cooler . . .
Div. control algorithm through AI leaning 2) Al based automatic defrosting algorithm
Goal Reducing Refrigeration Energy by Al-based Unit-Cooler | Refrigerator energy saving by Al-based automatic defrosting
Control operation algorithm
Unit-cooler control algorithm based on multi-temperature An algg mh.m that tracks temperatqre change.s due to frost
. .~ . . _|formation in the heat exchange in the unit cooler and
sensor based real-time 3D volume temperature distribution . ..
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Fig. 2. Frame work of the continuous-DDPG algorithm for
unit-cooler control algorithm; amended from ref. 9.

Fig. 3. Workflow of the continuous-DDPG algorithm; amended
from ref. 9.
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-20.8| -20 [-20.1 -20.2(-20.2| -17 -20 1

Fig. 5. Scaling process for data-set configuration.
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Fig. 6. Test configuration for Al-based unit-cooler control algorithm verification.

Fig. 7. Pilot test bed & temperature sensor attached to main unit-cooler heat exchanger for experiments.
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