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Real-time Optimal Control of Large-scale Refrigeration Systems

for Renewable Energy Deployment and Power Supply and Demand Balance

Shunsuke Mizuno*®, Non-member, Masahiro Mae *, Member, Ryuji Matsuhashi ™, Member

The increasing penetration of renewable energy is accompanied by a greater need for flexible demand-side balancing.

Industrial refrigeration systems are identified as promising demand response (DR) resources. In this paper, a refrigeration

control system is developed to support grid stability and renewable energy integration. Temperature and electricity

consumption of refrigerated warehouses are modeled, considering ambient temperature and the number of active cooling

units. An optimization problem is formulated using JEPX market prices to dynamically adjust cooling schedules and

minimize electricity costs. Simulation results show that energy efficiency has been improved while maintaining temperature

limits, though demand shifts have remained limited.
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Fig. 1 Examples of supply and demand adjustment using freezers

F 1 MO BT D IR X6
Table 1.  Temperature zone standards in refrigerated

warehouses®
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Fl 24CHEMZ, -18°CLLT
F2 SB0CEMZ, 24CLLT
F3 35CEM A, -30°CLLT
SF1 40CEMZ, -35CLLT
SF2 45 CHEMZ, -40°CLAT
SF3 SS0CEMAZ, -45CLLT
SF4 -50CLLT
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Fig. 2 JEPX contract prices in the Tokyo area on May 4 to 6 20243
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Fig. 3 Temperature transition in the warehouse
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Fig. 4 Comparison of temperature transition between measured and
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Table 2. Value of parameters in each room
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Fig. 5 Active coolers in operation and their power consumption
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Fig. 6 Modeling of power consumption of freezers based on the
number of active coolers
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