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A Proactive Load Management System and Self-Healing Multi-Phase Network for Enhancing

Energy Resilience in Smart Buildings Using Edge Al
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Abstract

This research presents a pioneering approach to integrating
three advanced technologies to develop a smart electrical
system that is efficient, flexible, and capable of real-time energy
management in modern buildings. The system combines an
Edge Al Load Node for autonomous load management, a Self-
Healing Phase Network for stability, and an Emergency Load
Skimming strategy with Ultracapacitors and Flywheels to
mitigate sudden load surges. Experiments at the Industrial
Technician School Building, RMUTSV, showed that the system
can balance loads within 5 seconds, reduce energy losses by
15-20%, improve system stability by 30%, and lower peak loads
by 31%, demonstrating its potential for sustainable smart energy

management and future low-energy buildings.

Keywords: Intelligent electrical systems, Edge Al, load

imbalance, self-healing phase networks, load management
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Dec-24 4.00 3.12 9.90 533 4.49 3.37
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Overall 5.08 3.39 12.05 5.73 5.94 397
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Fan 220 1.2 0.95 250.8 230 Yes

Pump 220 2.0 0.90 396.0 450 No

EV Charger 220 6.5 0.98 1401.7 1400 Yes
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Phase Voltage Average Deviation | Unbalance Ripple
(] Voltage (] (%) Detected
V)
A 380 376 +4 1.06% No
368 376 -8 2.13% Yes
C 380 376 +4 1.06% No

Voltage (V)

—— Phase A

Phase 8 (Distress)
Phase C

i

Load Monitoring Average Power Energy
Duration (h) w) Consumption

(kWh)

Fan 5 250.8 1.254

Pump 3 396 1.188

EV Charger 2 1401.7 2.803

Time (s)
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Phase Phase
5 B A Transfer 20% of Load
10 B C Transfer 10% of Load
15 B A Transfer 15% of Load

Self-Healing Phase Network - Voltage Monitoring
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Storage Type | Capacitance | Voltage (V) Stored Usable
(F) / Inertia / Speed Energy (J) Time (s)
(kg-m2) (rad/s)
Ultracapacitor 100 48 115,200 10
Flywheel 0.05 500 6,250 20

» ~—— Original Load Demand
~~- Net Load with Storage
™ Storage Activation

Load (kW)

.
| [
J | .

s 2 s »
Time (s)

a o v o =3 v 1 ¥
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Dernand v{s84 90kW Aafiszana 5 3unil uaz Net Load with
Storage muAslvanlyingiifl ~30kW saeatadingn Ussloviilldsu
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WA Ultracapacitor uag Flywheel

Time Surge Surge Skimming Skimming Peak
(s) Event Power Device Duration Load
(kw) (s) Reduced
5 Motor Start 30 Ultracapacitor 10 Yes
15 HVAC 50 Flywheel 20 Yes
Compressor
Start
25 Water 20 Ultracapacitor 5 Yes
Pump Start
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Emergency Load Skimming Effectiveness
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aunsansadudeianainuazdouwauldlaeSnludfly 98% ves
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aliiAu 3 it nisituyieletionielu 3 udidfedndinuddy
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