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Abstract

In the digital age, smart energy management is essential for
sustainability. This study proposes the design and analysis of a
Smart Electrical System for educational buildings, integrating
Digital Twin technology, Reinforcement Learning (RL), and
phase-selectable PV microinverters into a three-phase load
management framework. Real-world data collected over three
months revealed abnormal loading behavior on Phase B, with
load imbalance exceeding 40% on multiple consecutive days.
A five-step approach was implemented—comprising current
analysis, imbalance detection, load transfer simulation, solar
integration, and energy loss calculation. The results
demonstrate that combining load redistribution with solar
power supply reduced the imbalance from 55.6% to 6.6%,
saving 150 kWh of energy and approximately 600 THB annually.
This research serves as a model for developing smart, energy-

efficient, and renewable-ready electrical systems in academic
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buildings, contributing toward the realization of Net Zero Energy
Buildings (NZEB) in higher education institutions.

Keywords: Smart Electrical System, Load Management, Load
Imbalance
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Month Phase Phase Phase Phase Phase Phase
A Avg A SD B Avg B SD C Avg csD
(A) (A) (A) (A) (A) (A)
Dec-24 4.00 3.12 9.90 5.33 4.49 3.37
Jan-25 5.48 3.17 12.48 5.09 6.32 3.76
Feb-25 5.78 3.69 13.88 6.00 7.06 4.32
Overall 5.08 3.39 12.05 573 5.94 3.97
Average
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Date Phase Phase Phase 3-Phase Unbalance Status
A (A) B (A) C(A) Average (%)
(A)
11-Dec- 10.8 21.2 10.7 14.23 42.20% uB
24
9-Jan-25 1.7 16.5 9.5 11.23 41.40% UB
17-Jan- 89 19.1 10.3 12.77 42.90% uB
25
25-Feb- 9.41 2377 12.32 15.17 55.60% uB
25
Phase Currents and Unbalance Percentage Over Time
—e- Average 3 Phases (A} -56
Phase A (A)
Phase B (A)
Phase C (A} -54
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AnUNR (18.5-22.5A) vauzdilla A amaande 7.5A Aeundug 10A
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Watude 55.6% Uaneiitou nuaius 2568 Seguiuinasgiunaon
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715799 3 Tuiinszua Phase B guiiuninAdag 20-30%

Date Phase A Phase B Phase C 3-Phase Phase B
A) A) A) Average Above

(A) Avg (%)

6-Dec-24 5.8 12.9 6.5 8.40 53.60%
9-Dec-24 7.4 15.1 53 9.27 62.90%
11-Dec-24 10.8 21.2 10.7 14.23 48.90%
13-Dec-24 5.6 14.4 7.1 9.03 59.40%
17-Dec-24 2.4 9.1 3.0 4.83 88.30%
18-Dec-24 6.3 16.6 7.7 10.20 62.70%
19-Dec-24 6.6 14.5 7.7 9.60 51.00%
23-Dec-24 9.7 18.5 9.6 12.60 46.80%
24-Dec-24 6.4 18.1 10.1 11.53 56.90%
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Gain over Average 9¢/lu33 55-90% laglazde 11-15 §uaay
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m5197 4 n1seneleulnanann Phase B 1US1 Phase A / C

Date Original Unbalance (%) New Unbalance (%)
25-Feb-25 55.60% 6.60%
11-Dec-24 42.20% 10.90%
17-Jan-25 42.90% 13.50%
9-Jan-25 41.40% 14.80%

Phase Currents, Transfers, Overflows, and Unbalance Over Time

Current and Flows (A}
Unbalance (%)
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A19197 5 NINTLINLNANIUIN PV Microinverter v 5kwW

Date Phase | Phase | Phase B-A Energy | PVA PV C
A (A) B (A) cA Diff Saved (A) (A)
(A) (kwh)
25-Feb-25 9.41 23.77 12.32 14.36 17.23 6.68 553
21-Feb-25 | 895 2006 | 9.73 11.11 1333 556 | 4.51
17-Feb-25 | 8.18 19.92 1310 | 1174 | 14.09 587 | 557
5-Feb-25 1199 | 21.38 1219 | 9.39 11.27 470 | 4.65
11-Dec-24 10.80 21.20 10.70 10.40 12.48 5.20 5.17

s
= e} 5

Energy Generated (kwh)

Current (A} and PV Cantributian (A}
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Contribution Phase C faudnanaiiii 8-10A Uaddsnnnuadioses
svuvluilad vaedl wia A fnswdsuntadlutag 11-16A uay i
B anasaNn 14A nde 10-11A azvieufanisivdsuntasnislélad
\ingy Utility Input A Sududi 14A (23 $uanau 2567) wazanas
wWde 10-11A denadosiunisifiuduresnisnanain PV Energy
Generation anasa N 16kwh 1u 12kwh ludasgguuna (Funax
2567-1N31A% 2568) anad 25% @9AAADINUNITANBIVDILAILAR
Tag PV Baseline Asiil 7A Fauansissyduntsnantus syuuuans
fannsUuannisitewnganuann Utility e PV iiudu Taoiinns
n3zelnanagvENnasEning Load A uag Load B a3ulidn szuu
Twansiwadiidnenmnisndndialumia A uaz C wiluggvuni uaz
AsananIsiian Utility wansdenisvhauiiiussdnsamues Smart
Load Management Tun1sdaniswdsanuuuulauniin
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wsenuan (Voltage Drop) vesawdsndn lagldaeluda Cv
(Copper Conductor, XLPE Insulated, PVC Sheathed, 0.6/ 1kV,
90°C) au1A 240mm? Feiianmarudruniulniia (Resistance, R)
Wiy 0.0214Q/km

M19199 6 LWSeuLsunsgaydendanuseninessuvaunauayly
auga (@1e CV 240mm?)

Date Average Loss if Actual Additional Additional
Current | Balanced Loss Loss Due to Loss (%)
A) W) w) Imbalance
W)
25-Feb-25 15.17 14.76 17.25 2.49 16.90%
19-Feb-25 14.29 13.1 14.07 0.97 7.40%
5-Feb-25 15.19 14.8 16.05 1.25 8.50%
17-Feb-25 13.73 12.09 13.6 1.51 12.50%
11-Dec-24 14.23 13 14.58 1.58 12.10%

3-Phase Avg Current, Losses, and Extra Loss Percentage Over Time

Loss (W} and Current (A}
Extra Loss (%)

JUT 6 nszuawade 3 wla n1sagds uaziesiduinisgnydedivay
MUY

91An59I5UT 6 nudn Anszuatads 3 aeglute 13-15
wouuds Tnofuualiiundl daudnsgyidosiaazaniliauge
vadlnanagludis 3-4 Aladnd wazfien Extra Loss % fuudlify
anadvIn 15% wdeuszanas 11-12% wansliiudsnisiaunly
muaNuaunavedlnantarann1sgdendenuananuliaues
yossr UL el msmueulnanliaunaseniranadutiatod Aoy
deariaUszavinmuazasiunsesszuuliiinlag sy

3.6 N1sUsELliuUIEANS A TMvesTs U (Efficiency Evaluation)
wag N1sUszifiunalselevinanduunaziAsygeans (Energy

and Economic Impact)

M157197 7 N5HATISIUSEAVBANTZUUT N UAEAUYUNAIUAN

goydeusznd

Date Total Energy Distribution Annual Annual
Distribution | Loss (W) Efficiency Energy Energy

Power (kW) (%) Loss Cost

(kWh) Loss

(THB)*

25-Feb-25 68 17.25 99.83% 151.18 604.71
19-Feb-25 68 14.07 99.85% 123.28 493.12
5-Feb-25 68 16.05 99.84% 140.6 562.4

17-Feb-25 68 13.6 99.85% 119.07 476.3
11-Dec-24 67 14.58 99.84% 127.67 510.69

200mm

Power Delivery, Losses, Efficiency, and Annual Loss Metrics Over Time
17.5 Jotal Gelivered Fower (i} -600

8
]

E &
3 S
Efficlency (%), Energy Loss (KWh). Cost (Baht)

Power (kW) and Loss (W)

]

g
g

JUN 7 msdedremdalnit msgapde Ysednsnm uagdaianis
goydeseUnugiaam

NIV 7 wudn ndseudidsiiseglutag 13-14 Aladed
vausfinisgadentszning 3-4 Alatad dawalsiaussandamni
auiuuls lagduil 5 nuatiug 2568 fiuszansnmdngauas
winugaydededgeanaiiuszanas 550 kwh nieAnidudunusn
600 V1A agvieudetymnsdanistnanlivnzeay Swo1ainen
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A15197 8 MsiTeuLisun1sgdendanuneunasndanisuTu
aunalvan wiaun1sUsEliuNanIsUsEndand s

Date Power Loss Power Loss Energy Annual
Before After Saved Electricity
Balancing Balancing (kWh/day) Cost
W) w) Savings
(THB)
25-Feb-25 17.25 14.76 0.06 87.35
11-Dec-24 14.58 13 0.038 55.48
17-Jan-25 13.04 11.83 0.029 42.34
9-Jan-25 12.31 11.29 0.025 36.5
21-Feb-25 12.36 10.69 0.04 58.4

Losses Before/After Balancing, Energy and Cost Savings Over Time

175 Energy Saved (kWhday)
Loss Befare Balancing (W)
m Loss After'Galancing (W)
15.0f o Annual Cost'Saved (Baht) 80
125 5
-702
| K
£ 100 5
g 60y
=375 3
T
2
5.0 -50 %
25
-40
0.0
o > o © o
& & & & &
& & & & &
K & AY 0¥ R
AV ~Y % D

Date
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niaunUsEndandsnunasaunused
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1NNIINUN 8 Wud1 nsidIeuiiisudwdenungaydeneu

LTRe
v

wagndsn1susuaunaluan wiaudwdanuiiusendald (kwh/day)
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v & Ao a a1 o o A 1
Toyall anue iU 9 unsiAu 2568 fiAn1sUsendanifianeg
0.025kWh/day n3efaludunu 36.50 vinsel wualiulagsiy
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4. wWan1sAnen
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