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Abstract The building sector accounts for a significant portion of global energy consumption and CO2
emissions, necessitating improvements in energy management practices in existing buildings to achieve
carbon neutrality. In particular, many existing buildings rely on analog-based equipment and limited
control methods, hindering efficient energy management and optimization. This study, focusing on an
aging analog building in Kuala Lumpur, Malaysia, presents a strategy to improve energy management
efficiency through digital transformation. We developed an energy-saving system that incorporates
Smart IoT sensors and a PV system and applies an Al-based energy control algorithm. To verify the
effectiveness of the proposed method, three energy-saving scenarios were constructed: (1) time-based
scheduling control, (2) Al-based intelligent control, and (3) PV-linked control. The energy savings rates
and operational effectiveness of each scenario were compared and analyzed. The analysis results
indicate that the proposed energy management and control approach could achieve approximately
3.96% energy savings compared to conventional operating methods, suggesting that data-driven control
has the potential to contribute substantially to improving energy efficiency and reducing carbon
emissions in existing buildings. This study demonstrates that the digital transformation of aging
buildings and Al-based energy management can serve as effective approaches to sustainable building
operation and the achievement of carbon neutrality.

Key Words : AloT-based Energy Optimization, Intelligent Control Algorithm, Renewable Energy,
Demand/Supply Optimization, Carbon Neutrality
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AZA g2 AHA 796,355(t%(73,983m?), +=HE
445,138ft%(41,355m?) +29 28% AE=R, 8/l &2
T, 471 B2 A7 1670 S AFFAR R 3
on Pt FPAIZE 5HF 1047 oIt A7) 1k
MSB(Main Switch Board}& 7[kC= MSB 1(1,000kVA),
MSB 2(2,000kVA)E HIQI2&, MSB 3(2,000kVA),
MSB 4(2,000kVAYE AEBEE sk, A5t 15004
1252 AARI(Tenant)¥ 3-8 (Landlord) 515 &
g3 WSk 123504 2852 T8 (Landlord) 4
o2 wjdsitt. 8 AHl= AC (Air conditioning),
Lightings, VT (Vertical Transport), Others(Z H
= S 7, Al 7ok 5)E FEEH

(Table 1> General Information of the Building

Model Characteristics analysis

= Floor Area (Floor Area): 796,355 ft* (73,983
Building Area m?)

= Net Floor Area: 445,138 f* (41,355 m?)

= 28 floors (8 floors parking, 4 floors retail, 16
floors office)

Number of Floors

e 2YolA A Foks sk +8 Hl 34
o= FES| B4

3.3.1 7|& dd oHX] ALY 2XM

(Table 2)& Landlord(&&%), TenantAH)E 7]
gro 2 BAgH AZ Wy Y oA AERFRS Holsal
(Table 3)+ Landlord(®&%) Wollk9] Air conditioning,
Lightings, Vertical Transport, Others& 7|&0& &
A%k o7 ALE B4E Fejg Aol

(Table 2) Building Energy Consumption

Total Building Electricity Consumption
No. Item Apportionment KWh
%) it kWh/year
1 Landlord 83% 470,057 5,640,684
2 Tenant 17% 96,027 1,152,324
Total 100% 566,084 6,793,008

(Table 3) Landlord energy consumption

Lighting system

Air conditioning(AHU control)

Elevators, water pumps

Kitchen exhaust fan, toilet exhaust fan,
staircase pressurization fan)

Major Facilities /
Systems

(b) MSBL, 2, 3, 4

A
(a) HVAC Device in building
\ 3 =

A9
8- 999999900

(d) Analog AHU Controller

(c) Distribution Panel

[Fig. 1] Existing Building Infrastructure

3.3 7| €3 OHX| =2t 2M
£ AHoNE d3A d39 7|E oA A=

Operating Hours | = Average: 10 hours per day FeciEiy Cosumpita
Energy Source = 100% electricity No. Item A La:t_dlord . Vh Wh
pportionmen
Mai = MAIN: MSB 1 (1,000 kVA), MSB 2 (2,000 /month [year
ain Transformer / KVA)
0y (v
Pov(\:/grasc?pply « SUB: MSB 3 (2,000 KVA), MSB 4 (2,000 1 AC(AHU) 91%(75%) 425,876 5,110,512
pacity KVA) 2 Lightings 3%(2%) 13,791 165,497
= Basement 1F to 12F: MSB 1 (Tenant), MSB 3 VT 2%(2%) 8,784 105,408
Main Switchboard 2 (Landlord)
(MSB) Allocation | * 12F to 28F: MSB 3 (Landlord), MSB 4 4 Others 5%(4%) 21,606 259,267
(Landlord) Total 100%(83%) 470,057 5,640,684

(Table 2) o 29, & U9 7|& A AHl= 4
566,084 kWh, < 6,793,008 kWholH, o] F
Landlord(3-8) Fsb7b A9 83%= ¥ 470,057
kWh, & 5,640,684 kWhE AFA|StI Tenant(AHd) F
Sk 17%=2 € 96,027 kWh( 1,152,324 kWh)E
eyttt Z8%(Landlord) AY AMS-S FEEE ER/TL
Z3}, Air conditioningo] € 425,876 kWh, ¢
5,110,512 kWh& 7P & H|5& AHAIste] 49 24
7|12 75% =9 Hoiz #RlEQed, I 9
Lightingst € 13,791 kWh, ¥ 165,497 kWhZ 2%,
Vertical Transports= 9 8,784 kWh, ¥ 105,408
kWhZ 2% -’,‘—?— EA =]

2 A5 g2 Ell
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(Table 4) MSB Control Points/Control Scope Zo] 10T AllA, Aol Elol, Big T AAR(PV),
No. Class Control Point Control Scope L-]X] 1;(]%]/\15“(]35 ) TE f:j KAHU Air Handhng
1 L2, 13, L3A AHU 1 0 Unit)& /gt é—% e 2 ot Ao R Wy
2 L2, L3, L3A AHU 2 o oA &H7} &2 AFH £ YL 3l7]e] AHU
3 L2, L3A AHU 3 o = 9 24 ’SEE oqA7t AREETH11]. ToT
4 | msB2 LG AHU T © AA Qe & W5 4 oA AdH| Hbto]
° Lo A2 = HAHo] L&, S, aa RAYE, 2 iul%h 2]
| e e 1 g P et
s 113-L20 AHU 1 o tlolEl= A& 9 Y] 9 JHE E4ste tﬂ &84
9 | wmsB3 L13-L20 AHU 2 o o} AHU9l= A8 AlA7E AX=o] Wik 4o digh
10 L13-120 AHU 3 o A AR MAA|7to g 23t} PV A|AH0)= ¥hA
I Cooling Tower CP-A X 2 9 ] AFE 7R [T AAS Hx]51, o]
2 Coolng Tower CP°8 X £ 7lsto s A7 ubd @% vol 9 Wbl 58 B0
7FssttH13]. ESSe= PV A|AHIOIA AB4bE Jof A
Energy Scope of control = AR, AY £87F F716k= AlRidol o1& A
conumprion (33.13%) Fozm ouix SFol eHg4e gmtth ESsole
A A, A &, 24 AHE F785ks [oT A
A& AAste ofvX| HlolBlE 3t FE Ho]
cond/]_:ii(rmmg Landlord(83%) HE ACIEHolE %ﬁﬂ_ B MY B SERE AlA
(75%) o do= dEEm, U e} PV, BSS, AHUS] &
tower A glolE g &8 Aok vl &8t olE B3 oY
A QA 98 9 ovx 03 Az 5 AE oUA

Tenant(176) 58 PIS AT 5 e Rzt

| (Table 5)9} o] # AFolAE= 7AZe] W8,
[Fig. 2] Establishment of the control scope AY g4 9 A JHRE A7t 2 42517 Y3 o
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oI 48 BY £ Ak, Table DA EV T8 gaioney ofix) vise Hef AC 80a2) M 4ol
soe] ol 4w Blge] 7Kg A UEhEom], Bol i o o s o 404 oC 9 S 43%
(Table 3)8} Zo] F&58 W FZ(Air conditioning) RH 220] 23 gwg Aot Tak A A4
AE A A LRI A FROS0S A geg 10 m @ 840 wSlolA A SAS AR,

B=Tam = E=Ngu |

Aog BAESIth (Table )+ F8F9 MSB 254 7 MAME ZigBee 7]t BAEAS E3 glo]

T oYN=E s

NSE 7l e B A S R A o ds T e e e
P DS A B0, [Mis. 202 & PA B g a1 2 wae) dele w8 F1 skl 4
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AME AE2 15, 25, 35, 135 % 2850 4%
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Distributed power-linked BEMS

Energy Use Analysis of the Demonstration
Site Building

Al-Driven and Scheduling-Based Energy
Saving Algorithms

Application of the Algorithm and
Evaluation

Humidity D: Environment
e 1oT Data Smart
loT | -~ loT Gateway
Temperature Bata’® 7 ™ lo Data — ,
L o Intelligent
53 Smart
< Information
- \/u g
llumination Data 2 Optimization of
energy demand
loT Power Data and supply and
peak
Schedule-based Renewable + AMI management
Power-grid distribution simulation
mechanism ‘|_L‘Jsing the energy through analysis
of energy useage
Charging the in buildings
energy <L (RS T
i o
| BT loT/AMI Smart energy
S loT Service
loT/AMI v
Energy loT Monitoring
o) zesuy
PV

Aolesiol iidin)

Data Flow <«— Energy Flow

CT Power Sensor

Sensor Installation

The Implemented System for Digital Modeling

[Fig. 3] Overall Architecture of the Proposed System and Photograph of the Implemented System for Digital

Modeling

oz g 370, 5% AlA 270, A AA 208 A
2519l oH, AolEol= S 2~471E AR5t

{Table 5) Sensor Description & Specification

Aot AluEes 34 O AsP Aol 7R AluE|e
oF @ AAARUA] QA 7]RE ol i A] H3 AuE|e®
TEt A5@ Aol 7t AlvE| = (1) ARE 7Rt
2AIE Aloje} 2) AL 719 A5F Aoz FEET, 4l
Aol A 715t olvA] A3 AluEl e 3) B

Sensors Specification
Enorgy Communication : ZigBee 2.4 GHz / |EEE 802.15.4 B A A Aol AluEeE gHrt ol wE 7|1E
Measurement Range: Up to 80 A AC “z a o = =
Meter(CT) Data Sampling Interval: 5 minutes éd"] og H]‘“_ﬂ]— H]ﬂo}o:.l Cﬂ]l:]}(] /\]"Q_EO]: tﬂg‘]—
= Communication : ZigBee 2.4 GHz / IEEE 802.15.4 Z BASl, o]E 7Hto g oyX] AAEE ArEsit)
= Temp. Accuracy: 0.4 °C (max.) _
Te:ﬁ;:(a;:yre/ = Temp. Range: =10 to 85 °C %1_' ﬂ" E% L 0“1’1;(] ;Qﬂra): ""H = ‘?“]6H Eﬂ_Z] AHU
= Humidity Accuracy: #3% RH (max.)Operating L0 . J5]
Sensor Conditions: 0-40 °C, At (Specification)& EA4ITH14].
= Data Sampling Interval: 5 minutes
= Communication : ZigBee 2.4 GHz / IEEE 802.15.4 =
= Detection Type : 3D boundary detection 4.1 Xl I'l X‘"O‘l %’ﬂal% A|L|'E|2 —E—*_"‘
Ocoupancy = Detection Range: Up to 10 m, with a detection angle
of 84° 4.1.1 2ol W MX| = AHU AHA2 2M
Sensor Detection Zones: 74 discrete detection zones (37 1.1 29 W2kl & LHER 24
pairs) s s .
« Data Sampling Interval: 5 minutes (Table 6) AHU Specification Analysis
= Communication : ZigBee 2.4 GHz / IEEE 802.15.4 ltem Description
SE Profile
Gateway Wired Communication: Ethernet Total Number of AHU  |= 60 unit (in the building)
= Operating Conditions: 0-40 °C, = 28F-13F: 48 (3 per floor)
AHU Unit Distribution = 12F-5F: None
(units) = 4F-3F: 6 (3 per floor)
= 2FG: 6 (2 per floor)
Operating Hours = 9:00 AM - 6:00 PM
4. x| =™t 2dV2E AHU |= 17 KWh (per unit
Total |= 1,020 kWh (per all unit)
B oA ol HASHE AR A 0B AHE | Corsmoten ||t 5180 W ot
— h—g o
Hourly [= 906.6 kWh (per hour)
o, o]of] WE Ao gEES EEStA FTh oHA| Annual |* 2,121,600 kWh
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(Table 6)+= A& W AHU(Air Handling Unit)2]
A A3t YA AH| BG4S B4 olo} & 60Th
9] AHU7} AAJ=le] 9lom, o] ZF 28F5H 133714
£ 38 304 F 48tV ExE|o] 91, 125 55
7= AR =] QA gt} TSt 453} 350l S 3
4 F o, 255E AYS7HAE 5 204 F 6t
7} AX|=lo] itk AHUS] 24 AR 24 9AIREH 2
T 6Al7kAolH, g o AHEEL 17 kWh(EH] ARF
A 7180tk ool meEt HA Adul9] F *H]Xd?a‘&
1,020 kWhol™, 4 AHl-AEE 9,180 kWh, AIZF
2HAEL 906.6 kWhE APFEQITh A7 AB|AE %
2,121,600 kWh& £4=o], AHU Au7t A& A o
U2 ARgOllA] At BlES TS 91 4= Atk

¢

4.1.2 XS Mo AlLte|2 24

(Table 7> Intelligent Control Scenarios

Scenario Detailed Description Summary

= Building Scheduling Based AHU Control

= Applicable domain: Floors without Smart loT
sensors installed

= Floors: G, 4, 14-27

= Al Data Analysis & Prediction-Based AHU Control

= Applicable domain: Floors equipped with Smart loT
sensors

= Floors: 1, 2, 3, 13, 28

Scenario 1-1

Scenario 1-2

SA AAEE AHFE oA HH5E Alue| = A
@ A5 Aol 7|9t AvE| et @ AN A] AA
719k oA A3 AluE|eE FAE 0] Glal £ AofA
£ © A Alo] 7|5k Ay gt AR} 253 A
o] 7Igt AluE| 2= (1) Al 719 2A1F Alolet (2)
Al 719t X553 Aol2 R

A AS i A9 [oT AlA 5 S AmE
A GF, 4%, 14338 27379 Ftole 4R
AM7L F2E0] A EI 1%, 2%, 3%, 135, 28%
9] & 57 Foll TFFKE AA7F F=E] o] Qlct. o] ot
2t AA7E AR Eo] Qe 9T, 18R] g2 foos
TEste] E|ES A AAZE AXE o] QA
U2 o= HAIZE HlolE 7|uk Aloj7t AgtEuE,
g Folle 4 AIRE 9 Fah e mEg (1) Azt
o 719 AAIE Aol ARl AU 1-1% H-&5to]
o] A74-g APttt vhdol 1%, 2%, 3%, 135,
2859 F 57 S0l AR A7 FEE 0] Qo
3 FollAl= AT dloJg] =30] 7hsatct. o] wt

g AA7E FEE SollE ) Al 719 X559
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