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Abstract

This research aims to analyze the energy usage behavior of the Industrial Technician School
Building at the College of Industrial Technology and Management, Rajamangala University of Technology
Srivijaya. The objective is to develop an optimal design approach for integrating solar photovoltaic (Solar
PV) systems and energy storage systems (ESS), along with improving energy efficiency through load
management and power factor (PF) enhancement. The analysis revealed that the building has an average
electrical load of approximately 80 kW. A Solar PV system with a capacity of 427 kW can supply around
80% of the average daily energy demand, based on average solar irradiance of 4.5 hours/day and a
system performance ratio of 80%. For nighttime or non-solar hours (approximately 4 hours), an ESS with a
capacity of 300-350 kWh is sufficient to meet the critical load. Additionally, the power factor was found
to be below 0.5 on several days, which contributes to energy losses and increased costs. Therefore, it is
recommended to install a capacitor bank or smart inverter to improve the PF to a range of 0.9-1.0.
Overall, the integrated system design resulted in more than a 25% improvement in energy efficiency, with
a 30-35% reduction in monthly electricity costs. Furthermore, it can reduce energy losses due to low PF
by over 15-20%, and decrease dependence on grid electricity by 70-80% per day. This study
demonstrates that integrating renewable energy with intelligent load management is a viable strategy to
transition educational buildings toward becoming Net Zero Energy Buildings (NZEBs) in a sustainable

manner.
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Phase Reference Value (A) Measured Value (A) Error Percentage %
Phase A 7.66 7.6 0.78
Phase B 14.31 14.3 0.07
Phase C 13.43 13.4 0.22
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NNTWIUT 2 wuduma A (7.6A) 3alé 7.66A (+0.78%) 1la B (14.34) $alé 14.31A (+0.07%) uazima

C (13.0A) Falel 13.43A (+0.229%) A inlalndiABsAnnasgu amnuaaaedousglutag 0.07% - 0.78%
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ANUIUIUIAWES Solar PV ¢iadl

P x0.8

Py =——— (1
PSHx 1}

Tned PSH (Peak Sun Hours) vesUszinalneiadsd 4.5 alus/fu uaguszAnsnmussszuy Solar PV
(17) gnrinmundl 80% (0.8)
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2.3 N1599NLUUTTUUIARUNG 99U (ESS)
sEUUTAAUNS 391U (Energy Storage System) %Qﬂaamw‘uLﬁaﬁuwﬁﬁmuﬁmammﬂ Solar PV d@wsuly
Tutefilsifinaaunn Ingazmurnaun ESS auszesnattunisldnutasnssafundsuidenis sumain
ans
o = Pavg x G (2)
el E... Ao ANRUBdsUUdAAUNG s (Energy Storage Capacity), P, fiD Anadevasiddlndii

Inanl91u (Average Load Power), 4 f Szoglianlieussuvd1saenasanu (19 4 aluslutieluiivasunn)

2.4 n13UTuU39 Power Factor (PF)
n13USUYTeAn PF aganiiun1siaenisines Capacitor Bank #38 Smart Inverter tieLiiaUsza@nsain
nasnuvesszuulii Tngen PF aggnAinuaglinssiluwsias JuiieUssdiudssavsnmnisiauvesssuy fn

PF @3pn PF qzfindaglutig 0.9-1.0 wielvszuuvinanuliegadiuseaniaingean Aminainans

Real Power (kW)
Power Factor (PF) = (3)

Apparent Power (kVA)

Tnefl Real Power (kW) = wdsaulniiiléenuléase, Apparent Power (KVA) = HATINVDINGIIUDTS

(kw) uaznasnusuendin (kVAR) luguveainines

2.5 msnsevideya

Jayaannisianseualin, Adalnil waza PF aggniunieseilagldinadanisadfuaziznis
Auamimnssy ilemvuiafivangauvesssuy Solar PV Wag ESS wariaginansenureansusulss PF
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2.6 NMIUIMsIANTsInanluiii
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Meter azagliaunsanaurunisldndsnutazusuasungAnssunisldndanuldetaiiuszansnm
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AN5199 2 AUsEnaumasesssuulnihauwa

Date Average Current (A) Average Power (W) Power Factor (PF)

Dec 1-5, 2024 4.33 1601.35 0.56
Dec 6-10, 2024 5.36 2179.05 0.54
Dec 11-15, 2024 7.46 2986.57 0.51
Dec 16-20, 2024 6.87 2554.90 0.52
Dec 21-25, 2024 .47 68312.40 0.66
Dec 26-31, 2024 5.06 44815.08 0.80
Jan 1-5, 2025 a.77 43482.35 0.73
Jan 6-10, 2025 11.51 104817.09 0.44
Jan 11-15, 2025 6.40 58698.36 0.69
Jan 16-20, 2025 8.17 74187.84 0.51
Jan 21-25, 2025 9.98 86584.38 0.48
Jan 26-31, 2025 10.20 84954.82 0.47

—— Average Current (A) -1.0
- Average Power (W)
Power Factor (PF)

verage Current (A)

A
f

2024-12-012024-12-082024-12-152024-12-22 2025-01-012025-01-082025-01-152025-01-22 2025-02-01
Date

JUN 3 wdliduvenszuaiade, Madliade wasdiusenoumds ((unau 2567 - unsiau 2568)

INNFMIUN 3 nudn nszualrinadedanuduniudeudisgs Insanzludiinaiuseusuinng 2567

waz Un31AY 2568 fArasanilugas 9 Ferufnanivanfiiindudinsn luvisgisdicianaddndaud 39919

Y

wnefanlidinanvsegunsalunsdiUansviia maslwiiage dwwilduaenedesiunszudalniiade (A)

Feammgauna Wesnmddliihvuegiunssuauazusadulii dnsiindusgradanuluuigiwes unsiay

v
=

2568 Fapnaarvioufinisldndsnuiigeuludouil dausznouids Inisidsusvandugae q visdiseyi

Y

AUsEI 0.9-1.0 FTuA17d aealsAny Tu1eteian PF anassinndn 0.5 Msauiinsfnay 39913Linanlvani

@ =

fidnwagiueniings vielgymiluszuulni dedunaandu Tuunsiau 2568 nsvualniuagiadalihfiwwalidy
gawlelfisuiu sunau 2568 Fso1alunauainnisiiinduvedivanliiilugiaaaidenaty fauseneufindad
AMURUNIUEY FaAITATIAdRUIIANMAARIINIanUsEIANTA UagiiansanIBUTuUTe 1w nsladuTuUgesn

Usznauniad (Power Factor Correction)
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3.1 N5ONUUUVUINTZUUNAIULEID NS

N1398NKUUTZUUNSNIUNYUILY YUIAVBITZUU Solar PV Fnzay NTaya fadlnfinadonoiu
Uszanad 50-100 KW s11ngiaanasliszuu Solar PV 91em&39u 80% vesluaniads a1u1safulnuunnbuedi
Foenslé 910 (1) Tnsazvhmssunadvsulnanads vuna 80kw

1,920%0.8
= — =426.7kW

PV

45%x0.8

MnnsAna ansaaguliinssuundsnuuaseniindivanzay arstlvuinfidsnsuani 427kW G
ansanavaussedassdndinuliUsvinadesay 80 vesUSunansldndusin ssuvruadnaniiiey
afaugaivngansErinmsamuivlsransnmlunsionauesundany taanszalwiluszezen
warduaSunslindsnuarenesnadsby

YIATTUUANAUNS 97U (Enerey Storage System w3e ESS) daanisdnseandanulily 4 $alus lolud

N0
E.., =P, x4 =80,000 4 =320,000Wh = 320kWh

nnsAun aansaagulian ssuuinfiundsau (ESS) auim 300-350 kwh lusuadivanzandmiu
sessuaudeInsndsulniindniu eadreanuduasinundsnuazldussloviainssuuldagnad

Yszansnn

A151991 3 NISAUINAINUIINSEUUIANSIILAaENSIan b

Date Average Current  Average Power Solar PV Energy Load Energy
(A) W) (kwh/day) (kWh/day)

Dec 1-5, 2024 4.33 1601.35 39.49 38.43
Dec 6-10, 2024 5.36 2179.05 43.88 52.3
Dec 11-15, 2024 7.46 2986.57 68.04 71.68
Dec 16-20, 2024 6.87 2554.90 62.65 61.32
Dec 21-25, 2024 7.47 68312.40 68.13 1639.5
Dec 26-31, 2024 5.06 44815.08 46.15 1075.56
Jan 1-5, 2025 a.77 43482.35 435 1043.58
Jan 6-10, 2025 11.51 104817.09 104.97 2515.61
Jan 11-15, 2025 6.40 58698.36 58.37 1408.76
Jan 16-20, 2025 8.17 74187.84 74.51 1780.52
Jan 21-25, 2025 9.98 86584.38 91.02 2078.03
Jan 26-31, 2025 10.20 84954.82 93.02 2038.92
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o

Comparison of Solar PV Energy and Load Energy Consumption

2500 —e— Solar PV Energy (kWh/day)
—&— Load Energy (kWh/day)

2000

1500

1000

Energy (kWh/day)

500

JUN 4 nevAnuduiusseninmdsnunleatsuasnadanuanivan (unau 2567 - 1nT1AN 2568)

mﬂﬂsﬁ‘V\IgUﬁ 4 WU NFuLdeTindintuan 40 kWh/day (fusuaimu 2567) 18u 70 kwh/day
(Na195UMAN 2567) LLaxqqqmﬁ 110 kWh/day (na1391ns1AY 2568) flouanatuaznseiail 90-95 kwh/day (Uane
UNIAY 2568) drundarulnanzusi (R0 KWh/day dusuay 2567) riauvqu'ﬁyulﬂu 80 kWh/day (nanssunau
2567) way 120 KWh/day (nasunsia 2568) antuanauazifindudnasady 100 kwh/day (Uaneunsiay
2568) AuduTUS daust nansduanay 2567 Wuduly veaesinduwiliutu-adenndostu Tng nanwnsiau
2568 Lﬂuqmgqqmmﬁgq@u’ yaugdl Yaneunsiay 2568 ndseulnaniuganimdasnunaseiing R ERIRG CRTCRMY

ABINITNAINULESUINNLNAIDU

Average Electrical Power Consumption Over Time

—e— Average Power (W)
100000
80000

60000

40000

Average Power (Watt)

20000

Date Range

Ul 5 nswiadlvlads (Buaew 2567 - uns1Ay 2568)

NNFMFUN 5 wudly e Swanan 2567 419 6-20 Suew 2567 Masliiiadeegluszaus Tndeud

I0d NEUNNTUBE19TIALSITU 70 KW (21-25 Suay 2567) waranaunds 45 kW Tugislatawmau druluiou
1N3IAY 2568 Aaab U ANTUBE19TINSIFMARULAOU ke 110 KW (6-10 UNIAN 2568) Nauanawids 60 kW

o w

(11-15 un31AN 2568) waziiudunaiiiosaudia 85-90 kw lurisanaifiow gadAey laun nmswasuwasdundu
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vadluannatieu Sunau 2567, inluangean 110 kW 9396u unsiau 2568 wazauiuniIugvesinddlih

PREAYIUANESUINAN 2567 D9 UNTIAN 2568 Fepnvdinanadnesa nuasszuuluia

A1519% 4 Wnanlnliade (Average Load) vosufavifiou

Month Average Load (kWh/day) Peak Load (W)
December 2024 509 68312.4
January 2025 1818.59 104817.1

3.2 SEUUNISIAAUNES9U (Energy Storage System %38 ESS)
A15USEIUTUINYBITEUUNITIALAUNS 1Y (ESS) Tuaie Peak Load 1un1saiuiauSunundsanud

udusesiuluszuuiiesesdutriiinisldrundanugan

M19199 5 AIUABINISNANIUAITOMATANLUALADINIRDINTIULARZLABY

Month Backup Energy (Wh) Required Battery Capacity (Ah)
December 2024 68312.4 11163.73
January 2025 104817.09 17119.02

e Backup Energy and Required Battery Capacity S

-16000
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-14000 %

= 2
£ 80000f -12000 £
= ©
- 3
o -10000 &
2 60000} >
= -8000 £
gt =
2 @
[V] kel
& 40000} -6000 ©
o

-4000 2

20000
- 2000

0

December 2024 January 2025

JUT 6 NMsUssluvuavasszuudaiunasu (ESS) Tuasinangaan (Suanau 2567 - unsiau 2568)

1ANTINFUN 6 WUTWUITTUYDINEUE1509 (Wh) LagAULUALADINABINTT (Ah) DU UNTIAY
2568 HAmisaesinUsgeninfien sunau 2567 ndwudrseadinduainiieu Sueu 2567 LUt unsiau 2568
ANRUARSTIRBINSANTWUAY auefionadululd onadanivanliihiisduludiow unsiau 2568

MR INA1UE1 50901 MnTEnasnumyulon 1wy loa15wad 81auansinandnndsnuaeing

'
a

Windy dewalyifean1suuaneINiauuIndy ANUUUALMBTNADINIS (Ah) geduluiiiou uNs1AN 2568

gnTausEniamanud1ses (Wh) uagannuquuaaes (Ah) AeutndlndlAssiuluriasaiou
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A15199 6 Han15IAITYANNLIVRIlATINNG

actor ange ayback Perio o illion Ba
Fact Ch Payback Period IRR (%) NPV (Million Baht)
(Years)
Baseline - 8.0 14.2% 7.2
Solar Panel Price +20% 9.2 12.1% 5.3
Solar Panel Price -20% 6.8 16.9% 9.1
Battery Price +20% 9.5 11.3% 4.6
Battery Price -20% 6.7 17.4% 9.7
Electricity Price +20% 6.6 17.8% 10.3
Electricity Price -20% 10.0 10.6% 4.0
System Efficiency -10% 8.9 12.5% 5.6
Interest Rate +2% 8.0 14.2% 59
Interest Rate -2% 8.0 14.2% 8.7
IRR (%) NPV (Million Baht)
10 6
5 3
O T T T T T T T T T I O 1 U T T U T T U T U
3 (\z QO o Qo o Qc\c> Qg © Q° © QD\O Qc\c ff\e rf/’\" (& N o Qc\o Qc\o 6\\0 Qc\o QD\O Qc\o ’ﬁ\o "E\O
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