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Abstract

This paper presents the potential of generating electricity with rooftop solar energy
and conserving energy by changing the equipment of Chaiyaphum Rajabhat University
by surveying energy use in Chaiyaphum Rajabhat University. Information regarding
building space was collected, including several air conditioning equipment, several
lishting equipment, and information on electrical energy usage of Chaiyaphum Rajabhat
University. Then the potential for rooftop solar installations, energy saving potential in
lighting systems, and energy saving potential of air conditioning systems proceeded.

As a results, it was found that it was possible to reduce the overall energy cost
burden by more than 48.60% from the energy cost compared to before changing the
system to the LED system with Built-in IoT. This resulted in reducing 90% energy
consumption and 37.50% reduced energy use of Inverter Air Conditioner. Electricity
production from solar energy installed on the roof can be designed with a maximum
power generation capacity of approximately 450 kWp, resulting in electrical energy

savings of 668,172.59 kWh, equivalent to an amount saved of 3,006,766.66 bath/year.

Keywords: Solar energy; Electrical lighting system; Air conditioning system; Energy

conservation
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nsldndsnuasld 37.50% nisudalifianndsnuuateingifadsuundiarause
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nasudunumadglunsvauusemaluaulseying 1Aswgna wazdiauuyyd
Tuthytuillantdaundysugawisanlivhifiestunsdinuuas dymaanedeuodailiing
Andusnneu WAATINsEUIUNSEANE I ULUUNTE 8 AN TaU IRENsUs TnALae
nswanlrihressusdaldsuauaulafissnndu (Ford, 2011; Child, 2017) ANAINSD
naalnilaes WudsldwSevluanudanguitundauvendes uazwmdgyiunisvinwnay
wdsuilan wilsluwumaudlondniihlulduas@nuvilutiagiulunaneifissialandens
raaliilngldseuulniiloandfiwadluetns (PV) iwu nsinseuwmdsan (Khan, 2016; Singh,
2016; Byrne, 2015)

o o

unuWaAamaa i wesUszvalng w.e. 2561 - 2580 (Power Development Plan,
2018) azdmawmanlninluszuu 3 nglniln Tudaned 2580 sauans 77,211 wnging lag
Usenausemasdnlniiludagiu w A4t 2560 Wiy 46,090 wnzSes Tnadufdenanvos
Tsslillyaisan 56,431 wng¥nd uazinisuanddmanlsslwiiuinfinuneglurasd 2561 - 2580
U 25,310 1WNLTRA N1SIAVNAINEINTAINA 8N b b 1vesUsEna d11nauann
WAIUINATYN WAz EIALLINRA (@e9.) AR Uszaans wualdunisueefmaesegne
szeze1 (GDP) U 2560-2580 fiAadssasay 3.8 Aod lWensnsiiuvesssrnsedsdosas -
0.02 sie¥ dmsuamennsainmudesnsiiidldlunsdaviuan PDP2018 Tutasd 2561 — 2580
wuAmenIalAudeINING Ul mavsvesszuu 3 mslii uwasndalwihasangvsiul
2580 fiA1UsENM 367,458 a1unaY Lag 53,997 lwnging (Power Development Plan, 2018)
PUAIAU UsenaunulauoysNYwasa1u w.a. 2558 - 2579 (Energy Efficiency Plan, 2015) 161
fuualifansnsdiuvesUsunandsnuiildrenavesfanssunseannudun1sldndasu
(Energy Intensity) ateg1atiesdesay 30 a1elud 2579 (awisudud 2553 wieuszua
56,142 WURUAEUYITURY (Ktoe) wazlimangn LN AL NS S U AN ULAENE 1974
N19LA8N W.A.2558 - 2579 (Alternative Energy Development Plan, 2015) fidoan1sii
dadrunslindunauny Taen1siansandsd nen nuna Ins I una LN Ui a1 1L
sianldislugy T esdou wasidowdsdinw udesas 30 vosmslindsnudugaving
Tudl 2579 w3aLiguin 39,388.67 ktoe
nsuanlwiidaswaduaserfingludagiuidudui don uagliainuauleain
NUIBITY DIANT WATAIAUTEVIVU ﬁﬂﬂ‘i@gaﬂ’@umuwuﬁﬁ’ﬂmwwwé’muummﬁmé U ..
2560 atulnddmsulszmalnedsdnilasuniinededating lavinisasuuusiaomng

AMAAIENTAIUNTUAIUIL ﬂ'mamL%m%’aﬁmamﬁms’imﬂ%aaﬂamwdwmaLﬁsm LUUTI8D9
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Fandandafantsgandussdoriing vosleleu loth waznisanvouvesiuaresstaya
auienilfiduteyaainanuiien GMS5 GOES9 uag MTSATIR 5auszezan 15 T (A.A,
2001 - 2015) Taglhuvudrassisnanludumnasdmsending Mussma uaziwaildlude
wanslugUunuiisoiiou uazs1ed nuauiinedou nui nisnszaremuiuiivesdsdang
orfingluusios fouldsudvinavesauusauuasdnvasanimanivosiui Tnafeusmion

Jutnaiiufidnlngvesdsamalasuidanefindgan dmsunisnszane anunuised
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Aserindadensl nuiusnanlasusidnisenfinggea (18-20M)/m’day) azegluuiiin

A1ANaN wasnAnzIusendsuniioveslseina adFigure 1 TaguiIUNIANANKAZAIA
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Figure 1 Average daily sol'ar energy potentia

mwmmamwﬂﬁgmﬁLﬁmﬁumaamuﬂimmé’siwﬁg‘&’aqﬁ flormsuazaniuiivsznou
Anssudauannuiiesesduianssuvesanryaans uasdndnwivuiiuiindr 1,482 15 iile
fmuvinueiazesdanuiliundndny famaminerdedosdadsgunsallaiieng q e
grurgANNarAINlITLAYAAINT waztndny) n1sldndaeuainianssusie 9 nely
uinendesdndund fnsldanuenuiunin 10 Hilusiedu Fsdslaiusmededdlnidy
q fiaeseanuazain warldlunsmeaesdde uaznisiaudiusng 4 vlfuninends
swigdugd dnsldwdanuduudennnndt 4.5 d1u kwh ded wieAniduyarUszan 18

auum legnislindanudnlngiinanasesliueniawasseuudedaine Sgunsallussuy
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AMUSEUNR 110 KW — 460 kW %38 25 — 118 kWh slauandlu Figure 2 flwuae¥audu kw iy
fulian wag Figure 3 dutleTadu kwh guduian wagannn1sansiadiinui 2,329 a1s1e
wasiddneainlun1sfinds Solar Rooftop Feanunsasenuuuiidwdniidelningegnald

Uszanal 450 kWp UizLﬁuﬁuamuﬁy’ﬁu 31,260,000.00 UN
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Figure 2 Electricity usage behavior of Chaiyaphum Rajabhat University, unit kW
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Figure 3 Electricity usage behavior of Chaiyaphum Rajabhat University, unit kWh

Table 1 Data used in the analysis.

foyaidosdu

- nwiuldnu 365 JuA

- faansnanlningsaasaws (Wp) 310 o

- Energy vield derating factor (EF) 0.7

- Peak sun hour (kM) 5.23 e/
- semdsilwiadesemiae 4.50 UI/kWh
- Smnusad LA ARd Ak 1,613 W

[101]
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nalvihgsanseus (W)
= (310 W /1000) x 0.7
=0.217 kw
maalnigsansin (kw)
=0.217 (kW) x 1,613 (L&)
= 350.021 kw
nausendanasaulnia (kwh)
= 350021 (KW) x 5.23 (Falus/Au) x 365 (Fu/d)
= 668,172.59 kWh/q
Andusuutuiivsendald (un/d)
= 668,172.59 kWh/d x 4.50 (U/kWh)
= 3,006,776.66 (/D)
seozaAmu (Fuamu / Builseviald)
= 31,260,000.00 / 3,006,776.66 = 10.40 U
Feuwihsuthsiuiiu @eftliih 1 kwh wihiu 0.0000852 toe)
= 668,172.59 x 0.0000852 toe
- 56.93 toe WeuwimisuA
Uaeeineg CO, lausza
= 374.8 ton-CO,/A
B/C Ratio veanslindsmuuasanfindvivun = (Srmussvdandsanu x ongmslnuy
Huaemu)
=(3,006,776.66 x 20) /31,260,000.00 = 1.92
NFAUSNYNEINU

BUTNYNANUTTUUA RIS

[102]
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Table 2 Survey of lighting systems within buildings of Chaiyaphum Rajabhat University.

RRaY
- . gudely | ol | Al (uw/
yiavaealW | Watt | 911U . A kwh/Q -
LU W 1)
(Watt)
Downlight 18
18
W 1298 10 8 264 76,758.53 345,413.38
Fluorescent
36
36W 8054 10 8 264 782,462.21 | 3,521,079.94
Fluorescent
18
18W 1164 10 8 264 68,834.30 309,754.37
High Bay 400
400
W 31 80 8 264 31,426.56 141,419.52
Spot Light
400
400w 16 80 8 264 16,220.16 72,990.72
YDA 975,701.76 | 4,390,657.96

a

Table 2 iumsdsnszuudesaineildmelutazusnoinsvesminendesivd gdond
devhmsiauasUssdiuanslindanuliilussuudesadsiomn wuh Snslivaoalidssam
Downlight 18W, Fluorescent 36W, Fluorescent 18W, High Bay 400W, Spot Light 400W Fadu
vaosluli wdafifinsldndanuiigs mnssuiisuiuvasaliiwie LED Affldlumalulad
990y annsdise milindsmilyiindadusen 8 daluwietu 264 Fusiel azfimslindanu

975,701.76 kwh sl Aasduyann 4,390,657.96 uwisiel

[103]
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Table 3 Lighting system inside the building after renovation to LED bulbs.

Wil
Watt anasan | Faluy/ Al
yilavaonln $wau | loT -kwh/A | Ju WA kwh/U (/)

LED A60 E27 Bulb 8 W 8 1,298 - 8 264 21,931.01 98689.55
LED Tube 120cm. 16 W
+loT o 8,054 204,121 8 264 68,040.19 306180.90
LED Tube 60cm. 8 W
+loT ° 1,164 14,750 8 264 4,916.74 22125.33
LED High Bay 210 W +loT 210 31 10,312 8 264 3,437.28 15467.76
LED Flood Light 200W

200
+loT 16 5,069 8 264 1,689.60
YDA 100,014.82 450,066.70

Table 3 Wumseenuuunisiszuvdesainlmifildneluazuenennsvesunineds
swinegd WehmsusuduamsusuasuvasnliiindosinUszinmasn LED wayszuy
AUAY lot warldngsnuliinlusyuvdesainatame Imaﬂmﬁumiamuﬁagu 46,091,100.00
U Ul sty vasaliusezian LED A60, E27 Bulb 8 W, LED Tube 120cm. 16W + loT, LED
Tube 60cm. 8W + IoT, LED High Bay 210W + loT, LED Flood Light 200W + loT Faduvaonlnii
iafifimslindsnuivssndnliingeaeniltlumeluladtdagiu amnmsdsamsldndsamndlai

a

Aadusng 8 TalusroTu 264 Tused fasld w1y 100,014.82 kwh sed @ WY AR

450,066.70 vvaial awnsausendanisldndsuasled 875,686.94 kwh sial w3 ofaduyann
3,940,591.26 U WRel

amsUsITdanS s (levfinms - vdshinda)

= 975,701.76 — 100,014.82 = 875,686.94 kWh/A
raUsendarildanend ey (RouRnds - vdsnna)
=4,390,657.96 — 450,066.70 = 3,940,591.26 Al
srenaAuL (Ruanu / Ruivsendals)

= 46,091,100.00 / 3,940,591.26 = 11.70 ¥

Kilotonnes of oil equivalent (ktoe) = NaMIUsENGANAIU / 11,630,000

(104]
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=3,940,591.26 / 11,630,000

= 0.34 ktoe

Tonnes of carbon dioxide (tons-CO2) = MsUaseiing CO, 6 wauusn U w.a. 2560 Tu

Usemalnesnansionasiny tkioe
=1,810x0.34

Table 4 Survey of indoor air conditioning systems at Chaiyaphum Rajabhat University.

= 615.4 tonnes-CO,

fluq | Factor maslnidin Al
Rated BTU | 97u3u Tunad kwh/1
podu | luau (kW) (U eiad)
9,000 15 8 0.8 264 1.50 38,016.00 171,072
12,000 12 8 0.8 264 1.50 30,412.80 136,857.6
13,000 5 8 0.8 264 1.60 13,516.80 60,825.6
16,000 2 8 0.8 264 1.60 5,406.72 24,330.24
17,000 2 8 0.8 264 1.70 5,744.64 25,850.88
18,000 a6 8 0.8 264 1.70 132,126.72 594,570.2
19,000 3 8 0.8 264 2.15 10,897.92 49,040.64
23,000 3 8 0.8 264 2.60 13,178.88 59,304.96
24,000 98 8 0.8 264 2.60 430,510.08 1,937,295
25,000 140 8 0.8 264 3.50 827,904.00 3,725,568
26,000 59 8 0.8 264 3.50 348,902.40 1,570,061
27,000 6 8 0.8 264 3.50 35,481.60 159,667.2
29,000 3 8 0.8 264 3.50 17,740.80 79,833.6
30,000 58 8 0.8 264 3.50 342,988.80 1,543,450
31,000 6 8 0.8 264 4.00 40,550.40 182,476.8
32,000 1 8 0.8 264 4.00 6,758.40 30,412.8
33,000 18 8 0.8 264 4.10 124,692.48 561,116.2

(105]
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s | Factor maaluin Al
Rated BTU | 97u7u Fusol kwh/U
podu | Tdau (kW) (U msial)
34,000 4 8 0.8 264 4.10 27,709.44 124,692.5
36,000 73 8 0.8 264 4.20 518,031.36 2,331,141
38,000 15 8 0.8 264 4.55 115,315.20 518,918.4
40,000 1 8 0.8 264 4.55 7,687.68 34,594.56
48,000 2 8 0.8 264 6.12 20,680.70 93,063.15
60,000 38 8 0.8 264 7.83 502,723.58 2,262,256
FIUHBN 3,616,977.40 16,276,398

Table 4 Hhudmanslfauszuuivomanildmeluemsvesuvinedesvd gdund
ilevniauazusvdiunanislingsnulviilussuuuiuenesiams wuin fmsldiadessuonnie
UM 9,000 - 60,000 BTU GTfQLﬁuu-ﬁ"aqﬂi‘f’ummﬂﬁ'ﬁmqmﬂ‘ﬁmu waug 7 - 15 Y dafu
i3 sUsuomAninsldndsnlaindias mndisutumeluladlutagdy :nnsdsnisld
wdsrndlwihAndudeam 8 Flusetu 264 Yusted Snslindsnu 3,616977.40 kwh sl Andu

War1 16,276,398 umsiel

Table 5 Inverter Air Conditioner system

Rated s | Factor | maglii Al
BTU | d1wau | wedu | Tdau et (kw) kwh/d (U wned)
9,000 | 15 8 1 264 0.75 23,760.00 106,920
12,000 | 12 8 1 264 0.75 19,008.00 85,536
13,000 5 8 1 264 0.80 8,448.00 38,016
16,000 2 8 1 264 0.80 3,379.20 15,206.4
17,000 | 2 8 1 264 0.85 3,590.40 16,156.8
18,000 46 8 1 264 0.85 82,579.20 371,606.4
19,000 3 8 1 264 1.08 6,811.20 30,650.4

(106]
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Rated #alaa | Factor | . Maslui Al
BTU | 91w | sodu | 199w e (W) kWh/Z (U mead)
23,000 | 3 8 1 264 1.30 8,236.80 37,065.6
24,000 | 98 8 1 264 1.30 269,068.80 1,210,810
25,000 | 140 8 1 264 1.75 517,440.00 2,328,480
26,000 | 59 8 1 264 1.75 218,064.00 981,288
27,000 | 6 8 1 264 1.75 22,176.00 99,792
29,000 | 3 8 1 264 1.75 11,088.00 49,896
30,000 | 58 8 1 264 1.75 214,368.00 964,656
31,000 | 6 8 1 264 2.00 25,344.00 114,048
32,000 1 8 1 264 2.00 4,224.00 19,008
33,000 | 18 8 1 264 2.05 77,932.80 350,697.6
34,000 4 8 1 264 2.05 17,318.40 77,932.8
36,000 | 73 8 1 264 2.10 323,769.60 1,456,963
38,000 | 15 8 1 264 2.28 72,072.00 324,324
40,000 1 8 1 264 2.28 4,804.80 21,621.6
48,000 | 2 8 1 264 3.06 12,925.44 58,164.48
60,000 | 38 8 1 264 3.92 314,202.24 1,413,910
YO 2,260,610.88 | 10,172,749

Table 5 Wusenuuuldauszuuuivemeaiildneluoiesvesminendesvdgdond
WoUspifiunanmsnsuSuasussuuUSuanmiavan wui SnsldiedesusuaniuTg 9,000 -
60,000 BTU s?fqL‘T;Jum%"aqﬂ%“ummﬂﬁﬁmqmﬂ%mu s 7 - 15 U faduedesusuonaiiinngly
wdaalvindigs wndleufumalulaglutiagtu snnsdsmslindamiliindadusen 8
dlusrotu 264 Tused Snsldndsau 2,260,610.88 kwh siod Anugarn 10,172,749 umsedl

annsausgndanslindsnuadd 1,356,366.53 kivh il viseRaduyani 5425466.11 vwsiel

[107]
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ramsUsEndand ey (Roufngs - daRng)

=3,616,977.40 — 2,260,610.88 = 1,356,366.52 kWh/aJ

NaUsEVE AT end s (evRnga - vdsng)

= 16,276,398 — 10,172,749 = 6,103,649 umA

szozaAmu (Guamu / Builseviald)

=43,891,100.00 / 6,103,649 = 7.19 ¥

Kilotonnes of oil equivalent (ktoe) = HaMIUsENEANG 1Y / 11,630,000

= 1,356,366.52 / 11,630,000

=0.17 ktoe

Tonnes of carbon dioxide (tons-CO2) = MyUasefing CO, 6 wausn U w.a. 2560 Tu
Uszinalnesenslina ey 1ktoe

=1810x0.17

= 307.70 tonnes-CO,

B/C Ratio %aqmmy%’ﬂﬁwﬁmuﬁwm = (s sevdavemaon x 1gmsldauves
vian) + (rrszvsavennionivennia x ogmsldimmenedosiuennia) / Suamuiiovue)

=(3,502,747.78 x 9) + (6,103,649 x 10) /43,891,100.00 = 2.11

anuseka

nsuAalwihanndsnuuasofindfidadmundn fmhonisudaliihfiuandisni
anmiluil dnwaenisfess Wevssidunsdsndanunaenszezinailasanisldogiadu
1A55IUPEA Feldduiunsdiassnisnanndanulaenisldlsunsy Pvsyst dudulusunsy
madmnssdifannindedelunisusedunissdamdsnulwiivesssuunisudnlniinan
NRMUETRTIRg Fsaunsaeenuwuumadniaslninasaalauseana 450 kWp wadsendn
wdsulih 668,172.59 kwh Aadusiuuiuiiusendald 3,006,776.66 (Un/d)

N3RSNENaNIAEYITanN1TE N SYIUYRImtsnuluNMIauat U3 s UUdRS
@19 Mlvannsonsvaeussuy desainsiiinmademedisaluuiinueiig q ldkussuy
AoufMes uaz Smart Phone denaliianunsaguassuudesainaldedierings wasudlatym
Ifeesmninaznsgn annszagoutgdluszuy ilesanvasalyl LED fegnislded
g1unuie 9 U vilvszezinan lunisiasunaealwlmitaznisgentiseszuudesainsda
szovnaneentUBnvansl daelissuvdesaineifusyavsnmanndatu uazswuu Inverter Air

Conditioner #ifiguuuunsvianududiigamgiaiauesgreweiiiousldndanusiisniu
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o
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walulagnisussudamdanunldfuegraumsnansdeiu Ssaztaelifnnsussndandsauiu
Tu9n 919 MULRUBYSNYNGIIU WA, 2558 - 2579 (Energy Efficiency Plan : EEP 2015) an
nszaldTesundnulunmsalinnni 48.60% analdTesundinuUasusTuU
v 1 s¥UU LED with Builtin 10T i @1u150ann1sldwdaauadlsd 90% was Inverter Air

Conditioner Na11150aaN5bonaa9uadle 37.50%
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