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Abstract

This study aims to evaluate energy savings and greenhouse gas (GHG) emission reductions achieved by
replacing fluorescent lamps with LED lamps in the Rattanakosin Place Building at Rajamangala University of
Technology Rattanakosin. Energy consumption data were collected before and after the replacement, along
with analyses of Life Cycle Cost (LCCA), Return on Investment (ROI), and GHG mitigation. The findings reveal
that replacing 964 fluorescent lamps (28W, 14W, and 11W) with LED lamps (18W, 9W, and 5W, respectively)
reduced energy consumption by 48.8%, from 54,030.24 kWh/year to 27,609.12 kWh/year, and correspondingly
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decreased GHG emissions by 14,964.92 kgCO,eq/year (49%). Over a 3-year lifespan, LCCA showed the total cost
of the LED system (486,013 THB) was lower than the fluorescent system (784,583 THB), yielding net savings of
298,570 THB. The ROI stood at 121.2% with a 10-month payback period, confirming economic viability. These

results demonstrate positive impacts on environmental protection and national energy sustainability.

Keywords: LED lamps, Fluorescent lamps, Energy conservation, Greenhouse gas reduction, Life cycle cost
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Table 1 Greenhouse gas emission activities used in calculation (Thailand Greenhouse Gas

Management Organization [TGO], 2018)

Greenhouse Gas Sources of Types of
Details of Greenhouse Gas Emission Activities
Emissions Greenhouse Gases Greenhouse Gases
Electricity Electricity consumption from lighting equipment
Baseline Case o, o
Consumption before modification
Project Electricity Electricity consumption from lighting equipment
. Cco P
Implementation Consumption ? after modification

n1sAwINUIIIuNTUasEn1wiTaunsEan (TGO, 2018) 11NNTAIF1U (Baseline Emission) WA15041LAN1¥NNT
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N, = dnugunsailwihuasanns neunsuduasy Ussiam i (kwh) Tud y
H, = ﬁwmw"ﬁﬂmamﬂ‘zmuqﬂﬂsahwmLmeﬁa szt i Tul y (h/year)

EFgioe = sy avsmsUassnedeunsyanainmsranngseulyivi (0.5664 kgCO,e/kWh)

A1AUIUNITUADENI9LT DUNTEANAINAITAEUIATING (Project Emission) WANTUILANIZASUADENNY
msuaulasenlyn (CO,) MAnannislandsnulnnvesgunsalinuasarnidaaddug n1sUasenigiseunszanain
= ° Yo a
n3egIU awnsadulafsENnIsn (3)

PE, = 2z (Ppg;x N;yx H;\) % 107x EFtiec 2

Tae?

PE, = UsinansUaseniaisounszanannistanasnulunisaniulasanislud y (keCo.e/year)

[

Pee;, = Anmastnnivesgunsaliviuasanng vdamsusuaou Ussam i (W)

AMIAIUIUNITARNNSUARENLSBUNSEAN (Emission Reduction) @13nsaatuadlansaunis (4)

-3
ER, = X (Pge;—Ppe;) x Ny x Hy x 10°x EFg, @

ec

1ne?

ER, = Usinamsannmsdassmaidounszan Tudi y (kgCO,e/kWh)

49



RMUTTO Reserch Journal Vol.18 No.1 (January - June 2025) ISSN 3027-8325 (Online)
DOI: 10.63271/rmuttorj.v18i1.264697

mﬁmiwﬁaws%ﬁmunu (Life Cycle Cost Analysis: LCCA) vouaenlw LED LLawaam‘anaLiawuﬁ LCCA

JuBmMsinsenauuTNvesstuusenaasunnaene1gn1sluny amnseawnlaanaunisn (5)

CEnergy(t) + CReplace(t) + CD/'sposal(t)

LCCA = Cfnftfal+z?:0 (5)
(1+1)
e
Chnitiat = éTunuﬁ'wTu ()
Cenergy (t) = gunuwa"muiuﬂ t (UMW)
Cheplace @ = éluvgul,ﬂ?ilawaamiuﬂ t (Um)
Coisposal () = gunuﬁﬁmﬁﬂuﬂ t (Un)
r = 9n31Anan (5%)
n = 918lA39N15 3 )

Anauundsnualniihnudasvesnisiiiaiuginim sasialiidmiumslelwmifu 150 nuieneifiou
150 ¥uIBLSA NUIEAY 3.2484 U 250 wuaedall ulsas 4.2218 UIv 1Y 400 wureduly wuiway 4.4217 Um
(675,476 V) mqmﬂmmwaamWQaaLiawu@; 10,000 92139 wazmaen LED 15,000 2l

dmuN1sNIMUIUENT NN ULNUIINNTANU (Return on Investment: RO @131sanilaanaunisi (6)

Annual Energy Cost Savings
ROI = (6)
Initial Investment Cost Difference

Togil
Annual Energy Cost Savings - mlwrusendalaned (L)

Initial Investment Cost Difference = mmLmﬂmwmmuﬂqmﬁamuﬁmu (U )

3. NANTSNARBILAZIATINE

nmsdsaveyailesmumunmelusimsdaulndunsmaaiimslsnunasnliiomn 3 Ussian fail viaon
luvigeaisaun wiln T5 wuinrdslinin 28W viaealugoalsawun win T5 vuinfdslisi 16w uazvaon
pziioy suaddslih 11w Sssuanseyamslandsnunou-dulisunasnds Table 2 uay 3

3.1 NM5AANS IINAINUINTIINMTIASASUTERTANA SNUSTUULESEIN

Mnveyavesmasaliiinielueiasnulndunsinaarlunsuisusuuveamasalwviif suany

Table 2 IﬂEJUWﬂ’e]‘UVL‘U(;’JEJM@@@WQE]E]L“J&QMG?“UU?@ 28W 31171 101 wiaen ma@ﬂqamaﬁ%u@‘umm 14W 117w 66
vaon vaennzABUIIA 11W S1ua 794 vaendimslindsnugeandlodisuivanadu q deswnisuaumaeaunn
fian uazmaonazAsurung 7W Sy 3 viaea Tnsmsusuidiunmslandsnuvesaealiismuamslsanu 12 dalus
nofu elaeumniu vlmmurmdsenlviidlssuisau 4,502.52 kwh/Afiou uag 54,030.24 Kih/3

mﬂmami‘uizLﬁuﬁmﬂ?{awaamlWWQaaLiawwﬁ‘%ﬁﬂ 75 \Jumaen LED viaviuania Table 3 Usznaulunae
“aeA LED 9u1a 18W §1u7u 101 viaen waen LED ¥u1a 9W 31U3U 66 viaen vaen LED aziiguauin 5W §1uiu
794 vinon o LED aziiaurunn 3W S1uru 3 vaea Tnstwuanislsau 12 2lunetu alveunniu wdsy

Tivilasaasiadu 2,300.76 KWh/feu way 27,609.12 kWh/d Seuansds Figure 1

50



—_

RMUTTO Reserch Journal Vol.18 No.1 (January - June 2025) ISSN 3027-8325 (Online)
DOI: 10.63271/rmuttorj.v18i1.264697

Table 2 Electrical power used before changing T5 fluorescent lamps to LED lamps

Fluorescent Lamp T5 Power Rating (W) 28 14 11 7
Quantity (lamps) 101 66 794 3
Operating (hours/day) 12 12 12 12
Operating (days/month) 30 30 30 30
Energy Consumption (kwWh/month) 1,018.08 332.64 3,144.24 7.56
Total Energy Consumption (kWh/month) 4,502.52
Total Energy Consumption (kWh/year) 54,030.24

Table 3 Electrical energy used after changing T5 fluorescent lamps to LED lamps

LED Power Rating (W) 18 9 5 3
Quantity (lamps) 101 66 794 3
Operating hours/day 12 12 12 12
Operating days/month 30 30 30 30
Energy Consumption (kwh/month) 654.48 213.84 1,429.2 3.24
Total Energy Consumption (kWh/month) 2,300.76
Total Energy Consumption (kWh/year) 27,609.12

910 Figure 1 wanslniiudaiauivasal LED dusydnsamlunisuseudandsanulauinniivasalu
Waeasaun Neluwivesnislandinunaiieusarned eswinuaeall LED lundsauuesninlunisiuwasained
wniuiunasavigesisaiwun lnen1samiailawunuimnildsunasalinmuadunaen LED auia 10 W agviuan

mslanasnuasiaegsiitdedify Feammananisannislondsulueimsuazalvwlueinng

[ Total Electricity Consumption (kWh/month)
60000

[ Total Electricity Consumption (KWh/year)

50000 ~

40000 -

kWh
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10000 -

FLUORESCENT LAMPS LED LAMPS

Figure 1 Comparison of monthly and annual energy consumption of each type of light bulb
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3.2 M3aANMSUaBANYLTaUNTZANIINNITUININITUTZRIANAHIUTZUULENET NS

37 Table 4 nauszifiunsvasengiiounszanvewiaeninningoaisaisun ¥lia T5 vwnmasinni 28w

viaealiwigeaisawun ¥lin T5 vuamasiiv 16w wazsvasanzifieu swamaiv 11w vibwiulandviuimns

nsUassmeeunszanmadiinn 30,602.73 kgCO,eq waziloniliunisusuasunlanasn LED azuanes Table 5

Table 4 Greenhouse gas emissions before changing from T5 fluorescent lamps to LED lamps

Fluorescent Lamp T5 Power Rating (W) 28 14 11 7
Quantity (lamps) 101 66 794 3
Operating hours/day 12 12 12 12
Operating days/month 30 30 30 30
Greenhouse gas emissions (kgCO,eg/month) 576.64 188.41 1,780.90 4.28
Total monthly Greenhouse gas emissions (kgCO,eq) 2,550.23
Total annual greenhouse gas emissions (keCO,eq) 30,602.73

Table 5 Greenhouse gas emission after changing from T5 fluorescent lamps to LED lamps

Fluorescent Lamp T5 Power Rating (W) 18 9 5 3
Quantity (lamps) 101 66 794 3
Operating hours/day 12 12 12 12
Operating days/month 30 30 30 30
Greenhouse gas emissions (kgCO,eq/month) 370.69 121.11 809.49 1.83
Total monthly Greenhouse gas emissions (keCO,eq) 1,303.15
Total annual greenhouse gas emissions (keCO,eq) 15,637.18

nmadszdfiudiinansuassneiseunssanudvihnisideuvaentivvgessawun T5 Wuvaen LED viilv

wiulafinsUaseniwiiounszansieifiouanasaIniiu 2,550.23 keCOeq datiies 1,303.15 keCO,eq waviiiofn

Wunisuaesnadeunszandusiediinn 15,637.18 keCOeq aiiUunanisanmsvasenioideunsyan 14,964.92

kgCO,eq Tauanesa Figure 2
35000 -
30000 -
25000

20000 A

kgCO,e/kWh

15000 A

10000 4

5000 A

[l Total Greenhouse Gas Emissions (kgCO2e/kWh/month)
[ Total Greenhouse Gas Emissions (kgCO2e/kWh/year)

30602.73

2550.23

15637.81

1303.15

FLUORESCENT LAMPS

LED LAMPS

Figure 2 Comparison of monthly and annual GHG emissions of each type of light bulb
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