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Abstract

This research aimed to assess the carbon footprint of the Pharmaceutical Chemistry Laboratory,
Department of Food and Pharmaceutical Chemistry, Faculty of Pharmacy, Chulalongkorn University, and to
propose guidelines for developing a Green Laboratory. The assessment followed the Carbon Footprint for
Organization (CFO) methodology established by the Thailand Greenhouse Gas Management Organization (Public
Organization). The study covered greenhouse gas emissions from electricity consumption (Scope 2) and water
and chemical consumption (Scope 3) based on laboratory activity data for the year 2025. Greenhouse gas
emissions were calculated using emission factors obtained from the Thailand Greenhouse Gas Management
Organization and the Ecoinvent life cycle inventory database. The results indicated that the laboratory emitted a
total of 9.20 tCOe/year. Electricity consumption was the dominant emission source, accounting for 8.98
tCO.e/year (97.61%), while water and chemical consumption contributed 0.22 tCOze/year (2.39%). These findings
demonstrate that improving energy efficiency is the most effective strategy for reducing greenhouse gas
emissions in laboratory operations. Additional measures, including reducing chemical consumption, implementing
solvent recycling, and improving waste management practices, can further support environmental sustainability
and Green Laboratory implementation. The findings provide baseline information for greenhouse gas
management in university laboratories and can support institutional policies on Carbon Neutrality and Green
University initiatives. Furthermore, the proposed approach may serve as a practical framework for promoting

sustainable laboratory management in higher education institutions.

Keywords: Greenhouse Gases, Pharmaceutical Chemistry Laboratory, Green Laboratory, Carbon Neutrality,

Sustainability
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1) AMsiFaunszan

211 DIANITUIMITIANITAUEOUNTEIN (BIANITUNIY), 2565 Aeisounszan (Greenhouse Gases: GHGs) Ao
feluduusssinaiiansgaduuasinifuanudouainiiuialan dwaligumgilangsiuauilfiAnaglaniou
(Global Warming) Tu #sfnwideunsyaniiddyusznaussfasnusulasenled (COy) fmu (CH.) lundasenlas (N0)
warANUNgReSIUARIY 9 ANULLININYBY Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2006) n15Usgiiiu
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Wisuisunansznuvesinausazvianannzlansoulaluniieifen

2) m%uawdmw?%uﬁ (Carbon Footprint)
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3) ms‘uauvﬂmw%uﬁ%amﬁﬂi (Carbon Footprint for Organization: CFO)
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UdoumuZounszanmesondy q Mintuanianssuvemasny wu mslii nsldasiedl msiums wazmsinns
SRNG I

4) Green Laboratory
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5) Audadiy (Sustainability)
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2) WohanzikrasndafigiEounsyaniidfgy
3) eUszilluAneninnisaninwiseunsyaniasiaug Green Laboratory
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wdwall Jadlivedul 2568 12 au Feluesdinisliiaiosts 1 1304, Hot plate and stirrer 2 1A304, ¢ Tw1A 10
AU 1 4, daandu 1 67 lnemaiiuvdeyasnelniuazaniiussUiduiinlag nqueuusnsnMenIn auzndamans uaz

Uinauansiniiilduayidafisdaelusinsy ChemTrack&WasteTrack2026 910 SHECU

dayafianssu (Activity Data) Ni5rusiulagninudiwindsuiunisUassieEeunssanauuwiInig Carbon
Footprint for Organization (CFO) 98483AN1SUSMTIANSAgEoUNIEan (@eAn1sumvu) lagldaunis

USunaunsudesinwisounsean (kgCOe) = Yoyananssu (Activity Data) x A1 Emission Factor (EF)

TndusuunnansUdesieiieunssanauveuanisUdes taun Scope 2 Wag Scope 3 LazllATIzRangaIU
msudesfineFaunszanvaudasianssuluguvesiosas (%) sumiinwamaudunisudesfiedounsandeiiui
(kgCO,e /m2/year) Lﬁal%u‘]uﬁa%’imﬂ'ﬁiﬁi’fﬂﬁuaumaqﬁawﬁﬂﬁmimﬁﬁumﬁ Imﬁ‘ﬁa;ﬂaﬁaﬂﬁuﬁqﬁ
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M1999 1 MsNuanIdeyafInssuTIin AR g Saunsyan

AURUILUY

fanssu Activity Data w7 (kg/U) fivvasdoua
(kg/L) *
Al 18,000 kWh - - NALNUUTINTNENTI AN
%Uixm 360 m3/1 - - ﬂfjm'mﬁvmmamw ALY
Methanol 40 dn5/4 0.79 31.68 ChemTrack&WasteTrack2026
Acetonitrile 12 ans/0 0.79 9.43 ChemTrack&WasteTrack2026
Ethanol 8 dn3/U 0.79 6.31 ChemTrack&WasteTrack2026
Chloroform 12 dn5/0 1.49 17.87 ChemTrack&WasteTrack2026
Petroleum Ether 16 ans/V 0.65 10.40 ChemTrack&WasteTrack2026
Hydrochloric Acid (37%) 4 dn3/1 1.2 4.76 ChemTrack&WasteTrack2026
Sulfuric Acid (98%) 8 dns/U 1.8 14.72 ChemTrack&WasteTrack2026
Sodium Hydroxide 1 ke/V - 1.00 ChemTrack&WasteTrack2026
Ammonium Hydroxide (25%) 2.5 a3/l 0.91 2.28 ChemTrack&WasteTrack2026

WNaN1539e
1) MIAWINAITUBUNANTUN a1nTaAIwInlAaINEns

YIunaumsudesiwiseunsean (kgCOze) = Uayanianssu (Activity Data) x A1 Emission Factor (EF)
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AT 2 NFAUIUNTAIUINAISUBUNANTUITLARINAINTTH

fanssu Activity Data EF ﬁuwae%’ayja kgCOe/Al  Scope
Al 18,000 kWh  0.499 DIANITUSUITINASATISBUNTEIN 8,982.00 2
sz 360 m3/U 0.34 DIANITUTMIINNIATEOUNTZAN 122.40 3
Methanol 31.68 kg/U 0.67 Ecoinvent LCA Database 21.23 3
Acetonitrile 9.43 kg/U 2.25 Ecoinvent LCA Database 21.22 3
Ethanol 6.31 kg/U 0.55 DIANITUINITINNTAGTOUNTZAN 3.47 3
Chloroform 17.87 kg/U 1.82 Ecoinvent LCA Database 32.52 3
Petroleum Ether 10.40 kg/U 0.29 DIANITUINITINNTATETOUNTZAN 3.02 3
Hydrochloric Acid (37%) 4.76 kg/U 1.73 Ecoinvent LCA Database 8.23 3
Sulfuric Acid (98%) 14.72 kg/U 0.21 Ecoinvent LCA Database 3.09 3
Sodium Hydroxide 1.00 kg/U 1.12 Ecoinvent LCA Database 1.12 3
Ammonium Hydroxide 2.28 kg/U 1.60 Ecoinvent LCA Database 3.64 3

(25%)

2) ayddsinauieseunszaniiintuluesfiAnsundunil Madmemnsuasinduadl

M19199 3 asuAsuaunnUswivesUfURmsndunil Malmemisuazinduadl

urasnlin kgCOe A tCO2eA Sowaz
Scope 2 8,982.00 8.982 97.61
Scope 3 219.94 0.2199 2.39
GEREY 9,201.94 9.202 100.00

4 Y ¢ - s ar - - o
m‘suauﬂmmﬁ‘uwﬁmﬂgumm-imﬁ'nmu NMATEIAIMITURSLNAD
AN

mScope2 mScope3

98%

N3N 1 nsmuaninueunUwIviesuURnMsnduall anelvevnsuavinduad
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3) 41m3n13 Green Laboratory uarAnEAINANTARRBAISUDY
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oeadady

3.1) MsnUsEaNSAnSTEnasuY

¥ a wa = 1 a) a & 7 1 1 v 1 2 A

mﬂﬂg‘ummimmﬂfi’fl%lﬁwizmm 18,000 kWh #18U AALUUEAEIUNINNNTD8aE 97 VaIN1TUABENYLITDUNTLAN
FUUA UIRINISAENLTasTUNIsle o nsilasurasnliiduvde LED n1sUawasaaiiofnsizsidlaluiinisldau as
Urgasnwesesdiuenisegvalnane uagnsivungamuniiviesujuinisiiedlutag 25 + 2 ssewalea ninaunse
annslolninlasesas 10 aziwannisuassinusaunsyantauszanad 0.9 tCOe/A

3.2) MsaAnsiansiadiLaziyinavas

A15lEFvMaranedunsd Wi Methanol, Acetonitrile, Ethanol, Chloroform wag Petroleum Ether 181
WaINLEARYITUNILANNIPBUIINATLUIUNTHANANSIAT N1TINUNUNITNAADILANUITEN NTARTUIANITNAABY LAY
slansdTINiusEnIelasINsIve @unseanusunanisidansiaiiacds mnanunsaaanisiimvinazaislansesas 20 g
Yrgann1sUassineisounsyanannsnanasaillauseaia 0.02 - 0.03 tCOe/A

3.3) A5E519IAUSTIN Green Laboratory

msduaiuauiuasamnserindudanadenuiynainsuasiandudntaduddy Tnomsiniseusuiieaiu
nsusendandanu msldansiaiiegaduan uazn1sfnuenveuduag1agnaes Lﬁaa%ﬁﬁmuﬁisumﬁﬂiﬁlaﬂ’uaqums
sfiunuegnediiy

PMNNTIATIEAANEAINNITAaANISUaRERwEaUNT N NuInIsaans KN Tauiunsannisidasiadiananse
ann1sUaseieisounszantausyanm 0.92 - 0.93 tCOe/U MsaUsvanmsesay 9 - 10 yeamsUdesiaun Faduuuina
fannsasniunisldsardenadasiuithunensWau Green Laboratory

#5Unan1339Y

nsfnmadsiiiinguszasdifiosefiuansveunaniuivesosu foRmanduiad nadviemsuasinduiad
AuzLAdYAanS asnIainminetds Weliidudeyaiugiulunsiamiuuameg Green Laboratory TngUseifiunis
Useefeidounszanainnsiindsenulniia Scope 2) warnsldiiuszun saudansidansinil (Scope 3) munuams
Carbon Footprint for Organization (CFO) NamiﬂﬂmwmmawguGlmiumi‘daaﬂmﬁ?jl,iauﬂiuﬂmi’m 9.20 tCOZe/'fJ
/yearImam'ﬂsawawmlw%wuL.maammwaﬂ Aniilu 8.98 tCOe/A /year niafona 97.61 vosnsudesiiaviun vz
nsliussvuazmsldansaiily Scope 3 finnsudessu 0.22 1CO/A) /year niadeuaz 2.39 vosnsUdosiiamun
wandliifuiinisdanisdundanuulssduddyiigalunisanasvouraniwivesiesufoinns anuanisUsady
aaNsasTYLIMaTALesUTRN5g Green Laboratory Isiegnstaiau Téun msifisszavsniwnnslingaau nsan
msldansiadl matsviazatenduinldlvi waznsdsaiunginssunislivineinsegaiuseansain Gaazthsannis
UdeseFounsranuazatiuayudmnesumudsduvomniinedele

afuTENaNITIBRAZTDIEUDLUY
=1 1 v % I3 ! [J a 24 A £ ¥ a wa a o ! i

nan1sAnenuIMslandanulniduwasiudafwseunszanudnvesieslifinig neiidndiusovas 97.61
Y8IN15UaRENIMUN FeganndodiuwiIAn Carbon Footprint for Organization (CFO) wag Green Laboratory 58431
weaujuRnisivenmansilunbenuilindinuaminadesdiodngei ssuuuivenie daaaiu wazgunsalatuayy
N33y dewalvinisudesingeunszandlngjeglu Scope 2 Feonanaariuauved Nowak et al., (2023) 331897110
nsldndulniwenasosdiednsizi wu HPLC, GC waz LCMS uwnasiudafivdounszaniiddgyfigaaes
Vol URn1s wavaenndeaiu Manobanda-Lisintufia and Villamar-Ayala (2025) finuiinisTdlvdndudadendnves
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arsuaunlawsusiludesujoRnsdaunnden uidnisdnuidindnasUssfiunansznunaenindnsdin (Life Cycle
Assessment: LCA) wazazaunguianfuiudessufussydasidaefnu fogls mefnuiinuihdndiuvesnisudesfineg
Bounszanlu Scope 3 flifissfovay 2.39 Fenirfiseeilunuidounatu auvmddgiinainnisivunveuin
miﬁﬂwﬂﬁﬂiamamLawwmﬂ%ﬂfmszmLLazmﬂ%mimﬁ gelalldsruinssudulu Scope 3 wu ﬂmﬁumwawﬂmﬂi
miamamnm% 'gamaumaaa ATVUE LLavﬂTi‘UaE]EJﬂ’ISULi’e]‘Llﬂ'iu%ﬂ‘i]’]ﬂﬂ’iuU’J‘Hﬂ’]iﬂ’]ﬁ]ﬂ‘UﬁNLﬁﬂﬁlaaﬂ’sgﬂﬂi“ﬁ’m Fagn
mi‘uauwm‘wa?uwlmaamaumaﬂimumﬂﬂﬁmﬁwaﬂsuawaaﬂgummi LmEmluma‘uﬂauﬂ'ﬁml,ummmwmmmmﬂﬂi
wihnsinunsliansafiaeiidndiunsudosfimFeunsyanligudefisuiunslélnih wiasieddunidnatovin wu
Methanol, Acetonitrile waz Chloroform finnsUsesfineideunszandauanssuiunisnanauiansidnveads doufu
msaan1siansiall nseenuuuntsneaedlildasiaiidesas uagnisthdvhararendualdiva Fadumnsnisiitean
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4931AVBINITINY

1) Mmsdnwadaiivssifiunsusesfnedounsyananis Scope 2 uaz Scope 3 Unadau leu mﬂi’ﬂ‘w% A5l
szt uagnisldanaiad Tnedladldnsounquianssudulu Scope 3 Wu maiuniswasyaaing Msdndonstasi Yag
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