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RESEARCH ARTICLE

Carbon Footprint Assessment of the Distribution
Process and Methods for Greenhouse Gas Reduction:

The Case of Beverage Production Business

Chalongchai Muenlamai'

Sarunyoo Kanchanasuwan?

Abstract

Climate change has led the transportation sector to be
recognized as a major source of greenhouse gas emissions. This
study aims to quantify greenhouse gas emissions arising from the
distribution processes of a case-study company and to identify
appropriate measures for reducing emissions associated with
distribution activities. Greenhouse gas emissions were assessed in
accordance with the Global Logistics Emissions Council (GLEC)
Framework, an internationally recognized carbon footprint
assessment tool specifically designed for transportation and logistics
supply chains. Data were collected through on-site observation of
actual operations, semi-structured interviews, and documentary
review. The collected data were subsequently analyzed to estimate
greenhouse gas emissions and to compare emission outcomes

under different emission-reduction policy scenarios. The results
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indicate that the case-study company generated a total of
105,693.65 kilograms of carbon dioxide equivalent (keCO2e) from its
distribution processes. Direct-to-store distribution accounted for
86,974.52 kgCOqe, while direct transportation via a distribution
center resulted in emissions of 18,719.13 kgCOgze. The most
effective and operationally feasible emission-reduction strategy for
the beverage manufacturing company was found to be the
improvement of transportation efficiency through load factor
optimization combined with the adoption of electric vehicles. This
policy achieved a total emission reduction of 19,017.93 keCOze,
representing a 21.94 percent decrease compared with greenhouse

gas emissions prior to process improvement.

Keywords: Transportation, Carbon Footprint, Beverage Production

Business
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2,955.86 ¢
2 ToC  doyavgugl  msldndsnu Emission 2
(e, 2567) 1. wasnulwihludwinau 1. wasaluih
Wagn1s = 710.89 kWh. 710.89 X 0.4999
Uswan 2. thiudemas saussn = 35537 kgCOze
mendau Ysmambmdnussynsadld 2 ddudomds
141y 1w 50 6y (Diesel B7) (Diesel B7)

= 6,414.91 dns

3. tihudeunds saussyn
Ussiamimiinusannsal
1w 25 iy (Diesel BY)

= 6,127.63 805

a. \Fawdsiny NGV
soussynUssivmbn
ussynyanlalifiu 50 u

= 1,801.35 flaniu

12,542.54 X 2.7446

= 34,424.25 kgCO2e
3. Wowmase NGV

1,801.35 X 2.2472

= 4,047.98 kgCO2e
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9757199 1

NITAIINYTUIUAI T TOUNTHINYDINITNTYDIYFUAIFUKUUN T D7
JuAgualagnse (Direct store delivery) (s1d)

Uszan doyauas o MsATUIN 2AU
U939 TCE ANTATLIN FeRsoEAteya Emission intensity AUNTN
A1 EF Total emission
1. wdswluih = 0.4999 355.37 + 34,424.25
kgCO2e/kWh. (TGO, 2016) +4,047.98
2. winuideinds Diesel = 38,827.61 kgCO2e
B7 = 2.7446 kg CO2e/L Emission intensity
(TGO, 2013) 38,827.61 / 2,955.87
3. 1% NGV = 2.2472 ke =13.1358
CO2e/kg (TGO, 2013)
Thurindudn
2,955.86 ¢
3 HOC  deyadgugd  nsldwdsu Emission 1
(e, 2567) 1. wdsnulwihludninau 1. wdauladin
INTIYIU =1,573.09 kWh. (1,573.09 + 351.25)
adeldly 2 wdsalndhsalvdednd X 0.4999
= 351.25 kWh. = 961.98 kgCO2e

3, ndsudaunas Diesel
B7 salvanani
= 614.07803

4. wasnuuulasalvidaans

=30.70 &g

5. WAUAY LPG 30
Twamdviv = 460.55 Alansu
A EF

1. wdaulyidh = 0.4999
kgCO2e/kWh. (TGO, 2016)
2. waruidonas Diesel
B7 = 2.7446 kg CO2e/L
(TGO, 2013)

3. dhiudemauuda =
2.2763 kg CO2e/L (TGO,
2013)

4. % LPG = 3.1899 kg
CO2e/kg

4,335.28 §iu

2. namadounas
Diesel B7

614.07 X 2.7446

= 1,685.37 kgCO2e
3. shifudewas
LUuTa 30.70 X
2.2763

= 69.88 kgCO2e

4. o LPG
460.55 X 3.1899

= 1,469.11 kgCO2e
Total emission
961.98 + 1,685.37 +
69.88 + 1,469.11

= 4,186.35 kgCO2e
Emission intensity
4,186.35 / 4,335.28
= 0.9656
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uazgdsnsanfinwiieunszan: nsdifnwifansninAiosau
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97519 1
NI5AIINYTUIUAI T TOUNTHINVOINITNTEDIUAUAIFULUUN T DY
FuAgiialnenss (Direct store delivery) (s12)

dsznm

)
VAR

n15AUINY Emission

TCE 3 seazidendoua
Y99 TCE  N1SATUIN v intensity
4 ToC  doyavgugl  msldwdsnu Total emission
(w8, 2567) 1 wdnudemds Diesel 1. wdnudeimas
INTI1BIU B7 = 15,514.11805 Diesel B7
wdeewldly A1 EF 15,514.11 X 2.7446

1. wiauideinda Diesel
B7 = 2.7446 kg CO2e/L

(TGO, 2013)
dhytindudn
3,152.50 ¢

=42,580.04 kgCO2e

Emission intensity
42,580.04 / 3,152.50

=13.5068

NI 4 USalivi3aun sy anvednI5918FUAIFULUUN T RIYTUAT

HANTAUIMUTIINAITOUNTZANTBINTNTEAEFUAIFULUY
N3¥8FUAEIUALALAT (Direct store delivery) UaAIFINING 4 B9
NWUINAINTIUNTYUES TCE2 Wag TCE4 UTanaugaiian

50,000.00

40,000.00

30,000.00

20,000.00

10,000.00

TCE TCE4
Uszan
keCOZe 1,380.52 38,827.61 4,186.35 42,580.04
keCOZe dlzay 1,380.52 40,208.13 a4,394.48 B86,974.52

91uAlRem 39 (Direct store delivery)
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ANSUNISAIUIUNYSHIUNAIDLIBUNTLINVDINITNTEAIYAUAN
EUqumiﬁuua'qmqLLUUmu@uéﬂixmsﬁuﬁw (Cross-docking) ¥83UTE"
ATUANYILEAIPINTTIN 2

MITNT 2
NITAININUTUINAIBTOUN TEINYBINTINTEDIIFUAIFUKUUNITYUAN

ATIUUURIAUEIN 52918FUA1 (Cross-docking)

Jszam Jauanaz n ANSAIUIL JEHU
TCE v TeazBendoya
Va3 TCE N1TATUIU N Emission intensity AATIN
1 HOC Joya msldndanu Emission 2
VLG 1. ndaulaihly 1. wasaulaidn
(L3181, 2567) d1Inau = 126.29 kWh. (126.29 + 328.11) X
uazn1s 2. wasulvdise 0.4999
Uszana TWamans = 328.11 kWh. = 227.15 kgCO2e
mandadld 3 wdsuuuda 2. shifudewas
v SoWaAANY = 1.15 Ang 1.15 X 2.2763
4. WaIUAY LPG = 2.63 kgCO2e
salvdnans 3. [Wouwdsie LPG
= 5.77 Alansu 5.77 X 3.1899
A1 EF =18.41 kgCO2e
1. wdsuladi Total emission
= 0.4999 kgCO2e/kWh. 227.15 + 2.63 +
(TGO, 2016) 18.41
2. thifudemaauuda = 248.19 kgCO2e
= 2.2763 kg CO2e/L Emission intensity
(TGO, 2013) 248.19 / 1,082.02
3. fing LPG = 0.2294
= 3.1899 kg CO2e/kg
Tutinaud
1,082.02 Ay
2 HOC doyaUgugl  nsldndanu Emission 1
(1.8, 2567) 1. waeaulwily 1. iUl
NTIYU d@11ineu = 153.94 kWh. (153.94 + 35.22) X
wasauldly 2. wdsnulishse 0.4999

TWamanvi = 35.22 kwh.
3. wdanudiewias Diesel
B7 salWanany

= 2.05 ans

= 94.56 kgCO2e
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§71599 2

NIIAIINUTUINAITTOUNTEINYDINTINTEDIIFUAIFUUUUNITYUS
ATIMUURIUALEN52918d1A 17 (Cross-docking) (8)

Jszian Jayanaz " NNSATUI LU
TCE . F1YRLLDUAVDYA
Va3 TCE N1TATUIU ¢ Emission intensity AAIN
4. WARULUUTA 2. winuidounds
salananyt = 4.17 dng Diesel B7
5. Wasuig LPG 2.05 X 2.7446
salvldmany = 5.63 kgCO2e
= 2.57Alansu 3. thiudeunas
A1 EF wuda 0.51 X
1. wasa i 22763
= 0.4999 kgCO2e/kWh. = 1.17 kgCO2e
(TGO, 2016) 4. Wemasiw LPG
2. wiuideinds Diesel 257 X 3.1899
B7 = 2.7446 kg CO2e/L = 8.20 kgCO2e
(TGO, 2013) Total emission
3, iudemaaunda 94.56 + 5.63 + 8.20
= 2.2763 kg CO2e/L + 1.17
(TGO, 2013) = 109.55 kgCO2e
4. e LPG Emission intensity
= 3.1899 kg CO2e/kg 109.55 / 1,082.02
thuindudn - 01013
1,082.02 fiu
3 TOC doyanfegl  msldnduny Emission 2
(W19, 2567) 1. wdsaulainlu 1. ndaauluih
wagnIs dlineu = 127.81 kWh. 127.81 X 0.4999
s 2. dhifuidomd IOUTTN = 63.89 kgCO2e
mandseuld Uiuﬂwﬁwﬁﬂwmﬂiw 2. thiuidaas
ity lalifiu 50 ¢ (Diesel B7) (Diesel B7)
= 1,804.39805 (1,804.39 + 205.08)
3. thiudamas IOUTIYN X 2.7446
Uszmwﬁwﬂﬂ‘uaswﬂﬂm = 5515.1914
Tl 25 ¢y (Diesel B7)  kgCO2e

= 205.08 8913

A1 EF

1. wdsulud = 0.4999
kgCO2e/kWh. (TGO,
2016)

Total emission
63.89 + 5,515.19
=5,579.08 keCO2e
Emission intensity
5,579.08 / 1,082.02
= 5.1562
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7157999 2
NIIAININUTUINAIBTOUN TEINYBINTINTEDIIFUAIFUKUUNITYUS
ATIUURIUAUEN52918d1A7 (Cross-docking) (F18)

Jszan Jayauas " . NSAIUIL AU
TCE A 1YATLDYAVDYA
¥4 TCE NTATUINU ¢ Emission intensity AUAIN
2. wEnudewas Diesel
B7 = 2.7446 kg CO2e/L
(TGO, 2013)
thwiinfud
1,082.02 Ay
4 HOC doyandegl  msldndenuy Emission 2

(1.8, 2567) 1. ndeauluiluy 1. waaulwih

wazns AN = 330.36 kWh. 330.36 X 0.4999

Uszana 2. WANUULTA = 165.15 kgCO2e

mswdsuld  salwdadnsdt = 20 Ans 2. thifudowmas

0 3. wdwuing LPG Lwuda 20 X 2.2763
salndanany = 45526 kgCO2e
= 180 Alansu 3. Wouwdsie LGV
1 EF 180 X 3.1899
1. wasauluih = 574.182 kgCO2e
= 0.4999 kgCO2e/kWh. Total emission
(TGO, 2016) 165.15 + 45.52 +
2. shifudemdauuda 574.19
=2.2763 kg CO2e/L = 784.85 kgCO2e
(TGO, 2013) Emission intensity
3. g LPG 784.85 / 1,082.02
= 3.1899 kg CO2e/kg =0.7254
TuinAud
1,124.46 Ay

5 ToC doyaugugll  nsldmdany Total emission 1
(. 2567) 1. ndsnudowmds Diesel 1. watnudewnds
IN189U B7 = 4,371.29 &ns Diesel B7
wdauldly  AnEF 4,371.29 X 2.7446

1. w&ruideind Diesel
B7 = 2.7446 kg CO2e/L
(TGO, 2013)
Thutinaud

1,124.46 Ay

=11,997.44 kgCO2e
Emission intensity
11,997.44/1,124.46
=10.6696
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HANSAIUUIUIUAHTaUNTYINVBINTNTEAWFUAFULUY
NSYUAATUUURIUAUEINTEIBFUAT (Cross-docking) UARIAINING 5
FaWuInAINTIUNITVUES TCE3 wag TCES HUSunagaian

14,000.00

12,000.00

10,000.00

_ I
TCE TCEL TCEZ TCE3 TCE4 TCES
Usznm
keCO2e 248 20 109.55 5,579.08 784.85 11,997.45
keCO2Ze azau 248 20 35774 5,936.82 6,721.68 18,719.13

291 5 USinaiii3aun sy anve9n 1IN TE0I8AUA I FULUUNI SYUAIN T
WUURUAUEN 2 9I8F1A7 (Cross-docking)

2. wumnsimngaudvfunsanuiinanisUsesfiadeu
N3EAININATEUIUNMINSENEAUMTBILTIMNSEIRNY Fs9nmamumy
55UNTIIRAE M IFUNWalyAaN ST AL TRIvRsUIEMNalAnY WU
i 3 wamsdmsumsanieSeunsyanfivaneaufuuien Kl

2.1 MsUulselsEanSnmnsvudduAlagnsatuALen e
15U5NAUA Fadunumedl Kanchanakarankul and Tia (2017) 16
insussendldiunisvudslusudledue fensamuaudnsInIsussnn
vessavudaianiioansiuiuseunisvudauasiinuszansanlunisld
Wiy Fasleasuauludauitvnsdifnwimuituimisdandnndinng
auaslusnussynuualnawiniy Wy sodude Sdldldgnalunsluse
W1ANa1a elatnwmedanadluussgnaldiusavunnanswesuem
nstlAnYY WU savnde lnenisusudasinisussyniiidudesar 80 ves
mnugfisaaninsauldmummsnsilsvhiusausmnunalg Jail
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PUIUTBUNTVUAIaAToratuazdmalrUTununsUaeswTauNSEaN
antiogasnulusme

2.2 msdenlderunivusndulai Fsnasldsaluiiag
dwmaliiimnisudesmeidounsyantesnindemdeada sennsine
994 Albrechtowicz (2023) fildvhn1sfnuiAuwanAaesUSuafY
Bounszanainnistdaiuetuminuzndssulniinainurdsfinnves
nFuAiwanaefy wazdnadnifildunuseufisufveunivus
wrnudemamoada

2.3 msuTulsalsEaviannnisvuduaznisifenldeumiviuey
waaulilh g@nwldduuimenisaniieiseunseanainulevigly
vhted 2.1 Fajaduinisifiuussaniamnslingdanu wazuloviely
vadedl 2.2 Fajariuiinisldwdsnuanunasiifinnsudesfnmiseunszan
i

USUN15UaRUA9LSaUNTLAINVBIUS ENNTUANYING 931N

neassUSuasunulevnens 3 Wleuiesaiildnaranludndunansds
3197 3

775797 3
WiguilguysuaMviTounssanvasa1nnI U segnsltuuavn 9 3
JUllvy

Usanaufing UsinaufireiSaunszanvasuTulanszuaums (kgCo2e)
Founszan - . wlsurenisiia
sUuuums - wleviemaiin  ulsvieidenld -
o naulIulye o~ UszanSnannisvuss
nszaneduA UszAnSmwnig HIUNIAUZ o o
AZUIUNIS , . wazidanlderuniviug
Yuds WAIUIWRA o
(kgCO2e) wasulni
Direct store 86,974.52 86,646.97 74,713.40 74,510.27
delivery
Cross-docking 18,719.13 18,315.35 12,178.21 12,165.45
INIEU 105,693.65 104,962.32 86,891.61 86,675.72
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ayUnauazdaiauauug

MnMseTzieuideinui msdnfuulouieaiuaudng
nsusInnuazidantderunmuznasulii dnsudesfinssaunsyan
sauvisAu 86,675.72 Alansumfueulneenlediiiouiin Faesiian
dlolsurute 3 uloure TngaunsoanUsunafisdounsyanain
N58UUNNINTEEAUALERIAY 19,017.93 Alanduansusulasenled
Weuwin Andudesay 17.99 vesuSunafingseunszannaudiuuys
ns¥UIUNIS oe19lsinu nseiuuleuieidenldenuninusndeanu
IihanunsoannisuasefeSeuldilududuans uagnsauiuuleuis
M3y ANS AN TUUAIfIEN1IAIUANSATINITUTINA @1315D
annsUdesfindeunsyanlifosiian lnsanunsoanfudounsyanld
WAy 18,802.04 Alansumsveulaeenlediieuwi uay 731.33 Alandy
arsuaulasenlediiisui snideanuisaassieuldifiuin GLEC
framework @u1saedunsunasnuilanisuassnigsounssanluseau
NITUIUNIITNIIAIUNITIANISIadaindladaiau lasanizlufanisuan
\3esnuiifidnuaznisnszaeduiniidudou Jsdenndeiunuiteves
Chanchaichujit (2025) #l% GLEC framework dusunisuszifiusessas
ASUOUINNTEVIUNTNTEBEUM D19 TnLaU

LuanenIsanfedeunsyaniiiiuszans anuaznunzauiv
n1sanfduauvesaniuszneunisnsdlifine FaduuleuisUsuls
UszdAnSarnnisvudilagnisaiugudnsinisussynuazifenld
PIUNINUE WA U LﬁmmﬂLﬁ‘jumiﬂﬁzqnﬁummqmiamﬁ"wﬁau
n5zan 2 JULUU fie mMainUszansawlunsldnganu warnisiuasy
wdandanuiidainisudesfinniounszandt aenndasfunuidoves
Saengsathien and Namchimplee (2022) 3ld@nw1309 LUINIINIT
yudsdudnsinuesluiiuiidminnwausnelfunfeladafinddides
FI8N15URUNTAIAUA L e andUNULAZTIBaANANTEN U s
AwIndeu HANIIANHINUTY N19219WRUEUNINITVUESTIL I ZaY
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ansaanfununisasninduasindudosas 10,50 deifien Andu
yaei 53,107 uinsel lnsdadefianunsaannisldndsnuuazannis
Uareigisounszan Laud nsaunutdunianisvuddaeidonain
syogvnaiiduiian n3muaNEnIINSUTINN NMIiIsAILELTOLTEN
wWan wazUsganiamlunsudesinuieunszanveseuniniuzuazsila
downd

Forauonuzdildannisinui fuimsaisiarsaiuumanms
USuannisudesmaiounsyanlagnisuseendldiuimiemenisaiuny
Snsnsussynuasidenldorumimuendenului iesainuleuis
fanan dawalviseunisvudsduduessaussnanas Wisdsyansamly
nsldndanu Sndanslindanulwihdsdamsudesfnsdounssan
fishnindoimdsleada vl Anwivoiausuugdn mafmuauleuis
fananluaniudszneunauns msiiarsanistedoiisrdes o1
psfrImIuasTinuzvesyaansluanuysznaunis funulunisivaey
wlderummuzndseulnih deguisnruazmnuasiasasaiugiud
Fufufiosessunmsninuunimeidmiusaussnlidi wnliminngsy
wagMIiauUsEavEanveseusudlnihluewan sudnsmalulad
grususndinumadendy o Wudu Ssanunsadoulesiu SDGs 4o 13
flatuayunsinunladaindniiszaviamuazdulinsrodannden

Forauonuznisinuedsoly iesanlunudfvatuiliidsld
Usziflusosseansueulnglduvasdoyameiiounszandssiani 1 uay
Ussandt 2 Fadudeyangluvismnsdfneingu dall n1snwads
soly Fidsenafudeyannuvasimdeunszanussiand 3 (Scope 3)
Faduteyassnufrwideunszanainifusiing videgliudnisvudedudn
uazAdsdufvesaaLUsENaUNS WelvausedneiuiinuieSou
nszanldediensunquitansyuILns

153



MIFTINYINTGTIANIT NM5UsLIUT09508ANTUBLTDINTZUIUNNTNTZANDTUAY

a X e < - o o o a a & 4
UAINYIAYEIVATUATUNT HAZIENITANNIYEOUNTEIN: NIUANYININITNANLATDIAN
097 43 QUi 1 unvpu - dguiegn 2569 aaesdt viluazihe uazasuy naaugssa

v a
LPNHAII19Y

Albrechtowics, P. (2023). Electric vehicle impact on the
environment in terms of the electric energy source - case
study. Energy Reports, 9(2023), 3812-3821.

Chanchaichuijit, J., Balasubramanian, S., Wong, W., & Jomthanachai,
S. (2025). The development of GHG emissions calculation
platform for postal supply chain. Procedia Computer
Science, 253, 2186-2195.

Department of Climate Change and Environment. (2025).
Greenhouse gas emissions data national level. Retrieved
October 3, 2025 from
https://ghgplatformdemo.dcce.go.th/th/national

Doolgindachbaporn, T., Neeratanaphan, L., & Waralakprapat, N.
(2014). Carbon footprint of Thai white spirit factory.
Chulachomklao Royal Academy Journal, 12(1), 45-58.

Kanchanakarankul, D., & Tia, W. (2017). Analysis of energy
consumption and greenhouse gas (GHG) emissions of
parcel post in the metropolitan area. Engineering Journal
Chiang Mai University, 24(3), 98-111.

Luengyuang, N. (2022). Corporate carbon footprint assessment: a
case study of beverage manufacturing factory [Master
Independent Study, Mahasarakam University].

Maimun, T., Teekasap, S., Sareephattananon, A., & Rattanatai, B.
(2018). Organization carbon footprint assessment of Eastern
Asia university. Fau Heritage Journal Science and
Technology, 12(2), 195-209.

Meesuk, S., & Wattana, S. (2022). An assessment of carbon
footprint of beer products. The paper presented at the

23" National Graduate Research Conference, Khon Kaen.

154



Carbon Footprint Assessment of the Distribution Process

Songklanakarin Journal and Methods for Greenhouse Gas Reduction:
of Management Sciences The Case of Beverage Production Business
Vol.43 No.1 January - June 2026 Chalongchai Muenlamai and Sarunyoo Kanchanasuwan

PTTEP. (2022). Carbon capture and storage. Retrieved October 3,
2025 from https://www.pttep.com/th/our-company/ep-
net-zero-2050/carbon-capture-and-storage

Saengsathien, A., & Namchimplee, K. (2022). Green point-to-point
logistics at Kalasin: a case study of rice transportation.
Engineering and Applied Science Research, 49(6), T72-T79.

SIMTEC Institute. (2024). The future of renewable energy use in
modern factory production. Retrieved October 3, 2025
from https://www.simtec.or.th/blog/the-future-of-using-
renewable-energy-modern-factory-production/

Smart Fright Centre. (2025). Global Logistics Emissions Council
Framework. Retrieved October 3, 2025 from https://smart-
freight-centre-
media.s3.amazonaws.com/documents/GLEC_FRAMEWORK
v3.2 21 10 25 1.pdf

Thailand Greenhouse Gas Management Organization. (2025).
Carbon footprint product. Retrieved October 3, 20253 from
https://thaicarbonlabel.tgo.or.th/index.php?lang=TH&mod=
YOhKdlplVmpkSE5SmYVhNPQ

Thaipradith, P., Tuprakay, S., Ratcha, M., & Suwannahong, K. (2023).
Assessing the carbon footprint of a product: a case study
of the wooden chair production process. Journal of Health
and Environmental Education, 8(3), 178-186.

United Nations Climate Change. (2016). The Paris agreement.
Retrieved October 3, 2025, from https://unfccc.int/process-

and-meetings/the-paris-agreement

155



