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Abstract

This study aimed to assess provincial-level greenhouse gas (GHG) emissions in Phayao Province. The
2019 GHG inventory was conducted at two reporting levels: Basic and Basic+. At the Basic level, total emissions
were approximately 667,981 tons of carbon dioxide equivalent (tCO,e) or about 1.41 tCO,e per capita. At the
more comprehensive Basic+ level, which involves more detailed and extensive data collection, total emissions
reached 5,093,153 tCO,e, equivalent to approximately 10.78 tCO,e per capita, calculated based on the registered
population of 472,356 in 2019 (Department of Provincial Administration, 2019). The main source of emissions in
Phayao Province was the Agriculture, Forestry, and Other Land Use (AFOLU) sector, accounting for 86.82% of
total emissions, followed by the waste management, energy, and transportation sectors, while no emissions from
the industrial processes sector were reported in that year.

As most provincial GHG emissions were generated from land use and agricultural activities, Phayao
Province developed a GHG reduction plan comprising 26 measures covering the energy, transportation, agriculture,
and forestry sectors, with a target to reduce emissions by 422,380 tCO,e by 2030. The implementation framework
is divided into three phases: short-term measures focusing on low-cost and immediately actionable actions, such
as replacing public lighting with LED bulbs and promoting energy conservation campaigns; medium-term measures
emphasizing infrastructure investment and development, including solar rooftop installations, improved waste and
wastewater management systems, and expansion of green areas; and long-term measures aiming at structural
transformation, such as the development of clean energy public transportation systems and full-scale renewable
energy utilization. The plan places particular emphasis on the agricultural sector by promoting safe and low-carbon
agriculture under the Bio-Circular-Green (BCG) Economy model through reducing chemical use, strengthening
farmers’ capacity, applying innovation and appropriate technologies, and establishing local cooperation networks,

together with continuous monitoring and evaluation to ensure effective and tangible outcomes.

Keywords: City carbon footprint, Greenhouse gas emissions, Phayao province
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Figure 1 Study area: Phayao Province

Source: U.S. Geological Survey (USGS)
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Activity Groups / Sources

Scope 1

Direct Greenhouse Gas Emissions

*  Stationary Combustion (stationary Energy)

®  Transportation
Scope 2
fffff Solid Waste Management
Indirect Greenhouse Gas Emissions

®  Processes and Product Use (IPPU)

®  Agriculture, Forestry, and Other Land Use

Scope 3

Other indirect Greenhouse Gas Emissions T

Figure 2 Organizational Carbon Assessment Boundaries

Source: Greenhouse Gas Management Organization (Public Organization) (2022)
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Table 1 Inventory of Phayao Provincial greenhouse gas emission in 2019

Scopes Iltems Sources Quantities Units
1 Gasoline Phayao Provincial Statistical Report 2,276,000 L
Diesel Phayao Provincial Statistical Report 48,211,010 L
Gasohol Phayao Provincial Statistical Report 30,713,602 L
LPG vehicle Phayao Provincial Statistical Report 1,676,944 L
Biodiesel and renewable energy Phayao Provincial Statistical Report 498,000 L
LPG Department of Energy Business 10,087.52 kg
Wastewater treatment operation report of Muang Phayao 2,226,040 m?
Municipality Wastewater Treatment
Rice cultivation Phayao District Agricultural Office 684,545 rai
Livestock (beef cattle) Phayao Provincial Livestock Office 40,270 head
Livestock (Buffalo) Phayao Provincial Livestock Office 6,781 head
Livestock (Swine) Phayao Provincial Livestock Office 34,762 head
Livestock (chicken) Phayao Provincial Livestock Office 2,085,854 head
Livestock (Duck) Phayao Provincial Livestock Office 58,770 head
Livestock (Quail) Phayao Provincial Livestock Office 8,951 head
Waste Pollution Control Department (PCD) 114,350 kg
2 Electricity Phayao Provincial Statistical Report 391,905,187 Unit
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Ao AnduUszAnEn1sUanUassfingEeunsyan

=) =Y A o/ A a dl ! & =1
P U‘ENWMﬂ"I‘iT“D’WNQQWNW‘EEﬂ@ﬂ‘i‘iNVlﬂ@@il NYIBRNTEIN

(Equation
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ANFANUIINITURBEANLIEBUNTLANTINNT HWAIITHURZ N W IR ATRNNNTITNANNIST (1) Tos
afaAndnszAvimsUassfnmEaunszandininun (3 ugilanisdavintiaginsdaunszansyiuiles dmsy
P U 124 = a ﬂl i % as o/ 1 Ady
n17U5IRuNTURaE AR RN TEANaINTANTINEY 9 ANNFOAINI FRNNATNNT A9 (1
s 1 [ = o 1 [ =1
3.1 A15AANISPYE N1TUAREANNEDUNTYINIINNITIANITILLULNITN 2 UL AB LULLWNSY (open
dump) LL@&LUW@NtihﬂﬂuTmﬂﬁﬂﬁ”WmmﬁmTWﬁﬁ FIUULWINBIINIE AN BNITURBE R B E BN Tz an L 1

WULSNABINTTEBYRAUTUFUR 1 (first order decay, FOD) Bapuani(fissannisd (2)

GHG,, = [{ZX[MSWX x Ly x((1-e™)xe™ )} - R(t)} x (1-OX )} x 25 (Equation 2)

Tl GHGMHNed UBunsinsUaas N3 aunTzanaInn1afidmaez@aeAsn1amnes (kgCo.e) Ay

MSW. ssnads Uannasnanasianuanadilas i X6 A Louwssdnaninlunisfinfingd v (§u
X A 0

fumysaes) vouit Rewneth Wanasfinafimdigminndusntidezlanthdin temfivm dow 0Xvanedi

' '
p= a

ﬁmhmmf’ﬁeﬁﬁmuwgﬂmﬁlﬂugﬂmuﬂi:mumﬁ@@ﬂ%m% Tneft xumdiitBugunisfiaszhuiamnes uay
tunitlilaqiin WANaNi m‘iﬁfv%’mﬂxﬁﬁﬂﬁﬁ\mﬂuuﬂﬂﬁuﬁLLUU%UU%GW@N&IW@U (Landfill Gas: LFG) (##
MIAUINARNIUNTUR BN HIEBUNTEANFNNUNIN NN TN AU NG NF AN HEWE wazsinmaan lnaAuan
BsnmnsUsssinsBennszansanvasmauadinmeaien neliveunnad 3

3.2 MISANTRIRE FTiEaUNT2aNeNNNTT NG NTUE NS T NN EHAT 0 AN AR N ENNTST]
1 ToelErnduuszavsnstansfinsBeunszanannglensdmifsidaunszansziudmin

NM9AINININITUABY R1TEEUNTZANIINN1TTANITHARY AMWInlE 2 LUy Ae Usunadaiadin
(facultative pond) mﬂmquﬁuﬁm:mm 5 m1579AlaLNAT WarN1sUaDeTaTa Ll S9nnsAuIsfnT e

N5zananIEY ArnodlEeNnaNnIe (3) fim
GHG,, = {[((Tow ~S)xEF,,)- R]xlO’S} x 25 (Equation 3)

=

Tawdt fia U3unofineid3ennsranannsruutitannde (kgCOe) Aie Usuiuansdunaddiuiuis
o a ¥ { a o Lo < '
(Alansudlef) Ap snnnnaznewindaiignasnesn (Alansudled) Ae AndnlszannisUassfineiimu

'
S o = ° o

anansdwnad (AlansuflmwAlansudles) uay Ao Usunmfnasdvuiigniindusn sy lom i q
(Alansuimmg
3.3 msmﬁzﬂgﬂ'ﬁﬁfa nsUseefitnEeunsranainnismizlgndan amisadunendvuiiagu

AMNENNNTT (4) AE
GHG,. = [EFRC xtx A] x25 (Equation 4)

Tl fim Yanaufinsi3aunazanainnisUgndng (kgCoeq) fn AdNUszANEN1sUdefnsidaunszan
efurnsszuunsmnzlgn @lansudmis) e svaznainisizlgnineesszuunmsmizlgn () uay

= L A& A o Pt
A8 NRNULINe92199181 (V[‘ﬁ)
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3.4 UARRIUALNITIANITYAA AT NNTUARLANHEUNTZANTINNTRENAAT W a9n191n 2 A9

= a 1d| a 1 =} ‘dl a o/ o o O v zdl =1}
AB HVUVNAIINNITEBEBIITURCHINUNAIINNITIANTIHRINA] ﬂquﬁm\tﬂ’ﬂﬁﬂﬂ&lﬂ’ﬁ‘ﬂ (5) AB

GHG: = [N X EFEF]X 25 (Equation 5)

=1 o

<L‘ A A a o = . <[ T Gf P o
gl A USHItMANTI3aUuNIZanaINNIT8a881119289lA (kgComeq) AR 911aKlAlWnLEBY (F9)
uay  ANRNUTzAVENTTUansfEEaunITanaInnNITasatniIsaedia (Alansnimwen) laadn fen 47

Alansuitmwsiala 1 67 anesfnedeunszaniiinainnisdnnsyalaiwAiuandfieinannisd (e) fe

GHG,,, =[N x EFyu ]x 25 (Equation 6)

a A a (% = o =l o =1 o/
Tl Aia UsnmufneSannszanannn1sdantsyala (kgcoeq) Ao sruaulaluaaiilas (57) uay

ANRNLTrAYENTUaasfnTEannsyan (Alansuimsydn) Taaan fdn 1 Alansuimusdala 169

Results

FmdanzienfinisUsnfunisuassinsidaunszan 2 sfu fa Basic WAy Bosic+ WAe9yAU Basic &
nMsUAsEfNTEeunTzan 667,981 suaAsuanlnaen ([wMisuin wiamndu 1.41 suatsueulnean o
Wi uinseAn 9Un19971891452A U Basicr 9ndanzigninisUasafingisaunszan 5,093,153 Au
Asuanlnaanl@difieuwin wdedadn 10.78 suarsuanlneanladiisuindeaulne@nainauaulszeing
anunuidensnues U 2562 9149w 472,356 AU (Department of Provincial Administration, 2019)

arnnisRansnndoyafiidmianienfioyaiiemwadmsunigsesulusedy Bosicr d9finan
In&eamanniuadeninndt FeiinisanelidmdanzignseunisUassfinndaunszanineResonaniy
WARINNFURBY AT EDUNTZANIDUIAT 3 T9T2AU Basic WA Basict HaALATNZANANIT1ENWTZSU Basic
wudn ananEng 1T waznisTiasTemifian (AFOLU) finnsudasfinsBaunszanuiniign Anduiesas
86.82 4,421,651 fuAsuaulnaan(zifisumin 989adunfie N1AN1TIANTTYa9LRY Sa8a 4.66 WD 237,121
suansuanlnaanladifsuin nAnd99nd 3asas 5 3o 230,997 suarsuaulneanladifsuin uas

ANANITIUES Sauay 3.99 vi3a 203,384 fuAnsuaulnean (A Wieuwin (Table 2)

Table 2 Greenhouse Gas Emissions in Phayao Province, 2019

Total Greenhouse Gas Emissions (tCO,e)

Sector
scope 1 scope 2 scope 3 BASIC BASIC+

1. Stationary Energy 35,098 195,899 - 230,997 230,997
2. Transportation 199,863 - 3,521 199,863 203,384
3. Waste 237,121 - 237,121 237,121
4. Processes and Product Use (IPPU) - - - - -
5. Agriculture, Forestry and. Other

4,421,651 - - - 4,421,651

Land Use (AFOLU)

Total 4,893,733 195,899 3,521 667,981 5,093,153
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a1n971897% TATINTT NIWAHANEN WA NINTEITHINR UATRIIARENTINTA TRBW NI
LA ﬁmmim&"ﬂuu:umﬂmwgﬁmmﬂi:ﬁué’mﬁ’m F9TANz (Office of Natural Resources and Environment
Phayao Province ,2024) dadaunnsUassfingdaunszanaesdandansien w.A.2562 wudn nanens UnE uay
mstuaTomiian AdndamslassfinmEeunszansnniign agil 86.82% savasnfa nanIgunds windy
22.83% ANAN1TIANITUBIEE WU 4.66% NIANANN WINFU 4.54% ULAZAIANTTLIUNITERNINNTIHIAL

ANS ARSI (IPPU) Winffu 0.00% sndandudndaunslaesfins@ennszansassandangien (Figure 3)

0,
energy sector , 4.54% Waste, 4.66%

"' Transportation, 22.83%

Agriculture, Forestry and Other
Land Use" (AFOLU) 86.82%

Figure 3 Proportion of Greenhouse Gas Emissions in Phayao Province 2019

1. wan1sUszifiunmsuassingidaunszann1Ana 9w (Stationary Energy)
Bt e, 2562 nAndssssTInTanzianfinnsuass AnmEeunszanainnistinasuiuiansas
g o aeluiidondn Tnsaunaaduununasnisudossanidu 5 ngumdn fail
11 winmbiiinende Anesesfe@ennazan 89,925 sumsusilnaanlafiiauwin Seamd
Sosay 38.95 1asnnetlansfinmEeunszantunandss videdauas 177 assnieldesfinmdeaunazansionun
2899999m Iaemnannnstindsemiinuasinansdin (LPG) TupsaBEen
1.2 wassmlugsfiamafiuasmiaeeuig AnsdassfieEeunszan 75,480 siuariuenlnesn o
Weuwin Andisuay 32.68 wpsmalassfintBeunszan luanasa vaespuay 148 apsnistassiinnEen
navanviaseasdndn Tagsnannnialindssmtii faasadia (LPG) wnsiuisn wndifion uazrinsumgy
Tupnpnanndled gsfiaenuu uazmioenisy
1.3 wassmlugaamnsssuaznanesdne fnsdasefite@eunszan 62,885 suansusnlnesn
Wewin Andindesay 27.22 vssnsUassina@Eeunszaniunandsim viesenas 123 spsmatassfitnEen
navanfiaseasdndn dafunnsEndsannanmingiuioa didiuen uasfinesdin (LPG) Tunszuamnianan
(Bisammam didamasTugaamnssaman iuazansdenw
1.4 Wasemluniainens Unl uazdsza fnnsusssfinBeunszan 1,217 duwasuewulnaan s
Weuwin Anfiuieuay 053 smenisUaesfnsBeunszanlunianasn vassesay 0.02 18ensUaasfnsEen
nazan e in Sunainnalinassnlufanasayanisinens U1l uaznaiazag
15 wassmlnuna o igsnsnszyld fnnsddesfiimdounszan 1495 duanfuanlnaanlzd

Weuwin Andludesas 0.65 289N19UaaRHE aUNTZaN IHNTANAINTH Yaasaaa: 0.03 Badn1sUaasfEEan
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nazanaaAresd iR Sendnslindsseasiansand ilaunaadnogunguin ¢ T i misssumns
uwaz Iasyan o

2. naMsUsEiNMsUaaE RS aUNSEINNIANTSTRAS (Transportation)

AAnsaudaiivuraslaes i@ aunsranannnismn i i@amaslnenss susafends GPC wi
apniin 5 Usziam THuA Mn9aum 1119579 195 Meennne L suusvneundi (g e

T W.a1. 2562 F9ndANzLenin1TUR BT EE BRNTEINTINNITIRFIN AU 979934 203,385 Fid
msusulneanlzdifoumin Anfiuioaay 3.99 189n15UdaeeannvasTndn Tngifineannistdinusioa
WNLWBY LPG uasuRalrgedelsnysng T TreiinnsUaasannnTEUEmINInRimINe wans X WindngUuuy

[
a2 g

nadWweitonsneuiuazsadnseeui sy aradiunan

3. NaN1sUszRRNSUAsEA S aUNSZANNIANISIANISYBILRE (Waste)

VBURYIINYNIUUATNAARINNTTH ﬁﬂ‘ﬂﬁxﬁ;}@ﬂﬂmmtﬁ’]lﬁﬂ dlormnszuamnstssamzazUsey
fnFaunszanian Hun COz, CHa uaz N20 Tnsmnuazdeuds GPC utiafiu 4 Usunymdn
Ml oA 2562 SmdanzignfinisUdaesenn 2 Aanssuman B
3.1 nsfnaurpzyades Usssfinafivandiv 176,962 suafusulnesnnfdsuwin Andnies
AT 74.68 1BINNAYDIRY URTEDENT 3.47 UBTIANA NIUSHRANTEAR First Order Decay (FOD) Femnfviionates
NAEATANT BN TR NI SRS as TR U T ansasnaRenay
3.2 MIsanainGe Uassfns@eunsy 60,158 suariusnlnesndfiauwin Andudenas 25.37
YevnATBRY uariosas 1.18 1emiviNn AseuAgaLieingey sruutiaiuRe uazundaindeiibldngsron
4. mﬂﬂs:mumsqmmvmssuuazms?%mﬁmﬁmv? (IPPU)
1A IPPU mﬂ‘umgNmﬁﬂ@'@ﬂﬁ”qeﬁmﬂm:muﬂﬁwﬁmﬁf@iLﬁ'm%mﬁumﬂmfmﬁL%@Lwﬁ\a penalafinu
annn1sdnsradoyafiudineugnannssndmda wodnTull w.a. 2562 Sandanzigniffenssntn

MANTEUINTEARMNTTNTENI e T d Rt FelHin9UaesfnwEaunszananna IPPU

]
e

5. manuas UG wazns sy lemifine (AFOLU)

na AFOLU ifiuunasdassndnaesdendn laguass COz, CHa uaz N20 annfiansansing o uladu

3 NENEBY P9l

U &V =

5.1 nMadpnsugandusesfinmdeunszan 68,314 dunsuenlneanladifieunin annszuaunis

g

wintuanlduaznisdanisyadng

'
g a L3

5.2 natslsy lemiAfuwazn19lasuulasnig mdss lada

a

A (Land Use Change) Uaasigagn

U 9

(2
A

2,849,611 siupsuanlnennwidaumin Anliudesay 55.95 209imun aeiauUNUMAAY 2NN Aui

b

inums waznswasuasns ARl mdn
5.3 S0NUNAINUa DAY T warnsUanedi il Co, AR (Aggregate sources and non-CO2
emissions sources on land) %4l 2562 FwTanzeninisusssfinndennszanann
(1) nMaTan1awzdgndng 1,503,726 duarsuaulneanlafidauwin 34.01% 28901A AFOLU,
29.52% 2ENTIIWHA)
(2) M dEanaa @uiiFemeenUnuasnTWRsNERS) 434,550 fuansuenlnasn s

Wiuwin 9.83% 21890A AFOLU, 8.53% ‘ZI@\‘IVKI‘WN@
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deufTatiogmd dmdamzienFdmun 26 nimsnisanfmiEounszan ATOLAGHANANENT B
mainems wazth (i Tnedathanniadaesfingtily 422,380 dunfuanlnoantedifiaumin aneludl we. 2573
fanpsmaanniaddesfingdeunazanaunsadnandunserezaaruiuna Fide 3 sey Welisenadosiy
FnanmiazATEwSaNtasRu Aol

srerdu (1-2 1) sjoinsnnsmafidnfiunialiig Heudaznodlige uanfusaiia wu nnawasly
asraasihimaen LED nssaimsdannistimdssmiluniedy a3adon uaznianuss naaaasndemasdanmn
nadpRansaiuLannsn mMeanuszdiung aamam ituiness wesnelgninauuuuieduien Geosan
naUasefneEeunszan fednadiugusses

sreEnand (2-5 1) nsasuuasiann lassadaiug i W maialssavaninmdsmilinag i
uazgmAIMnTIy n1aRasalransgfenlunnasy ensu uazasaEen nnsTindsuasenfinglussuninums
nasaisBeensTn naiigsssuudansussuasinTmings seanaunagninussiamididen

srezena (Hnndn 5 1) iunnsnaeuunasBelaseadng W neR RN STILIUES AT 0ENAIY
az01n MIANASIIAAEANgULL waznnsdananswennatnietnesin Seaztaesinennnsdimediog

ﬁﬂLLQ@]g@NTuﬁtiltﬂ"l’lﬂf—_i’N Lﬂui::‘l.l‘l_l

Conclusion and Discussion
1NN715U5E ARNTU A DAY EBUNTLINTEAUTINTADBITINTANL 181 T WAL 2562 ATNUHINNSYD
I'd = o/ 2% =} 1 o/ o o/ =% o/ $% 1 . . o/ . P=9
B9ANITUENIITANTA TS euNTEan nudinnadaintaysa 2 sy TEud Basic way Basic+ lmesedy Basic &
1BuNNUABUTEN0s 667,981 Fuansuanlpaanladifieuwin was 1.41 fuasusnlneen @a iauwinsams
PeuziiszAy Bosic+ B9nsauaguiianssndunistivsslemififnuazunaslassiiandanunniu f3nnnigeds
5,093,153 fuATSUaNRaan (B fauwin Wae 10.78 suarsunulnaan @fifisuwindanu Taafiuanananin

o

Uavnng 472,356 A audiayawes Department of Provincial Administration (2019) AnauAnsinsas eia Ay

'
caa

sendneapsszAuasTanl i indunaslassddnrssimdneg tunianues Unl waznstiuselomininn
(AFOLU) Bagnaanag Tunisulsifinasdiu Basicr iundn Tnefdnaougedls 86.82% wasnisudaniionan
AWAIA Bemppadasiuasdnisanadaniafine@annazan (2025) finudn tudauniatssiinmslansiden
nazandandnung uaslaasfnsdeunsranndnuiainnainuns 1l waznnslEleslsminan vde AFOLU

= ! a

psandmdanzian nanensnssuiingrsygiananiidAngfgraasimianzien Tnadyarndnsioe

U
2]

HI839 (GPP) AMNNEAINTINGY Aaesugiadius 1 An d1auntl (nd1 6 uamls) audasan(y &1 wazdnlne
Readns T@ﬂwumﬁ%mﬁmﬁmﬁyﬁ'@mmwﬁ (@uaudla) uazdnamennza (Office of the Permanent Secretary for
Agriculture and Cooperatives,2019) SBNRINIFD NTANITTANTTUDNAE NTANFNIH URZNTANTTUNE Fefldnaon
4.66% 4.54% WAz 22.85% fannAgaamngss inuntsasshuliiy feranadesduasdnisansdanis
Bre@eunazan (2025) Ainudn TudaunisUasdunsusesBeunszandamdaun finanadn aannsrnetuas
msasiuiidandudminemeaansandmdmion wud Smdninbialsugeamnasslunguiinaliifn
nsUasefngdaunszananszfouitees GPC furiu SandauiuasliinisUdesfinndeunszanain
ANANSZUINNNIRARTINITHUAZNS EHARST 9T (IPPU) Wauilailamnd SmTameen[Fivun 26 snmsnisan

AoEeunIzan ATBUARNANANAINTH nas NManens uasn( Tnesatnannsuassfnalniy 422,380 ¢
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piupnlnpaniodifieuwin nalull w.a. 2573 weneini SeflumumsdsusaseniswasuuasanmgReinia
Traiuns3MsaANINSNEINTHT INYRINTIH MYinafien uazqunwaaslszaym
Py v ° a a a o o a 2 @ o v
Walfununissfinuivss@nnan Smdansgnazinsfinaanaiuszey uazdduugounals

apandesnuanunsel sanfladeninasnmsiifnanssyiu@euanuazannsanfiunisfiase [Hud nisdasds
nEREUaBAY WvantaRiiuslssneudian naasuarmsdnlaudinesensfendunnsiasBuad
neunanaafl waznnamszwindenanszudndundanannistitonsl nseusmInAnEnININERTNS
uaznsEmalulanienisinensiivsnzan sanfaniasiusunisininensasuausiinnetiundn BCG
Weimnazuunanas TR rarafunndonatnansunes uananil SauaBHNITINNgNIATaS LA aTNE
INERINT ADIANLUSLANBAMETUNTHRRLAZANSARNA ARBATUNITHNIATEUATHTANTIHMIINISNEATHN
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