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Abstract

The rapid growth of information technology and the increasing use of websites in economic, social,
and educational activities have caused a continuous rise in energy consumption within digital systems. This is

especially true for websites that are not designed with resource efficiency and sustainable principles in mind.

These trends have led to considerable levels of carbon dioxide emissions, which affect environmental stability.
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This study focuses on two main goals. The first goal is to analyze and assess the environmental
impact of the 100 most visited websites in Thailand. The second goal is to offer practical recommendations
for creating websites that reduce negative effects on the environment.

A quantitative research method was used. The top 100 websites in Thailand were assessed using
international tools such as Website Carbon Calculator and Ecoindex. These tools are well recognized in
academic fields and helped measure several important factors. These include the amount of data
transferred, the number of HTTP requests, the total size of each webpage, the complexity of website
content, the location of hosting servers, the energy source used by the hosting providers, the use of content
delivery networks, and the application of caching techniques.

The findings presented a cause for concern. Most websites showed a high level of carbon emissions.
Sixty-four percent of the assessed websites received an F rating based on the Website Carbon Calculator,
indicating the highest environmental impact. Data analysis revealed that the most efficient websites
released only 0.21 grams of carbon dioxide per visit. In contrast, the least efficient websites emitted up to
26.62 grams per visit. When projected to 10,000 visits, the highest emitting websites could release over 266
kilograms of carbon dioxide. This amount equaled to what approximately 146 trees would need to absorb
through photosynthesis to maintain carbon balance. Results from Ecoindex supported these findings. Eighty
percent of the websites showed poor performance, especially in terms of page weight, request count, and
website complexity.

Further analysis showed that many websites had an average of 189 HTTP requests per page. This
number was far higher than the recommended range for sustainable web development. In comparison,
websites with a lower environmental footprint had no more than 30 requests per page. Additional analysis
found that oversized image files, uncompressed videos, and unnecessary or inefficient code were the main
reasons for excessive data use and energy consumption.

An assessment of web hosting providers revealed mixed practices. About 53% of the websites used
hosting services that support renewable energy or have certifications from organizations like the Green Web
Foundation. However, the remaining 47% used hosting services that could not clearly verify their energy sources.

Based on this field study and a review of 34 academic articles published between 2016 and 2025,
the researcher identified six key practices for sustainable website development. These practices include 1)
choosing environmentally friendly hosting and content networks, 2) planning goals clearly during the
development process, 3) designing websites for energy efficiency, 4) using technical development that
reduces data load, 5) regularly monitoring performance, and 6) increasing awareness through support from
the public sector.

This research highlights that even though sustainable web practices have been widely developed
and disseminated globally, many challenges still exist in applying them in the Thai context. These include
a lack of deep knowledge, low awareness at both the individual and organizational level, and limited
support from national policy. Therefore, the study recommends that the government develop clear policy

frameworks and encourage cooperation with private companies to support environmentally responsible
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website development. Such efforts are necessary for Thailand to move toward long-term sustainable

development in a practical and effective way.
Keywords: Sustainable Website, Carbon Footprint, Eco-friendly Web Design
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wilassadrauaglvidazUsendandaanuudd mnniseenuuuiadiond dsnys wiedvinlienuen Jldassies
Tnannntulunsdsuduled dewaldmsldndsnusendafiuiu nsAnwves Yang et al. (2023) sads Varvello
and Livshits (2021) wuinnsTéluuadiduuuminge OLED ansnsaann1sTlndnle 11-13% veueil Bebinger (2022)
Pifiudnnslineudiifiogluszuy (System fonts) aunsaannisiFenlidanaeusnldiui viuideves Hou et
al., (2022), and Punsongserm and Suvakunta (2024) 8ugiuinnsigneusd Sans-Serif PNATIIN T ANLAYABUNTIER
genuiuvnamsvinuledlsinnaudiads Web Content Accessibility Guidelines: WCAG) daeliigliguldiziu
annansUsznanailudimiesuazgUnsaiild

MIYIUNNIIEILIN R IlALUIMIUURNA Fenseunquasuinisifenduddeyaluautisneaziden

Y

& 3

Yaldunazn1senkuuntinge Ynliaunsaannisuassineasuaulneenlsnmnasnnisidauduledlaegradusyuu
fruUsunsndeuiinananisiiuuinianiseanwuusiuledegeddululdognaninwina dun anuasymin
udsnndenvesinimuivleduaznsadvayuainniasy nuidenuininimundanuslundnnsesniuui

o

3

Y
& | MY awva a ' 2 o A = 1) Ao o

maumaﬂﬂmﬂgumsqamame Luaqmﬂmmmgﬂﬁ]mamw&nﬂﬁ‘wmnm (Hansen et al., 2023; Hulleberg et al.,

'
a

2023) SyunaiiunumdrAgiunskanduuleuefuduntenadva lngasiusgddaliniaenyumildmanseny

podunnaaulunseanuuulUlsdlarduasuLunAnANadilen (Hansen et al,, 2023; Granum et al,, 2023) aghsls

fimu Selainundngruieaiumslifuaivayulnensiniglusiiuil (Santarius et al., 2023)

4. 33M3390 wseedindse wazsndeudnise

4.1 NFAULUIAATUNISIDY

nsfnuidatiunsieneiiadeidmadonisudesieansueulneenlafaniulsfuazuumsluns
Waunduleaiiddu TneRarsansudsiu laun mseanwuuduled SssauiensTudaludamuaziale nsldlng
Fszndamdany msliainuiln wasreudneluerdes venanidsinaluladloans wasiadotne Wy nslileans
fldndsnunyudou uazmslfinietnedadailon (Content Delivery Network: CON) safiaussamsarmiules
fifierdasturualndntiusn S1unumve wavssuuLaY
Fuusmudsznoudiemsuaesinvaiveulnoenlendsinanusinanisusesinsdonisdrumn wnds
way Uszansamiules wu arusslunisluanuazazuundinssidssansamn luvasiifudsunsndou leaun
Amszviindudsnadenvesinfauniuled uas msatuayuanaiaig deenaiiatensinmaidadully

nsounnAndtelidlateseifsadesfunmsimuniviediasuansynusedawindey wiouuuima

U URTeannsuassieasueulneanleduaziiinUszdnsnmnisinauveaiuled
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4.2 YaULIAUIRY
ATeilun13398UuRns (Action Research) Aidnwmansenusitudwindenainivled lng

Wudeyanisuaseiigaisvaulaeanledain 100 Vivledeendenlulszmalneain Truehits Tuidou

A o

FuNAL WA, 2567 LaEgNUNILITIUNTINTIAEITe e dnviuwImmeUfuRTATun IR LA RaNLUY
uledeedBuiiannansenusioduinden

4.3 SunaumsHve

mAeilsdunsnatunewsieliiiteAnvnasimuuuamaniseenuuudulediddy

4.3.1 MINUNIUITIUNTI

vhmsnwnssunssiifstestunansenuiudunadouveaivledluiagiu sufsmunuuumnans
sonuuuiuledisjadiumnudadu eadunnudlaluiladeiidmadonisdesfinsmiveulaoonledias wun
MINsanHansENUIng WewiindaviuumeUfoanlumsiautazesnuuuivledednadBusely

4.3.2 Amdeniivludsiaegng

dnidon 100 ulwdsanienludszmalnelnegrsdsaindeyaves Truehits Saduszuuinfivuaysony
adfnsdhvuduleduuunuiaiase (Real time) Wawlagdtinuinismalulagansaumeniasy (auns.) doya
910 Truehits Wuunasodsddgdmsunsineianudenvesivlsdluuseme (Truehits, n.d.)

4.3.3 Usuillumsudesieasueulasenlaidedu

ihduledmeehsiomunluyszidiufie Website Carbon Calculator Hiolias1zsiuSinanisudesfing
miveulnoenluivesivledidmasioduandon Inefiarsananiadeddny 4 su ldun Vnadeyaiidieleu
wdmdsnuvesausteya mududureamdnu uazuTinunsidiey Jadueieadlenldiunisudumiy
Undediennauiteres Sanchez-Cuadrado and Morato (2024) Aldiedesileillumsusuidiuseeiansuey
(Carbon Footprint) veaduladuminendeaiiu 93 i

0.3.4 avdeULVEmE LA TssaRvoaULed

AUNIAILNY Slgdn 6 28 Check-host (https://check-host.net) kae The green web foundation
(https://www.thegreenwebfoundation.org) it 8ns19aaULAINE 1WA ST BENIRLEs IS Fedmanaseiu
msUasefngmsuaulaeaniles waverudsBuresiules (Lindbers et al, 2021)

4.3.5 Wasgilszansamiivlee

Ustifiuvszansnmiuledlagld Ecoindex luindosdiolinseiivlediignitmundulay nduiifsagy
Green IT WieUsgiiusansenusudanadenanmsldauivled nasivssdiuinsgiu 3 su léun Tassadns,
Sruaudve warsundeya FeaenndosfunuImemudadu (Lindoerg et al,, 2021)

4.3.6 NMFIATIENUBYE aTULALITRILILLININITOBNWUY

1
a v [ <

NTayanlAINNITNUNILITIUNTIULAENMTIAT IR NM1TITedTRuILLIMIINMToRnkUULIUlYAT
annansynudedwwInden tngldnsinseilslsnandisuiisudinnunisudesiensueulaeenled dmntn

& I3 I3 v v & & ° ~ = I3 s & & & o w )
ﬂqﬂﬂqiuau'l@@@ﬂlsl]@ LLagﬂqﬁlllsljUéﬁausU@qL’J'UVLSUGW]'N i LAz UIsUe UL ULUB TG UR mﬂuu%uwagaﬂmﬁ

HUINTINAUNTNUMLITTUATTUANETesiunseanuuUkar R IUlwd gy iethdeyauasiauiuuinia

Y

Tnllunisesnwuuiuleanduiinssadaindounaz iy
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4.4 UE9NIUasnNguA29e19

Uszrnslumsifeadsiussnoumoivlafeenteslulssmdlne Tnefingusesnaduivledildunn
flgean 100 Sudukanan Truehits ludeusunau wa. 2567 madadonnguiegaildinasinadadiaindu
mudonduvdn esnniuluinfendrvagaaanusaazviounginssunslidaudumesidavesussuinsdn

Ingluuszimaldagiusiate uasdliganenfninnisidendieg e nquilegnnlinsouaquiilom Nvainvateta 18

=

wuiany lneddndiugeaalunuianyviuazdedafits 42 vivled anueae w9 vivled), g5 (7
Vuled), suranswaznisisu (6 uled), snusud (5 vuled) |, n1s@nul dede wazviaudien (ed19ae 4
Vuled, nursausivniswazesnns G uyivled) peufines wazedaniSunsndwaznaasne (egday 3
<@ (2 @ 6 ] Al s a o a % a 5§ @

Aulas), guam 2 Auled), dauvuaany A, inud, 1eUls, yarawazdiny, AaUsuazinmessy, wag dumesiie
Wiesegnsaz 1 vivled uenainfingudied1ausenaudisunaiudde 1ona1sivinig was Jeyasie o Mavun

U 34 uANN Fehunsdndenainguteyaiitetialdseduuiunni

5. HAN13IYNTANTANED

5.1 HANTHUATIEIUUINIUR TR

MINMIMUMUITTUNTTY 34 a3 {Idvarauulfiaiadmiumaianivledogisddudy 6 mnn
ndn seudnsdonlasadaiugulvaufnisaieanuassminduuleuts fauandduassd 2 Samevauss
fnquszasd 2.2 Tathiaue¥snsfidmdngruidessdnsuasuuanaina

A15197 2 wwvnsufiRlunsiauuazesnwuuiulesndsiu

Table 2 Best Practices for Sustainable Website Development and Design

NUIANY WUINUUR Feazden

Category Best Practices Details

madenldleanmdsnu nsdenlileanmdsnu - Fonleansitlindsnunyudoudosaiveiing

nyUIBU waziATeednas | Myudeu msuaulneonlys

o Choosing Green Hosting - frefiunmsainmdnualiinsdesding

Choosing Green Hosting - Choose hosting powered by renewable energy or

and Content Delivery carbon offsetting

Network (CDN) - Enhance the organization’s eco-friendly image
msldiaSethedadaiiom - dinanuidilumsdidaiuled
Using Content Delivery - annsiudetayaseniudsinesuasyld
Network (CDN) - YSuugeuseavaninnslandsau

- Increase website access speed
- Reduce data transfer between server and user

- Improve energy efficiency

N5 muathvngluiiunvesns | - Mvuesualnandilsn
Planning Wauiules - PIARTIUIUANBIINAEUDN
Web Development Goals - fvuanalranutiiuledlaiAuniung

- Define homepage file size (Page Size)

e278125-10
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NI wuINU R

Category Best Practices

s18azLden

Details

- Limit external requests

- Set a maximum page load time (in seconds)

s A

ﬂ?i@@ﬂLLUUL%UVL%C‘MSQBU EEANTDRVEN

- sguvihmeseadnlainenastnau

Sustainable Website Navigation System -Tassasslaidudou
Design - Navigation should be simple and clear
- Avoid complex structures
demiiiesoniseu - ToWousuuuladfiide (Sans-Serif)

Readable Content

- YUINFIBNYITEUING 1.3-2.0 3.

a A

- uuAnenesAnsegeties 4.5:1 Begeded
- FBITNIENINUIIALII AN

- Use Sans-Serif fonts

- Font size between 1.3 to 2.0 mm

- Minimum color contrast ratio of 4.5:1

- Appropriate line spacing

A v o 1%
nsdenldanuszndandsany
Considerations for Choosing

Energy-Efficient Colors

- T inudiavsodidy 1wy @widy (#121212) wiedin
W3 (#OAOF29)

- Aduuanlindanudosiian

- Use dark or deep tones like dark gray (#121212)
or dark blue (#0AOF29)

- Black consumes the least energy

nstdneudunsgulunie

Using Standard Local Fonts

- T¥laudumsgruu Arial, Times New Roman, %38
Verdana

- Andwleudundsrinefiiteannsfiamnieuen

- Use standard fonts like Arial, Times New Roman
or Verdana

- Install fonts on the server to reduce external

dependencies

AMNBAZATIAA

Images and Graphics

- I mindalauazaanmdasiuiionm

- Use clear and relevant images

e Ivleandsdu nsanvuIalnanImuazInle
Sustainable Website | Reducing Image and Video
Development File Sizes

- Tglwdnn: WebP wse AVIF

- T9lwa35le: AV1 Codec

- yAndsannaudalesuluih

- annsly metadata way EXIF data lunmane e
anvuInlng

- Jusalwa PDF

- Use image formats: WebP or AVIF

- Use video formats: AV1 Codec

- Avoid autoplay for videos

e278125-11



ACAAD. 2026, Vol.39 No.1, e278125 Duangpatra
NUIANY wuINU R eazden
Category Best Practices Details
- Minimize metadata and EXIF data in images to
reduce file size
- Compress PDF files
nsldunsy - annslvandayad

Using Caching

- andnuaumvelududswiaes
- Reduce repeated data loading

- Reduce server requests

AIAANITIBIVOIINABUDN

Reducing External Requests

- anmslvanlidan3ud, JUnn uag Woudan
AYUdN

- annsld API filaisdu

- Reduce loading external scripts, images and
fonts

- Minimize unnecessary APl usage

Fudauvaslnd

Complexity

AsanUsunalasaaEs1anazAINw

Reducing File Structure and

- Jusalwa HTML, CSS uay JavaScript
- Compress HTML, CSS and JavaScript files

Evaluation of ANEIEU
performance
Evaluation Tools for

Sustainability

MsUsEllukarAsIvd@aUNa | N15h0LAS aelladauazUseliu

Using Measurement and

- 4\A30silowu Website Carbon Calculator,
Ecoindex, Ecograder, Google lighthouse %39
Thegreenwebfoundation

- Use tools like Website Carbon Calculator,
Ecoindex, Ecograder, Google lighthouse or

Thegreenwebfoundation

£

NIASIANATTINNS

U

nseusukarliaNg

Awareness Building Training and Education

Ao

- Sneusuiieatiuniseenuuusivlesiisadiu
- a¥rAndniindudwandeuliiutnwau
- Conduct training on sustainable website design
- Build environmental awareness among

developers

N3ALESNAINNIASY
Government Support

@ (3
aankuuivled

sustainable web design

Fguaadisusegelaleniledis

NansENUABdaLInasulung

Government initiatives

- SgunamsiiunumdAgiunsHanFuuleueau
Awndauddvia lnvarausegdaliniaensueiils
nansznusiedunadedlunisesnuuuliuled

- Government leadership in digital environmental

policy

5.2 wavnmsiivledlunsiagauin Website Carbon Calculator

n13finw131nn1sld Website Carbon Calculator a1nn1sunIvlesfildsuaudeuiigaludszmelng

117y 100 Vulas tne Website Carbon Calculator UsiiiuUsunaunisuassfiasaisuaulasenlasnanisivan

w1 Iundanss ineivseiulsenousig wuantniu (Page Size), Usinadoyaiiaieleu (Data Transfer), wiad
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wasuvadlaans, Srunudidsuiuled (Traffic) waznislduinisleafiildndsnunyuiow Inenadnsazuanadu
N3AN A 89 F niousviadnuididen (Uaesfwansueulaeenledsi) feduns (Udesfingansueulasenledias) 3

=3 @ & a | a i £ [ 5 < a ¥ [ a = I3 L3
A e Bulediduiinssedwuandauunn Tindanue wamss Inisldndanumyuieu was F vaneds vl
Lifinsusuusiaae Tdwdanuann wavdmansenusedandexas nanisiivieyauandiiuil Liuleanlasunis
Usziluluszauinse B dafornduszdugegn T91uau 4 viulad (4%) Tdun trueid.net, droidsans.com,
meemodel.com way flash-mini.com nsa C 1 5 L3ulad (5%), wnsa D & 7 Juled (7%), 1nse E 8 10 Viuled

(10%), 1059 F 31 64 Jules (64%) wazdn 10 Yules (10%) ldausadsle ﬁqgﬂ‘ﬁ' 1

luawnsawndvla
Inaccessible B
10% 4% c

Website Carbon

Calculator

64%

U 1 waanmsianadiuledludsznelneg 100 Suduusnainiiuled Website Carbon Calculator

Figure 1 Results of measuring the top 100 Thai websites using Website Carbon Calculator

NNTIATIEENUANLLANAseg 19l Tedrdlunisuaeeftwansuesulaeenlurvesivludine lne
Juledfifivszdnsnmgegaudesiisaniveulasenledifies 0.21 nfudenindvuvuniands vaediiuled
UsvAnBnwsinanudesgeis 26.62 nfusenaideuey iewUsuiiieumaiBney 10,000 afa ulsddivdesing
asusulaeenlenganasisfinvaniveulneenlenis 3,194.46 Alandu Tdnwdanu 8,336 Alansu Wieuwinisuia
aunsvlviy 694,688 ass visedusaluiinlg 53,352 Alawns a'qwamzwué”w’@&iam’;dan%’auuazﬂmﬂ?{sJuLLan
anmgiionna Fslunisasnansenusiodandon uludiivaesiuansuevlasenludgegasesugnslil 146 du
NALNY mmz'ﬁ"ﬁul%ﬁﬁﬂdaaﬁwqmé’mﬂqﬂLﬁm 2 ¢ ilovalwenisUassuafivanAdeuma 10,000 ASs

5.3 uannmsthuledlunsiasausudlaaig

Tnnsaseaeuiulsdeenion 100 susuusnluusemealne wuin 53% l9usnsleans nieldindedne
dndaiilon (Content Delivery Network: CDN) snsUszinafifianussdu (Sustainable Hosting) Tnesnsdsdayaann
The Green Web Foundation wasiadesiionsiadausuvtadininesain Check Host Bulsdildlaanwuudadu

dlugdenldinIevednduilemves Cloudflare Gataatinuszansnmlunisidnfaivles wazannisuasefing

e278125-13



ACAAD. 2026, Vol.39 No.1, e278125 Duangpatra

Asveulaeenled lnenisnseaeteyalududinnesieglnddlduniian Yrsansvernianmsivdsoyauazan
msrlunsussianaifume dawaliusendandsnuanniy

v [ ! v [ <

foyadenaasviouliiuii magsialnesunsgntindsanuddgueansianivledesadaduiiunis
1ineluladiivasannisldndanu sgrdlsiinny Sadidn 37% vosiulaifednediddduinsloanuuuialugslaly
wiunsldndssumyuiieu (bog standard energy) Inglunguil 21 Fulest (56.76%) THuimsleanenelulseme
Tne uavdn 16 15ulad (43.249%) TanseUseme sl suvsweadivinesinsanueslilunadeansiuiase
ilasnnnsldiedetnednaaiion (Content Delivery Network: CDN) lvideyagnnszanglududsniieivaienn

lan Faenvdedeyanndsiieiieglnaglduiniian Jeldaunsaseyunadeaniiuiasalioguuda

Tuawnsanavld
Inaccessible
10%

wabviurly
Bog standard energy
37%

Green Hosting

IsadowavoiusyuiSou

dsannilng

i

wavoudodu
Sustainable energy
53%

waomurlu waonugviu lawnsawfvld
Bog standard energy Sustainable Hosting Inaccessible

3UN 2 Toyanislindenuuazsuvislaaneniuled

Figure 2 Energy usage data and hosting location of the website

5.4 waanmsiivledlunsiageudi Ecoindex

NnnsTTmdeyadiuiu 100 Buled uaziumaaeuseiedesile Ecoindex Faduiniasdioddnly
nmsUssdunazyfuulassaaduledliivssdnsnmuazduiingdedunndon Tnsnsinseiagiansanain
Yademanaiia 1wy S1uIUA10 HTTP (HTTP requests), vu1nsiuveaniniiv (page weight), Anududauues
TAssasns (complexity), antunisiuan (load time), S1uaussdUsznevluntiiu wag n1suat (caching) Lie
agviouiansliminensuaznansenusednnden sansiiutoyauandifiuinannsiieses Ecoindex Grade
Foazldsruuinsaiidnsdnduiuan A & 6 msdadusuinsailuanidssziunansenusodundenveiuled Tng
7l A uansfanansznusedaindondnunn uaziiussansnmngs InsUssiiuaniadedrsiu uas G uansisransznu
gsgn IngUszifiuanuszansawnisviawemiidu inusildussneusie Tasnadwsazuanaduinsa A s G

1 v NS A A a a a & a | a P = a a a ° P
niousHadRIwAdle) (Ussansnndnazidulinsrednnasy) luaudaduna (Usgavaninauaginanssnugy)
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Tawsaihiold A%C 0%
Inaccessible 1% 1% E
17%

Ecoindex 58

sUM 3 waann1sianaansiules Ecoindex

v

Figure 3 Results from Ecoindex website assessment

MnramsUszanadeyariuledeadenluysemealnesiuiu 100 duled Tusuil 3 wuinduleddulngda
agﬂumjuﬁﬁwanswwia?iumé’auga (139 E, F, G) sauvisau 80 13uled wioandu 80% vesavun daduiulesd
fsndusesldfunsusuugsdudssansamlunislindsnunazannisdesinsansveulaoonles luvasis
Gulwdiies 3 Guled vsedndu 3% maaﬁgmmﬁ%’maQ”Luﬂfjmﬁﬁwaﬂiwuﬁﬂﬁqm N5 A, B, C) lawn trueid.net,
pptvhd36.com wag flash-mini.com AuERU Fauansiemnuanunsalunisannansenusodwwindeuldognsd
Uszanan vslugunslindenuiuaznsddesinemsvoulasenledlussiuios uenani deliuledsn 17
Fulwst vieAndu 17% filianunsadhistoyals

dAvfunmsiesgiansudesfemsueulneenlesdonadousuivled 1,000 Ae nuiniuledddl
Nans¥NUgs (NSA E, F, G) :ﬁﬂ'wLaﬁEJms‘da’aaﬁwm%vaulmaaﬂlsaﬁqqﬁq 2.76 Alansu vauzfiSuledidnansynu
fingm (nsm A, B, O Siduadenfies 1.45 Alansusio 1,000 A%y feasfioufnnuunnitsesmanssnuredwindon
agedmau vl milddusasalumsdssdiussrunmslindnuseaiulafainnsiheusiviunn uazdreln
Wwowdeauiuledausnusuugdiiinnudduungedu

nansinuluduwuiavesminiuled (Ecoindex Page Weight) Suliudnnistadeddglunsuseiiuna
nsenustedwaIndon wuilulsdiiftmmtiiunnniuly (Too Heavy) 81 81 iulest (81%) Tuvasdiiidies 2
Fulad (29%) whtuiiaualndiu (So Lisht) Sauandiifiuduwmnltunisoenuuuiiulediidwnanildlasens
anUsuadayalunisiiaantiniu

Tudhureadudeuvendulest (Complexity) Ssfinnsanannesdusznausing o fidwmasonisldndsnu i

'
55

nslduvuues arsud viensesnuuuiilimansiugunsainnm wuihwdulsdfidaeglunguiifinanssnusgn (nse
A, B, O) fivites 3 Gulest (3%) fifianannududausi (Simple) mmsﬁﬁﬂ%ﬁﬁﬁwamwuqn (\5A E, F, G) 9147 80
Vulest (80%) flenarududougstamn (Too Complex) dsonvdsuarteuszansnmlumsinanuagnslén
Tumsimsizsisruiunsiesedeyaniensnernsainiiules (Ecoindex Requests) 3 aiduiaudsiidsea
1A8ATINBNITRINE 991U wuiwﬁuhﬁﬁﬁmamwuﬁwqﬂ (39 A, B, O) d91uaur1veiaa esiies 30 A1 (Few
Requests) ’mem?‘iﬁuleuﬁﬁﬁmaﬂsmuqn NI E, F, G) ﬁﬁﬂmuﬁwam?{aqqﬁq 189 Av® (Too Many Requests) Wand

Wiiuhanumnuidlunsfcdeyavesivlediinnufedasiumslindsnuuasransenusiedundoulnense

e278125-15



ACAAD. 2026, Vol.39 No.1, e278125 Duangpatra

ndeyatiladmszivionun wudmunldunsiaundulededddululsanalnesulianufudiunay

LYY

TneEuinslianuddyfulssiusudanndessiumseenuuuasinnniuladfisannisliminensuaendany
6. NM32AUTIUHE A3U uazdalauauuL

6.1 afUsBkHA

namsideluadsiithsazioulidiuienuiuiaiefussiuanuddueaivledeeniolulsemelng
Tnglanzidawsuiiisuiuinmt wiujud wasdoiauonugiiinsnaniduissunssuiifioados wuindivane
Usziuiiduledlulssnalnedsnsipsuivusuiieliaenndesiumassiuanadiunsiaunivledissdu

nwansUsziliuiuled 100 SuduusnvasUssindalvesie Ecoindex wag Website Carbon Calculator
wuind 64% veadulusegluinga F damnefeiinisudesfinennsusulaeenledlussiugaiunitnasifeeusy
1% fnaeilnendrdedunuresnuiteneunimansd uils 113 uledsruauniniidwddalunisudes e
asuaulaeenludiidsmansznuseduinden Inslanzegned Weiarsanin duldiiussansnmgegeuaos
e 0.21 nfusemaideurunilinds luvasiiiulediiudesgeanndugais 26.62 n¥usemaideuruniinda A
Lmﬂm"]aﬁﬂq%ﬁqé’i’ﬂwwwummaiumaamaaLﬁﬂm'ﬁuaumumﬁﬂ%’uﬂgamsaammmmzmwhﬁuwu

WU UAvee Karyotakis and Antonopoulos (2021) ET@Lﬁus?wﬁammfi’wﬁ’m;uaammé‘aai%’fwé’wm
mayuiisu 100% lunsidenleaduaniules ognalsfiniu nanis@nwinud fifes 53% veaiulediildloans
wiumuiou Smneanuinfeuaiwimenivludeenieulussmelnedsasfiomunamdsnuuuusaiy
vidslilgsunstusuinfundnuarenn deiiaonndosiudedl Bebinger (2022) Ifausuuzliin Bulsdasiden
Teahsiildsunissusestunslindsnunmudsuiioannisudesfedounsean

wenninsldmaluladiedetiedndailom (Content Delivery Network: CON) iludnussifiuniisiinas
namitls nuhdulesildiesetnedadaion fuwltuudesfeensueulaoenlaiosniniulasilallilfinelulas
i dsapnndasiunuINIYBY Souders (2007), and Kandlakunta and Simuni (2024) #inanai1nsldmalulad
\w3etnedndniem auNTatIvanTEENIYeINSaeya ananuat taraansidndsulunisivandeyadn
BSuleidumildognadiussaniam usludnuduu audl Willis et al. (2020) Iddedodanninnslfiaietnednds
o orldldmadeniiffigaiaueludmiumsoonuuuiivleiednedsdu wihmsldieietnedadaiom e
anszezmaveansddeyals wivnniTuledlasumsifiuussansamilAnegisinds mssenldansuddmunnn
MnEslnesmeuenduadeteiadaien ovdmalmAanslindanuitlisndusniunsdadulald walulad
wsetedndailom msfimnsananuiunuasauwingauveslassadaiuleddunsdlly

Tusuniseanuuukasimuivled nsdenliuuanalwdfiduszansain wu WebP w3 AVIF (lica,
2022) %38 AV1 Codec d3uiile dsrsanvuinvasbndldog aunn (Granum et al, 2023; Hullebers et al,,
2023) wuUfohtaenndostusuurhan Willis et al. (2020) ftiulfannslinnensilaldniy mudenuun
yosdovuivluiifioszndandsny nan1sTiasizi Ecoindex fiszyin 81% voaiulasiidhminuduiuanniauly
uaz 80% flmududeugs Bmendnarusndussiulumsindnmamerdulfifteaniinadoyaiiviosdielon

LazUTTHIaNg

v
@

n5ldanuila (Dark Mode) waznausnfndanieluassafdudnuuimanilsfiaonndoatunanisiseves
Bebinger (2022) tliuindlnuila reanmslindinulaoanzegisdauialdaiuuuntiiae OLED tans 11-13%

(Varvello & Livshits, 2021; Yang et al., 2023) win15la@ Inuiinazaiousendanasanu we Chen way Muhamad

e278125-16



ACAAD. 2026, Vol.39 No.1, e278125 Duangpatra

(2022) wuin Tuusunvesn1seu faveladedsuuiuaing (positive polarity) Seadlisulainda fadu uffns
Gonldfundsdunaztaelienudiety wimnfinsaluuiunvesnmsUssndandsnu gisedamudiuinigldd
nuilnfdinadunadeniiuunzaunin vaedl Fahlstrom and Persson (2023 ), and Bebinger (2022) sinafidiu
woahnslineudmeluiniosdisannisnanaini@sunesnieusn wazasSinadoyafifesiuds n1sil Ecoindex
szyiwiuleddulnginisieswedoyageda 189 fuelagede Wddinnuddgresmslileudneluniowas
msannseseanisuendy 9 Weannisenistsvananauaznislindaany

dlofiansangauiuinasidl Willis et al (2020), and Lecorney et al. (2023) lsaualidn duledanslasunns
senuuulngliirdesiolinserinansynudedanindesesnsatnaye nanddeldasvouliifuianusndulunsih
wudfiRmaniildlunsni WedumsfinmuuasussduanmsdidunsiueudBureaivlsdlulssmalye
usifaeealsAif Willis et al. (2020) naminlidusiaiessiofinanaghiannsaduinaildegraiudauysal us
fensfinurregnddunisuansliiiiuin uiasdulsdfiszdunsuslnandsendiunnsiietu esanesdusznouuas
nseonuuLvaskiazivleflimioutu fuiy mslindesdiofinmezifudud sl oazieunmsaunisld

Y < s | o 4‘ o I3 s 1 oA v < a a1 I3 1%
Wamuﬂuamulszm LL@S‘U?EJ‘U‘ULﬂaBUﬂ’]iwwu’lL’JUVL"UGIB?J’NENEJMI@E)EJNLTJ‘HEUS??EJ AINUITINI 64% ‘UENL’JU‘],"?JG]KIGW

N '

3 F uasadbiiuinmsldiesediowaidiliwnsnarewinfiaas wisenasnnisusuupdslimunadniau

v
[ o

Tngagy wansnwiassilidethunuisuiisuiun wnudia wasuleuenilog wuhusenalnedsd

a

Po31RaimwIg ety widresdiiuleduisnguiisunsemindeeudrAgresnisiaunivledegiediu

' v
= 1% @

walpsnmsanas Sallmnusndudemandunisiuifiifisenrdssivunsgivainaunldegradussuuaniu

a a a

Fadliieauwr i oannanssNuned wInd oty wadudunisiiulseansamnisyinauvesiuled asna

vy
aa v o A

Usvaunsaifimruundld wasiasuassamdnualfidlitugsieluganavia sililesnszdunmnmussiuledinels
annsnanNansznusedaIndeulfeseiustavinin uarasandesiuiirmwosnisiannegieddulusesvana
(Eckert and Kovalevska, 2021; Granum et al., 2023; Lecorney et al., 2023; Santarius et al., 2023)

6.2 d3Una

nsfnuiteildussgmuingusvasdiideliodnsnsuiu Tasluduresinguszasdde 2.1 Sajatiunis
Ussifiunaniseenuuuiiuledlutiagiuiisinanssvusiedsuandon ansansdrsaiuledling 100 Susuusnse
\A304ile Website Carbon Calculator kag Ecoindex lduandliifiunmsiuvessz@nsamuazaansenumis
dunndevetnadaau duleddnlnyfivuindeyatigs dmaliussansnmnisinananas uazdanuinnslindany
youdrnoidmivnanaivleddinafianundmdnuitnanrleadaniadslifinnsdusd unslindanumuiou
othedanau wenani wihuadulsfarliusnaedetenstadaien (CON) Wafivausuazanszazmsly

n1sdedena wifdalldnnateiuled i luldlduselegdanmaluladdegrafun vilifinisuaseiig

asueulneenledsenisidivugniniads nansnsenidalsunasnaniliiuintagtuniseenwuuivledly

Inefafltasingdunsiauielindulnssedauindouuniu

'
wva ol al

dmsuinguszasdde 2.2 Jadunisdunsieiuumiansujidialunisiauiazesnuuuivlededis

va oo N

g98u AdeilasiusinsumaJuanaianainissaunssuiifeideazian1siATeigaUsunad1iuin

'
a vaa

Usziadudoiauonuzdeujuindaau wameiiduasmeilupsounquvainvatefifivesnisiaunivlesdodns
83y 1wy nsUFuUaUsEansnmvesduleddmenisansualiduassuiudiiesve (requests) nsidenldlaafadn
Tndsnunyguideuy msldnaianisuasiaziniaiednduiient (CON) sgraumunzauioanUIuudayangn

ANUASEUIBUAENEINY MaBRIUNTRRNKU UM kard e Ussanudliianusuielidudeuienaniaes
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a o °

350un35Y wuasidaweaunsatluussgndldldasdursmsimuivleduasauduuleus Weduaiunis

'
saa a a ' o

asuiulednfivsyaninmasazannansenusedsnnden suazlulstlevinonsw andeniviaiidenndesiu
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