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Abstract

This study aims to present an information system design approach for data management
and data visualization of Carbon Footprint at Khunying Long Learning Resources Center (KYL)
according to Green Office Criteria 2021. The scope of the study includes information on electricity
consumption, water consumption, fuel consumption, paper consumption, waste production,
methane emission and carbon footprint equivalence. The design and development utilize an
Agile SDLC Model for rapid development within the limited timeframe. The development is
divided into two phases: Phase 1 - Development of data management: the researcher designed
a web application for collecting, storing, and processing data within the specified scope and set
restricted access for an authorized group of people to control the accuracy and reliability of the
information within the system. Phase 2 - Development of data visualization: the researcher
designed a logical algorithm for the system and a suitable display pattern for the specified data
set on the web application to help users understand the information more easily without any
complications, together with being able to fully answer the Green Office Assessment Criteria. The
results showed that the system can perfectly display the result of Carbon Footprint Emission and
Natural Resources Usage at KYL as defined in the Green Office Criteria that Carbon Footprint gets
lower than the previous year for 44.9% and the resources has been decreased in all 6 targets.
The system has also received an adequate result at average 4.8 on the satisfaction assessment
survey from the Green Office Audit Committee and KYL executives’ team which can be
interpreted as a very high level. In addition, the system can correctly function on most commonly
used operating systems, including Windows, MacOS, Android, and iOS, which helps increase the
ease of use for the KYL Green Library Committee and other stakeholders in order to access or

use the data for further analysis.
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1. Front End: 19 NuxtJS uag Bootstrap (Ul) WaILLWUUNDIU wag Responsive Website
2. Back End: 1% NodeJS simungudszaiananazinsogiudoya

3. Database: 14 PostereSQL Waiwgiudegadaiudeyaainuinivled

dauil 2 mawaEARILaz AN KA

ansgldszuu msimuszuvluduiidumstaniieviauonaresnisiundoyanndwd
1 wazeenuuuliidusuvunulduidladouagddauazain mnzdmivgnslsyiiudinaud
deuagiuimevomiasnu lunisanumansduiiunusing 4 vesnmeyha nslénussuuludiui

Jeeanuuulraunsalinnelaegnedase (Public) egludasiin1stududinunautnlgay

dauUsznauvesszuy Msuannaludiudszutanisiauesenidy 3 dnvay Ussneudae
#nwnizil 1 Dashboard asUUTinnufinwiFounszan Uszneufediugos 2 daufe dwidiaszi
Wiguiguteya wardunsvhiiauedeya nsmlusenausmieniindesdnuiu 5 nsl Ae
1) nsmluanidndiuiaisounsyanusasssinn Wisumeuteyadounss 5 U
2) nsmlansuulliunisuassigisounseanunasUseiny gaunad 5 U
3) nsluanssaziBentanssufineliAni S eunsyanudazssaviluseud
4) nsmiuansUSinafindeunsyanluseud wonauitui
5) ATINLAASUSHIUADITOUNTEINT LAY LINAINUTZLANAINTTU
anwazd 2 nsuansusuranisldnineinssssuvid wWisuisusiowoulund oF
Uszneusasnsmdossiuau 5 nsl Ae 1) nsuansuSunamslalni 2) nsuansusunanisld
3) nsmiwanUSunanistdiity 4) nswluansUSinanisldnssane 5) nsmuansSunanes
dnwnzil 3 d7u export daya dmsudeendoyafwiFounszanluusiarUlviinsesilududu

WU NMTIATIZFUSUNAINSUE8 RS UNTEANAE NUNTNUAVD I UIE91Y LTUdY
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Ay a v

nswanszuUlusaztunau 310U TiNeT99lUN1TeRNLUU WAIWY kasnnaay Usenaunie

Y

1. Staff wuneds gldnuszuuiiduamugyihauiiunsianisnasnuwazdunaoy laanslunis

Wi au waguNlutayaluszuy (NGUAI0E1991WIN 10 AU WUUEL INAMLYINIUTIINA 17 AL)

4

2. System Analysis (SA) 131889 HAUALAZERNLUUTEUY TVTTTIATIEVIATMLABINIS BONWUY
VAFBU KATUTEUNANIVNNUNNT IURISEUUTIOLA

3. Programmer visngils gimunszuulumanaie

= 14

4. Evaluator et N35UNSERTIszTuIRIgINdTinudilen (nquiiegeamnam)

va v

F9luaITeatull HIF8LYNRUNNIUEIY SA FILAAIUNUINLASVLNNNLANILUAITIN 3

Y

13



2. NQEfuazUIIBNNYITD

2.1 NOBUATUANNTS

2.1.1 mMsudesinuizaunszan

frmiFounszan (Greenhouse Gases: GHGs) LHufafAntuanmsduiuianssuves
uywd [2] 1y naunlndidemds nslindsenlndh nisvhaaamnssuvdenisinuns saonau
MsALLALLaEMSTLAY AmFeunsyanuaniifuaveddniiviliiAsanglandou dewasie
MaAsuudasmesanimennia ganta sedutmzlauaznsaraevesiudedalan uasilym
waniduwalfumianugusanndy masidunsfieannisudesfimieunszaniadumiii
vesfiinatemnaadiu wasiilelinsuimsdnnsimieunsyaniluszansniw Jafetinng
AwiunsUdeswasnIsganauimieunsyan lnewusianssusendu 3 Ussinnfe

Uszandl 1 Aenssuiiiinisudesuazgandufieideunszanmienss leun ansunlng
deamdaieniavetunieluens nszuaunsanUfisonailunssuiunisadn niswnlnd
Fomdafensiiumauaznisuuds matidaiidsuasnsilinaviidelfAafefinu uazns
Hilvavesmsiesianmslindnsasieilunsianuazen

Uszandl 2 Aanssuiiiinsudesuazganduimideunszanmadenainnslindany
Teun nswdnliin winnsldndsnliihazbineliAnmeunszanluaaufildam usns
AafeiFounszanunannszuaunsuaaliindainanmsenlwlidomdmleada Sedeidu
AnssuivinliAnfeiFeunszanmedou

vy oA

Uszianil 3 Aanssuiiinisuasewasganduineiseunsyanniedenduy q loud Aanssy

o w

du o AnelmAniwiseunszan wu nslduiuseUluesnns mslaiandinanuussinnnssnie

9

Wudu
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NMSUIT USuaud 1S aunseany Uaeuaan @1uisasendnd aud alaq1 Carbon

Footprint[3] &manefislunafinwaivauiignuaseeenu1anianssuwagn1iaiunisng

A9 9 veI99Ans[4] @runsarwInlaaingns Emission Fudunanuszninsdeyananssuiu

duUsgansmisudesiwiseunsyandaiandlugns

Carbon Footprint (CF) = Activity Data (AD) x Emission Factor (EF)

Activity Data (AD)  fi® Uayananssunin1slinsnenssssuys

WU NSRS (Bns/ T, Bns/ieu,ans/A)

Emission Factor (EF) A8 Am1duusyansnisuassniaisaunssan

W kgCO/anT, kgN,0/a93, keCHy/a0S (Bn3/3u, dnv/tnou,ans/U)

MUNRTFINETNNUER g MURfansIuTnaAwIn CF Usenaume 1) miensld

Tl 2) wdrenistdunUszun 3) Ysunawesdavau 4) Usunadids 5) USunaunisiaiyoinag

waz 6) Usunaunsldnszane waglasiusiua EF 91989m1uLIn1eued The Intergovernmental

Panel on Climate Change (IPCC) uazgudeyaseiumavesusazussing uazidunsuansly

ANS19N 1

A1571991 1 AduUsEaNSNMsUdesingisaunsEan MuntladeNnsgIuainuEReal 2562[5]

Uszuan EF (kg CO,) U8 919949
nswens/lnin
Yszn-nsUseUnuavans 0.8006 m?> Thai national database
ﬁﬁ‘diz‘m - miﬂizmﬁ’mqﬁmﬂ 0.3238 m?> Thai national database
sz - NsUANRAAIANTTY 0.2891 m’ Thai national database
91 CPO (GtoG) 0.5821 kwh | TGO

Thai National LCI

nI¥AY 2.0859 kg

Database/MTEC
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Uszian EF (kg CO,) ATETd] 279949
YaLdy (Wasaunsilenauves)
LPnr 2.0000 kg IPCC 2006 Vol.5 Waste
NILAY / NTLATYNADI 2.9300 kg IPCC 2006 Vol.5 Waste
LAYDINT 2.5300 ke IPCC 2006 Vol.5 Waste
AopuRnIAIeNsYATY 4.0000 kg IPCC 2006 Vol.5 Waste
Adlel dumehannanu 3.2700 kg IPCC 2006 Vol.5 Waste
819 N9 3.1300 ke IPCC 2006 Vol.5 Waste
el 23200 ke | TGO
wiwlgl 3.3300 kg TGO
Ueviindun3d 21nnsianisyanes
. Y oo Thai National LCl

an (minuuuldonniawaylaldy 0.2552 kg

Database/MTEC
9INF)
LIDLNES
v IPCC Vol.2 table 3.2.1, 3.2.2,
UNHUALYA 2.7446 L

PTT
naleau 2.2376 L IPCC
fnalwgon 2.2376 L IPCC
iy (LPG ) 91nfessuus 3.1133 kg | IPCC
REIGEY

Ecoinvent 2.2, IPCC 2007
Sodium Chloride 0.1937 ke

GWP 100a

Ecoinvent 2.2, IPCC 2007
Acetic acid 2.5702 ke

GWP 100a

Ecoinvent 2.2, IPCC 2007
Sodium Hydroxide 1.1148 kg

GWP 100a

Ecoinvent 2.2, IPCC 2007
Sodium sulphate 0.4695 ke

GWP 100a

Ecoinvent 2.2, IPCC 2007
Hydrochloric acid 1.3325 ke

GWP 100a
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Uszuan EF (kg CO,) U8 919949
Sulfuric acid 0.1219 kg Ecoinvent 3.4
Ecoinvent 2.2, IPCC 2007
1.2381 kg
GWP 100a
Ecoinvent 2.2, IPCC 2007
Potassium hydroxide 1.9272 kg
GWP 100a
Ecoinvent 2.2, IPCC 2007
0.6504 kg
GWP 100a
Sodium hypochlorite 0.8712 kg Ecoinvent 3.4

2.1.2 n15as2aUseliudnaudiven

fuazaudifny

Tassnmsdntinaudider (Green Office) iulasanmsfidndulnensuduaiunmnm
danden dmdunsiavszifiunsdniunuvesesdnsegenszvindsdwandou i
wUsrasdfiounsiiunuegradulinsivdanedenvesditinau fmensuiuasu
WOANIIULAZNSRAINTIVBIYAAINT N1Tanldnasany msldnsnensedadudn n1san
youdouazvey msanlianaiidunse madenldnandusinduinstudundey uayns
muAunsUdesfmIeunszaneengtuusseinia fudeulesiugnsmansad svoy 20 T
w.Al. 2561 - 2580 FumsasamnAvlavuguam@iaiiduinsiudaieden TuFosnns
Uiuasungingsy F5Anuagiidin uazaenndosiuuiuiaLATYEAaLaTdIAsILTIuR
atufl 12 (WA, 2560 - 2564) gnsmansmsimuUsemainandsmsdslaiiduiingdu
& wandouil onsiauni g9y afvayuuazduasumsndnuazuilaaidudinsiu

Awnaauluraning [6]

nsAdulaseng
msfifiunslasaimsfinanaelifuaiasmhsnuiedisulassnmnd ooy

finuznssunsidinsassdumsuiinuresnhsaumunueiunasg i mundsess

mMsUfuAsunasiesvaiae iislidenndosiuaniunisalanimuadesiiiuiiagdu

winiign 3lul 2564 MilguminTuNInsIUsilivarAesiLiunsInmSEUeNa1TuAY
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Fayanuvaninaminsseiiiudtinaudivet 2563 Fafinslirzuuunasswandeaiite
Tumasig « fel (7]
wuaadl 1 msuuaulauie n’ms'ml,l,wun'liéhLﬁumuLl,a::m'a'ﬂ%'uﬂ'a;aasi"nwiaLﬁm
dnsnaunziuuAnlusavay 25 dhvedasUsenaumie

1.1 m3tvuaulouiedaunnday Whrnswazinuusudainge

1.2 aaghausudannges

1.3 mszyUszidulymmineinsuasdauindon

1.4 ngvaneuaziorvundu o sudaindon

1.5 M5IANIIANLLTDUNTZAN

1.6 wnusmdlasenisithlugnisuiuussednadeliles

1.7 mnsavssdiudiinnudidemeludiingm @miumhenuisongns

Suses)

1.8 NMSNUNMIULALENBUSIANS

NN 2 N15FREITHATES19INFTIN dnTduRzwLuAnduSaay 15 Tivatay
Usenaumie
2.1 msineusulvauikasysedivanudila

2.2 NN55UTIPLAZ ULV AUNUSHANTNGUY

wuaadl 3 nsldndsaunazninenns sadunzuuuandudesas 15 fvdedes
Usznaumiey

3.1 M3l

3.2 nsldndany (nfhuasidemas)

3.3 msldmsneansdu o

3.4 M3UTEYULAENTIAINTIANTS
WU 4 N15IANITVWAY nTduAzLuLAnuSasaz 15 TvetasUssnaume

4.1 NsInnsvedsludtngIy

4.2 nsyansunasludndnau
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NN 5 dNTNLINANLAZANNUAANY dRTdIURzwILAnUSaaY 15 TWvetay

Usznoume
5.1 o1mAludineu
5.2 wasludrtnu
5.3 L@

5.4 AUUNRY

5.5 Mslesgunseusiaan1izaniiy

WA 6 NSINYILATININN BRTIAAzULAnduSasa 15 TWvatasUsznaunie

6.1 NNSINTDAUAN

6.2 NSINAN

NaN15MSAUIZLU

N13M519UsEEIvAz L UINANISA U SEueanTu 4 seiu Usznause

WnadaN1sUSELIU

SYAUALHUY

seauAEe (G 1199)

o8ay 90 July

[y

SYAUANIN (G 1K)

Saway 80 — 89

v

F¥AUR (G NDILAY)

Saway 60 - 79

TaiHuN155Us09

ANI508aL 60

FIMUILIUNNIUNITTUTDILUTEAUMDUALHBITUNITATIIU L UDNAS AL AL ATIUAIS

seauUsELnd [8]
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2.2 AT
2.2.1

\Aeadiag

s2UUdANTYaya (Information System)
MnMsAnwAdeiifedewnunsiaussuuianistoyanuin suidedi

Tvgfléinnwn php Tumsiimuduled uagld MysQL Tunmswamngudeya deinszuiuns

Tunsuszidiunanisimuisruuuiadunisusefiuaing d erviguarnisusziduain

Ya v A

NI38U

Y

{ldauszuu dsanslunisien 10.1 &9 wuaAndIunAlulag N ldaaudig

Wnsviang IeRean1snaaaunsitinseiielvd o lunsiaunssuudnnisdeyalaedenly
WATANTHALILUU Full Stack Framework 678 NodeJS Tuniswaundulodiieannisy
19U Server L19991nIN15wUINISYULAazdIURDNINAUY WAL luNISwanINg
< & 1 =] 4:{' I a § & -] % ¥ < 1 %

Auled wimnlufinisWensieduwmesile Jlandaunsaldnuniivusdnls wagly

dvasgrudeyaidentd PostereSQL asnndeyaluszuuiludoyaduavuaznisiuim

o 1Y v

fesefnsian1steyavwnivg 9 MySQL azsesiuteyaladnuiumilawiniy Jadenld

Toyansossutoyaladnuiuuinndt uenantl PostgreSQL aatiuanunITANiuIg
9

Y

'
a

Joya (Miy au uily) Niadesuazsingingd MySQLI9]

A13197 2 Wisuiigunszurunsiasdsnslumsvaszuudnn1sdayanunueiInsgIueIe 9

szuudamsteyainviseunseanvesditnning1nsn1snsseusAMMYmAL

AN IFINATINUER YD

Similarity
Title Method Tool Result
Most | Medium | Low
d2UUsTNaUTEUU YUY
. 1.@UINTHaY ansaumalu
2557 TN . A _
ANNUAENT ANSUSIS
JEUUATAUNA o . N _
y . 2.8@7UINNTVBLANS IANTT FARY
LNDSDI5UNIS A php -
- ANSALHUU MSIVFOU WAy
A3IUTTLAY / C webapp Lo .
3. @UINNTT ANLHUNITAY
AN Ay . MySQL - DB 5
. . LONANTD9DY ANsUSEAY
ADTUANWITEAU ,
. 4. ds1891u AN Tu
919IFNY[10] B
ADTUANN
NIANY
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szuudansteyainviseunseanvesdtnning1nsn1snIss e U ANMYmAT

AN IFINATINUER Y

Title

Similarity

Most

Medium | Low

Method

Tool

Result

A5UsTLUNE
(Aagay, S.D.)
KLU0y waz

v
UITUY

ex2

Lanuanunsalunig
11974
2.A1UABINTVOR LY
3.M15UTTUU

4. NAaNSINNTLUY

5.aUUaanNY

2562 3¥UU
IansUoya
N3
UINEaeII1U
an[11]

14 SDLC Model Tu

NN3BNLLUUTEUU

AsUsTLUNE

(ﬂ"]LQgﬁl, S.D.)

WYY

eXe

1. Functional
Requirements Test
2. Functional Test
3. Usability Test

4. Security Test
Bl

1. ANUYNABIVDS
TUsunsu

2. AMUEINIOLUNTT

MUTBIUTENTU

php -
webapp
MySQL - DB

UU

GEFGNG
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szuudansteyainviseunseanvesdtnning1nsn1snIss e U ANMYmAT

AN IFINATINUER Y

Title

Similarity

Most

Medium

Low

Method

Tool

Result

3. NS9BNLUUY
TUsLN5Y
4. N155n¥IAINY

Jasnny

2558 NIRRT
SEUUANTAUNA

WoaTuayua

AsI9daUNly ;

NSUAN®N
LW INYIAYINY

Aqaavan[12]

ADDIE Model:
WATIEA (Analysis)
2aNWUU (Design)
WU
(Development)
nageu (Implement)
Usziluna

(Evaluation)

Uszifiuwa (ALade)
Jidievnsy

1. NM1FYINUANNANL
ROINTVRIE LY

2. ANUAINNTOVS
JEUU

3. N159NUWUY

4. pnuvannngy

Bl
1. msdteya
2. MIUsTUaNA

3. NFLENINA

php -
webapp
MySQL - DB

9UU

ANduUNA
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szuudansteyainviseunseanvesdtnning1nsn1snIss e U ANMYmAT

AN IFINATINUER Y

Similarity
Title Method Tool Result
Most | Medium | Low
9UU
Responsive Web g
ANTAULNALND
2562 38U Design -
y NFUIMNG
ANTAULNALNDNNT . .
o . php ANTVOYA
UINTINNTT ATTNRIUITEUU -
Y . (Codelgniter | n1sUsgtung
VAN / 1. BRNLUUFIUVDAA -
- P 3) - webapp | 91U3VINT
Uszrlunau 2. 9DNLUUTUANDU
- MySQL - DB | n1sUszau
291115 PULINET N1TNINUVDITEUUY -
IWINNT

2019[13]

3. ASIPUSEUU

ANduUNA

SLAUBIR AS9

@9

2.2.2 msjuauadaya (Data Visualization)

INNITANYINUITEUaZUNAUT LA 83TB9A 1uN1TULaNDYRY A Carbon

Footprint (CF) aunsatuidunwinislunisesnwuudnuaen1suiaustayannues

drlinninennsnisiSeudanmvimac Ia lnganansaasusuwuunmsiauentaulalacil

Robert Florida[14] W1tauaias o9l o7 19 lun1551891uY 0y a% 091 Carbon

Catalogue wanausunas CF Turaasmswdnnsusinsyuiunisudssuingaulaudnisudn

uludu Jyuuvuiaanddunini 1

Global Footprint Network[4] ¥iauan1551891ud@ya Carbon Footprint 13

anegULuUAanslunmg 2 fs 4
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Global Publicly Disclosed Product Carbon Footprints

CoClear brings you Carbon Catalogue, the first ever side-by-side carbon footprints of 866
products made by 145 companies in 28 countries. Select from one of your favorite companies,
hover your mouse on a product, and explore the many ingenious ways to make better products
with lower emissions. Companies can make improvements anywhere along the value chain:
Upstream, such as buying more sustainable raw materials, in their own manufacturing, or
downstream, such as reducing a product's waste impact.

Life cycle carbon emissions Reported change
wesm  Upstream ® Decrease in product emissions
s Manufacturing ® Increase in product emissions

wess  Downstream

=== Stage data not reported

View All Sectors v View All Companies v
2015 v Order by Sector v
Carbon Intensity
5000
3000

///// m
/////

A 1 sduuunmsiauetayalnniaIasiia Carbon Catalogue
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° World Ecological Footprint by Land Type

2
1.5
"
=
-
S 1
o
=2
z
0.5
0
NAOAODD DN ODDNDOAODND DN D DD O A O DD a6
0070’07 0 B’ N A’ A\ VRPN R R RN
KGR S BIC GG IR GGG PG G GG PO IS M NMNANS
@® carbon @ Fishing Grounds Cropland @ Built-up Land

Forest Products Grazing Land

AN 2 AYSHNUNSTUUTIATULIaNWUIANNUSENNVBINURA

33.4%
2.0%
\ 20.2%
1.8%  —
1.2% — 47.1%
1.7% B — \
0.7% —_— \
0.9% —_—
2.8% e \\\ 17.5%
\ \\\\
\ Q
-~ \ @

7 N\
F WopLps P
6.3%

%
T — g

2M# 3 9rs1dun1sUaRsNanEisunuUIuIas Carbon Footprint (CF) M17lan
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‘ Carbon Footprint
(global acres per capta)
Renewables

(percent of primary
energy consumption from
renewables. 2013)

United States 11.5

Germany 6.0

Brazil 1.4

Russia 6.8

‘One global acre of forest can absorb 1.4 tons of carbon dioxide. Source: BP. June 2015. BP Statistical Review of World Energy.

] v Yy W &
AINN 4 Guaﬁdaﬂ']iisuwa\‘i\i']umﬂLLMu'ﬂ'JIaﬂ
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3. 39AIUN1SIY

JEUUASAUWAINENIIIANITTeLaN1sUABiNwTaUNSEAN Yasdlinm

a v

NYINITNITTYUI AU

WAL AunaTIInIgINAnuERen dnseuiumslunmsfine) Aualuayide Seazidennudunou

aeludl

A151991 3 WHURINTZUIUNITNAIUY Web Application

Information System Design Processes for Carbon Footprint Management

Staff

SA

Programmer

Evaluator

Implementation

Wmihiindhdaya
1 2559 - 2563

Planning
Anwinoun
uardaya

Analysis (1)
AMuaAgULLY
mMsiiudaya

uasgns

System Design

~esig
panuuuiulee

uargudnya

Testing

NAFDUMTUND [«

Codin

waaEwinzdaya
(Form)

UarmsAININ

Tily unly 1o

il

Analysis (2)

Evaluation
Usafiunsldanu
(wuuDUNIN)

A 4

AvuATuULuaNIED
dmiuuamna

System Design
2anuuy Dashboard
UarsInu

Coding
Wennduuamsaya
(Dashboard)

<

UASNITUAMIHANINTIN

Testing
NAFDUMTATUIN CF [«

,|  afua <

7| wavinenans |

Implementation
MsATUTY

aninnudiden

Evaluation
Usufiuuanis ldau
YUY (WUADUNN)
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3.1 Planning Phase
nsmaueumsiiiunududunenduduluiuunssuuasaumadiionsuddymuasia
dnenmlumsididedoya anmnsanunssuiunsiitu 2 dw fe
3.1.1 System Analysis (System Request)
A3dglardun1sfnwinaeininsgiudinaudilend 2564 AunEIgLazn1TAININ
USinaifnaiieunszan uazdlammsinifvdeyaiifstesuliagturesditnninensnsFeus

[

Aaundanas aunsaaguaudndulanad

Project Sponsor: AMEYNUTIANITNAIULALEWINGBY HUTINT UagyAaInsdlnnIneInsns

SguIAUNYaL

Business Need: #aiu1 Web Application tieifisiused@nsamnisiinfstoyamuduindenvesdiiin
NINgININTSeUs AL mac Iiauisanauinuein1suseiiudinnudide Yresiusiuteyad
Weates Auindnunsudesinviseunsyan wavdnaueteyaidanmlusluuuindiladng uay

14 14

anunsadnfidlaegnslififediin azain 50157 uardoyagnies

Business Requirements:

1. syuvanunsafiusvTmdayaUiunnanislinineinssssunivesdhtinnineinsnisiseusnamds
yass Wluiidelld Tnsannsnanaidounazariianainainmsnusadeyaiinsy dansyaneld
2. spuvanunsaAmwInUsInainsseunseanlaegsgnies

3. syuuansathiaueoyalsnmenusitiaveanasidtinnudideldosadaeu asuduuas

NABY
Y

Business Value:

o w (% a b4

1. drlinminensmateuiaumgaia awnsadununnsszudinanudideludiinges

v (23

YoUARTS D UNTEANWAL AT IINSNENTA AT

Y

o w (% a b4

2. drlnnInensnisieuiaamaaas aansamvuauleuisuazaiasnistunisdanstawmiy
danndenlsiogamnzay nnanshiausdeyaianmusisyuy

3. AugThuuAIIRdeuLa AN NTIINSEMTIIUsT U ThewAden ansadfsdeyad
Rendosldetnsazmnuazinds Taedoyaiinnugnies indefie wazanunsmirfoyaluinsziise
5]

Special Issue or Constraints: TayaildlunisiumuiwFeunssanudumhenulineinig

FanAuNINDU WU Joyanslinsyany
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3.1.2 Project Management (Project Schedule)

[

MndymuarAnusenIsssuutduny fRdvansamnunssezialumsaniulasinslanad

A15197 4 NSUBURNIYIULAZNTIUIZEZLIAINTTNAUY Web Application

1 [Fnvnamdninemudiden 7 Mon (@/1/64) | Mon (11/1/60)
2[Fmnguumsimduieysludagiu 5 Tue (12/1/66) | Sun(17/1/64) Kraisi
3[mvummsmsianssvuiamsieys 2 Mon (18/1/66) | Wed (20/1/60) Kraisti
afimnguuy Data Visualization 3 Thu (21/1/66) | sun (24/1/60) Kraisr
s|Amuummdlumsieseiveya Mon (2/8/60) | Mon (20/9/64)

fmurgUuuulumsdueayaiifees 20 Mon (25/1/66) | Mon (22/2/60) Kraisi
7|fwumguuuuns it dunlwana 15 Tue (1/6/60) | Tue (15/6/60) 14 Kraisti
8|fwuslansluninmena as Tue (21/9/66) | Fri(15/10/64) 5 Kraisri

I S N N N N N Y

9|anuvY Data Flow Diagram 5 Tue (23/2/66) | Sun (28/2/60) Kraisi
10[eanuLY ER Diagram 7 Mon (1/3/60) | Wed (10/3/60) Kraisfi
11|eanuuy Flowchart veeseuy a Thu(11/3/66) | Mon (15/3/64) Kraisri
12[eanuuvy Ul vesmdhulen 10 Tue (16/3/60) |  Fri(26/3/64) Kraisi
13[fmunmuvanahee 50 Mon (5/4/6) |  Fri(21/5/64) Programmer
10| wasausEULLAE AT RGNS YRINTT A 10 Mon (24/5/66) | Mon (31/5/64) Kraisri
15 [vhwmwayslusruusuayAnenagnADIvRIRYA 16 Tue (1/6/60) | Tue (15/6/60) Team
16 [WmunsruuaTs Dashboard karnsm as Mon (21/6/66) | Mon (19/7/64) Programmer
17[mmaermnugnassseeyauns it 10 Tue (20/7/66) | Fri(30/7/64) Krais
18[spUaan iy vvaya as Mon (18/10/64) | Fii(26/11/64) 8 Kraisi
19| Smirduaamuam 50 Mon (29/11/64) | Mon (31/1/65) 17 Kraisfi

Ya v A

il fRTesinsznufnduiosas 85 vesnuioun lnedviivaniunisidugdanislasimis dnsgiuagzeenuuussuy
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3.2 Analysis Phase

INANUABINTTEUUNNE TR §IT8laTnT18T8aeB8nANABINT SLALENLTALUIA

Aoen1slidu 2 nguRoALFBINITAIUNISTINMUYBIsEU (Functional Requirement) WazAIINABINISATY

AMANYEYBITEUU (Nonfunctional Requirement)

M990 5 MIAATIZAANNADINITHIAYUNMTIINULAZANANBAILDY ¢ VBITZUY

Functional Requirements:

1. Myduiindaya

1.1 suvanunsadinanuasuiiuesdeyald Wnemndlilateyalinsuiiuasd

Toanuudnfieuwazliaunsanaduduiinle

1.2 ssuudiamnugidouveteyald lnenseaanzliaviounddlineinig

nsendeyanliludumeunisiiusenis

1.3 szuuilalvanunsounty vieaudeyamaeiinisduiinlilussuuld

1.4 syuvanunsndaiuuaztuiinteyalsegsgniesnsudou

1.5 sgUULAU Log Tuiinmsifinauunluluseuu ienisnsiageuauiianaisly

AYNAY

2. nMsAuIudaya

2.1 SEUUaINTIANAUIINAURYIEaUNTZANNAANTINAN 9 Fo9neule

e 19gNADs

2.2 szuvaunsamunaUSuumsioldn dn Wi nseane veandiganuls

e 19gNADs

2.3 SyuvaUnsamulIUsIuieiimu Usunuee Guawiiwmuié’asifmgﬂéfaq

3. M3seudaya

3.1 SEUUANNSOLAAIMNITINNSUdRs A UNSEaNURIUI8ule
(Dashboard)

3.2 SEUUANNNS0LANISRS1AIUUSLNUNSUaREA9LS aUNTEANLAAZ IRA LA
(Dashboard)

3.3 SEUUAINNSILUNANTSUNND AR wS aunsEantuwmazlle
(Dashboard)

173

3.4 spuvaninsnssuUsinaivsaunsyanluusasuiivesmhenule
(Dashboard)
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3.5 5EUUAILNSOLAAIUS LN AUATS UNT AN I ULARLLA DUV I LB ULA
(Dashboard)

2.6 STUVAINNTOLAAIUSUIUNS IO U1 U3l NSz tasUSunavesluwe
azUle (Report)

Nonfunctional Requirements:

1. Operational sruvansattulavuszuuUiURnig Window, MacOS, Android uag i0S

suvansanDelenannLan

SEUUAINNTLTIUUY Web Browser Tadla

Dashboard way Report @unsalinislang1sdase (Public Access)

2. Security NsLiiadeYaaNTaVIn AN IEAMEINNUAMUANIATON YD I UYL

spuvansanansnataa Dashboard wa Report tntelu 250 ms
3. Performance

TPAIUINAINIGAT Request wag Response T Dev Tool 989 Browser

3.2.1 Use Case

NNNAMTIATIEsIALABINT FIdtanmnsauiilsidunisvhnuvesszuuldesniiu 3 du fe
1) doutiuiindeya Wunihiiuleduuunesuesulatdiifldamnsansenteyaiiisrdodumnany
#1149 9 la IngsyuvagyiinisnsiadeuAuasUTIuYeslaya mnnsendeyakinsy ssuuagliannse
yhmssuiindeyald waruenanilsruudiannsndenuansindeniomsTidslinednmsiudoys
detlostunnuduaunaranusidouiiorafintuainnisnsondeyald
2) doudwrntoya 1udiudiduauimanslinineinseie q ewsendeyaisuvaaiy
UsnafwiSounsranuazthluiessisioudiounaiulnountn Tasszuvagiinisfuiumasiui
Fudu Anadedenu Alddeiiintuandwiiiedes uasuamnglutoyausyaiioliisuay
genmdassiagULuunsinulayatulagiu
3) daunansnasieey Wudiuitiauedoyaifnim farunsadiauedoyalsd 2 Snvazdo

Dashboard JAs1zsiUsunafinvizounszan wag Graph Jasziuiunanislanineinslununsia o
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3.2.2 Process Model (DFD)
Tunszurunstaz duUNI50NWUUNTEUIUNITYINIIUVDITEUUIILA TFILARSIALAUAINUFURUS
serinagldanussuuluunuineie q nszuiumsvhauiifalussuy wasiianansivavestoyauas

ANudTusvesdIun1g 9 Tuszuu diausluguiuuiaunIngall

Context Diagram

dayadim
Fayamsizthiu
Payansiasuasim / #5aug
dayamsininvh
dayamsiznsyann ~ —\
Jayanisizin 0 dayatu /dau/ 1
. .4 Tayavuuandn = - dayavsuansieanu ASSUATS
LATUWUIWN TUVIANNTUDA =
< . " 5| ez
<« P - nsilaaaieisaunsyan - — >
TuninnsuAladaya AsuwnTiumstdasMslsuann 12 3
aﬁsjmsiﬁmﬂu - </ swsuAanssunavaslaaoiiriuusiayl
afamsizansiom / asdus Dashboard Yayamsuanaiulsuan

adansiainvh Dashboard 1ayafi BuanauNu
af@amsidnsyan

adansizh

sddusruaady

Fayatu /dau/ I nﬁwuu_ﬁu"umsﬂ.la‘aaﬁw.ﬁﬂi_zmnﬁ 123
FayALsIANS LI nunufanssuLarmslaasiaiuusiarl
Dashboard 2ayafisuansuylsuan
Dashboard ¥ayafsuanauiu
v

HUSWS

27 5 1AT9a319n1991197U98952UU (Context Diagram)
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WNURY Context Diagram

LEAININTINNTTVINNUVBITEUURAL NI TNl dause UL Inessunnsindeyadn - eanvassyuuly

[
E7%4

AltusiazUseinn dsluanddeatuiiiyldssuy 3 nqu Usenausme

Y

1. @il vimihilddhdeyafanssudineliAnnisudesfnaiounszan Ussianil 1 2
uaz 3 faspylumsnedl 16 dethlumuwnununsUdesieBounstanvemiieny

2. nssunsasravssdiy imihiinsavasudeyanisudssinuieunsranvosvisay
MNNUTIAMUAYesE1nuERY) Ingagfensivaeulayausenaunie 1) N1sAIuIN
Y3urairoiseunszanainianssuveaniigau 2) nmsivuaidmanglunisianis
AT oUNTEAN 3) WATNITRAALUIITNUTINA1YIT0UNTEANVBINUIBIU F97 D9
Sunsudeyasigaufanssunagnisuaseiinvlunsart nsmwnliunisudesiviseu
n3¢an Uay Dashboard Yayafiwiseunszaniuzuuuusig 9

3. fusms smihiinsadaaunisduionssusudanedeuvesamzrinny Sunsiu
USnamsdaesimvesmiisnuegsasinaueuazduiiagiu uaznsedulviypanngiiiu
ANUAIAYVDINITANNITURBEANYTBUNTEANVDIMUILIY T 0TUNTIUTRYATIEY
fanssunaznisUaesiigluwnazd nevuudldunisuaseiiviiounsyan wav

Dashboard Yayafinwiseunszaniuguuuusig q
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Data Flow Diagram

Faya g 1 ) Fayarmim
ER IR = = |e “|D7 | silzioruszuy
P T AIFUAND avnénsihizonu
anénisiniznu
L J
daymintuaims
Vayaulusa vy o
4 D1 | mslziinsiu
Fayadwuiu
e N Tauaduuyaans
, dayafanssy 2 doya il 1) | prsylaasansiionu
ERINIRYY 1T = .
I ARNNTUDUA dayanniwas
FOANINTTU weaviu
wilauudlu/esagay  f— D3 | mslzlvvh
dayamsiiinly .
D4 | msldnszany
dayanniwas
usiayiu vy
D5 | mslaiin
Payanovusayriu
D6 | msdsnavuaz
Fayarminm
dayadsuanianssy
swandsanudly D8 | msurluziaya (log)
dayathilu e
D1 | ansldiinsiu
~
( 3
| dayaliu ) .
L AuraL CF < D2 | msddasansiwu
>
M A Faya'lwh
D3 | msladnivh
dayansrany .
D4 | msldnszany
Fayah oy
D5 | nnsliin
Payanoy
D6 | nsdsnavuay
dayatuidavdl ~
dayadsuansioau 4 wrauaeRanssy
. = > " ; D9 | dszanfanssu
Assun1s / WUIWIT LAY
PayauazuwnI Tuums Y Ysuanmsyaasing
i L URTUSAINA D10| Wsztanuas CF

il 6 AduNuSYesgudeyaluszuy (DFD Diagram)
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WNUKY Data Flow Diagram (Level 0)

LEAINTEUIUNNTYINUNINATaslUsuN Iy fieidesluwdazdiuvedusunsy wasiianenislnaves

Poyaviavualulusunsy Faluriddeaduiiinssuiunsvinuvesseuulng 9 vasszuulsenaume

1.

n1sassaudns (Junssuiunisnsieaeudnivesiiduazdaiudeyanisluszuy
Faduntifivesnnzrianudanismdanuiazdwiaden Weuwnudn “W@imini” T
WNUAIW

Jan1staya Wunszurumsiidminfiviins s au uily deyafanssuiineliie
fadeunsraniuszuy Wethlddmmaduusinunisudesfitndeunsyan (CF) sold

o

Auans CF unssuiunsfissuurinisuszananadeyadilasuaind i Feasulad

v a

Joyanulinareidudinaunisudesitniounszaniuuszunnsing 9
Anssiuazuanna Lunszuiun1sfissuudmanisanamsviuaiwUasduiudliy
waznmdaya Weligldngdunssunisgnsiaussdiuwagguimsaunsainlatoyalaoens

SEANYLAYAZAINTIALS

3.2.3 Data Model (ERD)

H9Y

Y

1AA318AlATIET19ANUALTUSURIgIUTRYAYART 9 AkandlulauIng 7 Faligiudeya

Tuszuuaus Usznauluse

—_

M1519n151TdTU (gdc_oils)
»13°19U30 A9 (gdc_methanes)
m1519m3 kgl (gdc_electrics)

M1919n191411 (gdc_waters)

2

3

q

5. m15NslEnszay (gdc_papers)

6. M199NTUIUIUVEL (gdc_wastes)
7. 915195l UaYAN519ENT (users, groups)
8. M13MIIANY (gdc_catagories)
9. #1519N15UUIN (gdc_logs)

10. ms1eAdulsEansanuimdounszan (gdc_ef values)
11, M9NUITLANURINYLIDUNIZAN (gdc_cf types)

12. @1519naNTsULasUTELANNNTIU (gdc_activities, gdc_activity types)
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gdc_tap_waters
PK | tap_water_id | varchar(64)
W, FK | created_by varchar(64)
| FK | cate_id uuidv4
at_date datetime
status int(1)
created datetime
fir3_male decimal(10,2)
fir3_female decimal(10,2)
fir4_male decimal(10,2)
fir4_female decimal(10,2)
fir5_male decimal(10,2)
gdc_logs groups fir5_female decima!(lO,Z)
|PK | log_id int() dsers PK | group_id | varchar(32) ::_fn;:::Ie :::2::3812
FK | log_by varchar(64) PK | user_id | varchar(64) |- group_ic - ! ¢
v " = — name varchar(64) fir7_male decimal(10,2)
FK | gdc_cate_id | varchar(32) | FK | group_id | varchar(32) N

. - —— fIr7_female decimal(10,2)

form_id varchar(64) uid varchar(64) dc_activities -
N X gdc_ rate decimal(10,2)
action varchar(64) login varchar(64) —
. PK | activity_id varchar(64)
data varchar(1024) login varchar(64) [FK | created b varchar(64) -
log_at datetime fullname | varchar(255) =y —1 - gdc_oils
N . FK | cate_id uuidv4 o ——
at_date datetime created datetime = — — PK | oil_id varchar(64)
FK | activity_type_id| varchar(32) =
— - FK | created_by | varchar(64) [+—
at_date datetime = -
gdc_activity_types status int(1) LY % ‘éa;c:ar(32)
PK | gdc_activity_type_id | varchar(32) created datetime atdate .a eume
L status int(1)
type_name varchar(64) activity_name varchar(1024) .
L . bldg_dg decimal(10,2)
participant int() .
gdc_ef_values bIdgTdfg dec!mal(lo,z)
PK [id ) gdc_categories mob!le_d dec!mal(lo,Z)
M mobile_gas91 | decimal(10,2)

FK dc_cate_id | varchar(32) |PK | gdc_cate id | varchar(32) Y mobile_gas95 | decimal(10,2)
gdc_field_name | varchar(64) FK | cf type_id varchar(32) created$ . "
gdc_ef_value decimal(8,4) gdc_cate_title | varchar(64)

gdc_cate_order | int(2) gdc_electrics
| PK | electric_id varchar(64)
gdc_cf_types gdc_methanes FK | created_by varchar(64)
PK | cf_type_id varchar(32) gdc_wastes | PK | methane_id varchar(64) —| FK | cate_id uuidv4
cf_type_name | varchar(64) PR W varchar(64) | FK | creat?d by valjchar(64) = at_date fiatehme
'FK | created b varchar(64) | FK | cate_id uuidv4 status int(1)
sreated by - at_date datetime created datetime
FK | cate_id uuidv4 P N )
—1 - status int(1) elevator_watt decimal(15,2)
at_date datetime . N
status int(1) day int() elevator_rate decimal(15,2)
. number_of_staff | int() roomAc_watt decimal(15,2)
created datetime " .
. substance_cal decimal(15,2) roomAc_rate decimal(15,2)
valueA decimal(10,2) ) N
valueB decimal(10,2) kgch4 decimal(10,2) floor3_watt decimal(15,2)
R g kgch2fcf3 decimal(10,2) floor3_rate decimal(15,2)
valueC decimal(10,2) . .
valueD decimal(10,2) created datetime floor4_watt decimal(15,2)
’ floor4_rate decimal(15,2)
floor5_watt decimal(15,2)
floorS_rate decimal(15,2)
gdc_papers goorﬁ_watt :ecima:gls,Zi
" loor6_rate lecimal(15,2
Tt | ||
= " floor7_rate decimal(15,2)
—+| FK | cate_id uuidv4 .
— - valueC decimal(15,2)
at_date datetime valueD int()
status int(1) N
. valueE int()
created datetime valueF int()
a4_ream decimal(6,2) valueG int()
a4_kg dec!mal(s,z) valueH decimal(15,2)
a3_ream decimal(6,2) .
a3_kg decimal(6.2) valuel decimal(15,2)
= - value) decimal(15,2)

A7 7 Anudunusvesgrudeyalussuu (ER Diagram)
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3.3 Design Phase
3.3.1 System Architecture Design
N1590N4UULATIASI9N1TYUTBITEUUANTAUNA wansliiuAudURus sz 19
wiuuuesusng q lussuu mansadnslumaiivdeyaveslinouiindeyaatluszuy msdafiudeyaad
giudeya nsdmiuduiinnisuiluvedsyuu (Log File) nMsdnauedeyaienin wazanuduiusveldly

UMUK USINSUAZNTTUN IR TIAUSHTIUNAR LI UaLalian Meaese Uy SNeavtdundauandlun1ni 8

Methane El ctncny
Fuel

Input Form

Waste

Staffs Security

ujj| Storage Log File
- (DB)
Mobile \
|
1
® / ’ I_ "

Internet Data Visualiz: Analytics
Boards /
¢ M E
1 I 1
Al
Dashboard Report

Evaluators

AN 8 TAT9a319N1991191UVB952UU (System Architecture Design)

Tnadenldineluladuuu Full Stack Framework Tun1swaiunszuusionan dedseneusae
Front End: Bootstap ag Nuxtjs @115 unaiumd LI vaiu Input Form Lﬁ'aamﬂﬁﬂmamﬂ’mumﬁﬁw
Responsive Website
Back End: Nodejs Wanauuszananaemds iosmnanusaldsusiniu Interactive Graph 16
Database: PostgreSQL faundugudoyaiiesanmnefvnuiifiossunanatoyavunslvguazdudou
Data visualization: Highcharts fiauidulansnadoya iesandisuuuunsmvainvans Tdeuite uas

\Juluu Interactive Graph
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3.3.2 User Interface Design

NI

Y

lnoanwuy Ul dnsunssivsiudeya uazn1suaninaldenin lngdusiusiudeyaqsdl

v < 6 v
pAUleAUsENaUMY

1.

2
3
a.
5
6

wihrvnavyuuunesudgniuduinteya
MﬁﬂLLUUW@%&Jﬁm%’ULﬁwﬁ’aga Usznausie 7 Wuunesy
wiuulesudmsuniludaya Usenaume 7 wuunesy
MhTueMIteyaveusiazmnany Useneume 7 vtsenis
MuansUayaldan1miuy Dashboard wanstayaineiseunsyan

VUAnUBYaIgaN MUY Graph kansdayanisidninensns 5 15eq

Input Form Catagory

N )
fnTsudug | ‘

P o ' s o AN
AINN 9 ﬂ"li@ﬂﬂLL‘U‘UW'N'ITJNMN'J@]W%LLUUW@iﬁJﬂ"IW%"U‘UUWﬂﬂI@Qa

Carbon Footprint Dashboard

gamin GHG wnhiunslaes GHG

12560 ©D2561 12562 12563 12564

ann CF wnfianssu
W CF Tufiuil

]

Vi CF maidau

AW 10 Mseenuwuunti1 Dashboard Yayafnwisaunszan
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3.4 Implementation Phase

3.4.1 N1INAEUISUU (Test Case)

szuvansauwAiion1siansteyalgnildiieuseneunsesiausediudinaudidedd 2564 vesdinninensnisiseusnnmgs

wae lwiun 30 dneu 2564 lngagiitunsulunisnaaeussuumerldnussuuluuTundg o duansdunssg

A1519% 6 Test Case d1%5U Unit Testing

Enter missing data

Asy"

Test Module Test Case Expected goal Tester Schedule
Login with PSU Passport and be | | . N , .
LUNGFITUUEATD LLagLLﬂWQMUWS’JuMM’mﬁNﬂLL‘UUW@S&I
Green Library Staff
Login with PSU Passport but hdszuulidise wazuanstonu "The username or
not a Green Library Staff password not match, please try again" Hunel
Login Function — — ”
Login with other email but be L%Wﬁjiwﬂumlﬁﬁ] LATLLEAIUDAIIU "The username or 2564
Green Library Staff password not match, please try again"
v — > Programmer
Login with other email but not mqszwluama LazUanIUanIl "The username or
a Green Library Staff password not match, please try again"
anansoLiudeyaatgiuteyalinsudiulasgneies 13 6
Enter complete data .
Add Function in LUUNDIU bUWI8UY
Form 1-6 Ju "Tuiin' lal active wazhanstonau "nyaunsentouali 2564
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Test Module Test Case Expected goal Tester Schedule
anansounlukastuiindeyaasgiuteyalansuiiunasgnsies
Enter complete data 2 .
Edit Function in 714 6 WUUNDIY SUTAII!
Form 1-6 Ju "Tuiin' lal active wazhanstony "nyaunsentouali 2564
Enter missing data
A"
Delete Function A1UN30aUTBYAINNUINANITIENTT hazlUFeuanIuYes g
Push Delete Button Y o . N .
in Form 1-6 record Tugnuteyalansudiulasgnsias 13 6 wuumasy 2564
Login success JuUn user, action, datetime wag status "true" Tu json file
Uuin user, action, datetime way status "false" Tu json
Login fail
file
Add complete data JUNn form_id, action, data, datetime Tumsns gdc_logs
Log File in Yu "Juiin' T active waghanitaninu "nyansendeyali LYY
Add incomplete data
Form 1-6 ATY" 2564
Edit with complete data JUNn form_id, action, data, datetime Tumsns gdc_logs
Ju "Tuiin' lal active wazhanstonu "nyaunsentouali
Edit with incomplete data
A"
Delete data JUNn form_id, action, data, datetime Tumsns gdc_logs
Yupaud 1 Unit Testing : 1un1swegeunisviuvesssuuluszauilandusing q gandunisneaeussuuluiudinanfedwauissuy

(Programmer) finmsnageuiladdunisieuiiona 5 d3ufe 1) Login 2) Add 3) Edit 4) Delete 5) Log File

Y

40



151971 7 Test Case 819350 Integration Testing

Test Module Test Case Expected goal Tester Schedule
Juitndayanisltiniuainisns gdc_oils wag gdc_logs
Add complete data in Form 1 (Fuel) 1®Qﬂm\‘ittfﬁ%ﬂivmu
wanstayantnsenissulagneies
Ju "duiin" lal active wazuanstondy "nyannsen
Add incomplete data in Form 1 (Fuel | N
Toyalvinsy"
Juitndayanisltiniuainisns gdc_oils wag gdc_logs NOUAIAY
Edit with complete data in Form 1 v v v
Iagndeauazasuiiu 2564
(Fuel) . Y v
wanstayaninsenissaulagndes
Collecting Data | Edit with incomplete data in Form 1 | Ju "duiin" 1y active uaguanstoninu "ngannsen Kraisri
(Fuel) Toyalvinsy"
USuanuglumse gde oils 1u 0 wagtudinas
Delete data in Form 1 (Fuel) . W .
gdc_logs lagneiasuazasudau
JuiinuazAnnaudeyaingdinuainisn
Add complete data in Form 2 v v v
gdc_methanes Uay gdc_logs 1mgﬂmaaLLagﬂﬁuaau
(Methane) 5 " T NOYNIAL
wanstayaninsenissaulagndes
2564

Add incomplete data in Form 2
(Methane)

Ju "duiin" lal active wazuanstondy "nyannsen

Jayalasu"”

Y
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Test Module

Test Case

Expected goal

Tester

Schedule

Edit with complete data in Form 2
(Methane)

JuiinuazArudeyaingiiiny am191e

gdc_methanes Uay gdc_logs VLéjgﬂéfaﬂLLazmuﬁ’Ju

wanstayantnsenissulagneies

Edit with incomplete data in Form 2

(Methane)

Ju "Tuiin" lal active wazuanstondy "nyannsen

Toyalvinsy"

Delete data in Form 2 (Methane)

USuanuglumse gdc_methanes Wu 0 wagtuiinas

gdc_logs lagneiasuazasudau

Add complete data in Form 3
(Electricity)

TuiinuagAnnaudeayanslaliin awmnss

gdc_electrics Wae gdc_logs lﬁgﬂéfa\‘iLLazmuﬁw

wanstayantnsenissulagneies

Add incomplete data in Form 3
(Electricity)

Ju "duiin' lal active wazuanstondy "nyannsen

Toyalvinsy"

Edit with complete data in Form 3
(Electricity)

TuiinuagAnnaudeayanslalii awnss

gdc_electrics ey gdc_logs lﬁgﬂéfa\‘iLLazﬂiuﬁw

wanstayantnsenissulagneies

Edit with incomplete data in Form 3

(Electricity)

Ju "Tuiin" lal active wazuanstondu "nyannsen

Toyalvinsy"

Delete data in Form 3 (Electricity)

USuanuglumse gdc_electrics 1Wu 0 wagtuiinas

gdc_logs lagneiasuazasudau

N WAL
2564
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Test Module Test Case Expected goal Tester Schedule
Juitnuagandeayanisiinseany aanns
Add Comp[ete data in Form 4 (Paper) gdc_papers bbale gdc_logs 1®QﬂmaﬂLLﬁzﬂanﬁu
wanstayantnsenissulagneies
Add incomplete data in Form 4 ﬁﬂJ "Juiin' 14 active Laglanstoninu "NIUINTDA
(Paper) Toyalvinsy"
Juitnuagandeayanisidnseany aanns NOUAIAY
Edit with complete data in Form 4 v v
P gdc_papers Wag gdc_logs MQﬂmaﬂLLazﬂ‘iumu 2564
(Paper) [ [ [ o
LLﬁﬂQ%@ﬂJﬂﬁ‘MUWi’]EJﬂ’]iﬁ’JiJlﬂQﬂ@]@\‘i
Edit with incomplete data in Form 4 ﬁu "Juiin" la active uaguanidonanu "NIUINTBDA
(Paper) Toyalvinsy"
USuanuglumse gdc_papers WWu 0 wazdudinas
Delete data in Form 4 (Paper) o W .
gdc_logs lagneiasuazasudan
Juitnuagawindayanisidun asm1se gdc_ waters
Add complete data in Form 5 v v v
ey gdc_logs 1®QﬂmaaLLﬁzmumu
(Water) . Y v
LLﬁﬂQ%@ﬂJﬂﬁ‘MUWi’]EJﬂ’]iﬁ’JiJlﬂQﬂ@]@\‘i
- N WAL
Add incomplete data in Form 5 Yu "vunn 1ai active uaguansdony "NIUINTDA 2564

(Water)

Toyalvinsy"

Edit with complete data in Form 5
(Water)

Juitnuwagawindayanisidun asm1s1e gdc_ waters

wag gdc_logs lagndasuasAsuiou
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Test Module Test Case Expected goal Tester Schedule

wanstayantnsenissulagneies

Edit with incomplete data in Form 5 ﬁu "Juiin" la active uaguanidonanu "NIUINTDA

(Water) Toyalvinsy"
USuanuglumse gdc tap waters U 0 uagdudin

Delete data in Form 5 (Water) v . .
a9 gdc_logs lagnApsuazAsuiu
Juiindayausunaveradnnsne gdc_wastes wae

Add complete data in Form 6 v w v
gdc_logs lagndasuazasudon

(Waste) . 9 v
LLE‘I@QGUEJQJU@MUW‘i’]EJﬂ’]iﬁ’JiJlﬂQﬂ@@\‘i

Add incomplete data in Form 6 ﬁu "Juiin' 14 active Laglanstaninu "NIUINTBDA

(Waste) Toyalvinsy"
Juiindayausunaveradnnsne gdc_wastes wae

Edit with complete data in Form 6 v v y NHYAIAN
gdc_logs lagndasuazasudon

(Waste) 2564

wanstayantnsenissulagneies

Edit with incomplete data in Form 6

(Waste)

Ju "duiin" lal active wazuanstondy "nyannsen

Jayalasu"”

Y

Delete data in Form 6 (Waste)

USuanuglumsne gdc wastes 10U 0 waydudinas

gdc_logs lagneiasuazasudan
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Test Module Test Case Expected goal Tester Schedule
. muUTInamMeseunsyanvestlagiu uaztneu
Compare Carbon Footprint with I a4 . , N
. winle uasiUTeudisudSinaanuuansig nisusey
previous year L. e
Jufosazausnslagnsies
Carbon Footprint Percentage (all AMusnTI@NUsINUMYTaUNSTANLAasUTELATIU
type) 5 years wiazl dounas 5 U lagndes
. AnawnliSnaiesounsyanuaasUssnvly
Carbon Footprint Trends 5 years vy nINHIAL
Analyze Data szezan 5 U lagndes
= = o = T = Z 2564
Calculate Carbon Footprint by WATIZNUTUIUNLIDUNTEINTLARIINNINTIUNIALA
Activities TuusazUlagneias
ApszRuTuafigsaunszanitAnluusas NuNves
Calculate Carbon Footprint by Areas . Doy b
wihenuluniisUldgnaos
ApFzRUTIaiEounsEanIin luAazLADUIIN
Calculate Carbon Footprint Monthly | _ z v W
Aanssuviaualagnsies
anansouanstoyalSeudieulneuntilasgagnsies
Carbon Footprint Dashboard A11504AAINTINENT 9 U Dashboard leensgnsias
Data W 5 N9 nINgIAY
Visualization anunsauanadayaSeuisulneunilaetagneies 2564

Activities Reports

aunsauansnsvusunansidluiousis o vesd

UagtuuasUnounihlingnagneiaans 5 nsm
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YuUABUR 2 Integration Testing : LI uN1SNAGOUNITYIIUVDITEULTUAIUAINTINNNTYINOIUTENI 1T an T ULaMIIANe 9 YBITEUU

AALTuNINAFRUTTUUAD Heonuuuseuy Tunilpevinisiduluasalituies (Kraisr)

AN51971 8 Test Case 81915U System Testing

Test Module Test Case Expected goal Tester Schedule
STUUENINIAYINIULaTUanINauy PC, oo wag iPad 16
Device Testing , Y
9E9gNADY
Operational | Accessibility syuvannsaildaulinasn 24 sy, yniu 89PN 2564
sruvannsagnidauuuuT e sunasyuliegegnse
Browser Testing Y
Usznaunie (Chrome, Firefox, Safary, Edge)
Enter page "viNal e o v Kraisri
) anunsandevtnenanalanlenis login
Security VYA dAu 2564
Enter page "s79911" | @ansaniantinasnanlalaglides login
Wdavthasnaalanieglu 250 ms
Performance | "Dashboard dunau 2564

Enter page "Report”

Whdantnsananleniely 250 ms

YURBUN 3 System Testing : LUUN1INAABUUITZANBAIMVBITTUUMUANLFABINISATUAEGNYE (Nonfunctional Requirerent)

AALTUNINAFRUTTUUAD Keonuuuseuu Tunilpeyinisiduluasalituies (Kraisr)
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A1919%0 9 Test Case d193U Acceptance Testing

Test Module

Test Case

Expected goal

Tester Schedule

Usability Test (NS51A19

APUATTBLUVABUNN WATENSID

AUNINBLRINATTUATNIALA 4 AY

Alidszauauianelalusedu

N3TUNTTRNTIY o
nueeU 2564

MTI9UTZHEI) Y 1N B9 Andige Uszidly
(VIanys)
AMPUATITOLUUADUOIN WaZdITIR o . .
L . .. AldisEAumuiianelalusyeiu . .
Usability Test (§Us%13) | Anuiisnalaanguivisvsviun 4 au HUIMS flugney 2564

(Vi9un)

Wn 9 Wniign

vVa o o

YUl 4 Acceptance Testing : LUUN1IMAAOUTZUUINE LFUNGUHUTIIT waznIsUNIIATIIUTELTY {I989zvn1sUszidiuna

anuitanelansldnuszuuannguildnmun Insudshtensussfivesndu 5 4o Useneude

1) pnuazaInlunsindialeya

2) NMSEBANUNUILVDILATUDIALALNSINTALIULALLU L8

3) AuwmNIzaNYasgUluUNT s LaUaYaya

4) Feyaaunsanauinannisuseliudinnudiedls

5) Mslduseleviandeya

Y
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3.4.2 msUsziliudszAnsamuaznsaieanunsening

A8 IeiHateyaUT UMY TaUNTEANIIN Dashboard U845 UY Laztlauauwn
nemsiesginalimhsnuldsunmu e lussneunsnnalssifiudtnaudilen Jeuszneuse
n1siseuiisuTunadudneunin nskanadnduingisounseanudazuseian wuiliufiivseu
nszanusazUssan Ui mdeurnuenaufanssiluseud Uinufedounssanuenmuiiuilusey
9 wartiinufimdeunsrandiiniuanianssueig q ewou uasvhnisieszsinateyalusuuuy
Graph Usgnaudae Teyanisléiin doganisldlui doyanisldingiu doyanislénszaiy uazdoya

Usunuwee Tuseuduesmuieau

NM3UTERNUSEAS NMNLULNURSEAUANNTNSLR (Rating Scale) eanidu 5 seAu Uszneuse

5 RULHS fanuianelalulsgdnsnmvessyuununn

4 WD fanuianelaludse@nsnmvessyuun

3 RULHS fanuianelaludss@nsnmvessyuuliunans
2 WD fanuianelalulssdnsnmvessyuutioy

1 e frnufenelalulszavinmuesssuutiosdign

nswdanaldgunuunisudanaiuudunsienia (Interval Scale) (A313504 &MU wazAny, 2549 @ 129)

leTlgnsn1sAIIN el

Aruniavessunsnindy - (foyaiiiiengean - Joyaiifavinan) / Sty
=(5-1)/5
= 0.80
feannsoudaduseiuenufionalaldwed
AZLULIAY 421-500  wed 1niign
AZLULIRAY 341 -4.20  vuneds 1N
AZLULIAY 261-340  wed Uunand
AZLULIAY 1.81-260  viungds ag
AZLULIAY 1.00 - 1.80  viungds tioeiian

dmsunquiUszidiuszuu ssgnuusesndu 2 unumde nssunisyasralselivddinaudiden uas

AUTMNIVDMIEUY
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4. Han15AUUIIUIY

4.1 HaN1578

4 =~

4.1.1 mi':a’mLﬁ’wﬁ'agaﬁ'qmiimﬁfia’l,ﬁl,ﬁmﬂwwaunszan (Data Collection)

o v o = ¥

drinninensnisiseusnamgovas lanaussuudmsunusunudoyaianssy
FineliAnfimsounszan wazruinUsnanisUdesfineg wie Carbon Footprint #ifdadn
Green Data Collector %139 GDC Feppnuuuliiannsadaifiuioyatseneause
Uszianii 1 : msvaeeineidounszannenss (Type 1)
1.1 Usunaumslaaiu
- shifuenms (Generator, Fire purmnp)
- drsfusadnseusus (Diesel, Gasohol 91, Gasohol 95)
1.2 Ysunaunsuaosineiiinu
- 91N38UU Septic Tank
- nusliidnenie
Uszuanii 2 : msvaeeineidaunszanmedon (Type 2)
2.1 Ysunaunstanasauludin
Uszunnd 3 : msUdseineidaunszannisdoudu o (Type 3)
3.1 Ysunaunsldnseane
3.2 USinamslidissn

2.3 Ysunaunsiiavueady (Elanav)
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TAg91999N15AUIUYSUIUN LI DUNTLINAIUATTIN 10 teeldardulssansnisuasenieisou

nsean (EF) 03U 2564 [15] "\]’WﬂL%Ua\‘iﬁﬂ’]i‘l.l%ﬁ’ﬁﬁﬂﬂ’ﬁﬁ’]%L%EJ‘LJﬂi%R]ﬂ

A15199 10 AduUsEaNSauneid1tnaudRel 2564

YBULYA iy
113 578115 EF e n15iAY
anfluau Uaya
m'a'l,m‘lwﬁl,l,vuagjﬁ'uﬁ (Stationary Combustion)
Diesel (Generator) 2.7076|kg CO,e/a015 ans
Diesel (Fire pump) 2.7076|kg CO.e/an3 ans
mswenludiuuuindauii (Mobile Combustion)
1sfu Diesel 2.7603|kg COe/ans | ans
Uszm 1
115 Gasohol 91, E20, E85 2.2373|kg COe/A05 | @03
vty Gasohol 95 2.2373|kg COe/ans | ans
N15UaBEESHNUANTZUU septic tank 25.0000|kg COze/kgH, | keCHq
25.0000{kg CO,e/kgCH, | keCHq
Uszan 2 |nstanasanulii 0.4999|kg COe/kWh | kWh
nslinseay Ad uag A3 (@)
2.0859|kg CO,e/kg ke
http://paperlink.co.za/paper rotatrim.htm
Usewnn 3 3 T
Wdsyr-msdsedranugiinig 0.2843|kg CO,e/m’ m>
Vo (Hanav) 2.3200|kg COe/kg kg
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Fanan153Tenudnteyananssun neliiiafigiounszanvesdiinninginsnisiseus

AMVEIVAL Usznaumeianssunall

Usztnnil 1 AgiFaunszanitinaInnanssuniensse (Type 1)

U
2564
2564
2564
2564
2564

2564

U
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563

1éou Diesel Generator (3as) Diesel Fire pump (3as) thou Diesel (3as) thou Gasohol 91 (3as) thou Gasohol 95 (3as)

Oausu 8.00 4.00 0.00 0.00 297
waumAy 8.00 4.00 0.00 0.00 0.00
wuwsu 8.00 4.00 0.00 256 0.00
duau 8.00 4.00 0.00 262 0.00
nuMWus 8.00 4.00 0.00 0.00 240
uns1AY 3520 4.00 0.00 0.00 0.00
1&ou Diesel Generator (3as) Diesel Fire pump (3as) dhou Diesel (aas) thou Gasohol 91 (aas) dhou Gasohol 95 (aas)
sSuoAu 9.00 4.00 0.00 0.00 260
wOFADNMEU 25.20 4.00 0.00 0.00 3.00
aaAu 20.00 4.00 0.00 0.00 0.00
fnugngu 42.00 4.00 0.00 0.00 0.00
dorniAy 10.00 4.00 0.00 0.00 247
nsnQAU 1240 4.00 0.00 278 0.00
oousu 13.00 4.00 0.00 0.00 267
waumAy 0.00 4.00 0.00 0.00 243
wwsu 0.00 4.00 0.00 0.00 269
duAu 0.00 4.00 0.00 0.00 319
nuMWus 0.00 4.00 0.00 0.00 0.00
unsiAY 0.00 4.00 0.00 0.00 264

Uszn 1.1 YSuneunsidundu

dinviwennsnaGeudnandvas fRnssuiinelmAnnisldthiu Ussnaude
1. mmm‘twﬁwuagjﬁm‘/’i (Stationary Combustion)
~ Diesel Fire pump (8n3) Ao urfwa3esdulwlue1as LRC finsldaunn
oufionsdenthsauaiestulyl iiuteyamiedu dns
- Diesel Generator (3n3) Ao tsfuedosdulrignidulueiais LRC fnsldnuy
yinadsfiAnlndty udoyamisendu dns
2. mswnlndiuuuiadouil (Mobile Combustion)
- thifu Gasohol 91 (An3) wagtisu Gasohol 95 (An3) Ao Wsfuannisld
sodnsEUBUAveding i 1 Au nudeyaniielu das

lnevia 2 Agninluauausunn Carbon Footprint anugnsunsgu tde1 EF aum1s1ei 10
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U
2564
2564
2564
2564
2564
2564

2563
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563

Uszn 1.2 YSununisuaseinaiimu

1&ou

onusu
waumAU
wwsu
JuAu
nuMWus
unsAY

1dou
suoAy
wWOADMEU
qQaAu
Auensu
doniAu
nsnMAY
ogusu
waumAy
wwgu
duAu
nuMWus

unsAy

Swududulausms (3u)
22
19
17
31
28
28
Swdudulausms (3u)
22
30
29
30
26
24
24
23
25
31
28
27

Swouypains (Au)
39
39
39
39
39
39

Jwouynans (Au)
39
39
39
46
46
46
46
46
46
46
46
46

Usuncuansiivaoe (kgCH4)

10.30

8.89

796

1451
1310
1310

Usuncuansiludos (kgCH4)

1030

14.04

1357

16.56

1435

13.25

13.25

1270

13.80

7n

15.46

14.90

(o]
o)}

¢ = S| N ¢
N N W
® ® | © N

123

296

6.62

332

o
N
O

0.75

N s
N ;g
SO0

6.36

drilnminensmsiSeuiaumgaas Inanssunneliiafiadivmu Usenausie

1. a@s58muaINIZUU Septic Tank Auansluasauil “Usinaeansivaey (kgCHA) - d17”

anansaAwInilaann uuTuleuinis () wasduuyeains (aw)

AUEAT “1 x 1 x 0.3 x TIWIUNLNIIUURAY x 40 x 0.001 x IIMIWTUYIIU”

ansimuainuavrvadndewuuliifuennig aaansluredull “UsSuiaansilase

(kgCHA) - @ du” g@unsaauinlaannusuaundeniinliu lneAnvisovag 80

Ya9Usunaunttlulnaziiau

ANGAT “0.2 x [(0.8 x YSuaniluusiazifow) x 0.12]”

Tngvia 2 AgninluAmal3ana Carbon Footprint suansuinsgiu e EF aum1s1ei 10



Uszandl 2 feFaunszaniitinainfanssunisday (Type 2)

o &ou USunoulwvh
(kWh)

2564 Doueu 52,857.00
2564 wnumAu 43,517.00
2564 wwsu 63,482.00
2564 OuAu 128,723.00
2564 numwus 103,143.00
2564 unsiAu 4742800

Usunoulwwh

v} 1dau (kWh)

2563 sSudAu 84,852.00
2563 woAdmau  75,216.00
2563 qaAu 129,811.00
2563 fiugnsu 122,426.00
2563 FomAu 133,206.00
2563 nsnnAu 110,909.00
2563 Oqusu 63,114.00
2563 waumAu 46,116.00
2563 wuwsu 53,660.00
2563 duiAu 109,218.00
2563 numwus  134,967.00
2563 unsiAU 141,993.00

Swdoudu
(un)

203,330.29
16740120
244,20255
49517164
396,770.49
182,446.03

SuduLdU
(un)

328,860.90
291,514.65
503,108.48
474,486.45
517,372.10
430,770.56
244,739.38
179,114.55
208,415.45
424,20272
52421183
551,500.82

Alwwhode
(nniddu)
(L In/kWh)

385
385
385
385
385
385

AWWAaY
(nniddu)
(uIN/kWh)

388
388
388
388
388
388
388
388
388
388
388
388

U5z 2.1 Ysunaunsigluin

o w [ a 4 a aa A Y a 1%
drlinninennsnisiSeuianmdamac dfanssunneliinnisldlni Usenaudae

1 &I { a g’l d! 4 i Y a o v
1. Ysuraunstgliia (kwh) annuiusiaugu 3 - 7 fadununlvusniswazdinau

AU TA9n550UEN0UAENITLE bAH LA aLadaI19 szuuUSUaIni@ nasiabidnTu

gunsaldidnnselind 1wy LASosAeuIWes 1nIeRNN TI3UsTdUNLS nszfniou

Ay WWudu Tneszuvagsiusmsnunstdiihnniwesianun 5 4u waziilly

AuIUII Carbon Footprint mugnsumsgu e EF anunns1ad 10

2. UIURU (V) waz AR eae U/kwh) Wunisiuiaailsdaneiiaduluwsas

A ! N Y o a € 1 4 = 1
wonlunmsiuuazanade et lUldlunisiesernesenluniudy ] VBINUILITU
ol

3. Ysuansldlniunsgiu (kwh/A) waz EUI eenwuuliidiuinmidanaiiiiesessy

¢ A v a A Ay | o 1 Py a
G’IE)'ULﬂﬁu‘?/lﬂqiﬂingluu@\?al!ﬂaL“UEJ')V]WENGI@E]']EAV!ﬂ 3y ‘UQVU'JHQWNI@NWUﬂW?Ui%LﬁJu

fananwalbut 2561 wardoinsiauseiudnasinelull 2566



Uszinnil 3 AngisaunszanitinaInnanssuniedaudu o (Type 3)

U 1&ou A4 (3u) A3 (3u) A4 (kg) A3 (kg) sou (kg)
2564 ooueu 2 0 6.23 0.00 6.23
2564 waumAY 8 0 19.50 0.00 19.50
2564 wwgu 9 (o] 2175 0.00 2175
2564 dunAu 20 (o] 49.80 0.00 49.80
2564 nUAWUS 15 (0] 3785 0.00 37.85
2564 uns1IAY 15 (o] 36.35 0.00 36.35
2563 duAu 12 (o] 30.95 0.00 30.95

U 1Gou A4 (3u) A3 (3u) A4 (kg) A3 (kg) sou (kg)
2563 sSus>1Ay 5 (0] 12.05 0.00 12.05
2563 wOADNMEU 7 [0} 18.20 0.00 18.20
2563 qQaAu 7 [} 18.00 0.00 18.00
2563 nugnsu 8 [} 2025 0.00 20.25
2563 dorAy 8 (0] 2033 0.00 2033
2563 nsnqAY 7 [0} 18.25 0.00 18.25
2563 oqusu 16 (0] 40.80 0.00 40.80
2563 wOumaAy 13 [} 3263 0.00 3263
2563 wweu 15 (0] 3757 0.00 3757
2563 JuAu 12 (0] 30.95 0.00 30.95
2563 nuNWuUs 13 (0] 3130 0.00 3130
2563 uns1AY n (0] 26.75 0.00 26.75

Uszim 3.1 Ysununisldnseane
dimswennsmsBeuinandmac fRenssuiinelifnnsldnszay Usznoude
1. 1A309ANN Ricoh Tu 7 (d11ine1w) 1ina1nUsuanisldnszas Ad wie A3 970
Fmihitluddnandu 7 laefuunugasiiuuuaifiowlaming deutluduan
Usuneu Carbon Footprint augnsunnsgy
gnsuuUaniig “VIWIN Ad 53 x 2.5 = U kg”
“GPUUM A3 U X5 = 914U kg”

2. 1A39INUN Ricoh Yu 3 (Buimasidalaw) LAuuSuiansldnszaiy Ad n5e A3 910
Wi luddnaugu 3 et luarwinuSuna Carbon Footprint LUeenulysau

USunaunsganwilvuimsiuiaudmsuglduinig auansiduiseaiude 1

lnevia 2 Argninluduaiunn Carbon Footprint anuansunsgu te1 EF aum1s1ei 10
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2564
2564
2564
2564
2564

2563
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563
2563

1&ou

onueu
waumay

duAu
nUMWUS

unsAy

1&ou

sucAu
wOFADMEU
qQanuy
fugnou
daoniAy
nsnqAY
oougu
waumAy
wwsu
oAy
numMwus

unsAY

du 3 (m3)

13.00
9.00
85.00
48.00
14.00

du 3 (m?)

36.00
39.00
72.00
64.00
66.00
38.00
19.00

11.00
15.00
62.00
117.00

87.00

Su 4 (m3)

6.00
200
75.00
39.00
12.00

Bu 4 (m3)

2100
44.00
76.00
55.00
48.00
34.00

7.00
5.00
6.00
36.00
60.00

33.00

Uszenn 3.2 YSuaunishgun

AdnnsnensnIsseu

dus(md) due (md)
400 4.00
300 3.00

159.00 38.00
67.00 70.00
6.00 14.00

du7(md)  soukudeth (m)
25.00 52.00
18.00 35.00
28.00 385.00
25.00 249.00
18.00 64.00

Sus(m3 dub(md Ju7(md  soukldelt (md)
36.00 39.00 2200 154.00
54.00 54.00 3200 22300
79.00 98.00 20.00 345.00
113.00 9200 19.00 343.00
85.00 99.00 20.00 318.00
4200 38.00 2100 173.00

200 400 9.00 4100
200 300 18.00 39.00
3.00 500 2100 50.00
47.00 64.00 28.00 237.00
71.00 123.00 3200 403.00
8100 105.00 25.00 33100
v a =

IAUUYINANT &

o
14 v

fdh/kuoe (Un)

24.00
24.00
24.00
24.00
24.00

fdh/kude (L)

2400
24.00
24.00
2400
2400
2400
24.00
24.00
2400
2400
24.00
24.00

. Lo
Usuoumsidun
daduduynains

118
0.80
875
566
145

- - 3
USunoumstdn
daduduynains

350
507
784
7.80
723
393
0.93
0.89

114
539
9.16

752

AanssunnelAAANISIUN Usenaunie

[%

sousith (un)

1,248.00
840.00
9,240.00
5,976.00
1,536.00

soufith (un)

3,696.00
5,352.00
8,280.00
8,232.00
7,632.00
4,152.00
984.00
936.00
1,200.00
5,688.00
9,672.00

7,944.00

1. YSuraunstunnsaz sy 10mesinUsuansidunusity 3 - 7 594 5 U waazdull

Tiwoslurissinnguasiiosunmeogeay 1§71 90999N0 10 7 SzuuagaIuIMUTuIN

slluudazdu waziwunasnvemnduluusaiiow tivteyamiiedu gnuiaiiuns

(m?) WeunAIUTINM Carbon Footprint Mugnsunsgy 19e1 EF mumsneit 10

Ysunamslduadadmuiuyaaing uag A1 (um) Arwaiieldnounisiasesing

VDIMNIN 3 WALTDITUNIST export Tayariverinluiasiiaiudu 9 sely
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U dau veduasie (kg) dordsa/ve:noll (Honau) (kg) dodmng (kg) thnduntstku (kg)

2564 Oquwu 0.00 285 3 41
2564 waqumaAu 0.00 1215 13 52
2564 wweu 0.00 460.2 17.6 43
2564 uAu 0.00 163.8 256 42
2564 nuMWus 0.00 6512 85 55
2564 unsAu 0.00 274 6 3
U 18ou vo:duas1®e (kg) dorhsa/ve:rclu (donau) (kg) doowmune (kg) uinduntstku (kg)
2563 Su>Au 0.00 244 77 2
2563 wnFdMeu 0.00 569.8 175 15
2563 qaAu 0.00 7283 12 05
2563 nugnsu 0.00 7435 133 15
2563 JomAu 0.00 6632 204 2
2563 nsnnAU 0.00 3831 15 3
2563 Onueu 0.00 2382 1 0.2
2563 wnumaAu 0.00 168.7 29 21
2563 wweu 0.00 2984 3 31
2563 Ay 0.00 836.2 92 15
2563 nuMWus 0.00 1295.7 294 23
2563 unsiAU 0.00 6259 16.8 35

Usean 3.3 Ysuunisvesilanau
dimswennsmsBeuinamdmas fRanssuiineliiAnvey Usznouse

1. wezdunse (ko) Wuveriduiuseduindon wu diuliane winneunde Wudu
siuswliileneunawivssdfivlunan ¢ wagsessumsimsziluduiu 9 sely

2. vezilanau (kg) Wuveraluignirdnsenisilinay W ievemsannmsiulszniy
91M15UBIYAAINT U380IM15IINNTTIADIMITINEMTUNITUSERN gnirluAIuIn
U310 Carbon Footprint Aaignsuasg 1y T EF muanssil 10

3. apzdesming (kg) Huveedidslusmnedutu wu mminanaiin siuraliidensy
nasiszaduluning 4 wazsesfumsieseiludiudy o dely

4. wozvhnduanldlng (ko) Wuvezainlassnisvezuanye M59U5mv8ENAERNAIN
YAt uwagivha itedwislusamisnuiifudansdely siusalfitonsy

wnawnUszdiuluman 4 wagsessunmsiesigilusudu o aely

91NN UTBYATIIUAEINNTIRANIANFUT LS Vet ey Az uLanINadoyavaans Iy

Dashboard wag Report lugiuf 2 vedusunsulansianslunisiei 10
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A1519% 11 mwé’uﬁué‘ummﬂﬁwﬁ'agaLtazmmamNaﬁwfﬁaunizan
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Combustion)
Usgm 1 ¥ o 2
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‘151’”133}‘14 Gasohol 91, E20, E85 803 x 2.2373 ke CO,e
vsfy Gasohol 95 ans x 2.2373 kg COse
N15Ua98a13dmuUAINIZUU septic tank keCH4 x 25.0000 ke CO,e
nsudewasimuaintatriaundenuuly
- keCH4 x 25.0000 ke CO,e
LANDINA
Uszian 2 [mstanasaulnia kWh x 0.4999 kg COLe
nsldnszane Ad waz A3 (8v17) kg x 2.0859 kg COse
Usennm 3 3 . -
wdszUr-nsuszUaIuginIg m?>x 0.2843 kg COe
vgzuaudey (Hanav) kg x 2.3200 kg COse
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Abstract—In recent years, climate change has become one of
the most important problems in the world and the effects of it
have become more severe every day [1]. Everyone on this planet
concerns about this problem. Including, here, Prince of Songkla
University (PSU) as the biggest university in Southern Thailand
plays the most important role to encourage and instigate the
awareness of Southern people about these problems and
environmentally friendly behavior. Therefore, Khunying Long
Athakravisunthorn Learning Resources Center (KYL) has
started a Green Library Project and aims to be a role model
organization towards a Green Office Criteria in 2021 for the
university and the society around it. Thus, the carbon footprint
dashboard and information system have been developed and
implemented to visualize data of KYL which will help the
organization achieved green office criteria goals and encourage
awareness for the people towards sustainable university
together with the societies around it in Southern Thailand.
Analysis of the results KYL has decreased carbon footprint by
27.57% compared to the previous year and the emission trend
from 2017 to 2021 seems to get lower each year. Four resources
usage: electricity, water, paper, and waste has more than 20%
reduction, except the fuel which can track rapidly through the
dashboard. All resource list includes 6 targets achieved the goal
2021 that water gets the top by 30% and carbon footprint
amount overcome as 27%. Hence, this will be a tool for highly
encouraging awareness to a digital university for sustainability.

Keywords— Sustainable Library, Green Academic Library,
Dashboard, Carbon Footprint, Green Office, Data Visualization

1. INTRODUCTION

Khunying Long Athakravisunthorn Learning Resources
Center (KYL) is the central library of Prince of Songkla
University. The library has been providing learning resources
for the University’s staff, students, and outsiders. KYL started
to promote an environment collection for Green Library
Projectand has organized an awareness-raising activities since
2018. However, the number of natural resources usage has
never been shown or display anywhere. That is why people do
not understand the situation of their organization leads to
ignorance and lack of concern for the environment. This study
aims to develop responsive web application for data collecting
and information visualization through Carbon Footprint
Dashboard and Environment Usage Graphs which expected
to be a tool for encouraging awareness of people in and around
the university.

The paper consists of 5 parts: Related Work,
Methodology, Result, Analysis and Conclusion, respectively.

II. RELATED WORK

A. Green Library for Sustainable Organization

Recently, Biswas has introduced Green Information
Communication Technology (GICT) and the role to transform
into a green academic library [1], which enhanced the
necessity of developing a data management system in order
to be a green library and be certified as a green office
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organization. While Payel Saha said that “Libraries are an
asset to the future of the society.” They have the opportunity
to educate people and must be a role model to the community
in terms of environmental preservation and sustainability [2]
which makes it more significant that the library should be
more environmentally conscious.

B. Data Visualization

There are many kinds of data visualization that have been
introduced recently. Robert Florida has introduced Carbon
Footprint Catalog Tool to visualize the amount of carbon
footprint from products in every part of their life cycle [3].
Julia Hong has introduced 5 ways to visualize carbon
emission: Stream graph, Treemap, Animated bar chart,
interactive map, and simple bar chart [4]. The comparison of
data visualization from academic libraries in Thailand which
have been certified by Green Office Criteria are as follows:

TABLE I. COMPARISON OF ACADEMIC LIBRARIES IN THAILAND

Academic Library | File Type Display Availability
MU Library[5] MS Excel Static Offline
MSU Library[6] MS Excel Static Offline
CMU Library[7] Website Mix Online
MFU Library[8] MS Excel Static Offline
PSU KYL Library IS/Website Dynamic Online

Being a dynamic display means an interactive graph that
can attract users’ attention and can see information in many
dimensions, while online accessibility makes PSU KYL Data
System more flexible for monitoring real-time information on
carbon footprint and resources consumption. Information
system (IS) helps staff to manage Green Library completely.

III. METHODOLOGY

In this study, we use the SDLC model for system
development and the project is divided into 2 parts: data
collection and data visualization. Using the agile method is the
most appropriate way due to the limited time for development
and software implementation.

A. PSU Library’s Information Gathering

From analyzing the green office criteria 2021, we have
found that environmental data that the library must collect
consists of 6 categories: Electricity, Fuel, Water, Paper,
Waste, and Carbon Footprint. The system must be able to
integrate all the usage data monthly each year. Once we have
come to carbon footprint calculation, we need to aggregate the
data consist of 1) the use of fuel from stationary combustion
and mobility combustion. 2) the amount of methane from the
septic tank and aerated wastewater treatment pond. 3) the use
of electricity from meters on floors 3-7. 4) the use of water
from meter from men and women toilet floor 3-7. 5) the use
of paper from the printing area on floor 3 and 7. 6) the amount
of landfill waste. The traditional ways of collecting these data
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are Excel files, Google Sheets, and PDF format which leads to
data inconsistency and redundancy. It also takes a lot of time
and effort in the gathering and preparation process.

B. Requirement Analysis

From the information above, we have analyzed the system
requirement which consists of 2 parts as follows:

1) Functional Requirement identifies how the system can
operate. There are 4 main functions, in this case study, that
the system needs to be accomplished.

a) Collecting Data: The system can be collected the
environmental data via input forms separated into 6 catego-
ries, be able to check for NULL value before submitting, filter
inconsistency by validating input value formats, reduce
redundancy by filtering only options that have not been add
in the system before, be able to edit after submit and keep Log
files of every event in the system.

b) Calculating Data: This function must be able to
perform an accurate result by calculating the relevant data
includes carbon footprint calculation and environmental
resources usage calculation of 6 categories: fuel, methane,
electricity, water, paper and waste.

¢) Displaying Data: Requirement requires the system
to display results in 2 features, one is a greenhouse gas
emission in terms of carbon footprint equivalent dashboard
and another one is a graph format page for resources usage
includes water, electricity, fuel, paper, and waste.

d) Exporting Data: In this section, the program must
provide an exporting feature that anyone can export from the
system for further use or analysis. For example, the library
can export the amount of carbon footprint in 2021 to analyze
the average amount of emission per square meter area or per
staff which can answer the criteria of Green Oftfice (Category
1.5) much easier.

2) Nonfunctional Requirement specifies the character of
the system which can be divided into 3 parts.

a) Operational: The system must be used on both PC
and mobile devices. It can be accessed at all times with any
browser. Dashboard and reports are public access for anyone
on the internet.

b) Security: The system requires authentication for
people who need to access the data collection section. People
without permission cannot access the data section of the
program in any case.

¢) Performance: The system must render graphs and
dashboard within 250 milliseconds.

C. System Architecture and Ul Design

We have designed the system architecture and UI as
shown in Fig 1. For the data collection section, we have
designed 6 input forms that can be accessed with
authentication and can be used for adding and editing data
records in the system, while the data visualization section will
be provided as public access.

D. Machine Specification
a) Hardware: VM Server from Office of Digital
Innovation and Intelligent System (DIIS), CPU 4 Cores,
RAM 4 GB, HDD 300 GB which is shared to other systems.
b) Software: Full Stack Framwork

Front End includes Bootstap + NuxtJS for Responsive Website.
Back End is developed by Nodejs for the compatible with
interactive graphs. Database is stored by PostgreSQL for relational

database with big data and complexity. Data visualization usage is
Highcharts for variety of interactive graphs.

L4

Methane  Electricity 35
\ / / Water
v
)
o . / m
Fuel

Waste

B,
I Input Form !

P ﬁ Paper
Staffs Security

ﬁ Storage Log File

Mobile ™ / (©8B)
]
()] / I_' "
i Internet Data Visualized Analytics
Boards / \
a =
aa I{m -
Evaluators Report

Dashboard
Fig. 1. System Architecture Design

IV. RESULTS

From the implementation phase, we have analyzed and
designed all the requirements and system functions and put
everything together by developing a responsive web
application that can store and calculate environmental data
and display them into information forms as follows:

A. Carbon Footprint Dashboard

34417 oz

GHG Total Emission (%)

DASHBOARD | 2564 (2021)
Total Emission 2021

2493 o2 ¥94.88 oz

Carbon Footprint by Emission Types Carbon Footprint by Emission Area

Carbon Footprint Monthly.

S5 -

& By

Fig. 2. Carbon Footprint Dashboard

First section of the dashboard is where we compare the
carbon footprint amount of the selected year with the previous
year. The system will show the result whether the numbers are
increasing (red up arrow) or decrease (green down arrow) and
it also calculates the different percentages of the comparison
as shown in Fig 3.

Total Emission 2021

249.3 tCO2e

Fig. 3. Comparison Section of the Dashboard
The next section is an information part which consists of 5
graphs as follows:
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Graph 1 shows the greenhouse gas emission ratio of all 3

types and compares information in the past selected 5 years.

GHG Total Emission (%)
Cas

2021
Emission Type 1 2.34 tCO2e (0.94%)
Emission Type 2 : 238.78 tCO2e (95.78%) 100

8.18 tCO2e (3.28%)
Total : 249.30 tCO2e (100%) 206
2017
900 300
800 400
500
600

700

® Emission Type 1~ @ Emission Type 2
Fig. 4. Greenhouse Gas Emission Ratio Yearly
Graph 2 shows greenhouse gas emission trends of each
type as Fig5; the blue line represents an emission trend from
typel (direct emission), the blackline represents an emission
trend from type2 (indirect emission from power generation
source) and green line represents an emission trend from type3
(indirect emission for other sources).
GHG Emission Trend

GHG = Greenhouse Gas

Emission Type 3

- Emission Type 1 - Emission Type 2 Emission Type 3

250

0

Emission Amount (tCO2e)
8

2017 2018 2019 2020 2021

Fig. 5. Greenhouse Gas Emission Trend Yearly
Graph 3 shows the carbon footprint amount from activities
in each emission type. Users can drill down to display the

details of the lower 3 levels of each type as shown in Fig 6.

Carbon Footprint by Emission Types
Year 2021

3l
g

i st

/

49

Fig. 6. Carbon Footprint Amount by Type and Acitivities

Graph 4 shows the carbon footprint amount of each area
start from floor 3 — 7 of library and can display carbon
footprint sources of each area monthly as shown in Fig 7.

Graph 5 shows carbon footprint amount per month which
can display quantity from highest to lowest as Fig 8.
B. Reports for Environmental Resources’ Consumption

The system will render 5 reports presenting the amount of
resources usage in water, electricity, fuel, paper, and landfill

waste. It also compares the total usage of the selected year
with the previous year as shown in Fig 9.
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Fig. 7. Carbon Footprint Amount by Emission Area
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Fig. 8. Carbon Footprint Amount Monthly
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Fig. 9. Report Page for Resources Usage
V. ANALYSIS THE RESULTS

A. Carbon Footprint Information

The study shows that, in 2021, KYL has decreased carbon
footprint amount in total 94.88 tCO,e which is a 27.57%
reduction compared to the previous year and the emission
trend from 2017 to 2021 seems to get lower each year. The
amount and ratio of greenhouse gas emission amount of each
type are Typel: 2.34 tCOze (0.94%), Type2: 238.78 tCO,e
(95.78%), and Type3: 8.18 tCOze (3.28%). Hence, the total
Emission amount is 249.30 tCOze (100%).
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Fig. 10. Carbon Footprint Information

The highest amount of carbon footprint is from electricity
consumption 238.78 tCOze while the second place is from
landfill waste 7.57 tCO,e and the third place is from methane
2.05 tCOsze. The area which produces the most amount of
carbon footprint is on the 4™ floor at an amount of 19.12 tCO».
which are from the use of electricity, the use of water, and the
amount of methane from wastewater. The month with the
highest level of carbon footprint is March at an amount of
10.65 tCOze.

B. Environmental Resources Usage Information
In2021, KYL has environmental usage amount as follows:
water usage is 892m’ (-30%), electricity usage is 477,649
kWh (-28%), waste amount is 3,396 kg (-26%), paper usage
is 172 kg (-21%), and fuel usage is 110 L (+117%),
respectively as shown in Fig.11.
120%
100%
80%
60%
40%
20%
0%
. R O S
~40% Water  Electricity Waste Paper

usage: usage: amount: usage:
Usage 30% -28% 26% 21% 117%

Fuel usage:

Fig. 11. Environmantal Resources Information

These numbers have been calculated compared to the
exact same periods of the previous year.

C. Achievment of Green Office Criteria Goals

From the information in the dashboard and report page,
we can analyze organizational target on environmental
operation as shown in Table 2.

TABLE II. ENVIRONMENTAL OPERATIONAL GOAL
Green Office Decreasing Target 2021

Resources List Achieved

Electricity usage

Fuel usage
Water usage
Paper usage

Landfill Waste amount

Carbon Footprint amount

VI. CONCLUSION

As the results of the study, we have clearly seen the
amount of carbon footprint and the environmental resources
consumption at KYL in 2021 which shows that the library has
done quite well on energy and environment conservation and
has been able to achieve its environmental goal a lot better
than what they expected. The major reason is due to Covid-19
situation round 3 resulting in service area closure and leads to
reduction of electricity consumption and lower amount of
waste which are the highest factors on carbon footprint
emission. Therefore, the library will be able to achieve the
Green Office Award as they expected. And the result of this
study will also help the library keep on tracking and
monitoring their performance of their operation on
environment, make it more sustainable and keep getting better
and better each year which will make the organization a role
model for other departments within the university [9] and
instigate awareness for other organizations [10] in Southern
Thailand onward. For further study, we might add more
analytic models and patterns to the program to help an
organization get their insight information on carbon footprint
and natural resources consumption much better, together with
adding some more content about carbon footprint for people
to learn e.g., the meaning of CF, how it is calculated, what the
impact of it and why should we care and help reducing it, etc.
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