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# # 6470022025 : MAJOR ARCHITECTURE
KEYWORD: Carbon Footprint of Organization Greenhouse Gases Hotel Industry
Carbon Offset Solar Energy
Pisitpong Tuntimas : Potential to Reduce Carbon Footprint by Using Solar
Energy : A Case Study of Small Hotels in Nan Province. Advisor: Asst. Prof.
VORAPAT INKAROJRIT, Ph.D.

Global warming is a major problem caused by inefficient use of resources,
especially in tourism industry, in which electricity was consumed 24 hours a day in hotel
building. Nowaday, while solar photovoltaic systems (PV) are installed to reduce the
carbon footprint of thai hotels, research on carbon offset of hotel buildings is limited,
especially in small hotels which are the main choice of hotels for Thai tourists. The
purpose of this research was to evaluate potential to reduce carbon footprint by using
solar energy systems. A small hotel (2 stories, 928 and 820 sg.m.) in Nan province was
used as a case study. This simulation research considered building roof area, roof shape,
building shape, roof inclination angle tilt angle of solar panels and installation direction
of solar panels in all 8 directions. Building energy consumption and carbon footprint
were estimated with the DesignBuilder v7.0.1.006 energy simulation program. An
economics evaluation analysis was performed to determine the optimal installation

characteristics.

The results showed that the solar PV system should be installed to cover the
annual building's electricity consumption. The main factors contributing to the potential
to reduce carbon footprint were building shape, solar panel tilt angle of 18 degrees,
orientation of solar panels to the south and southwest with a financial return (Internal
rate of return: IRR) of 11.00% and a payback period of 8.60 years. Finally, this research

proposes the solar PV installation recommendations for small hotels in Nan Province.

Field of Study:  Architecture Student's Signature ......cocovveverencenes

Academic Year: 2022 Advisor's Signature ........cceoveveeereenn.
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Lfﬁzyl,auimasmsmL%faw%famﬁmi’wmuﬂizmmﬁLﬁ'umn%u Jusnnilslasuddnyidmane
sUkvurasnudenistunslindiuvestsemeluegauin lnvenamnssulswsuduy
wilsluesdusznaudidyluningnamnssunisvieniieriinmsvenefnasanan 1esand
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Sun path diagram
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- TSOUTHUUIAANTINIY 26 WD ANET 3 FU 91A15HAE7 tnedigUs
91ANSANYAY L-Shape 78eMUKUY aeAne1asnsadinaudumnen yudemaani 22.5

BNGHI

- TWIHVWIAANT NI 29 Toe AIMEN 3 Fu Fauuy Cluster lnefiannis
Viouiin 2 81A13 lngenmsianuniisuseensanene -Shape vaenFULULY NaIA191ANT

N3aUunen YUdeanasenil 30 o9

- TSWTUVIAENTININ 11 FiBe AINER 2 Tu 1A aedliuinee1nns
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3.3 N13BNLUUNTIINABDN

3.3.1  NRuUaGILUS

nsussliuaussaugvesnsnanlniiaineas Ingvinisidenyussianssuu

o '
g IS a a

\Huvilla Grid-connected system yinmsszyfidnanuiiians a ety Jsegiaziign
18.78 pamnile warasidn 100.77 asrayiueen lengudeyaninuduiideiing uay
pumniusssnieangudeyaves fiaenndastuanuiifass lasimueldlndanmoinia
Tudlostu 0ld CHN_YUNNAN_ MENGLA CSWD 91nsdusinisiuasaudsndn ( Main

parameter) oA

1) fukUsau

v '
) (Y

- WUANEIA81AT (N519UAT)

- JUNTMAIAN1ANS §U991A1S (I-Shape uag L-shape)
- Jdganaan (18° 20° 25° uay 30°)

- LULBYIVDIUNINEINURAIDITING (18° 20° 25° Uag 30°)

- DANLNLYAALAIDINRE 8 NANI

2) AkUIaNU
- T ANdn kN SEUUNAR AN ULaITRg (KWh)
- YSunauansusuransuriianas (KeCO.eq)

- Algglunisasu (um)

Ly

- ANNANAMINASYEAERS (Yar1Uagtugns, snsmanauwnunigly

q

LAY TEEIANAUYNL)
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3.3.2  w3eelialuni1s3nany

=

Tngauideilidenldiaieaiiotulusunsy DesignBuilder v7.0.1.006 #7
TUSHNTUINSNALNAIUNTAS MU UT1889971A1 T8N UTANTIALS TN UNITII AN URUY

lowndin wasldnasslseansnmnisdinasnunyuidsudiunldiudiennns 8nvseaiy

14 14
< a = & A A

Nelunsitaunduendneal Lbag @1915097180NATUINNNUNTBUVS WWaae

[ (] (% (%
) =

ANUTANIIVDINUNNAIUITORANILHATAAWEIBNNRE NIDUNITIE1U15091809UT2ANT AN
Tunisuaandsanuluinainssuundsnusnasanindle luldswnsumen taglifaawennis
F18999AEN1TI1ADINTIING1U TASFINUATUADUNITNSIVEDULATDILDLS 3 Tunau Aa

WAASLUAINA 3.9

a5alamaa MN19ANARY n1zuszidiuug

A 4

ANAD daya nasufjiisau

o & o A
AN 3.9 YUNDUNITANTIVFDULAIDIUD

1) aflunainassaindeyatineiu
yMNsas1alanadnanalagvinnistd Parameters lawn

- Joyaanwagn1san lnenssu 1w A1 U-value 989 External
Wall, Internal Wall, Window Wall Ratio, Window Glass Type, A1 U-value of glass type
(Elghamry, 2020)

ToyanuiuveInsidnasa (Lighting Energy Intensity) 39nUaAN

Tnadlsansy Fnnunazamadlnihvesgunsadluiiluannislsusy

2) 1n1591a09UsEansamnslendsaulnivese1a1s DesignBuilder

v7.0.1.006
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3) MsUsziunan1sufURnu Inailseuiisuseninsusunanislaluiiegs
ndaalnilaluiuteyaunaineimsnsdfng waz Ysunanisldlnihnldainnisdiass

{UlUSIATH DesignBuilder v7.0.1.006

TA8AINATNUNIUITIUNTTY N1TATIVABULATBIEIDINNUITENDUNTN A LA
nslgiA3egile DesignBuilder v7.0.1.006 Tun1911591889U5E@NTAMNUDITLUUNS 191U
WAIDINMETLNINTEUVATINUNITI1a09 UL UTHNTUABNAINDS A1 nHawanIlIALiUIN

' (%
[V al

ToHANAINgIEnTENINdmadnSa T uToyan TalaviauafeUssunaogNsening 3.7% B9
13% (Elghamry, 2020) laednuilstdadeluanuunnm194seninamanIsINasdnase1uYes
lUsunsuiazn1stdaueInsaseAenIsA ALy TLaAIAIY0INIs RS (Fathalian,

2019)

3.4  3assAngn1wnIsHan N nsTuuRAR INTIwaIIULEIDRE
3.4.1  91809ENINTUNIVUNEIAIVBIDIANSASIANYILSILTUVUIALEN 1A8YIINIS

91894 Sun path Diagram tWakanInasulitades1el aawlusunsy DesignBuilder

[ ' | [ '
A = 2 =) A =

v7.0.1.006 il ivelvimsruiiunvaaninlilasusuanananimwinasy 3inisaguinud

LAY IUIUTBIAATARLAIDTINS VLUNAIAI8IA1sNsafn vl suvLIEn Tneinunfngg
a & A o av M Yo 1% 1% a |

LreUSunrannlallasusue nanmnwIndendiadsdluyiaian 09.00 -15.00 .

(Solargis, 2013) Fadunarfifinudusidnisefindimngas
1) SUBUUNSARASUNERAaR IR UL e InAIATIUTIARINTUNITIaVLR

2) JULUUURUUAAAMKUYAFLAID 1 INdYUInATINTIv0 N UNInd9AT

U51A91NTULNTI9AUA

3) JURUUNSARALHEad kA induuuATauAguNsldndsulniinves

21A150 1 U

%

AIEITN1INAABNLAdRAIRNIRdLAALIUNNITNER T INTEUUKER
I ndauuaseiing 9anlusunsy DesignBuilder v7.0.1.006 linsauagun1slanasay
uazinzaumuamFeInInslindsnuvousiaslsusy andutis 3 naduiesed
WisusuAneainlunisndalnindinuuatending AneainlunisanuSunamisuaunn-

WIUN AT AUANAMINATYEAIERS wiauralSaufisuntsdnaesdnaninlunisndn i
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PAUBAIDNNGVDID1ANS Base Case hay 91ANTASHANWIAILAAIIUAITIN 3.1 1D
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20 2 | emnsihen -Shape 1599 20
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Shape Humen
L-Shape
26 3| s L-Shape | nssdway | 22.50
Junen
29 3 Cluster I-Shape nsetumen 30
11 2 aANTRE L-Shape V5997 30

342  auruni1seannasaulnidiainszvunda il ndssunaseiindaae
1Usunsu DesignBuilder v7.0.1.006 Ty vinnrsaruian1sudnlniiannssuunanlnii
NAsUaIendluszeziian 1 U wazauranisuanwasaulninannssuunas i

NaIULasRnglus18U Inedivanirue



37

- Avualdlvdaniwenie CHN YUNNAN MENGLA CSWD sauanslunin

7 3.10

File Edit Go View Tools Help View rotation | Asonometnc - e

DA R foauNe®? 00000 EE

dE4»z Eottocaton
Use this screen 1o edit Ihe Jocation of the site,
£ 1)) Untited ~ its weather data, the daylight savings and
£ @ Building 1 energy codes which apply.
&9 Block 1 Location
= Zone 1 You can setthe labtudelongitude of the site a5
& Zone 10 wel as a number of site characteristics.
& (9 Zone 11 orientation
5 zone 12 B e View 6i0be 1o Notth Mo 8 mdcated by B
& () Zone 13 oy B-Use weatarfile - direction of the North arrow in the sketch plan
& Zone 2 =
= Zone 3 Hourly Weather Weather
= Zone d DesignBuikder wil ony use hourly wealher data
= Zone 5 for simulabons (winter and summes design
56 Zowt calculdions use design weather data as.
b St Gescrioed Delow )
= () Zone 8 YOU Can review, 808 and Conven weaiher using
= 69 Zone 9 the Wealher Dala dislog.
& Block 2 To view the currently selectad data, click on the
=69 Zone 1 4« »| Simulabion tab and select Site Gata’ under
=) Zone 10
o Zme 11 To add your own hourly weather dats, copy the
b 2o il to the waather data folder below
=) Zone 12
=@ Zoe 13 [ coProgramDataDesinBuilderieather
=) Zone 14 Dats)
&3 Zone 15 Then click on Hourly weamer data’ and on the
=69 Zone 16 browse button fo the night of hourly weaher
[ Zone 2 data From the selection list dialog choose the.
=) Zone 3 “Add new
=) Zone 4 weatner
[ Zone 5 You can seled the
= () Zone & data. . the probadiity that the design data wil
=G Zone T be atthe very extrame of
=69 Zone B encountered over recant years.
= () Zone 3 You can select 99.6 or 99% confidence (L. 0.4
&9 Rool eI
=6 Zone 1
Solai collector 1 - ::ﬂm:nmnmmmm
Solar collector 10 lafions
Solar collector 10 « Minimum outside ory-bulo temperature
Stk prbrtes 10 ¥ + Co-incident wind spesd and draction.
‘ > ILes | vousise | Howr deasn | Cocng dewon | Simdston [ €70 | Daiteng | oot and Caton [—

AWA 3.10 N13RIAAN NN CHN_YUNNAN_ MENGLA CSWD

\leaan#alusunsa DesienBuilder v7.0.1.006 derrldanmenmavesudulng
CHN_YUNNAN_MENGLA CSWD 30 lnldvessnewiisan uama guwY Usemedu elavin
1135752980V IAVDIMNS ARG T UL NS ZRTINdAN (Daylight Hours) Wunsiaiguyin
vsolndifesiudoniming duanddunnd 3.11 Snsdaisnvarauihennailngifiosiu
Tnefvngarulugisfeungunianluauisdeudmnay Jeaunsalddldanineinie

CHN_YUNNAN_MENGLA CSWD ¢ feisalusunsudaels
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Daylight i Usswdlne

12 125 13 13 13 13 125

1 Ms 15 15 4

Hours
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Source: NOAA
Daylight Wean UszmaAlu
135 135
125 13 13 125
1 1.5 12 1.5 11 11
Hours
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Source: NOAA

Wi 3.11 W3sufisu Daylight Hours iensiageulidaninenia

(ﬁm: National Oceanic and Atmospheric Administration, 2565)

a o

o 2 6 a 6 a = A a 6

- UATT LRI A LA RO ANa 1gNANUIDINARS AR A LAY

(Polycrystalline) au1am&sWHndala 340 TnARDILKS VUIAUKILTAALEIDITIRY 2,005 X

1,001 fiadung Ingiruasyuunbslunisiannasnulndindsnuiasofndaigssuy Off-
. I A O [y a ca 10 & v = I

grid system (Jun1sinnsssuunasnuuasoindnlidndudesisssuulnidiunanslunig

Tindsu uaseiinddvie trina solar Ju tsm-pd14 dawandlunini 3.12



iy DesignBuilder - Ban nan'.dsb - Construction - Untitled, Building 1, Sotar collector 143 - 8 X
File Edt Go View Took Help View rotation | Axonomelrc: v e
D@E& i 2L LERNISLBDA/HFOODOD HE

led, B Solar collector 143

101
@ Sola colecton 11 a Solsr coactor type 2-Photovolisic 0 £ Ganera| construction detal
B m 600.000 Use tis screen to edit ihe consiruction defaults
U":Sal ! 1-Building = for the:curent block
GMoterial Blumon Fol mmm_mmm
Flet surtace posil 1-Upper surace - a generic saectionfrom
T = templte st at e 1op of e screen. This
P ———— _m-ummm
Parformance bype £ quivalent One-Diode = curtenicompenent Youcan
0pen e group heaser boxes10 3CCess e
@ Performance model TSMPDI4 = h
Hesf ranster infegrason mode 1-Decoupled - e o
Sols colector 12 Modules in series 1 To Inspect e details of 3 et
T Sola colectoe 12 i i 1 CoNSwCSON, Cick on M icon 1o e Ief of the
P S I Series stings in parslel AR RER
collctor 12 135 (above)._ ARematively doudle-cick he icon
o 3 Lnn::mmmmmmu
‘Soly colector 12
Sols colectar 12 (4 | definethe ayout of e
Solse cobector 12
Sol cobector 12 Sub-surtaces are excepions o the main
Sols calector 12
3 cak-oridging S4Ch 35 window intels.
¥ ;':: :; and opague paness in a kohtweight tacacde
Sole colector 13 You can define difterent sub-surlace
T Solu colectee 13 conskrucion bpes for exernal walls,intemal
O o cotector 13 patiions 3nd pilched rodts.
5 S colactoe 13 To add a sub-surtace, go fo e suface you
'4 ‘wish fo work on, dlick on the Layout tab and
Sole colector 13 selectthe Draw sub-surtace command.
V ol cobector 13
Sole calector 13
The infitation (uninterfionalventiation) rate
Sl ook 13 can be setand is constant. You can change the
VW Solr colector 13 Infitrabion units on the Model options diaing.
W Solar cobector 13
ol colector 14 -/ G0 gata 1o building detautts
( Sol cobectoe 14
ol colector 14
Sole colector 14
‘Soler colector 14
Sodoe robacive 14 ¥
3 e [ [ o [ | s [ 50 [ooies [ cxmicons (e .

AN 3.12 FRBE19NNTHIPLRLTRR AR TR

i DesignBuilder - Ban nan1.dsb - Construction - Untitied. Building 1, Solar callector 14;
Fle Edit Go View Tools Help

DIESEFfEed RADKL YL FLIYT R

View rotation | Avaromelic. v e

QEFe

[T £t Protovoltaic Generator - One-Diade - TSM-PD14 Info, Data
BB Photovaltaic Generator - One-Diode
{ Layou |
dxl4p 2
) oo 1 B Ferfarmance One-Diode companent is ussd 1o
Salar collector 11
o ot 11 Lo destrivethe performance
Celltype: 1-Crystalline Siicon = |} Photovoitaic (PV) modules to be modelled using an
f I Cells in series 72 one-siode circut. This modelis also known
Sob calectur 11 atthe 4- or &-parameter TRNSYS model for
T Solar cobector 11 Active area [m2) 176 photovoltaics. Celltype 1-Crystalline Si
W Solai colectar 11 Transmilance sbsorptance product 0.8000 (Celis in series el
p xw.:: Semiconducior bendgop (V) 112 Adtve erea (m2) 176
5 Sola colector 11 Shunt resistance (ohms) 100000000 'Qnmmmd mmmh - ?fg““
emicanductor bandgap... 1.
:z:“"“":‘z Pafersnce empersise (C) £ ‘Shuntresistance (ohme)  1000000.00
P S M1 Reference insolation (Wimg) 1000.00 Referance temperature (. 25 00
mm1§ Moduls hestloss cosficient (W/m2-) 000 Risferanca insolation (W/... 1000 00
Solr coleckor 12 Total heat capacity (J/m2-K) 5000000 Module heatloss coefici.. 30,00
‘Solar colector 12 Rasted electric power output per module (W) 34000 Total heat capacity (Jim.. 50000.00
Solar colector 12 Avsilability schedule PV pansl eficiency: Atways 0.15 Reted electic power out.. 34000
P Solarcolector 12 (4 | gaAveilsbilty schedule PV panel efici
P Solar cobecter 12 Curent
P Soly colicta 12 Short circut cument (A) 4z Shorcrcutcurrent (&) 9.42
Solar calector 12 Module current st max pawer (4) 899 Module curent st meaxp_. 839
Solar collector 12 Temperature coefficient of short circuit current 000380 Temperature coefficient .. 0.00380
) Solar cobector 13 Volige o
7 Solar colector 13 B
7 Solar colecto 13 (e = e ) s Open circuitvotiage (V) 462
D Solarcollecior 13 Module voltage st max power (V) 738 Module voktage ot maxp... 378
P Solar colector 13 Temperature coeficient of open circutvoltage 0137 Temperature coefficient . 0137
P Solar collector 13 Nominal Operating Cell Temperature Nominal Operating Cell Temperature
R Sdmetecia 13 NOCT ambient tampersturs ('C) 2000 Sl
) Solar colector 13 H00 NOCT cell temperature (.. 46 00
P Sclor olecke 13 il gt e NOCT insoletion (W/in2) 600
Salar colector 13 NOCT insolation (Wjm?) 800
Salar collector 13
‘Solar colector 14
e o
Sola colector 14 SRSl Hep [ [
W Solar colector 14
7 Solar colector 14
T Sl rrbertes 14 Y
C > |WlLeze | Veuse | Hostr denn | Cookng desgn | Smudsion | 70 | Daten | Con and Cator [—
Edit Conatructions...
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File Edt Go View Tools Help View rotation | Axonomelric v e
DR W P BADLEEL AKS L 1 FL SYer Y IRt IRol

Navigate, Site (XTSI it Erectric load centre - Mylnverter

Energy Distribution
Name  Mylnverter Electrc (0ad centres are used 1o include on-site
oy s

19 Block 1 Operation scheme 1-Bose load turbines in a simuation The electric load center
Electrical buss type 3-Direct Current With inverter gk Ay
Zone 3 Inverter Example Inverter - Simple op e 1-Base lood
osnd only be selected when using a OC w-uuu_m.__ W 3-Direct Curren
Zone 5 Distibution and electricol cost (GBF) 500.00 ype is selected  Inverter Example invert
Zone 7 Base Load Cosnt
9 Block 2 The Base Load scheme requests all available Distibution and electrica . 50000
Zone 1 mmmﬁammm QGensrator List

power demand. Number of generators 1
Genorator |
Zone 5 " DC generstor type 1-Photovoltaic

\-1é lock &

e ETrT— (N |
w09 Zone 2 L)

« m— ~ > Lo [ Vasine [ st doncn | oot donn | Smuston | 7D [ Dmteng | Cont s Coer | —

A9 3.13 F19819N15AIANDUIBSIMBS
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grid system) @nunsainuaranlusyUUaEEUNS U WU wuawes Wedanldeuludianan
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PANZTUANDLWNLD AIWEAIIY A151997 3.2



A15199 3.2 FUsNANIUNIINaRIRngAINASNAR INHINSIULEIR R

S
AR

1. /Wuvmasalunisi

c
&«
2 N NE
3
s A
nE e @
e i = a
(Y | > 18° m©
a \ / ¢ \ ¥
\ / & v
2 _ 3
.xé -
© "g
n =
[ p &
w | us| E SE g £
«
€ = = [J]
& c ‘& =
S @ & e & %
1= a B - = =
"g s 4 o -3 wv
£ B X ~ 20 3 f
2 & 3 e 2t
a = PE} =
@ = g - &
[ c &
o = [
e = S c
< = = @
ng & & =z
IS = £
| €] s SW 5 & | & |-
~ ~N {" @ P &= Z
5, P < | £
13
[22] A 25° Y4
g WA
= - & =
c 2 ¢ Vv
€ &
Ea
€ s —
=
g 2 w NW A c
€ & s
R > s e
2 = > ¢ 2
Lz = > )
e = = 30° £
& 2 | N €
o g é

3.4.3  agynanisAmuisndsuliiniainssuundaliindiusasendia

& v

g Y

1Usunsu DesignBuilder v7.0.1.006 wagudiwani1suannatuluiiainssuunasau
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wateinduninsiissuiisudunisldndsnulnihsnludsusunanisueunansusii
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Electric Loads Satisfied

Electricity [kWh] Percent Electricity [%]

Fuel-Fired Power Generation 0.000 0.00
High Termperature Geothermal® 0.000 0.00
Photovoltaic Power 413.524 1.17

wind Power 0.000 0.00

Power Conversion -20.68 -0.1

MNet Decrease in On-Site Storage 0.000 0.00
Total On-Site Electric Sources 392.848 L.11
Electricity Coming From Utility 34849.185 98.89
Surplus Electricity Going To Utility 0.000 0.00
Met Electricity From Utility 34840.185 98.89

Total On-Site and Utility Electric Sources 35242.032 100.00
Total Electricity End Uses 35242.032 100.00

AN 3.14 F19819NNSTHEANATIABINA SN ULEID ARG

3.5  Amsedeya

351 Wisudsudnannlunsudalnih TnawSeufiouusnalniiiiasnsonds
élusroznan 19 Fnaufuuiinaliimundldanntsn (2564) Fsazgnineenundu
wiheAlatndsotalus (kwh) lnedndudevazrioesidus (%)

352 Wisuifsudnanmlunisaniunanisusuanius

ﬁ']‘L!'Jmﬂ%lﬂmﬂ'ﬁ‘UaI@EJLLagaﬂﬂé}UﬁW%L‘%GUﬂigf\]ﬂﬁLﬁ@%ﬂﬂ’]iﬂ.u‘ﬂ@"uL‘UG]“UEN

23ANTRgAsUSIUINTIE LAz Tuiniduansdnuald nwsMUTUR D USIANNIST 1

CFO = GHG emission = Activity data X EF (1)

lpg#l CFO= A1SUBUNANTUYIVBIBIANT

Activity data ﬁa%’a;ﬂaﬁﬁ]ﬂiiuﬁﬁﬂﬁlﬁmﬁwﬁaummﬂ EF (GHG Emission
Factors)femnasil 7ildiUdeu Activity data Tduu3unanis Ydesfedaunszanuion
uNALOIN1SUARYMNYTDUNTEANTBINITNANULNAN (KWh) AB 0.5986 (Kg.CO,eq/Unit)
£198991n Thai National LCI Database, TIIS-MTEC-NSTDA (with TGO electricity 2016-

2018)
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lagagiUTeuiisulTunamsvaunansuinanadlussegial 1 U vinauiu
USunaansveuransuiianuaiiiinainnisldlniaindgiu (2564) Feazgninesnundu
wihedursenlansuasveulneanlamiiouwin (Ke.COeq) InsAnlusovazuialosidun

(%)

353  WIBUWEUANEN NINGATEANERS

- myvsziiualdiglunisamuainszuundaliindinuuatenindves

LUUT188991AISAULUY (Base Case Building) Inaauanlaann aunisin 2 lnsaunlintu

£%
v & v

nldlunisamulunisfndessuunaalifiondanunaseiiad wiidu 36.50 vmseTng Nl

e

° ) ¢ A A i a Ao = I a A N
ﬂ’]ﬁu@l‘VTLLNQL"UaaLLﬁQE]'TV]@EJ‘V]lI UanN. I1NALA[YUBANIN Lﬁ@ll?ﬂﬂ']WlllLﬂu 1% #9U Lazian

1139591 1% 0eiuacu lngenedeann andiddy WawIu PNl ine1dy (2560)
AlEIelunsamu = AWINTEULAGREIRTTIRE (Wp) X 1,000 (I04) X 36.50 (UW) (2)

- nsdlenmsiinsuendesnulnidnfiuiy Tnodsiadudslnidendie
(kWh) Tugnsiudelniin 2.20 vinmiae Tnefisvernan3udelii 10 U muulouieves
ANENTIUNTULIUIOWAINULAIINA (NND.)

- nsdlonansiinsldaununme’ smuslduunmeieiedisouleosunedis
(LiFePO4) 1910 kWh ﬁml,a?{sagjﬁ 221,000 Unsiegn lned1edea1n usEm lwans (ne
waun) 3N (2566)

- Msvyardagtugn (Net present value: NPV)

Taeinlunsiiaseilasinisegldisnsdnyanidagiugnslaenism
HaresenInyandagiuvesnssualuansunienanouunuy yardagtuvewald) Ay
yarlagiuvesnszuaiuandtevioduyu (yardagturesduyu) dsamisadoudy

Y =
FUNITAIAUNTN 3

CFr_ .., _CFn

NPV = CFo + (1+K)? (1+K)n

(3)




a4

AR LA
CF,, = nzuakuan ad U7 n
JLYLIANAUFALATING

n =
k = AunuadLsveIRunY

Tnofinasinseensudmiuityaniagtuans (NPV Acceptance criterion)
Aans azgeniulassnisamuile NPV fidnndvdewindu 0 wazazufiaslassnsidled]
GRIVRL PRI

- 8T manauununeluveslasinis (Internal rate of return: IRR) ;J‘jaﬂlﬁ
Uagduresnsrualuaniugninienansuunuwiiuyaridagiuvenszualiuandngans

WA Feanusadewduaunisanuduiusiansaunisi 4

NPV = 0 = CFy + s + -+ + o (a)

nanlayasy

IRR > r ANALNNMIaMULAzEaNTUTDIAUBLATINIT

IRR < r ldAueinisamuuasiveusutaiauslasenis

IRR = r Leidn

N13U58HUTZEEIAINTANNUIINTEUUNER LT InR s uLasefindues
LUUTNa0991ATAULUU (Base Case Building) TasAiuiadlaann aunsi (3.3) waz (3.4) 97N
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A
18° 20° 25° 300 18° 20° 259 30° 18° 20° 25° 30° 18° 20° 25° 30°
RTRE)
N 301 | 262 | 253 | 231 | 110076 | 95822 | 92,399 | 84,656 | 290 | 289 | 282 | 275 | 106,154 | 105579 | 103,264 | 100,455
NE 303 | 263 | 253 | 233 | 110,630 | 96,156 | 92,686 | 85233 | 290 | 289 | 283 | 275 | 105999 | 105443 | 103,143 | 100455
c E 303 | 264 | 254 | 234 | 110910 | 96474 | 93,009 | 85710 | 290 | 289 | 284 | 275 | 106,172 | 105654 | 103,405 | 100,430
2
= SE 303 | 263 | 253 | 233 | 110596 | 96,119 | 92,707 | 85270 | 291 | 290 | 285 | 276 | 106,489 | 105957 | 103,774 | 100,756
=
Tz
2 S 301 | 262 | 253 | 231 | 110076 | 95882 | 92,399 | 84,656 | 292 | 291 | 285 | 277 | 106,800 | 106,301 | 104,181 | 101,174
z
F QW | 303 | 263 | 263 | 233 | 110630 | 96,156 | 92686 | 85223 | 203 | 290 | 286 | 278 | 106864 | 105967 | 104429 | 101,611
=
W 304 | 264 | 244 | 234 | 110910 | 96474 | 89,298 | 85710 | 292 | 291 | 285 | 279 | 106,859 | 106452 | 104,374 | 101,917
NW | 303 | 263 | 253 | 233 | 110,596 | 96,119 | 92,707 | 85270 | 291 | 290 | 284 | 279 | 106,568 | 106,045 | 103,867 | 101,869
N 140 | 121 | 114 | 100 | 51,200 44319 | 41,898 | 36664 | 142 | 141 | 137 | 132 | 52,084 51,545 | 50,040 | 48321
- NE 140 | 120 | 114 | 101 | 51,209 44,121 | 41,727 | 36896 | 139 | 137 | 132 | 127 | 50,710 50,052 | 48,291 46,002
«
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s
Aﬂé
Z SE 154 | 13¢ | 130 | 121 | 56,388 49,124 | 47,680 | 44,821 | 144 | 143 | 139 | 136 | 52,724 52285 | 51,064 | 49,671
&
s S l61 | 141 | 138 | 131 | 58876 51,502 | 50,501 | 47,992 | 150 | 150 | 148 | 145 | 55017 54,813 | 54,147 53,269
07
s
= Sw | 162 | 182 | 139 | 132 | 59420 52,035 | 50,958 | 48337 | 155 | 154 | 153 | 151 | 56,450 56,386 | 56,054 | 55457
»g
P W 157 | 137 | 133 | 124 | 57,533 50,226 | 48,737 | 45440 | 154 | 153 | 152 | 150 | 56,228 56,141 55,743 55,100
NW | 1 | 128 | 125 | 111 | 54208 46,995 | 45027 | 40,849 | 149 | 148 | 145 | 142 | 54428 54142 | 53260 | 52,156
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M15197 4.2 HaN13AWINIUUTEINNLETUNSAAMITEUUNATULEIRTTIRg WUUATEUARY
Astraulndialu 1 U

BIANT Base Case B1A1T Base Case
“wZ nuaz 7191481A"7 I-Shape 71U91481A"7 L-Shape
pd { H
& FENEN
< } v ' v
§ LGN sulszannildlunisiinge szl lunnsfinss
g NaIAN () ()
=2
271AN3
18° 20° 25° 30° 18° 20° 25° 30°
N 1,770,750 | 1,784,750 1,819,750 1,868,750 1,665,750 | 1,665,750 | 1,679,750 | 1,707,750
= NE 1,777,750 | 1,791,750 1,826,750 1,861,750 1,679,750 | 1,679,750 | 1,707,750 | 1,735,750
h
% E 1,742,750 | 1,749,750 1,770,750 1,791,750 1,665,750 | 1,672,750 | 1,700,750 | 1,728,750
=
ag SE 1,700,750 | 1,707,750 1,714,750 1,728,750 1,616,750 | 1,651,750 | 1,665,750 | 1,686,750
=
g S 1,665,750 | 1,672,750 1,672,750 1,679,750 1,602,750 | 1,616,750 | 1,630,750 | 1,637,750
=
§ SW 1,658,750 | 1,665,750 1,665,750 1,672,750 1,595,750 | 1,602,750 | 1,602,750 | 1,609,750
@
& W 1,686,750 | 1,686,750 1,693,750 1,700,750 1,609,750 | 1,602,750 | 1,609,750 | 1,616,750
NW 1,728,750 | 1,735,750 1,756,750 1,784,750 1,616,750 | 1,623,750 | 1,637,750 | 1,651,750
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81A19 Base Case 81A13 Base Case
N 5U919971A15 I-Shape 5U91991A15 L-Shape
uay
»E 3
[
e s P = . L . s . 2 s P 2 .
c UsuamIusuvan UM IUBUYANTUN UM IUBUNANIUN USHaUMIUBUNRANIUN
j ol £ e o o I~ o o o I
2 9 Suniianawiody Nanassiol fianasnoiu Tianasnol
2 NAIAN
> (kg.coeq/iu) (kg.co,eq/V) (kg.co,eq/Iu) (kg.co,eq/V)
= | 91A19
18° | 200 | 250 | 30° | 18° 20° 25° 300 | 18 | 200 | 25° | 30° 18° 20° 25° 30°
N 181 | 157 | 152 | 139 | 65891 | 57,359 | 55310 | 50675 | 174 | 173 | 169 | 165 | 63544 | 63200 | 61814 | 60,132
NE | 181 | 158 | 152 | 140 | 66,223 | 57,559 | 55482 | 51,020 | 174 | 173 | 169 | 165 | 63451 | 63118 | 61,741 | 60,132
E 182 | 158 | 153 | 141 | 66,391 | 57,749 | 55675 | 51,306 | 174 | 173 | 170 | 165 | 63,555 | 63244 | 61898 | 60,117
-
<«
3G
= SE 181 | 158 | 152 | 140 | 66,203 | 57,537 | 55494 | 51,043 | 175 | 174 | 170 | 165 | 63744 | 63426 | 62119 | 60313
o
1=
g
z S 181 | 157 | 152 | 139 | 65891 | 57,395 | 55310 | 50675 | 175 | 174 | 171 | 166 | 63930 | 63632 | 62363 | 60563
[
=
SW | 181 | 158 | 152 | 140 | 66,223 | 57559 | 55482 | 51,014 | 175 | 174 | 171 | 167 | 63969 | 63426 | 62511 | 60,824
w 182 | 158 | 146 | 141 | 66391 | 57,749 | 53454 | 51306 | 175 | 175 | 171 | 167 | 63966 | 63722 | 62478 | 61,008
NW | 181 | 158 | 152 | 140 | 66,203 | 57,537 | 55494 | 51,043 | 175 | 174 | 170 | 167 | 63792 | 63479 | 62,175 | 60979
N 8 | 73 | 69 | 60 | 30648 | 26509 | 25080 | 21,947 | 8 | 8 | 82 | 79 | 31,177 | 30855 | 29,954 | 28925
NE 8¢ | 72 | 68 | 61 | 30650 | 26411 | 24978 | 22086 | 83 | 82 | 79 | 76 | 30355 | 29,961 | 28907 | 27,776
-
R E 8 | 76 | 73 | 66 | 31951 | 27684 | 26501 | 24106 | 84 | 83 | 80 | 77 | 30532 | 30164 | 29,179 | 28,115
[
S
-2
aﬂg
Z SE 92 | 81 | 78 | 73 | 33754 | 29406 | 28541 | 2659 | 8 | 8 | 84 | 81 | 31561 | 31,298 | 30,567 | 29,733
S
g
<%
=
4 S 97 | 84 | 83 | 79 | 35243 | 30829 | 30230 | 28728 | 90 | 90 | 89 | &7 | 32933 | 32811 | 32412 | 31,887
&
3
:ag
s SW | 97 | 8 | 8 | 79 | 35569 | 31,148 | 30503 | 28935 | 93 | 92 | 92 | 91 | 33791 | 33753 | 33554 | 33,197
=
W 94 | 8 | 80 | 75 | 34439 | 30065 | 29174 | 27,200 | 92 | 92 | 91 | 90 | 33658 | 33606 | 33368 | 32983
NW | 8 | 77 | 7a | 67 | 32849 | 28131 | 26953 | 24452 | 89 | 8 | 87 | 86 | 32581 | 32409 | 31,881 | 31221
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