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Title CONVENTIONAL AND EXERGETIC LIFE CYCLE
ASSESSMENTS OF QUARTZ CRYSTAL UNIT

PRODUCT

Author Mr. Woraphan Kantiya

Degree Master of Engineering in Renewable Energy
Engineering

Advisory Committee Chairperson  Associate Professor Dr. Nattaporn Chaiyat

ABSTRACT

This research studied the conventional and exergetic life cycle
assessments of Quartz Crystal Unit production processes of Kyocera Crystal Device
(Thailand) Company Limited combined with an organic Rankine cycle using municipal
solid waste in the Northern Region Industrial Estate. From the 6 environmental
impacts and economic results, it can be seen that the Quartz Crystal Unit has
environmental impact of human toxicity 2.58E+08 kg 1,4 DB-eq, climate change -
1.29E+07 kg CO,-eq, freshwater ecotoxicit 6.54E+06 kg 1,4 DB-eq, terrestrial
acidification 2.79E+05 kg SO,-eq, ozone depletion 1.57E+03 kg CFC-11-eq, terrestrial
ecotoxicity 2.81E+04 ke 1,4 DB-eq, and cumulative energy demand 1.49E+06 MJ. The
environmental effects of the electrical process from a refuse derived fuel for used in
the Quartz Crystal Unit production processes are human toxicity at 2.56E+12 kg 1,4
DB-eq, climate change of 6.05E+12 kg CO,-eq, terrestrial acidification of 2.05E+09 kg
SO,-e, freshwater eco toxicity 9.18E+10 kg 1,4 DB-eq, terrestrial eco toxicity at
4.54E+08 kg 1,4 DB-eq, and ozone depletion as 4.91E+05 kg CFC-11-eq, respectively.
The exergetic life cycle assessment shows that a cumulative energy demand of the
modified system can be decreased by 3.71E+05 MJ. Levelized electricity cost from
the refuse derived fuel is 1.50 Baht/kWh. Levelized cost of the Quartz Crystal Unit
production processes can be decreased to 1.46 Baht/Piece compared with the

normal process of 1.47 Baht/Piece.



Keywords :  Life Cycle Assessment, Exergetic Life Cycle Assessment, Quartz Crystal

Unit, Levelized Electricity Cost, Levelized Cost
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Type 1

Dudrunawvesianiansawnlullldfwu nseany naesnszany awliild
A71A INVIULIBULALNITAT FIATUNANTUUSTENBUAIYLAYDINITIN
ANA1A1D 20% AINLALTDIAUTENDUVDINTLANWVID LAYNANAR NLAZLAY
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Type 2

I~ 1 v a 1 I~4 4'
WudunauvpsesbitakazvezlJontnguseuna @auunnluueeia 113nn

I [

ANSALIIUA wazfogonde vezUselnnil danududussrusenauds 50% i

Y

[y

a@ﬁ'l,mlmﬁlaﬂéf 7% waglviananusoune 43,000 BTU

Type 3

Juvszlszanveslon Wy Yaail u1anavemsdniwasinualdann
Tsausy lsaneiuna wavanud 9w 9 vezUsziani dauaudu
aaRUsznouds 70% (Jutand wilndldld 5% wasfiAianuseuussuia

25,000 BTU

Type 4

=

Wureziilaunanvesdeanuywduazdaiiagu gnnannazeieizang o 393
Ay Wussrusznoufs 85% Tvagnldarunsawnludle 5% wazdian

AMUSDUUSEU 10,000 BTU

Type 5

WurezUsznnuia wazvadnaInsonwasaldy dintufy a1sviiazans
4809 ATNAINLTINUAAIMNTTUAI 9 FeArANTauTUREiuYiln

ansusznauluvey

Type 6

< A = v I3 1 a v
Wureeiduvewndaldusesnnuaands 1wy tawens wanadn ewliann
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aaRUsznauveLry Aoy vevyassyuvuludundeldainianssusiig q veq

Saa o w 1

uywdiduveudesediitnisiidaedramunzay ieldlidwmaroduwindousouniu s9um

guamvesNywin1siazvIsnisvsewmaluladunldlunisidnvesliegianunvay des

o w [

fiansaniesrusenau wazauauURvesesduddyduandlunisnd 2 (hsunsuauuaiy,

2547)




A13197 2 BeAUTENeUTITLzLaraayuTuTIUsTAlng Insuuseanilu 10 Usean

Combustible Waste Non - Combustible Waste
1. 6in waliliAwe1ms 7. uMm
2. N 8. Tany
3. WaaRn 9. fiu nsziding
4. fn 10. Su
5. 141
6. YNLATNI

a [

waluladnisuaandsnuainaey Tuednnisidnvezagldisnisilenau (Landfill) Wu
dnilvginsnduisiieuaraznin uiiesinlutaytuundsdinauiivsunudia s
goilnindamnsarauves vafe fuiusaianusidulunsivezmanduildlia
Ustlowiigean waziinuafiviies fign Tasiluudanaluladnisednndsnuanvezly
Haquudided
% waluladnisuandomnaee
s waluladneanudou orfiduwaluladinmn (Incineration) maluladnisuan
Wi WWewmdsnnuey (Gasification) waluladnisiasuweslhdudewmdanan
(Pyrolysis Oil) waluladmsuanufademdsmnueznuinsainatau (Plasma

Gasification)

*

% wmaluladn1e@nrnmalulednisgesdaatonuuliuldaanidiay (Anaerobic

L)

Digestion) wialulagn1suanuiadinmainszuuienau (Landfill Gas to Energy)
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Y8IVEE wavanminunty o lunuidiauiaziiausianizdeyaludiuves

WALLLAENSHANIDINAIDALNG LAy wAlulagniaaIusou
NQuNIIHAAaINAIYEzYaray (Refuse Derived Fuel, RDF)

& a < Y - o Y & a aa = [
Weomawesluguuuuveanisianisveziiodiun i dueindadsnis lnen1susulss

wazwUasaninvesvesyalesliiludomdwdniinuantiluaiudiniiuseu (Heating




Value) AUty 3u1n wazAunukiy wanzadlunsiadudemasdeuntiolotiiondn
InfwmTeannusou wavlesdusenouamaaiiuazneninadiiaus NivunauLas LUy
Lﬁamﬁauamwmﬂ%zmLfJuL%aLwﬁaﬂuﬁﬁawmﬂwmaﬁuagjﬁ’uamwmawax LAZENIN
YDWTBNAIVYLNABINTT LATUADULALNILUILUTENBUAILNISAAKYN NITAATUIA NITAN
d’lj [~ % d! I g.’/ gj I3 al a a 1 (v [
AMUTUTUAL FluksazIunpuLunfaziisivasdenvaunaluladunns19iuesnld nannis
Mureanaluladitamasvszisuainnisenakenvesi luaunsamnlugile Jane win wey
a [ a a (Y] d'd [ a a I3
) verdunwazverIleiAaoanainveesin lngdnuenyaneenimanuaregiiieaudy
druuszneuesniinyanes nuuTsdeuvesyadesluidnaIesdu-teeiioanvuin uag
Jouiinnay ieanauduvesyanas lnenisldauiouanleumseausouiioauveylv
Wiie Faazyibiinviin anaaiou 50% (Anuruwioldiiu 15%) wavanvneagdaduidinies
Jadin (Pellet) Wavinliild WolnaLddANIvLIALAYAUNUIMLUMLNLALRDNISUUES
TWdmihedudewmas Fdluuisnsdasinisfufiuyu (Cao) wWilduyaresszninnisen
o 2 A a & a aa X v X a |
Judiaieamuausazanusunaufiesiviiinlu :nmswivg welndwezaiunsowusosn
Indu 7 vlla aruunsgiu ASTM E-75 Betiuegdunszuiunisdanisildussnausiig s

wanslumnsed 3 (tigns, 2560)

M19197 3 UARIANEN YLD ITBLNA VB ALY kAL SEUUN T bl

wiig NIZUIUNITINNTT SPUUNIRA AL
RDF-1: Municipal Aawendruimlngdldsonuidieile | - wunwuunzndu (Stoker
Solid Waste (MSW) | sauitwesiifvunslng Incinerator)
RDF-2: Coarse RDF | uav3afinvezyaragagnaveu o —wnEbuUngdaladiun

(Fluidized Bed Combustor)
- LG]’]LN"ILLUUL%@LWEQN?{ZLI

(Multi-fuel Combustor)

RDF-3: Fluff RDF Aanendiuen by lilaeon WU | - wwRIuUREnsU (Stoker
languiuazdu 9 In15UAKIRAAAU | Incinerator)
Ml 95% vesvezyadouiAnLen

wadvuIALdnnIT 2 10
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szuuMsHlngd

RDF-4: Dust RDF

Uvsryanosdum lndlauiriu

nszvumsilviegluglvaanary

WRLUUNgBatagiun
(Fluidized Bed Combustor)
- Pulverized Fuel

Combustor

RDF-5: Densified
RDF

vozyanasdiumludlausiu
nsgulUnNIsoawvalneliiianiny

PUILUUNIANIT 600 ke/m’

- wkuungdaladiun
(Fluidized Bed Combustor)

S ANRNLU UL DN A SN A

(Multi-fuel Combustor)

RDF-6: RDF Slurry | dnvgsyanogdiuimnvdlauiniy | - kb uunguau (Swirl

nszurun1sulssUlilidnwazidu | Burner)

asavangdumrseasiialItu (Slurry)

RDF-7: RDF Syngas | vegyanosdiuiiinilvduisnu | i (Burner)
nszvIuNInssuIumskusanimdu | -

Combined Cycle (IGCQ)

Integrated Gasification
wiansounadwliatu (Gasification)
\onAnuAadaasnen (Synthesis Gas
or Syngas) anunsaldiduidomnas

fale

nsUssfiuAeuieu TuiaaLnYey uasiuditanautidnanmaentidnusy an
n1sd1srkasiiudoyauiuiuues  ANUNLILLLYEIEY waTeIAUTENDUTRIVEY VI
nsdsUinuvegiiannsomdnldlaenswiida dwuiaveaniunvezasulsiunssty
Uunavezaenan swdadudmudsduvesnisussifiuvuinssuundn i dnsusedu
a53un3gdndne nsUszfiuAinnueuvesvesiildanmsdisnaniusivsiudeya
A0 IAINNTIATIERIUUAEAEA (Ultimate Analysis) %30n153ATIEMMEnaIuv0s
peAUsEnoUsy dulsenauludie Asuau (Carbon, O) lalasiau (Hydrogen, H) 9an@iau
(Oxygen, O) FatWes (Sulfur, S) 3181 (Ash Content, Ash) LALAIAINLTY (Moisture
Content, Mc) adngfuisnismainnudeuvesdama urazuandaiufiannisildlunis

UsziiiulagnisniA1Aluseuga (High Heating Value, HHV) wagA1A1usousi (Low




Heating Value, LHV) 9aai@awnwdsvey dellouldannis Dulong Formula Aadansluannis

Faraluil
HHV = 33.801C + 144.158 [H - (0.1250)] + 9.413S ’ﬁllﬂ?i‘ﬁ 2
LHV = HHV - 22.604 H — 2.581 Mc ﬂllﬂ'ﬁﬁ‘ 3

Tagfl  HHY  eawdeugs (Mi/kg)

' [

LHV  ananudausn (MJ/kg)

C Fndulaenimiinuiiwesansuou (%wt dry basis)
H Fndnlnevhuinuisedlalasiau ewt dry basis)
o) Fadulnethminuiweseendiau Gewt dry basis)
S

dadrulaguvtnuitsvesdames (%wt dry basis)

INAUNITINAU WUITUINADINITNTIUAIAIUS DUVDIVEENNNNITAITIIUY ALADIN

Aa [ 1

AIAIINTU VIRIAUTENOUEDETDILIIN 14 Ussian NilAunsgIudadiulagtivinu
299A75U0U 1a1lASLU 99nTLaU bUlATIAU azdamlas AdlkandluniIsIen 4 1ndurinnig

UszidluAimusauadevesey 3naunisiselull (Ugws, 2560)

N
D HHVM,
— = P
HiR S guniIn 4
MTotal
N
D LHVM,
— i=1 =
LHVLr =l 2 dgun1InN 5
M

Total

1087 HHVior / LHVie  AAD1usouasuezsay (MJ/kg)

HHV, / LHV; AAusauva s ludlausasasiia (MJ/ke)
M; Uninvesesisazyin (kg)
Mol Uninvesesyianug (kg)

‘:. 1 L3 1
M990 4 ﬂ']lﬂ@ﬁi?ﬁ@ﬂﬂﬂi%ﬂ@ﬂﬁ']@ﬂ@ﬂﬁﬂﬂ3‘U'§3Lﬂ‘1/l(§]']\‘1 4

[ |

) dnehulaetdmdnuis (%wt dry basis)
2IAUTTNBUVLY

C H O N S Ash

LAWDIYNT VIEDUNIY 48.0 6.4 32.6 2.6 0.4 10.0
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) dnarndlaethmidnusia (Gewt dry basis)
29AUTTNDUVLY

C H o) N S Ash
nIEAY 43.5 6.0 44.0 0.3 0.2 6.0
NITAEAT NEBINTLAY 44.0 5.9 44.6 0.3 0.2 5.0
WAARNUILLANAN 9) 66.0 7.2 22.8 - - 10.0
M LAYRN 55.0 6.6 31.2 4.6 0.1 2.5
B9 780 | 10.0 - 2.0 - 10.0
il 60.0 8.0 11.6 | 100 | 04 | 100
wiwng)n Tulsd 47.8 6.0 38.0 34 | 03 4.5
wiwldl 49.5 6.0 42.7 0.2 0.1 1.5
e 0.5 0.1 0.4 0.1 - 98.9
agililey 4.8 0.6 4.5 0.1 - 90.0
lavy 4.8 0.6 4.5 0.1 - 90.0
VYLHUNTIY 26.3 3.0 2.0 0.5 02 | 680
Bu 26.3 3.0 2.0 0.5 0.2 | 680

19 3n5439AUE15BUNIY (Organic Rankine Cycle, ORC)

(Y]

NINTUIIAUAIBUNTIANSNN1TYIIU AD N1sURBuNTINUAUToUgUNYIAY

Y

Tug29 90-110 °C wmamdundsnulnimiuiginsusshvansdunse Wussuunisvinenunld

cala

nanN13veeiInsussAuwsldarsviulunquansBunidniiuialuanags anunsalieu
I3 a a o A o S ° . . ~ = a Y]
anuzanvesvalluleneumaiinn wseilgaena (Boiling Point) WawIuuiieuiugn
= S g v o a o g v a v W a
wanvasfldiluansvinulussuuusu viTlissuundn nssualninuuudgdnsusedu
a139unsd awnsaviliansvinnunatsaniuzanvesnandule ieldduiwiulazudn
nszualiiheanunlalagldunasnnuseugamaiion (dgns, 2560)

1%
v v T~ a IS

Y
wannsvinnuvesiginsussAuansdunsd udginsiugiunsgauniddigunsaingn

]

WALANWULAITYINUAILEASIUAINA 11
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Boiler (Qg)

Grid line

THW,o |
2 WtthU’Generator
|
|
Refrigerant pump |
p) |
4t
]
]
:
Condenser (Qc, Tc) '
|
1 B
State fluid
Type fluid 1ch Tay, Tewoy 2C — Liquid
<«— Cooling water == Vapor

€ Refrigerant
“4— Hot water

AN 1 uunmkansgUnsainsinuininsussivanstunsd

szuunannszualniinuuigdnsussfuansdun3dd R-245f Wuasirauluszuy
(uanepantRvesasvialuansed 5) lngansvinuluaniugveanal (39 1) azgndasn

SuanuTeunvdedu (Boilen) (3a# 2) lneUnasvina1u (Refrigerant Pump) 31ntuans

eusrsuauieauainiiseu meldanudund (P, = P,') aunsenudidaniivveamad

]
v a

dudfianz (Rad 2') nanewuledudin annz (an 3') wezduledousinBaianiiz (9n
#1 3) uign leSeuinBaazidngiaiu (Turbine) Yenemuazduinatseiuiasasiialnii
(Generator) Wandnnasulnfii nduauduLazaamnivedovedasinanuiinieeen

v v ‘:1' ¥ v ‘ﬂ' 1 [J ' k% o o ' < o t%
vosiaiuazanas (37 4) narhludauesosnruwiuinnisanamauiounnvdeiduile

[ 1 1d a v 1 & Y
A157NUAIVLL NS T UYL AT UAUNTEUIUNIS LANBNASS (ugws, 2560)

A1319% 5 AnaNUAnINIeN NVeETIneIu R-245fa (Higns, 2560)

AMENURA R-245fa
Fomaiadl CF3CH,CHF,
wialuana (kg/kmol) 134.05
gaungiianinga (°C) 154.01
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AMHNUR R-245fa
AUAURATINGA (MPa) 3.651
ANUNUIULUIAINGA (kg/m?) 516.08
Lean (°C) 15.14
mm%f@ml,mmiﬂmmﬁulaﬁqmm:ﬁ 90 °C (kJ/kg) 143.92
QRECINT No
Duiie Yes
ALT (Year, Atmosphere Life Time) 7.6
ODP (R-11 related, Ozone Depletion Potential) 0
GWP (100 Years, Global Warming Potential) 1,030

AUNINNANRAIERTU09I)INTRIIALUSENOUMERUNTAINEANTIaNNA 4 @7 e nile

Ayl a9y pTemIuNYY warly Bainsangunsaliieglinseuiunisanieasiiuagnisiva

AR (Steady State Steady Flow, SSSF) #adu TinsuUauudsundsanudnfiuasndsu

a1 v 44' a = a o = o a Y
auilAndeenin WelSsulfisuliunuvesnunarauiouieiniiala (g - w = Ah)

firsanaugandinunavaugadina vesgunsalisasdalunmil 3 18l
® AUAANAIU (Energy balance)
2Q+ 2, = 2Q, + 2, h, aunst 6
® aunaula (Mass balance)
2m, — 2Xm,= 0 aunsi 7
AUNITNNALAAIENSVBIINTNTUIIAY feauiBuadeluil

o (Pump)

W = my(h, - hy) aunsi 8
Wp = Myer Wp = Myer (Py—PL) / Py auns7 9
Tnefl P AUy (kPa)

v,  dsmmsdumizaesvesinaluaninvesvaidudinewdndu (m?/ke)
P Anuvukuuvesedlraluanwvesradusanawd1ty (ke/m?)
® yiiasu (Boiler)

Qg = Myer(hs — hy) A1n157 10
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9% (Turbine)

Wiy = Myer(hs = ho) aunsii 11

Wrire = Mutachine Nenerator Wrur ﬁﬂimi‘ﬁ 12

Tneil MNutachine Uszavsnmuaansesdnsnas 9 wussuuiesnaseudugiu
Neererator Usgansnmwenaieaiiialiii

\A3esAIULLL (Condenser)

Qc = Myerhy — hy) aunisi 13

Usednsnw (Efficiency)

U5zNNENSNINNRANINTIUVRIININIWSIAUAITBUNTE

Ning = Wy = Wp) / Qg aunIsii 14

PR31d@IUNUTDUNGU (Back Work Ratio, BWR)

BWR = Wp / Wi, dun15h 15
N15USERIUAMILATYAENS

MIAATIEAAUNUNTHERRENYIY (Levelized Cost, LO) anansausuiiiulaainiady

(%
| =1

A99 LU ANERIIE@IUan (Discount Rate, r) Anantlesuin1s AEULND wazAudslonid

Jusiu datusidldaunisdeluilunisimszirmsununisnandente (Ugns, 2560)

Inv + anpct
LC= . = (N aunsii 16
St
LC AALYIUseMIRY (Baht/kgsup )
Inv YaA1n13a99)U (Baht)
PC Algane518U (Baht/y)
Moyo  H3aU89HARNUNA (Kggyp)
n D1LVBIUTIN (y)
r AORTIEIUAR (%)

top nansiauael (h/y)
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o a

afen1simsziardununisudnliiinnenias (Levelized Electricity Cost, LEC)

q

1 1w !

amnsaUsediulaanndadenieg 1wy A8nIduan (Discount Rate, r) ArAantdusuIAs

¥ = v a a1l

ARuie wavAndslona Wudu Fersununsnanlnidenheasdeldvinduiudnssu

Falviaue Woannmsussuarduunsudntnilidendis lufiansanssesiiainissu

D

FolnihwvTeszesiainisaunu daudesdddaunisreluilumsliaseiadununisdnln

maviig (Ugns, 2560)

aunnsn 17

So LEC  andiunulihvienae (Baht/ke)
PEC Alganglunisndnlnised (Baht/y)

Wore  USunaunisuanluihvesindnsusefuansduvsd (kw,)

n1sUsiuinAnsy¥Invananine (Life Cycle Assessment, LCA)
AMUNNIEVDINTITUSTRIUTYINsTAnvewdndua [Wuignismisineaaanslunis
Usaiuuagiinneinansenuiudunndesludwina Mfendestundndusiieindns
Fin fausidunouniseanuuy M ingiu nsrviumsdn msvudnisldnundndus
nsthanldlmiviensldan (Reuse) saufansidandnsasiimdsannmsldou fudunis
finsawndasudisumianaunie Tnefnvidiunauwdnuuag ngaviild vendeain
n3EUIUNSHNG 9 TiUdeseengdduindendnansenusesruuinagueusiovesyuTULas

'
a 1Aa

a ¥ P [ a o sa & £% Ql' [ r-:l'
sguvdalindeulan LWEJ‘LJ?U‘U?\‘]N@G]JWW“VW]Lﬂu%ﬁli@@ﬂ%l”ma@@ﬂﬂﬂﬂ?m fananglunIng 2
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Life Cycle Assessment

From cradie to grave

Impacts on
=+ Human health ..
= Ecosystems

* Resources

AN 2 URUNINLENSINTNITINVOINEAS Y (Cradle to Grave)

1 ARloN1sUTHUININTTINAN et aam.

17
v A

1l demvesmsuszfiuigdnstinlininune enfredredstl “1WJunszuiumsd
Usziflunanseyumedauindon nefinnsannseunquiansyuiumsaanuasianssusng o 7
Rondestulusuvosingiiuuasndsey fenavsnduiagshnasaiieininsdinvoma ndel
9619AELYA LU NTLUIUNMTHERN N15UTTY N13ARKEN N1TUNTe5hw wagnsuusuldlng
suwdafanssudu q Aieadostonun IneBandnvesssuuiing gueutdiy uagnisin
n3ngrnsuliilundn” fegnienulag aueufivinervnudannden wazansiadl (Society
of Environment Toxicology and Chemical, SETAC) (eiflon1suseiduiginstinndndue
aan) unsNusIusnkagn1sUsedliua1reasvdiwara1sv1oen SINEIHANTENUNIT
Aunndeuiiflenaifndulussuunansusinaonigins®in” dugnienulilueynsumasgiy
1S014040 lngaAN13581I19UTENAINRIBNITUINTZIU (International Organization for
Standardization, 150) M3Usgifiuininsdinvemdndust daududeuninaiesdonis

danasudu 9 Wesainnisfinwinisuszdiuiginsdinlulanesaniznisuaesansiiy
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genuniissegufies uadinumiwansenusng q fdwasenisdndaymnisinudanden
voslan 1wy mMainnngdeunszaniidwalilanioutu lnenmsdnuinisusuiiuigingdin
unadUTinuvessanseuremandusiilldodundonnaenininsd Inveswdninei
warldfeyanansenuiuuifisrsanfiodmuauuanislunisuiuusmanfusiveq
AARAFNVNTTY WazLIMINIAITuN U uAIndeuTesnATFuazAAENTY TINTLY
Juteyaiiiousznaunisdnduladentondnfusivesfuilaanisussiutndnsdin
Uszgnaume 3 %umawé’m il

1. M3UstuagszyUiinaesntssnsdanndeuiiintunantisdinues windosily
YnAanssy (Environmental Loads)

2. MyUszdulagmavemansenudeduandouiidloniainiu (Environmental
Impacts)

3. Mmyvszdiumlenalunsuiuussdannden

F3nsUstliutndnsTiananset 10 14040-14043 THutstunaunisdiiineuves
nsUsiliutninstindy 4 Suneu Suuszneuluie winduansunmil 2 aumiiens
711974 (Functional Unit, FU) Imaawmﬁmﬁ’wmmaaﬂmﬂug‘dmamwuﬁw?mmﬁam

(Impact Category) Asann1saalull

IC = 2 (A x EF) auns7l 18
de 1C NANTENUAIUEIINGBY (ke CO,-eq, ke CFC-11-eq, kg SO,-eq, ke 1,4 DB-
eq)
A AANTIUAN 9 (Unit)
EF, AnlaLmesveINansEnuAuALIndouuiarUssinn (ke CO,-eq/Unit, ke

CFC-11-eq/Unit, kg SO,-eq/Unit, kg 1,4 DB-eg/Unit)
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1. Goal and Scope Definition

(MINMAUATBULURLLAY
wWhnune)

v 4

2. Inventory Analysis

Mslgnu

' WU SuUsendn foi
4. Interpretation

\Z R 23

e d o v o R ®  WNUNAYNS
(MshaTehitorhdgdau e TS5 LA oGP
NN 9 o Tidoyaruuszmnau
dwndon) MsUsuUsndndous) .
® yhnInan
VA : b

3. Impact Assessment

(MyUsEdiuNanTENu

VA

AURINADL)

ANH 3 NTOUNSANIUNUNTUTBEUIINTVInAUUNTULINTZIU 14040
n1sUszfiudninsTIndniwasifn (Exergetic Life Cycle Assessment, ELCA)

FEUUAUAMNTRUINITUTHUAMAIY NG TaeTRanUSuiaensinisaiewm

Y ) & dl ° ] Y A & g @ PN
AMNSouTeInasIuly 9 Rausathlulduselesdlaniounsasasonin “nasnuiiaunse
Wunldaulel (Avaiable Energy)” agndlsinnundsuiignlduselevilungs uasinnnin
Aasdy Gaanuisaiunlduselevdsals Inadnanni1snisuseliuiginstinvewdndug
ponulusULUU nasUANTaUaYa NFein1sUseiiuyinaeansigInstinvedndel
96798ELBA LU NTLUIUNMITHEN N1TUTTY NMIAAKEN N1TUNTe5hw waznsuusulalng
= a =~ A A % b = ax A oA o & . s
AAINTINBY o MAgITeiavue F93EMsUsviiudenidlusunsudnsagy SimaPro 13e3
Fu 8.5.0 Ingi5Fuia 8ay (Single Issue) kagA1uINBDNUIUTULUUAINABINITNFIY

dyau (Cumulative Exergy Demand) Siviaailu wngga (M)

NT1INIIVADULDNET

[

NuideiigidesiunistsaliuiginsTinaneesinn Wwenisianisvezyares

$AUTYINTUTAUANTBUNTE Teavidunlnwialull
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Aady (2553) lAn¥1uidensussdiudnansiinuewiauiiussauInuwin 500

[ a d‘

ml woulnansAnwiasouaquludasdindiudtunounisidudstngivifienisndn
NITUIUNIIHER kagn1smIavamuneigldau lunsusaduldgiudeyaainlusunsunis
Uszifiudindns?ind 115934 Simapro 7.1 lasldndnn1sAiuiuves n1seontuumiy
?%\1LL’JﬂéjamaqNamﬁmﬁﬂiwmqma’mmiu (Environmental Design of Industrial Products,
EDIP) FaduiBmsuszidiulasuiengy Nansenun1edaIndeutassUNNgNvoIHaNTENY
siodwuandon lutuneunmswanalaslilifinseifiomazuuudufevomanssnuse
dauandey lunsimsigiannsautangunansznuldiduamdu Ae nquaansznuse
FUAMNAUINEVDINY WY NFUNANTENUABTTUUTLIA LagnquNansenumMUNIsEninensueg
nMsfnwInudn nguaansgnuvinliAsauduivluomadenysd iainnsléunda
Tngaulunisudnuanuia (Raw Material) 98.71% ngunansgnuainuidunsauiain

N3¥UIUNIIHAR (Production Process) 75.10% dungunansznufiiinaauduiivnin

Seswnainnszuaunsinavanlgdlui (Recycle Cullet) 42.66% Mua10U NaN15IT84

b

AU TPYDIUMAVANVBINAN TENUADAILINA DUVDIAATYINTINVBIVIAUAIUTIIUIAY

iethlugnisusulsslunmsannansevudswndeusialy dwandlunini 4

120

100 L W HanNsENUFNG 9

g0 L 751 nsudrRaaLtt 1,000 nfu
60 12,66
a0 | .
24.05 19.27
20 L
o o o I . o o
CI 1 1 1 1 1 | 1 1 1

Contribution (%)

A 4 n5UsEiiudInsTINUeIIALAUTTRANIEIA 500 ml

i 1Bede (2553)
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WATIUINIUG LAy LATEE (2560) laAnwinisuseiliun1suasefingisounszanvas
weluladnisudalaiin anvezimauiasieTginsussduansdunid mainduressiuiy
inmﬂiLLasmnau‘lmaqmwgﬁaﬁﬂwaﬁlﬁﬂ%mm%mﬁ'uﬁuaéwsmL%q uiaduings
Jaymwezinliszmelnelilaansadnnisvesld fetudinauiisiniilmiananseny
#199 a0 Snvddenaliimdeunszandaduanmadidyrosmainniiglaniou dids
afeanudemonazndufedenyudunianlutligduiiniudnde fadudeliaanis
Jannsverernedaiu mathvesanlivsslevilaenstiruwdslwiidadudnmadennilsd
uananazuAlatymvezawiiowdl GeunsaanUsuiaiigiounszan wazann1ug
wFauanaasemAlddndae mdeiddimiminmsussdininins®in uldlunsinw
IAsRUTINansUassfingsaunsyanvesmalulagnmsnaalWihanvezimeauiameindns
WIIAUATDUNTE

31NNSANYINUINIIHER I INvEEIMAUIanIe T InIusIAUaITBUNIdrun 1
kWh 9a0adndns?in dUSuiunisuaesingisounssaniviniu 0.93 kg CO,eq ULNN
annsatisanUiun veriluilinauldie 30% wazanuTuumsudesfwiFounszanas
1¢da 51.47% flawflsufiunisinnisveeieitnismnes 34.31% Wewlsufunisinnisues

Y  ax ) A
ﬂﬁﬁlaﬁﬂqimﬂﬂa‘U @QLLﬁ@QIUﬂ']WV] 5

Heat sources
RDF-5 , Evaporator
Hot water generator
f 3 il |
— Lo
IK + ! Turbine Gﬁatm
—b—rb :I : -,v_,l
:N_.-» |
Hot water pump Condenser |
/A Refrigerant DLy
| I| |I |
= pump
waler —— T I
Reffigerant -»----» e remememeeeseemssmemeesenrast

a Y] Y a a s P a & a
AW 5 LauraveadinInsusehuasdunsd lumsldwmeluladiweindey

I WASTUINIUA hae LATg (2560)
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[ L4 o a sl a

a5nu wazAny (2559) lidnwinsussluigdnsindnigesinn lnanisandunis

aea v Y] 1

IAN5Y8EYar a8 YUTUIINAUTYINTUTIAUAITBUNTIAT M TAULLo Y NUITNANIST

D

Usziliuininstindnwesian lnenslifpdnsusiduansdunidiiionisinnisvezyanes
v wandlifiuinnnivssyadosgueunnidudomdneruuuimaluladnisuandemas
vezdamiuiginsussduansdunid Wuvsslowdlunn q d1u fendanu Auwnndou uas
n3we1nsnsdaasesiufiannsnanasld dmiunsanasesuezyanosfiaziiluilanavan
msuilaaminennslada 79% aameneuiagliusslovianveyyadosyury awisnan
wansznuldnnnd driinisadesruuiginsussAuarsdunidifanuqiiindu 70 kw, e
aduayudnenimesnsndnidomameslinntu dusdleviieiunslindsnuuagd
«

VNeINsUINNIIAMNTLEN [Hudaadnszuuiginsussuansdunidiluiumiafiazain

wardaduluNISIANISVYE AILEAILUNINT 6

1 tonne MSW
Collection
i ! ; T
: 1000 kg 5 1000 kg
L] h
Separation Saparation
1000 kg 5 kg 841 kg 200 kg 200 kg
Plastic, Paper, . Plastic. Paper, Otho
Ganden waste o Garden wasta rs
ROF Landil
Lanal ROF Landmi
ORC 20 kW ORC 70 kw
Electricity Electricity
32.5KWh 114 ®Wh
Scenario 0 ; Scenario | ; Scenario Il
1 ]
1 L]

AN 6 LHUKITDIANTUNITAURNGTDINTITINNTVDILEB LD d0U
117: 4301 wazAe (2559)

NUUAYSA Lavaug (2543) ladnwdguivesiindunislunming aeegisseliio

lnedisnsdnnisverlulaqdu fe msdnamunuienensuvwvesludunquilanauiioglu
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d’f 4‘4' 45 a [V o a 1 £ [ 3 = a o <3 a"y o a [
Hunau gerenldInelunisaniunisreudieas auiuddianudndundeiiunisdanis
YezlunmInedoninann wuuuddelasinisasnnisasuveslunrinedordundaany
Tugdarudou wWunmsdrsateya Ysunawasyssnnvesvegluaninedededni was
UMNINYFELULY WaANSAINIUNNTHARLYDLNAIVEY BWATNANTENUABAILINABUTLANDN
a d’lj a a 1 d‘ d‘ U 1 S 1 d‘

HAMLYBLWAY taed 2 lasanisgnedouledny na1Ime tAsan1senei 1 lay

a v o | & o o a ° 2 X a &
wInedededvdidunis@nwuazaiiunisiivesyusuiwlastuiemdudsduguuuy
waluladni1suaniondwes wazlasinisgasn 2 laguniine1dowilsd Wunisuivey
& a a o & a oA a | o = v A a 9
Wandwndafinvenaaienannseualniidely wazdlinsfnwdenguuneiiieites
FUlATINIS NANISANEIANEATNAIUUSUIMNYEE WUINUSUTuveEAsnnTuly
uningduesindiategn 4.28 Ton/d uazgumingrasudlafiusuiuvey 1.55 Ton/d
Ausuuminedodeddud wun Useinnveassiaiunsadiuindndionasasidunanain
ANUAIENTEAY bazsawlyl FaiUSu1asIu 2.09 Ton/d HAnuiednalun1sHanamaIIN
wialulagnswandemaseey Tuszauadedanuuan1dnisuany 200 ke/d Tassnstoed
1 1A53n158150N15HANTONEIVETIINVBT YUY NTEANYINNIINEIdeLTeslnaidu
nmsfnwazanlunisivesguyuulasduiomauddugy maluladgnisndngoinas
Y Uazln1IANYINTURANTENUADAIINGDN LAZAUUYDIVELITRLNAILUUMALULAENS
NARLY LNV

HANISHAILINTEUIUNITHEN WUIEWTaREATEztanasls waslnnandmng o

dgl/ a [~ 1 ) I I a ¥
vaugomdslulunuainingiu nan1sAuinAnansenusedwingdeulagldluswnsy
o @ . Y  ad . . ' v ¢l q' a
mLif\]g‘U SimaPro #3838 Eco-indicator 95 NUIMNANIENUATUFUVNINUDIUYWENUINYIER AD
HansENUNAnaINNTUasuwaEnIngie1n1A (Climate Change) HAN1IAIUINAUNUNIT
HAnvEzLiomEvey Tuilesiu wulndauyumindu 3.58 Baht/kg w39 3,581 Baht/Ton a4
Y IDNAINHANLS 1ATIN15EReN 2 Angatnnisuantndinlaeldwiadiamadsannmalulad

a d’lj a a9 a v} 1§ Y & o dgl’ a ‘:ll a
ANSHAMYDLNAIVYY: NTWANYINMINGIB LUV UNITUIVELLTBLINEY NNANINLATING
089 1 UNAANITIBINEY F981115aUNUNAANSEa AN Tag g AT aseundunUN 8Ty Na

ANYINUIVELLFDINAIANUITONANULNTURAALA 45% NA1TENNAT 63% (18 kW) Wa

= I a1 o o a

msinsesilewde nutiidviinindiinssiuresedesusifion uenaniigunaifiuiing
AN bngagiiAUseunas 1,100-1,200 °C 6?5@qmﬂwaﬁlumsﬁﬁmlmaﬂ%uﬁLﬁmmﬂ‘wmaaﬂ
Turszdonas nanslesgimaasugamans wui lasnisasiarudumudesaiiiu
figadadlifini 34 Baht/Liter uazsavezidoinasialiiu 4.0 Baht/kg Tnsazdanduyy

Uszana 6 y lunsalfildaevi@omndnluidomnas 100% Jaununisuineg 2.82-4.73
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Baht/kWh uaganlilil daufinainnisudaliinanvezivendnaenaqeaiudununisuin

YopLaINEY AITOLT 3.5-4.5 Baht/kWh fauanslunmd 7

Solidificetion
mach

S er T o i e

wFgkng B Clashed 0 SHgh-rgeraue Bt » Unlee setsiaces AN @5 suppbed 19 4
e appespraln ure  dned aad deodorres  lor henl sach R e peevent o comenton [ | HLF oacting
Ko deying L] medoiorn oo reroved @ Subalarces e tormd of mackra
SRS A cnahed Lmh ) ""”""“?,%‘;
tho sppooricte mice )
o arrang FDF ma n?;qmnin‘:m =
petalos, dorage and noF
GBSO, SO0 SN0

NN 7 FID819NTEUIUNTHARNVLLLTDLNES

U7: NULNYTH hazauy (2543)

a v CY

aATw Ugns uazdnsius (2558) lavinnsaasersuunisdnliiiainigdng

9

[

usIRUENsIUNIE aurefdaniswanluih 20 kw, Ingldidomathnalunsaninfeutlou
Tiuigansussuansdune ddlunuideildinmeaeutpinsussAuasduridiagli
Fougaumaiieglurig 90 °C-120 °C wan1sfnwimudn 3nsusefuansdun3diuseansam
Uszanal 8% uaziilotinaainnismageuluiiasiginidunulunisudalui (Electricity
Cost, EQ) Inianasinnaiifidnenmluiiuiinnamie sutsznoufownau dadinlng
waziewllnaannuIFenuitsiadununisudatniivesinay Fat1ilne waziawld &
A1UTEAN 9.46 Baht/kWh 8.89 Baht/kWh wag 10.33 Baht/kWh aidfiu wazduyusian

Funana 3 ¥in AmunzandInsuAINITsUTe 1 NWBAsTuIavesUsEmAlne N 5.34
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Baht/KWh g/l 1,150 Baht/Ton 680 Baht/Ton way 540 Baht/Ton audsfusiauandlunin

W8

Biomass boiler
_________ Screw expander

Evaporator :

Generator

Condenser

Pump
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un: oAt gns uazdnIius (2558)
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Start

Input
Minpuss G H, O, 'S, top

v

Given

R-245fa, Ts, Te, Mindneston SH, SC, Marars Mo

v

General Waste
LHVgor = LHV; My / Myeia
Qrpr = LHVror / Mgpe
Mgor = QRDF 71 T]\ncimera(or LHVRDF)

v

Incinerator
Qg = ( n\nc\nerator QRDF)

v

Condenser
h, = f(Tc - SO
T, =T -SC
N =)
s, = f(T,)

Pressure

v

Solution Pump
Sps = 51
hys = f(PH,SZS)

T, = fPyh,)

h, = [hys = hy) / Nl +hy

v

Vapor Quality

Xq = [(sq = 5¢c) X 1001/ s

v

Heat of Pump
pz = f(Tz)

H, = (Py / Pge) x 1,000

'

Heating Capacity
Wth,Tur = mref(ha - hy)
Q= mref(hll -hy)

Wp = M, Vi(Py — P) / Msp

P =f(To)

P, = f(Tp) Bt

Boiler
hye = f(Tp)
hye = f(Tg)
h, = f(Tg + SH,Py)
T, = Tg +SH
Sa=AfilE R
pa = ﬂTSrPH)

Y

rhl = rhz: m3= rhazrhref

Mass Flow Rate
M= Qy/ (h;-hy)

v

hg = h; - ns,Tur (hs = hy)

Turbine
Sgs = S3

hgs = f(PL,545)

Ty = f(Puha)
sq = fPLhg)
sec = f(To)

SfeC = SgC ~ SiC

\ J

Electrical Capacity
WORC = Wth,Turns,TurnG

End

A

Efficiency
nth,ORC = (Wth,Tur = WP) / QB
ne,ORC = (Weﬁur - Wp) / Qg

WA 12 WU UUTIAINIANAAENTYDLTNINTWIPUATBUSY
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Tnedl

Y

KYOCERA Crystal Device (Co.,Ltd) Thailand

1. Factory Building
2. Utility System
3. Production Machine

Y

Operation Phase
1. Set Quart Crystal and Sputtering

2. Quart Crystal for Assembly

3. Lid Covering and Frequency Adjustment

4. Marking Quality Check for Shipping

vy

Y

D ission. P
1. Factory Building

2. Utility System

3. Production Machine

|
|
|
1. Waste Water |
2. Waste Scrubber I

o v v Aa a LY (3 L4 a v a J [
AN 14 ININTVIAVDINAANUNAIDAY ATERNR gUR ﬂ@‘u‘ﬂi‘U‘U'}:\‘I

AMTUTEIUNANIZNUT 6 AU AB 1 Anglaniau (Climate Change Human Health,

CC) ke CO,-eq 2 mMsanasvastuloulsy (Ozone Depletion, OD) kg CFC-11-eq 3 Anazely

AsA (Terrestrial Acidification, TA) kg SO,-eq 4 mqmﬁuﬁwiawwé (Human Toxicity, HT)

kg 1,4 DB-eq 5 fNumeosyuuillaAduuun (Terrestrial Eco toxicity, TE) kg 1,4 DB-eq hay

Anuduiiwreszuuiliaminda (Freshwater Eco toxicity, FE) kg 1,4 DB-eq lagldlusunsy
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Sudu emuimanisanudesnanssnudiudauindouis 6 fu Lesinaanseny
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iUy ¥senisteyareun i veutiniinge WeUszillunansenuludnlasaiie

AUNITANTUIUY LAZEIUNNTID00U Inels18adunLandlunIng 15
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1. Incinerator building

2. Combustion Chamber

3. Treatment Chamber

Y

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
[ Input j I
I Operation Phase
I
I
|
I
I
|
I
I
I
I
I
I
I
I
I
I
I

== — A = - 1 Combustion Chamber | | | |

| L

: I P~ 2. Treatment Chamber | | Hot Water :

| s -+ O <~ J
IL | > 3. Exhaust Pipe |
_________ | |
Y |

Decommission Phase : |I ————————————— I

1. Combustion Chamber N Waste
2. Treatment Chamber I | Ash Content I

3. Exhaust Pipe : T e — a
I
AN 15 N5UTBEUIINTTINVO AN KNIV TALHINT

MNSUUSHALAEUTHITUNANTENUAUAIINRBY VDUANNIVEEUAHINTITIUIY 1
kg TNAANANTENUTIY 6 AU 9 TaLinnansenuinnfigaietluusuUssasiansannisuily

Ysulpamudanaausaly

nsAnwInaNIENUAUEILIndaunaan I INTTINVassTUUNEALHAN I INTUsIAY

A159uUN3e

Anvinansznuaudsinaeunasni)insdinvesszuundnliindgdnsusedu

a [

A159UN3E LNDUNAN LA LUUTLEUNANTENUVDINTEUIUNISNANUDIAIDAD ASAFA 8ls B
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ynsUsulge definsfassssuundaliinfndnsussAuarsdunds dWoldluniswdnvos
159971

Whunnen1sfinw fie Idnstinvesssuundnliiigdnsusehuansdunid aasneny
1991 30 y

YBUWANISANYT AD 19IN5TINVBIszUUNEATNT)INTUIIAUAITDUNTE WU A3
a1 1 Tasfinnsandaudlassadne mssuiaghu nszuaunsndnndnsioe Yangunsal
wagnslandandn st

Men139191u Ao wasauliid 1 kwh

FaviTgdsensteyavesszuundnluinigdnsuseAuansdunid edsziliuna
nsznuludalasiadng daunseidun uazdunssensu lnedseasdonduandlunini
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1. Hot Water Pump

2. Organic Rankine Cycle
3. Cooling Tower

Y

Operation Phase

1. Hot Water Pump

2. Organic Rankine Cycle

3. Cooling Tower

Y

D ission. Pt
1. Hot Water Pump

2. Organic Rankine Cycle

3. Cooling Tower

[a52N
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naUszidiunansznusie 6 1y Taeldlusunsa SimaPro 1as#u 8.5.0 Tae33 ReCiPi
Midpoint (H)

vimsuUsnakazysedunansgnuiuasindonvesindnsusifuansduniddiuiu 1
kWh FuAnuansznusia 6 1 4 ImLﬁmmaﬂizmumﬂﬁqmLﬁaﬁﬂﬂﬂ%'wgﬂLLazﬁmiﬁmmi

wlvUSulsinudwndeusaly

nsAnEmansEnUAUiIndaunaanininsiinvananiugintand Asana gl 1as

QURTRTIES

a o

ANWIHANTENUMUAIINTOUARDATYTNTTINVRNANAMTIAIENG ASaa &iln ¥aINTS

YFuugsimihnusiudunenvesuas seuunan i igdnsusshuanssunsd

o

Wmngnsdnen Ae Anwinsusaduininsiinvesndndue aend Asada giln

MRINSUTUUT maenegnisldein 30 y

L2 3 a

YOUANIIANY Ao YINsANYInABAT)INITInveHaninmiuLUU 1AsiAa 1) 1N lay

[ a a [y

M50 ALATIA5T9 N155UTREAY NIEUIUNIIHARRERSNI Tangunsal uaznislauIds

9

nanALN NITlURITUlUEIUNNSdIBN

a o a o

@A YUM 97UIU 1 Piece

Y

MHINTINUY Ae WEASUAIAT A
Foviindsensteyavesnszuiunandn eussiunansenuludiulassaiisennns
Tssu dhunsdiiiuau wardaunisiensu naeniginsdinvessdndast aond a3ada g
fin vidamsuiudgslnensussifiunansznuiia 6 du Tneldlusunsu SimaPro Lesdu 8.5.0

1ne33 ReCiPi Midpoint (H) TnefiseaziBenuandlunini 17 uaz 18
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KYOCERA Crystal Device (Co.,Ltd) Thailand Output
___________________ A ———
| |
Construction Phase I Pollution |
|
1. Factory Building | 1. Waste Water I
2. Utility System J|—> 2. Waste Scrubber :
3. Production Machine - 4
———— e -

v

|

|

|

|

|

| I

| I

| I

| I

| I

| I

| I

| I

I I

I Il

Operation Phase I | |
. Set Quart Crystal and Sputtering t I > : I
v } I
. Quart Crystal for Assembly —H l : I
\ ' !
| I

_|. I

|

|

> |

|

|

|

|

|

|

|

|

|

|

|

|

—_

|
|
I 2
| - a
|
| 3. Lid Covering and Frequency Adjustment e e e e e i g N e L ) I
i 1 I
| | 4. Marking Quality Check for Shippi ik Froduct '
- 1 1
| 4. Marking Quality Check for Shipping o SMD Quart Crystal Unit :
1
| * |
| |

| | | |

= Decomnission Phase

I I | 1. Factory Building

L _! | 3. Production Machine
|
| S 0 " ¢ -

3. MSW Transportation

I Incinerator I
| ' | |
| |
I I Construction Phase : Output :
|

| | |
| | : |
| ' I

| Product

| Operation Phase i I
I | | Hot Water :
| ' i

| | |
| | | |

Pollution |

| : Decommission Phase | ) . |
: i I Air Pollution I
| |

|
|
Input | Construction Phase Output
|
' '
|
| Product
Electricity

Decommission Phase

R

|

[ |
' |
' |
' |
' |
' |
' |
|

| Operation Phase :—>
' |
' |
' |
' |
' |
' |
' |
[
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a a

ymsulswanazUssilunansenuiudanndey vesndnsnsiniend asada gin
NaIN15U5UU9v0InIEUIUNISHER Tnen19vi1susindussuundnliinigdnsusedu
A15BUNIEIIUI 1 Piece TuRanansenuti 6§ q lainansznuanniigaiieily
UsuUssuagfinnsanmsudluulgasudanndensoly

MsAnyINMIUsElinininsdindneiifnvawnaningintend A3ana alin nouwazuds

nsUFuUse

AnwindnsTindnwesifinvemdndueiniend A3ada efin neuwazmdansusulss
WSounsdnw1indnstinonwesinnveunNIveziamInss wazdnwindnsiinenwesd
a v @ a a a6 IS a =2 P a a
Anvasindnsusefuansdunid lnelisteavidunlunisfneyl Ae nsussliudSunauay

1% [ v 1 < o < v ¥ [N =~
ANAMIUNEITANTaUNIBTY Wngga (M) Sunsenuiduidetesdissialuil

o = A = a o o aNa < aa a v (3

Amuadmunenisfine fe Anwini1suszluingdnsdinidnwesdannvendndud
mend Asana uln WKy ke TnusAnasBunIdnaenengnislde 30 y

YOUWANSANYT Ao AnwinaenininsTindnwesdinvendniuguuy 1Asifa 1
N9 TgTaNRAILALATY N135UTRGAU NszuIUMIHAANAn I Tanaunsal wazn1slaun
2 a v ¢ O A aa | | a = =
Fanaedua Nallufasanludiunisdesn lnslisvasidenuandlunmi 13-18

U ¥s1ensteyanaun1suTuUTe iemaudeInsnasuaauiulasas
91A31399°U ATUNITAMTUII KAZAIUNITIVNOU NABATINITTIANARTUY AR ASadE
gl §RvURTIINTVOLAVBUAUNIVELYTAKIATY LNDMIAIINABINITNEN AL AUAIY
lasaa$1e AuNSANINOY Uaza1uN1sIeneU nieuridnindydsenisteyavesiging

o w

a a a6 1 % g.J/ Qil’ U o Y v o a r-ﬂl 1 Y v dll
WseAUANTBUN3E Wuiunsillunsiavhdaadeyaliuenviiazssuuielilviduay leewn
USunaudayaildnuausin

MNISHUSHALAZUSLUNAAIUANUADINITNAIUAL AL VDINARNUIAIDAT ASERA

giln NeularnaIN1IUTUUTIswAUiginsussAuansaunsdlagldaimaaey



U 4

NaLAZN159AUS1UNE

371nN15ANYIN15UTEIUTInsTia wazn1sUssduindnsdindnwesifnves

A & a =

Wansusintend Asasa giln Yullnansinudsieludl

Had19UsIMvEzyanasTuuTEN e ATaRa Al (Ussnalne) 91in

'
Yau a ¥

ndeyaiildannnisdisie Mngisuiiveusudndonvesisn wui Unames
warlosfiAntuluuiend we. 2560 SUSumvszyadosTmTanun 97.41 Ton/y Tasd
USinamezyanesaniigaluideuiuwiou $1uay 17.65 Ton 589881 Ao Lieuiusiou
91U 12.66 Ton ip@unguInigy 12.11 Ton ieudmnay 11.63 Ton uazdusiugaiing e

WOUSUINAN 0.38 Ton AUAIAU S18aLLDUAREAIIUAINA 19

2 120%
17.65 I General Waste

97.99% 99.6% 100.0%

~@-%Accumulation 93.9%

16 | 87.8%
81.6%

4 100%

4 80%

-4  60%

5.96 1 a0%

+4  20%

General Waste Quanlity (Ton/M)
[ee]

1 1 L 1 L . 0%

Al 19 YSinawesyaregluwniaugnamnssuniamielul w.a. 2560
NUUYIINTAITIUAEARLENBIAUTENRUTDIE EYarasluUSEW henlwd ATada A
T (Usewmelne) 910 nudt dwanadin (geudianuseu gaiianatain) unfigaludTuiu

73.86 kg Tudndau 48.64% 509897 A8 LAWDINIT 29.23 ke ludndu 19.25% 7iude
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Usgnouluaiy wawld 10.56% H1Unayn 8.85% watadn (WAIUT UVINLATOIAN) 5.76%
NIZAY LAZNADINTEANY 4.76% LazdU 9 2.35% FI91ANITAIUIU WU VEAINGE?
annsahunidduienamey NAANSaURN (LHVRo:) WU 20.48 MJ/kg

=

HAN13I1aIMNeANNAIENTYaeTsUUNEAWR TN ssAua sBuUNTE

=

AT 20 KAAINANTITATLINVBILUUTIADIMIANAMEANT WU USunvesyatey
Aeamdnlunsazdaluseglugiesendng 0.53-17.58 kg/h (81989m1uUTuvEEVRUARE
Wou) waziilothvezasnanliiidemindnvezsiiondauiiou Lazganuliduszuunda

Il dnsussfuansdunid anunsandaluinlalugig 0.25-24.51 kW, MItuIwInveIssuy

'
= = = a a

naa AT TnsuseRuasBunIgNmunzan Ao 10 kW, $7uu 1 1A399 NHUTZENTA W
[ Y a a a6 = ! 14 d‘d’ o ! v A
Y833 INTUTIARUAITBUNIIUSBUI 11.02 % Fenudrdeyanfnwisindndeliifieane
dmdunisdmdsnululimaunundanunsudean ana. Jslddnulaeglideyaverluiun

taugaamnssunAmiledaly auau

30 50

24.51 EZAMi,Total (Kyocera) ~ —@=WORC,e 1 %
40

25
35
20
30

15 25

ORC (kWe)

20

10
15

General Waste Quanlity (kg/h)

10

A7 20 YSinauvesyanesuazauInseuUnaa i igdnsussAuansdunsd

Hag13UTINMvezyarasTuvaliaugaamnsIUATAITle
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ndeyavTunuvezyanesluluallaugaamnssuniawmiolud w.e. 2560 wuil ua

1NA15ETITeYaUSI MV zyareg I IndnUlagna NI IUAIAWTD U 68

v
v

9

Y

U9 dUSinameeyaressiuiavun 4,318 Ton/y lagUSunaeryarosvesuiem 13

[

diannselind (Uszimalve) $1dn Tuinigasiuau 670.47 Ton/y 5898311 As U3EW 81u7

LuULHALRDSY (Uszwalng) 911n 485.62 Ton/y USEm y31ny Bidnnsetind (Usewelne)

o w

91AA 419.23 Ton/y MUENU wazduRuanyg Ao U3 wlawu (Ussmelne) 911dn 0.45

Ton/y Miswaziduauanslunini 21

800

700

600

500

400

300

200

100

14.12%

50.22%

59.83%
55.81%

62.58%

65.04%

.97'41 o 74.98174.95((71.67||64.05| 60.00

7976 1500 77.54%77.55%
5 76.

74.6

67.30%

[ General Waste
~@-%Accumulation

z|

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

General Waste Quanlity (Ton/y)

y@ y@ y@ Y@ PR y@ y@ y@ Y‘é y@ y@ y@ o y@ Qb y@
& %LO' R N AN A G G RO & & @
S Pl S
N XS [ S © @ S @ S 3 QO $ o N\ &
S & & V & ¥ & @ §F O & ¥ Lo N
N N & o LR FONFNEEN
S @ ° > & F NI
NS S Y < W, SN
< RO O(,Q/ ((\Q
S W

A 21 YSinawvesyarlegluwniavgnaivnssuniawidelul w.ea. 2560

ntuiinsdsauardauenedusznousesuerlulundaugnaivnssuaaimie
wudn fiwanadin (geydianuiou qqﬁawmaﬁﬂ) unfigeludngan 48.64% 583891 fie Ly
0113 19.25% Tndeusenoulude wawlsl 10.56% fTaagyn 8.85% wanadn (w1 120
\ASRIRL) 5.76% AN LANADINTTATY 4.76% Wardu 9 2.35% B9aNN15AUIL N
sezsananannsotnlfiudemdmey Alnnudous (LHV.pe) Wiy 20.62 MJ/kg

HaN1331909N19AMNAANSVRITEUUNAANH I TnsussRua sBunSY
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AW 22 uanINaNsAUINYBILUUT s sAdinAans WUl Usinavezyaresd
dosidalunsaziilusegluriegeming 372.50-676.14 ke/h ($nadennaSannverueusiay
Fow) wazidlewvesdananludamniinveniiondmiifou wazdislifussuunan
il T dnsusshuansdund anunsandalnil ldlutng 176.19-319.81 kW, fafuwuieves
seuundnlninTgdnsussAuansdunidfvunzan Ao 150 kW, $1uau 2 LaTos A

U5eANENMT0ININIWIIAUATDUNIEUTTUI 11.02 %

800 800
Mi, Total NRIE WORC,e

700 | & 700

600 | 553.49 600
A 520,65 . 538.25
c . -
> 500 |464.35 466.39 4r3.07 - : 500
=~ —  019.08 , )
2 4 15: : =
< 400 | [ :" :" : 400 <
: 2
o]
o 300 | 300 ©
@
% 200 200
o
)
g 100 100
g L

0 ! ! 0

Jan  Feb  Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec
2017

AW 22 YSinaesyanesuazawInseuunaa i igdnsusuansdunsy

Han1IATzAAunUNEn WA davlvewandueiAIend ASaRA Biln

1Y a

HAN1TIATIERAAUUNER Aenie vasssuunaalnilnigInsuseAuansdunsd
Tneldidomassz wuin fdwiafu 1.50 Baht/kwh udledaitlédendnluidisuuen
Iulihavesuismuism e adada ilad (Uswelng) 1 Tudl we. 2560 Fedlinde
AN 3.22 Baht/kWh azanunsaanaUSunamsldndsanulnialawiniu 1.72 Baht/kwh

NUALLDUALAAIIUAITITN 6



aq

M13199 6 AunuEaaliideniendsinnsszuuranlni T Insuseduasdunsd

= v
EUEHRLT daya
a1gnslduvessruundn i i Insusediuansdunid (N, y) 30
USnaundanulninfndnlanaonist (Pwose = Wore top, KWH/y) 2,747,798
Warlun13awulATInITIIN
25,935,250

(Inv = ZORC + ZLand + ZBuildind + ZPiping + ZCooling tower T Zlncinerator’ Baht)

AlgIglunisndalnindeUvasssuunanlni1igdnsushuansdunie

, , 2,830,110

(PECZ = PECRDF»l + PECe + ZOM,l + ZOM,Z’ Baht/y)
AltanelunsndnlnineUvesusevniAeniesi asana abad (PEC,, Baht/y) 5,250,432
ons1n1stenasnulninvestuinseu JutndaussunenINusoU warNnauUed

. 610,032
NORITTUEANUTOU (Pwe = [Wow + Waw + Werl top, KWH/Y)
§n31n1s19doinas RDF-1

612.19
(thDF—l = [3600 QB] / nincinerator [LHVRDF-I/ 1000]), kg/h
ﬁi’léfuvqlumimamlWﬂﬂGia‘vm'aElsummim5@1Wﬁ1%5’@ﬂﬂ5§@§'&izuuL%@LW?W%
1.50

Fuiuszuunaalninininsussfuansdun3d (LEC, Baht/kwh)

o/

HaN1IATIZRUYUNSHERdaVUIE YR AR NIIAI2AY ATaRA Biln

v a v a

NTHATIBNAIAUNUNITNANROMUIEHENTUIAIBAT ASaRa giln TIuAUTTUURER
1 TndInsussfuansdunidlasldivendaes wuin da19uusdentigveInIsHanyiniy
1.46 Baht/Piece ailAnAuyunsnanseviiyanas 0.01 Baht/Piece HNTzUIUNITWAALAL]

A10g7 1.47 Baht/Piece s18azidenuandlunns1ai 7

M990 7 UaAIaRAUUNERf 1t Ie1E N AnAITEUURARLIT T TnsusefuansBunid

318AZL98A dayanauliulye | dayandediuuse

YAAINITAMUTINVBIUTIN (INV = INVerogyction
1,552,000,000 1,574,685,250

+ INVyityy + INVaidding * INVcompony, Baht)
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318aZ1980 dayanauliuuye | deyanasuiuuye
3901AA0T (PCeiectricry, Baht/y) 5,673,317 2,420,322
iﬁmﬁhﬁflawiaﬁ (PCater, Baht/y) 165,000 165,000
510181180519 (PCyyrogen, Baht/y) 823,000 823,000
AaNEA ST AT (Mgyo, Piece/y) 63,062,000 63,062,000
53888 UNTINNY (top, h/Y) 8,592 8,592
21gmsldau (N, y) 30 30
ARuYUsiavie (LC, Baht/Piece) 1.47 1.46

Han15UTiudNINSAINVaIHEANMTIABAG ATEAR Biln

HaN133N U TI1ensTeya Audangunsaldiunisaniuanuvesusyen wudn

[

A3999NSNIFTUNITNARTUIIUTTIWIU 380 LATDY wundulASeIdnsNTd unauduTan

agiliflun 22.25% ansuazien 20.68% Janaunuilad 17.57% agnalain 7.03% an

9

q

VIOIUAY 6.44% JARNANTED 5.27% Wazdu 9 20.76% seaziBuauanslunini 23

A 23 TangUnsalvean1sadunuuTEn Wl Asada Ak (Usewelng) 31in
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ensteyaTanguUnsain s liuauresuTem Weawsn Asasa Akl (Ussmalne)

[

° ~ = PN
1N NiqﬂaSLaﬂﬂLLaﬂﬁiumqiqﬂw 8

A13197 8 Uydsnenstanaunsaldiunisdniununindosioadud aend alada giln

51981980 Usuau (kg) 31881980 Usuau (kg)
Lﬂ%@ﬂ%’ﬂsi’aﬂaqﬁtﬂw 133,950 118 UPVC 40,000
anguazilon 124,500 iresdnsTagmeaung 38,775
ip3esdnsianausias 105,750 i PVC 35,000
Viownatum 50,000 \sesinsianmanvde 31,725
Lﬂ%@ﬂﬁﬂi’ajﬁﬂwmﬁﬁﬂ 42,300

Han1sdIateyauIenldaniunisniandndueivanag 2 nanduilaun Suduil 1

SMD Quartz Crystal Unit fiusunainisnaalugae 2.80-7.60 Million Piece Tneiade 5.24

'
v v a

Million Piece Anlu 86% Lagduduf 2 Lead Quartz Crystal Unit fiUSunaunisuaniuag

0.33-1.40 Million Piece Tnetads 0.84 Million Piece Andu 14% faiudauduiiunuazivama

[ v a

wan AgAndunuidedonlddeyavemdniasioadud arend asasa elin lun1sinsei

HANTEVUMUAInReNvaslTeluasel Inenan1sdndndsensteyavein ey

| o a a a a
AIUNTITNNUUINU NiqﬂagLﬂﬂmLLaﬂ\ﬂuﬁﬂiqﬂm 9

A13197 9 YayAsrensdiunsaniuanundndneieadud mend a3ada yiln

swazden Usunas (kg) swazden Usunas (kg)
pailonalules 93.65 HNATOURUULSEU 35 C 331
shuldsunanadin 53.31 WUUAMUdD NN 0.23
FITOIHUIIU CX-2016 16.66 NIEATYEYIIA3S 0.10
WHUTAIIY CX-208C 16.31 T YU UULAITU 0.74
MRy 155.02 09 P.E 0.13
NABARANTIILIG" 27.44 finm 0.03
wUldI1U50325A,B 22.22 WUALADS 0.31
Judnsaaneldia 20.74 2ANANFIIU 0.11
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51981980 Usuau (kg) 31881980 Usuau (kg)
galdaunanasin 20.57 fnvgae 0.24
wUUnsauldauy 17.40 WURAUTIYSua 0.22
guulwihadnd 15.55 rnafienlun 0.21
fPndu 49G, 91F, 41M 42.03 qﬂﬁaﬁumm%@u 0.01
wURARUTENUAT 2.53 i uazeIn 0.12
N1AAIIU 27.17 wilnUsuau 0.09
Wadu 5.09 wuasivielaysou 0.01
wgiln 13.43 failor 0.01
WMURAAIUULFAIIU PSA 2.64 qaﬁaqu 0.01
ARTPRRIE Rt 16.65 qaﬁaqu 0.011

AsTAEUS LY 0.007
wvispdend Asasagln 83.33 wuuseiles
AZLNTITNIU 0.2A N3A1Y SATO 0.007
(24latl) 0.77
MUY 8.33 WwUkuu OPP 0.019
PTUATIBNIU 0.3A UFtiy
(2ala) 0.66 0.019
WNUNDS 0.53 AIUTIRU 0.019
shuldsuan 1.15 wmUdr™M 0.011
failegnaluasu 0.67 FnTUnayNEe? 1.933
nasdldau 7.01 nasdldauBlank 1.852
ALAY 0.41 galdauegiiiiey 1.707
FANLIA 56.66 N3NNI 0.289
NzAYaLNaD Ad 0.46 YAAIAAINNTOU 1.411
nszaulupdugy 0.17

EUELEGLL Usueu 318aL980 Usueu
nasulnWAN (kwh) 54,424 - -
Aelulasau (m?) 7,392 - -
vuzianDY (kg) 9,828 - -




M15199 10 Un@srenisdrunisiensuianaunsal vosaninaioadus aend a3ada giln

a8

a

Y

S19azd8n Usunas (kg) S1wazden Usunas (kg)
\nesdnsianogiiden 133,950 | i@ UPVC 40,000
aﬂgu,az{iam 124,500 m'%laq%’ﬂﬁaqmmm 38,775
Lﬂ'éaa%’ﬂﬁaqmmul,aa 105,750 718 PVC 35,000
ownabun 50,000 Lﬂéaq%’ﬂﬁaqmé‘ﬂwda 31,725
\P3esnsTanmanadin 42,300

Han15UIEHUNANTENUATUENIAG UV ITanUNTldIUNTTANT NI WUl

nansynuiivanUassuan1izuiniign Ao euluiivsouyue 8.896E+06 kg 1,4 DB-eq 1

NTARVOIAT 7.096E+06 kg 1,4 DB-eq Amu 79.76% uavianegiilun 6.523E+05 A

u 7.33% nasiusesasun e n1iglanieu 2.069E+08 kg COreq 131N Taneaiiviley

3.952E+05 Anvlu 19.10% waziannound 3.067E+05 Anvlu 14.82% s1vasidunuandly

ﬂ’]‘W‘ﬁl 24

2.0E+07

1.8E+07 |

1.6E+07 |

L4E+07 |

1.2E407 |

1.0E+07 |

8.0E+06 |

6.0E+06

Environments Impact Quantity

4.0E+06

2.0E+06 |

2.069E+06  5.240E+01

8.896E+06

Impact Total

[ PVC Pipe

[ UPVC Pipe
Galvazined Pipe

Screw and Nut

Machine (Cast Iron)
E Machine (Copper)
[ Machine (Plastic)
[ Machine (Stainless)

Machine (Aluminium)

0.0E+00

2.098E+04 1.055E+03 2.078E+05
3.067E+05  2.683E-01 13226404 53126402 1.148E+05
3.952E+05 3.121E-02 : .523E+05 2 706E403 2.183E+02 4.447E+04
Il Il
cc oD HT A T FE

A a P a Y | ) ¢ o a | )
AN 24 NMTUTLIUUNANTENUAUAINIARDU dIUTENUNTAUNITANUBIIUNUUTUUT




a9

mMsUszfiunansguiudsnadouvesnsaniunuduamsvidduingivuas
w1y wud dnsUanddesnansenuinudaindeuniniian Ae Anuduiivienyud
4.29E+04 kg 1,4 DB-eq duusynouluaie wdseulniln 3.65E+04 kg 1,4 DB-eq Antdu
85.24% vezyanlay 4.30E+03 kg 1,4 DB-eq AnLdu 10.12% nmglanfeu 3.84E+04 kg CO,-
eq 1nnndsnulain 2.726+04 Al 70.94% Awlulnsiau 3.41E+03 kg CO,eq AR

8.90% uazvzyanasfnly 12.94% Faeavideauandlunini 25

1.0E405
[J NITRILE GLOVES [J PLASTIC REEL300RL/BX [ CX2016 SPACER
[ LID CX-208C [ CONTACT PROBE [ SYRINGE MUSASHI
soer0d | B CARRIER 50325A8 B CABLE TIE "BANDEX" [ PLASTIC PEBAG(ZIP)
B EMBOSS TAPE | ANTI STATIC BAG [ DIECUT 49G,91F,41M
[ MASKING TAPE #2565 ADHESIVE [ SHARP NEEDLE
4.291E+04 S UNITAPE [ COVER TAPE PSA [T CERAMIC CAP
BOE:0S 1 B Qruantz Crystal Unit [ GRID 0.2 A (24LINE) 5 HEAD COVER DISPOST
[T WORLD PURE B GRID 0.3 B (24LINE) [ AU TARGET
3.836E+04 [ EMPTY REEL [] PU FIT NYLON GLOVES [ BASE
T.0E+04 1 [] TWEEZERS [ SILICA GEL 56 [] COLOR PAPER Ad YELLO
£ MASK 3PCS GREEN [ CARTON BLANK PACKING B ALUMINUM BAG
2 CHART PAPER 3 TUNGSTEN FILAMENT CRCOLOR PAPER Ad
§ 606404 | [] FLAT CAP 35C [J DOUBLE-COATED TAPE [] COPY PAPER A3 WHITE
3 [ PROBE RECEPTACLE EI PEBAG [ BROOM
g ] BATTERY DRY CELL [ LABEL £ HELIUM GAS UHP
g somon | PACKING TAPE 7] SCOTTAPE CLEAR 3INCH [ HEATER HAND GLOVE
3 [ CLEAN ROLLER [ HP TONER LASERJET [ PHOTO SENSOR "OMRON®
g [ RAW-GLOVE [ FINGER-GLOVE SMALL-B [ FINGER GLOVE BIG-A
g wornoa | | SONIX WIPER CS POLYE IO THINNER CLEANROOM CLOTH
g MR E e W DOUBLE COATED TISSUE 1 CONTINUE PAPER LUST REMOVER&TOTAL
& W EPSON INK BOTTLE W CHART PAPER SATO W SAND PAPER
W CR TARGET W MIXED GAS W OPP TAPE UNITAPE
308404 | I LINE TAPE BLUE M FILTER 100 MICRON CARBON RIBBON
1 AIR-BUBBLE WHITE £ Municipal Solid Waste [ LINE TAPE WHITE
[ Electricity W SPRAY GREASE [ Nitrogen Gas
ok | 2.721E+404  18556-03  3.657E+04 O impact Total
4.479E-05 9.085E+01 2.037E+00 2.827E+03
Lorr0d | 3332605 5.769E401 2.699E-01 9.089E+02
1.622E+03
1.229E+00 9.455E-02
4.304E+03
e
0.0E+00 . PR
cc oo HT TA TE FE

AN 25 MIUsEliunanIEnUAmUAILIAdoNdUNITAELUIUIRgAunauU UYL

nsUseiiunansznuiuasuindendiunisiensy wudi awsntnertangunsal
Tasaadanduandledald deanansoannsUanddessansenu suduindensaaniian Ae
amglan¥ou -2.536+06 kg CO,-eq wNMITIenauAdosintagogiifioy -1.6076+06 kg
CO,eq AmTuU 63.32% 83831 Ao AMuduiivAouywd -3.49E+05 kg 1,4 DB-eq AU
N30 -1.17E+04 kg SO,-eq Wwsasvuulnmiuuun -1.192E+02 kg 1,4 DB-eq N5aARIYDS

Fulouleurisannansznutiosiian -1.196-01 kg CFC-11-eq Femwazideauandlunini 26
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1.0E+06

0.0E+00

-1.0E+06 |

-2.0E+06 |

-3.0E+06 |-

T
7
e
‘/

Environments Impact
S
X
53

B
B

-4.0E+06 -

-5.0E+06 |-

-2.606E-02

-9.001E-02

3] -1.607E+06 -1.191E-01

&
-5.390E+04

-1.862E+05

-3.490E+05

-1.931E+03
-6.6T1E+03

-1.178E+04

Total

[ PVC Pipe

(] UPVC Pipe

[ Galvazine Pipe

7 Screw and Nut

-2.377E+01
-8.211E+01
-1.192E+02

2.001E+04

-8.506E+03
7.53TE+03

g Machine (Cast Iron)

Ez Machine (Copper)

[[] Machine (Plastic)

[E] Machine (Stainless)

[5 Machine (Aluminium)

-6.0E+06
cc

oD

HT

TA

TE

FE

MWN 26 NsUTEHIURANTENUMUAIWIAGaNEINNTTIaRBUNaUNTUTUUSS

HATINVRINTUTEUNANSENUAUAIInGoN diudangunsallaseadne nsaiiueu

LazdIuN15300UIangUNsallATIasIe MUY NAN1TUARUARENANTENUATUAILINGDUT

Andunniign Ao aulufiviouywd 8.90E+06 ke 1,4 DB-eq 5838311 A n1azlaniou

2.07E+06 kg CO,-eq wagnansznuiiosilian Ao n1sanaswestuloulsy 5.24E+01 kg CFC-

11-eq Imsmamwumaammqmﬂ%&mmnﬁqm fio 2.58E+08 kg 1,4 DB-eq Jawdnfauel 1

Piece LAANANTENU 1.64E+00 kg 1,4 DB-eq MIUEAY S18aztuaLanslunIsen 11

M1919% 11 Ha3IUNIUTHIUNANIENUAMUAIRINABUAADAILTNITINVDINEN T

. . HATINHANTENUAY
. daunansEnuEoy -
NANTZNUAY GMIETEREY
fauandou eGl M3 | Senauddg | naenany
¢ | o a g o 1 Piece
gunsal | audlusnu | aunsal | mslden
anduiivsonyud | 8.90E+06 | 4.29E+04 | -3.49E+05 | 2.58E+08 | 1.64E+00
Aglaniau 2.07E+06 | 3.84E+04 | -2.54E+06 | -1.29E+07 | -8.22E-02
AIZEUNIA 2.10E+04 | 9.09E+01 | -1.18E+04 | 2.79E+05 | 1.77E-03
Auluiivaossuy
ﬁlfmﬂj}ﬁ(ﬂ 2.08E+05 | 2.83E+03 | 7.54E+03 | 6.54E+06 | 4.16E-02
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. . HATINHANITENUAY
., daunansznueoy <
NANIENUAIY daunday
CIPTERE ¢G5l M3 | Jenauddg | naenany
1 Piece

gunsal | ddiusnu | aunsal | nsldeu

NeroTzuulnAUULUA | 1.06E+03 | 2.04E+00 | -1.19E+02 | 2.81E+04 | 1.79E-04

mMyanawastulowlay | 5.24E+01 | 1.86E-03 | -1.19E-01 | 1.57E403 | 9.97E-06

a

nan1suUanansznuiudsndeunaonininsiinvewdndue aend Alada gin
Aoun1sUsulgnduszaziig 30 y lnefiszoziiain1svinenu 24 h/d wie 360 d/y Saue
vandinelviAananszvusuaadendifguniian fe arnandufiuseuyud 2.58E+08 kg
1,4 DB-eq amnudufivsoszuuiinminin 6.546+06 kg 1,4 DB-eq N1zelUNIA 2.79E+05 kg
50,-eq fiwseszuvinmivuun 2.81E+04 ke 1,4 DB-eq n1sanasvastuloulau 1.576+03
kg CFC-11-eq uagnnglanieu -1.296+07 kg CO.-eq MAnanangunsallassairadundn

sulsznauluimetanveuns 38,775 kg uarTaneaiitlioy 133,950 ke
NAN1TUSEEINININSVINVDUA NI VUL UUULHIAG

%’mﬁwﬁ’mﬁ“iwmﬁa;ﬂaLmLmsusz;ﬂaNaa?ﬂuﬁﬁtﬁamﬁ’mqmeﬁmmmq Afinns
panuuunazafaiieviuTiuszuunan il igdnsuseduaisdunidlaoianig vo
AnenSandnunawny winInedewdld Fedinuanunsalunisidavezusyana 2 Ton/d
WloUsziliumuanssnuguaandensa 6 g1u sensidavey 1 ke wavldAdananalunns
PATERTINAUTTUUREA LT TN InsussAuansBunsd lunseuiunisudnaiend Asana giln

soll ngsnuazLdunkandbumIsIen 12

i % 9 ¢ 3
M1919N 12 ma%aﬁa@a{ﬂﬂﬁm LLagaﬂﬂﬂﬁgﬂaULGHLN']SUEW;J”'EHN@EJ

daulssnaunnnvezyanae Ei0) Yiuna (kg)
AunLulnio s bl 5,800
oo 3 AunLulpioua N bl 580
lAsasaio s bl )
Wangunasas ASTM-A36 1,000
wian5ady 1,070
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daulsEnaumnvesyanas 360 R RE()
) viowanlasifley 500
lassaselagsau S —
widn fifia lasilley daaee 250
) VBIUAS 4.5
HRIRY -
WangunIsal ASTM-A36 10
gUnsalngI9in wian Wia lasley daase 25
Noe 9 dauniesiulgl iefalud 150
¥ < a a = 1
AAIUAY widin Wiia lasiley dansy 50
Uaosndu wianlSaiy 500
auuiuANTou leumdnasien 60

NN5USLLUNANTENUAUFILINADUAIULASIASIANIVEE WU TUSUIUNTS

UanUaeanansznuiivinliiinadnudufivsieuywd 1.90E+05 1,4 DB-eq u1nfign du

Usznaulumelassainslneseunddiunauman dina lasiley daae 1.41E+05 kg 1,4 DB-

eq Anlu 74.47% sesa3un Ao wansEnuAIUAIElaniau 5.47E+04 kg CO,-eq uUsENBU

luselassadslaeseuiifdunauman dina lasilen daaee 3.76E+05 kg CO,-eq AnTU

68.74% ANUANNUIIUALLDYALEASLUNINT 27

4.00E+05

Environments Impact Quantity
o

0.00E+00

3508405 |

3.00E4+05 |

2508405 L

1508405 |

1.00E+05

5.00E+04 L

1.90E+05

2.82E+04

5.4TE+04
1.41E+05

= 7.52£+03 SIIE0

2.79E-03
3.76E404

5.57E-04

8.19E403

6.29E403
1.26E403

0 Total

[ Insulator Fiber Glass

[ Exhaust Pipe Steel ASTM-A36

[ Controller Table Steel Nickel Chrome Alloy

[ Pipe for Combustion Chamber Galvanize Pipe

[I] Measurement Equipment Steel Nickel Chrome Alloy
&5 Blower Motor Steel ASTM-A36

[ Blower Motor Copper

[ Construction of Incinarator Steel Nickel Chrome Alloy
] Construction of Incinarator Chrome Steel Pipe

P Construction of Incinarator Steel ASTM-A36

Steel ASTM-A36

[ Combudtion Chami nic Soil for Insulation
5] Combudtion Chamber Volcanic Soil

3.07E+01 2.55E+02

2298401 149402
4.59E+00 297E+01
.

cC oD

TA

TE FE

AN 27 NSUSELUNANTENUAUAILINADUVDILATIASIUANNIVLL
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nMsUspfiunansenuiuAsndovesmssiiuiudinasviesnduezyates 49
NTMNUATELANITEEAINNTI1vElAUTENI 2,000 ke/d WU n1sUanUdae
NanTENURUALIAdoLINTian Ao nnzlaniou 1.01E+03 kg CO,-eq T09A417 Ao A
Duiiwnouywd 8.84E+02 kg 1,4 DB-eq Aruduiivioszuuinainin 3.30E405 ke 1,4
DB-eq N12gAUNTA 2.50E-01 kg SO,-eq Nwmo Tz UUNLIAUUUUA 1.92E-02 kg 1,4 DB-eq
uaznsanasvesiuleuleuifnananssnutioniian 6.78E-06 kg CFC-11-eq dssuasiBunuany

Tun i 28

1.20E+03

1.01E+03

1.00E+03 MSW (2,000 kg/d)
8.00E+02
6.00E+02
4.00E+02

2.00E+02 2.50E-01

1.92E-02

Environments Impact Quantity

6.78E-06

0.00E+00

CcC HT FE TA TE oD

awil 28 mavszifiunanszuiudsandonvesnsidunudiuansuitivezyados
115U TH I UNANTENUA WA IINEaNAIUNITI000U WUT FTUITDARNANTEAUAIY
dswndeulusunnglandeuld -1.56E404 kg CO,eq unanMsIonoulasadeiidulany
WiaN duaulad violnalud wazynesag 5098911 Ao m%@m@mﬁ'wammﬂmﬁuﬂwiawwé

526 -4.92E+04 kg 1,4 DB-eq Feswaviduauansluning 29
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0.00E+00

-5.00E403 L
-4.54E403

-1.00E+04 |

-1.50E+04 L

-2.00E+04

-1.54E+04

Environments Impact Quantity

-2.50E+04 |

-3.00E+04

-3.50E+04

oD

-2.75E-04

-7.81E-05

/| -1.476403

TA
-6.90E+01

-2.04E+01

-4.92E+03

TE FE
-5.40E-01 220402

-1.58E-01 -6.426401

[ Total

[ Exhaust Pipe Steel ASTM-A36

[ Controller Table Steel Nickel Chrome Alloy

B Pipe for Combustion Chamber Galvanize Pipe

[ Measurement Equipment Steel Nickel Chrome Alloy
[ Blower Motor Steel ASTM-A36

[T Blower Motor Copper

Construction of Incinarator Steel Nickel Chrome Alloy
[ Construction of Incinarator Chrome Steel Pipe

[7 Construction of Incinarator Steel ASTM-A36

[ Combudtion Chamber Steel ASTM-A36

AT 29 NTUTLEUNANTENUATUEILINR DNEIUNITIONDUANHIVELTLALNINTS

nasunIsUseluNansenuauasIndodludulaseas1e n1satduau wagni1sse

aau wul dnsdanvaesnansenumudawindeniiiinduniniiga Ae aruduivaeuywd

1.90E+05 1,4 DB-eq AnLdu 99.53% se%a9un Ao nglanieu 5.47E+04 kg CO,-eq A1

AUNsA 8.19E+03 kg SO,-eq waznansznuiliinies Ao nisanasesduloulsy 3.916-03 ke

CFC-11-eq I@Emamgwumaammqmﬂsﬁmumaﬁqﬂ Ao 5.69E+06 kg 1,4 DB-eq FaU3uay

oy 1 kg nolMAnNanIENU 9.48E+01 kg 1,4 DB-eq Mua1AU S18azLdunlanslun1s199

13

M1319% 13 HATIUNTUTHIUNAN TENUAURIINABUAGDAINTNITINVDLAWNIVEE

. . HATIUNANTENUATY
. daunansENugay -,
HANSENUATY GHIETERE
fauandou ¢l N3 | Je00udHg | nasnangy
¢ o A ¢ ¥ 1 kg

aunsal | aliue | aunsal | nnsldeu

audufivienyud | 1.90E+05 | 8.84E+02 | -9.84E+02 | 5.69E+06 | 9.48E+01

amzlaniou 547E+04 | 1.01E+03 | -3.07E+03 | 1.58E+06 | 2.63E+01

AITHUNTA 8.19E+03 | 2.50E-01 | -1.38E+01 | 2.45E+05 | 4.09E+00
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. . HATINHANTENUAY
. duunansynuday o
NANTENUATY GNIRLEREY
dawandou el N3 | Jenauddg | nasnengy
o ’ . g
aunsal | Aanuuen | aunsal n1sldeu
& a 1
AnsLluiiynasyuy
Waeian 2.55E+02 | 3.30E+02 | -4.40E+01 1.62E+04 | 2.70E-01

NwsoszuuillaAduuun | 3.07E+01 | 1.92E-02 | -1.08E-01 9.18E+02 | 1.53E-02

miamawaa%’juiauim 391E-03 | 6.78E-06 | -5.49E-05 1.16E-01 1.93E-06

U aa

wan1sulanansenufudanndounasniginidinvesn vz ainminge u
svozian 30 y Sannandnvesnisneliiiauansenudiudaindendiddis 6 du fo
pudufivsonysd 99.53% nnzlaniau 98.08% nnzrunsa 100% Aulufivsoszuy
Tnrtn3n 38.96% fwseszuuiinAuuun 99.94% uaznisanatvostulolau 99.82% e
ngansneasanm1vevidundn sulsynavludlelaseasialagseu 250 kg wazUans
AU 500 kg

=

HaN1FUIZEUININTTINVBITLUUNAA WA I TNTUIIRUETBUNTE

[ ] U a 1% a U [ a a a6 a o le’r-:l ¥
Javidnydsenmsteyaszuundnlui1igdnsussduansdunsd lngluauideilidenls
suwuunsUseliudanlasadivedseliimdsnuanudouldianvesianisumseudu
ANV 10 kW, (U1AN, 2561) LNOWINANTENUATUEILIAGBUNT 6 AU AENISHES

T 1 kwh waglgarnanainlunisiasigisrutuemn1daveslumivaneiuul Tu

a s a Y a % (% J a a
nsrUIUNINEnMend Asada glin vdainsusulswisly TngseasiBunuansunised 14

a 1% ) ¢ 13 a v o a a e
19190 14 SUa%a'ﬂa@l@q"dﬂimLLagE]\‘iﬂﬂigﬂ@Uig‘U‘UNﬁ@lﬁ/\lﬂqjg"ﬂﬂiLLﬁ\‘iﬂUﬁTﬁ@UVﬁﬁ

. v o o | dwin . . - Wmtin
dayaszuy Uayaingiu ayaingiu
U Y 9 v 9
(kg) (ke)
Lo L. | wanndman | 2,319.53 | eenled nswmwes | 24
1. Jndnsusefuasdunsd —
. . VIBIUAS 365.9 | wanadnuds 220
2. MoHITEUIEALTOY —
anuLaa 337 | WiE 35.94
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. L | dwin . . - i
dayaszuy dayaingiu auaingAu
(ke) (ke)
IBNYGRY 98.4 | Yuzug 250
Indgsinu 2 7578 1,174
HDPE 1 i 785
woddlody 15 |ih 185
NI 05 | wanylianlug 7.5
Indalniu 1 it 40
1. 7ansusefuansdunsd | egdviley 05 | nsean 0.3

n1sUszlunansznuaudmInaoudIulasiaiweIssuunan lin T dnsusAu

a ac¢ oA A ' o9 va @ a1 ¢ a Y
a158un3d wud AUSunaunsUandaseransenuiviiinanuluiivseuysdunian ou

Usgnaulusendesnmuuiuiildiunauvemeduns 1.11E+404 kg 1,4 DB-eq Anidu 21.25%

= 14 |4 2 1% [ 14 ¥
5898911 AB mansenuaunzlanseusulsenaulumiemannailulassadiessyuu

2.26E+03 kg COp-eq Andu 26.82% Fssreazidenuandlunind 30

6.00E+04

%
G

fawn

P
CNUAU

JSuruwans

0.00E+00

500E+04 L

4.00E+04 |

3.00E+04 L

200E+04 L

1.00E+04 |

] 2206403

8.01E+03

6.66E+03 f

1.11E+04

6.66E+03 |

[ WhseaSeszuy widnndnaan
[ AR sty wdnndmay

4 | g v 4o«
Sesnuuiy anyUianlug

asnlauavisf wannd ey

P

uflalalh wiannd ey

i 19in ogilidlen
o

Soseneih wannd Ay

M e IndgSin
[ 67 aad
[ Juenssio ainaa

[ qnens wedalady

£ funu vawas

g @bl nesuas

[ dau nouas

7 dffuadly oonled wymures
wianlAsads iAnnd e

(] dwdensu voauns

[ sy awniaa

Waenume e 2.5 inch neades
[ vievszU awa 25 inch W37

[ vie N

ATBIATUUIL MBIUAS

[ #EesuLtiY AsEan
b ;

nlouaztiniu nesuas

B wisos WBAUAS
g nain wanglianlud
iAo
i
@ fion naswdios

g é eavdes

g awuffuanusou HOPE

ot WBnNa e

5 NBIUA

=] Hudimaai aoaa

[ funy mdnndwau

[ el e

3 fean wnnd ey

£ e wedlsiu

g vessviemsou nanainuds
i e wdnndma

[ vinax wdnnaHax

g finay viesuns

B 11 2uA 2.5 inch iaawdes

@ viauszU wn 2 inch 734

cC

oD

HT

TA

TE FE

a a Yy a 1% o a v o a a a6
AN 30 ﬂ'ﬁﬂﬁ%Lllumaﬂﬁﬁvmﬂ’]ua%w@a@N‘U@\ﬂﬁﬁﬂaﬁqﬂﬁg‘U‘UNaG]VLV\lﬁ']’J‘ﬂf\]ﬂiLLﬁﬂﬂuaqiaumiﬂ
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a

n3UsEidlunansENUAUAIIAfeuYeINsALTuudINasvIiIUIRgay uas

PAIU WU An1sUanvasenansenuaudawinasulusiuniiglanisuuiniian Ao

q

6.72E+04 kg CO-eq unanwdsubiiihideuliiussuy Andiu 53.49% se3a3un Ao a9

¥9U R-245fa 5.84E+04 kg CO,-eq Anlu 46.51% wazifanansznumufivneuywdidu

v v

USuTians 1.69E+04 kg 1,4 DB-eq Jsm1eazidenuandlunind 31

1.40E+05
T [£) asvieny R-245fa R-245fa
1.20E405 | T
e & eyt
5 L00E+05 | fEEhD
ag :,‘111:::: 6.72E+04
'ﬂz |;1:1:|:|
G BOOE04 [ frrr
= T
2 |:1i1:|:|
& T T TTT
N I’T'IIIII
€ 6.00E+04 |-
©
<
F
C
7
S 400E+08 |
5.84E+04 L 9Es00
200E+04 |- 0.00E+00
3.69E-02 T 4.72E402 843401 5.49E402
0.00E+00 e 0.00E+00 0.00E+00 0.00E+00
0.00E+00 . — . , ,
c o)) HT TA TE FE

ANH 31 MIUTLHUNANTENUATUAILINGNTDINTITANLTIUUTEUUNER I T InsuseRu

A150UN38

N15USLUNANTENUAUAIINADUAIUNITIDNBU WUTT AIUITOAARANTENUAY
aawndeulusiuniiglanieu -1.54E+04 kg CO,-eq 1n131NNTI0nauUlAssas 19 lulans
WiaN aunulad visnadlud uazneauns 5589w A Mssenautivanauluiivreuywd

s2uldl -3.39E+04 kg 1,4 DB-eq Fe1easiBenuansluning 32
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5.00E+04

0.00E+00

-5.00E+04

)

-1.00E+05

SUNUNANSENUSUAINARDY

-1.50E+05

%5

-2.00E+05

-2.50E+05

-3.00E+05

L

L L

L

-1.56E+04 L . )
g sy wianndway [] &7 A 2.5 inch neaindes
-1.56E+04 ‘ . ;
[ vieansms wum 2.5 inch viesinies g Neaund
NN -156E+04 o o FINGY
= sinay dumuaa [0 sieay wdnnaway
-1.56E+04 g Yl vdedu newun i Ui vdedu wdnndwan
== - 2 v . v = v a &
T 1566104 O widnlaseass wdnndmay @ vefsszueanuiou nanadnuds
-1.56E+04 [ fau e [ fvau mannaway
-1.56E+04 [ @l vieun [ fnunu viesun
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_156E404 [ Wi8mmes awuiad [ W38mmes nowuns
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5.22E+04 kg 1,4 DB-eq Amu 50.93% 5098911 Ao n1glaniou 8.34E+03 kg CO,-eq

anudufivdoszuulnmunin 6.02E+02 1,4 DB-eq waznansznufiintosdign As n1s

anasveaduloulou 4.986-04 kg CFC-11-eq Ingnansznunasnengnisldauunniignde

7.08E+05 Fandaaulndla 1 kwh neliiAananssnu 1.28E-02 ke 1,4 DB-eq AIN&16U

NYALLDUALAAIIUAITIN 15
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a159un3d
. . NATIUNANTENUATY
. daunansEnugay s
HANIZNUAY fawnaey
fauandou eGl M3 | Je00uddan | Aaanay
4 o a ¢ v 1 kWh
gunsal | antlunu | aunsal | msldeu
muuiivsouyed | 5226404 | 1.69E+04 | -3.39E+04 | 7.04E+05 | 1.28E-02
amezlaniou 8.34E+03 | 1.26E+05 | -2.57E+05 | -2.46E+06 | -4.48E-02
AITHUNTA 8.24E+01 | 4.72E+02 | -1.09E+03 | -1.07E+04 | -1.95E-04
Aulufivnoszuy
ﬁmﬁ{fﬁm 6.02E+02 | 5.49E+02 | -1.53E+03 | -7.67E+03 | -1.39E-04
AwsoszuulllAduuun | 3.07E+00 | 8.43E+01 | -1.28E+01 | 1.49E+03 | 2.71E-05
msamawaa%uiaui%u 4.98E-04 | 3.69E-02 | -1.35E-02 | 4.79E-01 8.71E-09

nansulanansEnusuAsIndeunaeninintinvesszuunaalniliigdnsusedu
ansounsdiduszeziian 30 y Inelisyesiiainisyineany 24 h/d wise 360 d/y dnansenuaiu
danndendity Ae anuidufiusenywe 52.02% Rwsoszuuiinmivuun 13.09% nsanas
vostulelen 54.19% inandraniseadrsszuundalniniginsussiuansdunsdidundn
Suusznaulusmenaawns 100 kg ludiuusznaun3ssmuwty Tga1usoannanssnusu

nzlansou 49.49% n1EHuUNIA 53.18% wazAnuldufivsessuudneinag 41.11%

nan1sUsEiudnINSAInvaIHEnNuYIAtand ATERR giln SautuTTUUNEAlNHNInANs

a a o ¢ % v}
LIIAUEAITDUNIENAIUTUUTS

nsUszlindnInsTinvewmdniunatend asada giln WeUSuusinseuIunTs lagns
AANIT INAIN UMY DA BETANNNTTRINTIUDY NWA. WAL AANANIENUADAILINADY
YBINTLUIUNSHAAGY TALUIANANTENUADEILINADUVDILANNIVILALTEUUNAR LN
P Y a a = o Y oA a & ) a a
miginInsussAuansdunsgluiveiiiuun Wlumsieseinisuuusnseuiunsnaniay
lngn1syUssiliunansenuaudsindenludiulaseaineeinistssnund nisusulge oy

Mvualvdiaingy anlassassniannwiindnvesiagssuunanliinininsuseau
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aN5BuYEE enansENUTADsE LA INaN ggninaAntudINTRINITANTNNY 15NN
Ty woendse vioAenanszmulugluuunisdelaianTsslifimdsnuvezaldoy
yaunumsgelniiian nia. duies uaskansenuduAuandeuvasnisduiiunu ludiuans
YN UTNYAU NFIUNRINITUTUUTI N15UUES wagdafiyn19o1n1a wudi 4n13
Uamﬂa’aEJmamzwué’m%aLmé’ammﬂﬁqm Ao A1zlaniau 2.02E+11 kg CO,-eq U191ANTT
yudswzyanes Wiy 2.02E+11 kg CO,-eq Anidu 99.96% uazdruiuvomdsnuluiing
ldausanaunuld 2. 70E+04 kg CO,-eq Anlu 0.04% 509891 Aa AN lufivrouywd
8.53E+10 ke 1,4 DB-eq mmﬂmﬁsuua'was%awaa 8.53E+10 ke 1,4 DB-eq Andu 99.95%
uaznansEnunsanasvasdulouleuindesiian 1.636+04 kg CFC-11-eq Tuduuafumg
91n1d WU AN uiudeuywd 4.01E+04 ke 1,4 DB-eq 58911 Ao anzlaniou

1.61E+04 kg CO,eq T8auBunuanslunini 33

4.5E+11

40E+11 |
2.02E+11 ] Impact Total

356411 L £ MSW Transportation (kg)
MSW Burner (kg)
3.0E+11 | [7] R-245fa Refrigerant (kg)
A Nitrogen Gas (m3)
25E+11 | A Grid-ORC (kWh/d)
Material (kg)

20E+11 |

2.02E+11

5.84E+04 1.63E+04 8.53E+10 6.83E+07 1.51E+07 3.06E+09

15E+11

Environments Impact Quantity

2.70E+04 1.63E+04 3.06E+09

6.83E+07
177604 8.53£+10 + 151407 0075402

3.65E+04 1.34E+01 1.00E+01 2.89E+02

10E+11 L 1.61E+04

0.00E+00

] 2.53E403
‘ 4.01E+04 4.03E+01 0.00E+00 6.59E+00
000E¥00 5 gors0n 8.136-01 L08E+00
1.17E+03 857601
1.72E+01 0.00E+00
7.91E+02 SaESs 2.326-02

0.00E+00
50E+10 |

3.42E+03 1.60E-03

¢ -8.34E-05
0.0E+00 . .

cC oD HT TA TE FE

-5.0E+10

a a (% a [ 1 o a [ [y
AN 33 ﬂ?'ﬁUﬁ%LNUNﬁﬂi%%UﬂﬁuaﬂLL’J@ﬁE]lIﬂ'JL!ﬂ']'ﬁﬂ']Luu\iﬁu%aﬂﬂﬁﬂﬂﬁ:ﬂ

N13UELIUNANTENUAUAWINFBNAIUNTITIONBU WU @1ursadnerianaunsel
TAs9as19nauuns lLAale F9vinlra1u1saann1suanUassnansENuAIUEILINADUIIUNIN

ian Ao anzlaniou -2.80E+06 kg CO,-eq 11A1NNTTRRRUTARQUNTRIUTEIANDaHTYY
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LAZNOILAY 90.70% 38389 Ao AIdufivdouywd -3.84E+05 kg 1,4 DB-eq A1IZH Y
n3M -1.29E+04 kg SO,-eq AwmasezuuillaAiuuun -1.32E+02 kg 1,4 DB-eq N158A898ITU

loulgudigannansenutlaefign -1.33E-01 kg MuaRiy Feseaziduaiandlunini 34

1.00E+06

0.00E+00 L L L L L

cc oD TA TE FE
-1.00E+06 | -1.35E-02 _3.39E+04 -1.09E+03 -1.28E+01 -1.53E+03
-1.19E-01 -3.49E+05 -1.18E+04 -1.19E+02 7.54E+03
-1.33E-01 -3.84E+05 -1.29E+04 -1.32E+02 5.96E+03

-2.00E+06 |
-2.54E+06

| -2.57E+05

-3.00E+06 |

Environments Impact Quantity

[} Impact Total

-4.00E+06 |- ORC

E Incinerator

-5.00E+06 |-
[E] Equipment Part and Construction

-6.00E+06

a a Yy a v | & o )
AINN 34 ﬂqﬁﬂigLmumaﬂ58WU@quaflLL?@@E]llaQUﬂqiigﬂﬁJUWaﬂﬂqiﬂiUﬂjﬂ

HaTIUNTUTTEUNANSENUAUAIIAteNd uTangUNTallATIEs 1 ML was
[l d’l’ Y L3 k4 a Y o LY I ! a 1
daun1ssensuianaunsallassairsussliaiedindvanldlva wudt In1sUandase
NANTENUMUAINGoNTinTUNINTIgR Ao AIMTuRivAauywd 6.49E+08 kg 1,4 DB-eq
Andu 99.98% sevasun Ae Anazlandou 4.57E+08 kg CO,-eq wazNansznuintosian
Ao anudufivioszuuinauuun 3.22E+04 kg 1,4 DB-eq lnenanssnusiunasne1gnisly
U Ao 1.95E+10 kg 1,4 DB-eq Fwansiua 1 Piece iaNansyny 1.24E+02 kg 1,4 DB-eq

WARISIEAZLDYALUANSIN 16
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A15199 16 Na5IUNITUTHTURANTENUAUAIINADUARDATTNITIN VOINEAANNGINS

UFuuse
. . NATINHANITENUATY
. daunansEnugay s
HANIZNUATY fawnaau
fauandou el N3 | Se00uddn | AaanaY
PR . . 1 Piece
gunsal | Anliueu | gunsal | n1sldenu
anunduiivdonysd | 8.90E+06 | 8.53E+10 | -3.84E+05 | 2.56E+12 | 1.63E+04
amezlaniou 2.07E+06 | 2.02E+11 | -2.80E+06 | 6.05E+12 | 3.85E+04
AIEAUNTA 2.10E+04 | 6.83E+07 | -1.29E+04 | 2.05E+09 | 1.30E+01
anuduiivsaszuy
ﬁL’Jﬂﬂ‘ﬁﬁﬂ 2.08E+05 | 3.06E+09 | 5.96E+03 | 9.18E+10 | 5.84E+02
NwroszuuidneAduuun | 1.06E+03 | 1.51E+07 | -1.32E+02 | 4.54E+08 | 2.88E+00
ﬂﬂsaﬂaﬂmaa%uiaui%u 5.24E+01 | 1.63E+04 | -1.33E-01 | 4.91E+05 | 3.12E-03

a

HANITLUANANIENUAUEILINGBUNABATTNITINVOINAAAWY AIAD Asasa yiln

Y

wainsUTuUsaluszezial 30 v Inefiszaziiain1svineu 24 h/d wis 360 d/y Jame

nanfnelmAnNansENUAUANINGOUNY 6 AU A HRINTanaUnIainanlunsALiuau

| [ a

suuszneulusie 1ndesdnsfifidrutszneuiduianviianeauns 38,775 kg uazianvile
aafivioy 133,950 kg aud1du lagludiunanisaniuanuliannanan dulsenaulusiey
nsvudsrsryadosdilffudomdsdoulffumnnn endnluil 372.50 ky/h wazfy
Tulnsioudildlunssuaunisndn 7,392 myd Wevinanisuszidudanad uaviinas

Y a |

WIBUWBUAUNANTENUATURILIAADUVDINTLUIUNISHAR ABAD ASERa ol AaUNIS

9
U5uuge nudn wansenustuanuluiivsenywd nnglandou anziunse anuduiivse
svuufineida fudeszuviinmivuun waznisanasvestuleuleuiianiniuuszua
prudy anvedivinlinanssnuiudy \esnnmisvudavezyarosnveifiurey und
Ustmuitelfiudamadlunsudalaiinguiu 4,318 Ton/y TunszuiIunIsnan fenansly

AN 17
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A1319% 17 MSWTEUWgURANSENUAMUFIMINA DN YBINITUTHEIUTNINSTINNDULAENAT

NsUSUUTe wiinsiueinen Asasa giin 91U 1 Piece

nanszMUdUAIInden | neun1suSuUss | ndanisuiulss
pnulufivnouyue 1.64E+00 1.63E+04
aelaniou -8.22E-02 3.85E+04
ANEHUNIA 1.77E-03 1.30E+01
muduivsessuuinaiiia 4.16E-02 5.84E+02
NeroIZUULNALULUN 1.79E-04 2.88E+00
nsanasestuloulan 9.97E-06 3.12E-03

Han1sUsEEudgINsAIndnwesiRnvamaniudintand A3dda alin SauiusTUUNER

=

I IndnsuseAuansdunsd

Y] a

a [YY) aa I3 faAa 4 a < a a
NIUTEIUININTTIALDNIEDIVNVDIAIAY ATERa YUn LduNTUTEILUUIINULGY

Y
ANAIMATUNAINUANLTOU InensUssiliulitunaudng o wilouiunsuseduininsain
Nvun 19 l3uAuAUYT518015999LATIA519 N1TANTUIY LaZN1TI000U LAAITILEARAS
| & Y a % I 1% I3 a I | %
panu1NNeNluNansENUAUAWINGaNNY 6 AU NIzkUsIRY T ungnIwY
WAINUANUTEULNY FB LNE3a (MJ) Tned5Tuia dag (Single Issue) wagAuIoBNU Y
JULUUAIINADINITNENUAZAN (Cumulative Exergy Demand) 518aztdgniansluiive

samaluil

Aeun1sUTuUgman1sUszluigdnstindnwesifnvesriend asada alin wus

Y

audangunsallassadadiaudesnisnasuazauaniign As n3esdnsidnataindu

diulsenau 1.74E+06 MJ Andu 23.18% iﬂﬁlﬁ%LgﬁlﬂLLﬂﬂ\ﬂUﬂ’]Wﬁ 34



Cumulative Exergy Demand (MJ)

2.00E+06

1.80E+06

1.60E+06

1.40E+06

1.20E+06

1.00E+06

8.00E+05

6.00E+05

4.00E+05

2.00E+05

0.00E+00

1.74E+06

23.18%

.\

1.65E+06
1.65E+06

L 67.16%
/./ 45.17%

[JELCA  —@=Cumulate %

Machine (Plastic)

UPVC Pipe
PVC Pipe
Machine (Copper)
Screw and Nut
Machine (Stainless)
Machine (Aluminium) :|
Galvazined Pipe j

Machine (Cast Iron)
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120%

100%

80%

60%

40%

20%

0%

=] A ¥ o Aa & saa Y o o
AINN 35 ﬂqﬁ‘dﬁgL@JujgﬂﬂssﬁjmLf‘]ﬂL‘?j@ﬁffl@]ﬂﬂ']u’JﬂﬂQUﬂiﬂjiﬂs\‘iai'N

NANISUTZEUAIUNITANTUIU WU WAL INANTAINADINITNAI UL AN

fign 3.58E+05 MJ Anuu 93.92% srwaziBenuandunini 35

Cumulative Exergy Demand (MJ)

4.00E+05

3.50E+05

3.00E+05

2.50E+05

2.00E+05

1.50E+05

3.58E+05

97.30%
96.72%

95.71%

ﬁ 93.92%

[TJELCA —@=Cumulate %

101%

100%

99%

98%

97%

96%

95%

94%

93%

1.00E+05
4 92%
5.00E+04 || 6-84E+0:
%,86E+03 1 919
0.00E+00 = B Y DAY A U T T S S S T T T T S T T TS T S S YT S S T Y Y TS S S S SO S S W 90%
2P0 8IS Y IES2LE 3 YREYLEREYYEEE
:QBQQumqgaﬁgg§u3e§gamﬁzzjfgggigg
F 2 a 9 v v w gy 3 a v oo 4 w % I U0 2 F B 3 3 a3
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E E Qa3 zEuw g g U uw el 2 < g 9 z U F e %38 ES
E z 2 uE L E 22 3 X Uowoz 3 T & < 0 ow £ 2z 2
 E o c z [} 2 < o X
208522808 ¢&:20° ERD a " §38q 28 g
< o Z T S o o z x> £ g0 < n
" a 2 I U o a o o
a = 2 b4 I~ o I =
T < v o
5 z
= A v v aa & fla v o a
v
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ludiunissenaundsneaenaienisldany 30 y nan1susediu wui Janeunsal

1A59A519AT 999N lLAIUYRINATERN d1u1sauInduLnlTuUle Fa1u150anAINABINTS

nslengauazanlavintu -1.7aE+06 MJ andu 27.20% sreazidenuandunini 36

3.50E+06

3.00E+06 |

2.50E+06

Cumulative Exergy Demand (MJ)

5.00E+05 L

0.00E+00

75.49%

81.71%

87.59%

92.87%

97.22%

98.81%

100.00%

UPVC Pipe

Machine (Plastic)

PVC Pipe

Screw and Nut

Machine (Copper;

Machine (Stainles:

Machine (Aluminium)

Galvazine Pipe

[CJELCA
=@-Cumulate %
2008406 | 1TAEY06 1.65E+06
- 52.99%
Csoeos | 7 1.44E+06
100E+06 | 2720/ 398405
3.76E+05
3.38E+05 2.78E+05 1.02E+05
/ 7.59E+04 |
BN N N .

Machine (Cast Iron)

120%

100%

80%

60%

40%

20%

0%

P a v o aAa [ fala v &
ANN 37 ﬂ"liﬂi%LllU’J{]ﬂﬂi%’MLEJﬂlﬂIE’JiﬂmﬂﬂWUﬂ'ﬁiaﬂau

n13UssliuigdnsTinenwesifinvounimivezssdawinss aulasaadng nns

ALY waznI1s3enoudsliTunaUNTIATIENANTSUSTEIY Wllaudun1sUsEdliuining

Findnwosinnvewdndudiniend alada gl wuin dulaseadnedanudesnisndanuy

avauunyign 1.976+04 MJ Amdu 36.52% sosasun Ao ludunisadfiuaiu wuai dnsld

NaLudINaliAnAILADINITNEIUAZ AN 3.38E4+04 MJ Aoty 4.27% audieu T4

HATINAIUABINITNANTUALAUNGIN1TIONDUVNAY 4.21E+04 MJ lnadsvaziduniandly

MN519% 18

a a v v aAa < sala a
f19719N 18 ﬂ'ﬁﬂ'ﬁ%LNU'JQ%ﬂTU'JG]LE]ﬂL%@ﬁﬁ]@]ﬂsﬂaﬂLG]']LN']SUEJSGUUWLN']G]N

[tem

Incinerator

ELCA (MJ)

® Construction Phase

1.97E+04
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Incinerator

ltem
ELCA (MJ)

® Operation Phase

1. Raw Material (Solid Waste) 1.39E+03
2.Energy Factory Waste 3.28E+04

® Decommissioning Phase
Recycle Waste -1.18E+04
® Total 4.21E+04

n13UsliuininsTindnwesinnvesindnsussAualsdunsgaiulaseadne nns

ALY KAENITIBABY WU AULATIATNIANUABINITNEINUATAULINTGA 9.26E+05

MJ Aandu 84.72% 5998911 A9 #1UN1S ALTUIIU WUl Tnastdndeanudsualiineiiu

FRINITNEIIUAZEY 1.67E+05 MJ Antdy 15.28% FINATIUAIINADINITNIIUAL AL

PA991NNNTIDNBUTIUWINAU 5.37E+05 MJ laeiisneaziduntandlunisnean 19

a a v o aa =3 sala [ YY) a a 6
M13199 19 ﬂ’ﬁﬂi%Lllujﬁﬂﬂi“mﬁLEJﬂLGZJEJ?’\]G]ﬂ%@\‘i?{]"\]ﬂiLLNﬂUﬂ’ﬁ@u%iﬂ

Organic Rankine Cycle

ltem
ELCA (MJ)
® (Construction Phase 9.26E+05
® QOperation Phase
1. Raw Material (Solid Waste) -
2.Energy 1.67E+05
3. Factory Waste -
® Decommissioning Phase
Recycle Waste -5.55E+05
® Total 5.37E+05

a [

91 UUIN15U T2 UAIINADIN1TNA N UAZAL VT )INITINONLOTTIRNNAINIS

U5UUse vaaudaznszuIunsaakandlunmi 6 susiuiangunsallassasne nsaniiua
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LATNITIDNOU NUTT HANITINA0INNANAAIERTNEINI5UTUUT Laglddandaesdau

TiumRNve 2 sinNInSe WarAnUNSaulAny

[

I INTHIIAUAITIUN

SdUu wudn Tuaudan

gUnsailaseaselufinisideundas walud1unisanduutualusoanaufedns

Nasuazaule -5.67E+03 MJ hazaIuIsnanAUARINISNENUELaNsIUle 3.71E+05 MJ

NYALLDUALAAIIUAITIN 20

A1519% 20 wan1sUssiuesiginsonwesifnvemaniueinten Asadayln

Before After
Incinerator ORC
ltem Improvement Improvement
ELCA (MJ)

® Construction Phase 7.51E+06 1.97E+04 | 9.26E+05 7.51E+06
® QOperation Phase

1. Raw Material 1.63E+04 1.39E+03 - 1.63E+04

2.Energy 3.58E+05 3.28E+04 | 1.67E+05 -5.67E+03

3. Factory Waste 6.84E+03 - - -
® Decommissioning Phase

Recycle Waste -6.40E+06 -1.18E+04 | 5.55E+05 -6.40E+06
® Total 1.49E+06 4.21E+04 | 1.65E+05 1.12E+06




unN 5

AjUunauasUalauaLuY

NNANIANYIAINTaaTUemdAyveInIsUsslinuTnInsTin wagn1suseiliudy

[ aAa [ (4 3 a Y ! [y a

INTTIENOIIRNVRINANT AR ATada glin SudussUUNan i TgdnTusedu

¥
[

arsdunsdlneliaomdsveslneadl
dyuna

1. MmsUszidlunansznusudndouieuuuusmasnoignisldeu wuin dewa
nsgnuiuAsIndeusnniian Ao asduivdeuywd 2.58E+08 kg 1,4 DB-eq A1aglan
%01 -1.29E407 kg COp-eq amnuiuiivaaszuuinminda 6.546+06 ke 1,4 DB-eq A1zAY
A5 2.79E+05 kg SO,-eq Nsanasvastulouley 1.57E+03 kg CFC-11-eq wazfivraszuy
Hueluuun 2.27E+06 kg 1,4 DB-eq lagnansimal 1 Piece nolvtAnnansznuluaiuainu
\Dufiwsouywd 1.64E+00 kg 1,4 DB-eq UayAINUABINITHAINUAYENTIN 1.101809E+10 M

2. msUszifiunansEnUiuAwIndenn vz dnmnnsInaene1gnsldan nuin
dssansznududanndessniign Ae Armiduiivdesyud 5.69E+06 kg 1,4 DB-eq ne
Tan%ou 1.58E+06 ke CO,-eq AazAuAsA 2.45E+05 kg SO,-eq AMdufivsaszuuiammi
IM 1.62E+04 kg 1,4 DB-eq Wwsiaszuuiliariluuun 9.18E+02 kg 1,4 DB-eq Wazn15anad
vastuloulau 1.16E-01 kg CFC-11-eq lngvgryaney 1 kg nalvilinnansenulusiuaiy
Jufiwsienywd 9.48E+01 kg 1,4 DB-eq WazAIINABINIINNUAZENTIY 4.75E+04 M)
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Abstract

This research studies the environmental impact based on carben footprint and the economic
costing of Quartz Crystal Unit product of Kyocera Crystal Device (Thailand) Company Limited by a
life cycle assessment under cradle to gate. The 2017 operation data of company is used to consider
the environmental effect. From the study results, it could be seen that the construction phase of
factory released the greenhouse gases total 32,975,705 kg CO,eq. The environmental impacts from
operation phase of the main energy and material values was electricity of 9,893 kWh/day and
nitrogen sas of 7,392 m*/day at the full operating time (24 h/day), where the greenhouse gases
emission was 36,546,216 kg CO,eq. The decommissioning phase for recycling the some materials at
the end of the factory life time at 30 vy was 2,819,026 ke (0-eg/Piece. It could be concluded 1 Piece
of Quartz Crystal Unit represented the environmental impact at around 058 kg CO,-eq/Piece.

Economic costing of this product was 1.47 Baht/Fiece.
Keyword: Carbon Footprint, Life Cycle Assessments, Levelized Cost, Quartz Crystal Unit
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Abstract
This research is the study of the life cycle assessments of the Quartz Crystal
Unit product, which is produced from Kyocera Crystal Device (Thailand) Company
Limited by setting the scope of the life cycle assessment in terms of cradle to sate
from the 2017 operation data of company under the 5 environmental impacts and
the life time at 30 y. From the study results, it could be seen that the most emission

of the environmental impact is @ human toxicity at 1.31E+09 ke 1,4 DB-=q. The
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second of the environmental impact is a climate change human health of 5. T0E+08
kg COreq, after that the impacts occcur from a terrestrial acidification of 3.33E+07 ke
S50s-eq, a tterrestrial eco toxicity at 1.36 ke 1,4 DB-eq and an oczone depletion as
T.19E+04 ke CFC-11-eg, respectively. From the analysic results, it could be found that
the main effect comes from construction materials of factory, which consists of stesl
at 40,381,125 ke and concrete as 56,107,200 ke, respectively.

Keyword: Life cycle assessments, Quartz Crystal Unit, Human toxicity, Climate
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This research studies the conventional and exergetic life cycle assessments of a Quartz Crystal Unit production
processes of Kyocera Crystal Device (Thailand) Company Limited combined with an oreanic Rankine cycle by using
municipal solid waste in the Morthern Region Industrial Estate. The environmental impact of 6 indicators and the
economic results are analyzed. From the study results, it can be seen that the lectrical process from a refuse derived
fuel for using in the Quartz Crystal Unit production processes can be reduced the environmental effects. A highest
impact to reduce the environmental emission is a human toxicity at 1.95E+10 ke 1,4 DB-eq. The second envirenmental
impact is a climate change human health of 1.36E+10 ke CO,-eq. Next the impacts occur from a terrestrial acidification
of 9.56E+06 kg 5O.-eq, a freshwater eco toxicity 9.49E+07 kg 1.4 DB-eq, a terrestrial eco toxicity at 9.67E+05 kg 1.4 DB-
eg and an ozone depletion as 2.13E+06 kg CFC-11-eq, respectively. Exersetic life cycle assessment shows that a
cumulative energy demand of the modified system can be decreased 37050667 MJ. The economic results, a levelized
electricity cost from the refuse derived fuel is 1.50 Baht/kWh, which can be decreased a levelized cost of the Quartz
Crystal Unit production processes to be 144 Baht/Piece compared with that of the normal processes at 1.47
Baht/Piece.

Keywords
Life Cycle Assessment; Exersetic Life Cycle Assessment; Quartz Crystal Unit; Levelized Electricity Cost; Levelized

Cost
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warlidnsinduuild irliiAaaaelanisuunniian
sesaanifiudunszuaunndnnszawiauaivniah
v9aA1 COD way AOX Ad1umdaivauidoves
Sotoodehnia and Agamuthu [10] Lé & Asmae et al
[11]

naAdeiina ey wud Slidouidala
wins@Enwnsdssdinindns®ie wasnisUssdiudy
Tnsdnweiiinvomadniuel atend Alada oiin Saudv
ssuukanlninipdnsussauasBunidlaslfidonds

ar

Falluiuveswiteil fnsanisusadiunanseuaiu

- w ' ) s o w w
dHALIAEDU i?ﬂﬂUﬂljﬂLﬂulﬂlﬁﬂTHWH\TGWULLESFHH

Y =

WTHIANEnT vaInTEUIUNHERRdend Alada uila lny

lvwryadoniifinduluoniiauanavnssudnu LxaEn
IieneTninIusshivansdunid isann1sdalviiain
mslvihdaugiinig (niln ) vaanszuIunisudandond

& .

Asada yiin U3EY Woawsn Adada Al (Uezmelne)
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T % atduil x 3

2. quﬁﬁn.ﬁ'm%’m

2.1 n'l'suémgamﬁwaxu“aﬂau (Refuse Derived Fuel,

RDF)
\Fomdswziuzuuuvesmsdanisvezifiedanld

udomasianil Taonsufulsuasiasnimaasoy

i

yadeeliiiuidomadsiifauantiluiuanuiou
(Heating Value) AITUTU TUIA LATAITUNUINUY
winzanlunslidudomadiounioloduitendalai
wiseanuiou waziiesddsznoutimuailuaznionm
alnaun Wamdswsranusowdsenliiu 7 +ia sy
UIRTFI ASTM E-75

mylszdlusanuiousndomaey aunsanld
IAATTIATIERLUUaEIEsa (Ultimate Analysis) v3e
NFiATIRIdRdIuTaI0IRUTzNoUER Sulsznauly
A28 A1suau (Carbon, O lalasiau (Hydrogen, H)
aan@Lau (Oxygen, O) Fawod (Sulfur, ) §161 (Ash
Content, Ash) wazAIAILEY (Moisture Content, Mc)
TAumIwIATIRILSaUE (High Heating Value, HHV) Wa
A1ATLTaUAT (Low Heating Value, LHY) YouToINAS
vy douldaunis Dulong Formula [13] dawansly
aumsmaluil

HHV = 33.801C + 144.158 [H - (0.1250)] + 9.4135

(0
LHV = HHV — 22.604 H — 2.581 Mc (2)

2.2 1dnsus9Auansdundd (Organic Rankine Cycle,

ORC)
Tpinsussdvansdunidindnnisinau Ao ans

wasundsuanuiougumadeilugig 90-110 °Can

U

ar

nandunFrulaiduigdnsussduansdunid dWu

syuunsyhauildudnnisvesininsusefiu waldans
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[ ' - ot o e el -
mam’lunqumiﬂumwumaimaqaga annsarlasu

- 8 ] -

anurnwesmaniulefianmgiid wisilygnidansh
(Boiling Point) diawFeuiiisuiuiadonvonidiliiu
arsinauluszuuussfu liszuundanssualiii
wuuidnsussfiuansduvid anunsailiansiaunaty
annurainveamadniiule wWeldfudotunarud

nszualfineanuilflanldunasanouaamaiich Tne
gunsaindnlutgdnsussAuarsduviimun 5 & fe
wifadu (Boile) 9wy (Turbine) LAT B 1A VLY
(Condenser) flu (Pump) waziadasdnidaladn

(Generator) [13] uam'lugﬂ'ﬁ 1

Tuttirg: Generator
: oy
N |
Wi L
________ -
——— Liquid
Pump Condanad
i, = Qe
— | .'_II/ —_

FUR 1 wunmuansgUn il dnsussAvansduniy

2.3 i{]ﬁﬂi%"‘aﬁﬂlamaﬁﬁmﬁ (Life Cycle Assessment,

LCA)

nsdssiluininsdin fe nssviunsvssiduna
AsENUNNAIWIndeu lasfiarsuinsaunquils
AsrvIuNsHARLasAINsIANG 9 AAvadestuluzuvea
TgAvuarndnu Simnlsmdiudezimaenieidng
Finvawdndusdiod1azBon a1ulduinigiu 150
14040-14043 wtjsfunaunisusafiuindnsdindu 4
Funoundn Sutsznaulude 1. nstmuadivneuay
YAUANIIANET 2 N15iessiiydsienis 3 n1s

UsslIUNANTENUADAILIAADY was 4 nIshUana

e wuvien13¥i197U (Functional Unit, FU) Tag
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U9 x atudt x 4

ausofnmesnunluzunansenududwanden d
aumselyil

IC = X, (A x EF) (3)
dlo IC wanssnuAuAwndey (impact Category)

A, fanTIudna 9 (Unit)

EF, A AasTadHansEnUAuAILIAdaILsay

UszLam

3. A8nsAiiueuide

31 dnwideyaliuinvssyadeslulvainy
aeamnsiunamiolud we. 2560 wasvinisdiina
asfUsznavTeILzdIng 1 Taeldssduamnindeiionts
adi@ 209% LeUsniusruFourudomd ey

3.2 airwvudasaneadinaranfraaszuundn
i Tgdnsusafiuansdunid lnvfluvasnnuiowiy
\Fomassryadaslutiaiirugramnssumamia Ll
iludnnaumauaivizaursissuundaluinigins
wseRuaBunid Ieflwandeaduseumsdiuanuans

Tuguit 2
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nput
/ My, T, H, O 5, toe /
[]

G
A-E4Sa Refigerant, Ty, To Tuer 5H 55 Mo, M

¥
Geneml Washe
LH, = LHV M, ¢ Mo,
Oy = Ly / Maw
Moz = Qe | P L]

Incineaboe
[ - )
¥ ¥ []
Conderues Prosmate Boiar
by = 1T = 50 = F -1} =1 by =T}
T =T, -5 P =T} by =T}
] T = Wy 4 SHPD
= AT TeTiam
P A
Pa - A
Solution Pump *
e
fy, =P, n) Wit Flowe ot
= = Tl ALl
Ty = Pl I, - I - 1, - L, - T,
Vagor Quaity Trther
m = c) K B0 e T
M, = Wil
Heat of Pump "'.P:-T.;'::-M
Pe=rTs iy
H, = 0,0 1000 =T
e
]
Heatig Capadty [r—
Wore = Tl =R Einctricl Caaity T = O — W2 04
Q-1 -r) W = War Pl Mo e
W =T, VR, - F1 W, Mo = (hn, ~ el G

CD

Ui 2 wndwuuinasyuundalihiginsusaAuasiuntd

a =

333wmarzhdrdununisudaliiseniaw
(Levelized Electricity Cost, LEC) a3tz uundnliip
dInsussfuasdunidlavldidomd ey Aandluaunis
waluil
N PEC1-PEC2
v+ >

=) @
0 Worctop
& a+n"

3.4 g ununsHaadenile (Levelized

LEC=

Cost, LC) waswiindnsinlend Asada giln squiuszuy
udald1igdnsussduansdunidlavlddombsnesy

17U 1 Piece lansnuasduanuandluaunsneluil
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T % avud x 5
n
Inv+ 3 Lt
c= r]t:1 (1+n (5)
Z M
&, 'smD

3.5 AnwinanszuAudwandeunasaingingdin
vowdndusinond aiada yis
3.5.1 AMuad MINELAS TR ULIATDINTANE

o lmunenisdne de Enwinisusediudyg
INFFInT0NERAUN Aend Alada uiln
raani)Insdiniaun1suivus nasrany
A1319971U 30 y 19 ULTANITANYT AB
Anyindnsfinvomindusiuuy wafia 1
w3 (Cradle to Grave) Inufinsmdaus
Tasaaineenms n1siuingdv nssuiunis
naRKARA T Yangunsal sufanslaunds
winausl warnshdnenn Millifiansonlu
dunIdieen

s MmN fe windusinlend piada

giin d1u2u 1 Piece

P

3.5.2 dmidsenisteyatesnssuiunsudn e

Ussiiiumansznuludiulasainaeia1slsaau damunns

Aniunu wasdumiionay Ausasdsauandluiui 3

FFOCERA Crystal Devees (Co, Lt} Thal

3 3 Tpdnsiinvendniusiaand adadn giin daudiulss
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3,53 msUszilunanssnuna 6 s Ae 1. amzlan
Sou (Climate Change Human Health, CC) kg COseq
2. nsanasrasdulauley (Ozone Depletion, OD) kg
CFC-11-eq 3. nMazdunIa (Terrestrial Acidification, TA)
kg SO,eq 4. AT ufivdauywd (Human Toxicity,
HT) kg 1,4 DB-eq 5. fimwinszuviivimivuun (Temestrial
Eco toxicity, TE) kg 1,4 DB-eq waz 6. Aulufiuveie
spUvUinetnia (Freshwater Fco toxicity, FE) ke 1,4
DB-eq TanléTusunsu SimaPro eidu 8.50 Ianis
ReCiPi Midpoint (H) (SimaPro, 2018) n3an133R 3139
nansznutunatswuudidudu [12] Wenmuiuung
UanUdosnanssnuAuAmIAdouTa 6 A1 oswn
nansznudanadinsmuay Tiduluauuisigivees
szuumaiiufiamsvesuivuasluusiirugraivnssy

354 5nnTuUInakaz sz UNANTENURY
Fundouvpsdndusienond adada yiln

3.6 Anvnansenududwndounasnininsdin
vouANTEs ot rafldluUssdiunssuiunisnga
sasmond A3ada uin ndehmsuduuss dlalimsiads
wenveztusruuRdaliih i dnsusfuansBurid

3.6.1 Avua gAY aULRTDINT AN

e Wensdne fie dnwinsuszdiudy
dniFimenenuezeaonaiylday 30 v

e waulwAn1IAne) Ae Anwindnsdinges
WH1TEE WUU LATIHA 1) 1w (Cradle to
Grave) Tnsfinnsandaudlaseaine nsfu
Tagfiv nizvauntiudnndaius Yan
gunsal uENslAuNdndn el uaznns

s w i .Kl "o . .
Adngn edldfiansuiludiunisdsean

' o - o
*  WUILATINIU AD wzga&laﬂmm‘u 1 kg
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Tt % arfuil x 6

wr

3.6.2 InvindndTenisieyaveunimives e
Uszfiumanaznuludiulazsaing drunnsdniduay uas

. Ey = = 4
aun1sienau nediveayduauan &I‘LIEU'I'I 4

Uil 4 madsniuipiniiinvean ez

3.6.3 nsUszifiunanszvuii 6 A Tnelilusunsu
SimaPro 1a$4u 8.5.0 1A% ReGiPi Midpoint (H)

36.4 ¥innsudsnauazUsziliunansevuaiu
Awnndauvean i ves

3.7 Anwmnansznuatudandounaandginidin

e

103srvunaalin T insussAuansdunid tiethwuadile

ar = w0

ludszdiunszuiunmindnvesreond aiada olie wdah
arsdfulse disdimsfinnsssuundnlad1iginsusdiu
a1sdunid iWeldlunmsndnvadsany

3.7.1 mvuarhvnuuasee ULe1DIN1TANY

o ilvmnennsdne fe ndnsdinvessyuy
wan i indnsussfuansdunid aasnany
Taamu 30 y

o wpuwan1IdnYl Ao Tninsdinvedssuy

nanlnfTgdnsusaBuansduniduuy es
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ifia ) 1nu (Cradle to Grave) lasfiansan
Funlassase msduingiv nszvaiuns
HARuAnSwe Sanaunsal sufisntslaunds
udnstoust wasmsmhdnen

e hemIrnau fe wdanulvia 1 kwh

ar s a e

37.2 davidgdsensdoyaresssuundnlniiiy
Tnsussduarsdunid evssdiunanszvuluaiu
TAs9as7e drunnsandine wasaunnssenou [14] Tawil

Tuavidendiuandlusi 5

i

Decommission Phase
1. Het Wader Purmg

2. Orgaric: Rarkine Cycls
3. Cocling Tower

Uit 5 Ipdnstimeassuundaliibiginsussfvensaunid

37.3 msUszidiunansznuia 6 fu Tagldlsunsu
SimaPro 1105%u 8.5.0 laes ReCiPi Midpoint (H)

374 MannskUsHARAr U ST UNANTENUATY
dawandaumesininsussduansdunid

3.8 AnwmansenuAudwndeunasaininsdin
tamanusianend alada uiin vdansifuuniiau
Fufiumweirezuaz sz vundali iy dnausefiu
ansdunid

3.8.1 Avual MU AT Ta UL IRTDINTIA NE
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i X aluil x 7

o wmnensAne Ao Anwinisussdiuiy
Ins¥invondniued aond Aiada uiin
wdIMTUUlss maengnalee 30 v

e gpUlIANIANE Ao dnw1indnsdinves
HARAMIUUY 1ATIAA ¥ 1T (Cradle to
Grave) Tasfionsandwslaseaiianans ms
Fulngiiv nIzviunIndnndndus Jag
aunsal aufisnsliindsdadus nshda
970 wazUFuavssyadesiilitiundsanu
nauny illifnsanludunsdenn

o itensyhnu fie KEnSwsinead Aiada
giln 912 1 Piece

382 davhid@snsieyavamnssuiunsedn tie

Ussiliunanssnuludiulaseadieeiaislsey dunis

Afluau uasdrunisienasy sasndginsdinves

w P ar

uindwe arond A3ada uiln sy Tnod

T

wasdunuandusui 6
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U4 6 ipdnstinuesndindiusimand Asada olin wdins

UFuuss

3.8.3 msUsrdiunansznuin 6 a1y Ineldhlsunsu
SimaPro 1205%u 8.5.0 TAedd ReCiPi Midpoint (H)

384 virntsudsnanazdizidiunanizvuaIy

w -

daanday vewdnnusirtond Adada olia wainns

kil
w

Uiuusanssuiunsedndienisinnuiafuszvunde

-

I ipdnsussduansdunis

&

38 nmsdssfiuigini@indneaiifinves

.

=W & _m o ow w [v) = on
HAEARNEUTATIDAY ASEANE BUR ﬁﬁﬂﬂ"l'ﬁﬂ'iﬂﬂ?d'l’l‘ﬂ"lwﬂu

o

Fnufumnknrezuassevundalnin Ty dnsusedu

an3aunis

Ui % atfuil x 8

4. uan1sANtuIuIve

4.1 Yayaviuauvezyadovluiwaiinuananinssy
nawila
ndeyaviunuvezyadovluaiinuanainnssy

aawmilolu® we. 2560 wudn Hann1sa1Tadoya

Vinnuwezyadssnndinonuiaugnaimnssuniamie

U 68 UFTEN ﬁu%quﬂﬂzyaﬂaﬂiaun&qwmm 1,318

Ton/y lngUiuiuassyadosvaduisn Yiqse

Sidnnsednd (Ussmelne) 91da duinfigadiunu

670.47 Ton/y 5898317 A8 U3TM 811 wuyuneLaes

(azwmealne) 417a 48562 Tonsy UEHM Yilmy

Sudanseiind (Wsswmealne) 3197 419.23 Tonsy

Ay wazdudugavie fa uiEn s1lawu (e

Tne) $1fn 0.45 Tonsy FwarBuauanslusuil 7

- — |-
5“ rammane o
'y =
i- -
E PTPPeeTa-
R a,,a_oya,,a_ @,‘V.
\f“;’f’f {K f J f/ﬁ”r o “’f “"d v

Ui 7 rnuwezyaseoluriiauenawnsmnamialul we.

2560

wnfuimsdinaasdausnesdsenavsesssly
vunfinugpamnssunawile wudd dwanadin (geuiianu
Sou gaimanaiin) inilanludadou 48 64% saaaan
Ao 1AweIu1s 19.25% Awmdausznavluaie tavld
10.56% fnilaayn 8.85% waafin (uiinth wanedesiin)
576% NTrATY LAENEOINTIATY 4.76% wazdu q9

2359 §49910ATTATUIN WU TUEAINATATUITA
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dranldwdomdmey Alld1amuioud (LHVL)
Wiy 20,62 MJ/kg
4.2 wwuasmntiamanivasszuundalii iy

AnsussAuasdunid

5U7 8 wanaman1sFuIuYemUuUdIan NI
pdiarans wui Viinavssyadesdidesidnluusay
Flusaglugiasywing 37250 676.14 kg/h (S13dannu
VSinuszrewnazfiow) wasdlothvesdinanaludn
wsnidnresiendntiniou wasdisituszuunan
Il Tndnsusafuansdunid anunsondalaildludas
176.19-319.81 kw, Arfunuavosszuundalainining
witAuanTBuvEdTiazan Ao 150 kw, S1uu 2 wedes
fiiluszansnmvasiginsussAuansdunidussuiu

11.02 %

Mokl FHE WA e e

7. R

2
ORC ()

Garnerl Wt Cuariiy by
B
T

Ao Mey  wn ul Aw Sep D Mov  Dmc

Ui 8 Uhuusryadenuazassuueda i iginsusiiu

ansounin

4.3 Arfiununaaliidaniay

nan AT siAduuRGEs A wowiie vassyuu
wanlni Ipdnsussiumsiunidlaslddomaes: wui
fifwinfu 1.50 Baht/kwh Sadimanitladananludiou
fuenldfandrosuidnuivn Wonesn aada dld

(Uszmalne) §18a Tuil w.e. 2560 Faillduanviinu

Tt x avuil x 9

3.22 Baht/kWh azaunsnand1uiuimnislandaaiu

Twnlewiniu 1.72 Baht/kwh swasdealunisiadi 1

A1TEH 1 Adunusdnlsbidanioo

TuazBun

a1unslEnurasszuuRan i igdns

UWHAUATTEUNIS (N, )

Ussnamdnuliiniindalanasniad
2,747,798
(PWORC = Wore top, kWh/y]

waATlunzamulazam Ty
(Inv = Zoae + Ziand + Zouiting + Zpiging 25,935,250

+ ZCooling tower + Zlnc'lnelatcr: Baht}

Arlda1slunsuanliddadaszuy

uanlaAn I dnsussAuatsiunid
. 2,830,110
(PEC, = PECupry + PEC. + Zgyy +

Zowz Bahtsy)

Arldauluntsudalifinrelossuidn
L 5,250,432
WA A3aRa alad (PEC,, Baht/y)

gmsnslandanulifivesdininiau
JinsouszvInaINLIaU LasHRaLTad
. ) 610,032
NOHIITUBAIUTAY (Pw, = [Wyy +

Weaw + Werl Lo, KWh/y)

Smanaladenas RDF-1
(thDF—l = [3600 Qg / Iljncineratcr 612.19

[LHV gy / 10001), ke/h

Adununseda laiisaniinvedns
rAnLF nA M sARATE UL ERIWE e 1.50

saufvszvundaladaigdnsusediu
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- b
FNUATDUA vaya

ansaunid (LEC, Baht/kwh)

4.4 fununisuansiovitgnaniaeinlend ATaAa

-
giln

i % atuil x 10

mieseiaunun sHEndoneeindwsinond

- ' ar

Aiada gin saufuszvundalafiigdnausedu
arsdunidlasldidamame: wuii ddduyudonion
18an15uAAYINFU 1.44 Baht/Piece §sdlFdununisudn
awilwanas 0.07 Baht/Piece §ansrulunIsHERLAN]

fnatil 1.47 Baht/Piece dismasioanandlumsai 2

ATNT 2 wanmadfuuRdarevievd s nArd sasuurdnlvbi T Snsus siuastund

TEAzndun toyanouliuun | tavandsuiuus

YOAINTTMVUSRIT0 LT EN
1,552,000,000 1,552,000,000

(v = 1M oo + P ey + 1MVgacing + IMVecmpanys Baht)
AR (PCy ey, Bahtsy) 5,673,317 2,420,322
AT AEUREY (PC e BaDLAY) 165,000 165,000
TIAAAIIUIATION (PCyppmen, Baht/y) 823,000 823,000
wenARS AUy My, Piecesy) 63,062,000 63,062,000
FEEELTATIUATTYINY (to, hyY) 8,592 8,502
omIliaT (N, y) 30 30
Aiuvusiamie (LC, Baht/Piece) 147 1.44

4.5 nsuszdiudgdnsdinvandnimsiatand
Asada giln

U3W @D a3ada flid (Usselve) dadm 16
ArdiunsudanindMavanoy 2 ndndmel da SMD
Quartz Crystal Unit Tud3unm 5.24 Million Piece/y @
Wy 86% wax Lead Quartz Crystal Unit U3u1unnsuéa
0.84 Million Piece/y firuilu 149

Taunan1sdnvindydsenmsdoyasiulangunsainig
fioadie1a1slssuueuitv wud enanslssnuiley
frofu sa davad 13 1 0ueia13d %0y
AsvuIunTsHanTetluatmslssnudsiiuivuia
13,971 m? duadt 4 Wulsaems aauiivneeu way

wai 5 Wuedsduduaznisdeanivuniiuiisiuiy

9,407 m? luorarsyu Tassaiandn wasvdaanihuueiu
Luviain
ArsUssdiunanssnududwnadenvadlasaing
91n5lsaau wudh wansgnuitvanidasuantizinniign
#o mnilufiveiouywd 6 486F+08 kg 1,4 DB-eq 121
HuADUNIA 50656408 kg 1,0 DB-eq AnLliu 56.73%
warlpssainamdnidu 7.5516+07 Anilu 41.72% nasu
3098911 Aa nzlaniau 45686408 ke COeq U1
fiuroun3n 3.506E408 Amilu 63.05% uazlassadng
AN 83196407 Aneilu 30.96%
AsUsyEiuNanTE U AUAWIRAdaNTa I SAE
druarsviinduTnafvsasnasu wudn dnns
UandssransenufuAIedenuniign do el

' e

fiwiauyud 4.295404 kg 1,8 DB-eq dudsznauluaan
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wisauladln 3656404 ke 1,8 DBeq Anilu 85.24%
wozyadon 4.34E403 kg 1,4 DB-eq fimilu 10.12% a1y
laniau 3.84E404 kg CO-equ1a1Anasa1uliln
2726+04 Aatiiu 70.949% f1wlulngiau 3416403 ke
COyeq Amilu 8.90% wazvuzuadoofniiu 12.94%
malszdiunansznusmdwindoudiunisiensy
nwuit annnsaihieifangunsallasiainaenmisisanu
nduanFlueidald deanansoannisuanusonnansenudiy
%’iﬁmmﬁammnﬁqﬂ fia Anzlaniou -4.636+06 kg CO,-

e

equ1ann13ensuiniesdnsTanogiiioy 30.60%
wiannuiata 33.96% s09a3n Ao Anuiiuiivieuywd
-6.96E+05 kg 1,4 DB-eq AnzHunIa -2.06E+04 kg SO,-
eq fiwsiaszuuiitiemiuuun -2.21E402 kg 1,4 DB-eq 113

anasvostulouleutdinannansynuloniign -2.226+02

Ui x il x 11

ke CFC-11-eq u191nlAT3a319M8 4R 4.09% wazUssn
wifin 0.005%

a5 T TEEluRansE MU LA IR GD d2u
Tasaaiemslsanu maduiiuny wasdiunsionou
TanlaTaineeiailianu wud wanisvanddon
nansznUAuAIWIRdauTiAntuniign Ao aranfudiie
Aauywl 6.49E+08 kg 1,4 DB-eq 599411 fa nzlan
$0U 4.57E+08 kg CO,eq ua:naﬂimuﬂaﬂﬁqﬁ fio fiv
Aaszuvdeduuun 3246404 kg kg 1,4 DB-eq las
nansevumaanaen1sldnuuniian A 1956410 kg

1,4 DB-eq H4naANFW 1 Piece 1AANaNIZNY 1.20E+02

kg 1,4 DB-eq auédu Teazidoauandunisiail 3

AT1a# 3 wasmUssdiueanszn i wndausaen i s inve smindi

Lo . dunanszvudos HATILHANTZNUATLAILIAGDY
WANTEAUATUEMIAADY .

Tazaasna | Awdiunns | nis3enau | Aaeseignnaldans | 1 Piece

Anuduivsauywd 6.09E+08 | 429E+04 | 2.7BE+06 1.95E+10 1.24E+02
nmslaniou 4.5TE+08 | 3.84E+04 | -411E+06 136E+10 B.64E+01
nmisHuna 3.32E+05 | 909E+01 | -9.50E+03 96TE+0G 6.15E-02
rnuduiwdassuuiomiin | 2466406 | 2836403 | -8.39E+03 736E+07 4.68E-01
fiwdaszuulimiuuun 3.20E400 | 204E+00 | 4.32E+04 227TE+06 1.49E-02
msanasassululey T.10E+04 | 1.86E-03 | 3.71E+04 3.24E+06 2.06E-02

WA TRUARANTENUATUAIL IR DURABATNAN TN

ar

vamBadud arend Adada oiin nounisuivdsuiu

FroEIan 30 v Insilsznznainisvineu 24 h/day wie

a1

360 day/y danmaudnfinelviiiananssnudanu
Awrndoudrdyuiniian do Anuilufivdouynd

99.70% A1zlaniau 99.51% aandufivkassuuilia

UAA 77.44% A1azdunTa 99.80% fiwsaszuuiviatuy
un 99.87% uarnisanasvastuloulsu 99.99% fiLin
PngaaeaanAslsauiiundn Sulsenaulusmeiiy
ABUNSEA 56,107,200 kg uazTanudnainminidu
40,381,125 kg

4.6 msUszlivinInsTinvaunmn e
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VIFANTININTG FAINTTUAIERT 1.8,

Iidudsensloyamimivysyadasdeluiiil
@anlawmien fillnsesnuuurazaitamaninuiiuiu

spuunBalfn T dnsuseAuansunidlaoanis vas

e

ANUIFIWAIIUV ALY duVive deudld §ad
Auatunsalun1sidaverUssuia 2 Ton/d e
UszdlumranssnusuAandeniia 6 au senatdn
oz 1 ke waglardananiunsiwanediidussuundn
I dnsussfuanssunid lunssurunisndnaend

= e - -
FIERa JUR fall Twasduauandluniiad 4

13190 4 dayadengunial uozawusznaumerosyadon
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Uit ¥ adui X 12
dulsZnaulainIEe . Usun
Jan
yadas (ke)
AuIuiuAIITa Toudadnased 60

AUl TN U WM B . Usunm
6
yaos (kg)
IRy GRT I 5,800
Auilvipdauiosn
. 580
Toagd
Taswaiwaaanlml
P
WRINTUWITI ASTM-
1,000
A3t
widnlSaiiu 1,070
viamdnlagudioy 500
Tassadnlansay witin Tia TRsiioy 8a
250
aon
VNBILAY 4.5
uomad winFUNTI ASTM-
10
A36
L wiin fiia Tasdiuy da
gUnsainTINIA 25
ane
viar1e 9 drudaan . .
. vofdarlud 150
vl
= =
. wiin iia Tasdioy da
RITGH 50
ane
Uamaniu wianlSatu 500

AsUsEdiunan SN uAuAIInda uaTuTATaEa
WNTEy WU TUEnansUanUdosnansenuiivinly
Anauiufivsiouywd 1906405 1,4 DB-eq uniign
Sutsznavludslrssaiilanseuiifiaunaundn fna
msiley daaey 1.41E405 kg 1,4 DB-eq Anilu 74.47%
948947 A wansevuA1un12zlaniou 5.47E+04 kg
COyeq Sulsznaulusnlasiainlassouiiiidunan
win fna Tesdloy daaas 3.76E+05 kg CO,eq Ancilu
68.74% NUAIHU

13U UNAN TENUATUAILIA DU TDIN S
FilurudumsTesndTuuszyades d11ndofvun
VRUAKITBEE U TN e ElAUTE U 2,000 ke/d
wudh dnnsuamldesnanssnududwadeunniian fa
amzlaniou 1.01E403 kg COyeq sa9au1 Ao AUy
fiviauywd 8.84E402 kg 1,4 DB-eq Aaiufines
spuuiliaminda 3.30E+05 kg 1,4 DBeq ATsdunIA
2 50E-01 kg S0,-eq finsaszvuiivaduuun 192602
kg 1,4 DB-eq wazmsanasvostuloulaufananszny
tiouTign 6 78E-06 kg CFC-11-eq

nFUTEEUNANTENUALA IS DNAINN T DB
WU aanseanaanssvusuindenluiuniylan
Sauld -1.54E404 ke CO,-eq yInmsseaeulAswEdned
ulave mén auauaa vietnanlud wasvoiuas
sasaan Aa Mslenautisaneuiiufivrouystals
-4.92E+04 kg 1,4 DB-eq

naTiun Tl diunanisnuauiiedonludiu
TA59a379 N13@ Y waENITIe00U NUIT HAN3

-

Janlassuaniznuaiudiwindauiifiaiuuiniian Ao

"



TIFATINTG TAINTIUAERT 1.8,

Arufufivdouyvd 1906405 1,4 DBeq Aniilu
09 539 3838311 Fo Azlaniau 547E+04 kg CO,eq
A1ziunTA 8.19E+03 kg SO,-eq uaskanisnuiniion

fio nnsanasasdulouleu 3.916-03 kg CFC-11-eq oy
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Uit X il X 13

HEN3EVUAOADIENNSIEULINTIAR AD 5696406 ke
1,4 DBeq @aU3urmaus 1 kg daliianansznu
948E+01 ke 1,4 DR-eq AUd9U TuastBuawanily

A3 5

A13199 5 RaTNTUsEdiukan Ui uA LIRS aumaan i In T IRTB A WA L

: daunansznudas nasuHansTnUAuAuaaday
HANTTNUAUE L IAGRY ;

Taseddne | duiiums | msieaau | naenogniildan | 1kg
rnanfuiiwsiauyud 1.90E405 | 8.84E+02 | -9.8dE+02 5.69E+06 9.48E+01
amelaniou 5476404 | 1.01E+03 | -3.07E+03 1.58E+06 2.63E+01
AEHUNTA 8.19e+03 | 2.50E-01 1.38E401 2.45E+05 4.09e+400
puiiufivsassuvinmida | 2556402 | 3300402 | 4.40E+01 1.62E+04 2.70E-01
e Izuuiinmiuuun 3.076+01 | 1.926-02 | -1.08E-01 9.18E+02 1.536-02
nnaanasasiuloulou 391603 | 678606 | 5.49E-05 1.16E-01 1.93E-06

namswlanansENUATAIAGoRaani)InsiinTes
Wty Wussezat 30 y famaudneeinis
AeliAananssnusudwadonilddyfa 6 A1 fo
Ananilufiviouywd 99.53% anazlaniou 98.08% 1w
dunsn 100% Aruiluivsiossuuivmii@n 38.96% fiv
fszuvilanuuUn 99.94% warn1sanaivestulalou
99.82% fiifinandamsneaituanmveviiundn du
dUsznavldalslassainalreseu 250 ke wavilanniu

500 kg

4.7 nsdszdiviginsdinvaaszuundaliilnigang
wsIAuE1SIUNId
Favidsensdeyassuundnliinigdnsusdu

arsaundd Taslunuideiidenldiuwuunissiiiutan

Tassaisvadlssliimduanuiouldfinnuesianis

ﬁm%'auﬁ’uﬁmwwum 10 kw, (Undien, 2561) tiiawn

HANTEMUATLAILINGRUNS 6 AU AonTInERlNTHA 1

kwh wazlgainsnanlunsiwaeiiuiuewiida

wwrluirieiii i Tunssviunsudnniond alada g

im widsnsuiulswiely TauswazBoauandluniansd 6

M3 6 Toyndanguniniuasasilssnaussuusdnlihininsussdesduvid

Hayaszuu foyadngau | dwidn (kg) | douadmadu | dhwin (ko)
winndmay | 231953 | senled namwed 24
{Andnsussfuarsdunid —
. ) VISR 365.9 wanadnuds 220
warneiTzueATNiol
EEE 337 i 35.94
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PTNTFITINT IAINTIUATERT L. ﬂﬁ X 'ﬂ'l:l’U'.u'il X 14

VDAUUED 98.4 Yudud 250

IndgSnu 2 {(ERL] 1,174
HDPE 1 i 785
wedalaiu 15 ih 185
UNRWIT 05 widnyuUifanlud 7.5
wedalaiu 1 thifu 40
TndnsusaRuasdunid ogililoy 0.5 n7530 0.3

mMIUsyiukansTIUAUALIAdaNdulATIE Y04
sruundn i ndnsussduansdunid wuin U
msvanlassransznuiiiliiarnuiiiufivisuywd
unitan Sutszneuludeiaissmiuuiuiiildunauves
MoIwad 111E+04 kg 1,0 DBeq Ainitilu 2125%
3098911 Aa nansznuauazlaniaudulsznauludae
mannatlulasaainaszuy 2246403 kg COpeq Anilu
26.829%

mMIvssdiuRaNIEIUA TR IAdENTBIN 1 IR
drua1sr i uing v Lasndeau wudn dnng
Uanudosransevududsaadoulusitunnizlaniousn
ﬁajm flo 6.72E404 kg CO,-eq NS rnuldifitou
Tifuszuu Amdlu 53.49% s99a9u7 Ao a19¥i191u R
205fa 5.80E+04 ke CO,eq Aailu 46.51% warifinna

nIznuANURvAsuuwiliududuiians 1.69E404 kg 1,4

DB-eq

AsUszliuRANT EMUAUAIIAd DA IuN1 008 Y
Ui ansnaaranserusudwadenludunielan
Fou -1.54E4+04 kg CO,eq wnnssenaulaiai i
Wulave wWdn aunuiaa viawnalnlud Laznaauns
383N Ao N33oneuriuanmuiufurouydTld
3396404 kg 1,4 DB-eq

nasrunsUIzEiunansznuauinindouludiu
Tasea1a Assdiuaiu warn1s3enou Nu31 i3
Uanudosransemufudwndeniiiniuniniian Ae
pauufiwiouywd 5226404 kg 1,4 DB-eq Anwily
50.93% 3948311 Aa n1azlaniou 8346403 ke CO,eq
aruniufivseszuuiinmitin 6.026402 1,4 DB-eq uas
nansznuiliintasiian de n1sanasvasiuloulay
4.98E-04 kg CFC-11-eq lnUMANTENIUARDARIYMT 1HIY
unilanfia 7.0a6405 Fandsarulni 1 kwh Asliitie
uanszvu 1.28F-02 kg 1,4 DB-eq aua19iu s18azfen

wandlumsadl 7

ANH 7 TauRanTsuiudaadounaenigineiisve tsuusdaliihiginsusfuansounid

. drumansznuban HATILHANTAUATURWIAREY
HANTENUATLEILIARDY = . =
Tasaaing | andiums | nissenau | easmanensldans | 1 kwh
mmﬂuﬁw’auwﬂ 5.22E+04 | 1.69E+04 | -3.39E+04 TOAE+05 1.28E-02
nmglaniou 8.34E+03 | 1.26E+05 | -2.57E+05 -2A6E+06 -4.48E-02
nmzHunTa 824E+01 | 4.72E+02 | -1.09E+03 -LOTE+04 -1.95E-04
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PISNTINTT TAINTIATERT vau. T X aduil X 15
ArmduiiwdaTsuuiiomingg | 6026402 | 5.49E+02 | -1.53E403 -7.6TE+03 -1.39E-04
fiwsBsEUUTAiuLUn 3.0TE+00 | 8.43E+01 | -1.28E+01 1.49E+03 2.71E-05
maarasrasiuloulau 498E-04 | 3.69E-02 | -135E-02 4.79E-01 BT1E-09

nansuaRANsE U UAILIAdaunaanining
Finvatsvvundn i g insusfvarsduniddy
szozan 30 v lnoilszoznainisvinamu 24 h/day wia
360 day/y fnansznuaAwIndeud A Ae Ay
fiwsiauywd 52.02% fivsossuviiviaduuun 13.09%
n1sanatvasduloleu 54.199% Haandaanisneasig
sruundnliiigdnaussfuansduniodundn du
Usenaulddronesund 100 kg ludrulssnauiaios
Aruniu lnsauisnannanszvuaiunilzlaniau
49.49% n1eeunIA 53.18% warAnuiufivAossuy

feminda 41.11%

4.8 nsdszdiudginidinvesnaniusiaiond
asdafa yia saudvszuundaludadgdnsusefu
a159unid

e o _an nw s P

msUssdiuindndinvembndusinand Adada o
s Wieviuusnssuiunis laemsannislindnuain
Ca- - =
Wamdmeadaninnsaolidites nvn. LasaRENTENY
fadIRdoUTInTEUIUMSHEALAY TaudiAmanIznu
AOAILIAGUTE AN LA TEUURERLYH N TndnS

- P W w . .
wsAuatsaunIdluirtafiauun lalunnsiwmaednag
Uil ssnszuunsedady lnonislssdiunanssnudiy
- w 1 w w o
dawndeuludilasaaineiensianundinisuivl
aimusalidrmwingy lanlaseiaiinanmenida
vozuarisUuREa N1 I TnsussduansBunid e
HanIsnuaodudIng 1 asgmanfaludiuvenis

Anfiuny asvdIngiu wasndanu wiefnnanseny

Tugvevuns@elnihainlaslvwimdsueesunldnu

-5 L) w
naunun1sHalYinan nWa. YU LAEHANTENUAIY

dswndenvaanisaiiuau luduasviiniuingiu
parndsuudnisuivdse wud dnnsvandden
nansznuA1udindeuuiniiae Ae anizlaniou
9.14E404 kg CO,-eq U191AA15¥1974 R-245fa (ORC)
winffu 5.84E+04 kg CO,-eq Anilu 63.96% wazdruiu
weandsaubdiniilianansanawnila2 708404 kg CO,-
eq Aty 29.53% sp3aun Ao anadlufivieayed
385E+04 kg 1,4 DB-eq u1andautivvaandssnullii
3656404 kg 1,4 DB-eq Amiilu 94.90% waznanszNy
n1sanastesduloulsuiadoniian 834605 ke CFC-
1leq
maUszdiunansENUALAIIAR DAL 00 OY
WU enunInluendangunsal lassmineiaisliany
nduu3leidiald Ssamnsnannisuasassnansenuay
3&umﬁﬂmmﬂ'ﬁqm A nzlaniou 4.63E+06 kg CO,
equ1anMianautriosdnsTanagiidon 34.69%
wawmnuiada 33.96% saaawn fo Arvnidufiviouywd
-6.96E405 kg 1,4 DB-eq AMzHunin -2.06E+04 kg SO,
eq fivsiaszuulinaduuun -2 21E+02 kg 1,4 DB-eq n13
anasvosdulouleutasanuansznuliooiign 2.226+02
kg CFC-11-eq u131nlassainamdann 4.0% uazUsen
wifin 0.005%
nasuATsUsEiunansENUATUAIIAdDNE Y
Tnseas 011315997 MaRiuay wazdumsienau
Fanoranslssnuunsriiadioiinduuldlmi wuit Gms
Uanuaasransznufudiwindeuiiiniuniniign fe

arutfiufivdauywd 6.496408 kg 1,4 DB-eq Anflu



71EANTINIATG IAINTIUATARS LY.

99.98% 394a411 fia Anazlaniou 4.57E+08 ke CO,eq
uarHansENUTinlaefian do arandufivdessuuiivng
UNUN 3.22E+04 kg 1,4 DB-eq lAUNANSENUTINAGDA

agn131Eu A 1956410 kg 1,4 DB-eq Fmanfas 1
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Uit x avui x 16

Piece ifinMansenNy 1246402 kg 1,4 DB-eq uand

s1oasdonluning 8

A151H 8 TwanTeUAMudadounaeniineiisve sssuusdaliihipinsussiuansounid

.. drunansznudas HATILHANSZNUATURILIAADY
HANSEMUATUEILIAADY .

Tasaaina | dudiuns | nissenau | eaeeatgmsldans | 1 Piece
arufufivsauyed 6.09E+08 | 385E+04 | -7.32E+05 1.90E+10 120E+02
amzlanfou 4.5TE+08 | 9.14E+04 | -4.89E+06 1.36E+10 B.62E+01
mzhinsa 332E+05 | B66E+01 | -2.1BE+04 9 30E+06 5.91E-02
anuiiufindaszuuiing ﬁ’ﬁﬂ 2AGE+06 | 626E+02 | -9.98E+03 T35E4+07 4.67E-01
fiwdaszuuiamiuuun 3.24E+04 | 1.63E+00 | -2.35E4+02 9.65E4+05 6.14E-03
13 FI‘»"IWEN%‘I-JTE)‘HT‘UH TI0E+04 | 1.69E-03 | -2.30E-01 2.13E+06 1.35E-02

naMIkUakansznuATudwIndounasnininsiin

ar o w

= v a ] - = [
VAHANA T MDA ATana gla vaanisdsudsaiy

W

szpzan 30 v Insdlszozainisvinau 24 h/day wie

LY

360 day/y anmaudniineliifinnanssnuaiu
Fawmdaudaily 99.99% va49ia 6 nanssVU A AN
291N a1 radlsanuiundn dudsznavly
w . - ) ar - w

faufiuraunin 56,107,200 kg wazlaandnanumantdu

40,381,125 ke wugdu Tnodlahuantsussdiudang

w -

IR IB U s U URaN TENUATUEILIAS BN D
- ¢ e e v

ATruIUn1IEER Atend ATada gin Aoun1sdivlsa
wui manssvuauauiufivieiyed anzlaniau
Amzdunsa anuduiivdeszuviiviaihia fiviossuy
- s o -1

duradvuun wazn1sanadvosdulonlauilAaanas
Usguim 0.54% 0.16% 3.81% 0.15% 57.03% WAy
34.339% audiu annniibinansevuanas tsaan

Asanaswnlunuvszyadandiuiu 97.41 Tonsy Tu

ATEUINANINER uandluzud 20

HT fig 1A CBeg) 1oaom

Pt Oy 1,8 Dea 300

FU# 20 msnReuidisusansenurasn mlssiuiginsiinneuy

uazwdIn1sU iUl

o

4.9 mMsvsudivigInstiadnwaiiAnvawmaniut

o o= u = o

A2and AsAAa yiln SaudusTuuRAnliiinig Insusedy

.

d139undd

malszduigini@indnwe fnveimiond alada

giin WunsUssdiviBnasasaua AR Ay

u

w o oar

Jau Tnunsusaiiuindns@iavuiuguremhomasinu

WAHTUAINTOU A wnzaa (M) Inedd Single Issue

a



IEATININTG IINTIUAERT 2.8,

wazfwineonulugULuUATUABIN THAI T UAz A
{Cumulative Exergy Demand) TnBuan 131 3189W wual
noumsUiuU a1 U ssEivipinsiindnwaiifinves
Aaand ASada olln Tasaieiaslznuidanudans
wisuazaNLnTian Ae fiunounda 1.076410 M Tu
Funoumsdiiiuem wuh

wduliihiianufanisnduuazauniniign

3.58E+05 M) Wagdusoun33onaumnaInINRaoAnIgnTs

Td91u 30 y pan17Usediu wutn Tas@adamdmnaiunin
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T % avudt x 17

dnduulslngdls deatunsaanaiiudoanisnisly
e uazauliingy -1.90E+06 MJ naUssidiuiging
#nmaneaiifinetssuunainisd vl wuit A
Fosmandanuavarlusiulasaindliiinauasuulas
walutumeun A diu I uauITIanAI R aIN TNE 297U
ardayld 5676403 M) LA 1UNTOAARIILNADINTS
wa i uazausnla 370,506.67 MJ swavidoanandly

w13ned 11

A1mai 11 mamsUssdivvasipinnidneifnuandnfuvinen aladagiin

Before Improvernent | Incinerator | ORC | After Improwvement
Item
ELCA (MD)

1. Construction Phase 110E+10 L9TE+04 | 9.26E+05 1.10E+10
2. Operation Phase

® Raw Material 1.63E+04 1.39E+03 - 1.63E+04

® Enerey 3.58E+05 3.2BE+04 | 1.6TE+05 -5.67E+03

® Factory Waste 6.84E+03 - - -
3. Decommissionine Phase

® Recycle Waste -8.75E406 -1.18E404 | -5.55E+05 -8.75E+06

Total 1.10180%E+10 4. 75E+04 5.3TE+05 1101 773E+10

5. @5UNaIIT

PnkanIsEnsIaunsaagiidonddyvednis
dasiiudgini®in waznsusediuigdnsdinbnee i
nuesudndusialend asada olln s2udussuunda
T nsussfumssuidlnoldidomdeunslad

1. msUszidlunansenudnudswindounouyiunss
aaanp M3l wui dwansznududanadouann
fign Ao Aruiilufiviouysd 1956410 ke 1,4 DB-eg
Taundnwsi 1 Piece nalWinnanaznuludtuaanuiu
fiwsiauywd 1240402 kg 1,4 DB-eq

2. n5YU 5Ll uNAN S EN UA UEILIAEDILA IR L DY
AaeARIENslHIIU WU deansEnufuAIedansin
itan Ao Adnuufivsouyud 5606406 ke 1,6 DBeq
Tnuvozyadas 1 kg nebifanansznuluamuaianduiiv
sioaywe 9.486+01 kg 1,4 DB-eq

3. M3UszdlunansENUAuAAdeusTUURER
T#1¥pFnsussfuansdunidnasniynislénu wui
dsmansEnUAuAIndNINdian Ao anuiiufivee
Uy 7.00E405 kg 1,4 DB-eq Inendaulviln 1 kwh
nalifiananssnuluduaruiufiviouyed 1.28602

kg 1,4 DB-eq



1FANTITING IAINTILAERT L.0U.

4. nnsUsziiunansEnuAuAInd sunda Ul
maene wMsldnu wudh demansenududaedennin
fign Aa Auiflufiveeuywd 1996410 kg 1,4 DBeq
lnundnfwel 1 Piece AolwifinnanizviuTuauarudy
fiwdauywd 1.20E402 kg 1,0 DB-eq

5. anRan1sUseiliudgins@innsunasvdanisg
U3uise wudn euiddsiaiuisoaamansznudiu
dandauldlunn 9 du Tawmuidufivieuyvdanas
0.54% anazlaniou 0.16% ATizeunin 3.81% Ay
fiwosyuuinmida 015% fvdeszuvieiuuun
57.43% uaznsanasvasiulouleu 34.33%

6. HaMTIATIERAUUNIRERIT W ontsTe4
nanAasirend Alada oiin aiusruusdalaiining
ussAuasBunislanlfidomaaves wudn dewindu
1.50 Baht/kKWh

7. HANITIATISUAIAUYUNTSHARADNUI TR
nanausimend Aiada olin Taiussuundnlaininging
wRuasBurIilnelfidomaany wui douuiuus
AU 1.47 Baht/Piece wazndaliudgedlamingu
1.44 Baht/Piece §1anunsnanfuvunisudndenial
2.04%

8. Malspdinininsiindnieaiifin wudn seuunds
asUiul i snanAudaan Indanuazau ula
370,506.67 MJ

6. NinANTIUUIZNIA

y9vaUAM IMUdENdsunaLnY i ingdowild

&

wasU3EW 1ADesT ASafa akd (Usswalve) $1im Ali

m
a

ArTeivayuAuEn uRilumM AN nuiTuluasail
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Fdnval  ATIMINY

=

Activity (Unit)

cC Climate Change (kg CO,eq)

EF Emission Factor (kg COs-eq/unit)

FE Freshwater Ecotixicity (kg 1,4 DB-eq)
HT Human Toxicology (kg 1,4 DB-eq)

IC Impact Category (Unit)

LHF  Low Heating Value (MJ/kg)
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