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Pinit Fuangkamolwesh 2014: Life Cycle Assessment of Mechanical Machine
Manufacturing for Steel Industry. Master of Engineering (Engineering Management),
Major Field: Engineering Management, Faculty of Engineering at Si Racha.

Thesis Advisor: Assistant Professor Sirang Klankamsorn. Ph.D. 151 pages.

Mechanical machine manufacturing industry is concerned as a heavy industry that has
mass consumptions of raw material, mainly on steel, and energy. The manufacturing processes
use different types of machining that lead to environmental problems. The government regulation,
ISO 14000 series (14040, 14041, 14042 and 14043) and social requirement has an important role
to force the manufacturer to control and develop the sustainable management strategies to protect
the environment. The main problem in developing such an efficient plan is a lack of
environmental impacts data. The objective of this research proposes the gate to gate life cycle
assessment of the machine manufacturing since raw material acquisition, transportation and
production. The life cycle inventory was developed to evaluate the carbon dioxide emission. The
manufacturing processes compose of preparation fabrication heat treatment sand blasting
painting machining hardening surface (heat treatment nitriding induction) assembly and packing.
The case study is conducted in a large machine manufacturer in Thailand. The procedure is to
quantify the materials and energy consumptions, outputs and wastes that are released from
processes by using the commercial software SimaPro version 7.3 to evaluate impact assessment
of environment and Carbon dioxide emissions in the production process as a results of study
found that transportation process is released an emissions of carbon dioxide to 1.84 CO2
equivalent and production process is released an emissions of carbon dioxide to 26.76 CO2
equivalent that hardening process is a maximum value of carbon dioxide emission and impact
on the environment The assessment results in the study will be used to develop the carbon

reduction plan , energy conservation and environmental management policies of the industry
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- 1391 (Time relate coverage)

- gﬁmﬁ as (Geographical coverage)

-malulad (Technology coverage)

- anuiieense (Precision)

- A7UATUSIU (Completeness)

- mmgﬂuéfumumm%ga (Representativeness)
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- mmmmmclumiﬁv% (Reproducibility)

1A 9
- meﬁmﬂmwaya (Source of the date)

1 ] 9 . . .
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Goal and Scope definition

(ﬁmumﬂmmauamamw)

!

Preparing for data collection

A <
(amaummnmamm%’eyja)

—» Revise data correction sheet Data correction sheet

A4

Data collection

<
(husIDsINToYA )

Corrected data

A 4

Validation of data

(AsvdaUANUYNADITEYA )

Validated data

\ 4

Relating data to unit process

A

o o o ) o
(mmﬁuwuﬁﬂlawagaﬂum:mumﬁ)

Goal and Scope definition

o Y
(Myuathwueuazvouun)

l Validated data per unit

Relating data to functional unit

(-4 9 v 1 o
(mmmJ‘wumawauﬂaﬂuwmamﬁmam)

A 4

Data aggregation

9 Yy 9 o
(MITVTIWVDYAUIAIYAU)

Calculated inventory

A 4

Additional data

or Unit process

Refining the system boundaries

MsFuudszunlng)

!

Data correction sheet

' ]
Y o A a Jd o
ﬂ1Wﬁ 3 "Ulmaumimmmmﬁlummmiww i‘g%i'lflﬂ'li

1307: International Standard ISO 14041:1998(E)

Validated data per functional unit
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M3UsziumansZNy (Impact assessment)

U
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° 9 & ' ) . &

1. ﬂ’lfl'fl]'llluﬂﬂiglﬂ‘]ﬂsuﬁ]ﬂa!alﬂuﬂ'an"]JENWﬁﬂigﬂ‘U (Classification) !ﬂumu@]@u‘ﬂ’li

o 9 9 A A Y 9 1 1 4] =
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(CH4) gnaalveglunguuesansnliinaniiz lanseu iHudu wennniaisnluaINTa
Y 1 [ ) v A 9 9 1 Y 1 [ Y o 4
Glﬂﬁ]gsl,uﬂ'qMﬂ]@\iﬁ’lﬁﬁﬁ\?Wﬁﬂﬁgﬂﬂﬁﬂﬁ\un@ﬁﬂuqﬂu'lﬂﬂj'l 1 ‘]Jﬁglﬂﬂ hlﬂllﬂ ﬂ’lﬁﬁ]@iﬂ%ﬁﬁ/\l@i
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1@66ﬂ1“ﬁﬂlﬂuﬁ1§ﬂﬂ11ﬁlﬂﬂWﬁﬂigﬂﬂﬁﬂqmﬂ']well@\jilklyﬂllﬁgﬁ\jﬂaﬂﬁgﬂﬂﬂ@ﬁﬂln@aaﬂiu

y Y
v A o

o ' a < ' ' o A
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Inventory item Impact category
CFC Ozonelayer depletion
Cd Human toxicity
Pb Ecotoxicity
Dust Photo. Oxidant
Voc Global warming
CO, Acidification
SO, Eutrophication
NO. - Resource consumption
B! e ] Land use
Oil
Land

M 4 MITWUNETITNNYTLUANVBINANTENY
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o < g ]
2. MISMUUAUNUIN (Characterization) 1 uvumeumsuaasnansznylioglu
o 1A 1 14 4 @ 1
5UMDUVIAIUIY (Indicator) TaglFAunARDS (Characterization Factor) 1WoUFUA191N
= A 1 Y I 1 It:y o v J 1
Ysunuveawamsniasgeeninliiluaiarveinanssny taaInNUFURUTIZHINNIA
A a a o P Y a A ] ] ' 9
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asmarilazgnisziiuliegniiie kg CO, equivalent Tagansadum laninaunish (1)
EP; =Y (Q; X EF;)) (1)

EPj Environmental Impact potential ) ADAFANININUDINANTENUN T UNIAZ DU

M5y wansenulsean a9 (kg Substance equivalent )
Qi (Quantity of Substance) AoUSuauan1Izeans j Nasseonu (kg Substance j)

.. . ' ' .2 o0 qua 2 v
EFij (Equivalent factor) Ao AMAeUMIv0es i M ldnanansznun1eauado j

(kg Substance equivalent /kg Substance j)

3. MIMVUIAUDINANTENU (Normalization) ﬁ'ﬁ’) ﬂmmmmummmwaﬂiz‘wmmwﬁm
[ 4 a { @ 2 9 kS o a o
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EPj

 —— 2
(TXERj) @

NPj(product) =

. . . A a o
NP (product) (Normalized Environment Impact potential) A9A1 navoednanIn

1 A a [ 4
Waﬂigﬂﬂﬁ@ﬁ\‘il!?ﬂgﬂﬂj Glﬂ"‘]“]]@\iﬂﬁ@]ﬂﬂl"ﬂ (Person)
. . A 9 a 1Y) 4
T (Life Time of Product) ﬂamqmﬂmmmamammm (Year)

. A 1 Y A a 2 Yy oA =
ERj (Normalize Reference) ﬂammqmﬂﬂmmwaﬂsz‘numamumaewJ GLW]VI

Y
NATUINMITNIETVOIAUADY) (kg Substance Equivalent/Person/Year)



14

Y Y Y '
4. ms Iiimin (Weighting) Ao Iuaoulums liimminanudngvesnansenuae
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WP; = WF; X NP; €)
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4 ! g v ) (%
funadey j naams lianimminanudind (Person for target year; Pt)

o ¥ o o w 2
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1
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NP, (product) (Normalized Environment Impact potential) AenlnfveadnenIn
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The general framework of the LCIA
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Mandatory elements (mﬂﬂszna‘umﬂu)

Selection of impact categories, category indicators and characterization models

4
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l

Assignment of LCI results (classification)
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Calculation of category indicator results (characterization).

Y
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mamuauaaInansznylied luguuuve 1% (Indicator)

l v So

Category indicator results (LCIA Profile) wammntju ehet)

Option Element (23A132n0u mataen)

Calculating the magnitude of category indicator results relative to reference information
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Data quality analysis (M3 31512 AMMNA DY)

MNWAN 5 NTBUMIANLUINIUVDY LCIA

130: International Standard ISO 14042:2000(E)
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Msudanansany (Interpretation)
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Life cycle assessment frame work
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130: International Standard ISO 14043:2000(E)
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1. Tsunsudu3agy SimaPro

SimaPro ¥1910“System for Integrated Environmental Assessment of Products.
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3. 3% Eco-Indicator 99

Y A Y asy . 1 9 1 Y dy
HANTENUNWNATUTULIAADNAINIT Eco-Indicator 99 LL‘INLIG’I 3 ﬂqmma"lﬂu

Inventory Result of Damage Damage to Weighting
of all the model for resources | —3 of these
flows inventory these flows three
from and - damage
to all catagories
processes -
in the life
cycl: ofta Resources » e
produc - ecosystems —
-
Land use -
_’.
Damage to
3 human -
Emissi
missions | health

' ]
MNN 7 AUIUADUNITAIUIU Eco —Indicator

1: g0 Eco-indicator 99 (PR¢ Consultants 2000)
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/ o v 1 1 A 9 3’_, a
m‘snﬁ 1 ﬂ’ﬂllﬁll‘WLl‘ﬁiZ‘ﬂ'J"I\iﬁWllﬂQllﬂ’ﬂllL%ﬂ‘ﬁWﬂlmgNaﬂi%'ﬂﬂﬁ@ﬁ\‘llnﬂﬁﬂw‘ﬂ\‘] 11TFURA

Y v
smNaaasvanine linananszny

Environmental damage

Environmental impact

Main substances causing the impact

Human health

Carcinogenics

Summer smog (respiratory
problems due to organic
substances)

Winter smog (respiratory
problems due to inorganic
substances)

Radiation (ionising
radiation)

Climate change

Ozone depletion

the most important due to substances
like: arsenic,cadmium, chromium,
nickel

Methane, benzene, xylene

CO, SOx, NH3, NOx

Radiation from nuclear energy
production

CO,, methane, CFCs, HFCs

CFCs, HFCs

Ecosystem quality

Acidification/eutrophication
Ecotoxicity

Land use

SOx, NOx, NH3
Heavy metals, benzene

Damage to cropland, organic arable,

grassland,woods, etc.

Resource depletion

Mineral depletion

Fossil fuel depletion

Depletion of resources of minerals,
like tungsten, molybdenum, copper,
nickel and zinc

Depletion of recourses of fossil fuels

due to energy demand and feedstock

131: Joint Research Centre (2002)
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Extraction of

——Surplus eneray for future extraction Concentration minerals i
I_n'nlus energy for future extraction ._Fomil fuel availability (per tvpe) fossil fuels

Carcinogenesis (cancer cases and type Concentration in air, water, food PAHS
. |
Normalisation Damage analysis Exposure and Resouree analysis
and Weighting Lffect analysis Land-use analysis
Fate analysis

4 %) 8 4L :
NN 8 uruMNMTUT2iua11ned5 Eco —Indicator 99

fn: fjﬁ’e) Eco-indicator 99 (PRé Consultants 2001)
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A Legend:

t t1 = maximum furmace charging

temperature: 430°C.

t2 =normalization temperature:
d accerding to product (<Act).

s = heating rate: (50 10°C)/'h.

sp = maximum thickness mm of

material/ component to be treated.

v

p = staytime at normalization
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A A ) ¥
M3189N 3 1/1111eumﬁlmyjaﬁlmmazmumu

? v o a < aw {
TupOUAREAININTIIA  mudeyanin  CwAtesendls  giudoya  doURIWEN
59010 MneITeq Ecoinvent BIRAGE
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M3VUATFUAIUYUIN

@ d o
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Lla$Wﬁ@]ﬂﬂ!“ﬂﬁ113‘ﬂ§ﬂ

A A
A A A

52N UM VUAS

NTLUIUNITHAN

{ A a (% 1 a a J v Aa
“Taodninertosnonmgina davu geamscheTadaand uazaaedum
m3dsziivmansenunedaInden (Impact Assessment)

o a 2 a a @ o’Qs’ 1
MMIUT LN UNANTENUN WA TUAUNAROUUDINTLUIUMITHAN HAAN N FUTIU
4 ] o [ a I~ Iy 1
11309 ININAdIMTUgAAIMNITUMINAMIMAN MINToyaVEINS IFnSnens waznisilase
=) a 9 . . Y~
vouFeaaanszUIUMINae Iaaley 115105y SimaPro Version 7.3 uaz1$73% IPCC GWP
a A 1 I
100a t1ag Eco-Indicator 99 lumsilsziiunaniznuaaaadon lasuianansznuoonilu 4

1 A
NQUAD
1) M3l Tanseu (Global Warming) 1ag193% IPCC GWP 100a

2) HANTENUADFUNIN (Damage to human health) 11128 DALY 1ag1475 Eco-
1 1 ¥ Y a <3
Indicator 99 1/5zneu 11/d8 mansznuduaiegae Uil arshne 1¥inauLi5a(Carcinogens)
a A A ' a . . a A Jaa N a
F150UNIINUHNANDNIUAUTIIE1Y (Respiratory organics) §150HUNTINUNaADNGAUNIE]D
(Respiratory inorganics) ﬂ”ISL‘]JaEJuLL‘]JaQﬁﬂ1W{]§jmmﬂ(Climate change) mimﬁﬂa’(Radiation)

9
iaz M3ma1e%u 1o Twu(Ozone layer)

3) HANTENUABNITAIBGUDIFIINADY (Damage to ecosystem quality) H1i79

4
PAF*m2yr 181435 Eco-Indicator 99 1/5znau 1Ude nansenuduaeaae 1 anudluiy
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1 a a v 3
ADITUVVUNA (Ecotoxicity) manadunsa tagaso s luurasi

(Acidification/Eutrophication) 48& 113 T¥nau (Land use)

4) NANTLNUADNITNEINT (Damage to mineral and fossil resources) Wi MJ surplus
Ja . Y o a 1 2K o 4
Iﬂﬂ‘l"]ﬂ‘ﬁ Eco-Indicator 99 ﬂﬁzﬂﬁlﬁulﬂﬂjﬂ NITAAAAUDINTIWINNTTULUT LASHEINANATUITN

(Minerals (Fossil fuels)

d .
msuilseanmsanun (Interpretation)
o 1Y 3',, dyo I 9 o 9 g’/ a
dmsuvuasubTuudevimsulanaveyanniuaeunslssliunanszny
d’ ~ 9 1 A A 9 9 ~
oz lanswnlunszuirumslandwansgnuaedunadoy uazniz Tandouuniga
Y Y ]
FIWNINMFANBWUINNMIAARANTZNUIZNATU TUFNIYINTFIAMsKAaIATo9ININA
Y Y @ < o Y Y Y
swsdorauounz anihnine fagilszasauazveuavesmsany i ldlsznoums1d
v A 9) { a 3 a 4 (% )
niwdkansznuaedunadonnatulugad NI suMINaAnI0ItnINa  Kams
PN A 9 I o 9 o o
Usziiumansznuasaunadon llidluuamalumsaasniimsldnsnens Usevda
[ = g’/ Y| a I Jd [ < o
WA annedadaasuu Teviemseysnenasnuuaztunuanialumsiannlums

Ysuilsanszuaumswaalfinaransenunuaunadeuiosigea
a v w d ' YV d‘ a ; 1 ' 4 d d
mstlszdiuanuduiusvesmlineiifaiu detfSinamsiasaiamsveulasenlsn

U A a PPN a a
yasmveransznudunaden ansonnsanlss leminmannmanaa Taonisaa
Yan1reINaNIENUAUNAToN TABIN NI 08 19BIHANTE NUNWATULINTAUNADINATLVIUNS
a I v A = & A YN A 1 Ay Yo A A
naneonuuadu Famaniianduldldnennsannyse Texin 15y Aenish
! Y1 Ay BY A9 o 19 ¥ a A 9 2
ansnaam lFneidesldlumsnrgunieilesnululdinanansenuaunadenau
(Treatment prevention Cost) 91NMIHAAHI0 1FNTIU ausoemuIurial¥aen

Usznda’ld lumsmdamsuanyvioaamslFnaanundanansznunmuaanadaonld

) Y] a =Y 1 [ 4 s A da! a o dy 9
drsumsdszdivfSunanisdassmaasvenlasen leannavuvesnuideilld
g 1 d‘ a 3 a % 1 ()]
Uszgnda 19918 (Cost) MiavulunszuumsnaanulSunanslasenis
4 4 [ v J 1 Y A a da! 1 1 %)
asueulasen lsduazasamanudunusvesa ldaennevu asdSuanisilassns

s s 1 =
msueulaoen laa Tasuaasegluzilves (CO, equivalent) Tdamaunmsa 5
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Cost of CO, eq = Price X 1 ©))

Total Emission factor

1 1 J 4] J Jo a [
Cost of CO, eq ApA ¥ 1S Mamsdassmasamiveulasen laaiiuiu 17 Tansu

(V1N/kgCO, eq.)

2
Price 1931A11UMITONTNINTLUAL AT IINTHAATIUIUADKUIY (U1N/N1i20)
v 9
Total Emission factor ABNAINUBY Emission factor NAATUIINMTMINGEA (kgCO2 eq./
Nn2e)

o 4

M: 1Tud (2554)
@ a [ ~Aq Y o a F) a A
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a O 14 Q‘ 14 a a v ¢ A (Y] o (%]
1. HaMFAUAICHUNTINEMINHAUNINAON °llﬂQﬂ1§Wﬁﬂ‘]ﬂ—!ﬁ’JHQﬂﬂ§ﬂl!ﬂ§i’Ni}ﬂiﬂﬁi’n‘l"ii‘u

RAMMNIINMINAAIAN

9 1 9 Y
1.1 ﬂl@uaﬂqﬁmUﬁQs\J@\iﬂqﬁqﬂu']"If\j’gﬁ

)
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24

=

LEANAINITINN 5

a ¥ ' Yy R o
MINN S 51]@33!@ﬂ’liﬂluﬁ'\ﬁlﬂ\ifﬂﬁh],ﬂiﬂ“ﬁ\TJﬁﬂ@U

a

q

a

Q

(31251

A A 9 Yy 9 1 Yy R o
ﬁTlLﬂEJ’JﬂJ’Oﬂ‘L!ﬂﬁTI@a’E'N‘]Ji?.iﬂ’f]‘]Jﬂ’JfJGU’E]y,ﬁﬂﬁﬂluﬁ'imﬂﬁﬂ1iul@u1“lf\‘l%§lﬂ@ﬂ

a

Q

- . Wainamsvuaesrvie  szeene WS
¥HALHWINUE RVUAS - W a Do
AU-DlaInAs (tkm) Mlawnas  vuaa(fw)
A =)
Mmizennilszmedu-

!,di’l’]!,!,'iJ‘]Jbulk BHaNRN19 1,931,639 4,172 463

\ y .
soquIsNNII8 derimiinussyn
TIgA32 AU uraunlis-Tsanunan 30,739 824 37

\ y
SONUTINININ22 dorhminusIyn
TagA32 AU uraunlis-Tsanunan 57,695 370 156

v 2 2 o Y a
5ONTZUUTINN4 dovinaianimin  dwaaluiszme-
VITNNGIGAT AU Tsauman 7,587 465 16
v 2 2 o Y a
5ONIZUVTINNG dovinaanimin  dwaalulszme-
VFINNGIAL.S ALl Tsauman 34,071 1,080 32
Y

50N32UzUTINNI0 doviiinussnn  feaalulszme-
gagal6 Ay T599114Nan 25,985 891 29
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4 Y] 9 [} Qy
M990 6 VYTTOMIANTVI-U100NNTZUVIUNTIAAI FUFUIU

Hivoe

Yive

@159 191 (Input) SETALY 1591000 (Output) TGN
Tagay LENGH]
Vnaunanuruiihg 7,909.00 ton  IAEMINITAANIN 16 ton
AIZUIUMS AZATULAIAYILAN
NSNS UazIaqgrIenIWan HanN N IZHIIMA
Mween®au(0, ) 5976.00 kg maniirumsaa 440 ton
Maeaiid(LPG) 1,500.00 kg ingAunduMNgAasaUm  7.453.00  ton
Wemaedu 200 kg
TrihvasalWaesaing + 146,100.00  kWh
TWiuasesdns
d' v A 9 A
MINN 7 mﬂﬁwmﬁ’mﬁsumn—Gumaﬂﬂﬁzuaumi!ﬂfauﬂizﬂau
v ] ]
@159 (Input) PBnw e @1591990 (Output) P wihe
Ingay VoA
< ] d'l (2 Y
tHANLAUNAILNIAA 440 ton  AHMIMIAATUOUGS 84 ton
manTnseadanasgu Yol URe Hazan
299 ton 130U 158 kg
SIEFTRLITAT] 1,495.00 kg
NSNS UazIaqgiIenIIWan AanTUNIZTHIIMA
- ) : Y
Usnamaion 19.1 ton  maniirumsrugll 674.1 ton
Punaluiiuieselu 1,653.00 ke
(23 a
N¥oNWIU(O, ) 3.320.00 kg
NEDANI(LPG) 5.325.00 ke
maaiveulaeenlsa(co,)
2 1,950.00 kg
(23
My TuTasu (N2) 1.700.00 ke
Mae13NoU (Ar)
T
17,050.00 ke
TWihvasalWaesaing + i
IAT099N5 117,665.00  kWh
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1591 (Input) S ¥HIE  @1591900 (Output) funar v
QUL LRI
3 A ds!
manfEuMsrugl 499 ton
w w \l
N3NeNN3 HazIaqrIums
Wan HANHUNIZTHIGMA
A < d' ]
ﬁwmxxaawa(LPG) 22,100.00 kg IHANNHIUNTSUIU 499 ton
ANUSBUMTBUAABIAIEA
td' = Y 2
15190 9 VYHIIUMTAITVUY-VI9DNNTSVIUNITEINT 1Y
Y v |
159141 (Input) 53 WU @1591000 (Output) P  wue
agaAL Yo e
2 A Y [ <3
MANTNHIUATZUIUANNSOY 499 ton  USwadusvazina 2.1 ton
A d%’ a <
HagNEIUMIBUg1 auuvan
= I i o o
WSuaumanniandgm
Nae1003 209 ton
NSNS U0 IAQWILNS
Wan NANSUNIZTHIEGMA
=~ < A A S A 3
WSuausiansanle( Grid Fanaumanimiumsm
2
blasting) 2.1 ton  @I0INU 698.26 ton
a I
nutuo3 880.00 kg
~ & .
#393NU( TorganicZince
coated) 3,263.50 kg
fhviaoalvdesaing +
TW#lun3eedns 89,025.00  kWh
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159191 (Input) 3 Wi @15v1900 (Output) Hnw  nive
U a =
AgAY VouUdY
MANMUMIINATBINY 698.26 ton AHUBUTENAMIUAGT 159 kg
YOIH (Paint slag)
uazuaIuMiiInNgN 111 ton
AIGLH
NINENNS UaITQIILNIHNEN HanNuNIZTHIIMA
a 4 g A o A
Nuuos 159.6 kg USuaumanNiumsma  810.94 ton
Psuudnly 1,680.00 kg
Il vaea lvldesaing + 26,551.00 kWh
TWiuasesdns
td' = Y 2
919N 11 Uy 1emIasvan-11eennszuIumi e
@151 (Input) SIETALY %uE  @1391900 (Output) i v
U a =
AgAu voude
3 A o = @ a
maniiumsIig 645.80 ton  Smauawiagnisihain 78.00  ton
v ) H
Wemaedunldanuudd 32640 kg
NINENNS U ITQIILNIHEN HanNuNszHIIMa
3 ] A 3 A a
Weviaodu 32640 kg WSmaanfisiumsihada  567.80  ton

Tfhvasalvdesaing +

T uns0e9ns

350,179.00 kWh
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@159 19 (Input) i we  @13v1900 (Output) L YivY
ngall Youdy

mannrmumsmganaziia - 1322 ton

W7

NSNS 1Az IAQIILNIHEN WaaS e ama

o Py S A

Meteaid(LPG) 6,330.00 kg USuaumanianu 13.2 ton

AMTUNNFUR?

MyDBNFIU(Oxygen) 2,250.00 kg

Maton 11Tl (Ammonia gas 480 kg

NH,)

Tnihvaealrlaesaing + 15,360.00 kWh

T uas099ns
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@159 19 (Input) S viHe  @135v1900 (Output) 3 YivY
ngaL Youae
3 A A a A g <
manfrumsihaia 732.14  ton wyveudenduman 113 ton
Fudiudmnguwaeeas  1,010.00  ton wyvedlunuRe Ay 22.45 kg
A
ALY
s 10055 kg
i 960 kg
%’ Y a 4
1 leaseand 1,225.00 kg
NSNENN3 1Az TAQYINISHAN wansamiszHIema
1Suaadadou 405 kg gilnsalingesdnsna 1,731.00 ton
a I3
WaRLan
PnaluiivRessu 123 kg
[ a
NEBONWIU(O, ) 360 kg
[ 14
AMD15NOU (Ar) 3,699.00
[ ==
Mesteaid(LPG) 195 kg
[ . .
e luTasnumad(Liquid 675 kg
Nitrogen)
e 960 kg
%_,’ @ a o
1 leaseand 1,225.00 ke
fsvasauria 113zl 1,000.00 kg
Wil masalrladesaing + 166,444.00  kWh

T uns0e9ns
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@154 (Input) Y3 wwde  @15v1een (Output) Y3 Hude
Inghy LG
UERILUELATEREY 1,731.00 ton v 13 5 ton
lifdmiumsvasy 102 ton  IfiEAY 13 kg

AHWAAAN LAY AU

naen 32 kg
NSNEeNN3 uazIagiIemanan T A . S,
oqilifionvosa dumgunsal

180 kg n3paTnIHAMIAD 1,834.17 ton

WAAANAHTVNIUDIIY 750 kg
Az yun 3-8 i 185 ke
Tlihwmaen lWdesadna +1uih
n309ins 18,186.00  kWh
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2. MsUsziiunansTNUABaUNAGONNTTLIUMSHANIAIBIININA (Life cycle Impact

Assessment)

a Jd o A [ o 1
50']ﬂﬂ'li')£ﬂﬁ']$1’iﬂﬂ]y%ﬁ']ﬂﬂ1ﬁi'%lﬂ,!ﬁ\ill’)ﬂﬁﬂuLL@Z“VHﬂ'Ii‘D']LLHﬂGﬁ}E)HaIﬂﬂllﬂaQﬂW%}@yja

v A Y

2 @ 1 [~ 1 [ a 1
YyFsemsauaunadenainanliiiuainnuaivisalunisne liifanansznudoe
A 9 A A 1 2 PN 1A ] Aas Aa
AwAdey HIoNiTenI1 TuaouMsUssINurNansNUAAILIAADY 1AedTnsssiuy
A v A A 9 =2 ax = =2 a ' [
aunadoundaenlylumsanyilaeds IPCC GWP 100a)agiimsanyidSuiamsiassnis

4 S A A g a a d' [ = I~
mivoulavenloa MAATU 1INNTZVIUNITHNAA QATIUNTTUNMTHAAATEIINTNA Fuilu

Aa ' Y a 9 .
Imsdsziuramsne liinan1iz landeu (Global warming 150 GWP)
1 A 9 .d' a ay
2.1 Naﬂigﬂﬂﬁaﬁ\‘llnﬂﬁﬂum@ﬂi&lluiﬂﬁ]’)‘ﬁ IPCC GWP 100a

d‘ J ) 14 I a ds! a A o ) @
M1319N 15 ﬂ?lﬂﬂ!fﬂﬁﬂﬁ@ﬂﬂW‘ﬂfﬂWi‘U’ﬂuulﬂ’ﬂﬂﬂllcﬁﬂﬂlﬂﬂqlu%Wﬂﬂ1§Nﬁ@]miﬂﬁ‘ﬂﬂﬁﬂﬁﬁ"mi‘ﬂ

a <} a o 1
PATTIMNITUNITHNAANAN 1 N lansueNMNNTELIUNTUDY

Banamsiaesmamsvoulasonlsa

NITUIUNIT

(kg CO2eq)
VU (Transportation) 1.84
193 ﬂu%uﬁTu(Preparation) 1.81
A ..
W@ll‘ﬂ'i%ﬂfm(Fabrlcatlon) 2.05
DUAAIATIN (Heat treatment) 2.19
84N319  (Sand blasting) 2.15
WA (Painting) 227
117 (Machining ) 425
REST ﬁflll%ﬂ (Hardening Surface) 6.54

Y 1

152NoUFUAIU(Assembly) 2.83

13 39(Packing) 2.68
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7.0

6.0

40

30

20

0.0

Ui

{Transportation|

JCEEETATERT

(Pregeration)

autsznau

(Fatbrication)

AURATNIFTUR

treatment)

TIMTW  (Sand
blasting)

QiES
(Painting)

1h#fia

(Mackining )

auyuid
(Hardening
Surfacs)

izfau
Fudu

(Azzembly)

U35 YPacking)

kg COZ g

181

105

118

15

17

475

6.34

i3

168

a ~ o ¢ sda X a
NINN 46 ﬂ?ﬁl‘lri‘ﬂ‘ﬂmﬂ‘ﬂTJQﬁJ”IiLlﬂﬁ‘]Ja’f)fJﬂT"lfﬂﬁ‘]Jf]uhlﬂﬂ@ﬂ]l“]fﬂﬂlﬂﬂ‘lluﬁnﬂﬂ15NZWI

U 4 o ) @ a < a o
NITUIUNITUUTN Lﬂdif)\‘]fl]ﬂiﬂﬁﬁWWiUQﬂﬁTﬁﬂiiMﬂﬁWﬁ@mﬁﬂ 1 nlansuuenaw

N3LUIUNTE08 1A8IT IPCC GWP 100a

BN INANTZNUADAWIARDNIINNITHAAIATBIINTNATINSUGATINNTTUNS

a < a o 4 a Y 2 a =
NAAAN 1 nlansu 1Wellsziuae3s IPCC GWP 100a 1uvuadUuBInITHanaziilFua

Y
msaseiimsasemaamsueulaeen laaissninu luvidesaudinuanaae 11T

a < a @ T
NISUIUNTIDUYUNILUI 6.54 ﬂTaﬂ‘JiJ C02 !‘ﬁﬂ’ﬂﬂ/ﬂ

nszuIUMs 1haid 4.25 Alaniuy CO, Meumn

Y
nszUIUMIUsEneuTUaIU 2.83 nlansu CO, Meum

NITUIUMIVTIY 2.68 N 1aniy CO, MV

NTLUIUMIME 2.27 N laniy CO, MU

NITUIUMIDUADIBIATEA 2.19 N 1anT CO, e
NFZVIUMSEINI Y 2.15 1 1anFu CO, Meum

A a o = 1
N3EUIUMsFeN1TENoY 2.05 N laniu CO, MM
NFEVIUMSVUAIINGAD 1.84 N 1an3n CO, MM

y 1
NTLUIUMIGIBUFUNU 1.81 Alansy CO, Meum
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EA < 91 & \ Vo @ 7 A %
1/]\‘]11%3Lﬂullﬂ'Nﬂ'ig‘]J'JUﬂTiVlﬁQWﬁﬁf)ﬂTi‘]JﬁE]ElﬂT“]fﬂTiUﬂunlﬂ@@ﬂ]l“ﬂﬂ3J']ﬂ1/l’sjﬂ“]5\‘]

< - o . 2
HuwavnntsuamslFmsmivatestia mawn lvdveans LPG Nlvanudouunyuau

saunams ldnaanudmu lwihdndae

U737 YPacking) YU {Transpwmn% ﬂ:.r'i'm"m
2.36%

Ussnaviudau

{Azzambly) \

5 EEM

UV (Hardening

Surfacs)

1A (Machining )
14.26%

d' @ ] [ [} 4 o’d' a ,3 a
N 47 dadrufSunamstaesmsaisusu laoon lsanmnaruanmskanas

NTLUIUMTUUALIA8IT IPCC GWP 100

a S a g [ U 1A
NILUIUMIDURUAMAIAATIUTATINOEN 22.85%
a a I o U 1A
nszuumsthaid aatludadiueygin 14.86 %

491 1 a I [ [l 1A
nszuIuMsdsgnouudruaaudadiuegn 9.88 %
a I [ 1 1

NILVIUMIVITY AnTudadiueghn 9.36 %

o Aa v A
ﬂiSU’Juﬂ'liVI'lﬁﬂﬂlﬂuﬁﬂﬁ’Juﬂgﬂ 7.95 %

a

I o 1 1A
NITUIUMIBUAAIIAIEA AR UdATIUBEN 7.66 %

a a 4 [ [ 12
N3EUIUMIBNIY Aaudaaiuegh 7.50%

v
=

4 a g o 1
nszuMIoulszney Anitludadiuegi 7.81 %

o a a

U 3 o 1 1
NITUIUNMTVUAIIN)AL Anludaaive '17]
S <

7
6.43%
NTTUIUMSIHTINFUNY Al udaaIuedn 6.

{
g9 6.32 %
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300

250
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100

5.0

oo — I

FIIUUAS HIINITHEAR

B nslsseiis
. . 184 (kgCO2 2q) 26.76 (kgCO2 2q)
afuanlaoanlead

d' ~ ' ) 14 1 1w a 1
NNN 48 Wﬁl‘]ﬁﬂ‘ﬂmﬂ‘ﬂ‘iﬁEJTEL!ﬂ13ﬂaﬂﬂﬂW"]ﬂﬂWiUﬂullﬂ@@ﬂll“ﬁﬂ‘U’Nﬂﬁ"’lluﬂ'\i’mg]ﬂﬂuﬁgcﬁ’)ﬂ

a A a 9 Aax
MInanolsiiuaiens IPCC GWP 100a

§ A 1 A a 4 o <
HENNTUINANTENUADAUIAFONIINNTHAAATOIINTNA TUNIUGATINNTTHIHAN
a (% A a k) ax g‘/ a = U =
1 nan5y o5z ua21895 IPCC GWP 100a IUTuaeuveIn1sHan azlisunanisilasel
[ [ J S 1w a [ =% 1 glz
mstaesmamivou laoen laaminy 26.76 flansu CO, Woun se9aw Tuduaouns
9 = [ a = 1 (2 4 S 1w a [ = 1
189 Tagau imsiaesmamsveulaoen ledminy 1.84 Alansu Co, ifieun Taonw
d‘ = =Y 1 [} 4 Al [ 1
1 46 uanwanFeumeul/uamslassmsaiveu laoon las19m U@z ¥19013

Wan
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1 A Y A N an i
2.2 W’dﬂ’n°I/1’U@6ﬁﬂLL?ﬂaamuﬁ)ﬂizmuIﬂt’JTﬁ ECO Indicator 99

HENTAUHANTENUADAWIAFOUIINATHAAATOITNINA TUIUATINNTTI
<] a @ . . A o o Aa v A v '
man 1 nlansy TagTsunsy SimaPro Version 7.3 Tagmsi)sziininanssinvesawsiiangu

A 1w a @ <
HaN3ENUV031A87T Eco-indicator 99 1A8A1INNAY WAIIUUAZ VO UTIILNUINUITIY
Y v
7 [ (% 1 I U
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NQUN 1 NGUHANTENUABYUNIN (Damage to human health ) WanIzNVUsENOY
1 a <3 a P 1 a
l1dqe arsineliinaugi5e (Carcinogens) a138unIdninanan1uau1e1y (Respiratory
=

. a s A ' a . . . A
organics) ®130UUNTY UHanenuauviiele (Respiratory inorganics) Mstasunasgnin

Y
AUINA(Climate change)ﬂ13!,!,W’iQﬁ(Radiation)ﬂTiﬁimeG]mTEJTGBM (Ozone layer)

] H 1 1 2 Y .
NAUN 2 WANIZNUADNIIAIDYYDITIUIAADY (Damage to Ecosystem quality)
9 I a 1 a .. Aa
nansenulsznovlUdle anuiluiyressuuiing (Ecotoxicity) m5tnadunsa was

R . . . Yl =
1391113 TuUKasu (Acidification/Eutrophication) 1azns 19NAY (Land use)

NAUN 3 WANTZNUABNITNYINT (Damage to Resource depletion) HANTZN

o a ' ° 4 . .
ﬂi%ﬂf’)’ﬂ]l‘ﬂﬁ}?ﬂ NITAAAAVDINTWYIINT A ULLT uazmﬂﬁﬂmmsw (Minerals and Fossil fuels)
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= a %

1NN 49 udasranszny 3 nguihvanenan Ngninsamaluveslsuuuas
AMUTULTI LazUaaInIHaNTzNUIUMLUI8909 Milli- Point (mPt) Nvilenii Ao Mikan
IA30990308 1 N1anSuNDIIAA0ANTZUIUMINAAATEIINTNA 1 N IanTuNUIINGY
HANTZNUNINAGAND NQUAANTZNUABYNIN (Damage to human health ) YsznovTidne

A Y a 3 . a A Jaa ' a . .
asnnelvinauzsa (Carcinogens) g150UNIININanenIuauIe 1 (Respiratory organics)
a A A ' a . . . A a
130 UUNTINUNAADNIUANYI8TY (Respiratory inorganics) M3t)asuuilaseaaingiione
v

(Climate change)N15LHS 9T (Radiation)n 15411219 U To Tl (Ozone layer) lasieaasnn
HANTZNUTINN 1,465.1 mPt TO9AINIABNGUHANTZNY HANTZNUADNTNYINT( Damage to

[J

Resource  depletionywansznulsznoulUais msananvesnsnensduus wazanandi
Y53 (Minerals and Fossil fuels)IA0Ua@AIAIHANTZNDTINH 1,299.3 mPt Lmzﬁmff@ﬂqﬂﬁ
mjuwaﬂiz‘nmiamsmeejmm%mmé’@u ( Damage to Ecosystem quality) Hansznulsznou
Tdre anuidluiivae sz uuiae (Ecotoxicity)n13tAarunsa naza1501ms lunmaaia

(Acidification /Eutrophication)itaz M3 19Ma1 (Land use) IA8UEAIAINANTLNUTINN 426.9 mPt
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A5YUIUMTOUYLAG (Hardening Surface) HARIRINANTE NI 534.8 mPt
n3207UM31hARY (Machining ) HAASAINANTZNUTINA 509.7 mPt
Asziumstlszneuaudu (Assembly) HARAIAINANTENUFINA 363.8 mPt
NTLUIUNIVTTY (Packing) LARAIAINANTENUSINA 343.9 mPt

AFTUIUMTINE (Painting) medmaﬂizmmmﬁ 307.2 mPt
ATZUIUMTOUAABIAS oA (Heat treatment) LAAIAINANTENUTINA 295.3 mPt
N52UIUNITEINIG (Sand blasting) LAAIRINANTZNUTINT 294.3 mPt
A52UIUM5IHONLTYNOY (Fabrication) LEAIAIHANTENUTING 284.6 mPt

Y [
ﬂ§$°]J'J‘L!ﬂﬁmdifJiJ“]fu\°I1u(Preparation) HAAAINANTZNUIINN 257.7 mPt
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A a v W aa I A
MuN 51 wamslssiiuigdnssiavesnansenuueniy 11 dssinnwanszgny o
a <3 1 - i a a3
W5 aiuan lu s 11 wansznuidsyaevliddne arsine 1iAau2I5 4 (Carcinogens)
a A dA A 1 a . . a A da A 1 a
MsounIIninanemuauniela (Respiratory organics) MsetunsIninanemuaunmela
(Respiratory inorganics) ﬂmﬂaﬂuuﬂmamwgﬁmmﬁ (Climate change)ﬂﬁuﬂﬁﬂa (Radiation)
Y
o Y I a 1 a a
Msanesu e Tasy (Ozone layer) AUl UNYABTZUVUNA (Ecotoxicity) MsNARUNIALaE
'8 . . . {a oA
WAAITOIMT IULHa9 (Acidification/Eutrophication) M3 19M@Y (Land use) ANWiluibae
a [ a 1 I3 4 .
52UVUNA  (Ecotoxicity) N15AAAAYBINTNEINTAULS LATBINANAIUTIH (Minerals and
[ 1 { a [
Fossil fuels) 91INMTANYINDI MHANTZNUNINAZATUNTZUIUMTOUFDAITN (Hardening
I~ A A a a A A 1 a .
Surface) UAWANTENUNHANTENUNNAINAITOUNTO NUNAADN1LAUNI81Y (Respiratory
v v 9
organics) 1 186.3 mPt 50492331 )ALA WanTENURNAAN Wernaseada (Fossil Fuels) Laag
AWANTTNUN 1234 mPt  dmSunszuIuMaNanansznUtsengaiinszuIUMTIATON
L . o AA a a A Jaa ' a .
¥UIU (Preparation) UAIWANTZNUNNNAIN F15OUNIINNUHARON1UAUN18TY (Respiratory
v v 9
organics)A 100.7 mPt 5048931 1ALA WANTENVAAAIN WenaIeada (Fossil Fuels) Lang

AWANTZNUTN 49.5 mPt TagsoazBenvesnnansznuamnsog ldnnanuan n a1319d n2l
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Environmental

damage

Impact category

Unit Total

A da

T30 UNIINUNAAON AN 19 (Respiratory
organics)
miaﬁuw‘%tfﬁﬁwa@'ammﬁuma“l%(Respiratory
inorganics)
mi!ﬂéﬂuu‘ﬂaﬂﬁﬂWWQﬁmmﬁ(Climate change)
MIUASIT(Radiation)

9
mM3ia1e%u 1o 1a1(Ozone layer)

DALY 1.28E-08

DALY 0.0000279

DALY 0.000005

DALY 2.09E-08

DALY 7.41E-10

HONTENUADNIAIDYVD

F411IA30U (Ecosystem

I a 1 a
AN UNEADIZ VUL (Ecotoxicity)

a v Y
matnadunTa Lazes0111s Tuumaai

PAF*m2yr 37.0

PDF*m2yr 0.258

quality) (Acidification/Eutrophication)
M3 19¥Mau (Land use) PDF*m2yr  0.11
HANSTNUADNSNENNT  A15AAAVDINTNNTAULS MJsurplus  13.0

(Resource depletion)

=2 o s
1Az EINANAI1UI IW(Minerals)

(Fossil fuels)

MIJ surplus 17.0
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1 Aa < a 1 a x a a
ABTTUVUNA AN UNEABTZUDIUNA (Ecotoxicity) FUNAIINNTZVIUNITHAA 91NN

a 4 1A ' 1A < 9 Y
ANTIZHATUVU V100n0gN 37.0 PAF*m2yr azliannngaegNnizuiumsyunds §1msy
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A ECO-indicator 99

Environmental Impact category Unit Total Preparation Fabrication Heat Sand Painting  Machining Hardening Assembly Packing
damage treatment blasting surface
Human health Carcinogens DALY 2.70E-06 2.86E-07 3.06E-07 3.06E-07 2.95E-07 3.14E-07 3.14E-07 3.22E-07 2.88E-07 2.72E-07
Respiratory DALY 1.28E-08 1.26E-09 1.41E-09 1.41E-09 1.39E-09 1.54E-09 1.54E-09 1.60E-09 1.35E-09 1.28E-09
organics
Respiratory DALY 2.79E-05 2.96E-06 3.17E-06 3.17E-06  3.05E-06 3.24E-06 3.24E-06 3.30E-06 2.97E-06 2.81E-06
inorganics
Climate change DALY 5.00E-06 3.83E-07 4.35E-07 4.64E-07  4.54E-07 6.18E-07 6.18E-07 1.10E-06 4.79E-07 4.54E-07
Radiation DALY 2.09E-08 2.11E-09 2.34E-09 234E-09  2.24E-09 241E-09 2.41E-09 2.82E-09 2.17E-09 2.06E-09
Ozone layer DALY 7.41E-10 7.24E-11 8.04E-11 8.04E-11 7.92E-11 8.77E-11 8.77E-11 1.02E-10 7.73E-11 7.32E-11
Ecosystem quality Ecotoxicity PAF*m2yr 3.70E+01 3.960468 4.215068 4.215068 4.046226 4.282789  4.282789 4310816 3.954514 3.732727
Actidification/
PDF*m2yr 2.58E-01 0.026782 0.029057 0.029057  0.028046 0.030145  0.030145 0.031603 0.027278 0.025829
Eutrophication
Land use PDF*m2yr 1.10E-01 0.007611 0.00812 0.00812 0.011832 0.016936  0.016936 0.017114 0.011324 0.01246
Resource Minerals MJ surplus  1.30E+01 1.369164 1.491152 1491152 1422601 1.513987 1.513987 1.514327 1.381403 1.303832
depletion Fossil fuels MJ surplus  1.70E+01 1.757861 1.900995 1.900995  1.841932 1984166 1.984166 2.155124 1.795659 1.699922

L8
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a v w d v Y1 d‘a tg 1 v 4 d J
3. m‘s1Js:muﬂ:umauwuﬁmmm%mﬂmnﬂmu ﬂi’)‘]ﬁu]ﬂ\lﬂ1§ﬂﬂﬂﬂﬂ1°1fﬂ1‘5‘ljﬂuvlﬂﬁ)i’)ﬂ"l“liﬂ

v ¥
ms19h 18 aunuarlgaielunmssenineins uaziagiiensnan

NIZTUIUMS niwenns wazdagienskan Y  wWig simde 51M5Iw
Hie W)
)
Fuam Mestoa i’ (LPG) 1,500.00 kg 15.8 23,700
evaetdiu 200.00 kg 72.5 14,500
TWihveealWaesane +1Wihh  146,10000 kwh 525,960
1309903 3.6
Bt 579,100
ﬂﬁgﬂ'f]uﬂ'ﬁl%@ll ﬂ?mmmm‘%u 19.10 ton 58.7 1,121,170
N [— Wunalvsiuieselu 1,653.00 kg 112 185,136
MaeanFIu(0, ) 332000 ke 25 8,300
Ma1Loaid(LPG) 5,325.00 kg 15.8 84,135
(23 14 o
mansveulaeenlea(Co,) 195000 kg 13.7 26,715
(23
M luTasiou (N2) 1,700.00 kg 2.22 3,774
M1 NOU (Ar) 17,050.00 ke 3.75 63,938
IihveealWaesane +1dih  117.665.00 kwh 36 423,594
IA3099N5
5 1,916,762
ATEUIUMIBLAANY  MsLealNd(LPG) 22,100.00 kg 15.8 349,180
LE
59 349,180



M35190 18 (519)

&9

NIZVIUMS nSnenns sazdagiiemswan  YRna  wile simee  :IM5Iw
¥ive V)
VM)
- Psunandansean14( Grid
ATLUIUMTIINI Y
blasting) 2.10 ton 13.8 28,980
a 14
nuto3 880.00 kg 125 110,000
N & o
A@I93INU( TorganicZince coated) 3.263.50 ke 260 848.510
TWihwasa lnasaang +1ih
. 3.6
IA3999N3 89,025.00  kWh 320,490
3 1,307,980
~ a I'd
N3ZIUMIINE UL LD 159.60 kg 125 19,950
=3 A Y
Usinadily 1,680.00 kg 260 436,800
TWihwasa lnasaaing +1ih
, 3.6
1399903 26,551.00  kWh 95,584
W 552334
nszuumstheiy  hemaeidu 326.40 ton 72.5 23,664
T#hwasalnasaang +1ih
. 3.6
IA3999N3 350,179.00  kWh 1,260,644
33U 1,284,308
ASTUIUMIOUYLAT  Maoafia(LPG)
15.8
oK 6,330.00 kg 100,014
9] Aa
MY¥ooNTHIU(O2 ) 2250.00 ke 5 5,625
(%)) = .
mestton Tutile (Ammonia gas
NH3) 480.00 kg 1.25 600
TW#hwasa lnaeaang +1dih
1399905 15360.00  kWh 3.6 55,296
59U

161,535
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AITUIUMS nSnenns sazdagiemswan  YRna  wile simee  :IMsIw
Hie W)
)
Aszuaumstszney  Smaadaion
Fua 405.00 kg 58.7 23,774
YnaluiiuRessu 193.00 ke 12 13.776
MoonHI9U(0,) 360.00 ke 25 900
mersneu (A 3,699.00 ke 221 8,175
Maeaid(LPG) 195.00 kg 15.8 3,081
M TuTasnumai(Liquid
Nitrogen) 675.00 kg 22 1,492
1 (dmMTUMINAToU) 960.00 ke 20 19.20
i lansond 1,225.00 kg 50 61,250
Msnaoauwia 95 1,000.00 ke 94 94,000
TWihvaealWaesaine +1uih
1A3099N3 166,444.00  kWh 3.6 599,198
Bt 805,665
NILUIUMITUTIY aqiliiloniovd 180.00 kg 310 55,800
WaaAndIMSUNULIA 750,00 ke 145 10,875
Az1|u1A 3-8 107 185.00 kg 27 4,995
TWihvaealWaesaine +1uih
9309903 18,186.00  kWh >0 65,470
52

137,140
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1 Y a [ a d' d' 9 Al Al d‘
algnelunsnaanunizuiumanaanineved laenslszgnanaildaiy (Cost) 0
a dy a [ = [ () 4 o a %
navulunszurumsnannulSuanisiassmaaiivey laoon lua lagfammigniw e1ng
[ ] a [ o 4 1 1 { a 3 a
uagagIemsnan tazamnsomaNuduiusuesa lgneimaiulunszuiumnanlag

Y

o 9 d’ Y d' v A
A laenuaunin ) amnsouand lanan1ingn 19 aail

d‘ [ Y 1 <3 a o a 9 a @ 1 %))
M3199 19 Mlsveaowian 1 nlansulumswaanunszuiumsnaanulsunumsiaoenis

4 Jd a % a o @ 1 a
ﬂﬁ‘]Jﬂ‘L!vlﬂ E)E)ﬂhlcﬁﬂ 1nlansu Tﬂaﬂﬂmwwmwmﬂmama@mﬂmmam

NIZUIUNMIHEA al¥ae Emission Cost of CO, eq
nn/ kg CO,eq  (Bath/kg CO, eq)
1N dlansn  Aailudenaz
1Han
I BT U 579,100 1.3 8.2% 1.8078967 0.73
Foulsznen 1,916,762 2.8 27.0% 2.0537437 1.38
DUAABIATIN 349,180 0.7 4.9% 2.1916273 0.32
#9N318 1,307,980 1.9 18.4% 2.1454415 0.87
ma 552,334 0.7 7.8% 2.2746061 0.30
1hain 1,284,308 2.3 18.1% 4.2486963 0.53
auyuﬁmﬁﬂ 161,535 12.2 2.3% 6.5359156 1.87
UszneududIn 805,665 0.5 11.4% 2.8250387 0.16
U559 137,140 0.1 1.9% 2.6769089 0.03
52U 7,094,002.74  22.45 100% 26.7598748 6.20

Y] v J 1 Y A A d* a o v Y
ﬂ’?ﬂll’c’fllWu‘ﬁ"ll’E]\iﬂﬂ%’ﬂ?ﬁl“lﬂLﬂﬂmuiuﬂi%ﬂ’)uﬂﬁN'ﬁﬁ mmmmmmmhmaﬂ?mm
] ' [ 14 Jdo a @ FY A o
aomstlassmaariveu lasen lydsiuiu 18 lansy Idanaunisn (5) Tae uaaamsmiuiu
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mlFedTinamsassmsmiveulasen lsasiuiu 1alansy

(%)) a %) A H 1 <
= (MMMFEONFIIU (0, +31MMHLeais (LPG) +51anemaoidu+
1 1 1 [ 4 [ 1 ()
alFae lihviasa Idosaing uaz Iiuasesdns)alsumasmmsaesie

4 4 ]
mivoulaoenlea viiae (UIN/kegCO, eq.)

Cost of CO, eq = (14,940 +23,700 +14,500 +525,960)/ (440*1.8078967)
= 579,100 /(440,000%1.8078967)

=0.73 UM / kgCO, eq
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NAMIANEINIZUIUMINaa NN IunTZUIUNMTUTZnoUd0I WA UINAT (Wheel &
v [ @ 4 o [ (4]
shaft) #aldndsnuanudeulumsmldds ldvereduinosinmsaiusa lannslsms LPG
1 < 1 YA 9 [ ' dy a 9
Twgusn Tuaiuveanssurumsyuudadanalninms lsnasnuludiuve sdemainnuiou

- dy -Qy 1 A [ 1 g’/ = = Y =
TuifSunanunuulumsenIuaIUAT99NTABATI FUAUFTVUIA N9 DI 2 1UAT 817 2.5
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o A A a 42' U Y 1 I
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1$5uamy LpG TuSunamnnds 880 AlanSugailuiSunaneuisgaaziivoddey
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Y o

dmsunwmeaansldndann 34180ms USudenszuamiioanns 1dnganuTae 1&
waRaammdnves 3R udlumuamalumsaamsldminensuasndenudmivluvunen
msd§ulyelundadl 1815mannsves Reduce titofozrnmsaamsldndanunnnsmn'lugd
Womdsiy LPG uazidsunszuaunn@uiunuylunglasmseuldamdenumen
uuunsanszventulasunu daaasnunind 55 Tasldndsam lifhawa 180 kw Tuua
urgud nang 15 mas uagAnuge 3 was dmdugungdnldlumseungi 200 -220°C
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M 55 WinulsgneuMIsuMIUTI9ae (Wheel) aslumzuzdmsumsaion Tulih
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d‘ =1 1 Y 1 ?zl.z o [ Y 1 [} 1 [
M1319N 20 Wisumeua lgnenenssdmsvanudseneudesunumaINoUILATHAT

IESTRIPR
N3ZUIUMS 1304403 nwens  Hna Wi 1mae EAGIEREY
YivY V)
VM)
m3tsznoudesy  neuiteIma M LPG 880 kg 15.8 13,904.00
maneulSulss  Anwdou
mstsznevdeny  wneululas Tuldh 720 kWh 3.6 2,592.00
mamaasulze  suunsanszuen
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NILUIUMITUUA
Calculation: Analyze
Results: Impact assessment
Product: 1 kg Transportation
Method: IPCC 2007 GWP 100a V1.02
Indicator: Characterization
Unit: %
Skip categories: Never
Exclude infrastructure
processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
IPCC GWP 100a kg CO2 eq 1.8387435
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 01-steel Preparation

Method: IPCC 2007 GWP 100a V1.02

Indicator: Characterization

Unit: %

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
IPCC GWP 100a kg CO2 eq 1.8078967
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 02-steel fabrication

Method: IPCC 2007 GWP 100a V1.02

Indicator: Characterization

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
IPCC GWP 100a kg CO2 eq 2.0537437
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 03-steel Heat treatment

Method: IPCC 2007 GWP 100a V1.02

Indicator: Characterization

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
IPCC GWP 100a kg CO2 eq 2.1916273
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 04- Sand blasting
Method: IPCC 2007 GWP 100a V1.02
Indicator: Characterization
Unit: %
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
IPCC GWP 100a kg CO2 eq 2.1454415
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 05- Painting
Method: IPCC 2007 GWP 100a V1.02
Indicator: Characterization
Unit: %
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
IPCC GWP 100a kg CO2 eq 2.2746061
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 06- Machining
Method: IPCC 2007 GWP 100a V1.02
Indicator: Characterization
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
IPCC GWP 100a kg CO2 eq 4.2486963
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 07-Hardening surface

Method: IPCC 2007 GWP 100a V1.02

Indicator: Characterization

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
IPCC GWP 100a kg CO2 eq 6.5359156
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 08-Assembly

Method: IPCC 2007 GWP 100a V1.02

Indicator: Characterization

Unit: %

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
IPCC GWP 100a kg CO2 eq 2.8250387
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 09-Packing
Method: IPCC 2007 GWP 100a V1.02
Indicator: Characterization
Unit: %
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
IPCC GWP 100a kg CO2 eq 2.6769089
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 01-Preparation

Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization

Unit: %

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
Carcinogens DALY 2.86E-07
Respiratory organics DALY 1.26E-09
Respiratory inorganics DALY 2.96E-06
Climate change DALY 3.83E-07
Radiation DALY 2.11E-09
Ozone layer DALY 7.24E-11
Ecotoxicity PAF*m2yr 3.9604677
Acidification/ Eutrophication PDF*m2yr 0.02678184
Land use PDF*m2yr 0.007610594
Minerals MJ surplus 1.3691644

Fossil fuels

MJ surplus 1.7578611
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 02-fabrication

Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
Carcinogens DALY 3.06E-07
Respiratory organics DALY 1.41E-09
Respiratory inorganics DALY 3.17E-06
Climate change DALY 4.35E-07
Radiation DALY 2.34E-09
Ozone layer DALY 8.04E-11
Ecotoxicity PAF*m2yr 4.2150677
Acidification/ Eutrophication PDF*m2yr 0.029056965
Land use PDF*m2yr 0.008120408
Minerals MJ surplus 1.4911518

Fossil fuels

MJ surplus 1.9009946
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 03- Heat treatment

Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization

Unit: %

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
Carcinogens DALY 3.06E-07
Respiratory organics DALY 1.41E-09
Respiratory inorganics DALY 3.17E-06
Climate change DALY 4.64E-07
Radiation DALY 2.34E-09
Ozone layer DALY 8.04E-11
Ecotoxicity PAF*m2yr 4.2150677
Acidification/ Eutrophication PDF*m2yr 0.029056965
Land use PDF*m2yr 0.008120408
Minerals MJ surplus 1.4911518

Fossil fuels

MJ surplus 1.9009946
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 04- Sand blasting
Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
Carcinogens DALY 2.95E-07
Respiratory organics DALY 1.39E-09
Respiratory inorganics DALY 3.05E-06
Climate change DALY 4.54E-07
Radiation DALY 2.24E-09
Ozone layer DALY 7.92E-11
Ecotoxicity PAF*m2yr 4.0462263
Acidification/ Eutrophication PDF*m2yr 0.028046097
Land use PDF*m2yr 0.011832102
Minerals MJ surplus 1.4226014

Fossil fuels

MJ surplus 1.8419323
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 05- Painting
Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
Carcinogens DALY 3.19E-07
Respiratory organics DALY 1.50E-09
Respiratory inorganics DALY 3.29E-06
Climate change DALY 4.82E-07
Radiation DALY 2.41E-09
Ozone layer DALY 8.57E-11
Ecotoxicity PAF*m2yr 4.37E+00
Acidification/ Eutrophication PDF*m2yr 0.030287838
Land use PDF*m2yr 0.013687554
Minerals MJ surplus 1.5320419

Fossil fuels MJ surplus 1.9913589
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 06- Machining
Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization
Unit: %
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
Carcinogens DALY 3.14E-07
Respiratory organics DALY 1.54E-09
Respiratory inorganics DALY 3.24E-06
Climate change DALY 6.18E-07
Radiation DALY 2.41E-09
Ozone layer DALY 8.77E-11
Ecotoxicity PAF*m2yr 4.2827891
Acidification/ Eutrophication PDF*m2yr 0.030144914
Land use PDF*m2yr 0.016936136
Minerals MJ surplus 1.5139867
Fossil fuels MJ surplus 1.9841655
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 07-Hardening surface

Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization

Unit: %

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
Carcinogens DALY 3.22E-07
Respiratory organics DALY 1.60E-09
Respiratory inorganics DALY 3.30E-06
Climate change DALY 1.10E-06
Radiation DALY 2.82E-09
Ozone layer DALY 1.02E-10
Ecotoxicity PAF*m2yr 4.3108162
Acidification/ Eutrophication PDF*m2yr 0.031603381
Land use PDF*m2yr 0.017114486
Minerals MJ surplus 1.5143273

Fossil fuels

MJ surplus 2.155124
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Calculation: Analyze

Results: Impact assessment

Product: 1 kg 08-Assembly

Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization

Skip categories: Never

Exclude infrastructure processes: Yes

Exclude long-term emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

Impact category Unit Total
Carcinogens DALY 2.88E-07
Respiratory organics DALY 1.35E-09
Respiratory inorganics DALY 2.97E-06
Climate change DALY 4.79E-07
Radiation DALY 2.17E-09
Ozone layer DALY 7.73E-11
Ecotoxicity PAF*m2yr 3.95E+00
Acidification/ Eutrophication PDF*m2yr 0.027278157
Land use PDF*m2yr 0.011324376
Minerals MJ surplus 1.3814025

Fossil fuels

MJ surplus 1.7956593
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Calculation: Analyze
Results: Impact assessment
Product: 1 kg 09-Packing
Method: Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E
Indicator: Characterization
Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
Impact category Unit Total
Carcinogens DALY 2.72E-07
Respiratory organics DALY 1.28E-09
Respiratory inorganics DALY 2.81E-06
Climate change DALY 4.54E-07
Radiation DALY 2.06E-09
Ozone layer DALY 7.32E-11
Ecotoxicity PAF*m2yr 3.7327266
Acidification/ Eutrophication PDF*m2yr 0.0258285
Land use PDF*m2yr 0.012459564
Minerals MJ surplus 1.3038315

Fossil fuels MJ surplus 1.6999222
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Impact category Unit Total Preparation Fabrication Heat treatment Sand blasting Painting Machining Hardening surface  Assembly Packing
Carcinogens DALY 0.0000027 0.000000286 0.000000306 0.000000306  0.000000295 0.000000314 0.000000314 0.000000322 0.000000288 0.000000272
Respiratory organics DALY 1.28E-08 1.26E-09 141E-09 1.41E-09 1.39E-09 1.54E-09 1.54E-09 1.6E-09 1.35E-09 1.28E-09
Respiratory inorganics DALY 0.0000279 0.00000296  0.00000317 0.00000317 0.00000305  0.00000324 0.00000324 0.0000033 0.00000297 0.00000281
Climate change DALY 0.000005 0.000000383 0.000000435 0.000000464  0.000000454 0.000000618 0.000000618 0.0000011 0.000000479 0.000000454
Radiation DALY 2.09E-08 2.11E-09 2.34E-09 2.34E-09 2.24E-09 2.41E-09 2.41E-09 2.82E-09 2.17E-09 2.06E-09
Ozone layer DALY 741E-10 7.24E-11 8.04E-11 8.04E-11 7.92E-11 8.77E-11 8.77E-11 1.02E-10 7.73E-11 7.32E-11
Ecotoxicity PAF*m2yr 37 3.960468 4.215068 4.215068 4.046226 4282789 4282789 4310816 3.954514 3.732727
Acidification/Eutrophication FDF*m2yr 0.258 0.026782 0.029057 0.029057 0.028046 0.030145 0.030145 0.031603 0.027278 0.025829
Land use PDF*m2yr 0.11 0.007611 0.00812 0.00812 0.011832 0.016936 0.016936 0.017114 0.011324 0.01246
Minerals MI surplus 13 1.369164 1491152 1491152 1.422601 1.513987 1.513987 1.514327 1.381403 1.303832
Fossil fuels MI surplus 17 1.757861 1.900995 1.900995 1.841932 1.984166 1.984166 2155124 1.795659 1.699922
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mInamAsedtnIna
Environmental mPt  Preparation Fabrication Heat Sand Painting Machining Hardening Assembly Packing
damage treatment  blasting surface
Human health 1465.1 123.7 132.9 133.9 129.1 139.1 232.8 251.5 165.6 156.5
Ecosystem quality 426.9 30.1 40.1 40.1 38.8 421 69.3 69.7 49.7 47.0
Resource depletion 1299.3 103.9 121.3 121.3 116.7 126.0 207.6 213.7 148.5 140.3
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Hardening

Impact category Unit Preparation Fabrication Heat treatment  Sand blasting Painting Machining Assembly Packing
surface

Total Pt 0.25771442 0.29433345 0.29531678 0.28464027 0.3071912 0.50965761 0.53484377 0.36380288 0.34387459
Carcinogens Pt 0.00980436  0.010375243 0.010375243 0.010018288  0.010838001 0.017855054 0.018095621 0.012818058 0.012103688
Resp. organics Pt 4.31E-05 4.78E-05 4.78E-05 4.71E-05 5.10E-05 8.40E-05 8.59E-05 5.91E-05 5.60E-05
Resp. inorganics Pt 0.10067768 0.10766114 0.10766114 0.10348281 0.11180174 0.18418767 0.18629799 0.13234863 0.12499436
Climate change Pt 0.013119758  0.014775116 0.015758446 0.01542419  0.016355639 0.030520856 0.046826207 0.020306921 0.019241387
Radiation Pt 7.24E-05 7.93E-05 7.93E-05 7.61E-05 8.19E-05 0.000134925 0.000148805 9.61E-05 9.12E-05
Ozone layer Pt 2.48E-06 2.73E-06 2.73E-06 2.69E-06 2.91E-06 4.79E-06 5.29E-06 3.39E-06 3.21E-06
Ecotoxicity Pt 0.02769159  0.036839691 0.036839691 0.035364018  0.038219762 0.062965108 0.063210065 0.04536206 0.042816172
Acidification/ Pt 0.001872586  0.002539579 0.002539579 0.002451229  0.002647157 0.004361056 0.004488526 0.003114301 0.002946529
Eutrophication

Land use Pt 0.000532133  0.000709724 0.000709724 0.001034126  0.001196292 0.00197083 0.001986418 0.001197259 0.001284802
Minerals Pt 0.054424286  0.053323588 0.053323588 0.050872225  0.054785817 0.090256838 0.09026902 0.064674784 0.061041595
Fossil fuels Pt 0.049474012  0.067979566 0.067979566 0.065867499  0.071210995 0.11731648 0.12342995 0.083822252 0.079295684
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(kW)

AT IR CUTTING CNC PLASMA CUTTING MACHINE 4 30

AT IR CUTTING HACK SWA MACHINE 4 22

INTDIAA CUTTING FIBER CUTTING MACHINE 8 2

INTDIAA CUTTING SHEAR CUTING 1 75

CECRIRT ROLLING ROLLIING MACHINE 1 75

INTDIAANT PRESSING HYDRAULIC PRESS MACHINE 1 5.5

AT DU WELDING ARC WELDING MACHINE 5.3 kVA 50 -

AT DU WELDING AC-DC TIG/MMA WELDING 7.5 35 -
kVA

AT DU WELDING AUTOMATIC WELDING MACHINE 2 9

INTDIBADINA AIR TURBO-AIR 2020 1 187/298

COMPRESSOR
IN50I0ADINA AIR TURBO-AIR 3000 1 298/597
COMPRESSOR

IATDINAY LATHE NC HORIZ. LATHE MAZAK 1 26
INTEGREX 410H

IATBINAY LATHE NC HORIZ. LATHE MAZAK 1 45
INTEGREX 650H

IATDINAY LATHE MICRO CUT 52HTL 1 15

IATDINAY LATHE NC HORIZ.LATHE MIND 1500 1 26
SL70A

IATDINAY LATHE NC HORIZ. LATHE MAZAK NEXUS ] 30
350MYX1500

IATDINAY LATHE VERTICAL MILLING VTL-2000 1 11/15

IATDINAY LATHE HONOR SEIKI VL 86C 1 75
HORIZ.CENTER

IATBINARD HORIZ. BURKHARDT+WEBER ] 37

IATBINARD HORIZ. HORIZ.CENTER MAZAK 1 FH10800 1 37
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(kW)
iw30riAR) HORIZ. HORIZ.CENTER MAZAK 1 FH10800 1 37
iw30riAR) HORIZ. HORIZ.CENTER MAZAK 1 FH10800 1 37
w30riAR HORIZ. HORIZ.CENTER MAZAK 1 FH10800 1 37
w30riAR BORING PAMA ACC 152-330 1 30
w30ariAR) BORING NC BORING MACHINE TOS WHN13 1 37
w30ariAR BORING BORING MACHINE CASTEL GREEN 1 22-29
A3 0riARD BORING NC BORING MACHINE PAMA Y3000 1 30
9304 BORING NC BORING MACHINE PAMA AC140 1 30
A3 0riARn BORING PAMA SPEEDRAM 1000 1 46
93 0ariain BORING NC BORING MACHINE CME MQ12000 1 37
iw30riAR) BORING NC BORING MACHINE CME MQ12000 1 37
iw30riaR BORING NC BORING MACHINE TITAN Y4600 1 71
w30ariAR BORING NC BORING MACHINE PAMA Y5000 1 100
iw30ariaR BORING PAMA SPEEDRAM 2000 - Y5000 1 91
w304 BORING PAMA SPEEDRAM 2000 - Y4000 1 91
9304 BORING PAMA SPEEDRAM 2000 - Y4000 1 91
9304 DUB.COLUMN  HARTFORD HSA-6340 VW 1 22/35
930N DUB.COLUMN  HARTFORD HSA-3210 1 22/26
w30riaR DUB.COLUMN  FOUR STAR 1 112
NC VERTICAL MILLING MACHINE
w30riaR MILLING HARTFORD 800S/A 1 75
NC VERTICAL MILLING MACHINE
R3pariAin MILLING KAFO 1 7.5
R3pariAin MILLING VERT. MILL.MACH. KLOPP 1 22
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IAT0INAAD MILLING NC BORING MACHINE CME FS1 1 19
ATV BALANCING BALANCING CEMB 1 13

RERNOREEAY GRINDING NC GRINDING MACHINE GIORIA 1 22
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Usemeu-

AN
SOQUITNNNNIE  Hraunii- 824 37 30739 Maps.google
ﬁaﬁmﬁﬂmmﬂ Tse0uman
IgA32 AU
FONUTINNNN22  uraunis- 370 156 57695 Maps.google
ﬁ'ﬂﬁmﬁﬂmmﬂ Tsaum@n
IgA32 AU
SONTEULVIINN4  AWanlu 465 16 7587 Maps.google
Fovmnadminiin  Uszma-
USITNNGIGA7 Al T5aunan
SONTETULVIINNG  HWanlu 1080 32 34071 Maps.google
Fovmnadminiin  Uszma-
VITNNGIGAS.5 Tseuman
AU
SONTEULVIINNI0  Auanalu 891 29 25985 Maps.google
dorinninussnn  dszme-
qagal6 du T590UHER



http://www.searates.com/
http://www.maps.google.co.th/
http://www.maps.google.co.th/
http://www.maps.google.co.th/
http://www.maps.google.co.th/
http://www.maps.google.co.th/

146

MANHIN D

. . § Aq Y a A )
f11 Emission Factor Vlclclfcluﬂ'ﬁﬂﬁgllluwaﬂﬁgﬂﬂﬂ'mﬁﬂlnﬂaﬂll



147

M9190UINA 91 A1 Emission Factor 7119 1umsisziiumansznuniaaaunadon

o) EF(Kg Co2 eq./

318M3 ) 1118991999 EF
W)

L 1.5143 Ecoinvent 2.2, IPCC 2007 GWP 100a
d309iiu(TorganicZince coated) 1.78 Ecoinvent 2.0, IPCC 2007 GWP 100a
1 (Wood) 0.0489 Ecoinvent 2.2, IPCC 2007 GWP 100a
waaAnd v 0.5751 Ecoinvent 2.0, IPCC 2007 GWP 100a
@ (Alkyd paint) 1.78 Ecoinvent 2.0, IPCC 2007 GWP 100a
IO Copper wire) 1.9568 Ecoinvent 2.0, IPCC 2007 GWP 100a
iAN3A (Siliga Sand) 0.1427 Ecoinvent 2.0, IPCC 2007 GWP 100a
thomderdu 0.08 Ecoinvent 2.0, IPCC 2007 GWP 100a
i lansodnd 0.8319 Ecoinvent 2.2, IPCC 2007 GWP 100a
i 0.02753 Ecoinvent 2.2, IPCC 2007 GWP 100a
funes 1.78 Ecoinvent 2.0, IPCC 2007 GWP 100a
Meendian (02) 0.469 Ecoinvent 2.2, IPCC 2007 GWP 100a
maluTasiau (N2) 0.497 Ecoinvent 2.2, IPCC 2007 GWP 100a
ﬁW%LE‘meﬁﬂ (Ammonia gas
NH3) 0.097 Ecoinvent 2.2, IPCC 2007 GWP 100a
Moy (LPG) 0.4122 Thai national database
Tl 0.6093 Thai national database
FONTZUZUTIND 4 FoVUIAAN
ﬁmﬁﬂmmﬂqqqa 7§ Sauy
1n& 100% Loading 0.1402 Thai national database
iﬂﬂﬁ%ﬂg‘ﬂﬁfﬂqﬂ 6 gﬂﬂ]u’]ﬂ!ﬁﬂ
ﬁmﬁﬂmmﬂqqqﬂ 8.5 A 39
wuuauynd WU 50% Loading 0.1435 Thai national database

4
FONTLULUTINN 10 0 1min
VFINNGIFA 16 AU WU

ﬁwnﬁnﬁu 75% Loading 0.0835 Thai national database




148

HNANUIN N

9 9
miNﬁﬁ’mﬂJ@y‘a



149

M31awuInd a1 PSunaringavaisvudn

L a Y 1 Y v |
EIMINAYAVVIGNISUIUNIT PSanaiily bt

=]
;_:E
=4
=).

MIHUING 22 USnaingavudisuiesn

% a ! v v
IMIAYAVA1IVIBDN ﬂ‘%ummm Hug

=}
:ﬁﬁ
=4
=)




M519NUINT 23 USuaveuae

150

UALN semsUSunaveudy YSanamld YiHE
d‘ o (%] 1 =)

MINWNUINT 24 USUNTNOINT LAz ITAFIINIHGN

U U d‘ w U 1 = H Y |l

SUAUN SIMINSNINS 1az IaqIIBNMINGN 33namld Yivag




151

‘IJ‘J%%?IﬂVJﬁﬂ‘]&IHmZﬂVJﬁN"IH

¥o = Wwana fifio (esnuany

$u 1o 7 e 22 AU 2524
aouiiifa g1neLiod 2. voULAY
sz iamsanmn AINTTUAAATUUNA

(AAINITUIATDING) NHINGIRIUBULAU

Aurivatfaaiiv NUNNUVTHNONYU

Q

v
a [

= o U Aa o d' )
ﬁﬂ]u‘i’lﬂ%ﬂ‘l—!ﬁﬁ]ﬁﬂu VIYN AUANA
a0 % a2
HWANTHALAHULAS ITNIAN NIV INT -

= N Yo
ﬂuﬂ]ﬁﬁﬂ‘l&l"l‘ﬂulﬂﬁﬂ =





