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Abstract

Environmental assessment of parawood manufacturing is mainly to prepare inventory
database of saw timber production and evaluate environmental impact through out the supply
chains. A scope of this study was from the cultivation to the drying process of parawood saw
timber. Data was collected in the southern area of Thailand i.e. Nakornsrithammarat Trung and
Pattalung. Three partnerships in the studied area were included (more than 30 households for
parawood farmers, 10 contractors and 10 factories). The functional unit of the study was set of
1,000 SCF of parawood saw timber. The environmental assessment was carried out based on
CML base line 2000 V 2.03 provided in Sima Pro 7.1. The results presented that the
parawood manufacturing activity affected to acidification potential, eutrophication potential,
global warming potential and photo-chemical oxidation potential. Causes of these impacts
were from drying process resulting from releasing pollutant substances and consuming high
electricity. Human toxic and ozone layer depletion could be observed through the use of
higher chemical fertilizers and herbicides in plantation area. Clean technology was introduced
to abate all impacts and improve a manufacturing timber process. In addition, this background
data could be informative and used to evaluate an environmental impacts of the further products

assembled by parawood saw timber.

Keyword: LCA, Parawood Saw Timber, Environmental Impact
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Executive Summary

The parawood plantation can be found in various regions of Thailand,
including southern, eastern, northern, and northeastern. It has covered more than 12.6
M rai (1 rai : 0.395 acers). Of the total areas, about 10 M rai is accounted for the
nation latex production. The average annual production rate of latex production is
approximately 286 kg/rai (http://www.tpa-rubberwood.org.) [2008]. Latex has been
distributed to many downstream industrials, such as concentrated latex, block rubber,
automobile tires, rubber gloves and etc. Nevertheless, the benefits of parawood are not
only the latex product, but also its old expiring trunk can be utilized as wood raw
material. The expiring parawood trunks are then processed and made ready for the
manufactures of furnitures, toys, wood finishing products and etc. Since there is a high
demand of these parawood finishing products from countries such as the United States,
China and Japan, it contributes to the increase in numbers of manufactures for
parawood finishing products in the South. And as a result, the deforestation of
parawood trees increases accordingly. In 2001, more than 447,580 rai of parawood
trunks was cut down. Some of them may be fallen before its expiry. To utilize
parawood plantation/industrial for the highest benefit, the relationship/sensitivity
analysis between the plantation, tree life span, and amount of parawood fallen was
investigated by using an environmental tool, Life Cycle Assessment (LCA).

This research activity Environmental Management for Parawood Product
Manufacturing Using LCA (Phase | : Felling through primary phase of wood
conversion) was supported by Thai Research Funds. The research objectives are to
work on life cycle inventories and interpretations of parawood manufacturing, and to
recommend cleaner technology options based on life cycle evaluation. The
methodologies are as follows;

1. Methodologies

The boundary of this study was to determine a parawood lumber life cycle
affecting to environment. Material and energy balances for all steps of plantation,
harvesting, lumber delivery and wood finishing product manufactures were carried out.
This evaluation was based on 1,000 ft* parawood functional unit

Both primary and secondary data were used for life cycle inventory. Primary
data for plantation, including parawood breed, area preparation, cropping utilities
(amount and composition of fertilizer, amount and composition of pesticides and
herbicides, and amount of diesel) was directly collected from farmers. Primary data for
trunk devastation, including amount of diesel using for sawing, land preparation, and
trunk delivery processes, were collected from the devastating contractors. The data of
utilities, biocide uses, amount of diesel, drying, and waste (water and air emission) in
the lumber manufactures were included. Some data, which already has been published
by official sections and worldwide database (SimaPro), was also cited and used for the
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complete analysis. Evaluation method of CML 2 Baseline 2000 V 2.03 has been
considered in the assessment.

2. Life cycle assessment of parawood lumber processing (Phase 1)

The environmental impacts of parawood lumber processing (Phase 1) are
tabulated in Table 1

Table 1 Total environment impacts of parawood lumber processing (Phase 1) based on
CML 2 Baseline 2000 V 2.03

Impact Categories Quantity Reference Significant
Substance
(acidification), AP 48.88 (kg of SO, Nitrogen
equivalents) dioxide
(eutrophication), EP 11.77 (kg of PO4 Nitrogen
equivalents) dioxide
(global warming) , GWP 8,055.30 (kg of CO,- Carbon
equivalents) dioxide*
(ozone layer depletion), 0.00023 (kg of CFC-11 Halon 1301
ODP equivalents)
(human toxicity), HTP 975.52 (kg of 1,4-DB | Chromium VI
equivalents)
(photochemical oxidation), 28.43 (kg of C,Hy) Carbon
POCP monoxide

When the analysis involves the comparison of two sections in the production
line (drying process and growing process), the drying process has a major influence on
the environment in many aspects. They include soil and water acidifications,
eutrophication, global warming, photochemical oxidation. While, categories of ozone
layer depletion and human toxicity present high impact in the growing step.

Impact interpretation for each environmental impact has been evaluated.

Acidification: drying process, particular steam production, has the direct
impact. This releases NOy and SOy from the biofuel combustion part.

Eutrophication: drying process, particular steam production, still presents the
direct impact. This releases NOy and SOy from the biofuel combustion part. For
phosphate, it is released through fertilizer (Di-ammonia Phosphate) during parawood
plantation. However, index of plantation release is less than steam production.

Executive Summary



Global warming: drying process, particular steam production and electricity
usage, still presents the direct impact.

Ozone depletion: It is related most to the growing process, through the use of
urea fertilizer.

Human toxicity: growing and pulp preservative processes provide most impact.
Chemicals involving to this issue are herbicide in pulp preservation step, urea in
growing stage, and water softener in water treatment plant.

Photochemical oxidation: drying process, particular steam production, still
presents the direct impact. This releases CO from an incomplete combustion part.

3. Clean technology options
Clean technology options can be listed as following

3.1 Growing Stage

1. Use less chemical fertilizer in the following steps, land preparation, soil and
nutrient adjustment. Encourage to use bio-fertilizer as recommended by
Department of Agriculture. Also, this helps prevent plant from losing its foods
and nutrients in the form of evaporating Nitrogen and Amonia gases.

2. Reduce the use of weeds removal chemical and prevent plants from diseases by
cultural method such as intercropping and cover crop of parawood .etc

3. Slow down/prevent deforestation of parawood. Because parawood could take
in CO, in the atmosphere even it is 25 years old. However, the slow
down/prevention index of deforestation depends on various factors such as the
business conditions, latex production and its markets price etc.

3.2 Deforestation Process
1. Reduce/ stop burning roots and brunches of parawood trees. Even though, the
amount of carbon dioxide contains in the roots and brunches are equal to the
amount of carbon dioxide release when burning. But burning releases others
chemicals that affects environment.

3.3 Distribution Process

1. Selection of the right mode of transport, six wheels truck can load more with
less gasoline consumptions. However, this depends on the accessibility of
different type of transports. Convenience and accessibility should be considered

3.4 Manufacturing Process
1. Improve the boiler and its effectiveness by increasing boiler maintenances,
repair the insulation, recovery waste heat and reduce the evaporation of
condensate.
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2. Study for direction in order to reduce electricity consumption in the drying
process for example; Study the spreading/circulation of heat in the drying
room in relation to the motor fan.
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I——————————————
1
| Mandatory Optional
! 1
I Def. impact Classification ‘ Characterization | I Normalization Grouping
: catecory < & R S | <4 =
1

| Inventory | | Impact Category | | I
! CFC —>| |
| N Ozonelayer depletion I—I—P| Cont. to OD
1 Cd !
I ~ Human toxicity I—I-I'>| Cont. to Human tox. Human health

Pb <] | | I
| I Ecotoxicity I Cont. to Ecotoxicity
I Dust | I

Global warming Cont. to GW

1 VoG —| I I
1 Photo. oxidant |—|.| Cent. to PO Ecosystem | .| Single index
1| oo |
I Acidification I—l—b| Cont. to Acidification [

s0, Z I I
| NO Eutrophication I_I_H Cont. to EU [
' ‘ | resowes |
I B //'l Resource consumption |—:I—P| Cont. to RC Resource

/

: Qil /'I Land use |—|‘|"| Cont. to Land use
I Land -] I I
N I I S B B B B B B B S - _I
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FIUARBY  (Characterization) @AILAAILUANTIN 1-3 TInaantaInatazvinliaansa
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M13199 1.3 WUUIN8INNTILAIIZH Classification & Characterization AU

CML 2 Baseline 2000 V 2.03

Impact Categories Model Reference Mt
M lilanion
IPCC (kg of CO,-equivalents) GWP
(global warming)
msviaslalouluruussennmea (kg of CFC-11
WMO ODP
(ozone layer depletion) equivalents)
anuiluiwdaunwd (kg of 1,4-DB
! USES-LCA HTP
(human toxicity) equivalents)
mMIsanBiatuaIndjiseuss-ial
UNECE Trajectery (kg of C,Hy) POCP
(photochemical oxidation)
mzanuunie
RAINS 10 Model (kg of SO, equivalents) AP
(acidification)
. d v Based on stoichiometric
msumimmi’uadwﬂummuama
: Procedure of Heijung (kg of PO, equivalents) EP
(eutrophication)
(1992)
anuduRnluwnasiia (kg of 1,4-DB
USES-LCA FRTP,
(fresh water aquatic ecotoxicity) equivalents)
anuduislwimas (kg of 1,4-DB
USES-LCA MAETP,
(marine aquatic ecotoxicity) equivalents)
anuiduRnludn (kg of 1,4-DB
USES-LCA TETPj¢
(terrestrial ecotoxicity) equivalents)
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® Nitrogen Compounds

® Sulfur Compounds

® Carbon Dioxide

® Carbon Monoxide

® Methane

® Particulates

®  Ammonium

® \Volatile Organic Compound
s‘fi\ﬁ’]Umiuamsmﬁi’lﬁmmmﬁ'@aglumjwamzwu sauaadluansef 1.4 mnviwazri
msénLLuﬂmjmadwaﬂszwu’ém’mﬁawﬁﬁﬂﬁ@ é’oLLa@dlugﬂﬁ 1-8

luﬂ‘sﬂgmﬁagamaaNam:wu‘ém’ma”amaﬁmqauﬁam:mumimaﬂs:mﬂ

o M oA v oA v ¥ : oo =
nédnud ldagludszinalng anadaenlfguteyavasdralszinaniinalulad

Tnatdsanuszmnelng

M1519N 1.4 ﬁmmsmamma:mjuwam:wuﬁﬁmﬁaa

i'\ﬂﬂ’\ia\‘illﬂﬂgaN ﬂ‘éj&lﬂi)dﬂﬁﬂi:ﬂﬂﬁtﬁﬂ')ffad
NINLINTBIINTIA (Natural Resource)
o g MIAENITNENNTBITNTG
o i mMsFwlAaInInenns
5’@11’;@11 (Raw Material Resource)
o Sandu MIFwURaINIWENNT
9 v
o s MIFwLURBINTWeNT
° Nﬁ@ﬁm‘ﬁﬁvl,ﬁ ﬂﬁiﬁul,ﬂaadﬂ%'wsjﬁﬂi
2 A e
o A NMIFULUFININEINT
® aWapY leIINMINEA v
A NIFULUFININEINT
®  YAILRY

Tasenisnsdanisdawandantaeld LCA drudufanssuulsglfenanna (szagh 1: nsdinlau-nsudsgisvazusn)




A19197 1.4 (d8) NIMIVATIUALNFUNANITENUANE TS

I18N1IEY an’fau

1 A A Y
NANYDIRINITNUNLNEIVAI

MIMENFINY (Energy Use)

Total Primary Energy
Process Energy

Fossil Fuel Energy
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N1IUaayNasNINIIDINE (Air Emissions)

Carbon dioxide (CO, fossil fuel)
Nitrogen oxide (NOyx as NO,)
Sulphur dioxide (SO,)

Carbon monoxide (CO)
Methane (CH,)

Dinitrogen oxide (N,O)
Particulate (PM)
Ammonium(NH;)

Volatile Organic Compound (VOC)

Global warming Potential
Acidification Potential
Acidification Potential

Ozone-forming Potential

Global warming Potential

Global warming Potential

Human Toxicity
Acidification Potential

Photo-oxidation Potential
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Def. impact category Classification Characterization
Inventory item Impact categories
Terrestrial ecotoxicity
Dust
Marine aquatic ecotoxicity

SO2
NO, Fresh water aquatic ecotoxicity
(6]0) -

Human toxicity
CO2

Photo, oxidant
CHa4

Eutrophication
N20O
NH3 ; Global warming
VOC Acidification

3. mMIdslunanienuFiliaasu (Life Cycle Impact Assessment)
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dseian Jnalsl oual i duToinas 30 % Wunanuazwe
MIFANITNAAN U NS P18 30 % emdald Tand
waae'ld  (By Product) T Dwitoinwas 40 % WRanaziiFasn
Usznn Sidee ouazlfdwgona 30 % anpannnidnlal
ANUTUNE AT fwual3i 8 — 12 % 100 % 15 10.50 %
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3.4.1 myidnanaaa

msﬂszLﬁm]”a;&am:mummﬁ@vl,ﬁmawwﬂLLﬂsgﬂ L%NﬁdLLGiﬂﬂiL@l%U&lﬁuﬁﬂQﬂ
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mawwswum:mwa@Lﬂuvl,umawwsmﬂsgﬂ Tl ULARZNIZLINNIIRI UGz AINTTY

v A 3 6 A a s 6 2 1 a =1 o & (% A 0
vz AN MTvIaNRaN W Nanaa lau A1 1 Tha 393 Tuazdasinsiiuaan
°ua\rﬁaHamms%ﬂnﬂﬁamsﬂa@ﬂﬁaﬂuamié’m%‘uNamﬁwﬁu@iawﬁ@ MITUEIWI
nsanwiazlfyadimaassgmaafidudiinuansdudin asuaasluansnen 3.4

3.4.2 iIansdnssas

mﬁmﬁwﬁ'zy%ﬁﬂmﬁaQafuuaﬂawnﬂﬂsﬂuﬁiauiagaLLSﬁ RAINFUQANINENT
PoINFAN U UATHRAATMINAWARY (By product) @na@dinImMInda lliiniwinudgy
Wafmuanihomsanendosluudaznszuiumanga  §usunszuanmIndaldonswam
LLU?E‘IJ&% WAaAminanAa lWiinawiTudsl 1,000 gnunariue Ghwsn 22 )
naanminanaoeld de Unld 2151 ¢ ussdiieny 526 @w %duﬂmﬂ’?@]qauﬁaw
mawwswiau(Lﬁumugﬁuﬁﬂmammdn 6 f:a) 48.77 G NTTLIMMIAALAULAZUUEITH
HAaAYinANAe WnswTman(duruguinasannnii 6 f17) 48.77 ¢ HAAAATINS
waoglade Uaeld 2258 ¢u wssisliusemnlsy 6.37 du %ammni’mqauﬁa b
prawn 177 lswdedadwimin e 77.71 6w AUQANINFIIARBATINT bl
mawmuﬂsgﬂumﬂugﬂﬁ 3.7
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@13197 3.4 Ardrtszneunsdusinvesnfadimeiluipaninianda ldeewmuyssy

D e . AaA1 araadsznaunisiluain
HAANIYINIzUINNTLRN , ,
wmn/ls) (aaa)
(ACIRRITEEE 40,000 * 0.14
2.418719W N 241,829 * 0.86
D e . < AAAT* araadsznaunisiluain
uAaAMMNIzUINNTAAlA . ,
(UN/A1) (yaa1)
1.ldvau > 6 #ia 1,426 0.77
2.ae'lsd 909 0.23
33 luasisld 0 0
e . AR a1aasznaunstuaIn
naanmmnszunnIsuilszil . ,
(UIN/aw) (¥ann)
1. fudsgul 10,769.23 0.964
2 1ns 250 0.022
34800 150 0.013

* A ﬁ?ﬂﬁﬂ ﬂ"ﬁ/ﬂ;ﬁlaﬁ’]iﬂﬁ]ﬁﬂﬂ FNHAINT

> 3 ﬁ?ﬂfﬂ’m http://www.108wood

3.4.3 M IUTLARANARNIAAITUAZ NI I,Lazn'lsijaiaamamsg{'aau:mé’au
1. Emwagmuaﬁ%miﬁﬂmmmsLﬁ@ﬁ”ﬂﬁnﬁauﬂszﬁ]ﬂﬁ]’mmmm"l,%m%aLwﬁa
mMIIaTernIdsasmaSaunszaniasnnmslmarawdluiaIainaneas o
) a a a 6 n:l' 1 dg‘ a
Vl,mmm?qﬂ soon dnfiunslasnsdszfinannysunmansueas (Carbon) mglumamm
2 o a . . ' [ v {
#9§198997n Carbon Emission Factor (CEF) 289Am4eNITNNNIIEAINITZUININGILLID
mudassudasanwnlienna (IPCC) a¥aNT 9N .16 (MAKWIN T) MIATWIUAT
YSunauasuanlasanlod (CO,) amansadmmimlaauaunsn (3 - 1)

44
COz2Emission = [(Fuel Consumption X CEFi)-Carbon Stored] X Fraction oxidized X —
12

3-1)
Tagi

CO, Emission = Snamaaniueulasanlodnseseanan (kg)
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Fuel Consumption = USanamsldidawas (TJ)

CEF; = fulsanseSinmanfuouluidowas (kg Carbon/TJ)
Fraction oxidized = gagauvainiseandled sundgiulvivinny 0.99
Carbon Stored = ansuouinasmdaanmanlnd sundguliviii o

mswmmmysunmasmoSaunszani liltensuenlasanlad (Non - CO,) anunIa

dwmldmusumn 3 - 2)
Non-CO2 Emission = Emission Factora. X Fuel Consumptionase 83-2)
laafn

Non - CO, Emission = USinasiaisaunszand lliasuenlasanled (kg)

e =) Q( 1 { 1 1
Emission Factor = sudeAndtmIUassnasin lltasuanlasanlos (kg /7J)
=3 a d%/ Aa
a = Fuel Type #aN8f9TRAV0ITDINRS
b = Sector Activity BNN8DININTIUNANHUTUNIINEAT 1TUeAH
C = Technology Type $4N Uﬁogﬂ WUUVBILATBILUG

@1 Emission Factor U843 auntzani b msasuanlaaan loa waadlwa1T9n .

17-7.21 (MANUIN 0)

2. guadgiwuazismadiwimmaiiamsisaunszanainmaen lnddinaans
MINBAT
TN BINTZUIUNNTA A LABAHRRINNT LA UA UL IWITILRIILLRR D TINIA
NN BTN LLaz A lEI N #aIN Tz i ItRIina 30 b waz v ldiihasa1nin
1 o L% {d‘ U s g; g: dyd a o v A 1 23 A
Tiaursnsianlultdszlomianla asnuinaanhasduarilwianisdsastinoIan
\ A o & ea | ' & A A
nizaneanguIsenma  safwarivenlasenladfildeneangursmmealuiuaauiiazie
' o o & e A YY) A o o s oA a a
3'1%1mﬂﬂummmiuauvl,@aaﬂvlmwwmmumvlﬂmammsaamﬁmLLmlﬁwmﬁ]scymuh
mnmmm%iﬁﬁ@amoauyitﬁa:lﬁ@ﬁwﬂﬁuauvl,@aanvl,smimxﬁﬂLL@iMﬂNNLﬂ%ﬁGLLﬁﬁ
A A ) & AN A A A '
ma dlwiuiinsesnssamgld  azdunawnindn lisuysoifeleandianla
\Weswaiiasnnszazianing (Smoldering) agiuiiszaziiansnimunitgisniiaqin
. . ]2 v a o A A A A &
(Flaming) agundadung WideafmIaunszandszinnaugiveninitaninie
ansuanlasanlod (NIURAIINAINUNAUNULAZERINENAIINYU, 2550) AIUAAILUATTIS

i 7.22-1.23 (MANWIN 7)
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o v o oA A oK v . e & & o a
fmiuimaunszanigaiudnm ldun faariuenlasenlod uazfied

19 6 &V v 1 v A 23 6 6 23 s
lalgasvenlasanlos laun Aafinu (CH,) Moasuanuanaanlos (CO) Maluasa
aanlod (N,0) wazfwlulasiausanlodluglvasidlulasiausanlad (NO, as NO,)
lapdeBeaundgnuaes  IPCC  (ainsdsnliuioiFaunszananiun lniiagav

NINNTINEAT (Agricultural Residue Burning) tHuuuwanmalunsdseiin 33msdnuwiowls
FUNIAI6ia 15

Total Carbon Released (tons of C) = Amount of branch and root (tons/Rai)
X Average Dry Matter Content of Residue
XFraction Actually BurntintheField

XFraction Oxidized

XThe Carbon Fraction of Residue (3-3)
16
Total CH, Emission= Total Carbon ReleasedX CH, Emission RatioX — (3-4)
12
28
Total CO Emission=Total Carbon Released X CO Emission Ratio X — (3-5)
12
44
Total N,O Emission = Total Carbon Released X N/C RatioXN,O Emission Ratio X —
28
(3-6)
49
Total NO, Emission=Total Carbon Releasedx N/C Ratio x NO, Emission Ratio x —
14
B-7)
Tagi
Dry Matter Fraction =0.55
Fraction of burnt in area =0.08
Fraction of oxidized =0.99 auuagﬂﬂﬁwhﬁ'u 0.99
Carbon Fraction = 0.4649 kg C/kg residue (DM)
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N/C Ration = 0.010 - 0.020

3. sundgmuazismadwimmsdsssuafwansmsadnlslumsinuas

o o & A v A o4 o Ao @ o A v
miguainewmindunasdastinaliiouszlfaaaiimdaisisuacilon

A A Ao 4 A o A a =
Iﬁ:ﬂwmamsmwmwmqsm'l%mowws’mumsgtyLaﬂ@ﬂmﬁzmy"l,ﬂsl,ummﬂmmzmums

Aa X Xa ! . L. A . o 0= A a
ANAURRSINIINIZUIWANT Soil Emission emag]amuﬂﬂmm@;mmmgtyLaﬂvlﬂlugﬂmaa
N,O uae NH; adnunsdsziinnsdaadass N,O waz NH; 81989018 AP-42 ma\‘rﬁaga
ntaadassuaiBaa9g1IladNaIAnIRNNEBRILIARONRYIFY (USEPA) 810130W)

laauaunsaalui
Emission of N2O = [1+(0.0125XF)] (3-8)
Tasd

Emission of N,O = 13310 Emission N,O 911 N32U21N173 Soil Emission
(kg N,O-N ha"' y')

n
1l

The fertilizer application rate (kg N ha " y ™)

é’@ﬁmﬂ%ﬂmﬁ gL lwlaslandatanaiseatl

Aud 1 lenandirinu 6.25 15
NHs Loss = %Volatile X Quantity of N fertilizer (3-9)

Tasd

NH; Loss U3u1ns Emission NH; 910 n32U%N17 Soil Emission
(NH; kg/Rai)
%Volatile 5@3’1ﬂ’ﬁ§ﬂgL§ﬂ NH; 37nn133eL ke (@l"l‘i"lx‘lﬁ T.24, NANWBIN T)

Quantity of N fertilizer = ﬂ%mml,ﬁsmwhﬂU"Luimmuﬁl"ﬁ (kg/Rai)

' Ao o o A o o a & A A9 o A @ A

sussaimamiaioussilosnulsaisunaselawlnanltacinanndrsludio
dndulngfiszazinamandsldiiu 2 U Aazaaodaleias (wrwinuazaniz, 2548) 34iia
1 a 1 dy 1A Qs Aly a 1 a
asedmanitliinanumsdwdenludn udanaszRansannanmsszmevadsanstsznay
Burn3gIznedng (Volatile Organic Compounds, VOCs) Mifuasadsznauneluaasansiail
waigusiemadsazldanaauladugiulunsdmindinsszinedsdnsduam
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v 1 a a 6 A (A‘ £ o
o AP-42 Tayamidaaddesuafinuasaaialanasdniivindauiadonaniy
(USEPA) adaumsaa tuUf

Total Quantity of VOCs (kg) = Qea ( kg) X Qe (kQ) (3 -10)
Tagd
Total of VOCs (kg) = 1Sanman3 VOCs fiszimpannansadmdaioig

Qea = Quantity of VOCs E  mission Active Ingredient (kg)
= 1331817 VOCs ﬁ‘s:mUmﬂaaﬁﬂi:ﬂaumaamsaanqw%
(Alan3w)
Qg = Quantity of VOCs Emission Inert Ingredient (kg)
= 1331817 VOCs °'71'§::l,1»1ﬂﬁnﬂaaﬁﬂi:ﬂamlacnaen'ivl,&iaam‘m%f
(Alan3y)

& =3 g; =) v = 1 ¥
FIUTN Qe HAZ Qg INBIAUTTNAUNIFBITRARINITONN MFANFNNNTAIA LT

%Active Ingredient
Qeai(kg) = Emission Factora (kg/Mg) X X Quantity Pesticide (Mg)

100

(3- 11)

%VOCs %lnert Ingredient

Qen(kg) = X X Quantity Pesticide (kg) (3-12)
100 100

Tagi

Emission Factory, = amidaatasga1s VOCs ma\ﬁmiaamm%f, AlansuANNNTY

. . & 1 1 v ' o
Emission Factory, muagﬂummmﬂﬂamaam‘:mﬁ (91313 U.25-7.26 mmﬂmu"lamaa

f13LaLazA1 Emission Factory NNQNWIN U)

= £
%Active Ingredient Wasiduduadanseangnd (@319 0.25, ANANWIN )

£
%Inert Ingredient wWafiduduasznsliaangnt a13149 .25, MANKIN O)

VOCs,q

Average VOCs content of inert portion, %

= { ] Qg
wasidudans vVocs wasluanslideangnt (a9 2.27,

NIAKNBIN T)
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Quantity Pesticide = Usanasasaaiaiifnaaiads/ilasnulsais (unzniv)

4. FUNAFTIUUALITNIMWIUNIUINUNANBIINNITATIAIA
maten g aumdsiualundelasiiendalasiiuuamsidsasasnanlses

ﬁazﬁﬂﬂﬁimni'@ﬂ%mmmilﬁaﬂulummﬂmﬁ%mmgmﬁﬁmu@ﬂ(ﬂUadﬁmﬂﬁ'ﬂﬁémnmﬁau
a%339 (USEPA) lagld35n19189 US.EPA Method 1§15 US.EPA Method 4 el

US.EPA Method 1:"Sample and Velocity Traverse for Stationary Source”

US.EPA Method 2:’Determination of Stack Gas Velocity and Volumetric Flow

Rate (Type S Pitot Tube)
US.EPA Method 3:"Gas Analysis for the Determination of Dry Molecular Weight”
US.EPA Method 4:’Determination of Moisture Content in Stack Gases”

o a2 1 { A &/ o e
FUNIINIIANTWI LTV RUARIINSAINAGNY 9 ANaUH (AWITHIINNANITATIDIG)

E, = (CXMW X Qg X3600)/[22.4 X ((T+273)/273) X1 06] (3-13)

Tagfi

E; = Emissions of pollutant i, kg/hr

C = Pollutant concentration, ppm, 4

MW = Molecular weight of the pollutant, kg/kg-mole

Qg = Actual stack gas volumetric flow rate, m3/s

3600 = Conversion factor, s/hr

224 = Volume occupied by one mole of gas at standard temperature
and Pressure (0 °C and 101.3 kPa), m3/kg-mole

T = Temperature of gas sample, °c

106 = Conversion factor, ppm.kg/kg

[ 2 1 { a J o s
FUNIINIIATNA mﬂimw{ua:a 29N NAU (MWITHITNHNANITATIANIG)

Epy = Qgt X Cpyy X 3.6 X (1—moistz /100) X [273/(273 +T)] (3-14)
Tagi
Epm = Hourly emissions of PM in kilograms per hour, kg/hr

TassmImssamsaswiaganlasld LCA ﬁm%’uﬁamsuLLﬂsgﬂ"Lﬁmawwsw (52020 1: ﬂﬁ‘iﬁ@liﬁu-ﬂ’ﬁuﬂ‘igﬂi:UZLLST])
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Q. = Actual (ie. wet) cubic meters of exhaust gas per second, m3/s
3.6

3600 seconds per hour multiplied by 0.001 kilograms per gram

moisty = Moisture content, %
273 = 273 K (°C)
T = Stack gas temperature, °c
5. au3Jag’mLLaﬁ%mSﬁ’lmm5@51n’15mmn

ﬁm%'umsmuﬁﬂﬁmomﬁmnmumagﬂiamuvlﬁﬂwwwsnLLUSEUQ%'ummﬁﬁW
mimudmLﬁaﬂlﬁinmmﬂﬁﬁéﬁwmz@m s]ﬁ'uI@ﬂnﬂsﬁﬂmm%f{amjaﬁﬂmiagaLaﬁﬂ
PaIMIVWEITD 3 ThaAe T0nTeUL SnnewliiazInnnas Semansadwsilaeauns
doluil

n
ACF,q = D_(FiIXRi) (3-15)
i=1

ACF,, = Average Consumption Fuel, Liter/ton-km

= 5@1‘nmﬂ"fﬂ,°§aLwad@iamimmﬂmaﬁﬂl@ﬂLaﬁfJ, AAYAW-N LALAT
Fi = Fraction of Truck i

= é’@mumsmmﬂmaomLL@iamﬁ@]
Ri = Rating of Fuel Loading i, Liter/ton-km

= éTm'lmﬂfL%aLwaa@iamsmmﬂmaasmwiawﬁ@, A3/ u-NlaLNaT

n
AULT, = X (FiXRj) (3-16)
=1

AUCF,4 = Average Unloading Consumption Fuel, Liter/ton-km

g v dq/ a 1 dl =) Qs a
= a(ﬂi’]ﬂ’ﬁl"ﬁlﬁ’ﬁaLW&G“I]E]G'EE]L?J&’II@ULQ&El, am/mu—nTamm

F, = Fraction of Truck |
= §@dmmm3mnmaoimwiawﬁ@
R; = Rating of Fuel Loading j, Liter/ton-km

AAINI LTINS ITaITLUR LG TRA, BAT/AW-TLALNGAT

TassmImssamsaswiaganlasld LCA ﬁm%’uﬁamsuLLﬂsgﬂ"Lﬁmawwsw (52020 1: ﬂﬁ‘iﬁ@liﬁu-ﬂ’ﬁuﬂigﬂi:UZLLST‘])



3-22

6. sUNAFILAZATNIEIWIBEATIMISEIME B NLHE 1
x v d v & v 9 om X &
mu@aumiau"l,uLwa"lammmumaam:mummﬂsgﬂamaﬂmmnmuluma
vlﬁtﬁﬁaa%ivlajl,ﬁu 8 - 12% mm%uﬁszmslaaﬂ"lﬂffuﬁmfﬂLflumm%uﬁaglmﬁa"lﬂuaz
ANNTUALAANNIBAAUNTIAUILT  AINUANNTWN T AL DN M FNNNINEIWI T LA A3

fuMIdia bl
(45 —Mi)
EM =W, +MX— (3-17)
100
A
Taan
EM = Evaporation of Moisture, ton
= ATINIILLRLVDIANNT W, A
W, = Water from Passivation, ton
= USunsinanTuaawnsa1uYnen bl d
M, = Moisture of Timber, %
& o o ¢ & &
= mm"ﬁumaavl,umawwsmﬂigﬂmamiau, L OILTUa
45 = anNTuvad i nneauey, iWasidud (Qaﬁﬁammﬁaﬂm, 2550)

7. FUNAFIRUAZITNIIAIWIUNAINUD T ILNZBNIINNTTLIUNINES
1%ﬂ5$ﬂ’3%ﬂ’13ﬂ§ﬂ NIAA LA MIvnEILazM I3 WRIUVNTNNADIUNIN
MWIAINEINUANNTUNNMNT MU TN IUTELANE 9 9T wI s ldauauns

doluh
QFuel = My XLHVE X 1000 (3-18)

Tagd
Qr,e = Energy from Fuel, MJ

= Wé‘dd’luﬁnm%mwﬁd, LWNNZIR
Meer = Mass of Fuel, ton

= PN onTaIWaTaIna, G
LHVE.e = Low Heating Value of Fuel, MJ/kg

= AANNTA UGV TALNRY, mﬂﬂzga@iaﬁiaﬂ%'w
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AuaawnITaL hala aamzmummﬂigﬂﬁ]:ﬁaolfwé’aammnmmmvlwsLTL%aLwﬁa%a
o s A ° o ' pg
128 LA 8 LAt BN NI AW T LA AIFNNN TR D LT

Qbiomass = Mbiomass>< I-Hvbiomass>< 1000 (3'1 9)
Tagd

Quiomass = Energy from biomass, MJ

= WRIIWINTINIA, LWNNLIA
Mpiomass = Mass of Fuel, ton

= BB oTanwasiinng, au

LHVpiomass = Low Heating Value of biomass, MJ/kg

AanuTaudwaataindiiiana, wnnzaadailaniu
o Vo v dql a v dl 6 aa [ I o dql
fnualiaianuauzadsands (AnmMInaraumaiaiaivantiiaaeIimes) iuash
Inlfensmniananusoudurnnu 10.365 MJ/kg, fianadu 45%
Aaesldonsmndaianusaudyinnu 17.138 Mdkg, NANNTH 35%
Inulafensnniaianuseudurinnu 17.388 Md/kg, NANNTH 35%
AMWTUNRINUI88NTaIRIa larinnua N TR I laauENNTRId e T

H; = M;Xh;X1000 (3-20)
Tagdi
H; = Enthalpy of i, MJ
= wé’omumw%aumaa i, LﬂJﬂﬂz'ﬂE‘]
M; = Mass of i, ton
= Sumueg i, au
h; = Specific Enthalpy of i, MJ/kg

WALV |, LNﬂﬂz@J&@iﬂﬁIﬂﬂ%ﬂJ

Superheat steam, Condensate, Blow down water, Feed water
=1a1iTaudssna AaULAWLEN WszLY Hntlan

AWTUNAIINUVI88NUI Flue Gas W1 beaNFNNIad6ia b
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H, = MXCpX T, X1000 (3-21)
lash
H, = Enthalpy of j, MJ, Wa391%4aNu38UV84 j, LUNNZIN
M; = Mass of j, ton, U3utuuas j,
Cp = Specific Heat of j, MJ/kg °K, A1ausausinng j, mnﬂzga@iaﬁiaﬂ%m
T, = Temperature of j,°K, QI ERILE i,°K
j = Flue Gas j, MDY |

3.4.4 dyBngnsteyanszuiwnisdan

matzidugdayaniaiwnzlgneninm BusILdM TSI ABA NI IRawTA
leudugnanm andodoyadgunfivesnsains 30 Muld wanmagddydnonma
s uduazanesn  uaztgBnenInasnuwridieimuwzlaneniwn uaadly
A3 o1 B9 0.4 VOINARWIN T WAz I EURINT IR TITNGANINAITUAZNNT
Tusmdsgud 38 TeswSnaanssglneildaseaipinsdiasmiuduiivgn
pww 177 ezgnifuduldnildenewn 14%uaziusuldiusingnsmn,  86%
gnsuldenewndwin 1.77 I iiminaas o 77.71 du

3.4.5 U313 04aNIZTLIRNIIAALAKILAZYWES
ﬂ’mhzLﬁu"ﬁa;gamsé’wiﬁumawwmuazmuda BueILANMIaalAUFENINIT
'«Junizﬁ"wumﬂvlaj”mqua?ﬁ;jiiammﬂsgﬂ odedayadgunlvasdiuinan 10 18 WA
MIETUUYINeMINeaNIINAzINeen  LASTYINIMINAINWIIIVEINNTAA
TAULAZIUEIE NI LaaIbuan 197 9.5 9 .14 V9NONUIN T UazENNIOEBU
mﬂmmaaauqamamil,l,a:miﬂumuﬁagﬂﬁ 3.9 I@m.l'%mmmﬁﬁi%ﬂmﬁl"ﬁém%'u
garnlinoly 0% ‘lu@i”’mﬂ’]wudavl,ﬁmawniwiaumﬁg&kamuuﬂigﬂfu;ﬁummLL@iaz
eazldnsvusafinandrani 3 suuufiansauaslasnnszuz snaewld uazsnusmn

P S
muagﬂu
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gﬂﬁ 3.7 mirsﬂm‘sﬁﬂmumaamiwﬁﬂvlﬁsmwmLL}JSEU 1,000 gﬂmﬂﬁﬂm

| .
T T = '
i TH-JLI]J‘JE]JHE : 22.00 ton
1,000 ft
TRy T H
: uLaay .
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3.5.1 @nuAINNITBNIA IHAKBLAZILKBAINN (Acidification Potential)
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"L&Tmawwmuﬂigﬂ 1,000 Qﬂu’]ﬂﬁﬂ@

No. Substance Compartment Unit Total
Total of all compartments kg SO, eq 48.88032
Remaining substances kg SO, eq 0.891565
1 Nitrogen dioxide Air kg SO, eq 27.58967
2 Sulfur dioxide Air kg SO, eq 7.65325
3 Nitrogen oxides Air kg SO, eq 4.921081
4 Sulfur dioxide Air kg SO, eq 4.714813
5 Sulfur dioxide Air kg SO, eq 2.218025
6 Ammonia Air kg SO, eq 0.891911
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Analvzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ charackerization
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maaﬁﬂuﬁ%ﬁuamp é’aua@ﬂugﬂﬁ 3.26 way 3.27 Gfiaﬁ”ﬂfﬁﬁﬁaiﬁﬁmwam:mmnﬁq@
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No Substance Compartment Unit Total
Total of all compartments kg PO4--- eq 11.76769
Remaining substances kg PO4--- eq 0.332118
1 Nitrogen dioxide Air kg PO4--- eq 7.173315
2 Phosphate Water kg PO4--- eq 2.666538
3 Nitrogen oxides Air kg PO4--- eq 1.279481
4 Ammonia Air kg PO4--- eq 0.195105
5 Nitrogen oxides Air kg PO4--- eq 0.121136
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Analyzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ characterization
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3.5.3 @nanmnistianiazlanian (Global Warming Potential)
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No Substance Compartment Unit Total
Total of all compartments kg CO, eq 8055.303727
Remaining substances kg CO, eq 45.79707973

1 Carbon dioxide Air kg CO, eq 1886.413173

2 Carbon dioxide, biogenic Air kg CO, eq 472.8635898

3 Carbon dioxide, fossil Air kg CO, eq 1169.087679

4 Carbon monoxide, biogenic Air kg CO, eq 1469.273189

5 Dinitrogen monoxide Air kg CO, eq 2061.678183

6 Methane, biogenic Air kg CO, eq 950.1908332
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Analyzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ characterization
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3.5.4 Mg ldvaslalowluruwussenia (Ozone Layer Depletion)

TassmImssamsaswiaganlasld LCA ﬁm%’uﬁaﬂiimnhgﬂ"lﬁmdmﬂ (52020 1: ﬂﬁ‘iﬁ@lTﬁu-ﬂ’]iLLﬂigﬂi:UZLLSﬂ)



3-50

mamelivaslaloulusuusinmeaasaaipinidiamnaa Wensmnnudsgddwan

d é 1 g: { 1 v a { v
1,000 Qﬂﬂ?ﬂﬂ{ﬂ@l LLﬁ@Gl%gﬂﬁ 3.31 mwmwu@lauﬁﬂalmn@mammumnﬁq@ﬁamﬂ“ﬁ

(IR I +| A 1 v
LL&qu]F;IL‘].]%‘]_!UEJJL%UGINQQl%ﬂi&ﬂ?%ﬂ’]‘iﬂgﬂ‘lumw\ni’]

I@ﬂﬁwaﬂs:wuﬁ’wmmmm

FUUNAUNIZUIBIINAALAZI UL UNANFasInNasTNaAgdamswg luvadlalonln

g; s { é &V d 1 v Aa { 23
FULITLNNA mLLamlugﬂﬁ 3.32 uay 3.33 smmsﬁﬁnalvsm@mmmumnﬁq@ﬁammm

88w (Halon 1301) uazlSunmmsdaasuasidd gNaAmaunsauaes laasansnan 3.8
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No Substance Compartment Unit Total
Total of all compartments kg CFC-11 eq | 0.00023
Remaining substances kg CFC-11 eq | 3.04E-06
1 Methane, bromotrifluoro-, Halon 1301 Air kg CFC-11 eq | 0.000146
2 Methane, bromochlorodifluoro-, Halon 1211 Air kg CFC-11 eq | 6.46E-05
3 Methane, tetrachloro-, CFC-10 Air kg CFC-11 eq | 1.55E-05
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Analyzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ characterization
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Analyzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ characterization
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VL;]”mam‘s'uLﬂ‘sgﬂ 1,000 Qﬂmﬂﬁvﬂ@

No Substance Compartment Unit Total
Total of all compartments kg 1,4-DB eq 975.5185
Remaining substances kg 1,4-DB eq 118.6811
1 Chromium VI Air kg 1,4-DB eq 314.1306
2 Nickel Air kg 1,4-DB eq 76.61481
3 Nitrogen dioxide Air kg 1,4-DB eq 66.21522
4 Particulates, < 10 um (mobile) Air kg 1,4-DB eq 63.6484
5 Vanadium Air kg 1,4-DB eq 52.64575
6 Barite Water kg 1,4-DB eq 47.88548
7 PAH, polycyclic aromatic hydrocarbons Air kg 1,4-DB eq 41.86838
8 PAH, polycyclic aromatic hydrocarbons Water kg 1,4-DB eq 41.46511
9 Arsenic Air kg 1,4-DB eq 40.97198
10 PAH, polycyclic aromatic hydrocarbons Air kg 1,4-DB eq 29.87977
11 Vanadium, ion Water kg 1,4-DB eq 21.60511
12 Arsenic Air kg 1,4-DB eq 19.31157
13 Cadmium Air kg 1,4-DB eq 16.8584
14 Nickel Air kg 1,4-DB eq 11.92634
15 Nitrogen oxides Air kg 1,4-DB eq 11.81059
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Analyzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ characterization
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Analyzing 14.5 ton 'Dry Saw Timber'; Method: CML 2 baseline 2000 ¥2.04 | World, 1990 [ characterization

3.5.6 N1529NBLATHVBILEI-LAN (Photochemical Oxidation Potential)
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No Substance Compartment Unit Total
Total of all compartments kg C,H, 28.42705
Remaining substances kg C,H, 0.647704
1 Carbon monoxide, biogenic Air kg C,H, 25.92819
2 Nitrogen dioxide Air kg C,H, 1.545022
3 Sulfur dioxide Air kg C,H, 0.30613
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anaaIfansTIaNaANTuAIuEasluaTn 4.2 Susasliiiniinsvasanusaning
°11aams?mmlumzﬁmqnwa#é‘miﬁumawwsﬂﬁ@hvlsjgamnﬁﬂ

A13191 4.2 Han Tl asuwlasan GWP ﬁmqmawwsﬁ 19 - 251

CO,
1 % CO, GWP % GWP
Life Span Sequestration
Change (kg CO,) Change
(ton)
19 136.55 -12.21% -73,664.49 15.89%
20 142.90 -8.13% -78,322.17 10.58%
21 149.24 -4.06% -82,969.53 527%
22 155.55 0.00% -87,585.91 0.00%
23 161.85 4.05% -92,202.28 -5.27%
24 168.13 8.09% -96,808.33 -10.53%
25 174.40 12.12% -10,1404.05 -15.78%

1 & o ' ' ) o @ o
Usanmmigausada 1.77 15 duarudgwsulaionawn)

atalsfmumItizfiwiginsianRadnsinrsinSoufisunansznufaeday
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A19191 4.3 Nan LU RauLaIRA&IWA1 Characterization LLGaZATEUIRAINRG

ﬁmqmawwm 19 - 25 1

% Characterization Change
Life Span Falling &
Drying Preservation Sawing Cultivation

Cutting
19 -4.56% -0.12% -0.33% 0.42% 4.58%
20 -2.85% -0.07% -0.20% 0.27% 2.87%
21 -1.34% -0.03% -0.10% 0.13% 1.34%
22 0.00% 0.00% 0.00% 0.00% 0.00%
23 1.21% 0.03% 0.09% -0.10% -1.22%
24 2.30% 0.06% 0.16% -0.21% -2.31%
25 3.29% 0.08% 0.24% -0.29% -3.32%
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1 { 3 o
4.2 ﬂ’l?@li')%ﬂﬂﬂﬂ')’l&laa%lﬁlﬂitﬁlﬂaﬂﬂllﬂad amﬂsznauﬂa‘lum‘sm%am

nnnIdTateayansznunizlan insasnInmuainslsloadlunigus
33N emTiemMIeIyaulauasnanaainnngs faaddulngluaaad
insasnslfidudenvenssdlsnaviidulelomidenrlugdvesgasils 1w dogas
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yovesuddleldun loualuilouwasina (DAP) wi3y (Urea) uaszlwunamiBouasalyd
(MOP) uazmsdwimliaglugtvasmgenmislaun lulasiau (N) Weswads (P) uac

= ad o v U+
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ci A + dd‘ L% o o Aa
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Usmnmudle (Alaniu/ls)

Lmﬂmuﬂ’%mmmqmmi Lmﬂmuﬂ‘%mmu&iﬂﬂ
N P K DAP Urea MOP
413.34 114.46 272.94 244 .92 805.50 454 .90
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wanfiezaswutadly -21.19% -35.75% uaz 32.11% eudey deenasnanniidaing
FaansaInuM U AsuLLaIdA8IWVEINT Characterization TaIUARINIZLINRANIHER 11
a3197 4.6 I@smam:mﬁmma:m@;mmwaaﬁﬂuﬁwLﬁuau@;aﬁmmdau"lmﬁawiT'm
FEWILNTUIUMIDLUAILAZNIZLIUNTUAN nansznueumsmeluvaslalowlus
mimmﬂﬁmméaﬂmﬁauiwagaﬁm%‘unszu’mmiﬂgﬂ URZNANTENUA WAL WiN 1y
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invent ETH 96 dymyeligulalumidwnnsuinedivavudgiusaimsnm lu
midnmitassuufgwidiinadoauisiemaldannisuananuide (@lunawuwan
n) 2smsligudayazas Eco-invent ETH 96 Llugulunisdminmansznufuiaden
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A19191 4.5 mma’auvlmm AINANTENURY LL?@gaNﬂiﬂiLﬂa EI%LLﬂﬂ\‘ladﬂr‘ﬂizﬂ auﬂﬂ

Type of Fertilizer
Impact U %
nit
category DAP-Urea- N-P-K Change
MOP
AP kg SO, eq 48.88 47.90 -2.00%
ETP kg PO, eq 11.77 9.27 -21.19%
GWP100 kg CO, eq 8,055.30 8,265.43 2.61%
ODP kg CFC-11 eq 0.00023 0.000147 -35.75%
HTP kg 1,4-DB eq 975.52 662.29 -32.11%
PTCO kg C,H, 28.43 28.34 -0.32%

A19191 4.6 NaNILURUULRIFARINAT Characterization TLARZNIZLIUNIING®

asanlaswnladadflsen auils

Impact Falling &
Drying Preservation Sawing Cultivation
category Cutting
AP 1.52% 0.09% 0.15% 0.03% -1.80%
ETP 18.47% 0.33% 0.94% 0.27% -20.01%
GWP100 -1.00% -0.17% -0.48% -0.25% 1.90%
ODP 3.56% 8.20% 6.21% 7.24% -25.21%
HTP 8.59% 16.00% 1.20% 1.34% -27.13%
PTCO 0.31% 0.00% 0.00% 0.01% -0.31%
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4.3 msmmaaumwaaulwmsmms Recycle ‘Sﬂﬂ‘l&lLLazﬂ\‘]‘l&lﬂ'NW’liﬁ
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HAMTIATERANN S0 NI INANTENUFILIAR NN Recycle T loluaz
ﬁ'avlﬁﬁé'mﬁmu@me]ﬁ"?lﬂmaa@mLL@imiLﬂﬁﬂuLLﬂamau‘*ﬁwﬁawm Toafidamsuns
Recycle 3nlduazisld 100% ﬁ]:ﬁwaﬁﬂﬁwaﬂs:ﬂu‘édm@ﬁmmmg@qmﬁm 1.31%
WS UNANTENLUNITa0NBLATU DILEI-LAT aouaaslumsnsi 4.8 udadnalsh
a3 Recycle MnlifuazAelifnsmmunumstnisfsiuldnddmtisaauaniizan
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M990 4.7 MU UNYUNANTENURILIR NN IHNNT Recycle i’mvl&]LLazvasJ

BNINIT
% Impact category

Recycle AP" ETP” ewp” oppP” HTP” popC”
0% 48.88 11.77 8,055.30 | 0.00023 975.82 28.43
10% 48.85 11.76 8,051.57 | 0.00023 975.75 28.39
20% 48.82 11.75 8,047.84 | 0.00023 975.68 28.35
30% 48.79 11.74 8,044.11 | 0.00023 975.61 28.32
40% 48.76 11.74 8,040.37 | 0.00023 975.54 28.28
50% 48.73 11.73 8,036.64 | 0.00023 975.47 28.24
60% 48.71 11.72 8,032.91 | 0.00023 975.40 28.20
70% 48.68 11.71 8,029.17 | 0.00023 975.33 28.17
80% 48.65 11.71 8,025.44 | 0.00023 975.26 28.13
90% 48.62 11.70 8,021.71 | 0.00023 975.19 28.09
100% 48.59 11.69 8,017.97 | 0.00023 975.12 28.05

" Acidification ; kg SO, eq

Z Eutrophication ; kg PO,--- eq

¥ Global warming (GWP100) ; kg CO, eq

“ Ozone layer depletion (ODP) ; kg CFC-11 eq
5lHuman toxicity ; kg 1,4-DB eq

6/Photochemical oxidation; kg C,H,
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A13191 4.8 RAFIBVAIN LR WU RINANIZNUEFS LLQ@§B&I@Q@31&I§Q%1%Q°I] 83N179

Recycle 370 ballaz i ladanemn

% % Change of Impact category
Recycle AP ETP GWP ODP HTP POPC
0% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
10% -0.06% -0.07% -0.05% 0.00% -0.01% -0.13%
20% -0.12% -0.13% -0.09% 0.00% -0.01% -0.26%
30% -0.18% -0.19% -0.14% 0.00% -0.02% -0.39%
40% -0.24% -0.26% -0.19% 0.00% -0.03% -0.53%
50% -0.30% -0.33% -0.23% 0.00% -0.04% -0.66%
60% -0.36% -0.39% -0.28% 0.00% -0.04% -0.79%
70% -0.42% -0.46% -0.32% 0.00% -0.05% -0.92%
80% -0.48% -0.52% -0.37% 0.00% -0.06% -1.05%
90% -0.54% -0.58% -0.42% 0.00% -0.07% -1.18%
100% -0.60% -0.65% -0.46% 0.00% -0.07% 1.31%
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ﬁnﬂia%mslumiwﬁ' 4.9 wmfwamzﬂu?ﬁLLmﬁawﬁ@hlﬂéﬁﬁmﬁunﬂe]é]”’ml,l,azﬁa
ﬁwmﬁmﬁzﬁm’méauvl,m“?il,‘i"auvlmmsmsnmﬁmeuLL@iLmﬂ@mﬁuﬁgmmumwuda
wmfnmmdau"menﬁq@ﬁLﬁ@%u 0.23% 0.09% -2.41% 3.81% 0.67% 8x0.11%
fmTuNanTEnUdwANzanudunIa luduasuRa N msw‘?iu%maam@!mmiﬁﬂm‘fw
Auaugs mMufanzlaniau mywneluvasdwlalam anuiuinsdenywsd mysand
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M13191N 4.9 MILUTPUNYUNSINIENURY LL’J@Qauﬂsmﬂqitﬂﬂﬂu%ﬂadgﬂ LUUNIIVWR

Truck Impact category

Ratio" AP? ETP’ ewp” oppP” HTP” popc”
0P100S 48.81 11.76 7,861.36 | 0.000224 | 971.51 28.41
10P90S 48.82 11.76 7,891.49 | 0.000225 | 972.16 28.41
20P80S 48.83 11.76 7,921.86 | 0.000226 | 972.81 28.41
30P70S 48.84 11.76 7,048.93 | 0.000226 | 973.46 28.42
40P60S 48.85 11.76 7,979.06 | 0.000227 | 974.11 28.42
50P50S 48.86 11.77 8,006.36 | 0.000228 | 974.76 28.42
60P40S 48.87 11.77 8,036.49 | 0.000229 | 975.41 28.43
70P30S 48.89 11.77 8,066.85 | 0.000230 | 976.06 28.43
80P20S 48.90 11.77 8,093.92 | 0.000231 | 976.71 28.43
90P10S 48.91 11.77 8,124.04 | 0.000232 | 977.36 28.43
100P0S 48.92 11.77 8,154.41 | 0.000232 | 978.01 28.44

1/

sannaa 100% Luaun

Z Acidification ; kg SO, eq
¥ Eutrophication ; kg PO,--- eq
“ Global warming (GWP100) ; kg CO, eq

* Ozone layer depletion (ODP) ; kg CFC-11 eq

6/Human toxicity ; kg 1,4-DB eq

"Photochemical oxidation ; kg C,H4
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Truck % Change of Impact category

Ratio AP ETP GWP ODP HTP POPC
0P100S 0.00% 0.00% -2.41% 0.00% 0.00% 0.00%
10P90S 0.02% 0.01% -2.03% 0.38% 0.07% 0.01%
20P80S 0.05% 0.02% -1.66% 0.76% 0.13% 0.02%
30P70S 0.07% 0.03% -1.32% 1.14% 0.20% 0.03%
40P60S 0.09% 0.04% -0.95% 1.53% 0.27% 0.04%
50P50S 0.12% 0.05% -0.61% 1.91% 0.33% 0.05%
60P40S 0.14% 0.06% -0.23% 2.29% 0.40% 0.06%
70P30S 0.16% 0.07% 0.14% 2.67% 0.47% 0.07%
80P20S 0.19% 0.08% 0.48% 3.05% 0.54% 0.09%
90P10S 0.21% 0.09% 0.85% 3.43% 0.60% 0.10%
100P0S 0.23% 0.09% 1.23% 3.81% 0.67% 0.11%
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4.5 N13n3FLAMNDaWIRINIMLU AU asd s n1viTuaIn

Arddszneunisdudinaramdild 2 S3Rensldyadinaarsgaaasuaznsld
¥ o A o a o [ o VI A a & v @
ninuaInRan U LazHAA iHaNAa Y leUFIWIMIEARIN TIRTMINIFadazlidnen
wazanaazinlinanszny

UTenauNLANA N UAIRTIININ  AILFAIIWENTIIN  4.11

Fuaaandadasuwniladll asusaslua1snen 4.12

P 1 ' = = ' 1 6
A13197 4.11 drardsznaumatuwainidIouii El‘]JiZﬁ'ﬂdﬁﬁlﬂﬂTﬂ’N LATBIAIRAILAL

PRNNNEA N WAL NRAN AN Y 6

A WININ aralaznaunisilnain
nszuannsilan - — - —
vn/ls awlls yaa WInwn
1. 19w 40,000 46.110 0.14 0.72
2.8NNN 241,829 17.813 0.86 0.28
e o yad WInIN aalsznaunistuain
nszuImnsaalan — —— : —
UIN/A% awn/ls NaA WINRN
1.1dvou > 6 #in 1,426 28.8 0.77 0.63
2. dmglal 909 13.5 0.23 0.29
3mlduasAalsy 0 3.7 0 0.08
NaA wInnN aralsznaunisiuain
nszuIwnsuilezil — — - —
VIN/A% AWK NaA WINRRN
(AT 10,769.23 48.07 0.964 0.45
2.0n1s 250 47.00 0.022 0.44
3.°ﬁL§§Jﬂ 150 11.49 0.013 0.1

a 6 1 A A aa 1
ARIINRE! memmmaauvl,mmmn’mﬂa AU DN TSI

EGRIVY

a15197 4.12 wuinileld Mass Allocation Wugnulunisdwan ANANTENUFILIAR DY
Tugw  nnzanudunsaludwuazunssii mnﬁlwﬁmaom@;mmsﬁﬂm{nLﬁuaw@;a
msmatfianzlantan  mawgluaastuwlolou anudufivdenusd Tanwudanlm
ﬂ'auﬁﬁag\imﬂi@]aﬂ"]waﬂs:ﬂuéaLL’J@ﬁawmmf{a:LﬁﬁﬂuLLﬂaﬂﬂwhﬁ'u 92.96% 194.62%
30.81% 421.47% sz 323.07% eNNE1GU  Geenesnanniannuseandasiums
WaswLaIEARI%aINNT Characterization BoILARNTZUIUNINAA IMANTI97 4.13 Tag
fnansznuadaulsuazanuiunaluinlazunssii mnﬁu"'ﬁmaam@l

mmiﬁﬂuﬁ%ﬁuauga LLN&ﬂWiLﬁ@ﬂ’]’JzIﬂﬂ%’au ﬁmméauvlmﬂ'awﬁwgﬂum:mumi
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auwAILAZNITLINMILGN NanNIzNUaInNIvY lvastulalaulininudan lwiaaudig

gilunsznaumalan  usskansznudwmanubufivdeuysdiionudanlnideudrogelu
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nizmunIlanuaznsgaine Silenedladindidaysznauyes Mass Allocation Az

Economic Allocation ﬁm@mﬁ'umn%oﬁﬂﬁwaﬁmsw:ﬁﬁvlﬁﬁmmLmﬂ@mﬁ'uga

nd. ' a @ a A ad )
19791 4.12 m’I&Jaa%VLWJ"U DINANTENURILIARANNTILNIILUR U%LLﬂadjﬁﬂWSﬁuaju

Impact Allocation %
Unit
category Economic Mass Change
AP kg SO, eq 48.88 94.32 92.96%
ETP kg PO, eq 11.77 34.67 194.62%
GWP100 kg CO, eq 8,055.30 4,848.74 -39.81%
ODP kg CFC-11 eq 0.00023 0.00120 421.47%
HTP kg 1,4-DB eq 975.52 4127.10 323.07%
PTCO kg C,H, 28.43 30.73 8.11%

M13199 4.13 Nan 3Ll swiiaIRaaIWA1 Characterization 16aZNTZUIRAIINRG

AU ROULURIATITUUEIN

Impact Falling &
Drying Preservation Sawing Cultivation
category Cutting

AP -31.63% -2.15% -5.75% 5.50% 34.03%
ETP -44.07% -0.82% -2.94% 8.00% 39.83%
GWP100 -20.75% -4.69% -16.08% -0.57% 49.96%
ODP -2.78% -11.90% -10.16% 0.45% 24.40%
HTP -13.19% -25.84% -2.26% 7.92% 33.37%
PTCO -6.61% -0.03% -0.34% 1.27% 5.71%
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1,000 Qﬂll']ﬂfﬁ/!@] ANULULINRBIVAI CML 2 Baseline 2000 V 2.03

Significant
Impact Categories Quantity Reference
Substance
nzanudunsaluduiazunasin (kg of SO,
48.88 Nitrogen dioxide
(acidification), AP equivalents)
mIdaTenrnsvesnslwiniuauas (kg of PO,
! 11.77 Nitrogen dioxide
(eutrophication), EP equivalents)
mafiannzlanian (kg of CO,-
8,055.30 Carbon dioxide
(global warming) , GWP equivalents)
msianelalowluruussenne (kg of CFC-11
0.00023 Halon 1301
(ozone layer depletion), ODP equivalents)
ANl uiNseaubes (kg of 1,4-DB
¢ 975.52 Chromium VI
(human toxicity), HTP equivalents)
M388NBATUINNL JRILUEI-LA] Carbon
28.43 (kg of C,H,)
(photochemical oxidation), POCP monoxide
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199N V.2 U a}ﬁ] aﬂ’]sa’ﬁ'ﬂﬁ]ﬂ%&n mﬂ’lﬂ"ﬂﬂq HUDILNBHEOINT

2-3

Usnmile (kg/Rai)
Tede ‘Lf'mﬁfnﬂﬂ wLIANBINDIWTT utsaauaila”

5980 N P,0, K,0 DAP Urea MOP
1.1 1,603.60 447.26 91.43 295.26 198.76 894.53 492.10
1.2 1,332.28 362.67 79.14 244 11 172.04 723.84 406.85
1.3 889.20 121.98 96.44 177.16 209.66 183.13 295.26
1.4 3,670.80 904.02 213.64 234.38 464.43 1,783.53 390.64
1.5 931.00 157.50 58.45 108.50 127.07 297.14 180.83
1.6 1,401.44 391.70 80.11 254.90 174.16 786.13 424.84
1.7 1,808.80 495.52 106.25 331.36 230.97 990.07 552.27
1.8 1,366.86 377.19 79.63 249.51 173.10 754.99 415.85
1.9 1,907.60 276.26 276.26 315.78 600.57 365.56 526.30
1.10 3,690.00 1,053.00 200.70 675.00 436.30 2,118.40 1,125.00
.11 1,060.00 274.00 120.20 199.60 143.91 539.34 332.67
1.12 2,170.00 594.00 131.10 390.00 285.00 1,186.16 650.00
1.13 1,514.10 368.20 116.38 257.32 252.99 708.88 428.87
1.14 877.20 230.52 61.20 138.31 133.04 453.41 230.52
1.15 1,657.10 263.17 226.37 266.09 492.12 379.53 443.48
1.16 930.00 217.00 77.75 152.20 169.02 408.79 253.67
.17 1,401.44 391.70 80.11 254.90 174.16 786.13 424.84
1.18 1,420.65 322.85 121.58 233.75 264.30 604.27 389.58
1.19 468.00 120.90 34.13 72.54 74.18 237.94 120.90
1.20 1,401.44 391.70 80.11 254.90 174.16 786.13 424.84
1).21 1,312.29 373.87 76.17 224.32 165.58 750.73 373.87
1.22 1,401.44 391.70 80.11 254.90 174.16 786.13 424.84
1.23 1,401.44 391.70 80.11 254.90 174.16 786.13 424 .84
1.24 1,059.00 302.40 61.20 181.44 133.04 607.88 302.40
1.25 1,401.44 391.70 80.11 254.90 174.16 786.13 424 .84
1.26 2,922.50 780.50 206.50 468.30 448.91 1,528.52 780.50
1.27 3,695.25 832.00 268.45 718.90 583.59 1,581.72 1,198.17
1.28 1,401.44 391.70 85.08 235.02 184.96 781.90 391.70
1.29 1,401.44 391.70 85.08 235.02 184.96 781.90 391.70
1.30 1,401.44 391.70 80.11 254.90 174.16 786.13 424 .84
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Moo Fomaad SISVal3t Fomaiad S
winaan | lnalwan T wnuanda | Weadfiay | winda EETY

1.1 210.00 - 210.00 - - 12.00 12.00
1.2 15.20 - 15.20 - - 0.64 0.64
1.3 190.00 - 190.00 4.00 0.40 8.00 12.40
1.4 230.00 - 230.00 0.80 0.32 4.00 5.12
1.5 36.00 - 36.00 0.80 - - 0.80
1.6 15.20 - 15.20 - - 0.64 0.64
1.7 46.00 - 46.00 0.40 - - 0.40
1.8 16.80 - 16.80 - - 0.64 0.64
1.9 200.00 - 200.00 0.24 - 8.00 8.24
1.10 43.20 36.00 79.20 - - 8.00 8.00
.11 19.00 - 19.00 - - 8.00 8.00
1.12 22.00 - 22.00 - - 4.00 4.00
1.13 21.00 - 21.00 - - 16.00 16.00
.14 11.40 - 11.40 4.00 - 4.00 8.00
.15 210.00 - 210.00 8.00 - - 8.00
1.16 17.00 - 17.00 8.00 - 8.00 16.00
1.17 15.20 - 15.20 - - 0.64 0.64
1.18 18.00 - 18.00 4.00 - 8.00 12.00
1.19 21.00 - 21.00 - - 4.00 4.00
1.20 15.20 - 15.20 - - 0.64 0.64
1/.21 15.20 - 15.20 - - 0.64 0.64
1.22 16.80 - 16.80 - - 0.64 0.64
1.23 16.80 - 16.80 - - 0.64 0.64
1.24 20.00 - 20.00 4.00 - - 4.00
1.25 15.20 - 15.20 - - 0.64 0.64
1.26 - 13.20 13.20 - - - -

1.27 - 11.40 11.40 8.00 - - 8.00
1.28 15.20 - 15.20 - - 0.64 0.64
1.29 15.20 - 15.20 - - 0.64 0.64
1.30 15.20 - 15.20 - - 0.64 0.64
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AN V.4 T agamsz%ﬁwﬂ%mmﬁnﬁ'm%aLwaaﬁ INEATNI LT LA DI NIATINEAT

USinasindudaunas (Ravdalsi)

Moo e S
LD AL SRRy
1.1 138 63 201
4.2 126 57 183
1.3 126 57 183
1.4 150 69 219
1.5 120 54 174
1.6 126 57 183
1.7 150 69 219
1.8 138 63 201
1.9 132 60 192
14.10 120 54 174
.11 126 57 183
1.12 144 66 210
14.13 138 63 201
1.14 126 57 183
.15 138 63 201
1.16 114 51 165
14.17 126 57 183
1.18 126 54 180
1/.19 138 63 201
1.20 126 57 183
1).21 126 57 183
1.22 138 63 201
1.23 138 63 201
1.24 132 60 192
1.25 126 57 183
1.26 86.4 66 152.4
.27 75.6 57 132.6
1.28 126 57 183
1).29 126 57 183
1/.30 126 57 183
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M319N 2.5 {llaﬂ anmsdeiliutSnaidwiazinngnd %ﬁﬂdl"lﬂ%ﬂ’]‘iﬂgﬂ AN PN

“ Usunawin (gﬂmﬂﬁmm@iavﬁ)
NUTD - - D
idunan WINANTADINT
1.1 81,936.88 76,912.00
1.2 75,160.45 70,224.00
1.3 75,160.45 70,224.00
1.4 89,028.19 83,600.00
1.5 71,833.57 61,600.00
1.6 75,160.45 70,224.00
1.7 89,028.19 83,600.00
1.8 75,160.45 70,224.00
1.9 78,539.65 73,568.00
1.10 71,833.57 79,200.00
1.1 75,160.45 73,920.00
1l.12 85,857.20 105,600.00
1.13 81,936.88 70,840.00
1l.14 75,160.45 62,832.00
1.15 78,539.65 70,664.00
1.16 67,720.24 41,800.00
.17 75,160.45 70,224.00
1.18 71,833.57 48,400.00
1).19 81,936.88 65,780.00
1/.20 75,160.45 70,224.00
1).21 75,160.45 70,224.00
1.22 75,160.45 70,224.00
1.23 75,160.45 70,224.00
1].24 78,539.65 58,080.00
1/.25 75,160.45 70,224.00
1.26 85,857.20 73,920.00
.27 75,160.45 60,060.00
1/.28 75,160.45 70,224.00
1/.29 75,160.45 70,224.00
1.30 75,160.45 70,224.00

Tasenisnisdanisdawandantaeld LCA dudufanssuulsglfenanna (szagh 1: nsdinlau-nsudlsgisvazusn)




= Y a
A1 NN V.6V ﬂ%]ﬂﬂ%&ﬂ TWNAINRAEINNIIN

-7

USHNaNEe ToUaA UL Tayanold
MwBe  powiwads]  WBnauieliiads 01yl | drwaudu | Meldvudu |n gl ldenamnn”

Alansu/ls | auw/ls au/ls bl dwls un/ls un/ls
1.1 12,240.00 | 2,241.03 48.41 23 76 368,000.00 40,000
4.2 5,850.00 2,044 .42 44.16 21 76 210,000.00 40,000
1.3 6,300.00 2,044 .42 44.16 21 76 210,000.00 40,000
1.4 11,700.00 | 2,392.16 51.67 25 76 300,000.00 40,000
.5 6,300.00 1,745.01 37.69 20 70 80,000.00 40,000
1.6 7,875.00 2,044 .42 44.16 21 76 179,970.00 40,000
4.7 8,100.00 2,392.16 51.67 25 76 156,250.00 40,000
1.8 6,300.00 2,044 .42 44.16 21 76 350,070.00 40,000
1.9 8,835.00 2,157.01 46.59 22 76 264,000.00 40,000
1.10 8,400.00 2,243.59 48.46 20 90 300,000.00 40,000
1.11 11,160.00 | 2,152.02 46.48 21 80 105,000.00 40,000
.12 9,945.00 3,054.13 65.97 24 100 365,760.00 40,000
1.13 8,910.00 2,064.10 44.58 23 70 230,000.00 40,000
1.14 7,830.00 1,829.22 39.51 21 68 1,050,000.00 40,000
1.15 8,550.00 2,071.87 44.75 22 73 199,980.00 40,000
1.16 7,290.00 1,231.62 26.60 19 50 244,284.90 40,000
.17 7,875.00 2,044 .42 44.16 21 76 262,500.00 40,000
1.18 8,100.00 1,371.08 29.62 20 55 240,000.00 40,000
1.19 9,600.00 1,916.67 41.40 23 65 172,500.00 40,000
1.20 8,100.00 2,044 .42 44.16 21 76 210,000.00 40,000
.21 7,875.00 2,044 .42 44.16 21 76 350,000.70 40,000
4.22 7,875.00 2,044 .42 44.16 21 76 279,999.30 40,000
1.23 7,875.00 2,044 .42 44.16 21 76 231,000.00 40,000
1.24 12,090.00 1,702.91 36.78 22 60 286,000.00 40,000
1.25 10,800.00 | 2,044.42 44.16 21 76 279,999.30 40,000
1.26 9,450.00 2,137.89 46.18 24 70 384,000.00 40,000
y.27 10,440.00 1,748.52 37.77 21 65 194,999.70 40,000
1.28 8,100.00 2,044 .42 44.16 21 76 210,000.00 40,000
1.29 7,875.00 2,044 .42 44.16 21 76 84,000.00 40,000
1.30 7,875.00 2,044 .42 44.16 21 76 253,449.00 40,000

1

uaznIssuinuEulngazaioagf 40,000 vneals (Maniiel we. 2549 — w.a. 2550)
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Proximate analysis Tafanensn
Moisture, % 45.00"
Ash, % 1.59
Volatile Matter, % 45.70
Fixed Carbon, % 7.71

Ultimate Analysis

Carbon, % 25.58
Hydrogen, % 3.19
Oxygen, % 24.48
Nitrogen, % 0.14
Sulfer, % 0.02
Cholrine, % 0.01
Ash, % 1.60
Moisture, % 45.00

Other Characteristics

Bulk Density, kg/m" 450
Higher heating value, kJ/kg 10,365
Lower heating value, kJ/kg 8,600

naN: Qaﬁ%wﬁdmmﬁaﬁunﬂﬁaw, 2549
1/ .
Dry Mass Fraction = 0. 55
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@13197 .2 Y3nasldenanisnuessnswug RRIM 600 a1y 18-25 T aniagiugimil

21 Yanasldosvmacnaiu @u.a/ls)”

@) > 8 4 6-8 iin 3.6 fin veras ol PRTY

18 6.1 10.41 15.73 7.55 39.78
19 6.97 11.02 17.04 8.19 43.23
20 7.1 11.12 17.24 8.29 43.75
21 7.98 11.73 18.56 8.94 47.21
22 8.64 12.19 19.55 9.43 49.81
23 9.13 12.54 20.29 9.79 51.75
24 9.6 12.87 20.99 10.14 53.60
25 10.02 13.16 21.61 10.45 55.24

qmmiﬁﬂmmﬂ%mm‘lﬁ PBIANINWURZ AT 2545

YSunasladuua > 8 1 Y=0.0050x(girth 1.7 m. (cm.)) - 0.2619
Usinasliawe 6-8 ia Y=0.0035x(girth 1.7 m. (cm.)) - 0.0888
Usiasliawa 3-6 ia Y=0.0075x(girth 1.7 m. (cm.)) - 0.2915

AULNILRRY 65 Aw/l3

RIN:NIWATIMANBAT
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= o C | o T a o
MN1319N 9.2 °llBHaLﬂiﬂdﬁ]ﬂiﬂlﬂuﬂ’]'ﬁ@]ﬂIﬂ%LLﬂzLaE]EIVLSJ gNNI

ia%mm%'aﬁmﬁl%ﬁmiﬁu iagam’%‘aﬁmﬁlﬂumnﬁaﬂ
oo USinmudawds @avls) Usinmudawds @avls)
Bavoud | shaunsean | soeu | dndunsedw Wi wTunaoan

f.1 40.00 28.57 15.00 4.00

f.2 20.00 14.29 10.00

.3 16.00

.4 15.00 10.71 10.00 10.00

.5 14.00 10.00 15.00 15.00

.6 14.29 10.21 12.00 4.00

A7 37.50

.8 14.29 10.21 27.00

.9 7.50 5.50 7.50 5.50 17.50 12.50
.10 13.30 5.70 12.35 5.29

@397 9.3 iagawaﬂﬁmsﬁuﬁ’sNawaaﬂvlﬁawr]ﬂwsé'ﬂiﬁu
Toyandanusiuaznanaas ld Toyandanmsiuaznanaas ld
oo U334 ( ton/Rai) yaein (Baht /Rai)”
liiviow > 6" | liiviaw < 6" | 3n'lduaziolsf| ldvian > 6" | liviow < 6" | 3nlsfuasisld

f.1 30.00 9.50 3.50 42,780.00 8,638.26 -

f.2 30.00 15.00 3.00 42,780.00 13,639.35 -

.3 30.00 15.00 3.00 42,780.00 13,639.35 -

M4 24.00 15.50 4.50 34,224.00 14,094.00 -

A.5 30.00 12.50 4.50 42,780.00 11,366.13 -

f.6 30.00 15.00 3.00 42,780.00 13,639.35 -

.7 30.00 15.00 3.00 42,780.00 13,639.35 -

f.8 30.00 14.35 4.23 42,780.00 13,048.31 -

.9 30.00 12.50 4.50 42,780.00 11,366.13 -

.10 34.00 13.60 5.67 48,484.00 12,366.34 -

1/ A o ey a
Hamwmnmﬁmaaamn http://www.108wood.com
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980 | msande funds 2uds (Rlatunas/ans) saulan (Alatuas/ans)
(Alatuns) (#ig) WUUFAUDIN | AwIn WUUSBUANN | AN
f.1 10.00 20.00 16.48 10.35 21.43 14.78
f.2 8.00 20.00 19.23 10.35 25.00 14.78
.3 10.00 20.00 16.48 10.35 21.43 14.78
.4 10.00 16.00 16.20 10.35 21.06 14.78
.5 10.00 20.00 23.08 10.35 30.00 14.78
7.6 10.00 20.00 19.23 10.35 25.00 14.78
.7 15.00 20.00 19.23 10.35 25.00 14.78
f.8 15.00 20.00 21.63 10.35 28.13 14.78
f.9 7.00 20.00 16.15 10.35 21.00 14.78
.10 5.00 22.67 9.83 10.35 12.78 14.78

1/ ° o = S o ' v a
mMInwITHa @]i’]ﬂ’]saul,ﬂa 2N RITINTEULLUE 8149849910

http://www.isuzu4u.com/news _detail.php?id=21 NAMINARBUNTFULL R IV ULTOLNRILARE 14.78
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(Alawuns) (s#ign) WUUSAUDIN | AIWIn HUUSDUANN | AN
f.1 10.00 12.00 6.44 7.39 9.67 14.78
f.2 8.00 12.00 7.73 7.39 11.60 14.78
.7 15.00 12.00 3.87 7.39 5.80 14.78
f.9 7.00 12.00 5.41 7.39 8.12 14.78
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a.1 10.00 5.00 2.24 3.30 3.14 5.50
0.2 8.00 5.00 2.10 3.30 2.93 5.50
f.7 15.00 3.75 5.71 3.30 8.00 5.50
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feu | anulatanans AN Usmaslivien | Usmnasliudegy | danmiauds
iow vian (4. (1al.) (99.3.) (99.3.) gﬂ"l,@” (%)
1 103 210 0.177 0.103 58
2 73 210 0.089 0.043 49
3 91 210 0.137 0.094 69
4 78 210 0.100 0.054 54
5 72 210 0.085 0.035 41
6 69 210 0.078 0.026 33
7 67 210 0.073 0.030 41
8 59 210 0.057 0.020 30
9 54 210 0.048 0.015 31
10 92 210 0.140 0.103 73
11 87 210 0.125 0.027 21
12 57 210 0.053 0.016 31
13 54 210 0.048 0.016 37
14 51 210 0.043 0.016 37
15 51 210 0.043 0.022 51
16 50 210 0.042 0.018 43
17 47 210 0.037 0.014 38
18 94 210 0.147 0.075 51
19 76 210 0.095 0.051 54
20 71 210 0.084 0.033 40
21 70 210 0.082 0.023 28
22 63 210 0.065 0.028 43
23 50 210 0.042 0.010 24
24 102 210 0.174 0.106 61
25 91 210 0.137 0.067 49
26 80 210 0.107 0.047 44
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27 56 210 0.052 0.015 24
28 75 210 0.094 0.032 34
29 54 210 0.048 0.016 33
30 54 210 0.048 0.019 39
31 54 210 0.048 0.019 39
32 50 210 0.042 0.024 58
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34 102 198 0.114 0.058 50
35 75 263 0.117 0.066 56
36 72 186 0.076 0.034 45
37 64 155 0.050 0.027 53
38 62 115 0.022 0.019 55
39 79 83 0.039 0.023 59
40 73 84 0.036 0.016 44
41 72 84 0.036 0.020 56
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Temp.
Stp. M.C.% Dry Wet R.H. E.M.C.
°F °C °F °C

1 50-60 134.6 57.0 122.5 50.5 70 11.0
40-50 134.6 57.0 118.4 48.0 60 9.5

30-40 140.0 60.0 117.5 47.5 50 8.0

20-10 149.9 65.0 120.2 49.5 40 6.0

10-20 169.7 76.8 127.4 53.0 30 4.5

2 Equ. 169.7 76.5 155.0 68.5 70 10.0
3 Cond.t. 159.8 71.0 152.6 67.5 85 14.0

M.C. = Moisture Content RH. = Relative Humidity
Temp. = Temperature E.M.C. = Equilibrium Moisture Content
Equ. = Equalizing Cond.t. = Conditioning
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(Seasoning characteristics of Rubberwood)
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4.1 3,192.18 70.23 1,440.00 31.68 30.98 7.57
4.2 4,433.58 97.54 2,000.00 44.00 43.02 10.52
4.3 1,995.11 43.89 900.00 19.80 19.36 4.73
4 310.35 6.83 140.00 3.08 3.01 0.74
4.5 1,330.07 29.26 600.00 13.20 12.91 3.15
4.6 5,541.98 121.92 2,500.00 55.00 53.78 13.15
4.7 4,876.94 107.29 2,200.00 48.40 47.32 11.57
4.8 5,098.62 112.17 2,300.00 50.60 49.48 12.09
4.9 4,433.58 97.54 2,000.00 44.00 43.02 10.52
4.10 1,884.27 41.45 850.00 18.70 18.28 4.47
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Tuwitetwih livaudn lazifan = 120,000 Alan3u/Aw
Lﬁ'aml,ﬁm:"l,é”l,ml,ﬂsgﬂ = 120,000x840 = 54,634.15 flan3u / T4
1,845
wintszunme =55 awaw  waeaalin 45.45%

13 ia1120,000 kg taesudrasletn’lsl = 120,000%810 = 52,682.93 kg / %
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windvzanme =53 awAn  wasfain 43.80%
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CRRIGEY
T3 i Boron szl ldudgud an”
Compound

a3 Alansu SHRY At SHRY Atk
4.1 9,360.00 160.00 1,440.00 31.68 1,790.03 41.20
4.2 12,400.00 124.00 2,000.00 44.00 2,461.87 56.52
4.3 3,000.00 60.00 900.00 19.80 1,012.37 22.86
.4 910.00 7.00 140.00 3.08 173.85 4.00
4.5 4,500.00 20.00 600.00 13.20 767.09 17.72
3.6 16,250.00| 162.50 2500.00 | 55.00 | 3,0527 | 71.41
4.7 13,650.00 160.00 2,200.00 48.40 2,708.92 62.21
4.8 12,000.00 100.00 2,300.00 50.60 2,746.55 62.70
4.9 13,000.00 120.00 2,000.00 44.00 2,484.01 57.12
4.10 12,000.00 100.00 850.00 18.70 1,296.55 30.80

1

/ ! o 1 s
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4.1 7.50 142.45 40.00 - - 122.14 8.10 12.21
4.2 2.50 219.42 - 8.00 30.00 | 190.48 9.90 19.05
4.3 1.00 144.25 39.80 - - 122.14 9.90 12.21
4.4 10.00 141.55 37.00 1.10 - 122.14 7.20 12.21
4.5 3.00 141.55 26.40 6.60 - 122.14 7.20 12.21
4.6 3.00 267.65 50.00 15.00 - 235.55 8.55 23.55
8.7 3.00 217.62 65.00 - - 190.48 8.10 19.05
4.8 1.50 167.67 30.00 12.00 - 145.06 8.10 14.51
4.9 3.00 191.82 22.00 22.00 - 167.83 7.20 16.78
4.10 3.00 167.67 35.00 3.35 - 145.06 8.10 14.51
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Tute Tosin ldudsgtdlen BD | sz’ ldudgdudts
A% au.W A AL A% au. N A%
3.1 122.14 1,790.03 41.20 8.10 20.45 | 1,440.00 | 20.75
4.2 190.48 2,461.87 56.52 9.90 26.92 2,000.00 | 29.60
3.3 122.14 1,012.37 22.86 9.90 1052 | 900.00 | 12.34
1.4 122.14 173.85 4.00 7.20 1.99 140.00 2.01
4.5 122.14 767.09 17.72 7.20 9.12 600.00 8.60
3.6 235.55 3,105.27 71.41 8.55 34.40 |2,500.00 | 37.01
.7 190.48 2,708.92 62.21 8.10 29.62 |2,200.00 | 32.59
3.8 145.06 2,746.55 62.70 8.10 30.72 | 2,300.00 | 31.98
4.9 167.83 2,484.01 57.12 7.20 27.52 2,000.00 | 29.60
.10 145.06 1,296.55 30.80 8.10 18.17 | 850.00 | 12.63
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isznpnandsin e lindasssimuean lulwindamanusuasluite ldladin 12% Sein

LAY
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USunas liNauyinny 31.68 au

LAZAMNTURAIBULYINNY 10%

anusuvadliisnewina 9ldimny 45%

FounanuTuiszinsasnlUwing (9,360/1000) + 31.68%(0.45 — 0.10) = 20.45 ¢4
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4.1 11.00 1,200.00 5.00 6.00
4.2 10.00 1,200.00 8.00 10.00
4.3 6.00 1,200.00 5.00 5.00
.4 1.00 900.00 5.00 5.00
4.5 5.00 900.00 5.00 8.00
4.6 20.00 1,200.00 10.00 10.00
8.7 12.00 1,200.00 8.00 10.00
4.8 14.00 1,200.00 6.00 10.00
4.9 9.00 1,200.00 7.00 7.00
4.10 10.00 900.00 6.00 6.00
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A1319N .7 ﬁagamiamﬂﬁmmﬁuﬁmam 2330 Uﬂl%ﬂﬁz‘ﬂ’)%ﬂ’]iwa@]13?8’1(11/‘1’]3’1 LLlISElI

p SSnnwhsdudima@as)
NuTa : i
mareudlalinlal MIoainen mvav sl
w 30.00 30.00 30.00
4.2 40.00 10.00 10.00
1.3 30.00 15.00 30.00
1.4 - 10.00 10.00
1.5 20.00 20.00 20.00
06 70.00 35.00 20.00
a7 15.00 15.00 15.00
1.8 75.00 50.00 40.00
4.9 60.00 20.00 20.00
.10 - 12.00 24.00

A5 19N *.8 ﬁagami?«mﬂﬁaﬂW‘Wﬂum:mum‘swamvlﬁmawwmLu.ligll

. USunaw Wi (kwh)
Nede . > >
mufesdatin’al mIsasinen | mIndalaii msauled
9.1 2,382.56 114.08 108.00 3,696.00
9.2 2,411.07 130.92 1,790.00 5,335.39
9.3 1,343.94 55.75 96.00 2,217.60
1.4 498.33 3.17 775.00 365.54
.5 1,166.74 53.04 1,969.00 1,958.25
06 6,093.52 279.45 716.00 5,013.12
9.7 3,171.99 183.52 1,812.00 4,476.00
1.8 2,850.00 226.50 1,253.28 7,519.68
3.9 2,742.30 176.58 662.45 1,936.86
1.10 1,707.59 36.36 755.59 1,160.56
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Liquid (t C/MJ) Solid (t CImJ) Gaseous (tC/T)
Natural 15.3
Primary fuels Primary fuels
gas (dry)
Crude oil 20.0 Anthracite 26.8
Orimulsion 22.0 Coking coal 25.8
N. gas liquids 17.2 Other bit. coal 25.8
Secondary fuels Sub-bit. coal 26.2
Gasoline 18.9 Lignite 27.6
Jet kerosene 19.5 Oil shale 291
Other kerosene 19.6 Peat 28.9
Shale ol 20.0 Secondary fuels
Gas / diesel oll 20.2 BKB and patent 25.8*
fuel
Residual fuel oil 21.1 Coke oven / 295
gas coke
LPG 17.2
Ethane 16.8
Naphtha 20.0*
Bitumen 22.0
Lubricants 20.0*
Petroleum coke 27.5
Refinery 20.0*
feedstocks
Other oil 20.0*

#4: IPCC, 1996
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A1319N .2 CH, Default (Uncontrolled) emission factor (in

kg/TJ)

Coal Natural Qil Wood/ | Charcoal Other
Gas Wood Biomass
Waste and
Wastes
Energy Industries 1 1 3 30 200 30
Manufacturing Industries and 10 5 2 30 200 30
Construction
Transport | Aviation 0.5
Road Gasoline | Diesel
50
20 5
Railways 10 5
Navigation 10 5
Other Commercial/lnstitutional 10 5 10 300 200 300
Sectors Residential 300 5 10 300 200 300
Agriculture/ | giationary | 300 5 10 300 200 300
Forestry/
Fishing Mobile 5 5

Note: These factors are considered as the best available global default factors to date.
(a)
(b)
Table 1-14. Default Non-CO, Emission Factors for Charcoal Production.

(c) Includes dung and agricultural municipal and industrial wastes.

()

The emission factors for brown coal may be several times higher than those for hard coal.

These factors are for fuel combustion in the energy industries. For charcoal production, please refer to

In the cruise mode CH,4 emissions are assumed to be negligible (Wiesen et al, 1994). For LTO cycles only

(i.e., below an altitude of 914 metres (3000 ft.)) the emission factor is 5 kg/TJ (10% of total VOC factor)

(Olivier, 1991). Since globally about 10% of the total fuel is consumed in LTO cycles (Oliver, 1995), the

resulting fleet averaged factor is 0.5 kg/TJ
(e)
Source: UNFCC, 1996

Emission factors for 2-stroke engines may be three times higher than those for 4-stroke engines.
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A19190N 2.3 N,O Default (Uncontrolled) emission factor (in kg/TJ) @

Coal Natural Oil Wood/ | Charcoal Other
Gas Wood Biomass
Waste and
Wastes"
Energy Industries 1.4 0.1 0.6 4 4 4
Manufacturing Industries and 1.4 0.1 0.6 4 4 4
Construction
Transport Aviation(d) 2
Road Gasoline | Diesel
o1 06 06
Railways 1.4 0.6
Navigation 1.4 0.6
Other Commercial/lnstitutional 1.4 0.1 0.6 4 1 4
Sectors Residential 1.4 0.1 0.6 4 1 4
Agriculture/ | stationary | 1.4 0.1 0.6 4 1 4
Forestry/
Fishing Mobile 0.1 0.6

Note: These factors are considered as the best available global default factors to date.

(@) Brown coals may produce less N,O than bituminous coals: some measurements have shown that N,O
emissions by hard coal combustion in power plants may be negligible. N,O emissions from FBC are
generally about 10 times higher than from boilers.

(b) These factors are for fuel combustion in the energy industries. For charcoal production, please refer to
Table 1-14. Default Non-CO, Emission Factors for Charcoal Production.

(c) Includes dung and agricultural, municipal and industrial wastes.

(d) When there is a significant number of cars with 3-way catalysts in the country road transport emission
factors should be increased accordingly. Emission factors for 2-stroke engines may be three times higher
than those for 4-stroke engines.

Source: UNFCC, 1996
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A1919N 2.4 NOy Default (Uncontrolled) emission factor (in kg/TJ)

Coal Natural Qil Wood/ | Charcoal Other
Gas Wood Biomass
Waste and
Wastes
Energy Industries 300 150 200 100 100 100
Manufacturing Industries and 300 150 200 100 100 100
Construction
Transport Aviation(d) 300
Road Gasoline | Diesel
600
600 800
Railways 300 1200
Navigation 300 1500
Other Commercial/lnstitutional 100 50 100 100 100 100
Sectors Residential 100 50 100 100 100 100
Agriculture/ | gtationary | 100 50 100 100 100 100
Forestry/
Fishing Mobile 1000 1200

Note: These factors are considered as the best available global default factors to date. The emission factors may be

reduced to take into account reduction efficiencies, see default values for reduction efficiencies given above.

(a)

(d)

(e)

Source: U

NOx emission factors for small combustion facilities tend to be much smaller than for large facilities due to

lower combustion temperatures.

Includes dung and agricultural municipal and industries wastes.

These factors are for fuel combustion in the energy industries. For charcoal production, please refer to

Table 1-14. Default Non-CO, Emission Factors for Charcoal Production.

Assuming the major part is consumed by Heavy Duty Vehicles (HDV). When a country has a relatively high

proportion of passenger cars running on diesel the average emission factor may be substantially lower as is

indicated in Table 1-31 to 1-34

The countries should, when possible, allocate the fuel consumption to road and off-road traffic. Emission

factors for ships, boats, locomotives and farm equipment may be more than double those of duty vehicles.

NFCC, 1996
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Gl’]‘i’ld‘ﬁl %4.5 CO Default (Uncontrolled) emission factor (in kg/TJ)
Coal ® | Natural oil Wood/ | Charcoal | Other
Gas Wood Biomass
Waste and
Wastes
Energy Industries 20 20 15 1000 1000 1000
Manufacturing Industries and 150 30 10 2000 4000 4000
Construction
Transport | Aviation 100
Road Gasoline | Diesel
400
8000 1000
Railways 150 1000
Navigation 150 1000
Other Commercial/lnstitutional 2000 50 20 5000 7000 5000
Sectors Residential 2000 50 20 5000 7000 5000
Agriculture/ | giationary | 2000 50 20 5000 7000 5000
Forestry/
Fishing Mobile 400 1000

Note: These factors are considered as the best available global default factors to date.

(a) Includes dung and agricultural municipal and industrial wastes.

(b) These factors are for fuel combustion in the energy industries. For charcoal production, please refer to

Table 1-14. Default Non-CO, Emission Factors for Charcoal Production.

(c) The emission factor for aviation in the above table is for jet kerosene. The emission factor for aviation

gasoline ranges from 10000 to 20000 kg/TJ (default value: 15000 kg/TJ).

(d) Generally the emission factors for gasoline vehicles are highest for motorcycles and passenger cars without

emissions control equipment.

Source: UNFCC, 1996
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(51’15’101?; %.6 NMVOC Default (Uncontrolled) emission factor (in kg/TJ)

Coal Natural Qil Wood/ | Charcoal Other
Gas Wood Biomass
Waste and
Wastes
Energy Industries 5 5 5 50 100 50
Manufacturing Industries and 20 5 5 50 100 50
Construction
Transport Aviation(d) 50
Road Gasoline | Diesel
° 1500 200
Railways 20 200
Navigation 20 200
Other Commercial/lnstitutional 200 5 5 600 100 600
Sectors Residential 200 5 5 600 100 600
Agriculture/ | gtationary | 200 5 5 600 100 600
Forestry/
Fishing Mobile 5 200

Note: These factors are considered as the best available global default factors to date.

(@)

Includes dung and agricultural municipal and industrial wastes.

(b) These factors are for fuel combustion in the energy industries. For charcoal production, please refer to

Table 1-14. Default Non-CO, Emission Factors for Charcoal Production.

(c) The emission factor for aviation in the above table is for jet kerosene. The emission factor for aviation

gasoline is 300 kg/TJ.

(d) These factors are the sum of combustion and evaporative emissions from gasoline use. The NMVOC

emission factors for mobile sources from evaporation of gasoline vary with the ambient temperature. In

general, in the “warmer” countries the emission factors will be higher than in “colder” countries.

Source: UNFCC, 1996
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A13199 8.7 Gas production during flaming and smoldering phases of burning based on

laboratory experiments

Percentage in Burning Stage (%)

Gas

Flaming Smoldering

CO, 63 37
CO 16 84
CH, 27 73
NMHC, 33 67
NO, 66 34
NH; 15 85
HCN 33 67
CH,CI 28 72

Source: Levine,J.S.,, 1994

135197 %.8 Default emission

rates for agricultural residue burning calculation

Ration
Gas
Default Range
CH, 0.005 0.003-0.007
CcoO 0.06 0.04-0.08
N,O 0.007 0.005-0.009
NO, 0.121 0.094-0.148

Note :Ratios for carbon compounds are mass of carbon released as CH, or CO (in units of C)

relative to mass of total carbon released from burning(in units of C) ;those for the nitrogen

compounds are expressed as the ratios of mass of nitrogen compounds released relative to the total

mass of nitrogen released from the fuel.

Source: IPCC, 1996
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A19190 .9 NH; Volatilization loss rates for mineral fertilizer category and for animal

manure, 1995

NH, volatilization loss

Comparative values

Use Bouwman ECETOC
Total Mean Range
Fertilizer category et al., (1997) (1994)
million | million
% % % %
t t
Ammonium sulphate 24 0.4 16 12-20 8 5-15
Urea 34.4 7.3 21 18-26 15-25 10-20
Ammonium nitrate 7.5 0.5 6 5-9 2 1-3
Calcium ammonium
3.6 0.1 3 2-4 2 1-3
nitrate
Ammonia, direct
4.6 0.1 2 1-3 4 4
application
Nitrogen solutions 4.0 0.2 5 2-11 25 -
Other straight
10.1 1.5 15 10-22 20-30 -
Nitrogen
Ammonium
4.1 0.5 11 5-25 2-5 5
phosphatesa
Other compound
1.7 0.2 11 6-19 -
NP-Nb
Compound NK-NC 0.0 0.0 2 1-5 -
Compound NPK-Nb 6.1 0.5 9 5-16 2-4 1-5
Total mineral
78.5 11.2 14 10-19
fertilizers
Animal manure 33.0 7.8 23 19-20 20 20

Source: IPCC, 1996
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1-9

Vapor Pressure (mm
dsad Hg) % Active Ingredient % Inert Ingredient
Paraquat 0 27.6 724
Glyphosate 1.94E-07 48 52
Metalaxy 5.60E-06 35 65
Fosethy-Al 0 80 20
Benomyl 0 50 50

Source: USEPA, 1998

@19191 .11 Emission factors for active ingredients as a function of application method

and vapor pressure

Vapor Pressure

Emission factor

(mmHg at 20° to 25 °C)° kg/Mg Ib/ton
Surface application (SCC 24-61-800-001)
10% 10 10° 350 700
>10" 580 1,160
Soil incorporation” (SCC 24-61-800-002)
<10° 2.7 5.4
10" t0 10° 21 42
>10" 52 104

Source: USEPA, 1998
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A3191N %.12 Average VOC content of pesticide inert ingredient portion, by formulation type

Formulation type

Average VOC content
Of inert portion, %"

Oils

Solution/liquid (ready-to-use)
Emulsifiable concentrate
Aqueous concentrate

Gel, paste, cream

Pressurized gas

Flowable (aqueous) concentrate
Microencapsulated

Pressurized liquid/ sprays/ foggers
Soluble powder

Impregnated material

Pellet/ tablet/ cake/ briquette
Wettable powder

Dust/ powder

Dry flowable

Granule/ flake

Suspension

Paint/ coatings

66
20
56
21
40
29
21
23
39
12
38
27
25
21
28
25
15
64

Source: USEPA, 1998
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18017 NuazLdua el USunomais
DAP Kg 244,92
1.1] Uﬁl*ﬂum‘sﬂgﬂ* Urea Kg 805.50
MOP Kg 454.90
e e e oa Paraquat Kg 62.58
2. 81ILNNNAQITND
Glyphosate Kg 2.36
Metalaxyl Kg 1.41
3.aaadilasnulsadie Fosethyl-Al Kg 0.02
Benomyl Kg 3.32
SR ethyphon kg 0.14
= P IGHS KL etk
) Starch kg 0.05
BREFIBNRY
Palm Qil kg 0.05
R A Gasoline liter 127.06
5. UL TDLNRY
Diesel liter 59.50
6.4 ihfidassawldie | liter -
AUILLAG)

-1

* Pnadodulngldilogas 20 - 8 — 20 30 - 5 - 18 uaz 0 — 3 — 0(25%P,05)

FINNIIEUI T Wag’lumwmao DAP, Urea 1.az MOP

= [Sunsindasaan L NTa aUSu o lalsindw
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A19197 6.2 TYTNINIENITVI8NTBINTUINGNNIT (Wih 0/13)

USuouaas

WARITILIA NUNZLDYA R NG

1.4pildlumsdgn N,O kg 13.55 Emission to Air

NH; kg 62.00 Emission to Air

2.3 AR TNy VOCs kg 9.82 Emission to Air

3.asadilasnulsa VOCs kg 0.56 Emission to Air
W

4 loiFannings co, kg 433.67 Emission to Air

CORIER CH, kg 30.86 Emission to Air

N,O kg 3.70 Emission to Air

NO, kg 7,405.77 Emission to Air

CcO kg 6,171.48 Emission to Air

NMVOC kg 1,234.30 Emission to Air
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@13197 2.3 Ty Inemiasvidivainstanoniw [Jusudnild
B19W137)

wihgda 1.77 1Snsafouviniiven 77.77 auliu1ani

8NN3 NUFLBYA iy USunoaade
1.ﬂsﬁ1ﬁuﬂ15ﬂ§ﬂ DAP Kg 60.33
Urea Kg 198.41
MOP Kg 112.05
2.8 TN Paraquat Kg 15.41
Glyphosate Kg 0.58
3.qsadilasnulsaineg Metalaxyl Kg 0.35
Fosethyl-Al Kg 0.01
Benomyl Kg 0.82
4 59%1390 8N4 ethyphon kg -
LRZRIBNEN* Starch kg .
Palm Oil kg -
5T BLNG Gasoline liter 23.16
Diesel liter 12.46
6.1 inidassamlifie | liter -

ANILLIAG
v v v
* RIILANLIIUN LT UEI W IR LN I NI TINIRAA
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a13197 9.4 T INENNIINITIaNYBINTUINININITY I LT o ST PR RTIE e o)

wida 71.77 1SnIalNguyiniven 77.77 aulusnanim

URaIfLiA SHEHGHL TN USunouade AL
1ilpfldlunsdan N,O kg 3.34 Emission to Air
NH; kg 15.27 Emission to Air
2.83almaa TN VOCs kg 2.42 Emission to Air
3.8aitlasnulsa VOCs kg Emission to Air
a 0.14
W
4 laLFpaniingiu Co, kg 106.82 Emission to Air
\TBLNES CH, kg 7.60 Emission to Air
N,O kg 0.91 Emission to Air
NO, kg 1,824.15 Emission to Air
(6{0) kg 1,520.12 Emission to Air
NMVOC kg 304.02 Emission to Air
@13191 1.5 Uy Tmansansrgivesmslawliznawis (wiae/ls)
. _ Y o e UIU A
P | L USunasiawn -
, ORI B9WNTN LAY
suuuumsldu . . —
L g | s | shauwaedw | L.
G089 _ _ A a9
@a7) &a3)
1 .ﬂ’]il"ﬁll,alail 0.125 13.30 5.70 47.32
2.M351E500% 0.750 19.60 14.00 47.32
3.mslfiesuas 7.50 5.50 20.35
o 0.125
MIlETnan 7.50 5.50 26.97
7Y 15.97 10.23 47.32
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@13191 1.6 U TTanIssuudivesmsiaes ldenswin miae/ls)

a 2’ L t:!' U a a s (d‘ dl U
USaamindwn USuNNRa N LA as 1o
uuuns » R ” ”
4 . GIGIR PNTURRORY | BN Tnlduas
GRENE _ ) daneld | o, L
("917) G O >e" el
1.mM3l518808 17.24 8.47 29.8 13.80 3.89

A13199 4.7 UyBnemIssiesnaasmiaalawuaziies loewin (mio/ls)

gﬂu;uums Emission

U%mmuamiﬁﬂaiaﬂaaﬂgﬁmmﬂ (kg)

CoO, CH, N,O NOyx CO NMVOC
1 mnmﬂﬁuéfuma 42.79 418 0.35 421.49 335.20 67.29
2 nmslfiaas sl 46.19 6.30 0.38 62.99 12.60 3.15
3. M3 s ann-As
. 262.59 0.48 0.01 0.45 10.03 -
1]
AN51971 4.8 USsm I T asnTIwes liaewi s (wie/ls)
_ Y e 4 _ UMY |
USanaindwn I ase UIuwng 86131113
o - s
JUwuy AARIU (8619) UIINN , YIINN
v , ! YUY !
MIPUS | I0UIINN — —
PIN|U . _ A~
2 , AWLNe Alawas | _
(adan) Alaluas
INNITUL 0.59 19.07 12.67 1.50 10.00 296.00
m@auvlﬁ 0.24 16.24 7.44 2.50 10.00 300.00
JORNKD 017 14.77 6.86 6.67 11.00 330.00
Lﬂaiil 17.65 10.42 2.65 10.33 302.94
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@15191 1.9 U TNINIINTV08NVBINTUUES LIBIWIT (wibae/1s)

uuums U‘%mmuamsﬁﬂﬁiaﬂaaﬂgtmmﬂ (kg)
Emission CO, CH, N,O NO, co NMVOC
INNITUL 85.09 5.80 0.70 928.32 1,160.40 232.08
somawly 63.47 4.33 0.52 692.42 865.53 173.11
JONNAD 57.99 3.95 0.47 632.65 790.81 158.16
L%gﬁl 75.22 5.13 0.62 820.64 1,025.79 205.16

‘:I b = v 1 4‘ v
A1979N B.10 U TIN Elfniﬁ']i”ll']L‘IJW?IE]Gﬂ’]iIﬂ%LLazLﬂE]EJVLN NN P

Wnsndnsuldoemnnrian)

wingda 1.77 13wIaAouyininngn 48.77 auliu1aninvian

USanawtinagudile
suuuumalen L daunsoan
flaa (R99) ~
(Ra7)
1.m3lddenldu 16.81 7.20
2.3 500 wlan 24.76 17.69
3. mslfiaesuas 0.48 6.95
MIMINAW 0.48 6.95
AR 15.13 12.93
sduuumIides
ke 21.78 10.70

1.ﬂ’ﬁL§El£leﬁEﬂ\1W'ﬁ’]
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@151 1.1 TaTFnemissveansasmiaalauiaziios ldoewis (wie/ls)

Wuandnsuldurewnnvan)

wingda 1.77 13wIaApuLYNNnen 48.77 aullu1aniIvian

JduuuM3 ﬂ'%mmmmiﬁﬂéaﬂaaﬂgimmﬂ (kg)
Emission CO, CH, N,O NOy CO NMVOC
1. ﬂ'ﬁiﬂlu 54 .07 5.29 0.44 532.59 423.54 85.03
2. madanlsy | 58.37 7.96 0.48 79.60 15.92 3.08
3. M Iy
AW e 331.80 0.60 0.01 0.57 12.67 -
Az bl

‘:l e = v 1 v 1 1
MN1979N B.12 uzymwmimsmmeadmwuaﬂwmwﬂm (MW El/v[ﬁ)

Wugrndniulduewnnvan)

wigea 1.77 1SWIafgULYINNRIN 48.77 aulusawITvian

Aq-7

) v o e . LN _
. USsunowinaunldags , AATINT
AT R ANIULE §
, (Ba7) | UTINNLAAY
JUUDUNIIUE | I0UTIYN LA :
dals YINAU Alatway | au-Alaiuas
2y , P
(3ntdan) 1nen
INNITUL 0.59 32.47 21.58
Tnaawly 0.24 27.28 12.50
W 17.49 503.95
INNNRD 0.17 22.56 10.48
aan 29.50 17.49
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@151 1.13 TTnemIssvaanuaImMIuwad Wenawi (wie/1s)

Wugndniuldoresnnvan)

wingda 1.77 13wIaApuYiNinngn 48.77 auliu1aniinvian

duuums ﬂ‘%mmwamsﬁﬂﬁiaﬂaaﬂémmﬂ (kg)
Emission CoO, CH, N,O NOy co NMVOC
InnNITUE 144.86 9.88 1.19 1,680.49 | 1,975.61 395.12
onau bl 106.61 7.27 0.87 1,163.15 | 1,453.94 290.79
JONNAD 88.55 6.04 0.72 966.13 1,207.66 241.53
Lﬂ;ﬁlﬂ 125.93 8.59 1.03 1,373.88 | 1,717.35 343.47

‘:I o a a v 1 v 1 1
M990 6.14 ‘UE]JJE?’]Uﬂ’]?WQGx‘]']%‘U’]L"IJ’]“IJQGﬂ']‘J"IJ%ﬁGVLNU’NW’]T] (‘H%’Jﬂlvlﬁ)

Wugrndniuldoewnnvan)

wida 71.77 13 wIalNuULYINIRTN 48.77 aulisnawivian

. e danuausasisuily
3‘1.] LUUNIIVIR 313 ﬁ?%ﬁﬂﬂiﬁnﬂ » )
214 2NAU(30LLaN)
S0NTTUE 0.59 1.186.89 788.72
Inaaw bl 0.24 996.99 456.95
JORNKD 0.18 824.56 383.10
A 1,078.27 639.08
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@13191 9.15 U TN eI ILaswa s Itvesmsites ldonswam

wieda 1,000 au.N VL;TLLﬂigﬂ%’%aLﬁmuwiMmﬁfﬂ 14.47 éfuvl,ﬁl,nhgﬂ

TyTTens el Uuo
3
o, ft 2,216.79
laviaw
ton 48.77
DRPGICIER kg 16.79
Wa3913 IWHA kwh 1,769.85

@131 1.16 TN LM ITILILWRINUBIBaNTAIN TR0 WIBNIWIT

wiaaa 1,000 au.wvlﬁl,l,ﬂsgﬂﬁ%mﬁyuwhﬁmﬁfﬂ 14.47 @ﬁ'ﬂﬁuﬂigﬂ

JyTTens Wi USum
5 ft 1,000.00
dudszy
ton 22.00
. f 52.95
Un'ld
ton 3.61
Py f 0.43
SR
ton 577.75
CO, kg 722.18
CH, kg 144.44
N,O kg 1,000.00
NOy kg 22.00
co kg 52.95
NMVOC kg 3.61
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@13197 2.17 Sy dnenIsnsuaswasnuediasmsdai iy

wieda 1,000 au.N VL&TLLﬂigﬂ%’%aLﬁauwhﬁmﬁfﬂ 14.47 éfuvl,ﬁlmigﬂ

TYBIIUNTT wiog 3um
3 f 1,000.00
sz
ton 22.00
i Liter 6,857.29
vaudis kg 18.18
813103 Boron Compound kg 68.20
WRI W kWh 74.24

@137191 9.18 TYTNumIzsuszwasnuaanvasmaaim iy

Wiauda 1,000 au.wW VLiTLLﬂsgﬂﬁaLﬁﬂumﬂﬁmﬁfﬂ 14.47 éfu"l,ﬁuﬂigﬂ

Tdsans B JSamm
3
udlssuiden ft 1,255.41
ton 28.93
cO: kg 57.34
chy kg 3.91
N9 kg 0.47
NOx kg 625.55
o kg 781.94
NMVOC kg 156.39
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@137191 9.19 Ty Inemiasusznasnuidiveinseyldulsg

wieda 1,000 au.N "L&TLLﬂigﬂ%’%aLﬁmuwhﬁmﬁfﬂ 14.47 é’u"LiTLLﬂigﬂ

TYBIIUNTT wikI8 3w
3
lduszuhdan f 29541
ton 28.93
1 ton 218.80
vaudis kg 23.44
ILaNiNIAIZNTW kg 9.22
ot ton 189.02
Tn'lay ton 49.51
Ti5ay ton 4.90
FaIWAITINR TNy ton 1.50
WRIIW LT kWh 3,598.53

Aﬂl v A Qs o
A139N 7.20 VY TINYNIIRIILRZWRIINUV10ND admﬁ?auvl,u LL‘.L]?E‘.L]

Wi 1,000 aL.NW "LiTLLﬂsgﬂ%%aLﬁwwhﬁwﬁﬂ 14.47 é’u"LiTLLﬂigﬁJ

TBI1UNTT wiuog 3u1m
3

ldudgudts f 1:000.09
ton 14.48
Condensate 3zL%8 m’ 18.90
loszimn(sin) m’ 14.45
BD m’ 10.88

it ton 517

(0{0) kg 947.20

Co, kg 17,975.18
NO, kg 54.58
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d. 1 L a e v
M990 %.20 (618) ‘]JZ}JV"ITS’]Uﬂ?iﬁ’]iLLﬂzWﬂdd’]%?ﬂ@ﬂﬂ“ﬂEl\'iﬂTiﬂ‘]JVL&ILLlISEII

wieda 1,000 au.N VLﬁLLﬂiEﬂ%%E]LﬁEJULYi’]ﬁ’M‘IIﬂ 14.47 éfuvl,ﬁmhgﬂ

TUBIIUNTT w8 3um
SO, kg 1.33
PM-10 kg 77.62
Co, kg 62.81
CH, kg 4.28
N,O kg 0.51
NOy kg 685.31
CO kg 856.63
NMVOC kg 171.33
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ANANWIN TN

A20819NIIATWIMNLAYIVDY

]
=

1 ﬂ'ﬁﬁ'l%')mﬂ'ﬁﬂ'l%ﬂﬂ%‘ﬂQﬂ%\ﬂ‘gﬂ"l%ﬂ?%ﬂﬂﬂ

ToYAHAKNRALINITILAZEILEHWITIINUULRILIUNGUNEATNT 92gninanls
fwmdnsgadumIniueusaslioanimlasldnsienziniinenas  (Regression
Method) G92z81989nam 339808901508 IUNNUAZATAE (2006) L%ﬂdﬂ’]ig]@éﬁ'ﬂﬂﬁ‘?uau
lasaInend Lﬂuﬁagalumsﬁwmmhmigmsﬁ'umsm%uauﬁmq@mGJ nwispitle
utisusnunssgaduaivaulusueniu 4 uiidie e ens  ewannitmuas

a

A & ’~ £ o a o &
aummmqlu@u TINTLRLDLANIT
o I'4 ‘:‘{y L%
1.1 msgﬂszmmimsuaumaemavlumami']
NRITWIRY ﬂ%mmmiﬂﬁuaﬂﬁmaﬁuﬁ RRIM 600 luen319 @1 §IULN981E 9 12 18
uaz 25 1 sNIIDLALSNEIRNIIANSUAWLS 8.32 11.46 1544 uar 22.39 LUAINAW13

ANEIAL L8NNG nENITaaaN TN 83 — 86 %

a 2 6 A& o
MN1319N .1 ﬂsmmmsmiuaumﬂmﬂmﬂ@mmuma

DEYEINYN fISUaU(@uda l3)
9 8.32
12 11.46
18 15.44
25 22.39

Nu:ansne a‘i’unmuammz

FUNATIN : UTuUdRE1INTEANBUBINUIILAL 86%
PIunudueinseaasadneaInife 100%

o U =) { o Q { 1 é
mid i 1FTdnmwiRerhmenIgaturesssaniueuianydsg TIanInuaad
vLﬁéfdl%ﬂ‘i’WWEﬂﬁ .1
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P> a s 6 v P '
Ell‘ﬂ 21 ﬂﬁ’W\lLLﬁ@Gﬂﬁ&l’]Mﬂ?ig}Wﬁﬂ&’ﬁﬂﬂiUa%I@ﬂlelEl'NW’]T]ﬂa’]q@’N 9

Usunuansasuan(mu/ls)

25

20 /

15 =
-
10 /
5
0 1 I I [} |
0 5 10 W15 20 25 30
angfil

ﬁ]’mgﬂﬁ .1 a’lw’lin%’lauﬂ’liﬂ’liﬁ’lu’lElmimi{uauﬁﬁum\‘iwﬁ’la’]&lﬁﬂ@@]ﬁJ
[y { 2 ' o Y
vL@]ﬁa Y = 0.855X +0.716 ﬁﬂ'] R =0.993 LLaza’]&niﬂaEﬂﬂ’]ﬂ’]i@(ﬂ‘ﬁllﬁ’]iﬂ’]gllﬂu"llﬂﬂ(ﬂu

mawﬁ'}ﬁmq 19 — 25 1 1a@9 @179 a2

M1319N .2 ‘.I.]%N’]E’l«laﬂ"l‘iﬂ@’lsﬁ"uﬁ’ﬁﬂ’ﬁﬁlQ%TBG&%U’]GW"I?’]ﬁQ’]E‘! 19-251

289w (d) YSanmansaniuaw(@w)
19 16.97
20 17.82
21 18.68
22 19.53
23 20.39
24 21.25
25 22.10
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1.1 USNIIEITANS VD WINT WA IRLABBINNT I IR AN

NRIUASE 1 dunadnsTenausasasInAizang 9 leut wsonlu A9 e e wWie
Arovan luiudifiudedne gr9szoziia 1 1 duwen9ag 11-12 1, 15-17 T uaz 20-21
T frSanasanTnyean o 1.295, 0.534 waz 0.336 WaAINaW/l3s eudau aswim
DudSunaansansuanld 0.582, 0.240 uaz 0.150 waInaw/15/A) aud1ay a9a1319 al.2

A137299 .3 USUNRITANTLAUINNTURIWLATINNTNTIIRAY

E]’]E‘!El’]\‘i ﬁ’]iﬂﬁ%‘u au
12 0.582
16 0.24
21 0.15

AvT:a1TNe %‘unmuammz
- ; . X & & .
RUNATIN : LﬁamqmumawwuwumﬂmumimLﬂwﬁfmﬁm:uaﬂaa
o wmma A dll o a 6 dl 1 A n‘:
AR lﬁaﬁLmdﬂsﬁwLwammUﬂﬁﬂimmmimiuauwaghmwmnwwmhmu

A U Qs {
El’]d‘ma’lll’]iﬂLL&@&VLQGNELuﬂﬁWEUﬁ w.2

= a I a a A = '
E'].I‘Yl .2 ﬂﬁ’]WLLamﬂsmmmsmiuauwaghmwmnwwmlumummmqma 9

Usunauarsasuan(mu/ls)
0.8

0.6 3

0.4 \

\
0.2

0 ] ) L) L)
0 5 10 'a"m_ﬂ]} 15 20 25
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mngﬂﬁ .2 mm*mmaumimsﬁﬂmﬂmiﬂﬁuauﬁaéiumwmnﬁwﬁﬁﬂumu
[y -0.14X A 2 ' { '
g9lena Y = 3.108e idn R” = 0.9483 LLa:mmmagﬂmmmﬁuauﬁag‘lmﬂum’m

ﬁ*’rjﬁﬁﬂumumaﬁmq 19 - 25 71 ld@9 @79 w4

A13197 .4 ﬂ%mmmsm‘?yauﬁagﬂummmﬂﬁ"ﬁﬁﬁﬂumumdﬁa'mq 19 - 25 7

21g9w1(D) | Yianassansuau@wls) | dianmasaniu ougzan (Gw/l)
19 0.217 7.48
20 0.189 7.67
21 0.164 7.84
22 0.143 7.98
23 0.124 8.10
24 0.108 8.21
25 0.094 8.30

1 a a2 : A g; 1 =
ﬂ@]ﬂi&l’]ﬂmﬂﬁﬂx‘iLﬂ‘]&i‘ﬁ’]ﬂW"E@lx‘]LL@lUWGW’]‘S’]B’]&! 71

a 6w a

1.2 ﬂ'%mmmsms‘uaumnaummmq )

a o v a a G 3 a a 1 a A
NRIIWITY mmla;&aﬂimmaummmqh@uﬂgﬂma‘wwa"] 28 aan wWudn JlSanm
Euw‘%mi’mqﬂs:mm 211 % USNMEIUVIAULY (FzauanNan 30 o) lasludud

USUITIRENIANS LAY 7.84 LuATNAW/ 13

a o wa a 6 a A ;a 6 | o 1 '
RUNATW: ﬂ’muﬂlmumm@nlu@uwﬂsmmmsm‘maum’mu 7.84 @]%(ﬂﬂvlﬁ

q

a 6 s
1.3 YFuada1Ia1TLaBINNUILNS

HAWITY : NTaYANANEAT8I8WUT RRIM 600 da1gnsniaend 18 1 HaKARLRAY
289 Alansw/1sA) ‘vﬁawaN’ﬁm{ﬁzmmmaa@mqﬂ’ﬁﬂ'%@ma 5.2 wasnaw/ls JU3unm
IANSUauSana: 88 1%1&1Laqavlaisnw%umaol,ﬁammﬁo Falairunaanniawdiinsuas
Waane9dnsasas 6 VOINANAALNY aﬁ;llvl,ﬁdw FIUBINANAAINNITINTALAD NN

ANLAUARAN mqm‘m’%@ 8N4 4.57 LUGINAW 13

Tasenisnisdanisdawandantaeld LCA dudufanssuulsglfenanna (szagh 1: nsdinlau-nsudlsgisvazusn)



a & v A & & & o
ﬁww(ﬂﬁqul WaeIuRINRIIANIVUaw D uadnlsenausasas 88

NANBIN N)
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b a & P & v o & &
Wgvralasndsznauntdulitasguritosas 33 (ﬂluﬂdﬂﬂsxﬂﬂﬂmﬂﬁuqﬂqﬂa@

NIATW m:ﬁwmmﬂ%mmmiﬂﬁuaumﬂﬁa;&ammﬁm PNLHBLRL U NRAVDILNHAINT

° o iV o o = v o
UIW 30 ﬂi’)L%?JW?IVL@'%J'mﬂ'ﬁﬁuﬂ’]‘ﬂﬂisﬁ\‘]ﬁ?ﬂi@@d@ﬂi’]@ .5

A15199 a5 USIman sy 8%1%11’] mamﬂiaagammamad PNBAINT

_ Aaidusns
\NHAINT | 8L wawalm dawdwineosa’ | dadwdiesoute” | enfuan’ @w

TRRIITAN 1)
1.1 23 12,240.00 23,868.00 7,876.44 6.93
1.2 21 5,850.00 11,407.50 3,764.48 3.31
1.3 21 6,300.00 12,285.00 4,054.05 3.57
1.4 25 11,700.00 22,815.00 7,528.95 6.63
1.5 20 6,300.00 12,285.00 4,054.05 3.57
1.6 21 7,875.00 15,356.25 5,067.56 4.46
1.7 25 8,100.00 15,795.00 5,212.35 4.59
1.8 21 6,300.00 12,285.00 4,054.05 3.57
1.9 22 8,835.00 17,228.25 5,685.32 5.00
1.10 20 8,400.00 16,380.00 5,405.40 4.76
.11 21 11,160.00 21,762.00 7,181.46 6.32
1.12 24 9,945.00 19,392.75 6,399.61 5.63
1.13 23 8,910.00 17,374.50 5,733.59 5.05
1.14 21 7,830.00 15,268.50 5,038.61 443
1.15 22 8,550.00 16,672.50 5,501.93 4.84
1.16 19 7,290.00 14,215.50 4,691.12 413
1.17 21 7,875.00 15,356.25 5,067.56 4.46
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A13199 B.5 (6ia) ﬂ%mmmsm%‘uauiuﬁwmaﬁnﬂﬁagamiwamaomwsns

Nawgfﬂ dawduinenssa’ | dadwitasnaue” aj]mt,mi
INHAINT | 8NP | BIUNG o) o) ATUDW (A

mn./13) 19
1/.18 20 8,100.00 15,795.00 5,212.35 4.59
1.19 23 9,600.00 18,720.00 6,177.60 5.44
1/.20 21 8,100.00 15,795.00 5,212.35 4.59
1.21 21 7,875.00 15,356.25 5,067.56 4.46
1).22 21 7,875.00 15,356.25 5,067.56 4.46
1.23 21 7,875.00 15,356.25 5,067.56 4.46
1].24 22 12,090.00 23,575.50 7,779.92 6.85
1J.25 21 10,800.00 21,060.00 6,949.80 6.12
1.26 24 9,450.00 18,427.50 6,081.08 5.35
1).27 21 10,440.00 20,358.00 6,718.14 5.91
1/.28 21 8,100.00 15,795.00 5,212.35 4.59
1/.29 21 7,875.00 15,356.25 5,067.56 4.46
1/.30 21 7,875.00 15,356.25 5,067.56 4.46
LQ?]IEI 21.60 8,650.50 16,868.48 5,566.60 4.90
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20 4.30
21 4.60
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Y = -0.057*X +2.80*X-28.371 ©93z¥ili baanUSu1meanIaNTUanAuIN = a1 181909

LRA9la139 L7

@13197 2.7 PSanassanivauiiivinm dluwihesneny 19 - 25 Y ATginn)

gausnd) | ania@) ssasuaufitnenafivsnenld @uwls)
19 12 3.94
20 13 4.51
21 14 4.97
22 15 5.32
23 16 5.55
24 17 5.67
25 18 5.67

[
o @

AT HRITANTUAWNLALSNEN LA LA RIBENINIANN b8 W8NS LABTINNT Las

a

auw‘%ﬁi’mqluaummmLLam"LeTﬁamsN 0.8

M1319N .8 ﬂ‘%mmmiﬂﬁuauﬁﬁu%’nmﬂﬁlumumaﬁmq 19 - 257

Usunmansasvanfinniavle (dudels)

218(D) iene | Wens | annio eI PeTY
19 3.94 18.92 7.48 7.84 38.19
20 4.51 19.88 7.67 7.84 39.90
21 4.97 20.83 7.84 7.84 41.48
22 5.32 21.78 7.98 7.84 42.92
23 5.55 22.74 8.10 7.84 44 .23
24 5.67 23.69 8.21 7.84 45.41
25 5.67 24.65 8.30 7.84 46.46

Tasenisnisdanisdawandantaeld LCA dudufanssuulsglfenanna (szagh 1: nsdinlau-nsudlsgisvazusn)



™N-9

o ' = 6 A& o A a A 6 Aa o
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GRHIG) e Tafens PetY
19 17.13 21.06 38.19
20 17.86 22.04 39.90
21 18.47 23.01 41.48
22 18.93 23.99 4292
23 19.27 24.96 44.23
24 19.48 25.93 45.41
25 19.56 26.89 46.46
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2.1 ww393nsudlsgulsl

LA389LRa8RIENIW (Band mill)
LA389L8B8TN (Stroke saw)

~ A A .
\A389LR089L@a% (Circular saw)
ww3asilawls (Carriage)

\389AaLRan LW (Granding machine)

2.2 1@3099n35nwnitalal

2.3 1@309LA0Y

2.4 1a309la
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Lﬂ%ladl,%mvl,ﬁ (Timber piling machine)
wnau la (Dry kiln)
wuau (Boiler)

a o & o
L1ATa98a1Ne7 bl

A A A .
LAIBILRaYILaaW (Circular saw)
LATBILRBERILNIY (Band saw)
1A38d18a83Ai (Radial saw)
LA389LRBBAA (Cut of saw)

4 A v _ .
w3aLRan laleu (Running saw, panel saw, Sizing saw)
Lﬂ%a\‘ilﬁaﬂaq (Seroll saw, Jig saw)

4 A N
LATIRNLABYVUIA (Trimming saw)

wsosla®a (Jointer)

Lﬂ%advlmlm@ (Thicknessor, Single surface planner)
wsaslanti 3 (3 Side planer)

wizasla 4 wih (4 Side planer)

L3849 b&R3 (Super surface)

o



2.5 1A309A17
- e3eatuead (Router)
- Lﬂéadeaﬁagd (Spindle moulder)
- 1e3098an1ia (Copy shaper)
- NC Router

2.6 LASDINAINAN
- 1A389NEY (Lathe)
- 1A399NAIRBNULY (Copy Lathe)

- AIRIARINAN (Round bar cutting machine)

2.7 W@309nvana

WY (Drill)

- LATBINZLABEIRASY (Motizer)
o o A dl
- eIadriL@esasY (Tenoner)
- 1A2849L9723NAY (Boring machine)
- LATBILRZIDY (Slot and oscilating machine)
A o v 1 A A . . . .
- eI YanawINe (Finger joint cutting machine)
- AveIRL@eewILRE e (Dovetail cutting machine)

- 1a3advi@es (Corner locking)

6.2.8 LATDIAA (Sanding Machine )

LASa9TasBNIKENT (Belt sander)

- Lﬂ%aﬂﬂ'@a’mwmﬂ’?’m (Wide Belt sander)
- easTasanan (Drum sander)

- Lea9Taa1m (Disk sander)

- Lﬂ%ﬂﬂ‘l‘]’@ﬂau (Round bar sander)

- evasTalad (Profile sander)
2.9 1@30danisznay (Press and assembing machine)

- 1@3099atalasan (Hydroulic Press)

- 1#3098aL8% (Cold flat Press)
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Lﬂéaoé'@“ﬁugﬂ (Profile Press)

§=6a1lsznaumasa (Table Press)
\AasmlsznaunIea (Body press)
\nassalsenaung (Chair assembling machine)

LA389NNNTI (Glue spreader)

2.10 L@JadNaLARauAND

dWUF (Booth)
Yuwni (Spray gun)
g@WumﬂWWmﬁ@lﬁ (Electrostatic finishing equipment)

v

BHE (Oven)

2

2.11 L@329NIEIMIUA LN

LsasaUNWAagI9Aow (Circular saw grinder)
wsasdaiuluiiasdaifon (Tip welder)
wisassulufiaaSasla (Planer grinder)
wsosavulufialds (Profile knife grinder)
Lﬂ%ﬂd§ﬂ1ﬂt§ﬂﬂ&’]&lW’1u (Band saw grinder)
isasaaluifossuniu (Band saw welder)

\A389L383 (Grinding machine)

2.12 gunsalaudrzlulsesu

oLD% (Trolly)
3798NNAY (Roter conveyor)
fUNIBALIBY (Belt conveyor)

snen (Folk lift)

2.13 LA9INIAN
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Juay (Air compressor)

\A3099@Hn (Dust collecter)
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FAIWIBNINGG 1,000 67

matfududaya(Allocation)
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3.2 MyaTUZen1ITaya

1 U I8N INIIVHES

szmmamwudﬂﬁmawwwLLﬂsgﬂﬁnﬂﬁyuﬁ 3 PWNIAND ATFITITNIT A9 LAY
wnas azlgldsunsy Arcview 3.1 Tumstssduszaemataasannfiaslsenuwns 10 159914
mmumuummé’nﬁmﬁoﬂmﬂmo%'m"i'mmaaé'dgﬂﬁ 6.3 %ommmagﬂizmmamﬁ'ﬂﬁ
GaN 97 0.1

myusInidenanTudagy $wan 791.39 anuneriania 21.37 gnunatiung

> A

(miﬁwmmﬂ%mmgﬂuumﬂmslmiﬂs:mumiéfwmu) wInAalduinin 11.46 aw ¥

[

]
Y AdAda v =3

m*smmni@mn?maawwwmmﬁmmmmﬁ'mn 21 Q% é’qﬁfumiﬁ@é'@mmimmﬂ

a g a [y o . v o o o o o [y
ﬂqjaul’ﬂﬁa\'ﬂa%aLW@\‘]%]Q\‘W]ﬂ\‘]ﬂ’]ﬂ’]iﬂuaqulﬂﬂuvlwEl’]{‘lwflifﬁnu"lu 11.86 @ GINVL@]NE‘]@EH
AILFa w399 1.2 uazmadiliunmsdsedaasuamauandluaniei 0.3

1991 Q.1 MIVUSINNVATINIA UATATTITUIIT - AT - WNRI ANIVATINIATZL DS

f1aun AUNY Uanenms JeaENg (Alalas)

1 duanzlg FUARDIFR 1,121.14
2 FIURTLH FLARDIFR 1,108.64
3 FUATIBRIW FUARDIFR 1,127 .42
4 duad3n FLARDIFR 1,090.13
5 fUan s FUARDIFR 1,112.77
6 FUAMTIINLAE FUARDIFR 1,166.06
7 duaRlsaa FUARDIFR 1,150.38
8 Ffualanan FUARDIFR 1,226.74

sy 1,137.91
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Ana 2ATINTRY s
| TAUTIN v YSunonzainds PeTY
U3 ’ wWRasrhiu
n
74030 y e 4
_ Wisnl _ y Wien
(A . _ N8y ey . _
) @w) | @lawe | _ _ naU (Ba7)
Wien) _ @Alawa | (Ba9) _
3/aa73) _ @a3)
S/aa73)
INFU
. 21.00 1.00 3.50 5.50 325.12 206.89 | 532.01
o

1/ a v s a =} (-5
803MINIUTINA BT 11.46 Gu T2zn19 1,137.96 Nlaiuasda 13,038.01 au
— Alaluay

2/ a o & v & & o
Wﬂ@‘UiinﬂVIN’] Uﬁﬂu’]ﬁuﬂL@]NluﬂjiﬂjfnﬂL@Nﬂu

4 - . N
13199 8.3 USu1mm U aals 0 uaRITINNATVWES LU E1INIT

N30 UIINN 21 Q% | N30k UIINN 11.46 A
Emission I U
(Alaniv) (Alanw)
CO, 1,425.82 777.95
CH, 97.22 53.05
N,O 11.67 6.37
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2 MWIINNIZTUIBNIINGES

a v ¥ v o J 1 ¥ Aq, 1 d 1 o
MINAALAE X — Back @]ﬂ\‘l‘Ynﬂ'WTIJ%Eﬂiﬁdl%ﬂ@ﬂl%ﬁ@‘ﬁ%ﬁ?%@nNﬁIishUaﬂﬂLL‘]JfU'ﬂ’l

mysanuuu1iaIasen g4 weegh w4 lasgaituduvesnszuiuntsniafoununaa

RUNLALYINNNIAT W LTI iRz a9 N ndudaslt vinmsaauwialuiiasdwnion

SUTINTZUIWANINEATUOA LUAD NIITNFIIININ NI IRUAZIAUTEIRIK  WAZNNIYINUIHAS

waznIdsznay lasmwiiunInaadusdiunaning X - Back wdazTuuaaslugii .4 -

0.9
@131971 .4 dauLlsznauvaaie Winawam X - Back 1 69
a0 | §wmdszney | swiamm*mm*mm) sy i‘hmu(%u) Paas (m) | USesit)
1 WaIWNILUW | 23 | 100 | 445 | Aifles 1 0.00112012 | 0.041485825
2 wasReans | 25 | 45 | 355 | kg3 1 0.00043708 | 0.016187984
3 WagN9 X | 18 | 32 | 460 | Adie3 2 0.00057994 | 0.021479403
4 PINEI 32 | 48 | 900 | pWIN 2 0.0030258 | 0.112066448
5 WIIWTN 20 | 45 | 320 | p9WIN 1 0.00031519 | 0.011673588
6 WIHINRI 20 | 45 | 313 | g9W 1 0.00030829 | 0.011418229
7 W9 25 | 45 | 324 | 9w 2 0.00079782 | 0.02954877
8 | mawwaswin | 25 | 44 | 94 | g9wIm 2 0.00022632 | 0.008382285
9 | rowuainad | 50 | 45 | 90 | g9WIm 2 0.00044323 | 0.016415984
10 Hutts 20 | 429 | 400 | #1IWIN 1 0.00375598 | 0.139110261
11 IR 45 | 45 | 438 | p9WI 2 0.00194136 | 0.071902008
12 SUINAY | 18 | 18 | 346 | p9WIN 1 0.00012269 | 0.004543944
13 U 18 | 18 | 368 | #9wIm 2 0.00026098 | 0.009665731
3%

20 0.01333479 | 0.49388046
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Taunlss '
. , Taulsq
AUIA 2x4%1.3 »| NAsHAKEIL .
' AUAN 2%4x0.45
500 nau l
1.000 nau
B
wvIA - :
1.8%1.8%0.438 NISNANII UL
2,000 nau

Tasenisnsdanisdawandantaeld LCA drudufanssuulsglfenanna (szagh 1: nsdinlau-nsudsgisvazusn)
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“ - Taiudssu
duan 1.5x4x1.3 +»| nasARuEU -
_ YU 1.5%4x0.93
1,500 nav ,
1,500 nay
FuM UM NS
dUIA 1.28%1.92x0.9 = nslawaxan
2,000 viau Ussaqu
4 o o 2 X &
jusaJ‘n 0.7 NINIAATWITWUDIN LY
Taiussl laiwsqu
avan 1=4=1.3 > msﬁnumu > avan 1=4x0.43
2,500 nau 7,500 nau
T UL g
AUAA 0.8%17.16%0.43 < nslaa:
1.000 viaw anyds:aqu
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Taualsg
1UIA 12413

1.350 viau

nasAaueL

L

1andss

FuTURaUTA
UYUIA 0.8x1.8x0.32
1.000 nau

i:iquwﬁhm’q
duan 0.821.6=0.313
1,000 ¥iau

Furundne
duan 0.8x1.8x0.324
2.000 vau

L 3

> WUIA 13%220.37
4,000 viau

naslaua:néae

31U .9 AIMIaaTuNUTaIEIRI UL UL

Tandsq
WA 1x1x1.3

1,000 Wau

N19AAWEIL

Tandsgu

Hu v A
durm 0.72x0,72x0.346

T1van 1x1x0.37
3.000 Mau

na45leauna:

1,000 ¥iau

U vguartag

nag

auan 0.7220.72%0.368
2,000 nau
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2 T BN EMINTELIRMIAARLL
WNWNAAREIUITINMIseUWIaUNf WG IIaiaT e u5 uer w6 law
103899n N ITNuuazdSIn M sld Iniuaasluasen w.7

@13197 1.5 PSanalindhgnizuiunsdaneny

muwvaﬁLLﬂigﬂﬁﬁﬂL% Line W&A® SIREVAL)S
é’]@n—l a o s ' a 3.1/ a 3
w1 (B2) | N9 () | 17 (ue9) | $waw (vaw) | USunas @) | d3unes (m)
1 2 4 1.30 500.00 118.56 3.20
I
VL . 2 1.5 4 1.30 1,500.00 266.76 7.20
B
3 1 2 1.30 1,350.00 80.028 2.16
4 1 4 1.30 2,500.00 296.4 8.00
5 1 1 1.30 1,000.00 29.64 0.80
Rk 6,850.00 791.39 21.37

1/ a 0% a @
gmmimﬂimmvlugﬂmafgﬂmﬂﬁﬁa USuatld (au.w)

= FIUIUVIBUXAMURUY (B2) xAUNTN (32) @081 (LaT) x 0.0228

ldl a2 wal o
M19197 7.6 ‘l_lill'lmvl,llﬂﬂﬁlﬂﬁ]’]ﬂﬂizﬂ’]uﬂqi@]@‘ﬁ g1y

waludsyivheanain R
v SIRHRLN
Line W@
fau . . Fuiu o1/

AU N9 817 FIUIN Lot La]

& & . Uuas 33103 3

(W) () ) (riaw) s \ (m’)

U3unow (ft) (m )

' 1 2 4 0.45 1,000.00 82.08 2.22 (0.98)
2 15 4 0.93 1,500.00 190.84 5.15 (2.05)
3 1 2 0.37 4,000.00 67.45 1.82 (0.34)
4 1 4 0.43 7,500.00 294.12 7.94 (0.06)
5 1 1 0.37 3,000.00 25.308 0.68 (0.12)
3 17,000.00 659.83 17.82 (3.55)

1 o o a ° ey
iy L‘flmmq@u’lumiﬂﬂmasJLLa:ﬂ AULUEY
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@131 .7 W Winlslunszuiwmidanaiu

U 1w . YSunm

fau qﬂmtﬁﬁlﬁm‘iaq vaiaed 9u T i
(HP) (hr) ) (kWh)

1 vaLnasiaiasda 3 6 14.00 187.99

2 VOLABTENBNIH 1 4 6 1.00 17.90
3 NOLADTRIINIY 2 5 6 1.00 22.38
4 valaas lola 15 6 2.00 134.28
MY 27 24 18 362.56

3 U INEMINTZUIUMS laLazaalsz a1

wHWNMT lasazaalszrwasinning leldldiSouuaz ldvmaamusunu(lianinu

A U szana 1 — 2 Fafwas Letaasidea) wazvinninneadseanu s nsuduanuni

anwoelnaninawevadldhe Auns 15 lduwa 1x4x0.43 $1uin 6 viewundanuinari

WNITH 1 T WASLTWALINUINAINGDI LT IUUIa 1.5%4x0.93 §142% 10 viaw A¢ants

A v a = A o oA o ' o & & 1 @ 6 [} Y o
LWQIWWL@?JW%QG 14 Th smmmuvl,mmmmanumzmuagﬂuﬂs:aumsmﬂlaomagmm@

AILANTITATWI T LI NINNATTLIRNNTAARENY LAZIINNIZUIWAT IRUAZOALTER 9943

USUN s LI MINUA N LAZ0aNIINNTZUIWANT IRLAZOAUIZRIL  RINITOLRAI LAAIA1ININ

.8 uaz 0.9 UTnadagfvuasnainulniamaninuaasldaaa i .10 wez g.11

MUSIA
@13197 .8 USunm ldnasdnnszuinms lauazaadszan
mmmvl,ﬁuﬂsgﬂﬁﬁ%ﬁﬁ Line WR® USHm
fay W 39 . _ _ s 130107
o - 817 (A7) | 31w (viaw) | UIuias (ft) s
(W3) (W) (m)
1 15 4 0.93 1,500.00 190.84 5.15
2 1 2 0.37 4,000.00 67.49 1.82
3 1 4 0.43 7,500.00 294.12 7.94
W 13,000 552.45 14.92
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dl a2 q/tﬁl g
A19379N .9 ﬂ‘smm"lmaaﬂﬁnﬂﬂszmums"lml,aza@ﬂszmu

mumvlﬁl,migﬂﬁﬁ']aaﬂmn Line Wa® SIEFVals))
LY o . TN S1RFalob R s
W (W) | N9 () | 810 (lues) . R U3uas (m)
(viow) (f)
1 1.5 2 0.93 3,000.00 190.84 5.15
2 1 2 0.37 4,000.00 67.49 1.82
3 0.8 17.16 0.43 1,000.00 134.59 0.15
PRV 8,000 391.92 10.61

@139 @.10 Ysnadagduildlunszuiunslauazdadszau

fau ”@qauﬁl‘*ﬁ Line Wae | U307 | Wi
1 A7 (Wood Adhesive) | 0.138 m
2 NIZONBNINY 20 kg
3 wnT e 1 p

@151 .11 USunanasnwiwihnlslunszuiumslauszaadszaw

wna | Tl | S

fau qﬂmtﬁﬁlﬁm"ﬁaa wamas | how Rl Wit
(HP) (hr) ((;]”]) (kWh)

1 wdasls (Rwiki+anas) - vatmafunseauas 3 8 1.00 17.90
2 wdadls (urisrinnas) - vawnaiinla 6 10 8 1.00 59.68
3 wiadla (Awiki+1mas) - vetaasiude 5 8 1.00 29.84
4 wizasle (Wiks) - veLaasHaNy 10 4 1.00 29.84
5 wsasla (wits) - voraaswnley 10 4 1.00 29.84
6 \Sasdaneny 10 4 100 | 29.84
7 yalaeslaasadn 5 21.35 1.00 79.64

8 NOLADIHNENNT? 0.5 21.35 1.00 7.96
RIRLY 53.5 78.7 8 284.54
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4 T FNEMINIZUIRMIINEITININ

LaNgINa NN NAaR mm:gﬂﬁnmLflmﬂmwﬁwﬂ‘um’mﬁma:ﬂ‘mﬁn

T FNaMINIRUALEad luanI9N .12 — 1.14

13191 .12 USanmldaadinszuawnmanasunniin

4
D3

muwiﬁuﬂsgﬂﬁﬁmiﬂ Line W&@ Sum
RIS o L. . . USunas ~ 3
wuwl (W) | N9 () 817 (LUA7) IIWIN (Viaw) @) U3uas (m)
1 2 4 0.45 1,000.00 82.08 2.22
2 1 1 0.37 3,000.00 25.308 0.68
PRV 4,000 107.39 2.90
A1319N .13 USu o IWAU89NTZLIUNNTNRITIRUN
. ia . awanaiae | Tlusvinn | dwan | Bl
fau gunyninneadas 5
(HP) (hr) (81) (kWh)
1 LA30Inad 15 20 3.00 67.14
Adl a Y =3 v
A1319% .14 USu o ldg9aanaInnIzUIRAIINAIVIRIN
mumvlﬁuﬂigﬂﬁmaanmrl Line W% SIEFVal)
E‘Lh(ﬂ‘]_l = 9 =~ ~ 3 a 3
wuwl (W) | N9 () 817 (LWA7) Fwan (viaw) | YIwnas (i) | U3unas (m)
1 1.8 1.8 0.44 2,000.00 64.71 1.75
2 0.72 0.72 0.35 1,000.00 4.09 0.11
3 0.72 0.72 0.37 2,000.00 8.70 0.23
RIEY 5,000 77.50 2.09
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5 BN eI IMAILALTzNaL

2 o o & 4 o A \ & {
TURIBVIVRI W ﬁ%uﬁ ﬂﬂuLua% LLNSARIN ﬁ]xgﬂad&l’mugﬂﬁua:ﬂizﬂau

JUTLEUNG daBnemadhaannianuauaadluansen .15 .16 g.17 uaz .18

A a C2 v o o
A998 .15 ‘]Ji&l’]mvl,&la\‘lL“ll’]ﬂiZ‘]J’J%ﬂTiVl’]“lﬂﬂﬂ\‘iLLazﬂiZﬂﬂﬁJ

mum"LiTLLﬂigﬂﬁﬁwiT'l Line WN&® 1EFUaloft
foU o L . ‘ PIuas _ a
wwl (B) | N () 817 (LUAT) U (viaw) @) 31a3 (M)
1 15 2 0.930 3,000.00 190.836 5.153
2 1 2 0.370 4,000.00 67.488 1.822
3 0.8 17.16 0.430 1,000.00 134.589312 3.634
4 1.8 1.8 0.438 2,000.00 64.711872 1.747
5 0.72 0.72 0.346 1,000.00 4.08955392 0.110
6 0.72 0.72 0.368 2,000.00 8.69916672 0.235
7 1 1.76 0.094 2,000.00 7.544064 0.204
8 1 1.8 0.090 2,000.00 7.3872 0.199
9 0.72 1.28 0.460 4,000.00 38.6629632 1.04
10 0.92 4 0.445 1,000.00 37.33728 1.01
11 1 1.8 0.355 1,000.00 14.5692 0.39
RIPEV 23,000.00 575.915 15.550
A131991 .16 inalnihdlsnszuunsynamnasuszdsznay
. anaiaas | Talusrnen | Swn | YSanmluin
fau uUnsalnnuToq 5
(HP) (hr) (o)) (kWh)
1 NaLADTIA1E] (11WAI) 38 22 1.00 623.66
2 NoLAasiaey (1WAY) 5 16 1.00 59.68
3 NBLABSINAIR (UMEI) 10 25 1.00 186.50
4 vaLmaiAes (Unav) 25 20 1.00 37.30
5 naLmailazg Fitting (VIMAY) 1 16 1.00 11.94
6 NaLABslASaITa (1IMAY) 33 35 1.00 86.16

Tasenisnsdanisdawandantaeld LCA drudufanssuulsglfenanna (szagh 1: nsdinlau-nsudsgisvazusn)




]
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@135191 016 (68) USanm Wi dldnszuiumaviannsiuazlsznay

L anaiaas | Talusrnen | Swan | YSanmluin
fau uUnsainnuToq 5

(HP) (hr) ((Ze)) (kWh)
7 VaLARTUSTULTY (U11RI) 2 34 1.00 50.73
8 yaLmasidey (WRIR X) 11.25 5 1.00 41.96
9 valaasiasanaes (naIf X) 2 16 1.00 23.87
10 uama%‘ﬁugﬂaam (BRI X) 75 10 1.00 55.95
11 Tuauiadosda (MRS X) 8.58 1.7 1.00 10.88
12 Tuautadosda (MRINILI W) 25.25 5 1.00 94.18
13 NaLADTLNET (WRINILW) 25 10 1.00 18.65
14 NOLABSLASEITA (MRIRILIW) 25 10 1.00 18.65
15 NOLABTUSTULTI (RAINILIW) 25 10 1.00 18.65
16 Tuauiadosda (MRINIAN) 25.25 5 1.00 94.18
17 yalnasynifes (madhaand) 11.25 5 1.00 41.96
18 NalAaslATaITa (MAIRIENI) 25 10 1.00 18.65
19 NOLABTUSTUUTI (HRINIANS) 25 10 1.00 18.65
20 Tuauiadosda (W) 17.67 35 1.00 46.14
21 Tuauiedosda (WD) 35.35 7 1.00 184.60
22 Tuauiadosda (WHHINRY) 35.35 7 1.00 184.60
23 Tuauiadosda (AU THUN) 35.35 7 1.00 184.60
24 Tuautadosda (AOWLUDINAL) 35.35 7 1.00 184.60
25 | e3esdanIzanEnag (Aoumaswi) 5.05 1 1.00 3.77
26 | 19309TANIZAENTY (AawWDINAT) 5.05 1 1.00 3.77
27 LAadaLIIMaN (ks 2 35 1.00 522
28 \30aRoudl (Wuik) 13 5 1.00 48.49
29 i389Ya (Riks) 10 10 1.00 74.60
30 iassaalad (i) 2 40 1.00 59.68
31 LeiesTauay (Ruik) 2,67 9 1.00 17.93
32 VOLADSLASEITA (Wathd) 33 1.7 1.00 4185
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N1319N Y.

16 (d8) Usuaw Wi dlnszuiumsvinunasuazdsznay

. s . awenoiaas | Talusvham | $wan | SSanmlnih
fau puUnsninineatas 5
(HP) (hr) () (kWh)
33 NDIABUTTULTS (WWkD) 2 17.7 1.00 26.41
34 valnaigany 30 8 4.00 716.16
RIRFY 458.92 362.60 37.00 3,294.61
P a “ A A9 @ o (%
AN Cy17 llilnZW'J@]q@ﬂﬂl?ﬁﬂifﬂ?uﬂ’]?ﬂ’]m’]ﬁﬂﬂLL@Zﬂizﬂﬂ‘U
R ”mqﬁuﬁl‘ﬁ Line W&® U3unm Wi
1 N7 XO(Ethyl-2 cyanoacrylate 99% w/w) 2.5 Gk
2 A1 DH Usznau'lal 153.85 aa3
3 gun3af Fitting 25 Alanu

a a O a o [ o o
f13791N .18 ﬂsmm"l,maoaan (NRONTUN) AMNNITUIBNNIVIRNILAZNIUIENDY

10y | §awdiznay UNQ ¥ i‘hmu(%yu) Punas (m) | Yunast)
1 WRIRIUW [ 092 | 4 | 0445 | Afes 1000 1.1201184 | 41.48582518
2 WRINIAN 1 18 |0.355 | Aidies 1000 0.437076 | 16.18798381
3 ARIRI X | 072 | 1.28 | 046 | Fidies 2000 0.579944448 | 21.47940252
4 PIARY 128 | 1.92 | 09 | 819w 2000 3.02579712 | 112.0664479
5 WIININ 08 | 1.8 | 0.32 | g19W M 1000 0.3151872 | 11.67358833
6 WIINAY 08 | 1.8 |0.313 | g19W M 1000 0.30829248 | 11.41822858
7 WHIT 1 1.8 | 0.324 | 8719W1 2000 0.7978176 | 29.54877045
8 | awwasnin | 1 | 1.76 | 0.094 | g19WI 2000 0.22632192 | 8.382284951
9 | eowuainas | 2 18 | 0.09 | g19WIN 2000 0.443232 | 16.41598358
10 Nrks 0.8 | 17.16 | 0.4 | 819w M 1000 3.7559808 | 139.1102609
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]
=)

18 (di0) USanaulifidaan (aaA M) NNTLIMMIININMadLazmMTUsznay

AN 7).
fau | s@wdiznay YU ¥ $ruan@) | Ysinas m)) | Ysnesit)
1 PRI 1.8 1.8 0.438 | NN 2000 1.94135616 71.9020081
12 HUVIAIN 0.72 | 0.72 | 0.346 | 874N 1000 0.122686618 | 4.543944256
13 HUVITN9 0.72 | 0.72 | 0.368 | NI 2000 0.260975002 | 9.665731134
RIPE 20,000 13.33478575 | 493.8804597

ﬁnﬂﬁ'zy%iﬂUmi"uaam:mummﬁ@LWaﬁ?ﬁmas{ﬁgﬂm@@ﬂﬁiﬂ
ﬂ’%mm"l,ﬁuﬂigﬂﬁzmu@ﬁ‘lﬁﬂu‘?@qauérm%fuwﬁmﬁ’féy X — Back 1,000 ¢
ihgnszuaunIRAariniy 21.37 anunaniuas
waalaguan (lonawisn) Wi 20,000 — 4,000 = 16,000 %
Aandudsunes (liunawin) winiy 13.33478575 - 1.1201184 - 0.437076 - 0.579944448
WAL 11.1976469 anuAniuas

wantlszanms 11.20 gﬂ‘].l']ﬂfi&l@]i
11.20

a

Aarudsz&nTAwnsHaaLINAL = 0.5240 %38 52.40%

21.37
ﬁmﬂuﬂ%mmﬂﬁﬁgm%mmﬁu 21.37 = 11.20 = 10.17 gﬂmﬂﬁmm

[

=) o

Uninalifgydvegnunuh dwsamdsdiiundelesihdsasimsiu
WFNUNIZVIRMINRARAN 4 NIZLAWNITA NIZTUVIRMIAAWNLIL NIZLIBNIINEIDN
Wi NITuIuMTlanazaalszau waznInszuaumM I masiazlszney laglditms
ﬂmhu@nwﬁmdmwé‘amﬂﬂ%mLiﬁ@TﬁLLaﬂalugﬂﬁ W10 waTHANIURRINYINDALAE

Iduaasluluzun .11
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3.3 MylszilnNanIznudsnInaay

miﬂmﬁuwamzmaaLn@ﬁamjaﬁg{ﬂﬁﬁmmiwa@Lﬁ’]ﬁqﬁlﬁmawwnmigﬂ %@
X-BACK ¥zlflisunsu &15330 SimaPro Version 7.1 35m3ytszilin CML 2 baseline

%

2000 LEWLALINUNLTIUUNT 3 TINANITAIATIZHRNINNAT AT

1) dnsawnsidunsaluduiazunadsin (Acidification Potential)
A dunIa lbanlazLra 11in1289NINAALAD WBNIWITIs W 1,000 @7
A A & A v a A A Y A

weaslug @12 Sswuidueeundeldifienansznuuinigefamidensy  lasd
NANIENUNIRNAGINI TN IUNANNIZLIUNINRAUAZNTAGIRNAENIN A YFiaN1IZNI
I =) 1 gz e { ‘é (23 { 1 v Aa
\dunsaluduuazunasin asuaaslugdil .13 uaz .14 Safonnaldiiananznuann
A A o & a ! , Ao o o
ngadamalulasiaulasenlod  wazdSinamsddesuamdsgidmayaunsauaasld

AIANIN .19

A13191 .19 USanmuasnsndadanznmaianialufulasinasinamnminge

LD k819w 1,000 62

No Substance Compartment Unit Total
Total of all compartments kg SO, eq 64.9196
Remaining substances kg SO, eq 0.074109
1 Sulfur oxides Air kg SO, eq 1.522394
2 Sulfur dioxide (low. pop.) Air kg SO, eq 5.521428
3 Sulfur dioxide (high. pop.) Air kg SO, eq 5.123639
4 Sulfur dioxide Air kg SO, eq 13.72295
5 Nitrogen oxides(low. pop.) Air kg SO, eq 0.872767
6 Nitrogen oxides (high. pop.) Air kg SO, eq 1.880608
7 Nitrogen oxides Air kg SO, eq 9.836417
8 Nitrogen dioxide Air kg SO, eq 25.02432
9 Ammonia Air kg SO, eq 1.340972
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MINAALNND 178719 W197 X-BACK

ip
¥-Back Chair 1,000
pieces

100%

123 m3
Shaping 2
Legs(Back) &
Assembling

90.8%

2.14 m3
Phywood, indoor
Use, at plant/RER S

9.25%

3.03E4 MJ
Electricity Thailand
Base 2000

24.7%

Tirmber Parawood

11.8%

Tasenisnsdanisdawandantaeld LCA drudufanssuulsglfenanna (szagh 1: nsdinlau-nsudsgisvazusn)

2.09 m3 10.6 m3
Shaping 2 Leg Sanding and Press
(front)
10.1% 55.2%
1.15E4 kg
Dry Saw Timber
2.29E4 kg 1.565 kg
Saw Timber Steam,Parawood
Preserved Biormass
14.59% 39.7%
1.74E4 kg
Saw

£.92E3 M]
Coal power plant

FUN .12 HANTTNUFIINF BN UNIEANNLTUNIAV IR NN AR IUNVBII)INITIR



319 713 én AP FIUUNEANIZLIRMINAMLTE 19w 1,000 69

Shaping 2 Leg(Front) Transportation Shaping 2
0.20% 9.24% Leg(Back)&Assembly
25.52%

Sanding&Press
Cutting 4.39%
60.65%

Analyzing 1 p "W-Back Chair'; Method: CML 2 baseline 2000 2,04/ World, 1990 [ characterization

31 714 én AP FIUUNAUNAINIVBINIHAALTE WTIwT31 1,000 62

Remaining substances Sulfur oxides ¢ q,,, dioxide(low. pop.)
Ammonia 0.11% 2.35% 8.51%

2.07% \\

Sulfur dioxide(high. po
7.89%

_—

Nitrogen dioxide
38.55%

—

Sulfur dioxide
21.14%

Nitrogenoxides ——— \‘
15.15% Nitrogen oxides(high. Nitrogen oxides(low.

pop.) pop.)
2.90% 1.34%

analyzing 1 p "¥-Back Chair'; Method: CML 2 baseline 2000 ¥2,04 § world, 1990 [ characterization
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2) mnﬁ@mn:mqmmwaoﬁﬂuﬁﬁLﬁuamga (Eutrophication)

a = :’ a a ¥ nh/L 4 o
msm@ma:m@;mmwaawﬂumLﬂuaw@;ammamma JYWNITIIUIW 1,000

o P s & a v a a A o P
a3 LLﬁ(ﬂx‘lI%Eﬂ‘Y] .15 ‘lTx‘lW‘IJ’J’]“ll%@]ﬂuY]ﬂalﬁLﬂ(ﬂNaﬂiZﬂﬂwﬂﬂV}%@ﬂaﬂﬂi@m‘ﬂ&l’]‘]JI@]EW]

NANIENUNIRUARINITDIIWUNATNNITLIUNNINR AL ANRAFIUNAFIINE ATy AN

A :‘ Aa o A L o A Y Aa
'ﬁ?@!ﬂ?%’]i“ﬂ@dWﬁi%%ﬂLﬂ%ﬁN@]‘ﬂ muamlugﬂ‘n .16 ez .17 ‘Hx‘]ﬂ’]‘ﬁ‘l’lﬂal'ﬂm(ﬂ

dl A v 6
HANIENUANNTIFAR afmarlulasiawlaaan bae

FINIDURAS LAAINTI9N .20

A19191 .20 YT muaIn

e lafnamn s 1,000 72

USumwnsdassuasndns gngamy

faydanzmgamzesdsluiiiuaugannnta

No Substance Compartment Unit Total
Total of all compartments kg PO, eq 13.23406
Remaining substances kg PO, eq 0.541310
1 Phosphate Water kg PO, eq 2111116
2 Nitrogen oxides (low. pop.) Air kg PO, eq 0.226919
3 Nitrogen oxides (high. pop.) Air kg PO, eq 0.488958
4 Nitrogen oxides Air kg PO, eq 2.557468
5 Nitrogen dioxide Air kg PO, eq 6.506322
6 COD, river Water kg PO, eq 0.23886
7 COD Water kg PO, eq 0.269769
8 Ammonia Air kg PO, eq 0.293338
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u

MINAANND 17819 W197 X-BACK

1ip
X-Back Chair 1,000
pieces

13.3 m3
Shaping 2
Legs(Back) &
Assembling

91.7%

1| | |
2.09 m3 10.6 m3 3.03E4 M3
Shaping 2 Leg Sanding and Press Electricity Thailand
(front) Base 2000
11.7% 13.6%
17.8 m3 6.92E3 M1]

Cutting Coal power plant

1.15E4 kg
Dry Saw Timber

70.4%

2.29E4 kg 1.5E5 kg
Saw Timber Steam,Parawood
Preserved Biomass

20.8%

LT

1.74E4 kg

Saw
Timber,Parawood

19.9% ]

L

3.99E4 kg
Parawood Log, Falled
& Cutted

18.7%

3.99E4 kg
Parawood Log
18%

38.1 kg
Diammonium
phosphate, as P205,

at regional

154% W
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31 7.16 @ ETP FUUnEANIZLIRMINEALTE lTawa 1,000 69

Transportation
8.32% Shaping 2

Leg(Back)&Assembly
17.30%

Shaping 2 Leg(Front) _— |

0.11% Sanding&Press

331%

Cutting
70.96%

Analyzing 1 p "W-Back Chair'; Method: CML 2 baseline 2000 2,04/ World, 1990 [ characterization

31U Q.17 é1 ETP SuunauuaIITaIMINAaIhE leniwis 1,000 &

Remaining substances
4.09%

cob Ammonia
2.04% 2.22%

COD;river

1.80% Phosphate

15.95%

Nitrogen oxides
1.71%

Nitrogen oxides(low.
pop.)
3.69%

Nitrogen dioxide
49.16% Nitrogen oxides(high.

pop.)
19.32%

analyzing 1 p "¥-Back Chair'; Method: CML 2 baseline 2000 ¥2,04 § world, 1990 [ characterization
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3) dnowmsiianizlanian (Global Warming Potential)
dnuawmainnnzlandauanmIndaiia lfoawn X-BACK $man 1,000
o P = & a v a P A % P
duaasluzn .18 Sswuhauseunneliifenansznuannfigadenmidaneulash
NANITNUNIRUARINIINIIUNANNTTLIUNINGALRTANFAFIRNAFIINRIATY AN
o o a s o A, v a A A o
nzlanfen asuaaslugtin .19 wsz .20 Famannaldifanansznuanniigadaing
Tuwlasianlasanled USinmmsdassuasias gisamaanTnuaes laasnnsan .21
a15191 .21 Pnaussinsandadnaniwnaiianzlansauain

NINRALAND b 19W131 1,000 @7

No Substance Compartment Unit Total
Total of all compartments kg CO2 eq 10,871.4
Remaining substances kg CO2 eq 24.95603
1 Carbon dioxide Air kg CO2 eq 4541.749
2 Carbon dioxide, biogenic Air kg CO2 eq 3359.871
3 Carbon dioxide, fossil Air kg CO2 eq 2204.978
4 Carbon dioxide, in air Raw kg CO2 eq -4796.14
5 Carbon monoxide, biogenic Air kg CO2 eq 1166.049
6 Dinitrogen monoxide Air kg CO2 eq 1699.68
7 Methane Air kg CO2 eq 583.1435
8 Methane, biogenic Air kg CO2 eq 1974.542
9 Methane, fossil Air kg CO2 eq 112.5728
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37 .18 manEnuiwasevdumaianazlanseuvesipganidia

MINAANND 178719 W197 X-BACK

1ip

¥-Back Chair
100 %o

1.3E4 tkm 13.3m3

Dry Timber Truck
20.5%

Shaping 2
79.5%

11 | | |
10.6m3 230 kg 3.03E4 M1
Sanding and Press Liquid epoxy Electricity
59.2% 17% 25.8%
5,92E3 M]

Coal power plant
25%:

1.15E4 kg

Dry Saw Timber
58.8%

2.29E4 ka 1.5E5 ka

Saw Timber
34. 4%

Steam,Parawood
15.5%

1.74E4 kg

3.99E4 kg

Parawood Log,
20.8%

3UN @.19 f1 ETP Suunananszuaun1sndaring lunswis 1,000 67
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Shaping 2
Leg(Front), 0.21
%

analyzing 1 p "¥-Back Chair'; Method: CML 2 baseline 2000 ¥2,04 § world, 1990 [ characterization

3191 7.20 é1 GWP SIUUNIUUARTEIMINAAITE LfnawT 1,000 62

analvzing 1 p 'w-Back Chair'; Method: CML 2 baseline 2000 ¥2,04 | Warld, 1990 | charackerization

3) Mg ldvaslalaulusuussennia (Ozone Layer Depletion)
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mamgldvaslaloulusuusssmeaanmInaaing lienswin X-BACK 1w

o A ~ & A v a A A o (%
1,000 daugasluzln .21 Tanuhduaeuineldifanansznuaniigafensvhunas
waztszney  lagANANITNUNIRNARINITRIILUAANNTZLIBNTHAALREANTAGIUNE
ssnddndammeldvaslalaulusuusseime dauaasluguf .22 uaz .23 Saie
nnalifenansznuanfigadamaainen (Halon 1301) USanmmaddasuamidnggh
fMAYRNITOUFAS LAAIANTIN .22

dl |2 tﬂl o s 1 g:
@139 ©.22 USunauassngngdaname llvaslelawlusuusssimeann

MINRALMA 1819w X-BACK

No Substance Compartment Unit Total
Total of all compartments kg CFC-11 eq | 0.000609
Remaining substances kg CFC-11 eq | 8.44E-06
1 CFC-10 Air kg CFC-11 eq | 1.31E-05
2 Halon 1301 (low. pop.) Air kg CFC-11 eq | 0.000368
3 Halon 1301 Air kg CFC-11 eq | 0.000101
4 Halon 1211 Air kg CFC-11 eq | 0.000107
5 CFC-114 Air kg CFC-11 eq | 1.15E-05

d' a v v & @ o Aa
31]1’1 t.21 Nam:‘wumLn@aaumumvfmalvlﬂmawuiaisﬁmammmmm
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MINRALME 1819w X-BACK

31U @.22 f1 ODP $IUUNAINNITZLIUNINEALINE liE19wI31 X-BACK
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Shaping 2
Transportation Leg(Back)&Assembly
3437% 35.81%

\

—

Shaping 2 Leg(Front)
0.00%

Sanding&Press
0.00%

\__ Cutting

29.82%

Analyzing 1 p "W-Back Chair'; Method: CML 2 baseline 2000 2,04/ World, 1990 [ characterization

317 .23 é1 ODP SuunananasIzaInInaaing luIwsn 1,000 67

Ethane, 1,2-dichloro- Remaining substances
1,1,2,2-tetrafluoro-, CFC- 1.38% Methane, tetrachlore-,
Methane, 114 CFC-10
bromochlorodifluoro-, 1.88% 2.15%
Halon 1211
17.49%

Methan
bromotrifluoro-, Ha
1301
16.64%

]

Methane,
bromotrifluoro-, Halon
1301(low. pop.)
60.45%

analyzing 1 p "¥-Back Chair'; Method: CML 2 baseline 2000 ¥2,04 § world, 1990 [ characterization

5) m‘nﬁ@mazmwLﬂuﬁw@iamgﬂﬁ (Human Toxicity)
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mifiannzanuuisdenysdanaaiginifiammaaialdowmn  x-

o o { 4 ' o %
BACK #113% 1,000 61 uaedlugufl .24 Sawuinszuiwmarhanndiuazdsznauiu
nazmunfineiienansznuinniige sesssanflndidssnudenszuiumdaneulay
NNANIZNUNIRNARINIIDTIUUNATNNITELIRNINE AL ANNTAFIUNAFIINRIAYFaNII
a & a ' 6 A = A v a
annzanuuisdenysddonsadlugdn .25 waz g.26 Sasfineliifananizny
anfigadalandoy UTnmmaddssuassdni gidayamainnuaad laaian e g.23

@139 ©.23 Ynamasmsndaydenmaifianzenuduiisdaaysdan

NINRALAND b 19WI31 1,000 @7

No Substance Compartment Unit Total
Total of all compartments kg 1,4-DB eq 2052.964
Remaining substances kg 1,4-DB eq 299.4316
1 Zinc Soil kg 1,4-DB eq 31.31588
2 Vanadium, ion Water kg 1,4-DB eq 23.18506
3 Vanadium Air kg 1,4-DB eq 68.71184
4 Selenium Water kg 1,4-DB eq 117.2983
5 Selenium Air kg 1,4-DB eq 35.42301
6 Particulates, < 10 um (mobile) Air kg 1,4-DB eq 50.38565
7 PAH, river Water kg 1,4-DB eq 73.87709
8 PAH, high. pop. Air kg 1,4-DB eq 179.561
9 PAH, Air kg 1,4-DB eq 243.555
10 Nitrogen oxides Air kg 1,4-DB eq 23.6074
11 Nitrogen dioxide Air kg 1,4-DB eq 60.05836
12 Nickel, high. pop. Air kg 1,4-DB eq 106.533
13 Nickel Air kg 1,4-DB eq 73.99574
14 Chromium VI Air kg 1,4-DB eq 333.8363
15 Cadmium Air kg 1,4-DB eq 24.48826
16 Benzene Air kg 1,4-DB eq 48.8312
17 Barium, river Water kg 1,4-DB eq 20.62763
18 Barium Water kg 1,4-DB eq 22.72004
19 Barite, ocean Water kg 1,4-DB eq 119.0029
20 Arsenic, low. pop. Air kg 1,4-DB eq 63.19137
21 Arsenic, high. pop. Air kg 1,4-DB eq 33.32737

A:I a v v & A ' 6 v o aa
E‘ll"ﬂ iy.24 Nﬂﬂ‘i:ﬁ‘}’mﬁ\‘]LL’J@E‘]au(ﬂﬂu.ﬂﬂ’wﬂ’n&lLU%WH@IQ&J%HUTQG?Q%T]‘J“E’J@
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MINRALME 1819w X-BACK

U @.25 f1 HTP $uunanunszuawmIndaing ldenswim X-BACK
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Transportation

8.14%
Shaping 2 Leg(Front) / Shaping 2
0.01% Leg(Back)&Assembly
51.59%

Cutting
37.67%

Sanding&PressJ

2.58%

#nalvzing 1 p '%-Back Chair'; Method: CML 2 baseline 2000 ¥2.04 | Warld, 1990 | charackerization

3UN ©.26 A1 HTP $IuUNaNNAENT8INTINEALTD IB1IWIT1 X-BACK

Arsenic
1.62% Remaining substances Zinc
14.59% 1.53%

Barium Arsenic
Barium 1.11% Barite 3.08%

Benzenel.00% 5.80% A A
Vanadium, ion
o 1.13%
Cadmium Vanadium
1.19% o
Selenium
Chromium VI /> s 71%
16.26%
Selenium

1.73%

Nickel W Paxticulates, <10 um

3.60% mobile)
5%
Nickel/ PAH, polycyclic
o Nitrogen dioxide aromatic hydrocarbons
5.19%
2.93% 3.60%
PAH, polycyclic PAH, polycyclic
Nitrogen oxides aromatic hydrocarbons aromatic hydrocarbons
1.15% 11.86% 8.75%

Analyzing 1 p "W-Back Chair'; Method: CML 2 baseline 2000 2,04/ World, 1990 [ characterization

6) NMNIINANLAWNNTEBNTLATUVBILRI-LAN (Photochemical Oxidation)
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dnunWNIeanBaTUTaIURI-LAT @ﬂ@@i’g%’ﬂﬁ%@]mwa@Lﬁwﬁlﬁ'l,ﬁmawwm X-
BACK 31147% 1,000 2 LLamlugﬂﬁ .27 %dwudﬁumauﬁﬁa‘lﬁﬁwam:wumnﬁq@ﬁa
MIFARIL 1AL AL AN T DS RN TN TR TR ALAZ AN AR IR
sfidAydemIsanfiatuuauad-Lad é’auamlugﬂﬁ 7.28 waz 11.29 Hmfinalwife
Nam:ﬂumnﬁq@ﬁaﬂﬁuauuauaaﬂ%ﬁ ﬂ%mmmiﬂéaymmimaG]ﬁﬁﬁﬁ'zymmm
waadlaaann,f .24

A15197 .24 YU NaRINEAYAaNIINIIONTLATUYILRI-LAN IINNIINE®

Vl,ﬁmams"nuﬂigﬂ 1,000 gﬂmﬂﬁmm

No Substance Compartment Unit Total
Total of all compartments kg C,H, 24.41373
Remaining substances kg C,H, 1.42794
1 Sulfur dioxide Air kg C,H, 0.548918
2 Nitrogen dioxide Air kg C,H, 1.401362
3 Methane, biogenic Air kg C,H, 0.514417
4 Carbon monoxide, biogenic Air kg C,H, 20.52109

311 .27 HanTzNURILIARaNM UL JTTE1V0ILEI-LATVEIIYINITIA
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MINRALME 1819w X-BACK

3111 .28 é1 POCP SuunamunszuawmMTIRGaaldenims X-BACK
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Shaping 2
Transportation Leg(Back)&Assembly
Shaping 2 Leg(Front) 2.68% 4.44%
0.01% T L Sanding&Press

0.64%

Cutting /

92.22%

analvzing 1 p 'w-Back Chair'; Method: CML 2 baseline 2000 ¥2,04 | Warld, 1990 | charackerization

317 ©.29 A1 POCP $uunanauaas3zadn1sndasing lisnawis X-BACK

Remaining substances Sulfur dioxide
5.85% 2.25% Nitrogen dioxide

K 5.74%

Methane, biogenic
2.11%

Carbon monoxide,
biogenic E—
84.06%

#nalvzing 1 p '%-Back Chair'; Method: CML 2 baseline 2000 ¥2.04 | Warld, 1990 | charackerization

6.3.4 N1snlanan1s@n¥
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NAMIANBINTEUINANTHAALTE lTB19W51 X-BACK $1W2% 1,000 $2818n9D
a;ﬂ"lﬁéﬁf:

nansznusunzmslunsaludnuasundsinfinuin nszuaumsdaneuu
ns:mumsﬁﬁﬁfﬂﬁﬁ'@@iaﬁ:un@ﬁawmnﬁq@ WARIAR T LUFI BTN ALE TN
wam:wufmﬁmﬁuﬁoLL@i"ﬂ”'umaum*ma@l"l,ifmawnmLLﬂigﬂLLéﬁ luiuaaidsanuaing
éwﬁfyﬁﬁﬂﬁt,ﬁ@Naﬂszﬂuﬁmm’s:m@;mmsmaaﬁ"ﬂm{ﬁLﬁuamqaﬁummnmzmums
Nﬁ@l"lﬁmawwswLLﬂsgﬂL*’ﬁuLﬁmﬁu

nansznudanazlanfeunudn  nszaumsaansuidunszuaumsiituida
@ia?%mmﬁammﬂﬁq@ %awamszummnfhmauwﬁmvl,ﬁmdww’m,ﬂigﬂ

nansenudamImsluuestulalounuin NTEUIRMISIRES NTLUIBMIHNIAET
waztsznay wasnszuaumsdanenuilunszuiumsifitoidndefasenlndifusiu
I@sm:mumsé’wmuﬁﬁmmﬁvl,@i”’hmmqLﬁ@éﬁz\m@i{'umaumiwﬁmvl,ﬁmawmuﬂsgﬂ
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Korrakot Phomsoda! Chamni Kingkaew? Pimprapai Namanee? Nurak Grisdanurak®

1

Department of Chemical Engineering Faculty of Engineering Thammasat University Klongluang

Pathumtani Thailand
2 Southern College of Technology Toongsong Nakornsrithammarat Thailand

Abstract
Wood devastation has been a big issue in the world regarding to global warming concern. In
Thailand, ca. 600,000 Rais of parawood, both expired and still used, were cut and modified in the last
2 years. The great concern of parawood life cycle was investigated. Material and energy balances
through out the process starting from sprout to parawood lumber were tracked in detail. A systematical
analysis of life cycle was then carried out by Sima Pro version 7.1. A drying process dominated
substantially on global warming (59.916%).The cultivation and felling-cutting presented a key role on

toxicity and ozone layer.

Keywords: Parawood, LCA, GWP

1. Introduction

Parawood gives one of tremendous
benefits to the country by the production of
latex and itself. It was reported that about
12,618,792 Rais (1 hectare = 6.25 Rais) for
parawood agriculture distributing in the country.
Majority is in the south. Presently, more than
10 M rais are under ripping process to produce
latex. Average production of latex is recorded
to be around 286 kilogram/rai-year [1]. Down
stream products of latex are concentrated latex,

box rubber, sheet rubber, tire, rubber gloves etc.

However, parawood has its life span (20-25
years) to yield latex. After parawood is no
longer produce latex, it will be fallen down and
supplied to lumber manufacturing.

More than 500 parawood factories are
located in Thailand, especially in the south.
Not only parawood industries but there also are
250 industries involving in transmutation
activity such as parquet, furniture, toy (from a
slab cut from a log), plywood, particle board,
veneers, palate crate, and charcoal. Additionally,
these factories have been increased due to the
high product demands. Consequently, parawood
price is objected to be increased. The parawood

felling was increased as well. It was reported
that more than 0.45 M rais (in year 2004)
and 0.22 M rais (in year 2005) were fallen.
Moreover, parawood owners decide to shorten
parawood life span for bigger incomes, without
environmental concern. The question comes up
with whether this life cycle is appropriate. The
study of life cycle assessment (LCA) was then
introduced.

LCA is a “cradle-to-grave” approach for
assessing industrial systems. “Cradle-to-grave”
begins with the gathering of raw materials
from the earth to create the product and ends at
the point when all materials are returned to the
earth. LCA evaluates all stages of a product’s
life [2]. The methodology includes the following
stage: goal and scope definition inventory
analysis (LCI), impact assessment (LCIA) and
interpretation of results [3].

2. Goal and scope definition
2.1 Goal definition

The aim of study was to identify the
step that could associate significant impact on
life cycle of parawood manufacturing. In
addition, life cycle of steam productions by
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biomass and chemical process available in the
database was compared. Calculation was
carried out based on database in Sima Pro
version 7.1.

2.2 Scope definition

The main scope of the study is shown
in Figure 1. It separates in three activities as
cultivation, falling-cutting and manufacturing

(excluding transportation section).

Figure 1: Main scope of study

2.3 The product and system investigated

The details of each section are shown
in Figure 2-4, respectively. Firstly, land has
been adjusted which requires fertilizer. During
cultivation and harvesting latex, they consume
utilities such as fuel (for engines), fertilizers
and pesticides. As presented, harvest life time

-3

is about 20-25 years. Afterwards, a falling-
cutting is done and delivered to lumber
process. Fell parawood with a diameter more
than 6 in. will directly to lumber factory, while
one with less than 6 in. will directly to lumber
factory, while one with less than 6 in. in
diameter will be sold to electricity small scale
generators. Residues as roots and branches are
burnt in the area.

Finally, the lumber was sawn to a
product of 1.5x2.5x40 in. and transferred to
passivate with boron compounds. After the
passivation, all products are indirect-dried by
steam for 7 days. Final products are stored in
the warehouse. This activity consumes fuel
(chain saw and folk lifts), electricity, water,
and chemical compound. Seam is generated by
using biomass fuel from by-product of sawing
process

2.4 The functional unit

The functional unit (FU) is defined as
1,000 ft* of parawood product stored in
warehouse.

2.5 Data Quality

Data for inventory consist of a primary
data and tertiary data. For a primary data was
prepared by questionnaires (30 parawood
owners, 10 agents of felling-cutting and 1
factory for parawood manufacturing). For a
tertiary data was extracted from several
sources such as department of agriculture,
Rubber Research Institute of Thailand, IPCC
Guideline workbook 1992,AP-42 Volume | 5"
edition and database from Sima Pro 7.0 etc.,

2.6 Allocation Agreements

In this case study, economic allocation
was used. The cultivation allocated 14% for
parawood and 86% for latex. The falling-
cutting allocated 83% for lumber product, 17%
for lumber by-product and cut-off root and
branches. The manufacturing allocated 94%
for parawood product, 5% for slab and 1% for
dust.
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Figure 2: Parawood cultivation and boundary

Figure 3: Parawood Felling-Cutting and boundary

Tasannsnisdanisdsuandentaald LCA dwsufianssuudsgi/Ifensnne (svasd 1: masialau-nisudsgilszazusn)



-5

Figure 4: Parawood Manufacturing and boundary

3. Life cycle inventory
3.1 Base on product

The study was carried out and
found out that in order to produce 1,000 ft®
of modified parawood, raw material as
lumbers of 2,222 ft* (90.91 tons) and as
parawood 6,716.85 ft* (3.03 Rais) were
used.

3.2 Data inventory
The inventories of all activities are
shown in Table 1-3

4. Life cycle impact assessment
4.1 Characterization

Parts  of  classification  and
characterization were computed based on
Sima Pro 7.1 method CML 2 baseline 2000
V2.03 / World, 1990. The contributions to
the following impact categories are shown
in Table 4
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Table 1 Inventory data of cultivation
(unit/1,000 ft*of parawood product)

Input

Technosphere Quantity | Unit
Material and fuels
1.Fertilizer

a. DAP 103.36 kg

b. Urea 339.92 kg

c. MOP 191.97 kg
2.Pesticide

a. Paraquat 26.41 kg

b. Glyphosate 1 kg
3.Fuel

a. Gasoline 39.69 kg

b. Diesel 21.34 kg

Output

Emission to soil Quantity | Unit
1. PO 11.84 kg
2. Paraquat 26.41 kg
3. Glyphosate 1 kg
Emission to air Quantity | Unit
1. N,O? 4.11 kg
2.CO, 211.60 kg
3. CH, 19.05 kg
4. N,O° 6.29 kg

a: From fertilizer
b: From fuel

Table 2 Inventory data of falling-cutting
(unit/1,000 ft*of parawood product)

Input
Technosphere Quantity | Unit
1. Fuel
a. Diesel 77 kg
Output
Emission to air® Quantity | Unit
1. CO; 1,371.14 kg
2.CH, 29.37 kg
3.N,0 10.66 kg

a: Emission from fuel and burned root and branch

Table 3 Inventory data
a) Sawing (unit/1,000 ftof parawood
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Electricity and heat Quantity Unit
1. Electricity 1,804.97 kwh
Output
Emission to air Quantity Unit
1. CO, 60.91 kg
2. CH, 5.48 kg
3. N,O 1.81 kg
b)  Passivation  (unit/1,000  ft’of

parawood product)
Input
Technosphere Quantity Unit
Material and fuels
1. Diesel 19.32 kg
2. Water 6.5 m?
3. Boron Compound 4.96 kg
Electricity and heat Quantity Unit
1. Electricity 561.74 kwh
Output
Emission to air Quantity Unit
1. CO, 60.91 kg
2. CH, 5.48 kg
3.N,O 1.81 kg
¢) Drying (unit/1,000 ft’of parawood
product)
Input
Technosphere Quantity Unit
Material and fuels
1. Diesel 19.32 kg
2. Water 107.92 m®
3. Corrosion inhibitor 5.68 kg
4. By-product® 30.30 ton
Electricity and heat Quantity Unit
1. Electricity 2,881.82 kwh
2. Steam 92.53 ton
Output
Emission to air Quantity Unit
1. CO; 16,723.52 kg
2.CH, 5.48 kg
3. N0 1.81 kg
4.CO 509.61 kg
5. SO, 0.72 kg
6. PM-10 41.76 kg
7. NO, 29.37 kg
8. Water vapor ° 36.21 m’

product)
Input
Technosphere Quantity Unit
Material and fuels
1. Diesel 18.21 kg
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Table 4 Impact categories: method
CML 2 baseline 2000 V2.03 / World,
1990

Impact category Unit
Abiotic depletion kg Sh eq
Global warming
(GWP100) kg CO, eq
Ozone layer depletion
(ODP) kg CFC-11eq
Human toxicity kg 1,4-DB eq
Fresh water aquatic
ecotox. kg 1,4-DB eq
Marine aquatic
ecotoxicity kg 1,4-DB eq

Terrestrial ecotoxicity | kg 1,4-DB eq

Photochemical
oxidation kg C,H,4

Acidification kg SO, eq

Eutrophication kg PO,--- eq

Figure 5: The Characterization of global
Warming

Figure 6: The Characterization of ozone
layer

J-7

5. Results

The Global warming, ozone layer
depletion, human toxicity, and Fresh water
aquatic ecotoxicity are presented, while the
rests of analysis are excluded because of
less impact.

5.1 Global effect

Figure 5 presents global warming
impact results. It was obviously that drying
process showed large contribution of
51.916%. This might result from high
consumptions of electricity. Falling and
cutting also presented in big portions. This
should result from bad qualities of old and
machines without maintenance. However,
for the concern of ozone layer in Figure 6,
falling-cutting and cultivation contributed
in large portions of 48.47% and 42.39%,
respectively. These due to their high
emission of biomass combustion directly
to air and consumption of fossil fuels in
agriculture, falling and cutting tree.

Figure 7: The Characterization of human
toxicity

Figure 8: The Characterization of fresh
water aquatic ecotoxicity
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Figure 9: The Comparison of global warming
category between steam generations 1 kg

5.2 Toxicity

The characterizations of human
toxicity and fresh water aquatic ecotoxicity
are shown in Figure 7 and 8. The falling-
cutting and cultivation contributed similar
impacts in toxicity because they both
consumed pesticides. As shown in Table 1
and 2, pesticides emitted toxic chemical
vapors to both soil and air presenting in
term of N,O.

5.3 Comparison technology

As presented, drying contributed a
major impact on global warming (Figure 5).
It might be very interesting to determine
whether another alternative option could
be reduce the impact. In this case, steam
will be a key factor to investigate. The
generation of steam in boiler unit of drying
process then was compared to steam
generated from chemical process base on 1
kg steam. Figure 9 shows a comparison
contribution to GW from both steam
productions. It was found that steam from
chemical process produce more effect to
environment than steam from boiler unit
(use parawood fuel) about 10%. This result
was not significant in term of number,
however, with the high number of factories,
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the reduction of emission should object to
big impact.

6. Conclusion

The life cycle study for
parawood manufacturing identified that
the drying process was the most
contribution of global warming. The
falling-cutting and cultivation presented
both effects on ozone layer and toxicity.
The comparison between steam
generations from drying process
emitted 10% less compared to steam
generation.
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