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# # 6087588820 : MAJOR ENERGY TECHNOLOGY AND MANAGEMENT
KEYWORD: Eco-Efficiency, Life Cycle Costing, Life cycle assessment, Power plant,
Natural gas
Siriluck Rokaruk : ECO EFFICIENCY OF NATURAL GAS COMBINED CYCLE

POWER PLANT. Advisor: Prof. ORATHAI CHAVALPARIT, Ph.D.

This study aimed to evaluate the Eco-efficiency of a natural gas combined-cycle
power plant in Eastern Thailand. By integrating Life Cycle Costing (LCC) and Life Cycle
Assessment (LCA). These tools help decision-makers in making environmentally and
economically motivated choices. The result of LCA found that the majority impact from fuel
combustion is non-renewable energy and global warming potential respectively. The results of
LCC showed that the net present value of the project cost is 283,536 million baht. The total unit
cost of electricity equal to 1.95 baht per kilowatt-hour. The costs of fuel accounted for 89
percent of the total cost affect the cost of electricity generation due to fluctuations in natural gas

prices.

The result of the Eco-efficiency analysis of the entire life cycle of natural gas
combined cycle power plant showed that the non-renewable energy and global warming
potential is fairly good level compared to other studies. The guidelines for reducing
environmental impacts and increased production efficiency, including reducing the cost of
electricity production of natural gas combined-cycle power plants. We should focus on the
combustion process such as increasing the efficiency of the gas turbine, air inlet temperature

reduction for an air compressor and cleaning the compressed air, etc.

Field of Study: Energy Technology and Student's Signature .......c..ccccecveeerennenne.
Management

Academic Year: 2018 Advisor's Signature .........ccccceveeereeneenne
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Description Unit Natural Gas Firing
Number of Block Block 1
Gross Capacity MW 763
CT Gross Output MW 2 x 247
ST Gross Output MW 269
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Description Unit Natural Gas Firing

Auxiliary Power MW 20.4

% 2.67
Net Capacity MW 742.9
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Average Net Efficiency @ % 52.80
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Heating Value of Gas (HHV, Sat) Btu/scf 981.66
Capacity Factor @ % 82.42
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astail
- NaOCl 10% kg
- Bisulfite kg
- HC135% kg
- NaOH 50% kg
NAINY
- Electricity (Station Service) kWh
- Electricity (ﬁlli?l%) kWh
0
- Demineralized water kg
- Water use in process kg
3. 8191980 (Output)
safumai
- Waste water m’
- TDS from Raw water kg
-SS kg
- BOD kg
-COD kg
NatiENIIMA
-NO, kg
- Particulate matter kg
- CO, from natural gas combustion ton
MNUDITE
- Non-hazardous waste kg

- Hazardous waste

kg
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4 - _ & .
L4 ﬂ1§!ﬂﬁﬂu1lﬂa\1ﬁﬂ1wguﬂ']ﬂ']ﬁ (Climate change) FIVZUFAIND U UIY

a o 4 4 1
alansumsveulasen ladifeumn (kg COLeq.)
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[ a3 4 { a [
o  Aumsldnsnerns (Resource) 1 unsoaiionuanadalsuaundsauvso

i ] 9
niwensignana e ldau uaznaaswaluglvosndsnuiudu winswnzya

(Megajoule; MJ)

@ o J a g‘/
TaalnsuaasnNuaunHsveIMsUssiliunansenuIunais (Midpoint categories)

Y
wazmslsziiumansgnuIualy (Endpoint categories) Tuzduuuvesnislsziiiuniy

I{Ten18 (Damage categories) LAZMINOUHUIY AIA15199 3-4

1 Y
A5 1N 3-4 HUIBRANTZNUTUNA (Midpoint unit) ﬂ’sjllﬂﬁnmﬁ'ﬂﬁ”lﬂ (Damage unit) LAENT

Meuryaluls IMPACT 2002+ (Humbert, Schryver, Bengoa, Margni, & Jolliet, 2012)

Mineral extraction

MJ surplus

Damage Damage Normalized
Midpoint category Unit category unit damage unit

Carcinogens kg C,H,Cl eq
Non-carcinogens kg C,H,Cl eq
Respiratory inorganics kg PM, s eq

Human health DALY point
Ionizing radiation BqC-14 eq
Ozone layer depletion kg CFC-11 eq
Respiratory organics kg C,H, eq
Aquatic ecotoxicity kg TEG water
Terrestrial ecotoxicity kg TEG soil
Terrestrial

kg SO, eq Ecosystem
acid/nutrification PDF*m’*yr point
quality
Land occupation mzorg.arable
Aquatic acidification kg SO, eq
Aquatic eutrophication kg PO, P-lim
Global warming kg CO, eq Climate change| kg CO, eq point
Non-renewable energy MJ primary
Resources | MJ primary point




9
TudruuesmsuasnwansznuaunaIg (Midpoint categories) Tiogluginunves
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a = . E 4 [ A
N5UsNUANUTINY (Damage categories) a2 lgaulames (Damage factor) AYM1T NN 3-5

~ 1 Jd o [ A 1 .
AT NN 3-5 awamesansumsasunuig (Jolliet et al., 2003)

Midpoint category Damage factor Unit
Carcinogens 1.45x10° DALY/kg C,H,Cl eq
Non-carcinogens 1.45x10° DALY/kg C,H,Cl eq
Respiratory inorganics 7.00x10™ DALY/kg PM, ;s eq
Tonizing radiation 2.10x10 ™" DALY/Bq C-14 eq
Ozone layer depletion 1.05x10° DALY/kg CFC-11 eq
Respiratory organics 2.13x10° DALY/kg C,H, eq
Aquatic ecotoxicity 8.86x10° PDF*m*yr /kg TEG water
Terrestrial ecotoxicity 8.86x10" PDF*mz*yr /kg TEG soil
Terrestrial acid/nutrification 1.04 PDF*mz*yr /kg SO, eq
Land occupation 1.09 PDF*mz*yr /mzorg.arable
Aquatic acidification 2 PDF*mZ*yr /kg SO, eq
Aquatic eutrophication = PDF*mz*yr /kg PO, P-lim
Global warming 1 kg CO, eq /kg CO, eq
Non-renewable energy 45.6 MIJ/MIJ primary
Mineral extraction 5.10x10” MIJ/M]J surplus

Y
v c%

Ko = ' . . & Yy !
UDNINUENUUADUNTINGUYIUIY (Normalization) LW@!LﬁﬂQiﬁlﬂH?Wﬂﬁ]MWﬁﬂig°I/I‘1J
1 =1 o w 1 A Y 1 @ o Y
uaaznguiinnudinyaedaymdunadonlassavedluszavula Tasamisadiuin lda
A 1 o o [ =3 ] [V ~
quMsN 3-2 wazmunawesEIMTUMINIUNUIY AR5 197 3-6

Normalization impact score = Emission (3-2)

Normalization factor

] A A d Y] 1 o
Normalization impact score A9 AMHANTENVAUNATENNDUTAFININNTNTZIN

ve9AU 1 AY Juunazllsznnvesinanszny
Emission Ao MwanIzNUAUNAFOU

1 J Aa { a o
Normalization factor ﬁi’) auaweslsuanansznuNNANMINTINVeIAY 1 AU
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{ 1 ) (% 1 . .
A15199 3-6 AU AT FINT VNNV (Normalization factors) (Humbert et al., 2012)

Damage categories | Normalization factors for damage categories Unit

(Version 2.1)

Human Health 0.0071 DALY/point
Ecosystem Quality 13,700 PDF.mz.y/point
Climate Change 9,950 kg CO, into air/point
Resources 152,000 MlJ/point

3.2.4 mandanamsann (Life cycle interpretation)

P v
GUu@]@ucﬁfﬂ3ﬁ'lwaﬂ'lﬁﬁfn&nEl]']ﬂﬂ'li’glﬂi']gﬁumu%i']ﬂﬂ']ﬁl!agﬂqjﬂjgluuwaﬂﬁglﬂﬂ
A A Y Y o = = Y
JJH“HE]JJTENLW@?(?UNaiﬁi\lﬂﬂ?\lﬁ@ﬂﬂaﬂﬁﬂmﬂWﬁNTﬂllazsll’f)m‘lmql’e)Qm’iﬁﬂHWWiz‘]J"l’J

.é o 9 1 1 aAa a [ o’d' ' Y a 1A Y d'
‘ﬂ)’Q‘VIﬂﬁ‘VIiT}JQTGﬁ’NiﬂGlU’N%i‘;]f’ll@]‘sll@\‘]Wﬂ@ﬂﬂ!“ﬂﬂﬂ’f)clflf‘i!,ﬂﬂNﬁﬂi%ﬂﬂﬁ@ﬁﬁll’lﬂﬁﬂﬂﬂ?ﬂﬂgﬂ

3.3 mstsziiudunuaasaYnansiianandaan | (Life Cycle Costing of Electricity)

o a d (YY) a a o 4
3.3.1 Jomrualumadnnzraununaen IgInsiIanansan I
a 4 9 v @ aa a [ 9 = [ d’ﬁ
MsaIATIEHMAUNUAasaiginsIanaasusl i agldveua@ernuianun
a v W a a [ 4 : 3 a i a
mslsziiuiginiFianaasma Wi FeeziflunmsnasanlUNdtu (Rebitzer, 2002)
9
(Klopffer, 2002) Iagiisioazideavesmsany aane lail
[ 9 1 (&) a o o W a
D) T5alihndennudous mmMasssuma 31149u 1 139 vUIAMIaInITHAR 763
v Jo Aa A a 4 4 a " W
wnzInay Tue Hszansanlumsiaunioaenannszua 1nh (Capacity factor) 117U
Y
Fouaz 82.42 Y0IMAINMINAANINUA
o Y = ] = o =
2) mnualiszeznaivealasanis 30 3 (NETL, 2010) 1518830 Un15ANYIANS
Usziliuiginssianandmuai I Taoiinnsanaaeneiylnsanis AuaiisnueInsALnTod
4 a I a 4
enaanszua i (3 w.a.2552 Wuilusnveanisidauinses uaziln.m.2582

3 A 9 a A 9 Y (L Y A a 2 1 = Y
ﬂuﬂﬁjmmﬂeummimum‘im) IﬂEJ"U@yaﬁuﬂuﬂ?ﬂﬂﬁi’l\iVll,ﬂﬂslluﬂ'ﬂUﬂlﬁﬂ ﬂggﬂﬁ'JUﬁ'JiJVl'J

o—

. { a 4 o I
117 1 voamsunioq uazfmvualn Uw.a. 2561 11uilg
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@ a

3) MIMUIBKIYa 991 ugNT (Net Present Value: NPV) 1azyan1iqua1u1Ian

(Time Value of Money) 8148491n8A51AAaA (Discount Rate) 1M1 UTD8AL 5.69 H381994
o a <
9INBATINAADVUNUIIUALYU (Return on Invested Capital; ROIC) (Hunaaouinunsamu
9
w1013 llifendaunslszmalnovazdaununisde ldh dvualasamznssunis

[

MNUNINITNAINY (AAW.) (RYTOI, 2560) AIA1519N 3-7

A Y o = Y v aAa a [ 4
M3 1N 3-7 Gll’t’)ﬂ”lﬁl!ﬁﬂluﬂTiﬁﬂHTﬁu‘Vguﬂﬁﬂﬁ?{]ﬁ]ﬂi%’l@]ﬂaﬂﬂmm

TYomnua yam
91gla3ams (1) 30
fﬂgm (Base year) GJ) N.7.2561
Jiizudemnsos () W.7.2552
Capacity Factor (%) 82.42
9R31ANAA (Discount Rate) (%) (RYT9, 2560) 5.69
saswanuldsuanaiu (Umae 1 aeaasansy) 31.37
(smsuratsznelne, 2560)
é”mmaﬂ!,ﬂ?%ﬂuﬁqaﬁu sU@hnaaI) Ao 1 ABAA3 AN (Converter, 2562) | 139.86

a 7Y [ 9 1 4 a [
4) ﬂ1§3lﬂi1$‘Vi@]unuﬂlﬂﬂiﬂiﬁﬂﬁii\1[11/117\[11/‘1’5‘1\1?131115@‘L!if.lilﬂﬁf‘ﬁi'iuﬂﬂﬁ AADAIG

@ Aa a o 4 o ao a £ v [ A
INTVIANAANUN ‘]Ji%[ﬂ‘ﬂﬁﬁ]"lﬂ\ﬂu%]ﬂ (‘]J58WTJ1§ FUINY, 2556) ANFTUNITN 3-3

LCC,y= CAPEX_ +O&M, +Fuel,; S (3-3)
{ v W a a o 14
LT LCC,,, A9 AUNUARDAININTTIANAAN N (VD)
CAPEX,, Ao dunumineadialseliih (wm)
O&M,, Ao aunumsautiuuuazihzsne (umn)
A 4 dy a
Fuely A9 AUNUIFDINAT (VD)

A 1
S Y YaA1YIN um)
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3.3.2 Yo mualumsImsizidunumswan lihaeniioe (Unit Cost)

1 MdunuaaeadiginsFiauealnsanis viduruniyan1degiugns
(Net Present Value: NPV) 1azyan11dua1uIa1 (Time Value of Money) 8198991n0a351AA0A
(Discount Rate) WMNN1U508az 5.69 An0Av1g1ATIN1T 30 T

1.1) yamdegiuvesaunuInsans: $291) w./.2552-2560 Aeaun1sh 3-4

gATMIAIUIU P, = F(l+r) (3-4)
fmuald P, =yamidequiu w Y we 2561
v Y v
F, = qunuintnaiulunaazil neuil 2561
r =93 1AAAN
t =N

1.2) yamdagiiuvesdunu Insans: 591 w./.2562-2582 A9aun15h 3-5

gATMIMUIN P, = F/(1+1) (3-5)
fmuald P, =yamidoguiu w wa 2561
Fooo = dunuiifedulunsasil waaili 2561
r = 9n31AAAA
t ~Tiiwnsan

=< A 9y

H Y
2) ﬁ’Jil‘lJ'iiJ'lillﬂ'izuﬁ'llwvg\hﬁNaﬂqﬁ}ﬁﬂllﬂﬂuﬁﬂ%uﬂﬂ‘ﬂﬁﬂﬂWﬂﬂl@ﬁIﬂi\iﬂﬁ

Q

o [ o a Y Y% a 9 a
3) WyamiagiugnTvesdunuaaoainInIFInveInsan1s ¥1saleduia
i a 9 g’/ o Y Y a
nszua lihinan ldainuanasaeiguesinsanis g ldnsiudununiswanlulsh
@018 (Rubin et al., 2013) AITUNITN 3-6

k4
, yamilaguugnivesdunu Insamsiaiua (vm)

Aunumswan lihaeniae =

o a o Ay o g (3-6)
sunanszua iihiinaa Idianua (Aladadealug)

J
34 !!‘H’J‘ﬂNﬂ1i!!ﬂﬁwﬁ!!ﬁ$ﬂ1§31ﬂ51$ﬁ%i’)yﬁ

nasnINNAIIuNAINanIEnUaedInden 1aeld1Usunsy SimaPro version 8.2

an . Y o 1 Ay Y D) ) Y o 4
29 IMPACT 2002+ version 2.12 umazumm"lﬂum‘ﬂaNamayaiﬁaaﬂﬂammm@qﬂﬁzmﬂ

[

' Y
nlamnuals aeil
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3.4.1 nlsaungunansznuinadulusdazvuasumsnannszua lviih
o A Y a A Y v v aa a
Wman 1dnnnsdsslunansgnun1eaduIndounaoninins3IAvoINI1sHAN
o = L} glJ 1 =
aszua WihauihmsSsumeuraniznuvesuaazduaouInanHansznulszinnia
d' a cu g)/ =1 =) d‘ a é’ A g‘/
mniga tazinanna g la vasniudufSeumesuransenuinavuveaaztuno

9
a o/

v Y 9 H 9 9
’ﬂWﬁﬂ‘i$1’]‘UﬁLﬂﬂ%uﬂJﬁ]Wﬂﬂll‘!ﬁ@uﬁlﬂN1ﬂﬁq9ﬂ @]QLL@]“ll1!@IE]1!ﬂ1iﬂﬁh1ﬂl@\‘]’3ﬂﬂﬂﬂ££ﬁ$ﬂlu¢lﬂu

Q

[

Y H I
mswaanszud I venantionnhdeyai ldnnmsAnSeuieunuauissou

3.4.2 uaunsvaunumsnaniiihaevivoe

o ~ Y o 9 a 1 ] o ~ " 9

wad ldoinmsdnadunumsnaa ldihaemitenimsnfFeuienndunula
A [ 9 a ~ dy o 9 A Y =
naawanedunumskaa ldfuniiga uazuenainiennihideyanldainnisdny,

=) g a o d‘
SeumeunuanuIteau

3.4.3 maanynItheslszanimwidalinaasygnovesnansam lvlvh

a A a A a ) 9 a [} 1 1
fﬂiﬁﬂ‘l&l1ﬂ§$ﬁ%ﬁﬂ1WLG]5\1u!'Jﬁ!ﬁi‘lelj§ﬂi] ﬁuﬂiﬂvnhlﬂiﬂﬂﬂ1§w*ﬂ'lim1?(@]@"31!%0\1%'@?]1

a o 4 A ~ o Aa 2 4 9
N'ﬁ@ﬂm“ﬂl!ﬁgﬂWiﬂiﬂWﬂlﬁﬂﬂlﬂﬂ‘Uﬂ°1JNﬁﬂigﬂﬂﬂlﬂﬂﬂluﬁﬂﬁﬁlﬂﬂﬁﬂu (Development, 1995)

o 9 v @ a a @ a 2 9

IﬂElu'lﬁunuﬁﬁﬂﬂﬁaﬂﬂi%’)@]ﬂﬁﬁﬂm“ﬂﬂﬂﬁ1 (LCO) uazﬂﬁﬂizmuwaﬂiwumumaau
v W S a a (% o o a a A a a
ﬁa@ﬂﬂaﬂﬂiﬂf’)@ﬂaﬁﬂmcﬂthﬁ'I (LCA) 1]']?]TL!’J‘L!‘HT]J?%ﬁ"V]"ﬁﬂ'lWl,G]NuL'JﬁLﬁiEﬁﬂi]

(Borén, 2008) AauIN 3-7

Eco-efficiency = Life cycle costing (3-7)

Life cycle assessment

Tuaiuvesmsiuauelsea@niamsatinmasygnvauisonaaslaeldnsin unu
& = a a v 2 1% Aa 1 A a 9
niUIondIdszansamwaudnIadon Tuvagnonunuisvenlss@nsninaiu

S [ {
wabgmans deaunsonansldatensin awaaslugln 3-4

2
|

LCA

.B

. |

LCC

319 3-4 asldmsvinauelssanTm B HNMATHFNY (Borén, 2008)
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UNN 4

wamsIvsuazenilsiena

[YER'Y) [ 4

4.1 msiszidivigdnsiiamdanan i

4.1.1 msmrivanhyvsnauazve VAN AN

9 Y

MUITeUNINITANBIATOUAQN Cradle to grave A0 NITUIAIUANITYALDIY
[ a 9 a [ a a =3
MYFTITUFIA NMITUIADIFFITUFIA MIVUTINFITUIG taznszurumswan i saudq

1 ¥ { o . . a o Jo

MINOAFIMAZNTI0DY TAenIINN1TY191U (functional Unit) Ao T 1 AladadeaTug

[ 9 1 9 Aa o w a a g}z v =
61]'0\115\1]11/\]‘1/9\[1‘1/‘!@\1?’1Tﬂlliﬂuiiluﬂ”lcﬁ‘ﬁﬁill"]ﬂﬁ AAINANAAAT 763 LUNSINA LAZNDIY

vo4139' v (Economic Life) 30 1

o w A

d 4 (Y]
4.1.2 myInszvnedamiaisemsaisviditaza1suesn
Tupaui 1: MIYANSMBEIINYIA (Natural gas extraction)
P2 = A A 9

(Phumpradab et al., 2009) JANNITANEINTYTLHUHNANTLNUTUIAAONUBINIT

(2] a [ L) a o A X%
YA MFTITUYIA TUNIA1 NG (UHAINIFTITUINATINY) MolansauiunuvesusEm
an. drsruaznanil Tas@ey S1da @y Taswaniznudanadon wun unsdaaildaos

Y
v A

24 J 4 ~ 1w o 1A v Jo = 1 (9
ﬂ1“]5ﬂ1§ﬂﬂuh1ﬂﬂ’0ﬂul“]5ﬂu'lﬂﬂﬁ;ﬂ MINY 27.50 NSNABN 1atnae 1ue annslinistasenia

v

¢ s @A o A o I8 aw S o =
ﬂﬁ‘iJE]mJE]uaﬂ"l%ﬂ HAZNIEDU ) ANANITINN 4-1 ﬂ\iuuiu\i'lujﬁlﬂﬂﬂuuﬂqu'lwaﬂ’]iﬁﬂﬂ’l

a a g %) a
nllumsisziiumansgnudanadouludunounsyanizMesssuna
Tuaoun 2: 1538NMBEITNTIA (Natural gas separation plant)
9 = a 2 Y]
(Phumpradab et al., 2009) 141n15AAEINITYTLNUAANTENUAIUIARONUD
(2 a 1 { o A a o o w
T5uenMasTsUIA iR 1 9. 52009 Moldmsariuauvesuien dan. 91na )
1 2] 14 4 { 1w [ 1T A v o
Taslin1sdaadassnianisuou lasen leduiniiga miny 21.71 nfuaen ladnas Tua
[ d' [ ?al.: a o Y] dyd o = 9 a
A913199 4-1 aadulunudteatunanihwanisanvinlgslunsidssiiumanszny
A g ) Aa
gunadonluiunouvesI5wEnMEHITURA
Tuno Ui 3: MIVUTINBEITNIA (Natural gas transportation)
Y = a 2 9 Z’,
(Phumpradab et al., 2009) lann13AnEINSUsEHIUNANTENUAWIARDUUDITUADY

1o a ' A g9 T a 1 .
NITUVUTINIYTITUYIANIING TﬂﬂljllmummmmﬂWclf‘ﬁiiuf’lﬂﬂeluanll%EJ (Gulf of Thailand)

' v oY a o %) a
HIUNDEIN LTI TUBIONINSLA (Submarine transmission) 116915 9UINMIFFITUHA V. T2U09
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g Y v 1® a .. = A o =2
ANUMIGNDAINIFTITNFIAVUUN (Inland transmission) *ﬂum1ﬂﬂ15ﬁ1ﬂﬂ1ﬂﬂ1ﬂ1iﬁﬂ‘]ﬂ1

]
S o

3 A P v = v A a
TLYLNI FIUNINUA 690 ﬂialllﬁi I,Lazﬁuaga‘vmmﬂﬂumiﬁﬂmmmﬂﬂlﬂy‘anmgmm
Global Emission Model for Intergraded Systems (GEMIS) version 4.3 method (GEMIS, 2007)
A o a 1 (4] ~ [ a 9 =
%u1n11%’1umaﬂizmumiﬂaﬂﬂaEJEJmclmmumﬂmﬁlumm%ﬁﬁu%m !Lﬁgllﬂwaﬂ'liﬁﬂ‘]eﬂ

MY 0.16 nSuaen lataasa lug a9a13199 4-1

{ @ g 2] a
A1519% 4-1 um}%wmsmsslmsi’f”n,!,azmsﬂna’e)ﬂmmﬂmmummmmzmm‘ﬁﬁwﬁm Tsauen

4] a 1Y a
NIFTTITUYIN LUASNITVUTINIETITNYI9 (Phumpradab et al., 2009)

MIYAIDIZMY MM PISVUAINIEY
F33UIA FIINBIA 533UBIA
(MSugenlaian | (pusedladan | (nSudenlaing
s ¥21349) ¥21349) ¥21349)
J 4
msueulasonlea (CO,) 27.50 21.71 -
o J -6
A3 UOUVOUBN LA (CO) 0.07 2.96x10 -
1 (CH,) 0.01 - 0.16
Tulasnueenled (NO,) ; 5.41x10° -
Tuasaeenlad (N,0) 1.72x10° - -
Famos lasonlod (SO,) . 1.00x10” -

[
U

VUNOUN 4: ﬂ1‘§Naﬂﬂ§$!!ﬁ"l1/‘lﬂ1

a 9 Y

<3 9 A A o =< g’; 1=
Lﬂ‘Uﬁ'JﬂJ'i'JiJGUf]lJ"a‘l]f‘ﬁl]ﬂiJﬂ']ﬂLﬁn‘ﬁ1«!’]°V]GUf]QIﬁqulT‘lVS\hvwnﬂ'ﬁﬁﬂ‘bﬂﬁ\ul@ﬂ W.F.2552-2560

a9 QU

9

Usznoumedoyadniae lufil
asvuinnFlunszuiumswan vl
%)) A & I ¥ a @ 1 a
D Ma5550310 Fudwremaanannlslunisnaanszua IidveaTse Ivldh
A o = = s o A o ~ ' Y
ANINITANYT HoaAUILAOUVRINIFTITNFIA Aduaaalua1s 19N 4-2 uazAinNusou
j} a © Aa o ~ g’; dy 3 9 a 2 a
YOUFOINAINIFTITUYIA AIA1T19N 4-3 NIUMTAVToyalSuIumMasIsuea
o 9 Aa o o w 9 a é 9 J o [}
wihdoyannuiem dan. s1aa wmaw) ulslunmsiosa #e'ldun eedllsznovvoaney
a 9 '3 A o ~ ~ 3 a A = A
53509A (Poyavou larininniosmaTasu Tans i) waz luSeninuRusia@ou Fl5uw

(2 AaA 1 [ {
Masssuran 159 T s luuaazi@ou (sef/month) 9LAMUIULINNAUNTN 4-1
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VS5 Tuma - (scfmonth) = Volumeyg, (4-1)
HHV(satJ

A = 9] a [} 9 A 1 A
Tag  Volume,, A9 UTamMesssuma vide auiingaeinou

HHV Ao maAnus UG (Higher Heating Value: c) lung Saturated

1 4

[} 9 ~
U ﬁ'l“L!“]J‘V]fJG]E]Qﬂ“]ﬂﬁﬂ‘V!GHJWﬁﬁ'Iu

U

{ 9 Aaa I { a a
M1 4-2 09ndsenevRIMasIsuan 19 wsamaslunszurunmswan T

pantlsznovvesasssuna | JesazvealSuna
1mu (CH,) 86.03
N (C,H,) 6.76
Twswu (C,Hy) 2.82
wesiadiuny (n-C,H,,) 0.73
m3iveulasenlyd (Co,) 524
TuTasu (N,) 1.68

H k4
A519N4-3 mmm%’aummg%maqﬁ”wmiwm

il maNNIou (HHV, Sat)

d
(Ingaagnnanaunnsgu)

1 2558 982.08
1 2559 978.71
1 2560 984.19

1 981.66

=\

2) MY

= { U 9ol 4 a g
arniinlglunszuaumsUsudgenanimiinielulse I tewdaiilszih

4
a a

a goJ 1 . . ) %
dnsulFludninau vagnaniinusgnsUs1a91nu3 519 (Demineralized water) d1m5D 14

Q

v 1 Y
Tunszurumswan i szinms lFansaiindudiunerteadns dail Tadeulaldaae lsv

(NaocCl) Tasidenludalvld (NaHSO,) Tmdeulansenled (NaOH ) naznsa'lalasnasin

Y
[

g o <3 Y ( aA J A
(HC1) mu%mﬂmﬂmamamagamﬂﬁmmﬂimmmimwi%’ﬁluLmazmau
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3) wasau Tl

wasa Ihudadh 2 Uszmn 18us (1) 1Wihil¥n1elu e I (Station Service)

Y
%

Fannsin 1 lgneluTs e 1dd Aaudlu 3 % a1n Tl iinaa 18nenua (Gross Actual

sy . 4 y 2

. = 9 =y A a 1 A
Generation) 194 ¥1msnUsWsWTeyannseauLsua lidhanda laniualuuaagidon
v [ 9 2 9 A
uaz ) Tihalddmsuduihnnaaesuansy wedniwnldlunszuiumsnaanszue vl
< o a o
Tagnususmdoyaninmsaaiuinimes Ildhaefon
2 .
4) ihau
1 P a 1 o o Y o a ¥ a £
W lslunszurumsnaningszah dwmsvlsludninau vagwanhusgnslsann
' . . ) [ Y a [ < Y] @
115519 (Demineralized water) d15ullunszuaumswan I wanerwnuansy saia
~ 1 ! Y 1 I go} = 3’, dy o <
a3 LaZYUAWINIINO1ZE 1A (Reservoir) ¥09 153 T fatlazihmainusiusw
9 =y ’o‘ A A 1 A
Foyannienuliuanhauilslunaezaou
msvvenanszuIUmskaa i
Y a g o v
1) dndennnszuaumswan i sazihldanermsdninau

a so} ' ao‘ X [
srwdSuadudeannszuaunmsats q st sl FeeziinisdSudse

[

1 i S o 1 2 a £ ' 9
Aamwi a9l Hudenin Tselsuilyeqauammiilszidwazinusgnidsannuisig azeng

U

a

) 3 g 4 a 90’ U v 90’ §
101511885 (Neutralization pond) udeniniasowan lowhvzidiguonini ieanguvgil
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1 ' 0o w w a 1 @ ' ¥ 2
(Aerated Lagoon) Anoudl11inindatiesz@ng (Wetland) uazaslun 13ndewniiing
Y

' o %’ ! ' 1 o
(Holding Pond) Rauaziinlusaiindulsd Taen lifimsszuieeenuenTse il failazinmsii
J < ) 1 <
AVDULUVINSA1YNINUA (Total Dissolved Solids) ANUBILUILUYIUADEY (suspended solids)
1A 2 . . = = . Ao A
11 70@ (Biochemical Oxygen Demand) 11az% 0@ (Chemical Oxygen Demand) NAUUUNT
Y

ATIIAAOUAY 1 ATY MW

2) HaNEN IO INA

a a d’ a 9 Lil a o a o 1

Ns NN BN INATAA1AN15N THI oA aM e 55T NYIA Tagtia
HAA3297AAMAIND1NIAINYa0952 U801/ NTIN1TATITAA AT U T UYD
94 s . . . Y Y '
Maoon lsavod luTasinu(Nitrogen dioxide: NO,) Hazaududuvouazona

(Particulate matter: PM) 1umm$ﬁﬁ”1mﬂ1§uau‘lmaﬂ"lmﬁ (Carbon Dioxide: CO,)
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Yy a o o 9 a ax A
%WﬂﬂigﬂﬂuﬂTiLW']leiJfn"]f‘ﬁ'i'ill“I)'W]*ﬂ%ﬂ'lu')u*ﬂ?ﬂ@Qﬂ‘ﬂﬁ%ﬂ@‘ﬂ‘llf]\ifﬂ“]f‘ﬁi'iﬂ“lﬂﬂ ATUITNITIN

uug1veadn1iull Ins@euesnu (American Petroleum Institute, 2009) A&NAN1TN 4-2

mixture X Wt% ij};mre

Eco,=FC x 1 x MW x 44 (4-2)

molar volume conversion 12

Q v ] 4 4 4 a o
Eco, A9 Usmamstassmamsuenlasenlae (CO,) (Jouansenlansy)
A = &' A a 9 < A 4
FC o USmanremainly (@nuananiasgiu niegnineanuas)
. A 1 ~ A I
Molar volume conversion 19 A1AINNsulasnnliuas Tuartluuia
J J* A J a Y
(379.3 gnnenaniasgiu/loud lua n3e 23.685 gnuneAnuas/n laninlua)

a3

MW, e 19 11910 THANAVDIAIUHEY

mixture

2 C g . . J <3 4 4
44/12 A0 stoichiometric conversion ¥94A15UU(C) (Humsveoulavenlag (CO,)
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3) MNVOATY

< a { ' (R

nussmdeyatSuaveudenindmihnves sl Taun (1) veudeliduasie

Y < 9 Y o o 3 o =
Usznoude auman ldnsesernia louns uazaznouvinszuuiiainde uazvoude
4 4 ' Y

duUATIY LAz (2) voudeouasie Usznouaie Hniulduds waoaluih e mauzduilou

v A

HazIaRUuAN

9 Ay v < Y 9 g a
ﬁll’auua‘i/l]lﬂﬁ]”lﬂmiLmJ‘J’J‘U‘J’J%Jﬂlﬂgaﬁ1iﬂl1lﬂl1—ﬂ11®6ﬂ1uﬂluﬁ@uﬂ”l'iwa@]bl‘l/\lﬁ”l

¥o3 159 lihhnsAneinaeaoiglasens 301 wamsanuin1a Asans1ei 4-4 naz g 4-1

Input Output

R Air Emission:
esources: -
Particulate matter 6.24x10° kg
NO, 1.52x10" kg

€O, 3.58x10™ kg

Natural gas 1.91x10" m® N

Demineralized water 1.02x10° kg
Service Water 4.47x10°° kg

Product:

Gross Electricity Generation 1 kWh

Energy uses:

Electricity 2.41x107  kWh Power plant operation Solid waste:

Electricity (pump) 6.62x10°° kWh Non-hazardous waste 3.42x10° kg

Hazardous waste 2.26x10” kg

Chemicals: Emission to water:

NaOCl 10% 1.38x10° kg Waste water 1.19x10° m’
Bisulfite 1.80x10° kg TDS(Waste water) 1.31x10° kg
HCI 35% 9.56x107 kg 85 3.60x107 kg

NaOH 50% 8.96x10” kg BOD 7.27x10% kg

COD 4.61x107 kg

d' v A 9 a
Eﬂ‘ﬂ 4-1 illu“]ﬁ'lfJﬂ'li’ﬁ'li‘Unsll'lll,ﬁgﬁ'li"l]'lﬂ@ﬂsllﬂﬂﬂ'liWa@lﬂﬁgllﬁul‘ll\lﬁ1
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t:' v A Y a 1 1
M1 19N 4-4 ‘]_lﬂJu51551ﬂﬂ1ﬁﬁ1§'slﬂlsll1!Lﬁ$ﬁ"lﬁslﬂ@ﬂﬂsllf)\‘lﬂ'lﬁWaﬁﬂﬁgllﬁthWWGI@ﬁu’JﬂulWﬂ'] 1

Aladaadluq

1M Ye | vianedlainaralug

1. Naﬂﬁmcﬁ (Products)

Electricity (Gross Actual Generation) kWh 1.00

2. @159 (Input)

oIwas

Natural gas-Gulf of Thailand m’ 1.91x10"
CREIGEY

NaOCl 10% kg 1.38x10°
Bisulfite kg 1.80x10™
HCI 35% kg 9.56x10”
NaOH 50% kg 8.96x10"
WAINY

Electricity (Station Service) kWh 2.41x10”
Electricity (ﬁmjwmﬂﬂammqwaz) kWh 6.62x10°
W

Demineralized water kg 1.02x10°
Water use in process kg 4.47x10°
3. 81591980 (Output)

vafiemaih

Waste water m’ 1.19x10°
TDS kg 1.31x10°
SS ke 3.60x10”
BOD kg 7.27x10°"
COD kg 4.61x10”
vaNENMLINA

NO, kg 1.52x10"
Particulate matter kg 6.24x10°




62

5183 WHe | vigAenlainaialug
CO, from natural gas combustion ton 3.58x10™

=
NINVBILae
Non-hazardous waste kg 3.42x10°
Hazardous waste kg 2.26x10°

Qe

umdUN 5 MInoad1aazmssenaulsdlnih

2

9
c%

' 9 tﬂy o 9 av A a v o
ﬂluﬁﬁluﬂﬁﬂﬂﬁiNLLazﬁ@ﬂ@uIiﬂWﬂW u']"ll@yaﬁ]']ﬂ\ﬂujﬂﬂLﬁ@\?ﬂ'ﬁﬂﬁgluu’ggﬂﬂi
aa 1 1 a X a a X a A
G])"Jﬁ61]@QW'JQIGD'ﬂ']'iWa@]ulwva\[']i]']ﬂl‘]f@lwaQwaﬁcﬁa!lagi%'ﬂL‘Wﬁ\i“])'"]i]ja (Bauer, 2008)
AN Yo = ' 9 A o 9 ' [ A o o A
ﬂulﬂcn'lﬁﬂy']ﬂ']iﬂ@ﬁ'i']\ulagﬂ'ﬁﬁ@ﬂf]uIﬁ\?llw%']waQﬂ'ﬂi]i’f]iv!i?llﬂ'lcﬁﬁiﬁu‘lﬂﬁ N1INAH 400

v = Aav dy 9 v A
NNSING uﬂﬁff“l,umiﬁﬂyﬂmmnau VBYAAINITNN 4-5

A v A o ' p, X A o )
AT NN 4-5 11in]fﬁ']fJﬂ']'iﬁ']ﬁsU']LGU’]!lagﬁ']islnﬂﬂﬂﬂ’]ﬁﬂ@ﬁﬁ']\ulaﬁﬂ’]iiﬂﬂ@uﬂu’lu'lclsb'clu

=
N1SANH (Bauer, 2008)

WaaNs
a1 a (%) v I A v d Q'J
®anSunsunenlainarlug)
miveulasenlyd (CO,) 1.70x10”
Tulasuesn lasd (NO,) 8.43x10°
Auagzessvuialinu 2.5 luasou (PM, ) 1.69x10°
Famles laoon lud (SO,) 7.50x10°

4.1.3 msdszifiumansenunedaniade (Life cycle Impact Assessment: LCIA)

a 1 A 9 YY) A a % o 9
ﬂTi‘lJ'58!MuWﬁﬂi%‘1/]Uﬁ@ﬁﬁlmﬂﬁ@hﬁaﬂﬂﬂgﬁ]ﬂi‘v’mWﬁﬁﬂm“ﬂiﬂﬂi%ﬂﬂil!ﬂih

9
(%

. ) & = Ay v a Yt A )
SimaPro version 8.2 cm“lumiﬂﬂmmm"lmaaﬂim‘ﬁmiﬂizmu IMPACT 2002+ version 2.12

a 9 = [ dy
Tumsdszliumanseny waz ldwamsanuiaail
1) wamsdszdiumansznudaadenIuna1a (Midpoint categories)
a A 9 v @ aa a [ 14 [V ~
nnmsdsziiumansgnudaunadounaoaiginssianaanuat I asgla 4-2

Y Y
WU WANTENUIFAN 15 @91111! Lﬂﬂ‘ﬂ?ﬂﬂ]ﬂ@]i’)uﬂﬁﬂﬁﬁﬂi&tﬁqwﬁW
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100%
80%
60%
40%
20%
0% oo SRR ene DR MMND men S e Lin LT
) 2 @ = = ©n > = = = = 20 > =
$§ 5 2 & & £ & £ £ &g &g &g £ ¥ g
» » § § ® § g ¢ £ § § ® E g 3w
g 2 ®» g g ®» 5 & = 5 £ 2 5 & E
'S 'S = S 3 o kS] bS] Q 3] = 5 2 > %
= = o 153 153 < Q i) g" - 3 15}
5 8 s éﬂ o] 2 o o = o Q = < < —
@] G ) R= > o o = .8 < < 5 e = S
[=} o N < < = = B =} 5 51 9 o o
] = = — 5 < =) @ < p= o 6] = =)
Z. s S 5} a, =] 17 ] — < 2 13) =
=) — o n on O =} = = = 2
2 g £ < &5 gz & 5 =
5] S ~ S = < ) 5]
(7 < Z
#: Construction&dismantling ||| Extraction Separation Transportation Power plant

~ a 2 Y g’/ v o aa a o
Eﬂﬂ 4-2 Naﬂqiﬂigluuwaﬂigﬂﬂa\‘llljﬂaauﬂluﬂa'N@a@ﬂjﬂFﬂﬂi(’]f)@]Waﬁﬂmmﬂlwva\h

2) wamsdszfiumansynuaanaaentulare (Endpoint categories)
o 2 9 3’; v @ aa a [
i]'lﬂli\laﬂ1iﬂ11!’JmNaﬂi3‘1/1'1Jﬁﬂll?ﬂﬁ@ﬂﬂlﬂﬂﬁ%‘lﬁﬁﬂﬂ?ﬂﬁ]ﬂiﬂf’N]Naﬁﬂm"wﬂh\l‘vg\h
o o Y J Y a ax
E‘T”Iiﬂiﬂ‘lﬂllWﬂ”IU’JmIﬂEJGLGIfﬂ”ILL‘V\IﬂM’E)i (Damage factor) @ WNOIN1UITNIT IMPACT 2002+
. & P 2 Y %, . . @ A
version 2.12 o Il unansenuduaaeuvulaie (Endpoint categories) ANAIT1N 4-6 LAY
a 4 = [T A ' g}z a
NITUATITHANNUIT YT (Damage assessment) ANA1TINN 4-7 WUN mumumma@”lvh’h

J Y a gﬂ k) A = [ g’/ A
ﬂ@iﬁlﬂﬂﬂﬁﬂﬁ%ﬂﬂ’gﬂﬁ:@ﬂﬂ 4 AULNUBDINYIUNUVUVUADUBDU 9

v 9
A1519% 4-6 aMIMUIUNANTENVIUY Y (Endpoint categories)

N9 nMIYA Ii\‘i!!ﬂﬂ N9 NITUIU
v ] \J Vv [+ \J a
nau HUIY NOAIN 1 NI1Y VHAN N1INAA PIPEY)
WaniIgnuy Hagmsa ul‘l/‘h;‘h
A
900U
DALY - - - - 1.65 1.65
Carcinogens 5 S
x10 x10
Non- DALY - - - - 1.81 1.81
carcinogens x10* x10*
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N9 nIYA Iiﬁ!!ﬂﬂ N9 NITUIU
nau W | neadne | 1wz | M | vuae | mswaa | 3Iu
WaniIznuy Hagma "hf‘h;h
‘%i’)ﬂi’)u

Respiratory DALY 2.34 - 4.87 - 1.19 1.21
inorganics x10” x10™" x10” x107
Ionizing DALY - - - - 3.53 3.53
radiation x10™" x10™"
Ozone layer DALY - - = - 3.15 3.15
depletion x10" | x10™"
Respiratory DALY - 1.92 - 2.09 3.05 3.07
organics x10"° x10"° x10™" x10™"
Aquatic PDF*m’*yr - - - - 1.21 1.21
ecotoxicity x10? x10°
Terrestrial PDF*mz*yr - 3 - - 9.17 9.17
ecotoxicity x10° x10”
Terrestrial PDF *mz*yr 5.59 = 3.10 - 3.34 3.40
acidification/ x10° x10" x107 | x10°
nutrification
Land PDF*mz*yr T - x - 5.52 5.52
occupation x10™ x10™
Aquatic - - - - - - -
acidification
Aquatic - - - - - - -
eutrophication
Global kg CO, eq 1.70 2.77 2.17 1.24 4.39 491
warming x10” x107 x10” x10” x10" x10"
Non- MJ primary - - - -
renewable 8.60 8.60
energy x10° x10°
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M9 msya | Jsaen | MS | AITUIM
nau W | neadne | 1wz | M | vuae | mswaa | 3Iu
NanIZNL HazN3 Telvh
X
900U
Mineral MJ primary - - - - 1.65 1.65
extraction x10” x10”
M3 4-7 WANITIANGNANNITEY 1Y (Damage categories)

12 M3 mIya | Jsauen | ms [0Sz | 99
nau peadle | W1 | Ma | vMas | MInEa
NansTNy HaTMs Telvh

%
3000
DALY 2.34 1.92 4.87 2.09 3.02 3.05
Human health B B i " . S
x10 x10 x10 x10 x10 x10
Ecosystem PDF*mz*yr 5.59 3.1 1.43 1.43
quality x10° - x10* - x107 x107
Climate|kgCO,eq 1.70 2.77 25 1.24 4.39 491
change x10? x10” | x10? | x10° x10" x10™

MJ primary - - - 8.60 8.60

Resources o o
. x10 x10
3) wamslAhminANuERe (Weighting)
s liiminanudida (Weighting) lumsmmuaanudayliunnquaanszny

1 1 a g A A . = ] a
uaasnqu TaoAad unz LU UTHUAE) (Single Score) “]NWﬁﬂﬁg‘Vl‘]J‘V]‘ﬂﬂizlﬂﬂﬂggﬂu”ﬂﬂﬂigmu

9 1] 1 [ ] . =1 1 3’, a
leagiuwuamﬁamuﬁa YUY “Point” W%’E] “Pt” 91ANITANYT NUIT VUADUNITNAR

= 9 d' = [ g’/ A 1 Y a
nszua I Tawmansznugagalunn q a1u ilofeunuduaoudu 9 Tagnelding

Y J o = A >
WaﬂﬁgﬂUQWuﬂWisl“]WﬁWfﬂﬂﬁ (Resource) ’G;Nﬂ\i 56.57 uPt 3930311 AD ﬂWﬁLﬂaﬂul!ﬂaQﬁﬂWW

{]ﬁ’mmﬁ (Climate change) P 44.33 uPt Lmzﬂ’J”lmafJﬁWElgf”lufﬁm”IWiJ‘l;JBE]((Human health)
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IMIAD 42.60 pPt TuvaIz NNANTZNUATUAMA TN LUV (Ecosystem quality) if1tiosnge

(N 1.04 pPt AN 4-3

160
140
120
100
80
60
40
20

Pt

Resources

= Climate change

Ecosystem quality

B Human health

] Y
51/ 4-3 mams lihminanudidey (Weighting) aneaininidianaadast 1

4) wam3NeUrUIe (Normalization)
= ] - — = [ ] J Y 1

M3IfeUNIIe (Normalization) Av M3tlSunttevssaazkanszny Weglugdunuy
= o A o = = o A Y I =2 o w 1
@ernwie i nlSemfeunuuazsie ldiviudeanudidyvesunaznansgny
MAFANIIANET WU Tawansznusiumslandaanunlsudivua’ly (Non-renewable
energy) g4A 309A9MIABHANTENUAIUNITINANTIE Tan3 o1 (Global warming) A1UN1TINA

=L

A Ao Y a <3 . 9 a a A A [
5NN lne lsauegisa (Carcinogens) HagAuUMsINag1sedunsgnunanenisniale

(Respiratory inorganics) A4 3 1 4-4
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6.00E-05
5.00E-05
4.00E-05
3.00E-05
2.00E-05
1.00E-05
0.00E+00

MMIReUNLUIY

b

Carcinogens W

. =
Non-carcinogens  #

Respiratory inorganics m

Ionizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming =\ 0
Non-renewable enerey %
Mineral extraction

#% Construction&dismantling ||| Extraction Separation Transportation #§ Power plant

= = ' ..
g‘ﬂ‘ﬂ 4-4 HaNIINYUNUIY (Normalization)

v
v v = (%

Y gae = 3 Yo Y Y v )
JUHU E'Jﬂﬁlﬂ\iulﬂu'll}lﬁﬂi$ﬂﬂ 4 mu‘t/lll’é)uﬂ‘lj’gﬁ’dﬂ ul,ﬂl,l,ﬂ Wﬁﬂi$‘1ﬂ‘ﬂﬂ’]1«!ﬂ’lii“ﬁ

Q

o Hq 9 Y A Y a
‘wawm‘ﬂ%umﬁm"lﬂ (Non-renewable energy) immmm}waﬂiwmmmimﬂm:}ﬂaﬂ
Y . Y a A Ao Y a < . Y a
59U (Global warmmg) mumimﬂ?ﬂiWB‘VW]ﬂ‘ViLﬂﬂTiﬂﬁJ%LN (Carcmogens) LAZATUNITINA

a I 1 o o o o '
150 UUNTINUHNANONITHI81Y (Respiratory inorganics) AUA1AU WIINTAIUINTATIU

[

Y
NANTZNUVBILADAZNTLUIUMNS 1AslI18asIDennall

(1) wansznuMuUMIIFNaInuilFuarualy (Non-renewable energy)

Y o Aq v < X a a 1
Waﬂi%ﬂU%WﬂﬂWiﬁl‘lﬂ"lﬁQ\?Wilﬂﬁl“]flla?ﬁhﬂvlﬂlﬂuWﬂﬂi%ﬂﬂﬁ]WﬂﬂWﬁL%ﬂlWﬁﬂW@ﬁ“ﬁa YU

? o 4] a

U a I : a ] @
DIUYU UIUU NIFDTITUBIN Lﬂuﬁ)u "?Q‘"l]%‘l/‘ﬁﬂﬁﬂ!1“”38Wﬁﬂﬂ1u1u§ﬂmﬂ$§a (Megajoule; MJ)

Y

9 v
ANTAIUIUAIANUTOUVDUFBINGS (Gross calorific value) NN 1 Iagnsa 1NKa

= 1 1 F) Y o ~ Yy 9 Aw AR [
MIANYINUN AanIznuamun s ldnasnunlfudmua ldanaudsendnun winy 8.59

1T A o o < Yy ad [ a @ g’/
wnzyaaen ladaadd e Tasdlumansznuannmslsmass sumaiuingauvan luduaou
manaanszua 1w $osaz 97.24 Faavaadoenurans IMavonansznuduNs loengsau

nldudmua ldreveuwanny Cradle to grave Aagii 4-5
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Actuzl Genaration)
30 years

—

0.0164 m3 0.0204 m3 0.0302 m3 0.00435 m3 ] 0,096 m3
Matural gas, high Natural gas, high Matural gas, high Natural gas, high Natural gas, high
pressure {US}]| pressure {US}| pressure {RU pressure {RoW}| pressure {RoW}|
natwrzl gas petroleum and gas natwrzl gas evaporation of natwral gas
& 9% 5,59 9% 14 %% 3.46 %% L 45.6 %
[0.0104 m3 0.0485 m3
Maturzl gas, Matwerzl gas,
liquefied {GLO} unprocessed, 2t
rl"alk;.e} for | Allec tllet':chbn {GLOY
et [T | s [T1T]

00485 m3
MNatwal gas,
unprocessed, &t
extraction {GLO}|

22.6 %

L]

511 4-5 dams Inaveswansznumums ldndsaunldudmua

(2) wansznumumMstian1zlaniou (Global warming)

a a 4
Mstnanzlansou (Global warming) Lﬂﬂi]”lﬂﬂ‘ﬂﬂ;]ﬂﬁmﬁ’ﬂuﬂizﬂﬂ (Greenhouse

] Y 9 (2

] oA Y A o q Yo o
Effect) Gﬁﬂlﬂuﬂi']ﬂ;]ﬂﬁﬂ!ﬂ‘]fuﬂiﬁ81ﬂ1ﬂﬂlﬂxﬂaﬂ ANVBDHUAIYNIFLIDUNTSIN ‘Vlﬂﬁﬂu’i\iﬁ

q

2

9 a P a ] 9 9 1% a
mmaammmmmmwmﬂamuwﬂaﬂ”lulwazwauﬂaumuqeaﬂ1ﬁ Taonan1slsziiu

v W

nsvanaasum i vaaawalumiien Tansuamsueulaeon laaneumi (kg CO, eq.)
g » €4

317 4-6
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3 50001
o 4.00E-01
O

2 3.00E-01
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=
S
&
S
—

1.00E-01
0.00E+00

Global warming

A F) a Y % an a [
31/ 4-6 wansznumumsiianz Tansounaeaininssianaasims I

(43

9 Y Y I =R Y a Y

AMNUANUNTNUNAU LlﬁﬂﬂﬁmuﬂﬂNﬁﬂi%‘ﬂ‘ﬂﬁ1uﬂﬁlﬂﬂﬂn$Iﬁﬂiﬁ]ullﬂﬂWWN"Uuﬂ@u
! v W aa a [ ! d‘d dl A g’.a
AN 9 ﬁﬁﬂﬂ?gﬂﬂi%?ﬁﬂﬁﬂﬂﬂ!%ﬂWﬁT WU NITUIUNITNUFNANTENUNINNGA AD YUADU

a S 1 a [ 4 J A T A v JI
ﬂ'liwaﬁlul,“l/\lﬁ'] UAMNANIENY 0.439 ﬂTaﬂiiJﬂ']’i‘]J’E]ullﬂf]’é]ﬂll“lfﬂmﬂﬂm'lﬁﬂﬂIa’NmG}S’JINQ
H (2] a Y 2] a 1
5@qm3Jﬁmu@aumﬁmmzm%iswm HAZIUABUNITHINMFTTINYIA UAINANTENL
1w a [ 4 Jd T A o JO o w

NNy 0.028 uag 0.022 ﬂjﬁﬂiiJﬂTi‘Uﬂullﬂﬂ’Oﬂllclfﬂme‘Um"lﬁﬂﬂiﬁ’m@]%’ﬂuﬂ AN

9 H
Taedadiuveawansznumumsinaniig lansouveunaziuaou aegUi 4-7

[
o

muﬂaumwmmxﬁ'wmiumﬁ
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YunoumMsuenie
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Yunoumswan i
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%
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(3) mansznuMmuMINaaINENMIFiDalsAN5a (Carcinogens)
Aa A 9 9 a Aa A o Y a <3
Nan1sUsziumansENUAILIfndoNAIUNSINaaIsHE NN 1A lsauz15a
. v @ Aa a o 4 1 a [ as = '
(Carcinogens) @a0A3InsFIanannmy naasraluniden Tansunae Istonauneum
= 1 9 a A Ao Y a < 1w
(kg C,H,Cl eq.) MNHAMIANHINUN Hansznuamumstnaasnynimina lsauzEe mny
A o as ~ 1 [RP=N v o < Y
0.059 nlansunao lseNAUNIUNIAGN 1aInasI 1N IaedlumansznuaInNn1s 1¥nN 1%

[ a [

ad ) a P Y v o
‘ﬁiiﬂ"ﬁ"l@]!ﬂu’mﬂﬂ‘]_lﬁaﬂ‘luﬂlu@@uﬂ”ﬁNﬂ@]ﬂi%uﬁhh/\lﬂ”l 39802 97.90 ﬁ@ﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂ"ﬁl’lﬁa

Q

YoInanszNUAIUMS Igwasnun 1sudrmualidrevo uaanuy Cradle to grave Aa31l9 4-8

3.6M1
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v v
HaM3UseiliunansenuaIAdeNTUAA1S (Midpoint categories) 1ag 1438 IMPACT 2002+

Results:
Product:
Method:
Indicator:

Skip categories:

Exclude infrastructure processes:

Exclude long-term emissions:

Sorted on item:

Sort order:

Impact ass

1 kWh Ele

IMPACT 2002+ V2.12 / IMPACT 2002+

essment

ctricity

Characterization

Never
No

Yes

Impact category

Ascending

~ a A Yy & . . .
M3197 -1 NaMITUTZHUNANTENUFWIAADNTUNA N (Midpoint categories)

Construction

&
Impact category Unit Total dismantling Extraction Separation | Transportation | Power plant
Carcinogens kg C,H;Cleq 5.90E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.90E-02
Non-carcinogens kg C,H,Cl eq 6.47E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.47E-03
Respiratory inorganics kg PM, seq 1.73E-04 3.35E-06 0.00E+00 6.96E-10 0.00E+00 1.69E-04
Ionizing radiation BqC-l4eq 1.68E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.68E-01
Ozone layer depletion kg CFC-11 eq 3.00E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-08
Respiratory organics kg C,H, eq 1.44E-04 0.00E+00 9.01E-08 0.00E+00 9.80E-07 1.43E-04
Aquatic ecotoxicity kg TEG water | 2.41E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.41E+01
Terrestrial ecotoxicity kg TEG soil 1.16E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.16E+00
Terrestrial acid/ nutrification | kg SO, eq 3.27E-03 5.38E-05 0.00E+00 2.98E-08 0.00E+00 3.22E-03
Land occupation mzorg.arable 5.07E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.07E-04
Aquatic acidification kg SO, eq 1.68E-03 1.34E-05 0.00E+00 3.89E-09 0.00E+00 1.67E-03
Aquatic eutrophication kg PO, P-lim 7.86E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.86E-06
Global warming kg CO,eq 4.91E-01 1.70E-03 2.77E-02 2.17E-02 1.24E-03 4.39E-01
Non-renewable energy MJ primary 8.60E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.60E+00
Mineral extraction MIJ surplus 1.65E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.65E-03
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namsseiiunansenudunadonyula1s (Endpoint categories) 1aa 1435 IMPACT 2002+

Calculation:
Results:
Product:
Method:
Indicator:

Skip categories:

Exclude infrastructure processes:

Exclude long-term emissions:
Per impact category:
Sorted on item:

Sort order:

Analyze

Impact assessment

1 kWh Electricity

IMPACT 2002+ V2.12 / IMPACT 2002+
Damage assessment

Never

No

Yes

Yes

Impact category

Ascending

v v Y
M1319% n-2 Nan15UseiiukansTNUFUNAReNTHYA18 (Endpoint categories)

Construction& Extractio Separatio

Unit Total dismantling n n Transportation Power plant
Carcinogens DALY 1.65E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.65E-07
Non-carcinogens DALY 1.81E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.81E-08
Respiratory inorganics DALY 1.21E-07 2.34E-09 0.00E+00 4.87E-13 0.00E+00 1.19E-07
Tonizing radiation DALY 3.53E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.53E-11
Ozone layer depletion DALY 3.15E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.15E-11
Respiratory organics DALY 3.07E-10 0.00E+00 1.92E-13 0.00E+00 2.09E-12 3.05E-10
Aquatic ecotoxicity PDF*mz*yr 1.21E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E-03

PDF*m’*yr
Terrestrial ecotoxicity 9.17E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.17E-03
Terrestrial acid/ PDF*mz*yr
nutrification 3.40E-03 5.59E-05 0.00E+00 3.10E-08 0.00E+00 3.34E-03

PDF *mz*yr
Land occupation 5.52E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.52E-04
Aquatic acidification ? 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Aquatic eutrophication ? 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Global warming kg CO, eq 4.91E-01 1.70E-03 2.77E-02 2.17E-02 1.24E-03 4.39E-01
Non-renewable energy MJ primary 8.60E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.60E+00
Mineral extraction M1 primary 1.65E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.65E-03
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HAN3IANQUAINITEY18 (Damage categories) 1A01935 IMPACT 2002+ version 2.12

Calculation:
Results:
Product:
Method:
Indicator:

Skip categories:

Exclude infrastructure processes:

Exclude long-term emissions:
Per impact category:
Sorted on item:

Sort order:

Analyze

Impact assessment

1 kWh Electricity

IMPACT 2002+ V2.12 / IMPACT 2002+
Damage assessment

Never

Damage category

Ascending

AN N-3 WANTIANGUANNIAINIY (Damage categories)

Construction
Damage category | Unit Total &dismantling Extraction | Separation | Transportation | Power plant
Human health DALY 3.05E-07 2.34E-09 1.92E-13 4.87E-13 2.09E-12 3.02E-07
Ecosystem quality PDF*mz*yr 1.43E-02 5.59E-05 0.00E+00 3.10E-08 0.00E+00 1.43E-02
Climate change kg CO,eq 4.91E-01 1.70E-03 2.77E-02 2.17E-02 1.24E-03 4.39E-01
Resources MI primary | 8.60E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.60E+00
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NAN1TNgUNUY (Normalization) 1as1935 IMPACT 2002+ version 2.12

Calculation:
Results:
Product:
Method:
Indicator:

Skip categories:

Exclude infrastructure processes:

Exclude long-term emissions:
Per impact category:
Sorted on item:

Sort order:

Analyze

Impact assessment

1 kWh Electricity

IMPACT 2002+ V2.12 / IMPACT 2002+
Normalization

Never

Damage category

Ascending

A1319N N-4 WAN5INeUNUIY (Normalization)

Construction &

Damage category | Unit | Total dismantling Extraction | Separation | Transportation | Power plant
Human health 4.29E-05 3.30E-07 2.71E-11 6.87E-11 2.94E-10 4.26E-05
Ecosystem quality 1.05E-06 4.08E-09 0.00E+00 2.26E-12 0.00E+00 1.04E-06
Climate change 4.96E-05 1.72E-07 2.80E-06 2.19E-06 1.25E-07 4.43E-05
Resources 5.66E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.66E-05
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nams Iiminanudina (Weighting) 1aa1435 IMPACT 2002+ version 2.12

Calculation:
Results:
Product:
Method:
Indicator:

Skip categories:

Default units:

Exclude infrastructure processes:

Exclude long-term emissions:
Per impact category:
Sorted on item:

Sort order:

Analyze

Impact assessment

1 kWh Electricity

IMPACT 2002+ V2.12 / IMPACT 2002+
Weighting

Never

Damage category

Ascending

' ]
M50 -5 wams Iihminanudinny (Weighting)

Damage Construction Power
category Unit | Total & dismantling | Extraction | Separation Transportation | plant
Human health uPt 42.94 0.33 0.00 0.00 0.00 42.61
Ecosystem uPt 1.05 0.00 0.00 0.00 0.00 1.04
quality

Climate change uPt 49.63 0.17 2.80 2.19 0.13 44.34
Resources uPt 56.57 0.00 0.00 0.00 0.00 56.57




MARUIN Y

fanamisvuinuazansvieenluvunsumsnan lnlvh

(1) M5

M1197 v-1 PSinaenaniiil¥naeaeiglsd Idmdinnudeuswmesssuna
LERTEY
NaOCl Bisulfite Hydrochloric Acid 35% Sodium Hydroxide 50%
1 ke ke ke ke
2552 2243 30 1,566 1,078
2553 6,707 99 3,200 2,600
2554 6,035 102 3,400 3,450
2555 6,850 108 3,640 3,540
2556 7,509 106 3,120 3,400
2557 7,065 110 3,500 3,180
2558 7,000 112 5,837 6,369
2559 8,595 26 7,844 8,103
2560 4,595 46 7,051 4,969
2561 5,908 77 4,087 3,830
2562 6,697 87 4,633 4,341
2563 6,697 87 4,633 4,341
2564 6,697 87 4,633 4,341
2565 6,697 87 4,633 4341
2566 6,697 87 4,633 4341
2567 6,697 87 4,633 4,341
2568 6,697 87 4,633 4,341
2569 6,697 87 4,633 4,341
2570 6,697 87 4,633 4341
2571 6,697 87 4,633 4341
2572 6,697 87 4,633 4,341
2573 6,697 87 4,633 4,341
2574 6,697 87 4,633 4,341
2575 6,697 87 4,633 4341
2576 6,697 87 4,633 4,341
2577 6,697 87 4,633 4,341
2578 6,697 87 4,633 4,341
2579 6,697 87 4,633 4,341
2580 6,697 87 4,633 4341
2581 6,697 87 4,633 4,341
2582 4,402 57 3,046 2,854
ERetY 200,855 2,621 138,961 130,199




2) wasnu i

aei v-2 Y5l l¥easaoiglsdliihmdsanudouswmasssuna

wasnulvldh
Electricity Electricity
E (pump) (Station Service)
kWh kWh
2552 116,889 30,000,000
2553 328,000 32,997,482
2554 360,000 102,153,012
2555 378,500 118,064,736
2556 390,000 136,688,152
2557 389,000 98,802,862
2558 343,603 109,136,363
2559 333,435 142,622,826
2560 282,800 118,985,199
2561 276,193 194,000,000
2562 313,096 117,050,070
2563 313,096 117,050,070
2564 313,096 117,050,070
2565 313,096 117,050,070
2566 313,096 117,050,070
2567 313,096 117,050,070
2568 313,096 117,050,070
2569 313,096 117,050,070
2570 313,096 117,050,070
2571 313,096 117,050,070
2572 313,096 117,050,070
2573 313,096 117,050,070
2574 313,096 117,050,070
2575 313,096 117,050,070
2576 313,096 117,050,070
2577 313,096 117,050,070
2578 313,096 117,050,070
2579 313,096 117,050,070
2580 313,096 117,050,070
2581 313,096 117,050,070
2582 153,417 82,645,315
. 9,613,752 3,507,097,350
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hay
Water use in process Demineralized water
K kg kg
2552 10,996 16,817
2553 21,500 48,973
2554 22,000 51,000
2555 22,600 52,000
2556 21,800 54,000
2557 20,400 50,200
2558 22,353 50,791
2559 34,245 70,534
2560 8,289 26,109
2561 19,225 43,884
2562 21,794 49,747
2563 21,794 49,747
2564 21,794 49,747
2565 21,794 49,747
2566 21,794 49,747
2567 21,794 49,747
2568 21,794 49,747
2569 21,794 49,747
2570 21,794 49,747
2571 21,794 49,747
2572 21,794 49,747
2573 21,794 49,747
2574 21,794 49,747
2575 21,794 49,747
2576 21,794 49,747
2577 21,794 49,747
2578 21,794 49,747
2579 21,794 49,747
2580 21,794 49,747
2581 21,794 49,747
2582 10,679 24,376
5 649,963 1,483,631
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wafymah (Emission to water)
Waste water TDS SS BOD COD
¥ m’ kg kg kg kg

2552 19,678 21,493 589 119.04 755
2553 57,000 62,000 1,700 340 2,206
2554 60,150 65,000 1,750 360 2,240
2555 58,000 66,000 1,800 380 2,348
2556 59,000 68,900 1,880 360 2,350
2557 60,000 65,400 1,820 370 2,331
2558 63,137 67,036 2,100 346 2,400
2559 57,146 91,000 1,490 350 2,100
2560 57,832 30,506 1,600 351 2,140
2561 51,349 56,087 1,537 311 1,970
2562 58,210 63,581 1,743 352 2,233
2563 58,210 63,581 1,743 352 2,233
2564 58,210 63,581 1,743 352 2,233
2565 58,210 63,581 1,743 352 2,233
2566 58,210 63,581 1,743 352 2,233
2567 58,210 63,581 1,743 352 2,233
2568 58,210 63,581 1,743 352 2,233
2569 58,210 63,581 1,743 352 2,233
2570 58,210 63,581 1,743 352 2,233
2571 58,210 63,581 1,743 352 2,233
2572 58,210 63,581 1,743 352 2,233
2573 58,210 63,581 1,743 352 2,233
2574 58,210 63,581 1,743 352 2,233
2575 58,210 63,581 1,743 352 2,233
2576 58,210 63,581 1,743 352 2,233
2577 58,210 63,581 1,743 352 2,233
2578 58,210 63,581 1,743 352 2,233
2579 58,210 63,581 1,743 352 2,233
2580 58,210 63,581 1,743 352 2,233
2581 58,210 63,581 1,743 352 2,233
2582 28,523 41,793 1,146 231 1,468
57 1,736,008 1,906,835 52,269 10,561 66,962
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wafismeoma (Emission to air)
Particulate Matter NO, CO, from natural gas combustion
L kg kg ton

2552 10,213 249,402 321,513

2553 29,800 708,000 1,811,632
2554 31,500 744,000 1,795,843
2555 30,100 765,000 1,822,145
2556 32,800 805,000 1,916,345
2557 31,000 770,060 1,808,911
2558 32,000 760,350 1,785,626
2559 27,900 705,000 1,605,000
2560 30,000 728,234 1,762,219
2561 26,649 650,813 1,526,998
2562 30,210 737,771 1,731,025
2563 30,210 737,771 1,731,025
2564 30,210 737,771 1,731,025
2565 30,210 737,771 1,731,025
2566 30,210 737,771 1,731,025
2567 30,210 737,771 1,731,025
2568 30,210 737,771 1,731,025
2569 30,210 737,771 1,731,025
2570 30,210 737,771 1,731,025
2571 30,210 737,771 1,731,025
2572 30,210 737,771 1,731,025
2573 30,210 737,771 1,731,025
2574 30,210 737,771 1,731,025
2575 30,210 737,771 1,731,025
2576 30,210 737,771 1,731,025
2577 30,210 737,771 1,731,025
2578 30,210 737,771 1,731,025
2579 30,210 737,771 1,731,025
2580 30,210 737,771 1,731,025
2581 30,210 737,771 1,731,025
2582 19,858 484,948 1,202,330
3 906,024 22,126,222 51,979,061
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MNUDIHE (Waste)
Non-hazardous waste Hazardous waste
3l kg kg
2552 5,596 36,979
2553 15,375 108,323
2554 17,181 113,000
2555 17,800 116,317
2556 17,334 110,278
2557 17,306 113,479
2558 9,634 61,605
2559 20,700 94,500
2560 18,964 170,000
2561 14,602 96,497
2562 16,553 109,391
2563 16,553 109,391
2564 16,553 109,391
2565 16,553 109,391
2566 16,553 109,391
2567 16,553 109,391
2568 16,553 109,391
2569 16,553 109,391
2570 16,553 109,391
2571 16,553 109,391
2572 16,553 109,391
2573 16,553 109,391
2574 16,553 109,391
2575 16,553 109,391
2576 16,553 109,391
2577 16,553 109,391
2578 16,553 109,391
2579 16,553 109,391
2580 16,553 109,391
2581 16,553 109,391
2582 10,880 71,904
I 496,428 3,280,694
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carbon price carbon price carbon price carbon price carbon price carbon price carbon price
USD 0/ton USD 15/ton USD 30/ton USD 45/ton USD 60/ton USD 75/ton USD 90/ton
kil US dollar US dollar US dollar US dollar US dollar US dollar US dollar

2552 771,185,640 779,121,527 787,057,413 794,993,299 802,929,186 810,865,072 818,800,959
2553 367,048,816 409,357,792 451,666,767 493,975,742 536,284,717 578,593,692 620,902,667
2554 437,710,901 477,393,216 517,075,530 556,757,845 596,440,160 636,122,474 675,804,789
2555 449,757,246 487,853,081 525,948,915 564,044,750 602,140,585 640,236,420 678,332,254
2556 83,295,128 521,203,441 559,111,754 597,020,066 634,928,379 672,836,691 710,745,004
2557 478,933,310 512,789,974 546,646,639 580,503,303 614,359,968 648,216,632 682,073,296
2558 401,444,916 433,066,482 464,688,047 496,309,613 527,931,179 559,552,745 591,174,311
2559 344,464,260 371,356,941 398,249,621 425,142,301 452,034,982 478,927,662 505,820,343
2560 361,231,114 389,168,447 417,105,780 445,043,112 472,980,445 500,917,778 528,855,111
2561 358,439,957 381,344,927 404,249,896 427,154,865 450,059,835 472,964,804 495,869,773
2562 335,009,325 359,576,809 384,144,293 408,711,777 433,279,260 457,846,744 482,414,228
2563 320,529,889 343,774,741 367,019,593 390,264,444 413,509,296 436,754,148 459,999,000
2564 306,638,516 328,631,941 350,625,367 372,618,793 394,612,219 416,605,645 438,599,071
2565 293,313,853 314,123,225 334,932,598 355,741,970 376,551,343 397,360,716 418,170,088
2566 280,535,144 300,224,209 319.913,273 339,602,338 359,291,403 378,980,468 398,669,532
2567 268,282,224 286,911,294 305,540,365 324,169,436 342,798,506 361,427,577 380,056,648
2568 256,535,517 274,161,660 291,787,803 309,413,946 327,040,089 344,666,233 362,292,376
2569 245,276,032 261,953,242 278,630,451 295,307,661 311,984,871 328,662,081 345,339,291
2570 234,485,353 250,264,717 266,044,081 281,823,445 297,602,809 313,382,174 329,161,538
2571 224,145,638 239,075,494 254,005,349 268,935,204 283,865,059 298,794,915 313,724,770
2572 214,239,606 228,365,687 242,491,768 256,617,849 270,743,931 284,870,012 298,996,093
2573 204,750,528 218,116,107 231,481,687 244,847,267 258,212,847 271,578,427 284,944,006
2574 195,662,221 208,308,242 220,954,263 233,600,285 246,246,306 258,892,327 271,538,348
2575 186,959,036 198,924,238 210,889,439 222,854,640 234,819,841 246,785,042 258,750,244
2576 178,625,848 189,946,882 201,267,916 212,588,951 223,909,985 235,231,019 246,552,054
2571 170,648,042 181,359,589 192,071,136 202,782,684 213,494,231 224,205,778 234,917,325
2578 163,011,506 173,146,379 183,281,252 193,416,125 203,550,998 213,685,871 223,820,744
2579 155,702,617 165,291,862 174,881,107 184,470,352 194,059,597 203,648,842 213,238,087
2580 148,708,230 157,781,222 166,854,213 175,927,205 185,000,197 194,073,189 203,146,181
2581 142,015,666 150,600,198 159,184,729 167,769,261 176,353,793 184,938,325 193,522,857
2582 58,424,469 64,066,081 69,707,693 75,349,305 80,990,917 86,632,529 92,274,141
kgt 9,037,010,548 9,657,259,644 10,277,508,741 10,897,757,837 11,518,006,934 12,138,256,030 | 12,758,505,127
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