R 2B 18REE 1T T 9
AL~
Graduate Institute of Environmental Engineering

College of Engineering
National Taiwan University

Master Thesis

AN SN R A SR £

Life Cycle Assessment of a Municipal Wastewater
Treatment Plant

F %fv_fé”uj
Huan-Yu Shiu
B R L

Advisor: Pei-Te Chiueh, Ph.D.

¢33 K 103 £ 6 !
June, 2013



2

ORATLAES S kN & AR 2 5 F LRSI R ERER
FI2 2 EBRBERE AAHTNRRY S EFER NI BEAFDELEAT AT
ERIBBEFZ G RSN AT UEPE FAB A KA RITLFT %
Bl I 4 BFHIER R BF KR A BOKAIE AR TR AIE kA BV 5F
KA RHRA L G o TEHEP R RF kS FR LY e EER e
W RRSL e Z R AR W RE L LR ET S FRRIL kR

FART TR E BRI SRR R F R ST RS

AFETEY 2 S EE M SimaPro 7.1 4 & £355 K AT R ¥ 1 Bicdy
" é[ﬁkf{ﬁ% & % AP 2= Ecoinvent FALEZE 4 A HE > 5d CML2
baseline 2000 W ;=15 = 2 £ * [F KR Z BB > B (L4917 7 B+ B 7

BRAFTE SR+ RIE A mal o

REHETONRETHIIRT EEFORT £BE FRYEMF T L
W2 T9% o L 4Rt AT T PE o BEAR T K 4o = BAST kAL A B e
55%z T B B o Lt TS A BT R0 RE K RIETA 2 2 BB B AR
E A1 B4 50%z2 FrBLE o 5L AIL AT G oo BT S N ARl > AUl
Be g JRARAB 2 W SRR L EVRSIT R - F 2§ 2
Frg it g d oo gFulE daag V] o 7O 4 DA% TR A E TR G T R
TR 2 B EE o Ra SRR e I 0 F A TR 86%2 TR R

ARITLERLAY x FEHAR A A 2 GURE I B LR B P S e

Mot @ A -RASER 2 6FHEE ~F-REfY ~FREA2



Abstract

Waste water treatment plants are an important foundation for urban water
management. While there has been greater emphasis on the efficiency, convenience in
operation, maintenance, and overall environmental impacts, energy and chemical input,

as well as waste emission also cause significant environmental effects.

Life cycle assessment is used to evaluate the environmental benefits and impacts
associated with the treatment of a wastewater treatment plant in Kinmen, Taiwan. The
objective of this study is to compare the current treatment process with several other
proposed advanced treatment processes. The system boundary of the present LCA
includes operation and maintenance phase, sludge treatment and disposal, and water

reuse.

In this study, life cycle assessment software SimaPro 7.1 and CML 2 baseline 2000
methodology were applied to evaluate functional units of 1 m? treated water. The results
show that energy has the most significant impact on environment, with a total impact
of 79%. Recycled water used in agriculture, on the other hand, has the most significant
benefits. While tertiary treatment systems will increase environmental impact by 55%,
using recycled water in the city also increases environmental benefits by 50%.
Similarly, in the sludge treatment system, power consumption is the most significant
factor responsible for environmental impacts. Sludge used in agriculture can reduce
methane, nitrous oxide and sulfur oxide formation, thereby increasing environmental
benefits by 54%. Impact of sludge generated by incineration, as well as energy
recycling, can reduce overall environmental impact by 86%. Sludge as a building

material is the highest among impact scenarios. Finally, to further reduce the



environmental impact arising from sewage treatment plants, energy is chosen as the

first priority.

Keywords : Waste water treatment, Life cycle assessment, Water reuse, Sludge reuse
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PLF T 2 > #s 5K R ] o Kalbaretal. (2013) v #1277 -k @ fy i@ * A
DGRE CFEWFRE SCMAENF RBEEIZHBREZPE

YL R AR R R B ARSI AR B Lk e B2 7 ¢ Hospido et al. (2004) 1 #5
KESER G T RENREBE L ehL £ > Gallegoetal. (2008) - i1 13 & -] 4]
75 7K B SR Ry e0TR s 0 Pasqualino et al. (2009) % £ 2% % 5 K AR & PR 2 TR

BEE RN ARY S 25 E%RBEFES 5 Pasqualino et al. (2011)* e
E q
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B3 5K RJLRE K F e I 22 % 0 35 40 i 0 iR B2 4% 8L 0 Rodriguez-
Garciaetal. (2011)+" # 24 B 5 K @R % § & 1 2 23Reg it + e df o
SHE HA R RGIAGR T R E L fpotER i REE R
e B2 TR BB A0 kg ¥ o0 o Renouetal. (2008)*+ 47 3 4p ) 0 %6 1 &2 "f i~ P EX
FRZIHEBRPE PRGN F P2 YA AL 1% i 6% 5
L 10% TR 13% . e b aERR 2R RpE R TR ALK B B T
Wy Mz e “f oPd B “f WL EY - & Zhangetal. (2010) = A B 2E 12
R = S “,fmabﬁ»&#;’ 1 % Foleyetal. (2010)% € =3 FE £ » gk
RIEEREF e ”z‘fei‘i%% PR 2 4 PR o
ﬁ??%ﬁéﬁﬁﬁ$@£ii$ﬁ$?%é§T$ﬁ§ﬁﬁﬁuag@
=42 5 o Lundieetal. (2004) & sl 2 45 BB S B 5K AR L PR R B P
FERFPHBACHE s W REEE F REE > TR R T H{HBRE DR E -
Foley et al. (2010)3% =2 # 3 # R ¢ 25 KB EFFE » #05 K RJLARR AT 7§~
e % 4t o Amoresetal. (2013)#-45 7 AR TR A 5 Bk~ ok s ok F kg
W TGRSR E T AFFE O ST ORI G A v R e = BT & A K
(RRAECINESE: ¥ 5 -F5
XN F RIS FFH IR 0 # Y AJE ImYd his ki S H
Fiw H w5 ko kansk B 3 8 (Amores et al., 2013, Meneses et al., 2010,
Mufioz et al., 2009, Murray et al., 2008, Pasqualino et al., 2009, Pasqualino et al., 2011,
Zhangetal.,2010) > pt # i H =7 - 28 2 R &AM FIET 73 F RF-KR e
Kok R 2 “/f P o FRA R kS ¥ o ERIEE M %% % (Corominas et al.,
2013) - » ¥ E A3 P % & Hospido et al. (2004) ~ Hospido et al. (2008) ~ Gallego
etal. (2008)~Kalbaretal. (2013) %= 7 12 A v § & i 5 # it ¥ i=;Foleyetal. (2010)

£ Rodriguez-Garcia et al. (2011) 2 & H =48 4% 72 2 ¥EPTi#aER
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. « Lundie et al.(2004)
B K gL «Foley et al. (2010)

» Amores et al.(2013)

oy
s
(s
-3‘.-_‘\;
=
(i}

»Zhang et al.(2010)
«Foley et al.(2010)

d
3
N
3
-
o
o
T
W

»Hospido et al.(2004) - Hospido et al.(2008)

= o
” J\ }i@"‘[& « Gallego et al.(2008) ~ Pasqualino et al.(2009)
= g@%i}% « Pasqualino et al.(2011)

*Rodriguez-Garcia et al.(2011)

» Murray et al.(2008)
» Mufioz et al.(2009)

}f@lﬁ“—_ﬁiﬁ» » Meneses et al.(2010)
« Kalbar et al.(2013)

W23 7§ P i

2. EhHAA

A AT IR R T By 4 5 oo § ¥k (foreground data) v # B ¥y
(background data)4-# 2-5 -

R R EFTAS RS2 AW By ¢ 75 R RIE R ok
BRI ACEH LB - BFERIEE T G RIT R §FE R
BN EgE N SR B AP B ARL FET LR Y R R B2 Bk
< )]?cgt:bié\ H_& 32 i3k (Meneses et al., 2010, Remy et al., 2013) o % & 45 i /5 K e
WRATE 2B SR i e 54 > Foleyetal. (2010) @ * 4 £ + BioWin
7 I HHLE ; Remyetal. (2013)# * UMBERTO5.5 #F & #icdh 74 » 2 = 75 -k ik

ba:ld 2, -z
= ,f\ ,?M‘-a °
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#2-5 Hap B 5
B * je
% B % Remyetal (2013) ¢ @& ¥ 45k~ 2155 -k &Iy 2009 # & 08 dic
C e LA e i R 4 2 By o
N R

Meneses et al. (2010) : #cdy 5 AL R T *

(zv}\'g%..:f_:rﬂ G\' °
Foley et al. (2010) : 1235 173 K ed2 Ra g i o A A > d 4o £ =
PR BRSO R R RIZAS AT 4R 2 0

BioWin
R R RE Y PR T G O K R

A BEET R
+ B4  Zhangetal. (2010) : @ * ¢ Rt & EHHERE L B R FH 0 LY

735) a IF/)J %ﬂ"7 90%!‘?,15}’??]”‘%\/)3 %3" E °
TA BN SV EZERZ S @& % Ecoinventv2.2

Remyetal. (2013) : 7

FHE o
Meneses et al. (2010) : i¥ * Ecoinvent v2.1 #cdy B i 733 & o

[EEIRY.

GRS B il
r'r'pé’:""r#)\ » m&% r‘UfF- =3

j*

%ggt%g Zv’H'}"‘Hb/Eﬂ

TERLEIHGEL A

WRATA A g B |

N

Plichy ¥R T D SN EY W R
SHE R B Wik A R E g0 4 BRI

# 3 % & odicdi (Corominas et al., 2013)

< 4

Tz

B hHEIpERE R DR
B2 PR RELE R ARD 0 Y
3. TR
LhAp e ens i B 27T o RIS R E L 2 2 BN

fﬁ,——?ifl,«- bﬁ;j_-‘i_;_ﬁ E ?;;:l
PEA ¢ B 8 3w (midpoint-oriented) 2 3F T #

Bloo 4 piFH FEITCHNT

(damage-oriented > 7= i3 8L 3w (endpoint-oriented)) » % 2- 6 B F 2 & B

o3 ik 2 i Rk gk o
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Renou et al. (2008) :* # CML 2 Baseline 2000 - Eco Indicator 99 -~
EDIP(Environmental Design of Industrial Product) 96 ~ EPS(Environment Priority
Strategy) ~ - Ecopoints 97 7 #& ¥ =15 = 2 2 R g w2 g * Bk F oL B
H ¢ CML2Baseline 2000 &2 EDIP96 #4p fe 42 5 F enfirff 305 & % 224 4piT e )
Eco Indicator99 d *t £ 4% > ¢ A it chifr¥ B S EDIPI6 » /2 &3 it 4 2 5 & =
g o

L nfbr S 2 ER o G S §—"Ff i# * CML 2 Baseline 2000 # ¥ g3
w2 i3 3 % CML 2 Baseline 2000 X p A g e ~ £ H: B AL F P ©
(Kalbar et al., 2013) » ‘& & Ecoinvent #cyp B2 4 &8 8 - SEH T+ #i%
VRS £ X UL R SN T AT T SN
AL FTREEH S LF B A B G e TR BT AR
% (Bravo and Ferrer, 2011 , Gallego et al., 2008, Hospido et al., 2004) -

W 5 B8y ¢ > Renouetal. (2008) #7 7 4p 41 0 FRi ~ oRERE R 1L E 3ok
B~ FRiEE & eI BRSO H5 kAR R AR EEFI(L 2-7)-

T3 FHEY A e = g0k > Barriosetal. (2008) 4 g7 i K B s AT R
%] & * Ecolndicator99 e z=in = 2 > @ * %2 oA A & BEH Aot
%fii'—"FTS'F_’ MEFEE - s B F P L AR - Mufiozetal. (2009) s * 24 & i Hp 2T
GERE L AN - m SR E A FhE d BB & * EDIPI7 =i 3
FEOP TR ENAGIPEAPEENY HEZBEBEREASY I KT F
oA ERFE: b oMLY T o RA B T A E ok
EDIP97 # - B f§ ¥ 1= ;'@ 2tix & cha & #i-d] - Foleyetal. (2010)3t 4= 3 ¥ & *
Impact 2002+ > % Y IR 2t - IR B R RBREEE LS

253 S
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F 2-T BB B BB EP

BRBFRY  RP

i Feft f M g S a AR AR 2 BT o

KB ERET I RERER > RNEAFER KNI REELT F oo

£ 2%R SF R T REFMEAL E S FRREE 3k
FF %go

FRb® Ao TR €7 T TR

F ”ﬁ-%—#?’v’ﬁ'f%-&@px;\}%u 4 AR

F# kR © Renou et al. (2008)
4, HEFHE

ARENEL? P ORRAGEYEATE L SR FFITFR SR LT
AR ER AT AR E R - RRAR B - R BB H T

#1122 i 3% (Corominas et al., 2013) -

AEEFHTHER/RY TR IER L F - 4] > Remy etal. (2013) &= 7 ¢
B2 HAFHTLRZFIPBFRAIORZGERF > b4 X L EFRIGE RS
A SRS R R KD 2 SRR ARG hT R §

LR BT R AT R hg KR gp R P o

ARNFRERIEHRERFLAL f 1 L e FR2 o AR 1L

oy

Weto R E R PP ETS > S R A R R P VRS AR L E R

A
(Lundin, 2003) -
S Ak RITZ 2 AR FR SR

Lundie etal. (2004)3F 4 $87 #-k ehd @ ix 2= o =6 2 @ 2 Bk D15
R KILH o PR % A7 0 BB g IS N F RS 6%eht R F R
& & 13%i ko
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Hospido et al. (2004)% £ 5z X &2 B F 275 K Aad2 2 2 X P26 » 7§

BEAFGEHREG I AMAP LI A R n B AREP D

LRTR
Hospido et al. (2008)+" #w & 7 F % £ 275 K AdZR » A 175 £ 2 B i
Bod BRI IAHREG S L PP B R AT D BAIL LAY %] B

@iz NP Fappedl 6 g2 2 3 ¥R ookl g £ 10 58 ORE 1

GRTRSE R E 2 dakeg (EA 2 B o

Gallego et al. (2008)F 3 13 /-] *>+ 2000 * v % B 2. /3 R ed@Ry > d > 273
KR H 22 2R PP RERLATHE -RE RIL G BB AL 2 2
3 uﬁe*{—? LL@‘:F&K@;}‘ BEHAREM ;A EFERAKE ;L,(ir}/)%;f;ﬁ . @,Q%)é

FZRBRPBALER L o

Kalbaretal. (2013)+" fizw B35 7 275 K ad® & 5o BOoRRdR2 4 & 2 4 4
% U513 &k % (activated sludge process (ASP)) ~ A& #-3% & J& i (sequencing batch
reactor (SBR)) ~ = i 5 R F 5 &k & 45 fie £ 144 § 87 (up-flow anaerobic sludge
blanket reactors followed by facultative aerobic lagoon (UASB - FAL))fr 4 1 /&3
(constructed wetlands (CWSs)) ° 7 7 5% % £ 71 B 38 F i 5 R B ed@oc % b it
d W BEL EIEEREERE S LRER TSRS A A LR FLRA S
FUA S BT TR EUREST A2 0 e

AR NEREAY A AT LS

BT BAEREEITEF L > Mufiozetal. (2009) & * L% -~ L% B

FRERER R VR AAIL RE R L RS P R Al

g o
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Zhang etal. (2010)*0 /7 § # = B4 & 75 KR ~ § 8 ~ F R B
Poo LR A kv Rz BB L B RAp il = BodBee g A R
el pEs A4 KE 1% Z BB AE > L IREARE F N 82 RS

UL L ERENE-EE T 2N
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Meneses et al. (2010) " $i = 6= B EJZAZR > & Z4cd B H bk 4
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§2FF VA TR EA TR R LRGSR RS N2 3
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BOIREFLIWREDE A A LA RRET BT RS RRPT B R A
BTk E R E R RIERBR P EALAR T L R T o ARk R 2
7}\-’ ;\Z o

Pasqualino et al. (2011) &/ 3 S % @ 3 5] » = B2 e < 04 dpfh? £ 7 &
BTk 0 se L b LR e E A BRSL S s BUE 15 etk 2

HARE > PR T = BEJR R RRE) L1%E 3.2% 0 R vA FH 4o = B AIT 4

B Rads A i BT 2 g F e L 4 keng P N T
Houillon and Jolliet (2005) & 3+ = #8.i5 i &2 = CRERY A

'/V,%JT\“i i ;ﬂ"ﬁ*‘ ’ /ﬁ' *{I%"’k’?ﬁ?#‘%afm ’ ‘ai’fﬂb /)57’}"—" ik Av\"]"‘/r ’ I,_Iib /)57:"

IS

Bt BERY SN R TR R H e B BB kR LA

PERER P BRFERERYIAL L > I A RATER o

Hospido etal. (2005) % Jg i5 & o ed® (18 5k ~ iz k) & 75 0 14 B ('
B BERY)FE A L4 - AR N Bk B Y B A
HBEAEF FPRFEF R efEE o PR AFEG YR 2

Pasqualino et al. (2009)4p 175 ik B ¥ e 2R E i 1V 25 5 AU B
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s BEGR Y 5 RS Kby FIU R L RBTE R VAR T

BNz nf o P UERAE TR RO R AR e o

Remy et al. (2013) 4 4537 5 iF AR 5 ik B % Al > i B3 RE2 B 3%
Tt eh®E PR 4 AR REREARIAE S PRBEE B 5

BoKIR L AEET R R L o
2352 ¢RXP TR LB RAFE I TS

- SRR AT

ARERAFT AN GEP TR EL FEFAREFF P EIRAE A

L PR BB T R B B e A 2 2 B

P AP R AT LT

@ (Tronado diagram) @ & & % L 7 > ;82— > F B30l 0 B

<k

SHER
PRI OREEAPH RO E LR ER -

2. H F]F Astg & 4 17(One-way sensitivity analysis) @ 45 4 47 5+ = 7 6 - 37

OB FEc m AR REIEE R LIGER R A Lo

3. % T agR & 4 1 (Multi-factor sensitivity analysis) : 4p Bk B ¢ % f2 T F]
:*'Fm’g'_#f% RAOFET P EAFBASFE AP TF R REES R

R R R PR

PEETHERETCRE LT AR 2-4> R 4 SHYIEFHF L

R 0 iR ORE R B R PR (PR > 2005) o H-2 bR ER
ZAFE T E R R M aRRA F SR A BT deT
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EARE A X RFE M BEEEXRHTM
B AR R
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58 7 Fx T4 (Model uncertainty) © 37 5 TR B I % 1 A 2RR AR 4 Skl

PR EK 0 &2 2R IR R B #7F T (P 0 2008) o

EFH A 4 22 Fx T (Uncertainty due to choices) @ & 45:%
GHotrg i R ERR R E A RE RS ERE S Y §

Bbe S % R R
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5. PR % R (Temporal variability) : 58 P ¥ > ek 2 @ e L A §
AECRERP IR DLE 2 ARAYPITFREFHETA AL AP
RELRS  HYWHI RP2BH P RLE SRS 2 63 A D

i (1 > 2008) -

6. %~ & 8 fz % B (Variability between sources and objects) : #_{% i 4p ke 75
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v A2 2 EEE IR d TR S R4 2 A BN o Bk
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PE R EF 7 FE o AFT Y Y SimaPro g ¢ i 2 5 K AJR kM

311 PR fER 2

PIREFEER T2 AN TR FEATP 20 AP PR H 2o

FER A RR A ST S

- \,gﬂ;i‘“g*%

KRR R A TR AR Ak F R 28
WL R ARG L PR R KA R A B S

EZ A R RER AR AR 282 FRE I 2 5o
SN S S

BOKARSERL & P enhtd kY IS R4 R ok Y R g

fol F e o N H L H T AY 0 F SBEAT LY - LR
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P dLis 25 REFR2 AT &5 RAad@RGEmn-RE F5 7 i H = (Hospido
etal., 2004) o A& T E* WK 0 5K ARILRURILIS 25 KR 0 HP E R A - =

AR AmM)ZF R EHRE R FLA SRR AT E A A

= FEERE

BTG S AR B R EE G M 25 R AL R v A E A & 2 R KR
(Doka, G.,2009.) o 5% § & £ 75 -k ASE § W FF B> #5 KASE f 52 2 Gl
B %A 5 A RRIZIA L AR JIH A R R I R 5K
RILRR itk AL 2 g PE A BRI LR E R ¢ gk
RS R AR AR EHERERE P BI3-1 5 A8 R RILR

fu3§ A oo

RE RN # BN

S 3

n

¥

=
=

WiRER E;— b3

RFR V‘T 2 :.é- 3
v / y
7Rk
R L

s oy @ £ — AT

1 l &
)3 iR B => FRAE

o > FRRE Qﬁﬁﬂﬁﬁ

Bl 3-1 £3305 KRRy & 5o T W)
KRS B 1 R BT K ESE RN G A VO LR AIEARR R R

SR AR R 0 FRE T OREIR RSN TR - BAJERE ¢ SIS R
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%ﬁﬁ@%i%%%%‘%%ﬂ%‘ﬂ?ﬁiﬁ%&’é%:$&£ﬂﬁ§“§

Borlg B mRF A REAGRME FoRBIEFTE BB ENP AL

’.%5:1’;/)i F ISR TR RIIARR § FRIB TA S 2 ’Fﬁ%}//}» HFp A
SR R L TR S S ST Y SIS L PP S

EIRFBFHF Ay o

B RE AT FRE SR E (20000)50 £ 73 Tk 41T AR 2
P E Y WINPT RASL R e 2 e ASLAR R L AP AH AR
BacB 3-20 ¢ Frih~ £ F ~ MBIk - XN RA Y BRA KR 5

CBESRIS R YR REE I 52 BRSNS o

Rk ik
=% %R L3
1 - 1 MF | ] |
HmAk i@ 8 Ak ) & KA A A
R B
| o7k

i K

FA KR L ATk 1% (2009b)
Bl 3-2 K 2 f1% RFIKH2 = Bk i A2 B

AR BRI R I P AR - TR AR RS K 1 T
o FEDRME SR A L Y BRI o FORMpE SRS AT S
BY U ETRERE > @ AET S Z2HEIF N FE LAY BRI R

e R RE s U S Qﬂ’l(ﬁﬁﬁﬁiﬁ FABIREFS XD ER -

T~ TR OERGR

ATY B E Ficte B 2 BB FApFOoTFEREE o R K F (2

2B RIEIE B ) M R 2 BB P TR o R kv
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PR

Hospido et al. (2004)% £3c 5 & R 52 (75 K A2 2 2 I =6 » 23

FERATRFERBIESSIREPFTIARE KRB R BRFRE A LREPF

AEFRY AL ERES T ER IR T RRTERMT o

4 ik Hp FeHEIZFRS }\f;mfi\f"”l«%w D Bde > R R PFE aER
A AR E S R R B S AT IR ARAHL h T soddy o

HF R kAT R hF R AR

TLEP T RAIIR P T AILALR B AR KA BEA KIS K2 2 B

;‘ﬁ@ﬂ’}q?’r = ‘;%%zr'T :

i L

EEARZEAEEAT AP R0IABF RRIIT 5 kS Bk
TLAZR (SR D A 0 5 IR kSR oK SRS AT -

Sk U B AR R E RIS BRI 0 R AR SRR
T B RIS AR S TTAEE -

E AR 35T 1 ARk F1(2000b) 1 £ 557 K AR R K 32 55 ok =
BREILARR  E X THR -~ L F C MFAOEER ) ARAETRE] L 2 R

%%«,\kgﬂjﬁ,&»;‘ ,}J]z;‘}?éﬂ:p?;k‘p];ﬁgﬂ—aj\ ~ R J\ o

5 i IR

EEXIGES 5 RS STV BT S R P b - R B RN

I o

=
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B T RE DR REE S ok S g SRR A

ORI GERR TR I LI R RS S ok AT (S AR o T
wAEY A4 2 Fac LI o

SRS AR ER RSk ok S B G ITL AR A
312 ¥ i 447

- iR

APEHI L LB R E AT RE YL E R T SAR
ENFT AR A AL BLERLE R ENF T KRR L
P 5 e 200 FRE S % Hh 75 FRE 4 L 12,98 §RE ~ 5L 5.6 FRE 7k
G154 FRES 29512 R 0 £ F KR ARG HELE TR RR AR

SEWR O ERFRLNC6EFR OBELETRYBEL 204 18% -
(1) b B2 B E

BP0 il BT g R R i T R B R e r A 0y A
NHRAK R AR PRDBHREATHEEER L T L AR R B

i HoRr Ecoinvent TARIEPNZHEA P Ktk o RiEr THERRBE

11\1.

Rae ik (2011) st dicdp » B P A & KRR G W G+ Pf il 33.76% > H
AR 23.06% 0 @ s i’é’ﬁ%] BE & P & §5 Sea-Rates.com i b
(http://www.searates.com/cn/reference/portdistance/) ¥+ iz & 2_ 418 2 42 > & &
AR RGN RORLEC 2 FRE RBET FTHEBFERIOL 3-

10
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# 3-1Ridiec {352 5@ E4

e k%> BrEg(FH) Bre(%) B EF FE R
(km)

ZRP Cabinda 52,168.00 17.99 16440.25

k| % Djeno 4,544.56 1.57 16512.51

[E Bandar 11,040.08 3.81 10260.38
Mahshahr

=5 Fao 8,224.00 2.84 10245.08

Q5 Mina Al 66,893.96 23.06 10206.88
Ahmadi

R KN Port Harcourt  4,836.28 1.67 17622.05

|Gl Mina Al Fahal 4,001.56 1.38 8952.31

v g ¥ PP i Ras Tanura 97,930.92 33.76 9967.76

a0 &+ Das Island 17,259.81 5.95 9736.05

2

Hw - 23,162.35 7.99 -

K o - 290,061.52 100.00 -

AL KRR © S AR R A (2011) ~ Sea-Rates.com ~ #1(2013)
(2) LML

ERERBRBA N R EOFIRETN > BRI AR AR
BeoRMET IR T T EUBELD BT foR g F D NER
DR R AL BN 0 F EE R AR T I R SRS
2020 2 o RRRASE S A 0 d v BN d R T
Ecoinvent LR p i g i AL 0 BE R KR~ ST 4 kA2
o ik F i’é’ﬁﬁﬁﬁ;ﬁﬁtf;ﬁ s ™ % (Heavy fuel oil, at refinery/TW U) » 5%t 4
AAN2ZEN o] FEHFFI AP REIEHRL 2775 22 5 EIF 199 o
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2 3 8L 7 i * (Heavy fuel oil, at regional storage/TW U) -
Q) ERFITI&K

03 TR BN R Ry 0 e R Ecoinvent FORLE P 2 eR0 R
MRFEFRARAL B HEN KRZ @ﬁ%lﬁﬁé;ﬁ(Heavy fuel oil, burned in power

plant/TWU) - AF7 7 i * Sk P AFBS 2 € F T Finhit £ o
£33 kit

L &80 KAl R m — i3 okl

AT W R BT KAIER 2013 ER P ik~ B AE 0 BEp T
SECREVE VSR BT R R e A LR
S E R TE R AR L F i H 14288 KJ 0 F 42154573 mg

%4 390 mg -

Rk AT EE 2 ERFTRLAHBE AP SRR R
B2 R 7 » % F 4£(PACL)Z /5 & g2 i * ¥ R (Polymer) - o

—

* Ecoinvent TR E ¥ @ ip 4 A FH > & PACL 384 131 & &4
Aluminium oxide (Al,O3) ¥ 3 F & » LEAITA #1722 & 4 Ammouium

chloride i® 5 3 (Ja A%k 4% > 2011) -

BB EKRE Y RN S E L SRR KK F F4(COD~BOD~SS
pH) » *# 7§ W B 2013 EHRIFAL » #E p TR E LS L H e H 9 -

WA FREHF - £ 4 B)5 2013 & 11 7 28 p v - S aneiiokok TR
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4ok 3-2
# 3-2 875 K RJIER KRB

P HEZEAHP ki = 2

I BFE(- ~ZBEIERE)
rtEZFE COD, Chemical Oxygen Demand 24.61 mg
EAL- A T o BODS5, Biological Oxygen Demand 6.49 mg
RiFHEN Suspended solids, unspecified 7.51 mg
iy Fluridone 1.00 mg
¥ Chloride 69.10 mg
AR Nitrate 2.53 mg
B R Phosphate 2.24 mg
AR - ND mg
Pk Sulfate 17.97 mg
214 Calcium, ion 13.70 mg
&0 Potassium, ion 25.70 mg
4 Sodium, ion 290.60 mg
i - ND mg
£ - ND mg
4% - ND mg
£ - ND mg
i - ND mg
45 - ND mg
& - ND mg
44 - ND mg
Fa - ND mg
& - ND mg

B RN TREYET

2. EBIFKASLRERILILIR — 5 Ik AL
EW K RILR ST i B 2 ok A2 0439 275k 0 £3375 K
T 2013 & B s & RSk T IOHCE 0 BT P e iRl % 1O )

1B WA S B G RIS S E e A 330
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ﬁ%uﬁﬁﬁﬁﬁﬁ%¢ﬁg&%ﬁ§aﬁ,§4§§ﬁ&@ﬁg&5
QE’ﬁa%ﬁ—i?ﬁl&ﬁﬁﬁ’%ﬁ$&£&ﬁﬁ§ﬁﬂﬁ$ﬁﬁﬁ
= % 9.41E-8tkm -

% 3-3 EWIF KRILRS S AR E

%P HEHa5EP &g i
B~ (7 0k AR )
i 9% Transport, lorry 16-32, EURO3/RER U 9.41E-8 tkm
X R Ammonium chloride, at plant/GLO U 390.00 mg
Bacq 3 B(FRRILAR)
®A - ND mg
w45 - ND mg
B - ND mg
» fde - ND mg
X Lead 0.03 mg
kX~ - ND mg
kX - ND mg
X Copper 0.01 mg
e Barium 0.63 mg

TR KR D £3305 KLl

B0
W
[Eive
pi
S
-
&
\\‘5
iy
N
o
=
w
B
£
w
{%
(\x.
S
E
et
‘?‘;
y
|l
S
7=
$E
o
&
W
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534 85 KSR BB

b1 ) HREaAP &g H i

Bor (- ~ = BASEER)

e R Heavy fuel oil, burned in power plant/TW U  1428.80 KJ

& Aluminium oxide, at plant/RER U 1545.73 mg
I BE(- - BRIEERE)
tEFFE COD, Chemical Oxygen Demand 24.61 mg
EALE- 2 4 BODS5, Biological Oxygen Demand 6.49 mg
RFFR Suspended solids, unspecified 7.51 mg
i Fluoride 1.00 mg
E A Chloride 69.10 mg
o] Nitrate 2.53 mg
BAgE W Phosphate 2.24 mg
ot Sulfate 17.97 mg
13 Calcium, ion 13.70 mg
4@ Potassium, ion 25.70 mg
4 Sodium, ion 290.60 mg
B (FRAREER)
iF 9% Transport, lorry 16-32, EURO3/RER U 9.41E-8 tkm
A Ammonium chloride, at plant/GLO U 390.00 mg
3 BB (TR RILER)
kX Lead 0.03 mg
X Copper 0.01 mg
KX Barium 0.63 mg

TR KR D &35 K RITR

RESTER TSRS SRR E

5k AL RS BRI (SR ot R EE I LR ok i
R it £ R TR d N BEP 2 TR KRR TR LR Lk
BRI m EFE FHRAEHNEFFE P E)RRET AP LYY R
Az TRERALTRE (A FEFRRIZE LA KT TR E

EAIY 28 BFE 54 35¢

K&z—

EA ok R EERY kY § 4 hE %A (R 36) TR
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Bl TG L RBOCE SRR o F 2 v BRI TR E
KA TR 4 2 B o 4 R 4K LB RE o

P g M R KERBLESBE P P L2 250 Ba koK
ERRER S F P REREYL 21,500CMD ; # ¢ £33 % K fde Bo B T ok
.f‘:f‘_?,"‘J&%c:'(iﬁ‘riip\‘}ﬁ’i BERERETH BFRY L4 RR* R EL w7
FOR U ERARR 2 BB AT ok 3-T7 -

2 35F2 kR RERT LB A HE

) HEE a7 P HwE Hi>
Br(- 2B EER)
A R Heavy fuel oil, burned in power plant/TW U 1428.80 KJ
- Aluminium oxide, at plant/RER U 1545.73 mg
BRI KHMBER(- - BAEEE)
tEZFE COD, Chemical Oxygen Demand 2461 mg
ELE- 3 4 BODs, Biological Oxygen Demand 649 mg
RFFAR Suspended solids, unspecified 7.51 mg
i Fluoride 1.00 mg
3 Chloride 69.10 mg
o] Nitrate 2.53 mg
porT iR Phosphate 2.24 mg
AR Sulfate 1797 mg
& Calcium, ion 13.70  mg
49 Potassium, ion 2570 mg
4 Sodium, ion 290.60 mg
B (FRAEER)
i 9% Transport, lorry 16-32, EURO3/RER U 9.41E-8 tkm
b L. Ammonium chloride, at plant/GLO U 390.00 mg
#3 by 2 E(FRRIRER)
kX Lead 0.03 mg
kX Copper 0.01 mg
340 Barium 0.63 mg

FH AR £3575 KRIZ R ~ ARk 415 (2009b)
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23-6F A R REEE AT 2R E R

b1 ) HREaAP &g H i
#RIAFIE(RERY)

¥ Nitrogen -0.57 mg

Bk Phosphorus -0.73 mg

TR RIR D £3505 KRR

13T KEIP 2 BB K

AP HE¥ 47 xE HEi
P (FkREER)

e R Heavy fuel oil, burned in power plant/TW U -1874.81 KJ
—Fivg Chlorine dioxide, at plant/RER U -2.40 mg
= &% &4 Sodium hypochlorite, 15% in H20, at plant/RER U -5.20 mg

Bl kMBS (R kAR )

pdag Chloride -0.68 mg
A Chloride -31.40 mg
i3 Ammonia, as N -1.39 mg
AR Nitrate -358 mg
BB TOC, Total Organic Carbon -0.46 mg

FH KR AR (2012) ~ £ P ok E S

XNV LA LR 3

AR ] (20000)4 4] & 5555 ok AT H 4o 2 BRI AR R > 1 D
KE2FP 2400 ]2 2 R HF2ZEKARRE > HRpAERE ~ L5 2R A

B MR R 2. AT L

BRriERS > 54 FER W12/ 3000 %5 - F & 2,000 %5F

"

SEREZRESTERN RTR  HEF RAEE S 12002 2 5 B
3E(HP 1EH*)o

L TR L L F PG 19-57gh ¢ RS F F 4 S

*m‘

¥4 A F o MOTER2 HH 47 PS-PES-PVDF & 6 5 1 #177>

) 0 045 Mkt F EE A 1344 T 2 ¢ A BV EERE
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FoppEE L o 60 2 T ARG RIFEM o Y Oy A5 5 N

&

BCBRA > § 0 AR B S e B R 0

-‘g;\nio

TR ] % (2000D) & B ORE 2 RGR B N E A 1 0 AOTE R

Furdg 4 »3 & {#— = » L3108 & 16 & » BN R B2 il

ER]

FERER R LR ERMK L 34 R DIPEFH- S £AT

BT Bk SR AR (S A B Rk AP 2008) -

B3R RIER I e Z B AIERR 2 R TR B B A FE Y
EAINR 1% (2000D)F EA 4 2 BT E £ AT HF B2 L BOKW
By IA L HE L 65.90K) S EFiERE LT E & 2 p# £ 0 43 Barrios
etal. (2008) > % ¥ # ~ %% Mufiozetal. (2009)2. % # iF ¥ o gt 7b » g2 2R g id
0ok 1% (2009b) 4841 2. = B ed2 42 B 7 HoviB g Tangsubkul etal. (2006)*+
v hm e L B SRR AR HATHEY G

B AT RAOCER A AR

FEAEBF KA - I 2 BAEIIRA 0 AT T B SRR (8

%ﬁ”‘_’ﬁﬁ —%E'&‘-"Z\\?)S .ﬁ—i J\@w}«%ﬂk’

:
[
|
(\
=
|
el
E-

i, o
&)
S
:g'
ggz ¥

B > £ 3-T7 AR ACKEFNED TE A

3-8 AW RAIIRGE B2 B h T H

®P HEEEAP i i il
BTr(- DB REER)
A R Heavy fuel oil, burned in power plant/TW U 1428.80 KJ
# 4 Aluminium oxide, at plant/RER U 1545.73 mg
P (BRI ER)
A R Heavy fuel oil, burned in power plant/TW U 65.90 KJ
®) Sand, at mine/CH U 0.02 kg
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ERFY Oxygen, liquid, at plant/RER U 0.14 kg
.g

i 9% Transport, lorry 16-32, EURO3/RER U 9.41E-8 tkm
X R Ammonium chloride, at plant/GLO U 390.00 mg
EEX SR ¢ & ACLRY-FLY)
X Lead 0.03 mg
kA Copper 0.01 mg
Bé Barium 0.63 mg
FAL KR L S ATR % (2009D) ~ £ 3575 0K 2 Ry ~ Barrios et al. (2008) -

Mufioz et al. (2009)

RV

IR - ARd TR RNE S R s A R 2 R JRAR R T B M el 0
FRETr AR R R E A~ 17(R3-3) k2% 48 %4 p Hong
et al. (2009)# Murray et al. (2008) » < ),;Jw‘ r 2B ad i Fkampisenl
MR AR M-LERS R 0 3 E L5 KSR R AT IMP 5ok A 4 5 R 0 5 R

R R Rz i RE T RE S FI o R ARz i 5ok AR H

ik o
L
|
B4
}
R, 7K
e e, #AL(AE R =K AL
! ] ] |
i ER»EE 3 JE A 7 A

B 3-35 k2> %

44



EEXGEE SRR S E o

Yol 3-3 B ARILS K0 £ REIZRP T AR RJEARA 5 RN R
Ko BB ARSI AR AEIT A8 A LRSI FEE SRS E2 P 0 JERY G
35208 s A+ I - XVIF L6 E > BT A EREY S0 E =L 9.41E-8
tkme £ 3-9 2 Ak gER LI Ryl EHiFH -

S 3-95‘5%9@?{1’?.@1?}? L?é‘ﬁ/:ﬁ‘_ﬁ

AP HE¥ 47 i H
#®~ CR#)

e R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ
F (oK)

e R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ

XA Ammonium chloride, at plant/GLO U 3.05 kg
Fr(FHR)
e R Heavy fuel oil, burned in power plant/TW U  11319.75 KJ
i# ﬁj Transport, lorry 16-32, EURO3/RER U 9.41E-8 tkm
#w3I g GER)
vz Methane 1.38 kg
#x3dE(HR)
e Lead 0.03 mg
X Copper 0.01 mg
B4 Barium 0.63 mg

R kR Hong et al. (2009)
CER3E R REL G A GHE

4o 3-3 5k mIL > K 0 5k ;,}a‘ﬁ’ﬁ SRS FE LS R T

e
e
a1
-

“3
-

SHevoRARR LR 3R N R ARA Y g g a0

N0
=t
rd
She
-4
=
=
-
X

T ARGy O RFYFeRAM S - I RHE A REL DT RGEP A
2000) » 3ad7 42 R ¢ ¥ -3 47 *% f2(Suh and Rousseaux, 2002) - % 3-10 % i3 ik J&
PARRELAIT 2 REFE ke RF T4 R R R R (Suh and

Rousseaux, 2002) » k& ~ -k ~ 33w pF Rl &0 LT 4 4L o 205 R v R ¥
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ZFEBY O BRSAEERRSSAEEIH A FERPR o

BRI REENTEA 2 BELE R AR I MWETYELILE AL A

U FEREYWREREJIY T AL 2 9E o

#3-10F Rk EEL I ¥ A FH

AP HE¥ 47 i H
Fr CRER)
" R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ
Fr (k)
e R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ
XA Ammonium chloride, at plant/GLO U 3.05 kg
£~ ()
e R Heavy fuel oil, burned in power plant/TW U 108360.00 KJ
Fr(RFE?)
i# ﬁj Transport, lorry 16-32, EURO3/RER U 9.41E-8 tkm
ERIZFRERY)
Fyey Nitrogen oxides 300.31 g
- §Fivm Carbon dioxide 7.40 kg
BRIIFRFREY)
R Lead 0.03 mg
X Copper 0.01 mg
B4 Barium 0.63 mg

R kR Hong et al. (2009)

2315 EBr R ELJ T AL 2 52 F

FEP HEELAP i [l
RIZF(EFER?)

vz Methane -9.16 kg
-Fi - F Nitrous oxide -81.70 g
iy b3 Sulfur oxides -363.95

F L kR : Hong et al. (2009)

G RAFREAE R RV I L

4o 3-3F R eI k0 5k ;_/%‘ﬁ]%“ SRS R ERT A A B 0 Bk
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HEATREOGIMRFRERED125% il A G UAIL - R EP B %

gan|

WAEM I RIZ d M ERSE e AN AP AT S DR e S
RF% 257 R REF TR LU SR EE R i SR LT
FEWLG AR A RER B ERRYHL S - BAEFEE B AFTERAK
RGBS RIF R AT WYL 5122 gt
- XVTELIOPEFR > RS REE Y L H 25 13.7E-8tkm o A it {8 A EiE
BiA AL JERES T8 22 RHRERT I - = 6 WAk o 4B
wH 5 26E-8tkme % 3-12 SiF R A s fI% 2B AFHE > £ 3-13 S

(BT A 2 REITE o

231235 R E I g 2w RE R

#e HELEL7P o g
£~ GRS

A R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ
#F (k)

A R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ

A Ammonium chloride, at plant/GLO U 3.05 kg
o (HE)
i 9% Transport, lorry 16-32, EURO3/RER U 13.7E-8 tkm
e Heavy fuel oil, burned in power plant/TW U 471830.00 KJ
xRF Natural gas (m®) 20.00 m3
T EICED
ZF R Carbon dioxide 159100.00 g
& Chromium 1.02 g
& Lead 0.10 g
i Cadmium 0.25 g
& Mercury 0.03 g
& zZinc 0.42 g
Fr (K gH2)
i Transport, lorry 16-32, EURO3/RER U 2.6E-8 tkm

o Heavy fuel oil, burned in power plant/TW U  90558.00 KJ
4l F (gwE)
vz Methane 1.38 kg
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il (R gwR)

Be Lead 0.03 mg
X Copper 0.01 mg
B4e Barium 0.63 mg
R kR - Hong et al. (2009)
# 3-13F R A ERJI* A4 29 F
P HEELAP ki H
()

i R Heavy fuel oil, burned in power plant/TW U -1437318.00 KJ
R kR Hong et al. (2009)

BRI R ST

Yol 3-3 3 R I R0 BIRSIRSE S R S A AT Y EH 0 £ 3-
B EARRY WERHRIEHEIA)Z B AFE B9 > FREE M Rk
BiriH L 13.7E-8tkm dkid MU REE T 4P ka1l 282
BeE A Em i 367E-80 d F BB HET B EEY 2775 22 5 SN
H =% 925E-70 4 3-15 23k B * 2 H s H(EES M) 2 BB F o

% 3-14 5 F o * SN2 AT 2 0 R R

b1 ) HELELAP &E Hi
# 0~ GRS

A R Heavy fuel oil, burned in power plant/TW U 277092.00 KJ
# (oK)

e Heavy fuel oil, burned in power plant/TW U 277092.00 KJ

b L. Ammonium chloride, at plant/GLO U 3.05 kg
(A T)
i 9% Transport, lorry 16-32, EURO3/RER U 13.7E-8 tkm
o Heavy fuel oil, burned in power plant/TW U 471830.00 KJ
X RF Natural gas (m®) 20.00 m3
#ERIZFAET)
ZF R Carbon dioxide 159100.00 g
£ Chromium 1.02 g
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& Lead 0.10 g
& Cadmium 0.25 g
& Mercury 0.03 g
& Zinc 0.42 g
Fr(EH)
iF 9% Transport, lorry 16-32, EURO3/RER U 3.67E-8 tkm
iF 9% Barge FAL 9.25E-7 tkm
Pl dEEEH)
Be Lead 0.03 mg
kX Copper 0.01 mg
Bre Barium 0.63 mg

R kR : Hong et al. (2009)

% 3-15 73k o 3t iEH AT A 4 2 0

AP HEEL7P #E H=
Fr(2H)
e R Heavy fuel oil, burned in power plant/TW U -266.47 mj
#rIFFEH)
Z§F v e Sulfur dioxide 1.96 g
- F fvm Carbon monoxide 2.57 g
ZF ivB Carbon dioxide 3.90 g
F3ivp Nitrogen oxides 1.98 g
LFHF P &5 Volatile organic compound 1.98 g

A %R ¢ Murray et al. (2008)

313 TR 3 ik

AFE 3 iE* CML2basline2000 -t #F#Em = 2 kg2 R~ £% B
Fyoeow 1992 &4 B 42 CML1992 ¥ =15 = ;2 » CML2000 23 A 38 & b8 5
B F A 3 4 A& 4 & (Solid Waste Production) 12 2 - =t it ik R A1 *

(Primary Energy Resource Use) % = 78 ¥ #g w] » % & § £ E %25 = (Summer

Smog Formation) { :x 5 sk i* & ¥ {* (Photochemical oxidation) » & ® 34 4 & 4 4F
W dma s dokok 2 4 (Fresh water aquatic ecotox.) ~ % -k 4 4 f& & |4
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(Marine aquatic ecotoxicity) ~ FE# 4 & # {4 (Terrestrial ecotoxicity) » #74c » 284 F»

1= #B(Abiotic depletion)#g w] » #-Fh 4 foit 7 Pl angs * 4 (Sh) 5 %4 ~ 2 & 1+
= Ik B % 5 CML2000 z. e =15 = 2 1@ 3 2 e 5 w]4r & 3- 16(Buonocore
etal., 2009) -

# 3-16 CML2000 frif =iz = %

Impact category

Abiotic depletion

e i Acidification
BEE Eutrophication
DI Global warming

3 ks Ozone layer depletion
AEa s Human toxicity
SIS Y e Fresh water aquatic ecotox
AERS 2 RE N Marine aquatic ecotoxicity
SR Terrestrial ecotoxicity

EiLBF L Photochemical oxidation

7L % & : Buonocore et al. (2009)

® LA BB tdp kY B FHp R RE S NE(Sh) R 2T R
£ it = k5 % > kg Sb eq (kg antimony equivalents) 3 E = o

O phiaEulicCF CAARE R RY LM M H Ry R apg E
2 0 11 kg SO2 eq (kg sulfur dioxide equivalents) it 2 B = o AIRLF ? » B

”9'3.—5 &x;ig#&ﬂzﬁ % (2 o /p) g B o Ddogea A "'Km"‘kig'fr' 2 o e

Feit b B @k 1A AR o
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BN R R RN O BMBME £ 2§ £ 5 T 12 kgPOseq

(kg phosphate equivalents) & ¥ i -

rRef it agn] Lt AE N R p R R F RSB M4 R ¢ (Intergovernmental
Panel on Climate Change » IPCC)#7i% B~2_ 8238 %] » #2100 # crper fF & &
F IR V A > 2 - F PR G S 281 48 > kg CO2 eq (kg carbon

dioxide equivalents)# 3 it 3 H i+ -

A

CERATHEAY AR AR AR L N F L2

I

v

W %4 4 F > 11 kg CFC-11 eq (kg trichlorofluoromethane equivalents) = ¥

o

Lapa ] e A RS O AN A A P R 2 B e
Afp o Fp a0 BF P b oo R RPIERP T LR
(European Union System for the Evaluation of Substances » EUSES):* & % #; it
FRFRZJAFFT2EL N14 25 F 5455 F > kgl4a-DBeq (14-

dichlorobenzene equivalents) it 7 H i~ o

i

MOKRA 3 AR B TR A F kel M1 Hk Sk e
TR EFFERE T 2 14§ ¥ 5 %545 F o kg 1,4-DB eq (14

dichlorobenzene equivalents) it 5 H i+ > if * 3> 23~ A - R for 2 2 K o
e RESS SNl P N A NEE A o S A NS LEE: ST - PE RESAl IO St g
FECFTERAEUN 0 14 2§ F¥5 435 F o kg 14-DB eq (14

dichlorobenzene equivalents) it = H i+ > if * 3> 22~ A - R for 2 2 R o

BEB 4 A A P FRCT X F kol B HIER 2 L S

¥ & 5% ¥ F > kg 14-DB eq (1,4-

)

PER BB R T o 14 =
dichlorobenzene equivalents) it 5 H i+ > if * 3> 23~ A - B3 for 2 L R o
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® L EF vgpu @ ki F #Er;0 (Photochemical Trajectory Models -
PTMs)® % 3+ % » r2e % & %4 4 > kg CoHa (kg ethylene) it 5 & i » ki &
FULBEL e R BRI F FEE S 4T IOE S kR B R IORAE 0 1Y

EHGAY AP ERLFE Lo

CML2basline 2000 # # = % jF— i+ F]+ » &~ %] 5 j7 ji (Netherlands » 1997) ~
o % (Western Europe » 1995) ~ &' J (World » 1990&1995) » e & ¥ 2 5 4 » £ £ F]

> N e > 2L 4L
+F L TR S o

3.1.4 %R R A

SR RANTT L AEFRERY L SRS HFREE LR 2
PEBE - RRREATFEIRIALT)E  RRFA T P RER LT i

Pd hF) 3 0 K BB EE C ER S R A T R B HER R R

AT EEF AR RS RHEE B FESEET 0 Rh - A R

\*ﬁy

#
EHAR S TR R ELIER 0 A BRI A5 kAR B 1R -

BARL P EFES G AR RAPM T TR A S AR R R BT

Ttz st ol 227 AN G ETE S B P o TR AR

EFES S PRSI B ET ¢ BT S TR YR R LR

10% ~ 30%% 50% > - & 4’3{9})‘;@]?\5@1511&* Bk EETE o

315 2 rEE A 47

B AEHFERET Y ETTE

-
“””H

(‘v"l

—}i

FHE ATEMAATEADA FEELNE AL ET 5+ B (Monte

S - ENHS LS R
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Carlo,MC) = 2 i& {7 % Fx T 4 47 o
F a4 BACE D 2 04 459 Fde T (Maurice et al., 2000) ¢

1 #8 SBcat 5 28 Silics At o AT SR A TII NG o 2 mitl

FolAn b ey o Rl RIS SR RIE T R BT T E b

v ¥ 7% 4 1 (Normal distribution) 2 % #c % 2 4 f# (Lognormal distribution) ﬁi%J

2. AP ZEAGFET AP E P P2 R RE T IREE HGE
Simapro7.1 @ § N aZz 85 A 5 2 R L Aot Bo @ BAfEE 0 d M R

TORLZEE P SRR > WA - ek iRy WA S 2 f&gdgg T iE 2

3. WA 2R pESAE PR ZBEEBAAT Y k4 A303
A T N % o 4~ %] E_Latin Hypercube ~ Halton ~ Sobol - 2 ¢ Latin Hypercube
BRm RS Y R Y NSRS 2 0 Rt #icI 5 500~1000 =<
(Heijungs et al., 2005) » % fict:2 10,000 =t #-7 & {8 #i i+ 2.2 % (Maurice et

al., 2000) o ##* 7 3k ®_1000 =% 5 =< #c -

R = R T kT o ERR A SRS Y

25

B RE O FLAMAME L BREE
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E‘i “g‘-ﬁ'v‘fﬁﬁ

41 2 GBS

AFEE &S K ASERURIE I iF ok 1F G i B o 85 K AT R R B
EJLAL R R (TR > 312 FEE A ﬁ.;%-‘icﬁi%l/\ SimaPro # ¢ iF 3 i
> 41% CML2000 #8326 = i3 & (7 55 K AJS IR B 67 320 > Bl 2 %

2

TS 2 PR RN BV It d 02 SR ITEREIEL R T
FIFR U F €Y B AR VE CFRPEE R e W AFTLWP LI

5

# £ (Hospido et al., 2005) -
e\ EL

FEENSE SRS
EPFFRRRGEARR ¢ § AR RILE 5 IR RIL K RIE A T A 2 Tk L e
FEPR G ERPHULET I g g B 41 &85035 K AJLR L TR i

Forgath ok 2 A PEET o B 4-2 285 KATLREBRR 2 AT

AW RAETLRATA S 2 B rlF | R R 0 79.47% > B 535~ A 4 Tk

g2 M F ek B e Y
ARNA0 B o ERFRARIERFETALZBIF R D P HEE 0 MY
TRAREE LR EE 5 E SRR ER IS RS AP -

Kt
Bl ERIERT S5 2 LERATAL AREPPE I T Lk (R 4-1)
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3 4-1 £33 5 K BOY Ry 2. TR B iR

i B iR R

) 0.00% 2.11% 97.89% 1.48E-07

fik 1 0.00% 1.34% 98.66% 9.32E-08
PYEL 3.32% 3.29% 93.40% 1.74E-07
33 R0 0.00% 1.77% 98.23% 1.18E-07
LR 0.00% 1.15% 98.85% 1.05E-07
x-E¥-3 0.65% 7.91% 91.44% 8.94E-08
Hokokd 4 BE 1.02% 55.50% 43.49% 8.01E-08
R A 1.33% 22.67% 76.00% 6.17E-08
EX2RE N2 1.01% 1.16% 97.83% 4.43E-08
ki Fg i 0.00% 1.66% 98.34% 9.07E-08
N g 1.06% 19.47% 79.47% 7.57E-08

EEREETY Ta E

Sk 1P AR AR B R O Gk AR AR A AR

-

Bk SRS AR B 15 E
FRRE R ARIF R EZ RBEBF GRS LR RgR 2 B I 4
oo T ERARBREE f EALRY TR ET R IRREE %{I%h?t*z
Fod BA-35m LA RTAEAZ BREHTFLES Rl RR  WRELY
B > BERA I EI PR EEFER B 44E 2R TR ERR
%1#9%?5’% v s BERRJIIAER AP o

(Y

FAKRT TR ELT G Ui E 1 B kAL A kT Rk
32 TRk e (4 S0 E 60 99.97 96) 0 R R s A Y R 1
Akd G BB RB AL GE AT TR Rk E

55



MR G AR S F SN RS TR S AR L EERE T
# ¥
Bl chpr FOE R AT A ok > F O b el ok e F R Box E on

0.03%(% 4-2) -

£ 04-2 F A RA)H B2 BB B

L T 5 ik RERET [%E] [%2 ]
FEFF EorkR

23 $fh 211%  97.89%  0.00% 0.00%  100.00%
AL 1.34%  98.66%  0.00% 0.00%  100.00%
PYE 3.29%  93.40%  3.32% 2.20%  97.85%
2rfeg i 177%  98.23%  0.00% 0.00%  100.00%
CF KA 1.15%  98.85%  0.00% 0.00%  100.00%
S-EX-3 789%  91.10%  1.02% 0.00%  100.00%

Hokok2 2 a3 5550% 43.49% 1.02% 0.00% 100.00%
AR L BENE 226T% 76.00% 1.33% 0.00% 100.00%
SR T 1.16% 97.83% 1.01% 0.00% 100.00%

kitgg 1.66% 98.34% 0.00% 0.00% 100.00%
B ir 19.47% 79.47% 1.06% 0.03% 99.97%

LA RRE* D > HF ’J\'/@";ﬁ;mﬁ% TR RIEARR 2 b o B4 = BigR
BB e R F R R MASE LR B L RE 2 R
4-6 £ 2 R 0D B GELAPH T TT 0 R RS L R 2 RBOF

XE =BT ARS Y LF i AR B o R TS S 2R B W L R 2

¥

541% > 5% “TA 24 2 B BrFF B 6 2. 32.67%(% 4-3) -
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2 4-3 L A KRB 2B

e dEn  BR Sokm ZBREAE ZBEE ZHRERE B

BRR AR § L ] "*
3 FH 1359, 61.20% 2 8204 002%  34.64%  0.00%
g 0.97% 71.70% 3.31% 0.02%  24.00%  0.00%
HEAT 282% 80.01% 3.69% 0.04%  13.44%  0.00%

%
Aok 1.20% 66.72% 3.08% 0.02% 28.98% 0.00%
5 B4 1.00% 85.83% 3.96% 0.02% 9.19% 0.00%

ANER 5.73% 66.19% 3.05% 0.06% 24.50% 0.47%

RokkE 2 560500 28.40% 1.31% 0.04%  3333%  0.67%
AL S 14499 48.58% 2.24% 0.02%  3381%  0.85%

e 2 4 0.79% 66.71% 3.08% 0.02% 28.72% 0.69%
B
LI ¥ L 1.16% 68.58% 3.16% 0.02% 27.07% 0.00%

K Niin's 12.65% 51.62% 2.38% 0.02% 32.67% 0.66%

Ak AEE I 2 BB

PR ORTRG KRR PR R A AR ok TR E
SR FUPNTR A FE AR NS AL E M EPR R T

B2 e 2
mETIBL g

ARG B JEARR BB TR E AR L AR ST I S TR
B o B AI* R EH SR TR RS E KBRS T 4 104.33% 2 B
s E o 4 ;TJ&{L_PI_ AR AR REBCRE R BP0 kS IR R
AT o M A 2 Bk S 4e B55.01 %2 TR BLBFE > A B N H R0 T E

KSR 2 TR B R o 7 34 50.35 %2 R E (R 4-1) -
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R A
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P EBE ORI TR S e BT 2 ARG R ERT D
BEF IFF LB BRM GBI AS ALY A S TG AR
PRI REEH L RFET - AR e d B 480 5 RJEALA Y ik
ook EAFEN T AL TS A ABRREF DL & RF H L
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Fo4-4 7 R H5 18 ST 2 TR B B

L R X 5ok 73 B i W
L3 Pk 51.55% 31.60% 0.00% 16.85%
pe 1 54.11% 28.21% 0.00% 17.68%
L E 3L 48.22% 36.02% 0.00% 15.76%
IR 32.24% 17.10% 0.00% 50.65%
L5 Rap# 60.27% 20.03% 0.00% 19.70%
S E 3 44.28% 41.25% 0.00% 14.47%
Aokokd 2 BEE 44.06% 41.53% 0.00% 14.41%
Rk d A BENR 4647T% 38.34% 0.00% 15.19%
=3B T X 2 52.58% 30.24% 0.00% 17.19%
kLivggn 28.71% 16.63% 0.00% 54.65%
B r 45.95% 34.64% 0.00% 19.41%

RN S X
R R ok s R I T R RIRARA T AR A
B 4110 R e v R R RS G L AP T TS 0 TR L & K
R R IR T S R B SR R E AL 2 R
FoNREit s FE R S DR B REF BB AEIN, 0 d
WARRARERSF PR kg o A MAhEME P T HIHRR A4
ZIRBARE S R RARE - F D F S EF A TR
2IEEE M E ki B (2 54.36 %Ik Bk F (£ 4-5~ F] 4-10) -
AR EEAY o BB R 5 AR o SERIEYE o E T

A2 BB EHEST T L o
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2 4-575 R v LR 2 BB F

g S0 k5 %ok 3 9w ARER ORFERET
2 Ptk 49.00%  30.04%  20.96% 0.00% 0.00%

pik i 34.21% 17.83%  15.00% 0.00% 32.97%

R E AR 22.08% 16.50% 9.40% 0.00% 52.02%
Arpeg i 4524%  24.00%  17.61% 0.00% 13.15%

LN E T 62.74%  20.85%  16.41% 0.00% 0.00%
AES 40.69%  37.91%  18.82% 0.00% 2.57%
AokokA 2 AL 4209% 0 39.67%  18.24% 0.00% 0.01%
AERA LA 4180%  34.49%  23.70% 0.00% 0.00%
E 2 50.84%  29.24%  19.92% 0.00% 0.00%
3k fb 5 j i 49.28%  28.55% = 22.17% 0.00% 0.00%
g s 42.11% 31.75%  21.64% 0.00% 4.49%
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i A ¢ R A R R R BRI (S 1)
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e B 4 A E L 5P TR

Ammonium chloride, at plant/GLO U

Resources/ Materials/fuels/ Amount Unit Probability Standard
Emissions distribution Deviation
Resources
Water, cooling, unspecified 0.023264 m® Lognormal 1.3001

natural origin/m3

Materials/fuels

Ammonia, liquid, at regional 0.16365 kg Lognormal 1.3765
storehouse/RER U

Sodium chloride, powder, at 0.27917 kg Lognormal 1.3765
plant/RER U
Carbon dioxide liquid, at 0.42356 kg Lognormal 1.3765
plant/RER U

Water, ultrapure, at plant/GLO  0.082306 kg Lognormal 1.3765
U
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Heat, natural gas, at industrial 1.9388 MJ Lognormal 1.3001
furnace >100kW/RER U

Electricity, medium voltage, 0.3228  kWwh  Lognormal 1.3001
production UCTE, at
grid/UCTE U
Transport, lorry >16t, fleet 0.086638 tkm Lognormal 2.095
average/RER U
Transport, freight, rail/RER U 0.51983  tkm Lognormal 2.095
Chemical plant, organics/RER/l  3.88E-10 p Lognormal 3.0909
U

Emissions to air

Heat, waste 1.1621 MJ Lognormal 1.3001
Ammonia 0.000327 kg Lognormal 1.3713
Carbon dioxide, fossil 0.021178 kg Lognormal 1.3001
Aluminium oxide, at plant/RER U

Resources/ Materials/fuels/ Amount Unit  Probability  Standard

Emissions distribution  Deviation

Materials/fuels
Aluminium hydroxide, at 1.53 kg Lognormal 1.1
plant/RER U
Aluminium oxide, 2.5E-11 p Lognormal 3.2
plant/RER/I U

Electricity, medium voltage, 0.0105 kWh Lognormal 1.1
production UCTE, at
grid/lUCTE U

Heat, light fuel oil, at 1.94 MJ Lognormal 1.1

industrial furnace 1IMW/CH
U
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Heat, natural gas, at 0.507 MJ
industrial furnace
>100kW/RER U

Emissions to air

Heat, waste 0.0379 MJ

Lognormal

Lognormal

11

fot

Heavy fuel oil , burned in power plant/TW U

Resources/ Amount Unit
Materials/fuels/ Emissions

Resources

Water, cooling, 0.01 m?
unspecified natural
origin/m?®

Materials/fuels

Water, decarbonised, at 0.05 kg
plant/RER U

Water, completely 0.01 kg
softened, at plant/RER U

Limestone, crushed, 0.001376 kg
washed/CH U

Ammonia, liquid, at 6.32E-05 kg
regional storehouse/RER
U

Heavy fuel oil, at regional 0.024272 kg
storage/TW U

Oil power plant 1.24E-12 p
500MW/RER/1' U

Emissions to air

Heat, waste 0.45401 MJ

Probability
distribution

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Standard
Deviation

3.0194

1.1267

1.1267

1.2435

1.2435

1.0907

3.0487

1.0882
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Acetaldehyde
Acetone
Ammonia

Hydrocarbons, aliphatic,
alkanes, unspecified

Hydrocarbons, aliphatic,
unsaturated

Hydrocarbons, aromatic
Arsenic

Benzo(a)pyrene
Benzene

Beryllium

Calcium

Cadmium

Methane, fossil

Cobalt

Carbon monoxide, fossil
Carbon dioxide, fossil
Carbon dioxide, fossil
Chromium

Chromium VI

Copper

Acetic acid

Dioxins, measured as
2,3,7,8-
tetrachlorodibenzo-p-
dioxin

2.61E-07

2.61E-07

1E-07

1.06E-06

5.32E-08

1.06E-08

4.08E-09

1.5E-11

5.32E-08

5.58E-11

3E-08

1.96E-09

5.32E-06

2.17E-08

0.00001

0.0779

0.000618

6.93E-09

3.11E-10

2.91E-08

1.06E-06

1E-14

kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg

Lognormal
Lognormal
Lognormal

Lognormal

Lognormal

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Lognormal

1.8257

1.8257

8.165

1.8257

1.8257

1.8257

8.9865

3.1104

1.8257

5.0363

1.6001

8.9865

1.8257

8.9865

2.2361

1.0907

1.2152

11.174

20.071

9.9013

1.8257

3.0616
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Ethanol

Iron
Formaldehyde
Hydrogen chloride
Hydrogen fluoride
Mercury
Methanol
Manganese
Molybdenum
Dinitrogen monoxide
Sodium

Nickel

Nitrogen oxides

PAH, polycyclic aromatic
hydrocarbons

Particulates, < 2.5 um

Particulates, > 2.5 um,
and < 10um

Particulates, > 10 um
Lead

Propane

Selenium

Sulfur dioxide
Vanadium

Zinc

Emissions to water

5.32E-07

7E-08

7.98E-07

4.51E-08

3.01E-08

1.5E-10

5.32E-07

6.81E-09

4.7E-09

0.000004

3E-07

1.71E-07

0.000363

1.8E-09

5.57E-06

3.71E-06

3.09E-06

2.1E-08

5.32E-08

3.09E-09

0.000258

6.19E-07

1.49E-08

kg
kg
kg
kg
kg
kg
kg
kg

kg

kg
kg
kg
kg

kg
kg

kg
kg
kg
kg
kg
kg

kg

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Lognormal

Lognormal

Lognormal

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Lognormal

1.8257

5.0882

1.8257

1.5723

1.5723

12.83

1.8257

8.9865

8.9865

3.2514

1.6001

8.9865

1.5095

3.0616

3.007

2.0074

1.5095

8.9865

1.8257

8.9865

1.0907

10.559

8.9865
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Hypochlorite
Heat, waste
Hypochlorite

AOX, Adsorbable Organic
Halogen as CI

Arsenic, ion

BOD?5, Biological Oxygen
Demand

Cadmium, ion
Chloride
Chromium, ion
Cobalt

COD, Chemical Oxygen
Demand

Copper, ion
Fluoride

Hydrocarbons,
unspecified

Iron, ion

Lead
Manganese
Mercury

Nickel, ion
Nitrogen

Oils, unspecified

Phosphorus

4.2E-07

0.24447

2.8E-07

4.24E-09

1.19E-10

1.68E-06

2.91E-10

2.44E-05

3.06E-09

2.39E-10

1.84E-06

2.54E-09

2.03E-07

3.71E-08

1.26E-07

4.99E-09

3.58E-09

1.25E-10

1.77E-08

8.17E-06

5.67E-08

1.85E-08

kg
kg

kg
kg
kg
kg

kg

kg

kg
kg

kg
kg
kg
kg
kg
kg
kg

kg

Lognormal
Lognormal
Lognormal

Lognormal

Lognormal

Lognormal

Lognormal
Lognormal
Lognormal
Lognormal

Lognormal

Lognormal
Lognormal

Lognormal

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Lognormal

1.6115

1.1358

1.6115

1.1359

2.9649

3.6515

6.5938

4.8666

3.9929

5.4772

5.7446

1.5218

2.6458

4.1208

44721

3.2183

1.3979

1.4142

1.0328
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Sulfate 0.0002 kg Lognormal 1.324
Sulfide 5.38E-08 kg Lognormal 2.8284
Sulfite 1.8E-06 kg Lognormal 1.4003
Suspended solids, 1.52E-06 kg Lognormal 1.526
unspecified

Thallium 3.7E-09 kg Lognormal 1
Tin, ion 1.19E-10 kg Lognormal 1
TOC, Total Organic 1.03E-06 kg Lognormal 1
Carbon

Vanadium, ion 3.61E-08 kg Lognormal 5.164
Zinc, ion 6.31E-09 kg Lognormal 2.7928
Waste to treatment

Disposal, bilge oil, 90% 4.59E-06 kg Lognormal 1.0907
water, to hazardous waste

incineration/CH U

Disposal, municipal solid 2.02E-05 kg Lognormal 1.0907
waste, 22.9% water, to

municipal

incineration/CH U

Disposal, used mineral oil, 0.000169 kg Lognormal 1.0907
10% water, to hazardous

waste incineration/CH U

Transport, lorry 16-32t, EURO3/RER U

Resources/ Amount Unit  Probability Standard
Materials/fuels/ Emissions distribution  Deviation
Materials/fuels

Operation, lorry 16-32t, 0.17346 km Lognormal 2.0131
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EUROS3/RER U

Lorry 28t/RER/I U 3.21E-07 p Lognormal 3.0125
Maintenance, lorry 3.21E-07 p Lognormal 3.0125
28t/CH/1 U

Road/CH/1 U 0.001294 my Lognormal 3.0124
Operation, maintenance, 0.000203 my Lognormal 3.0124
road/CH/1 U

Waste to treatment

Disposal, lorry 28t/CH/1 U 3.21E-07 p Lognormal 3.0125

Disposal, road/RER/I U 0.001294 my Lognormal 3.0124

Chlorine dioxide, at plant/RER U

Resources/ Amount Unit  Probability Standard
Materials/fuels/ distribution  Deviation
Emissions

Resources

Water, cooling, 0.024 m?3 Lognormal 1.9
unspecified natural

origin/m?

Water, unspecified 0.012 m?3 Lognormal 1.6

natural origin/m3

Materials/fuels

Sodium chlorate, powder, 1.66 kg Lognormal 1.6
at plant/RER U

Sodium chloride, powder, 0.912 kg Lognormal 1.6
at plant/RER U

Sulphuric acid, liquid, at 1.53 kg Lognormal 1.6
plant/RER U
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Electricity, medium 0.333 kWh Lognormal 1.9
voltage, production
UCTE, at grid/UCTE U

Heat, natural gas, at 2 MJ Lognormal 1.9
industrial furnace
>100kW/RER U

Transport, freight, 2.46 tkm Lognormal 2.1
rail/RER U
Transport, lorry >16t, 0.41 tkm Lognormal 2.1

fleet average/RER U

Chemical plant, 4E-10 p Lognormal 3.2
organics/RER/I U

Emissions to air

Heat, waste 1.2 MJ Lognormal 1.9
Carbon dioxide, fossil 0.0402 kg Lognormal 1.6
Sodium chlorate 0.00332 kg Lognormal 2.3
Sulfate 0.003 kg Lognormal 2.3

Emissions to water

Cyanide 0.00274 kg Lognormal 1.9
Sodium, ion 0.0352 kg Lognormal 1.9
Chloride 0.0277 kg Lognormal 3.3
Chlorate 0.0625 kg Lognormal 3.3
Sulfate 0.072 kg Lognormal 3.3

Sodium hypochlorite, 15% in H20, at plant/RER U

Resources/ Amount Unit  Probability Standard
Materials/fuels/ distribution Deviation
Emissions
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Materials/fuels

Chemical plant, 4E-10 p Lognormal 1.32
organics/RER/1 U

Electricity, medium 0.017 kWh Lognormal 1.12
voltage, production
UCTE, at grid/UCTE U

Heat, unspecific, in 1.38 MJ Lognormal 1.24
chemical plant/RER U

Sodium hydroxide, 50% 0.56 kg Lognormal 1.12
in H20, production mix,
at plant/RER U

Transport, freight, 1.24 tkm Lognormal 1.24
rail/RER U
Transport, lorry >16t, 0.21 tkm Lognormal 1.24

fleet average/RER U

Emissions to air

Heat, waste 0.06 MJ Lognormal 1.12

Emissions to water

Chloride 0.48 kg Lognormal 1.24

Sand, at mine/CH U

Resources/ Amount Unit  Probability Standard
Materials/fuels/ distribution Deviation
Emissions
Resources
Gravel, in ground 1.04 kg Lognormal 1.14
Occupation, mineral 0.00288 m?a Lognormal 1.57

extraction site
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Occupation, water
bodies, artificial

Transformation, to
mineral extraction site

Transformation, to
water bodies, artificial

Water, unspecified
natural origin/m?

Transformation, from
unknown

Materials/fuels

Building, hall, steel
construction/CH/I U

Conveyor belt, at
plant/RER/1 U

Diesel, burned in
building machine/GLO
U

Electricity, medium
voltage, at grid/CH U

Heat, light fuel oil, at
boiler 10kW, non-
modulating/CH U

Industrial machine,
heavy, unspecified, at
plant/RER/I U

Lubricating oil, at
plant/RER U

Mine, gravel/sand/CH/I
U

0.000627

0.000288

6.27E-05

0.00138

0.00035

5.03E-07

9.51E-08

0.0147

0.00272

0.00244

1.12E-05

1.85E-06

4.75E-11

m2a

m

m2

m

m2

MJ

kWh

MJ

kg

kg

p

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

2.05

2.05

1.57

1.14

2.05

3.1

3.28

1.14

1.14

1.14

3.1

1.14

3.05
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Recultivation, limestone 8.48E-05 m? Lognormal 2.11
mine/CH U
Steel, low-alloyed, at 0.000013 kg Lognormal 1.14
plant/RER U
Synthetic rubber, at 0.000002 kg Lognormal 1.14
plant/RER U
Tap water, at user/RER 0.0101 kg Lognormal 1.14
U
Transport, lorry 3.5-20t, 8.79E-07 tkm Lognormal 2.03
fleet average/CH U
Transport, lorry 20-28t, 1.72E-05 tkm Lognormal 2.02
fleet average/CH U
Transport, van <3.5t/CH 1.55E-05 tkm Lognormal 2.02
U
Emissions to air
Heat, waste 0.00977 MJ Lognormal 1.14
Waste to treatment
Disposal, municipal 2.77E-06 kg Lognormal 1.14
solid waste, 22.9%
water, to municipal
incineration/CH U
Disposal, used mineral 1.85E-06 kg Lognormal 1.14
oil, 10% water, to
hazardous waste
incineration/CH U
Oxygen, liquid, at plant/RER U
Resources/ Amount Unit  Probability Standard
Materials/fuels/ distribution  Deviation

Emissions
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Resources

Water, cooling,
unspecified natural
origin/m?3

Materials/fuels

Electricity, medium
voltage, production
UCTE, at grid/UCTE
U

Air separation
plant/RER/I U

Transport, freight,
rail/RER U

Emissions to air

Heat, waste

0.002595

0.76883

6.05E-10

0.002595

2.7678

kWh

tkm

MJ

Lognormal

Lognormal

Lognormal

Lognormal

Lognormal

1.55

1.19

3.36

1.55

1.19
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