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Abstract

Land use is a human activity and widely exists in the life cycle of many products.
Previous studies have indicated that land use has caused considerable environmental
problems such as biodiversity loss, change in carbon stock, and the reduction of net
primary production. Existing life cycle impact assessment (LCIA) methods can be used
to quantify the environmental impact of land use. However, the characterization models
for land-use in most existing methods reflect only loss of biodiversity and exclude the
effect of land use on other essential environmental considerations such as climate
change and net primary production. Thus, in this study, we adopted IMPACT 2002+ as
a foundational methodology, accompanied by other relevant environmental aspects of
land use. In addition, we used the life cycle assessment (LCA) software SimaPro 7 for
modeling. The LCIA method we revised is called IMPACT 2002+ wLU, increasing
three midpoint impact categories, i.e. direct land-use change, indirect land-use change
and land cover change. Furthermore, we used IMPACT 2002+ and IMPACT 2002+
wLU to compare the impact difference between two methods in case studies on biofuel
and fossil reference systems. These case studies have established that bioethanol
produced using sugarcane and biocoal produced using rice straw represent first- and
second-generation biofuels, respectively, and that the fossil reference systems

correspond to the production of gasoline and the import of hard coal.

These case studies have also indicated that land-use change is a key factor in the
use of bioethanol. In assessing the endpoint damage of climate change, the IMPACT
2002+ results revealed that greenhouse gases (GHGs) emissions from gasoline were
slightly higher than those of gasohol and bioethanol, whereas the emissions which
assessed by IMPACT 2002+ wLU were in reverse order, with bioethanol emissions

exhibiting the highest effect, namely 73 times more than the original emissions. The



effects of land-use change on climate change and resource depletion are limited for
biocoal, and biocoal emissions are higher than those of hard coal, regardless of land-use
change. In addition, production of first-generation biofuels has occupied large amounts
of land to supply energy, while causing increasingly more GHG emissions. Therefore,

based on our results, land-use change is a key factor in the use of bioethanol indeed.

Keywords: Land use; Life cycle impact assessment; Biofuel; Land use change
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He g - B ek? it ¥ e M) -

TR 2R BBELF ETHRN KT I F o A
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BAEIAEAE A RO L ARG F KT PR FERLE 0 RTR
B ﬁ%*%?@%ﬁﬂ%ﬁ&ﬂ—? 15 F 2R 5-1s 4o (257 -

S= z As1-52,i (2)
i

N IYRRCE o LR TR T { (DR

Blonk et al. (1996)4k 1 chd 3 4% #rdf it i3 RI#F 0237 fF & Baumann et
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Ra o ipu BB el B BB A BN B s 0 AR R b
T Y F 2 ApMA L F hF &0 Flet SETAC-Europe WIA-1 4F £ 42 3= )
Lliin Sk a PARCIE SR L SRl N R aliin SRS R U S SR A (A X el xi on SN
U * 304 f # a0 enfed % (Guinée et al., 2001; Udo de Haes et al., 1996) - @ 2_ i
s SETAC WIA-2 3R 2 Rla g -4 » 1 e en R hias 5 2 53 » B 5 2
# it % (land occupation) # 4 3+ % 1 (land transformation) » #i 4 4 ¥] 2 3+ cnk et

= hipel o (8 Adp Pl 2R By - AWFWFrRST
AR et r‘%%‘rﬁé S N I U A I . SR ot e )i o
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# 2 4o% F(depletion » Edp # LR Fend w2 % el o G A0 Fd § 2 2 0k
Mo AL AR 4 e i 5 B (Guinée etal., 2001) -

Bl 2 (8 B enhrl B i BN 5 gv‘SETAC WIA-2 % ff 0 #-2 3 {1 * e
FFow 2 ib* 2 1 g0 (Pennington et al., 2004) o gt ¢k > 4 3= 1 * Hrdf Ly €
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7> F]pt Udo de Haes et al. (1999): 3% + & 1 * e it N i F = < 3 3
B @ 3 = 54 (land competition) ~ 2 25 # &t ¥ it (degradation of life support functions)
&4 4 5 k2% i (biodiversity degradation) - Guinée et al. (2001)~ -2 = i #* fbrdf
2 A IHER S SR A L=l e A G R RO EE g g
il # el i s 0 2 Y
Brz) o Feb o A SRS 2 4 A BV B % 44 Lindeijer et al. (1998)14 2
Lindeijer (2000)#& e j2 » &7 o B 5 4 b (B 2 4 e L2 B8 o i

IR EABGNG R e R ER T o At (4)

et chd Fo 5 RIS Ao (B) 75 0 A R BN B4 (6)4A @ 2 e iR E iR

Fond F 5 REES Ao (7)977] 0 2 B R B0 Bl st (8)#77

land competition = Z Ug (4)
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loss of biodiversity = A X <lm—fm> (5)
aref

loss of life support functions

(6)
= AX (fNPPy,; — fNPP;;,)
QArer —
loss of biodiversity = A X t X <u> @)
aref
loss of life support functions
(8)

= AX tX (fNPP,o — fNPP,)

He »Ug:— Bra 8 end #9007 kiG> 85 mixyr;
A R
to 4 pER
fNPP: p & 452 2 £ (free Net Primary Production) » fidp i 4~ & 2
ﬁﬂif‘f AREER L EAEAL AR
aiEmPd b oaEde de fa i e S 4 46 % B (plant species density)

LD B F Ak S 2 enBl 35 Goedkoop and Spriensma (2000) %
B e Eco-indicator 99 4 & el iEn 2 2 ¥ (- H RGPS 2 Ti5
P #8945 (species disappeared fraction) &k £ 77 #2 & kA F % A 4 g 2

(damage) -
212 Fimis T Grf

2R TR AL G PR A R A ST B 4 a4 A £ (Human
Appropriation of Net Primary Production, HANPP) » HANPP -#_d Vitousek et al.
(1986) ~ Wright (1990) 12 2 Haberl (1997):% b5 & @ % (O’Neill et al., 2007) » ] 2- 2
3 HANPP s % Bl



Z4 %2 & & (Net Primary Production, NPP)~™ fi% 4~ % 24 & 4 (Net Primary
Productivity) % e 4~ 5k & (7% B i £ 1 a‘r‘ff e L e £ FlART R A4 R
2B U FNEEET S 2 Fy2Z fBUMIYNRE EE TS 0 g4 gl
 (biomass) iz £ (0- CIm2lyr) » B i AR E Y § - IMAARA KRB TR
e IEE RS E LN L ROAERFER ARG AR ES 5L R E (R
2-2 ¢ chNPPo) &2 3 % 2 Jr Blvrinde ik end 3 TR E (B 2-2 7 (hNPP) A 24 - &
hZ b B FehL @5 HANPP o @ HANPP § @ 4 gerib % dhifi-ad 2 £ 7
R BFA LA 5 1 - LA A GIr hd $ F (R 2-2 ¢ NPPy) 40 & 4
A E o B AR ARG RE T P T RRY LB
B AR R fIr g d s 2R R EF 2 A L2 R AAL R Fla gt

FE(B 2- 2 9 caNPPyyee) » 28 > b % igfpeiEi- st 2 € LA A3 7 i i

o

Fodp i RBFP EREFT YOI RTREIERS A p o ¥ LA SEY
T E ¢ g BpsEend B A0 A4 TR B o

—
‘&
e

¥ oo HANPP & Jf #rig e 2 & R ehficdps - B m 8 0 @ A nd A3 75

d e BRSfI ENEEG o Pkt AR ERAT A

T A

Land Cover Change (NPP

v

lucc )

HANPP
Harvest
Potential (NPPy)
Vegetation Actual Y
(NPP) Vegetation
(NPP,,)

Net primary production [Mt C ycar"l

744 kR Haberl et al. (2007)
Wl 2-2 Aagib® 454 287 XMW



(1) Fez-#-7(statistical model) @ Je - HEA| F L it 2 G B 4%l A
EFHE R HEREFREFELARS ¥ L 33 Miami 4] > 32
#ald Lieth (1973)404h2 A7 44 50 B Bhigi-ad g kg g T
R R 2 R E(M RaA#Y > 5 wiEs TR RS

\f‘iﬂ

S|

(2) % #c#-7] (parameter model) @ S A] £d AL Tk & 5 scdf &
(APAR)frk it & * ()= B F]F+ k3 B4 52 28 > 75 Ei sl
A4 ko & 3

(3) E A H73](process-based model) : E A2 H-A B E_ A3 SR R e 2
TF RBRRE Sl TE REART S SRS E T L P R EA
LARZEVEWAFTHOEEFE S w0 4 AR HAl 5 CASA #7]

o BEPS #:7] % -
2.13 § & B0 g
BE 2R

E Rk AR R F WP s o P o R IL T BT T A R e e
# > Searchinger et al. (2008)3 34 17 3 5 & #rda 4R | =& e By B (R 304 i b

[EE Y g BERE 5 ML S *&'iﬁﬁ N R S B t!pg“i% Mm% o

#* £
A& R FIE A AT e g8 argpel A 4 R % F f 2 o Fargione et al.
(2008)~ 3 MAF v enE % 0 2 I FBIp A 4 R B F R A g
PRAMEENTHO R A EERE I NLT R 4203 Eonpicg o @

FEAIT AR EFME RO kR o BT A
(1) =2 1+ gBez(direct Land-Use Change, dLUC) @ & 4£4 & {1 * %
Bptard v d FRagd GEHY o gET S F A REFLAY R B

do A %‘r;r)pzm;duk N 4%*?);#{14,31;3\[1/,;‘ ES

FANGE o A ERATIEY I B2 AR ARE AR RS

EAA R - H A4 0 aNE 3 F P 2 (Borjesson and Tufvesson,

2011; Gnansounou et al., 2008; Liska and Perrin, 2009) -

(2) R4+ 1 B £c(indirect Land-Use Change, iLUC) @ B4 1 3+ %38
Fl* PR EFZ AR EL EEme TSI S0 0 AHFEBEFEL T

BT o A F RS HAE ERE o nRL R RELFIES S
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hem ib* T RABEMS (Thahd e o S AL Fa Bt o @d
Send HB R o d TP B SR R E S s
» G L SR AR RS S e el
dH A gl Rk o TP A 4G R R A AR

T R
IR P
ek _F &

|rml.
i

(Borjesson and Tufvesson, 2011; Gnansounou et al., 2008; Liska and Perrin,
2009; Searchinger et al., 2008) -

BRSO RBPRT IEES GRHER B AR M FH

}m}

7
g B d NRTBF S T o e fEEA T TSR E 2 B REFER
PG FIEET A AR 0 PR ARET KR R R 1 R PSS
2 A 23R R ¥ & A (global agro-economical model) £ 37T §rtr & €47 e
AEZEBA o ERFIH PR G TR BRI RBP R
(Borjesson and Tufvesson, 2011; Gnansounou et al., 2008) - %%_Searchinger et al.
(2008) c%= 7 T*qj | % Rof (B F SRR TER D A R B (IR T i
SO FE AL R R F Mg ;¥ ¢ Fritsche et al. (2010):F = B 4g 4 &= fi1*
8 F]F 2 (ILUC Factor) fe 4t fo 4 Bl en 42 4 2 % §a8 0, 3587 1 ¥ 242
2RFEFZAATH O ODINEIASTIAT I EEA TR DLIATEEZF
L F G o R B FEE S R T R R R e i S (R G A

- B E R QB A R f AR

F R § enifp B (BOrjesson and Tufvesson, 2011) o ¥ 45 4 3 1] # %8 %

R

FUn e 2AE > FREF NI B2 HEAFAESN LR U R T
oD ARt F WP PRt a R g 17 R0 ek @
TG R rarg s e I chA B A PRGER o @ TP m f L2 &l TR

EEY AL Fpgend B A A4 kB R o

22 2 4P FRATETR B

A HFPTRITERBRBELRY AFGASNRBAL &GFD Y > KA D
Igf'ﬁiw‘lé%’ffﬁjgif fhé*m&ﬁfﬁ‘?’i@ﬁ ; Efif *@

B P2 vk 2(goal and scope definition) ~ 4 # 4 47 (Life Cycle Inventory,
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LCl) ~ =& =iz (Life Cycle Impact Assessment, LCIA) ~ % % i §# (Life Cycle
Interpretation)(ISO, 2006a, b; Pennington et al., 2004) » # & ¥ # 3% 2% frdef] 2- 3
SF oo BHRE BRI AL R L TR IR H RO ARER AR Y

BB g R W ohst iy B - (functional unit) 5 % & A 47 B g ek e dE B
4 &ML BIEESTE ko~ (input) 22 A ) (output) TR 5 R 2R R 8-

FHFH AR g E =T o - R AR R E o 8 R TG
FREMGS ER G 5 REP B KRG S @ hEREERE 2 S Y F hige

~fz * ;23 EDIP 97 ~ Eco-indicator 99 ¥2 CML 2001 % (Dreyer et al., 2003) > ¥ ¢} >

1\1‘\4

Jolliet et al. (2003)% & IMPACT 2002+7%4 » 3% 2 ehid * 74§ 4 b 5 %% B 27
LFEHE A2 B S S REBRRERES AR EF 2 e 2 Fh

L ho T o

BERABERE
1S014041
SRMB
ISO14044
BE oW A
1S014042 ISO14043

F2-3 2 b dime % i
1L PRz bl
TP RO TELEFL GEPITFR LW OMEEN A LR AT
RGP R ki B (System boundary) v @ 3B SR G F R AR o SR
FA it P TEEEN AR - P RAFVEF LR A SFDITER
RS FRZBEFHRNEF >IN - BAATR R 3T s a o VT iRERH
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e P @ el R e L H s A E e R ET R R 2 R

E\;:_E.‘;L &_}gllﬁl#@#ft)\ z }:?)r_i”@ e K‘,‘j v Bl deis }\}f@/.—,? Fend 6%—1%;'};;-7—1'\5

GREE TR Y-S S BRI & SRS IGEDE £l S it
LA B I my/L s AR -

N
S
-
22
—
YN

T e rIEP e ZpARTR PR -AFERRE :éi%]:HIEB Rle 2 A&~ 8l
é%ﬁ%%%i°wﬁﬁﬁ?u2@#§%%%@’man SN R

vf”rﬁ% CAGFHFRE BN PES e fRE O ANTHLERETET
fir(mass balance) T3Z » F|pt Bifehd ¥ E AR/ E A HE DR T iR Y e

FERR
3. R
R M A FE R R S HIER S L BRI T o G

PFEEART A
(1) # i (characterization) @ # ficit Edp % & F 5 & B & 47 B S8 oy
Hoiv 558385 R B 6% (impact) )4 2 kB 4p & (damage) i 4% 0 5 @ 3t
B o W F § RS BN A A B 5 4 F+ (characterization
factor)» bil4rif &8 ¢ L85 5 2zkeg i B4 (Global Warming Potential,
GWP)ehjf 8 » & B F]F+ Ap R X 4 1B ) 2 sk i 2 i o

(2) & & i (normalization) @ 4Ffcit 2+ 8 s % 5 L B H ha » IR B BF 2
FE s T REFELIRBIE—E A TR RE 2 P hh i ik
e BHREFFNF TR EER TSI 0 LA RN T
M ST E R ERRLE S TR R TR SRUGEFERER L
Lo R 2 MR EFAT S YRR RS
(normalization factor) » & # i #]+ 2 %%

3 %%, ¥ (Goedkoop and Spriensma, 2000; Jolliet et al., 2003) -

(3) %iﬁmmwmmP%§WPm%§i%i}1 B4 g LAIEE P
o A EBEFAFTENEL AT RESZEVIIB ARG
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BB F Len 2 5 Kk &4 4772 (Analytic Hierarchy Process,
AHP) ~ £ it 4% 72 (Hedonic Price Method, HPM) & =8 4 45 45" % (impact
analysis matrix) % (% - 2005) -
4, HERH
FERPLL AP TROEEHI > FEL A 1TE L2 FFmR D% o
BERHFALLEARBRLOEY 0 GREEEREY D fRE 2 £ AR
PSR B SRR 1Y R AR AR R A - A
FORAPER I ABAL AN BRI SR NRELLEFEL 2T (B

2012) -
221 2 FETPHEF R

2V MR EAR AR A SN R Y PR T R TR
HEE S TR AR P S U] R AR ETH N FRLRET N T AR F D7

FE Rtk (uncertainty) o e A AR R R kg = BIA D FEER T E A A8

B o Rl R A d L AL AN LR CEE R TR

GimR B AR R 2SO R B AE A L F R R BRES R
SHEAERG TLR “EﬁﬁﬁlﬁiﬁW{ﬂﬁgﬁﬁﬁﬁﬂﬁﬁéiﬂ
FI90G gk o~ 2 A D ende FIF Reglm gz R LR > R E L
F2EFH A NFAG E AL 0 5 TR FE 24 (data uncertainties) © & p T ¥

Fd GFYFER B A IV ERERT FRAF -LHFEAP DTS
dex b 5 3 + R figg(Monte Carlo simulation)s# it » i€ * 57 i # EEL 4
AL A £l ;om IR TR RAE R A 8 (8 (classification) i E & fE 5N 4F
it % k5 & (ISO, 20063, b) @ &8 H3\i = R i rf chik fp L AW B P HF R

W FIMRSA T RBRB S R AR R R G 07 /4 (Bare, 2010;

f?-ﬁ

Bare et al., 2000; Goedkoop and Spriensma, 2000) » p* & fi-3% % 2 2|+ (model
uncertainties) - B 2-4 % BFF TR 2 A AT M T AE B Y OB LA T AR A B
2 Ho5¢ 14 (modeling) e A o

BT 2 g ERN TR RARERGE > » A L E
%4 g £ - (ISO, 2006a, b) - i & it v 24k L AR I AT T TN
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PAREEER G X B ARRT ARF T RERERE 0 B
AEERFEEHON L NLLLREPEPF IR A P RO E SR

bR AR 70 e FIER(F 0 2005) 0 R g A4 A FE A b o B F B e LR
,EL

<

¥ % 4% 14 (site-specificity) (Bare,

RS LN R

0k 5 Hcin ARG [ (site-generic) o 4% £

ES

2010) » Gl4ele 4% 4 882 £ WP 1 kg 99 BOD )

R T T RE A A FrEA B S A AL AL ERPHEEY 1 2
B FHEIHEFE AL TREEFEST R FE 2 RPFREFTRRY 2 RS A
AAR B PEEFFE S 2PN R IR AR LT R
BRI RS R R
Vbbb
BH AT —)
L/ W
¢ ORFaL — n
2
5
RV 7
¥ 37 {8 —
PR B
USSR g 3 5

ig 2z p Bare et al. (2000)

Bl 2-4 @m0 7 T L

222 WrgTE 3 a3 e i WS N

4 &Y BEFRTER S 2 VA L ¢ B 8% (midpoint-oriented) 2 3F £ #
(damage-oriented > 7= £ 4 g3 w) » % ¢ 1 & 5 CML 2001 # EDIP 97/2003 - 4
Eco-indicator 99 ~ EPS 2000 #2 IMPACT 2002+ (Jolliet et al., 2003) - © R 2L

A5
w TG 2 R g S L L AR 4 o7 0 2 EDIP 2003 5 b 0 ¢ 7 2R
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1L‘_H;‘_,§§i£j;;;g"3 o R R ,g?,u‘;‘ %7&"“"\ HIE g1
REIOBEFEL BT - HEEE NS NER IR DT Ee FF
%7 0 12 IMPACT 2002+ % 60 & 5 A MR ~ 4
? FiERE2 FTRE A BTN RS AT ORE S EREE
o AT W BEEER S R T U BB AT A T o

=

L

[ ‘,zm*%ﬁjﬂu;}ﬁ"i’%

=g

TIR

E
f-=

WA BEES S AT Ee i F e S s LR U 3
2o ¢ FEEE e R EES 2FE R T ES SR ;“jf HIRRA > R H R
S AR LT Ee FEEE S 2R ERGLFF RS F R AR WD
PERE > bldc? PR Ee hE LR T UL THA LR ERE LIrRZHE
WAL AADPERR ! FEEe AFgY YRR EEFFHIH
F3 %A 4+ (Bareetal,, 2000; Chan et al., 2012) -

o

>
r

3
g
i

¥ g4 B € (European Commission, EC)% & #7 3 @« (Joint Research
Centre, JRC)*" 2011 & d1mz2 F2 A& 5 8¢ BEf s M2 352 Eo e =5
= ;% » B4 Eco-indicator 99 ~ EPS2000 ~ IMPACT 2002+ ~ LIME £ ReCiPe % > #
H-tr B g w4 5 4 f8 4 M (human toxicity) ~ #5845 & (ionizing radiation) ~ fi& i
(acidification) ~ =2 3 1 * (land use)® 11 + #f » A W& L TG 2 2 0%
B EF AL B A R TS W REE AFY TR OR Y FEP L
B 7 RAL N oG 2 2 0 3Fa BR e 7R R R B R B B R B A
B-FAEBF 2B AT mIP TR 203 P RERE > S 8ikd AR A T
BMAE XS BE R At et cniirBFagnd > BT 8 AT
Sk Ra BB EEEC S T mE s 5 A CESILIT B0 ATRE BRI
FERER HEAS Fpil o Bor P P RER G S R Y et B B EE
A ErF A 2 B P FRdg IR R
GEIFENI A ENAL S REE S PEE A R g B WA IR
# (EC-JRC, 2011; Hauschild et al., 2013) » Hauschild et al. (2013)1‘%#; EC-JRC (2011)
S R L Hdphd NP m IR S 2L TR H I A4 chl W
B mLLﬁzéagﬁiﬁﬁ%aiﬁéﬁi%fd?@ﬁ?#ﬂ&@iﬁﬁ%@ﬁyoJwT
SR TE T 2 2t e ) FE SRR 2 B A T BT RE o
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Land use

/\

Land Land
transformation occupation
Physical changes Physical Physical changes | Chemical changes
to soil surface changes to soil to flora and fauna to flora and fauna
Changes in water ™ Altered soil Altered Species Soil Reduction of habitat
logged conditions function (SOM) composition erosion Size elsewhere

e

Albedo Changes in CO,, NO,
change and CH, release

v

Climate Removal of unwanted Regulation of fresh Change in soil Unique landscapes Biodiversity
change substances water/ nutrient conc. quality (NPP) and archeological sites loss, extinction

——

i #z i EC-JRC (2011)

Bl 2-5 3 = I * B2 F] & B %
1. Eco-indicator 99

Goedkoop and Spriensma (2000):& = Eco-indicator 99 =¥ %z = 2 » # % ffde
Bl 2-6 %777 » H ¥ 2 B )% e e N Pﬁﬁ\ﬁf i SETAC WIA-2 78 # > #-1 3=
AN o R R L R R N IR Eol Ak
% (local damage) #F » { #v » 3 = J| % A B
FRRPEOME IR RASS IR EY F Bt e g F]f
P A o Aof3 2 BB I RE R A A

B LR RE 0 00 f SR R e R S T
tﬁ%@’ﬂ&aﬁzg BB Briand B ok 2 e flr R E o
Eco-indicator 99 3+ & 4 3 {1 * e & Jf A 4] % 55(9)r2 2 58 (10) F g tdm ) 4
% (Potentially Disappeared Fraction, PDF) » & 4 w4345 ;% (11)fo58 (12):- & & > 35 2
HRBRE S _-F'zlﬁ WG 3 R A S 4o (13)Fr A o 2 B B R R B
IO ey b bz BHBEFIE 3 E 2 g EE R N(10)h% Y

HBE %A 4 % B P (regional effect) »

b

Ly - [P2NNE LU I
e I - R p) AR T
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% 3 b 24~ 4ot fi (original state) o 74 (11) ~ SN (12)E N (I3)epE R A 2 AR R PER S

En

J4m

Indicator

1

-k

B

Bk g pER Sk stit i 4 20 X #R5K i (natural state) o PR ) iz 4
b PR o

quality [% vasc.
R plant species

Damage to T
2 - . . Extractis f
mineral and l=‘-Surplus energy for future extraction I'—|C0ncentrauon minerals I‘i m}i(n:rcalso{a]ni
Ifossil resources ;
[MT surplus I:LSurplus energy for future extraction I'—|Fossil fuel availability (per type) I‘i fossil fuels
/ energy]|
/ Land-use:
W"/ Regional effect on vascular plant species Change in habitat size i
‘ ecosystem J\Local effect on vascular plant species I!*—* — transformation

Acidif/eutr. (occurrence target species)

Changed pH and nutrient avail.

vears (DALY)]

\ *em?2 * _ — 8 - - SOx
\ 1] ) "'J[ECDt()XICltV: toxic stress (PAF) Concentr. urban. agri. nat. soil /‘ N3
—h{;—;ﬁtclimate change (diseases and displacem.)"—|ConcentIaﬁon greenh. gases Pesticides
\Damage to Heavy metals
{|human health zone laver depl. (cancer and cataract) Concentration ozone depl. gases CcOo2
|[disability
adjusted life Toniz. radiation (cancer cases and type)

/ HCFC
Concentration radionuclides -/ |Nuclides (Bq)
e - = [’é SPM
Concentration SPM and VOC’s VOC's

\LC J[Respiratorv effects (cases and type)

arcinogenesis (cancer cases and type)

"—|C0ncemraﬁ0n in air, water, food "7 PAH’s

/T

Tt

2 1 FE X i T~ 2 e
2d A»E#fr ﬁéiz%\ﬁ 5 0 4
i3 #z p Goedkoop and Spriensma (2000)
8] 2- 6 Eco-indicator 99 {## =i % HF
S=axAP 9)
PDF = Sreference - Suse (10)
Sreference

H

7

=

EQocqt = PDF X AX t

EQregionat = PDF X b X A Xt

EQ = EQiocar + EQregional = (b+1)XPDF X AXt

» S 48 5 14 (Species diversity) ;

a: % % F1+ (species richness factor) » £

VRS E TUE
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A 420 3

(11)

(12)

(13)

2000 ;



b: 4 F % # F1+ (species accumulation factor) - & A& /3 0.2 = 0.5

Goedkoop and Spriensma (2000): ;&4 #&.% # 1+ ok A& 5 0.2 5

PDF : Betthif & & ;

1—

&
EDS

[lizs ES

G A 2 2

\\\Xr
<l

% %
PN

»

Sreference DRk e f;é_f’ A EARC R A
%

B RS R B TN ot i E

EQ : # f& 4 %% 1 (Ecosystem Quality) » T 5 2 3 1% i & 2 -8 ;
A B R R/EPER(Y) FEI R REOEFLIARERT o B
(i oL BN 2= A

EC-JRC (2011)3% % Eco-indicator 99 13 3= 1] # e # it 058 15 AenR 424
EAEHRENEE L2 N EST RIS HERY L ORF L H

w 2_ B 58 > Eco-indicator 99 s o F dok 2-1 45 5) o

% 2- 1 Eco-indicator 99 =4 % %

L & TP
Y EE Feehd b5 B LA
’prf“; EN X e C
T2 A REERDEAE
BN E S Ry as B G R
2 B e b T AR R D 2D I NI R A o K A NN o
S g2 (U
| FREI T TR LR AL
PEHf eI mTE C o
* iR AR HHICE o
WP 2 g P AR A RFHREAPMEE 2o
TR B FHREHATF I EAE Y R L Fo
} i R Ap RS AL R 2 # )
rLRLE éﬁmi&?’—% D
Fehig B oo L S R EA T E R A
B R C FEREY > EAEFETRE S IRIT o

F 4 %R © EC-JRC (2011)
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2.  IMPACT 2002+

Jolliet et al. (2003):2 = IMPACT 2002+ #r# 3% % = i2 » B % f4c ] 2- 7 %777 -
mH g ] B A B0 R B 451 % Eco-indicator 99 et B 2 jE o I A 4o »

% ¢h ez & (Jolliet et al., 2003) -

; i &) LY

Human toxicity \\"-—\1,

Respiratory effects

//’; Human health
lonizing radiation /

Ozone layer depletion

™

Photochemical oxidation

=
b -
..o
/ h-‘-

F_______._._'-——-""’ Ecosystem quality
7 = Aquatic ecotoxicity
LCI results ~ - :

Terrestnal ecotoxicity .

Aquatic acidification

Aquatie eutrophication Climate change

Terrestrial acid/nutr (Life suppart sysicm)

Land occupation

Global warming

Non-renewable energy

/ Resources

ig 7z Jolliet et al. (2003)

Mineral extraction

B 2- 7 IMPACT 2002+ fir# 2= i5 2 f#@]
3. LIME (Life-cycle Impact assessment Method based on Endpoint modeling)

Itsubo and Inaba (2003):£ = LIME ## =iz = ;* (Pennington et al., 2004) » H 2%
Hdo®l 2- 8 #75F > 2 4 U eI N R A A b 2 2 g R .
7 e >t Eco-indicator 99 12 4= &) £ gLk kT g T OLIME Rl E1 Z 4~ %4 2 £
SPEEZEZ R T A ST R RITRFT AR o 2R FFFEE e
(14)#75) » @ 2 3 1 FFF 00 R 4ot (15) 977 ¢
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I B
i DL i i o 57 % . : 3
I ~
1

#3

= ===
=1 Human life =
IR ===l ===l -

1
W Human health I .
i DALY ||
1
I

Thermal /cold stress \p
1

Ozone layer

X Natural Disasters
depletion

Social welfare \E

\/] Yen "!".
ol 'I Energy I’ ---------- \
| Climate change [ i
WA\, [iereon] ¥ ~Simie

Single :
indicator :

Photochemical - ”
o0zone creation ' Net Primary | I
Copper ore use i I
1 |
\KH I . II :
Resource consumption l : Biodiversity ‘ |
1
. 1 1
Waste quantity Plant production 1 EINES

_

DALY: Disability Adjusted Life Year
EINES: Expected Increase Numbers of Extinct Species
Yen: p FI(¥)

iz #z p Pennington et al. (2004)
Bl 2- 8 LIME ¥ =17 2¢ ﬂ}#%]

DF{§5(a) = NPP, — NPP, (14)

DF{p3™ (b, a) = aq-p X DFQ§5(a) X Ty — Aoy
(15)
X DFyg5 (D) X Tyy
He o DFQSS @ 43 ik * 2 35 2 (kg/mPlyr) ;
NPP : #4524 2 £ ;
afeb @ & BN & F et B A
T: 243244 RGEOERF(Y);

v

Qi EAm4 A2 F wik(recovery) e £ AlE S 05
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EC-JRC (2011):n 5 LIME 3 ¥ 4% rff 3 et 058 & & enfd B AT 4
TPy ESED R EE S E A R LB RN TG 2R
2 25 frig 17 LIME o p A0 en® jenig * 2R 24 % 3 'L LIME a%%4 3 4
F 2-2 573 o

% 2-2 LIME 34 % %

bl e o

B eI D P AP e enddy 5 AR A -
PR PR 28 A2 AR 2

PR TR L

B

w B P Nl PRAR R C

PEPHOEIPEIETY B #CAEELBEIFTRo
W s P AR E # D CEXRATHP 2 2o

v L D # " B2 RAPEFRKTSF o

R - Sc dagk Nl D FHcM BN AR e

Byt = C FrR*  RAEEEIPF D ARRT o

F# %k © EC-JRC (2011)
4. SIMPASS (Singapore IMPact ASSessment)

Chan et al. (2012)i = SIMPASS 8 3%% = j% » H 28 4o 2- 9“7 » H 2
B G A RN S A AR R R R PN
Eco-indicator 99 2 LIME 4 & ki siend RFTGH T A ZHE DT haOE R E
it 3 4% 2 45 2 (SIMPASS ¢ # % 4 & 54 % (land competition potential)) - 2
B R T B e 2 (16) 9 5
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Note that solid and dsshed arrows /
Maodel Category Midpoint Category Endpoint boxes refer 1o major and minoe

d
Ree
pathways / considerations

Impact Category
and Life Cycle
1
v

respectively. Red outlines or texts

Climate Change Model by IPCC Global-Warming Poscatials (GWPs) fefer 10 aspocts that are

Greenh gases

consequential bat are ot properly

Acidification A Acidification Potentials (APy) < 3 Aap
o, [T/ /iy, N o 8
: :

Potentials (

Acidification No relevant models ety : - W Human
NO, a | Aquatic Eutrophication Potentials (AEPs) N , s 4 A Health
£ - y
H "
v Amm b 0 Fossil Fucl Deplction Poteatial (FFDPs) atic Ec y it
- I N (for terrestrial .* Natural z
Eutrophication  |-" Dbodics) < = Envi )
Total N and P 5 E Feeshwater deficit for human uses =
z
i Freshwater deficit in ccosysienms 5 5 2 . ?-‘
Fossil Fuel N Fredater Deplction Poteatial s ) 7z
Denleti b ey h‘ :
s 3
Fossil fuel l NEUTRO (for Land Competition Potentials (LCPy) X "
) Natural
coustal aguatic '
bodies) Freshwater Depletion Resources
Specific damage 10 aquatic ccosystem due 10 land use y —
Hubert Peak = ‘
Theory and the Land Competition .
' N Verhulst Depletion Specific environmental impact. due to land occupation .
Water Use Equation (CF) e e g e — e S5
hwat i
Fi | Degradation of Cultural Values !
WaterGAP model r Specific enviroameatal impact due 1o land transformation ’: and Landscape H Data required:
(Chom weighting factors
Land Use
Land Data required:
normalisation factors

2 #x p (Chan et al., 2012)
] 2- 9 SIMPASS -4 3= 7 15 )

DR, /R

LCP, = —————
¥ DRyep/Rl

(16)

o LCP, ¢ 3 b S R

R:&xv*dpafi  Tirefds 4k

DR : *ggiEdib* cnd g ff > THhref 27 %3 K5 o
5 & g B2 3 e B8 S N

PaRp e gAY AP EFTLY I e QI B S B i M
TEF 508 % 4(2007)& 2 = % dpdick G B H AT 4 gocnilApdad LKW
Forg N EE o 3 R I FEF RO G AT REARERB PTG Y AR
T A MR o AT T H R B F it B B R s £
T3 B A Arid S e fEEE > dosN (19)97 5] ¢

A
o

W o
ol T
& -
=0 | =

1
ER S IRETE =R IR S (17)
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B % 4 (2007) 43 " BB @?@%ﬁ%%%%’iﬁﬂﬁﬁmﬁﬁéﬁgﬁ
BRH BRI Pl 246/ > RAPETREY RTLEFRITTELBER
Boo E R e A RS D)0 Bt T BB L RETE O s ARITETR P R
A TOREFE KRR EREFEZTFSAZ 5 H R 0 F H R S G
AR o @ S RURG AL 358 2 0 RIS 26 BEREFES 2T
B kT AY A 5T 0 i 2 B bdied 4.29(5 % 4 - 2007) -

FE e G EFFIFE BV URBRND PEL I Z AN Y
oAU HA kS E 2 B XA g R ek o 2l r g A 4 4R

henF R4 T 12 R % F A+ Hauschild et al. (2013)% EC-JRC (2011)+ 43 o
R I S i
IR SRR GFIRG L SR BEITE Y s LG

mliu‘f’}l-l% fﬁ—%f_;p__'flo
23 2 Fuplind 3 4]

4 2o (bioenergy) T dn 11 % A LT R4e 1 R i A & K LA 56
z 2 T # (biogas) 2 2 H wpl(biofuel)® » & Ff il ¥ B B i K & B ¥ g
i FpEA WA x> 4 F g (biofuel) ™ » 5 2 %‘Uﬁq‘a‘- (bioethanol) 2 = & 4 o

AN

Ll E R A* 22 6 RBEE o F AL A r

(biodiesel) » % s BT EFAHE ~AFL LG kPO F - 24 12 B
FERDREA S AMETRErESANY X 0 @ .;;gfm{u;a; e RN E
B £ 30 5 TN X R e b S F B2 SR 2-10 5 p 54
FLE Rk PR o

NFERBPET P A PR BT L > 2 TR LT R RS B 2
Frosdl > F a0 Mg 2Rk AR IR F M R PP 2
R R R e 6 15% 5 2 T (IEA, 2010) 0 2R A  fre § gk 4
ﬁpipAi?%%ww@ﬁm@%%ﬁagwi@ﬁyﬂgﬁﬁ+gai

28 blhei-dethl B EF LR TF A BB TR e L
RV ILERI IR R U S 5 ) SRR i S A F A EE Sl
WMAE L ket B - > B AR TN E ] A R AR FG

Z
4

2

p 2

=

I

Flre st ol s £ A 4 R 3§ 2 (Gnansounou et al., 2008; IEA,
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2010; Searchinger et al., 2008) » 3 # | * 8> vV 53 HiFpatHp LR
chad B g S B4R - 1% R8P @ 74 TR ot g feip B o
LRI L o @ 4 B Ir BB P A 4 IR AN A hd SR TR
WP bldcE W g 24 %k 4L i (Renewable Fuel Standard, RFS2) 12 & 4e -+ gl b 5L
1% % (California’s Low Carbon Fuel Standard, LCFS)’K CEARPIRE RS
BPE 2 F R F B 8 (Broch etal., 2013) > AR A1 B AR S B
PP ZRLREZE L
FERFBLRI TR T ¥ EHGY A o Tt P ow BT A Bk end g ) B
WIE S F A AP ERRENEN B EAL ORE > ¥ b o de S4 et al.

RBPEANERAR 0 wd I E T RBES PFEF

(2012)% 1 Pfaff's 2 3 fI% R AL 5 FnB BT A tho F2° 04 K2 A
fhensRdo B 0o BT ARG AT 2 B2 AT G b URR M A
TRREAEZREY MRS P REPNG b LGRS T % i

MREA R A G 4 g o

ER RS Tl '«1»\4_?*7%5’* KiEiz 4 "Ffr’ﬂ"}'g 4 nTE B 2 s (e d At
TF IR R  E  R ] EY R LT o T A Tk
B 3 0 e SRand R Fc > Pawelzik et al. (2013)+ & ) 47 i ihg
F 0 WE P 2 dand A i E 2R 3G P e 58 il AF2
TEREMI TR G A B IR R OFRELI N LA P RT B 2
AU i S FE S iell U o o) CR R g 2 L

|
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ERERER 3

)

Fi

gpe fia N BTL 2R ||| 7 g || ©

Sepd I § b

iz @z p Jungbluth et al. (2007)

W 2-10 2 Pl s i r prd
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. i Rl
31 T HE

Mt et bGP EFFEE RS AFFEY # Y 4pF ¥ o IMPACT
2002+ % 5 Brff 3= 5 A A Bl 2 2 B I 0 F g R BB L2 TR
e gl I

IMPACT 2002+ 2= = ;% i Jolliet et al. (2003)*+ 2003 & % 115> (% % #Fi&

FLATR mdE o 2 & F7e0p) B S 4FHcF)F (characterization factor) 14 & 38 v F) 3
2

-

(normalization factor) #c & iz & » @ IMPACT 2002++7 3§ 4 e ¥+ % 1335
ecoinvent F B R G chte g 8 k2 ¥ 3 g ot 2003 £ 9 P g # 9 1.0
S TS P 2011 £ 12 0 # #0213 R F)F 0 IMPACT 2002+#7 4 2t &
shit | e A= % > IMPACT 2002+% = ch { #7F B € #-37chiF e 7]+ £ 12

Excel # % 10;;“ % D F 7 4k (http://www.impactmodeling.org) i #& & { #7R F iR

= % (patch note)# +i¢ * o 1 & { Arerof p e ke

pa IMPACT 2002+:H{ #71 f¥1 & d Quantis 2 & f § » & AT A 5 2012
£ 11 7 g Fe0 Q221 L AT LATH 33 F APHF)F ehig & > {444 IMPACT
2002+ (e 3 5 HHE TR L 0 doB] -1 90T % R R A B R Y
‘5 -k R8 EL i (aquatic acidification) 2 -k 8 ik % 1t (aquatic eutrophication) ¥+ # & % st
dp T B 2 fh o 3 4 42 % ok £ (water consumption) 2 B~ % -k § (water
withdrawal) % 8 57 %] %k 375 -k 3R 7% - &1 ) IMPACT 2002+:9% 3 BIf5 It ¢
e A KT RAPM O L ORF AT I B TRT N AL SE GG o T
b QLKBATH 2 BB B HINA TS 0 dodk 3-1 975 o

% 3-1IMPACT 2002+ 24 = it * & pcF]|+ { ATH R %

, 2.1.3 % Q2.2.1 "%
=) BhHEP
PR I EF TS T FS
Land-use Biodiversity loss due to deforestation, 100 years horizon n/a n/a 45.87 50.00
Land-use Land use II-11l 0.47 0.51 0.47 0.51
Land-use Land use II-1V 0.88 0.96 0.88 0.96

TR kR ¢ Humbert et al. (2011) 2 Humbert et al. (2012)
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% 3- 1 IMPACT 2002+ 23 # b #* £ pcF]3 { 2748 4 ()

, 2.1.3 "% Q2.2.1 %
=] AP
FiF+ I FF FEFF S IS
Land-use Land use IlI-1V 0.88 0.96 0.88 0.96
Land-use Land use IV-IV 1.06 1.15 1.06 1.15
Land-use Occupation, arable 1.06 1.15 1.06 1.15
Land-use Occupation, arable, integrated 1.06 1.15 1.06 1.15
Land-use Occupation, arable, non-irrigated 1.06 1.15 1.06 1.15
Land-use Occupation, arable, non-irrigated, diverse-intensive 1.06 1.15 1.06 1.15
Land-use Occupation, arable, organic 1.00 1.09 1.00 1.09
Land-use Occupation, forest 0.10 0.11 0.10 0.11
Land-use Occupation, forest, intensive 0.10 0.11 0.10 0.11
Land-use Occupation, forest, intensive, normal 0.10 0.11 0.10 0.11
Land-use Occupation, forest, intensive, short-cycle n/a n/a 0.10 0.11
Land-use Occupation, industrial area 0.77 0.84 0.77 0.84
Land-use Occupation, industrial area, benthos 0.77 0.84 0.77 0.84
Land-use Occupation, industrial area, built up 0.77 0.84 0.77 0.84
Land-use Occupation, industrial area, vegetation 0.77 0.84 0.77 0.84
Land-use Occupation, pasture and meadow, extensive 0.94 1.02 0.94 1.02
Land-use Occupation, pasture and meadow, intensive 1.04 1.13 1.04 1.13
Land-use Occupation, pasture and meadow, organic 0.94 1.02 0.94 1.02
Land-use Occupation, permanent crop, fruit, intensive 1.06 1.15 1.06 1.15
Land-use Occupation, permanent crops n/a n/a 1.06 1.15
Land-use Occupation, permanent crops, irrigated n/a n/a 1.06 1.15
Land-use Occupation, traffic area 0.77 0.84 0.77 0.84
Land-use Occupation, traffic area, rail embankment 0.77 0.84 0.77 0.84
Land-use Occupation, traffic area, rail network 0.77 0.84 0.77 0.84
Land-use Occupation, traffic area, road embankment 0.77 0.84 0.77 0.84
Land-use Occupation, traffic area, road network 0.77 0.84 0.77 0.84
Land-use Occupation, urban, continuously built 1.06 1.15 1.06 1.15
Land-use Occupation, urban, discontinuously built 0.88 0.96 0.88 0.96
Land-use Occupation, urban, green areas 0.77 0.84 0.77 0.84

7o kiR - Humbert et al. (2011)2 Humbert et al. (2012)
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Midpoint categories Damage categories

Human toxicity \

Respiratory effects >

Ionizing radiation 7;
. i
Ozone laver depletion N !

Photochemical oxidation

Human health

Aquatic ecotoxicity Ecosystem quality

Terrestrial ecotoxicity
Aquatic acidification

LCI results
Aquatic eutrophication

TN

Terrestrial acid/nutr
Land occupation

Water turbined
Climate change

Global warming HiF 3 > (Life Support System)
4
Non-renewable energy *-*;————__ﬁ, R ESOMYtEs
/

Mineral extraction *7%:’//

Iy
Water withdrawal 2 ;Zj”
Water consumption /

AL &R Humbert et al. (2012)
Bl 3- 1 Quantis 12 i+ 2. IMPACT 2002+ ¥ 3= i7 2 f#%}

32 33 4% G A B

F=

'>“

beor A I cnd B RB e w2 #F 3] IMPACT 2002+ b8 3% 1z

8*3

TIE R STV E N o T TR SRR I L SUE TR

BE B AL EHTRIET 2§ G RA S B S LR £

:\m

2l

|

FeRPRE § iz %85 P4 R ¢ (Intergovernmental Panel on Climate Change, IPCC)*+
2006 £ T IR TIE FFMF P e e p 2 B F ppEEH R 2w )% (IPCC
Guidelines for National Greenhouse Gas Inventories: Volume 4: Agriculture, Forestry
and Other Land Use, fj# AFOLU £ ) i3t 5 7 2 & 1% 5532 o F 2
55 £ (carbonstock, AL E) > F P REFTAH AR T AT B A &G 2 H
(IPCC, 2006) :
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(1) & - (tier 1) @ K Bo— = 2 F 4% gt 5 050 2 % # #icdy (activity data) iz

AL PR A B R eh R B RS TR ATE R 3] @ (typical value)
FTHERAMFESAFTMUE AL IASFSHEE  ofd B3 FF 0

EAfE KR A LE

(2) Kmo(tier2): oz 3280 ka3 28R HEREY L PP EH
7o e d By B AU R R 4F M (country-specific) en gk ki Be ik, F]pl 2t
FEFLieaRT L ERRPE

(3) f iz (tier3): Kz 3 B4y { LRFH 2D Add 0 P ahant
HEAET S UE ST R T R A R
ERRIEE B9 RN RN S LR e - 2 S

NS-fciE o T I % S(Geographic Information System, GIS)

3.2.1 FikfE * i B30

fvos g A

DR AT A NT R LTS L E s A RA D
SRR R S T B TR i e S

SRR A o F BRI TR EAEY RA G AN B T

‘F.

Y
B2 A o B TR o IPCC (2006) e dr 2 4 T3 B 580 dost (18) 557 -

TR R AT R A A a AR R AT N R A KR A ol
(19)#77

Gtotal = Z[Gabove X (1 + R)] (18)

Etotar = Grotat X Hpiomass (19)
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BV Gropq P ¥ FANE R TNz i ERE S E L ton-dry
matter/halyr ;
Gapove * ¥ 1+ 3Renfedr 2 F» ?’T-& i‘aﬁ & > ¥ i % ton-dry matter/ha/yr ;

R:p PR TR 4o 4 f B2 1L @ > H = % ton-below/ton-above ;

CHESa B A S > A S 18.5 MJ/kg-dry matter (Haberl et al.,

Hbiomass © =

2007) ;
Etotal : 'Ff)/i A7 A /?LZEL_I_ B ff_f:‘» GJ/ha/yr o

AT E LT RAL Y B T B 7 SETAC R S A I B

P
BEEIEFLAH e B A TR B 0 02 IPCC (2006) 3t

FHGS A AR 2 BN o 2R B TR B (o AR B 3 B
,ﬁ#*#?ﬁ%a“%i%%%%ié LB ERA T 2 R

A3 Rt R RS 2 R AR

EEFR AL EREEEY TR A
% #& (natural status)(Goedkoop and Spriensma, 2000) > + ¥ ik * 2_ FiR4L * @rE it

438 (20) 45 o

RELCC,occupation

Z(Etotal,natural - Etotal,i) XAXt (20)

DAk 2 TR R H 2L M

2 o RELCC,occupation :

H =% MIm?lyr ;

M
3
S
=
k)
(23
Y
3
&
|
[
|k

Etotal,natural :

Eiotaqri - #ifad # 1% A e enZs-ad 28 > H =3 MJ/m?3/yr ;

At 2 E " G gt Bz s om

trd it EF o Himgoyro
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d g EEEEd A R ARt et b B2 £ B (Guinée et al.,
2001) > A 3 B RBE S LA TR HHT ALY FF > AP R B ST
FAPEFEFTAEDES AT 2R QDT RS IFEE S22 Gk R
% IPCC (2006) > # xpfedr chit B A S 27 * L £ 47 » 4058 (21) ~ (22)

P1(23)477T o A AEH 2 A B G A RNT IR GFF2 B oo T L 2 e ¥ A

\\\?{Ir

@ TR B 4oV (24) 97 o

wk

Weotat = ) Wanowe X (1+R)] @)
Biotar = Wiotar X Hpiomass (22)
RE;cc transformation = [z (Brotavpefore — Btotal,after)] XA (23)
RE;cc = RE ccoccupation T RELcc transformation (24)

BP o W P #3820 T2 G ¥ PG AES L5 E i ton-dry

matter/ha ;

Wapove * ¥ 3R ¥ 475 afid 2 $ F > H = % ton-dry matter/ha ;

T

]

R:p F3Rgrg T g 4 = B2 vt & > H =% ton-below/ton-above ;

fx\

et d a0 H i Glhas

m*

Btotal : &E.\‘g(-r# r

e
e
Rt

I

Hpiomass * 147 A% > £ 4] & 5 18.5 MJ/kg-dry matter ;
RELCC,transformation e % it 2 ?fﬁ},%r%&’* /@"‘% CHEixE MJ
Btotal,before HEN S SRR TRk N ‘3‘_# lea I £ LR A L H 3% MJ/mZ
Btotal,after AR ET AR A H RS MJ/m?
A: 3R e =i m

REjcc P BT R~ e > H 25 MY

RELCC,occupation JER ?7‘};7'%;‘ * ﬁf‘? 1 f:"_jf;\ MJ -
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2 F 3R RErEEAT BN

Rd
7

ER LR FR B EE I T A LN R R E B E 5
d E?iﬁ.i%%ﬁ%ﬁﬂ%’xig%ilji%_} his Be (7 5 i

Ea AT AP E > MEEERLZ R AT TSR E S R e

,/Lfﬁrﬁt;}&_/{y{@ﬁ;~§:?’€¢g ’jkﬁg';g "’;‘i&é‘f’l‘l ? *llf%tgfﬁr‘?
FAEEE o 2 R PR R R4 ¢ IPCC (2006)
R EE G B3 N 4o (25) 2 (26)#7 T

Gtotal = Z[Gabove X (1 + R)] (25)
Cstock = Grotar X Fearbon (26)
BY o Gropq - ¥ MR B T pE S A PR A H = 5 ton-dry
matter/halyr ;

Gabove * ¥+ F Fherfe e 4 4» ’Fﬁ‘& i%“’\ Z > H = % ton-dry matter/halyr ;

\v

R F 3Rz T3 de 4 4 2 1t @ > H = 5 ton-below/ton-above ;
Cstock * é&ﬁ%ﬁ@i - B ton-C/ha/yr ;

Frarpon - A% 7 £ (carbon fraction) > & 4] & 5 0.47 ton-C/ton-dry matter
(IPCC, 2006) -

AR R iF R R R AR i SETAC 23R 2 T4 & 5 2
PR R RS G e B > 1B R R AT e R E 2
REGEE IR 2T REAA LR > NP ERATRESH LS §F P RES
FRi > FPL N RBFFEOE R F MR P e b R RBEF LT R
K IR MR F EREBEE > IR R TR D E T
PR ENSETEEFRE T ELALAR AP - BN e B ER LT
FRAF I S F RS A ST A SR S § e

NSNS
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FwEES G P o s EARAL S Y fo(carbon neutrality) ¢ 2 b FT R AR G A 1
(carbon neutral)z_ 445 » @ 4 2 f* BB A B oE IR T E LD YR A G D
o 2 P A RMBLRBEDL P T2 @ e s oo 1Y {02 R

%?ﬁhi%wﬁkéﬁfii@%kﬁé{mﬂﬁﬁﬁa<immwn

k'l

2009) » F]pt 452 ’i%%ﬂ%ﬁ%ﬁﬁﬁgu?%io%Piéii%@%ﬁ
b it 5058 12 IPCC (2006) st 3 #0538 5 A > B 482 3 1% R c il

Pt HEN 0 4o (27) ~ (28)40(29) T e

CCdLUC,occupation

= [Z(Cstock,natural - Cstock,i) + (Femi,i - Femi,natural) (27)
i

X Feo, XA Xt

CCdLUC,transformation =0 (28)
CCdLUC = CCdLUC,occupation + CCdLUC,transformation (29)
g2 CCdLUCoccupation DAk 2 4R d ‘Hq* %@‘#E’;ii R kg

COseq
Cstockmaturar * = 4k i ePmk s £ > ¥ =5 ton-C/halyr ;
Cstock,i - i3 # I * Al s Ty 5 & » ¥ =% ton-Clhalyr ;
Fomii @ #if82 & J1% A1 fchd 5 a4 5 > H =5 ton-Clhalyr ;
Fominaturar © = 2R end 33 pins & > H =% ton-Clhalyr ;
Feo, ' = % "AL% £ 75 » 544g-COy/12g-C;
At 2 E " Gt Bz i m
tr 2 EE o E oy

CCdLUC,transformation P2 % [ i_ﬁ_ '}%‘i b 'Hr# %@‘#ﬁiil& B fflé
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CCdLUC P RE 'fi‘ 4 f“’f | # %1%\ fﬁr‘? H > :i kg COZeq s

et 2 BB P L 752 v ¢ 2ms (T4 4p 3 S > REFF A

BAAERE AR S G e B chg iR B Aok B QR
Bhg sk oom B S B RR P A B B FIEE2 R BT IR RIGR h B
FREE G PR AR RGP G2 D2 A 2R
LA > fed N AFTHE B2 2RI BEERE 2 6 - HEE L A
T > A PR ARWMOF RS BT S Ry o ok R Y 23k
PR ESARATE R GE o b B G A P H TS 2 TR e iR
PR Mg TR R R A E A LR EATIR L A A AT R
G A Y TR R R R TS o F AT I TERIGE i
BT EAE 0 AR S AR (T X RBLEEF AS R RE B R 2
ARF THE FESREYN GAORRIF]IF B R 8 G ff 0 B2
oA R e R AT B0 0 4038 (30) ~ (31)#(32) 41T

CCiLUC,occupation

= Z(Cstock,natural - Cstock,arable) + (Femi,arable - emi,natural) (30)
i

X Fyield X FCOZ X Aarable Xt
CCiLUC,transformation =0 (31)

CCiLUC = CCiLUC,occupation + CCiLUC,transformation (32)

#e o CCiLUC,occupation ARk 2 FdRd «N’# %ﬁ#kﬂ&il— o H LA kg
COZeq ;

Cstock,natural DR RGR ﬁjﬁi‘\%l‘? £ HE3 ton-C/ha/yr ;
Cstock,arable * # mﬁi'@ﬁ@i » H = 5 ton-C/halyr ;
Femi,arable DAl i;?;*ﬁ WaLLA o HimG ton-C/ha/yr ;

Femi,natural PRI R el i;?;*ﬁ WA 5o Himd ton-C/ha/yr ;
35



Fyielq * f&34 & F %]+ » H = 5 ha-other cropland/ha-taiwan cropland ;
Feo, t = % A% £ %1% > 544g-CO,/12¢-C:

Agrapre * #¥ 6% 5 f% > B 5 m?;

t: e bR EL oy

CCiLUC,transformation: ERER ALES E f‘"f PR E H 2 E kg

CCipyc " BRI = I+ BB > H i 5 kg COgyq

323 2 &P HEN

AT G Bt 2 0l IMPACT 2002+ 5 A d#hrdf 3= = 2 15— Ha2 g 30
4 AERIEE Y > ¥ 9 E 2 SimaPro $i88 L2 % ¥ g o =2 e

SimaPro #c %% 2_d j7 fF Leiden < £~ 1990 # B3 11k » S RS 4 SirdiE
BV & * A% F i - SimaPro e z ecoinvent # &iFdpax f Fop
Bt s At Lad P FEFITE 2L RREE > IVHIA
AR A B T AT R S NIRRT A A D ] 0 T P B
F R RFEL LT HERREFF DT o g%t SimaPro iit BV -2 5
donflAg s At 2 B g B R R SR T SEALR BT LF R A RS T
oy Bawnds A, 2 L BRIk B f 7 0 4 SimaPro ficdg © % E 1 SimaPro
B A » @ AATE & AR A B 7.3.0 %K > BRIk (FehE b1 E B 4o 3- 2 01

7’]-‘ o

36



Eile Edit Calculate Jools \Window Help
T Llmw|E

| LCA Explor
wizards i Method

S Analyze R v at farmy/TW U ol@ s
assessmant | wentory | Process contributon | Setup | Checks (382) |

e v sromren] s | woars | svou v |

Spoipes [ 5 @fw k] wf ]

ame ersion [ Pro;
n @ 04 wathos
werican € 2. atho
Y tads
e 206 o ¢
Super o
L "
o L1 s 120
En aft varsion) 1.0 .. 100
vs eth 0
IMPACT 2002+ (by 0S4 205 r00S41210 n
Impact assessment
IMPACT 2002+ (by YWH) 100 Mathods o
w
Inte pretation o
carey —_ er
ugens arcna atery _ng ra enew al exr

S Edit material process 'Rice straw, at farm/TW U" [E=% NER =5~
Oncumentation 1ul/output | parsmatars| System descrton|
Froducts
Ko GUIpUTS o echnosphara. roducts and ca-products
Mome  ________ Amount  Unt Quantity Alocation Waste type Category Camment t
[Rice strow, at farmyTW U il g Mass 100% |not defined | Agric..\Plant producbon
(nsert e here)
K0 CulpuLS 1o techusphere. Avidad products
wame o amam um Disrbuton 502 or 2% " «
(st e hare)
e
Sub-compartmer AmautUn Distribution 502 0r 27 M e Comment
land 05451374 [mza undatend I I Factors), CHL (Gurl et ol 2002) and FCC.
g rodations, Terrasrial aod/muri, Land usa and
Name

33 % %0

2R G E R AR A L R B A S el [
R AL RO Re PR REHMLTHERLS LGS - F s F 2
Ry = A R T R HE S RO & LR ¥ ok R (feedstock) i (7 4 4
(IEA,2011) > ¥ Rena 45 > N E0 Rk ® A > % - N4 TR g kb
WA TR E LI R e B RAE AR ESE A B A
PR RRFEL G SR TR LR 2R g 0o d RS R G NS RTS
TRl & @ik ch3 B > a HERFIrRE S (T e e i 2 TR el R o
T2 { o REE A 2 B §Y *;rt 1AL ¢ K G oeha 3% vb > Searchinger et al. (2008)
% Fargione et al. (2008) =% 3 3754 314 Fo A B R S T
gRFMETFHME I R D A A RAIFH € Kechg % o AL R FA
dNAE S (P L e AR DT ARR PR LRSS TP AL TRSEEF
P B/ kAL % (International Energy Agency, IEA)>T 2010 # )5 8k 2,

FEdp U 2 B A1 3 2 P b s AT 2 F7k ¢ (IEA-Bioenergy, 2010)

SR E - AR Ry R HE- B Sy - A R
a8l % R4 FTli 2§ &1 4 (non-food biomass) & ALk 0 A & G
AP ArF R s A EBRE > HRT ERAD L RiER Y BE S T 3
B b gpehend g Rt iE e (T4 2 & R(IEA-Bioenergy, 2008; IEA, 2010; Sims
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etal,2010)» fe & = &4 FUk p w gk PR AL AT HAEL 2 AR 0§ B A
AL FHRENE R TS efe A 2 EERUNEL AL 0 TP H D A AF
%ﬁﬁﬂﬁﬁiﬁﬁi@’§%%i$4%%&ﬂ,Rﬁi%ﬁﬁ4gﬁﬁmn
oo %= A TR p g s ok A E 4 SR JR(Ahmad et al., 2011) 5 P 7 35 16 %

Bpent § R A A L K0k F NIRRT feand e

AT E - RE R R PRI AR AENER S LAY R
IMPACT 2002+12 2 & F7 % i 2ad = 2.2 232 (7 % b hIR B 78306 10 7 1L i3

-~ 7

Wz v BNGONE RS T B L HIRR A 2 PR 2 K G -

$- BEo:HEARFM T (gasohol)ie 74 FF TR L DL AL
£ %4 1 (2008):2 2 Jungbluth et al. (2007) » & *t 4 Fotlend &k ¢ i jE
ERE T X B8 SFRITHI AL I PEF R Ft 0L (2008) 582
TRESZ LY ERAEL A5 H 0 A Jungbluth et al. (2007)p) 24t &4 F 2 @
99.7 Yo K iFF i ASRARA 2 B A FH AW A FIFHTERR Y AL -
HREL PR TN S LR R R A RRANE FRREFL S
FPEH o A AP E R AR S 5(2008)% 35(2011) 5 F SRR L AG THEE E]
Ad  EXfERAAREKOEAFECRIGETRIER LS L T 2SR
feeris B 8 0 k506 (2008) AT 3 g % oA A T R eh il A H ) A9
P57 (2011) i A s T o

0RO 2 RSN hE 5T Bl s iF B E TR T L PR E R
m*ﬁ”%’ﬂwﬂﬁi@%ﬁﬁﬁ;wﬁﬁmﬁﬁﬁﬁﬁﬁéﬁﬂﬁ’H$P
LR GA T AT AR E SR BRE TN o 2 TR R K
Bk R R T (37 0 2011) o g g R B B o2 A ) 100 # iR T R4
AR AT BIP BRZ B PTG A SR FAAG D B
B2 L BIZEY M dod 3- 2975 0 A BFPF T PR R R RS D T
MR 2ARF R RE R 2RI T o ded 3- 3477 o ZRIFEHALFEE

TR AP ARD TR TSI R i B R ST ks g

(“'\

PR T L4 ’Fﬁf‘;\.ﬁ_mm?‘ij A ELs UTE U/Tlt,'fsmm ﬂ;i F A FTITEP o
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3 3-22011 # Wp B * 500 ERE

% ik i B (kL) 5 (%)
R 13,272,035  99.43
e 76,496 057

FHL kR T AR A R B (2011)

# 3-32011 # R 2kF e )

3 om i % (ton) s (%)
wr 47,232,638  100.00

T KR ¢ SR R A (2011)
331 #%R

AFE RS B2 TR ENE BWRHET hh2 2 fF IR R
4@%5{ I~ ™ (cradle to gate) » 2 Fykl 2 it 7 YA A (S ehfeiE o * R R
v H fb3§;k 3 P\ 5 F' r}fl m’I—;"‘?a\!;/,‘,\ Fybpg -QL"T o

1 ETM R B T

FREA R kR e 2 R - 4 R@ iy SFPE e 2 AR E 0 AR
3-3 %77 o | BRI & g ¢ 454 R kT fir(carbon balance) 2 it & & fi(energy
balance) » i § B3 fud ~ 4L~ BT T AT HAIE R AEFRER
SR RPN T het R E R R E - R E B A T
BE S UZERPERFTH TR F LG S ARELFE S ANBEY A
YT B 1S g AT RS 4 ﬁfi’é’ﬁ%]l‘?ﬁ;{ﬁ FACR B8 P A 1 R AR
FWEA R 2 ARER e ZHRSEMAL BWE KPP P L5541 5 99.7%

EOKGEWE o XR LB T A A PR i AR

AR AR AR RY B R EREANDHREE 0 dof
&3%ﬁ’ﬂﬁﬁﬁﬁﬁ%£{ﬁﬁmg%§%§ ﬁiﬂmﬁ%“’@Kﬁ“‘
—@%J/‘J’?‘ﬂ”‘ Jﬁ/‘i’fim—@fi’ﬂ /‘J’ﬁ:‘)ﬁf J’«P\}gf'/‘J' ‘/\ ‘)ﬂﬁ*iﬁ"ﬁﬁ%
A B AT o
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|

A 4 v
Ye e 2b

B3-3ipHamr s Tn K agh
2. AfRZE R

i?ﬁﬁﬁﬁﬁﬁé%ﬁﬁié\%ﬁ@ﬁﬁi?ﬁﬁﬁiﬁﬁ’%@3-4
A9 ﬁfvﬁwfm‘ A @ A & Fl e e oniry 0 2 D ficdy o & W) 4 e
PlA A SFEEE Rl A SASAR 0 B SR AN A T 1 P AR & A R4 (residue) T B
Jo feAR2 A i ~ & 1 (Cherubini and Ulgiati, 2010)° & = 5 384 F 7 32 % #5425 7
SR E > B Ty AT R T R RS E AR DAY 2 b A e

(zF » 2011) - 7 %4 35 (2011) 2 q_,kng\;% B2 0 b A fefsiTandl » A D icdy o A5
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(45 B By o 96.7 %4 fe PIALEL > @ F4 1 3.3 %R A e L AAR o FEARA A T A
P RARIE Y J6 ¢ #5450 Fem T fr s o B T 2 Fe et S 548 - B W
%ﬁ%ﬁﬂl%fﬁ%&i%%ﬁéﬁiﬁﬁ%#ﬁﬁ?W'ﬁ*e%%ﬁ%%
REAWIHPRE e B fHRERFEe £ Bl e TP E
AF R BB AT RREFER S ZIE RESLIEZERAWULTR
SE AR o

HROGRGRE TABRBHEEE FHEEI R AoB 3- 400w 0 A
GBI B AR RAA S R EE D AR R T i AR o

AP EYARECREORRAS SR EC  REE S P HFER

£
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332 ¥ a4 ¥

NORA G BB A BB AR N TR~ R S KR 2R Bk A

‘“—N

PEHBRESATFE D AFETRAERRP ﬂv‘}?&u& Ecoinvent 2.0 T 4L & 3% ik c14n
ME LR RE2 LB RASTEAFE - d WRPKE-F P RERED
Bhcdy o AT E ARG AR P URPMEL TR BEL 7 KRR K
Ecoinvent Ft i 2 BI*h < it I » £ 1 S HBPM FREREFERDBE > LB

54

BA SR A FHEAP A0 o
1 EpET
(1) H Rl &
AFERAERHOP rAEP & 725 P s SHBARE I REXR
TR EEF R e BB REPE XL o - F PRE B
P fcdy AR T i £ et B g R 0 BT R RGE B R

ek

AFC AT PRE A BT R AR R AR )
g hehd Fa R o RS §CRER 4 A EA0k 34955
PP FAE AR REATE I E PR G HEDL LD - &
18 & E- D2 A RDFEY - I~ RIEY R R o
TR R A €08 & Biv(ratoon)$ 3 e 540 Bt dp
RHITE? @404 > @ £ AT A ahE IR BT § T AIESE
b HE A LAY - BHE o d AL § T TR N E 12 B0
o - fIr 2L P REhp  RYR2ARFF L - & - Hiv 97
M e iR R AR - EL AR A AP THRAE TR
AYMm(2008)hr it gk BHH R E SRS EHELS ZEHD
HRMAE SN AR GIRA A B2 F Aok 3-5 477 o

f

% 3-4 HEZRTHZE TG

4o oz = ¥ iz & (kg/kg-sugar cane) 24 F i £ (MJ/kg-sugar cane)

R 0.45 4.95

TR %k ¢ Jungbluth et al. (2007)
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235 FHEEF2ZHES AR

B 2 £ (ton) a1 At (ha) 2 % (kg/ha)
11,160 124 1
9,982 161 -
21,142 285 74,182.46

FORL KR ¢ PR (2008)
%ﬁa@%w«gwmuw%@%a¢?wﬂmmﬁ%#W“%g’“”g
Hakehp % T dedk 3-6 #7F) o
gl RE FEIRL X ALHE LTS EFAY ATy
54 1(2008) i 3 e B0 4 R HR T et RRpRARE ST 285 4
SR 2BLEAT A KA R GRS P (012 e LA
TR £ B R W R R R A
S A ] A g g e s S o d 3 7 5] 4 BB
ot L~ B ldcd 3- 8 407] 1 A PP E L HERHG Y L E

FAE R % > fe Ecoinvent FALE ¢ W A L EF ER  AFTY R AR

+

et

FOLBE Y R EF R Eﬂ’ﬂ“'ﬁﬁ%§¢2#D‘ﬁﬁ?
(roundup) ~ I %t % (atrazine » & FLF % E) ~ I £ L (ametryn » B fEER
#) B¢ & & LFend & 44 L EgEE(glyphosate) o I £ 5 E i & A4
L Zvk(triazing) » ¥ A B AL RAZ v HERFARLER A FAod 3-9

’-”Li‘z;lj o

HRARE G T PR s TR R R REEER B
fooEw e S BT T R R gk~ B AR il
Prfiends A H P o (2008) a3k P v ek MO H R ESHF R ENF
g BT @R FhipHE 2 e pHE BFRETL A
FHPLLEFTHE? GROEEHED >0 FF1E2HRLEHEP 404 3-10
#7750 ¥ tb s AP Y ERKF I che B (T30 E 0 B BBl G
HT O UPRPOREL N By R G s 285 2R 0 @ fAiEHD
&8 25 0 ST G A 5 570 20F o
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% 3-6 BN AR KA

I8 f T KB (M) i# % # (ha) i#% -k 2 (mlha)

H R 14,507,000 6,988 2,075.91

FH KR S AISKF % (2010)

% 3-7 % # sl Lo

P % (as N, %) BifiHas P20s, %)  § i 49 (as K0, %)

¥ »F‘rsw L

i A% 21 0 0

Rk L 4T 0 18 0

F it 4o 0 0 60
A & e

P 2 5 11 9 18

e 3% 55 16 8 12

e %7 39 51 12 18 12

o 4T 42 5 23 5 5

P37 43 5 15 15 15

FH kR © 5 2 P (2012)

% 3-8 RHERLFE2 WG

P e plag £ (kg/ha)

Ty 80.00

oR L AVE 3
LA 20.95
N— 20.00
i 12.00

FH KR © R (2008) 5 AAT TR
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%39 FHELF2ZLES R

%P B #Z5 % § (kg/ha)
2,4-D 1.75
L% 4,56
I g % 3.00
= 2.00

T kiRt (2008) 5 A AT G AT

2310 LHE RS20 B iF

v HEEhap g (=)
A Tillage, cultivating, chiselling 1
il Tillage, harrowing, by spring tine harrow 2
£ Planting 1
i Tillage, rolling 2~3
Mulching 1~2
Tillage, hoeing and earthing-up, potatoes 3~4
Fertilising, by broadcaster 2
Application of plant protection products, by field sprayer 2
Harvesting, by complete harvester, beets 1

FAL KR 0 (2008) 5 AFT Y KL

AL EARY € FA L IER BT R F R # eG4 oh
FEF RSP RRTITF R R REE TR S s i Sk
AF 3 %% Jungbluth et al. (2007) % A ch4 F fAfe $2 F]+ T &
Nemecek and Kagi (2007)#% ey & B3 F]F 38 2 2 w4 g R 39
FAR AR AR o T b d ot R R AR TS TR
praoBEE D AokiEr HBREY  AFET BREN IIEPPLEE
g ERERAP R TEARL AL A FRE SR RFT ok 3-11

L’"‘i‘;lj o
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# 3-11 4 R A rs B2 I F]+

7B ¥~ P F) S

BT T F

% (ammonia) kg/kg-sugar cane 2.29E-05

% i* I % (dinitrogen monoxide) kg/kg-sugar cane 3.75E-06

% % i F (nitrogen oxides) kag/kg-sugar cane 7.88E-07

? % (methane) kg/kg-sugar cane 2.86E-04

- 3 it gl (carbon monoxide) kag/kg-sugar cane 0.03

R ¥-3f k(particulates > 10 pm) kg/kg-sugar cane 3.00E-03
T &K

w4 fi% B (phosphorus) kg/kg-sugar cane 2.40E-06
T T oK

w44 B (phosphorus) kg/kg-sugar cane 9.44E-07

A s B (nitrate) kg/kg-sugar cane 7.14E-06
EASEE:

2,4-D kag/ha 1.75

Z.#4 % (glyphosate) kg/ha 4.56

47 %% (atrazine) kg/ha 3.00

= vk (triazine) kg/ha 2.00

L %k : Jungbluth et al. (2007); Nemecek and Kégi (2007)
(2) 4 REEEE

(3)

EERERY FRICIREEI AR LR 2 5ER Y B
RSB A LR BRSO RS 15 23 EHT S SR

o

FPEi e 2 AR
A2 A7 2 L FHERED Y TR L BAER B
At foZ Ag A2 B gk ~ & ) 14 %% Ecoinvent 4L &} 238 P 12 2 Jungbluth
ot al. (2007)4 it » 5 FEARA chA & 54~ ¥ 14.898 2 T e B 7
A2 1275095 %E RFW > F R gl e Fok s AR BFW
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FARBEERPEE A TP Ao F P A R e 7 adpE

B » & F 4o £ 3-12 #1771 5 Jungbluth et al. (2007)
FhzgaRir 2 TR E H& 0 1 2505 %s KIFp 2
008 e 27 A2 1 2767997 %aE RiFpF ¥ #2203 7 4 LB
0 5 99.7 % K IFIH T 5 4 T ¢

£3-12 AR 2 0 & I

i H o g

F

g3 kg/kg- sugar cane 1.04

i e kg/kg- sugar cane 7.24E-04

e el kg/kg- sugar cane 1.34E-05

A kg/kg- sugar cane 9.32E-04

WREH ~ p/kg- sugar cane 4.44E-11
P F

ZF v kg/kg- sugar cane 3.15E-01

7R %R ¢ Jungbluth et al. (2007)

AEGEEZ RS T AL AT L HRE D TR
EE G Ko LR LT E A AT AR A 6] A uE Y

R & 5964 T E e ED ST 1 2 R & 85 %4 T iEpH ¢ EBS EHE it b o o
REVH A AAFTEY F R E I T RE TP RERR
AFEWE B A MR HRE A ¥ AR hoR 3-13 475 5 ¥
A E (1 MI)FpHE T e chgk » B 4o 3- 14 975 o ¥ b s R A S TR

4 g i dp Mg A @ (Low Heating Value, LHV) » @ iR & % chiv i &% * %

T2 B R AT REP o
#3-13 2 FFWE 2 A 2 AT
3B g Mg E(MIKg) B o # E(MI/Kg)
B 0.750 42.8 45.8
2 FEE 0.789 26.8 29.7

744 &k & : Dones et al. (2007); Jungbluth et al. (2007)

47



4314 EepapHiim o kr @

5 S 2 7 (Kg/MJ) FyE e 2 (kg/MY)
E5 JFpH i7 0.0226 0.0013
E85 iyt it i 0.0049 0.0294
ER e 0 0.0373
2. # %t

(1) R B4R BRI L

Bp o) 3 R

FANERAR > LB DRMBRELATHEEEZ S > T

M R T o R B s A0

‘R AR R

o R R a8 @ % Ecoinvent FARLE PN ZH AP K& o R

T B TS AN L R Ko (2011) St dicdh o @ e b B B IESER] i 4

Sea-Rates.com - =k (http://www.searates.com/cn/reference/portdistance/) #7 iz

P38 GHEARIRFD NI RO EBEr T FRE AT

TR 2 AR e £ 3-15 #77) o

# 3-15 R T )% A E IR

B e &k o R(Ff)  &rotb)(%) A EEEs(km)

Rl Cabinda 52,168.00 17.99 16440.25
W % Djeno 4,544.56 1.57 16512.51
7 =P Bandar Mahshahr 11,040.08 3.81 10260.38
CEuR Y Fao 8,224.00 2.84 10245.08
F g Mina Al Ahmadi 66,893.96 23.06 10206.88
22 4% Port Harcourt 4,836.28 1.67 17622.05
e & Mina Al Fahal 4,001.56 1.38 8952.31
Nl P Nl Ras Tanura 97,930.92 33.76 9967.76
P iam £ <~ 2 ®  Das Island 17,259.81 5.95 9736.05
Hw - 23,162.35 7.99 -

K A - 290,061.52 100.00 -

TR KR ¢ AR R A (2011) 5 Sea-Rates.com
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(2)

ARLE LA SRS

RpiET BT EF ML > BT {op FE S N
&M@ﬁi@ﬁ&’ipiﬁﬂﬂwﬁﬁﬁﬁﬁﬁ’ﬁ%Fi@M&*
%ﬁﬁ%éméioﬁﬁﬁﬁ@ﬂﬁﬁﬁ d 304k S B R Selicdy o

gt 2 Ecoinvent B R poaE g o e R AR R A o

R
(1) foicfafirs: &

felt AR AL B A 2R PR F o F R SHBAE
IR EARTIR B RS RE R EREESH 4
Tfrens § LR E R E fo s (2004) 45 S A MR BokAET &
Tz R RBEFE SR S PR RE AP LSS

2 gpivz TiaE 4o 4 Fa £ A A%+ Nemecek and Kégi (2007)4% i<

Hedh o Aok 3-16 4770 ¢ 2 g xR ﬁﬁﬂwﬁéiﬁﬂiﬁﬁéiﬁ
DR MG BN G F R R AR AP TR R ERA e

B = Vit SRR R E RIS o AR R TR R
TR T UEE BN 6 ok &K 0 a0 o Rk P A u L 65
%3 77 % (7% > 2008) > Fpt ¥ 04k JpAE Ok F w e A R o Aok 3-17 #F
P feARA B R AL S BRI T AT £F £ (2008) i 3 B
FEE e A4 6000 2T efefRe ¥ B fRiTAE 6 s - E
AT A PHEE T A TRRDLE AP TR F R
FARA IR B g G TR A T AL B ik PR 2 A R85

SECES S RIS S SVENE S €

% 3-16 fEir2 T 2 v £ T 7

it 4 Bofc- § it L E (kg/ha) 4 i £ (M/ha)

7}{5 it

76255 112041

7k %k : Nemecek and Ké&gi (2007); £ {= % (2004)
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3-17 BN 6 f ~ kb 2 oA

7 2 ¥ (1on) Jeftw fi (ha) 2 % (kg/ha)
- ¥
i 1,009,582 - -
e oF 819,744 - ]
ok 2,617,806 148,333 -
g |
5 447,593 - -
e oF 358,434 - ]
o 1,154,103 103,958 -
2k
fo3 3,771,909 25,2291 14,950.63

TR Tk Bk ¥4 R ¢ (2008)

o (T e i r ok B R 955 5 ANk 41 F (2010) 4 & B v ok I ¢
PR E T RFOR s ded 3-18 475 0 B A R BT AT L T K 4 &
Eva P F o BARZ R AT F T e HERRET Y > A AL
- 2EenfBiv A 9 F & 220 1 250 § fku (GF 0 2008) 0 @ F F Ak
e85 250 3 280 2 5L (£ otk 0 2001) © AT f chfSfEd ~ B L T 00
Moo BEOEP O 6228 2 T ffE o

BE ¢ AR e Hfsivfi vl 2 L Zasw g5 (7 gk o1
B F 19505 (2008) % & kB 4GB GR 1T e ke BT R B
—E_’ﬁ:’, %'}”L’I’J"W‘}'ijv,fbﬂ‘?—}"} o 5 S8 30 B v 5w 42 B~
oRe 43 & lﬁ«‘}%\z’t\ S-Tegvesfl N e s LB %‘rﬂwg}:i s @ 7}&% g%:«_
'ﬂp;fanv F“mxix#’ﬁpr-"“g%axt,}“wl/;zi4;E§W§ff F,\myfﬁg%a
T2 %0 (F4 5 Fo4F 0§80 Wl r E4ok 3-19 #7570 ¥ b5 3545 R
-~ W IEEEG 395 6.8 2F o TR ITEE R A B R 2
5 136 2F o
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% 3-18 B 46t % K iF)

I8 f T KB (M) i# % # (ha) i#% -k 2 (mlha)
- i 3,389,154,127 151,623 !
- iE 3,950,778,164 173,181 %
B3 7,339,932,291 324,804 22,598.04
FoR kR ¢ ARk 4% (2010)
% 3-19 F4em 2wl
7 f ~ #p4eirre s g (kglha) = #9946 1F57 05 * £ (kg/ha)

‘_:; 57 5 g

i 4% 152.38 152.38

BRI AT 88.89 88.89

§ 4w 40.00 40.00
o9 39 B

i 4% 228.57 228.57

B R AT 400.00 400.00

§itgw 80.00 80.00
R VRS

i 4% 262.86 262.86

B R AT 66.67 66.67

§itgw 20.00 20.00
=97 43 5

i 4% 114.29 114.29

BRI AT 133.33 133.33

§itgw 40.00 40.00
R ES 6.3 -

51
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P sr > fee o R BT S 5 2 Ecoinvent FALE ¢ 7R
:4

FOUMARLET UEY o L EY R EELZLFTHEY RS H0R
POt AR AL ER IR EEES NS EELF IR SN

REMEOETEGS EBESHR L LE 046 27 o

ek fAted & che B 1085 B 2ok - R s 1(@7&;;;3 -3
B - S F o AT Y €38 7k e 1 1E(G% > 2008) -
m 4{3;}7%\;*;}\&4—5— , ﬁQﬂ%‘?’ EIE T X 58T R pg‘ ;)?:3 T 7= m%%“-‘k ’ 7&%9

g fF 1 (T A4 & 3-20 977 o

fele i AT R 7§ M ® %44 Yang et al. (2003)%7 7 &

% 0 Hizx 1990 £ 3 2000 & F & 4 L BhD enfen P k2§ 0 I § ok
FF o AFITEY LR TIBE RN L oA R A A4 DT F A
2 {4 & F o p) 44 Nemecek and Kagi (2007)4% i e j2 rfsa 5 %3
%ﬁwﬂifﬁoﬁﬁﬁﬁﬁﬁﬁﬁzj“ EREE o RS g g
HER: & & AR R RO T OE SRk ot R e R T
o %kﬁﬁﬁ IR TR ﬁ%ﬁg B A s d T B2
ZF PP E T B4R % F M 2 £ (Cherubini and Ulgiati, 2010;
70 2011) 0 AR 7 2 F(201) 0 it iE 0 B K,éft 1 27 fefR ¢ H 4otk

i;;

0107 2 F ez § L B o #5 (T P2 5 dok 3-21 #77) o

% 3-20 R few 29 B i¥

moFLE HRE AP # ¥ (=x)
Fr o Tillage, rolling 2~3
3 A Sowing 1

¥ Fertilising, by broadcaster 4
IE R #  Application of plant protection products, by field sprayer 3~5
Yz ) Combine harvester 1

TRk £(2008) 5 AR KR
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% 3-21 feivfifs 2 5

i) i P F S

BT T F

% (ammonia) kg/kg-rice 1.22E-03

F i 7 % (dinitrogen monoxide) kg/ha 2.93

% % i F (nitrogen oxides) kg/kg-rice 3.99E-05

7 2% (methane) kg/ha 102.23

= % i g% (carbon dioxide) kg/kg-rice straw 0.11
PPy 4k

&% @ (phosphorus) kg/kg-rice 1.35E-05
TP T oK

&% @ (phosphorus) kg/kg-rice 3.34E-06
EASEE:

%44 % (glyphosate) kg/ha 0.46

R %k ¢ Nemecek and Kégi (2007); Yang et al. (2003); 3¥(2011) ; »# 3 &=

(2) AeAmE R £

3)

dOT S AR G AT IS D R0 o LR B e B
TREEIAFTRIR 2P BRI REEI A TR
&’“@E@ﬂ@%@%%’alﬁﬁﬁgﬁéﬁﬁﬁéBzg,@ﬁ

B SR
2R B

FI* fef2 A WA FROEAE ¢ ZR0%% - RELF § g Lirg
%ﬁﬁﬁﬁﬁ"%ﬂ%ﬁ*WWﬁ*w%i?ﬁi A QAR Y > F
ARyt WA AR A NFARR > 5 F011) Sl A iR
Lo rd s AFTEYH N E L E mRE S U e

- e ?rme‘.ﬁ#x%a L H B B drdk 3-22 477 o
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13N HepEd TRz a £

3 p # & (MJ/kg) 4R R E (Kg/MJ)

2R 14.41 0.069

TR %R 1 3#(201)

FghA 3 3 AR B ) Ak R I R T B 0 10 B R gt

C»AENEFEA LA RORAE 08 L AR EFHRE YL F o8 % * Ecoinvent

=
e

LR P ZEH AP RN L o it o TR K p SAIRN R A (2011) enkit
Ppoom st @ﬁ%&ﬁ%}i?ﬂi % * Sea-Rates.com e xb*riz B2 4@F2 47 > 5 AR

AT MR AT A0 B e T T B Egck 3-23 45 ¢

% 3-23 BT A2 4T

B e 7> o g(ton) oot 5)(%) s F FEZE(Km)

kR Newcastle 23,228,294 38.60 7904.48
v £ & Prince Rupert 74,569 0.12 9131.77
-y Qinhuangdao 1,821,574 3.03 1915.64
B R Tanjung Bara 25,947,734 43.12 2853.45
2 b Richards Bay 4,684,862 7.79 11852.37
His - 4,420,165 7.35 -

B - 60,177,198 100.00 -

TR KR C AR R A (2011) 5 Sea-Rates.com
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e d BRHis
41 4 @Y T2

*F 7 11 IMPACT 2002+ e 8 305 = 2 5 AAA# D 4o » 2 = % 2 4 hg iz %8
i RNV TE S o
Al S B E S I B3 (K 4- 1 ¢ e Direct land-use change) ~ R4 2 3 1 #

\vﬂ

** IMPACT 2002+ 28 7 A7 = B @ B gLirF 27 %) -

%182 (B) 4- 1 ¥ = indirect land-use change)£? * ++ % ¥ %:8(® 4- 1 ¥ = Land
cover change) > & &4 3+ 1% R84z Wi » | B FH Bl P2 4
HHGRRBAIPE A M FE» FRrBFTY S IH REREALE S
PR RREA B2 AR REHFT ALY FIPE Fet R E o TR
TP oo rpEyEand e I B2 IMPACT 2002+ & = 2 2% 5 IMPACT

2002+ W/LU » r2 7 gzit 32 gt AL IMPACT 2002+ W/LU 2. @8 3= i 2% 4o B] 4-

1455

1 8 48 5] 1R 5
Human toxicity \

Respiratory effects 7&_‘ Human health

Tonizing radiation

Ozone layer depletion
Photochemical oxidation
Aquatic ecotoxicity

< Ecosystem quality
Terrestrial ecotoxicity -
Aquatic acidification
’/
Terrestrial acid/nutr

BEFE S" Aquatic eutrophication

Land occupation
/ Climate change

Global warming /

Direct land-use change /

Indirect land-use change

Non-renewable energy \

Mineral extraction » Resources

Land cover change /

Bl 4- L IMPACT 2002+ W/LU -4 3% 15 % 1
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411 FHFIF 22 >

Pl i Ae A RS T E R R A S A B SRR
# iE 42 o IMPACT 2002+ W/LU ® o &7 5 373 ch= B 2 3 1% 5e%F 4p b 247 4] 35
HA5 32 et w2 1% Gl VRN TS R A RN o S e e i
§ R AT IR AN P e TRl S W E BTG kAT KA E

B WM B 2R AN EREMY > A AE TR 2

BT B s iclic @ %% IPCC (2006)# & chiicdk o IPCC (2006)#-2 3 4] %

v

AlfE A 5w < ¥ > @ 7 k= (forest land) ~ # 3 (crop land) ~ £ % * 3= (settlements)£?

¥ 4 (grass land) » e 4 &iEHp Az
/}stﬁi B o B e FREE

T XA 5 B AT

HF AR A& 2 # 4] A IPCC (2006):
FTHE? chtky R BHhAd £ 3R Y E RS
AL AR FRTHE S B RPN

7| IPCC (2006)cw + A #2.T s dok 4-1 3 £ 4-4 555 > o — A fEchd b 4 37

P o-E AR i TS

# 4-1 th$ 2

FAIWP LR A

e A 9T B

1Rk F AP

g ERAD

Occupation, forest

Occupation, forest, extensive

Occupation, forest, intensive

Occupation, forest, intensive, clear cutting
Occupation, forest, intensive, normal

Occupation, forest, intensive, short-cycle

Transformation, from forest

Transformation, from forest, extensive
Transformation, from forest, intensive
Transformation, from forest, intensive, clear cutting
Transformation, from forest, intensive, normal
Transformation, from forest, intensive, short-cycle
Transformation, to forest

Transformation, to forest, extensive
Transformation, to forest, intensive
Transformation, to forest, intensive, clear cutting
Transformation, to forest, intensive, normal

Transformation, to forest, intensive, short-cycle
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Z

LR P AEE A

B
R Al B

TRk E A

LR IR

Occupation, arable

Occupation, arable, integrated

Occupation, arable, non-irrigated

Occupation, arable, non-irrigated, diverse-intensive

Occupation, arable, non-irrigated, monotone-intensive
Occupation, arable, organic

Occupation, heterogeneous agricultural

Occupation, permanent crop

Occupation, permanent crop, fruit

Occupation, permanent crop, fruit, extensive
Occupation, permanent crop, fruit, intensive
Occupation, permanent crop, vine

Occupation, permanent crop, vine, extensive

Occupation, permanent crop, vine, intensive

Transformation, from arable

Transformation, from arable, non-irrigated
Transformation, from arable, non-irrigated, diverse-
intensive

Transformation, from arable, non-irrigated, monotone-
intensive

Transformation, from heterogeneous agricultural
Transformation, from permanent crop

Transformation, from permanent crop, fruit
Transformation, from permanent crop, fruit, intensive
Transformation, from permanent crop, vine
Transformation, from permanent crop, vine, extensive
Transformation, from permanent crop, vine, intensive
Transformation, to arable

Transformation, to arable, non-irrigated

Transformation, to arable, non-irrigated, diverse-
intensive

Transformation, to arable, non-irrigated, monotone-
intensive

Transformation, to arable, organic

Transformation, to heterogeneous agricultural
Transformation, to permanent crop

Transformation, to permanent crop, fruit
Transformation, to permanent crop, fruit, extensive
Transformation, to permanent crop, fruit, intensive
Transformation, to permanent crop, vine
Transformation, to permanent crop, vine, extensive

Transformation, to permanent crop, vine, intensive
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24-3 AL WA R AL

AR B L dEIE P

dp ik AP I gitEaAED

Occupation, industrial area Transformation, from industrial area

Occupation, industrial area, benthos Transformation, from industrial area, benthos

Occupation, industrial area, build up Transformation, from industrial area, build up

Occupation, industrial area, vegetation Transformation, from industrial area, vegetation

Occupation, traffic area Transformation, from traffic area, rail embankment

Occupation, traffic area, rail embankment Transformation, from traffic area, rail network
) ) _ Transformation,  from  traffic  area, road
Occupation, traffic area, rail network

embankment

Occupation, traffic area, road embankment Transformation, from traffic area, road network

Occupation, traffic area, road network Transformation, from urban, continuously built

Occupation, urban, continuously built
Occupation, urban, discontinuously built

Occupation, urban, green areas

Transformation, from urban, discontinuously built
Transformation, to industrial area

Transformation, to industrial area, benthos

Transformation, to industrial area, build up
Transformation, to industrial area, vegetation
Transformation, to traffic area

Transformation, to traffic area, rail embankment
Transformation, to traffic area, rail network
Transformation, to traffic area, road embankment
Transformation, to traffic area, road network
Transformation, to urban, continuously built
Transformation, to urban, discontinuously built

Transformation, to urban, green areas
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AU B AN R R hE &
Flf G B EBEFE A G 7L R IPCC (2006)

£
BRELFIRFGROESF L L Gl 27 GNLRLE 578 F 0 EF ikl

.ﬂ%@

i

AEREERLAROE REME LR G FRRA > LRI Y P
ﬂ‘;, LL

Z
s

L k‘_‘{;,f‘:% T?P'XK/"/L“‘]’;%FE,.? if})& 5

‘1-'
—=h
S

A NE N B L R > AR LY il BRE o RFNE- FRrRFp L
/?mf‘ ?\14’3‘“]% > T Lo
HIFEFPRGUNERF A FR oW 42977 §F A HHE

%N’%Piéwﬁﬁ&Mﬁuiﬁﬁaaﬁwwﬁ%iEL&ﬁ’uTﬁy;

4 % 4 (2011) ik d% IPCC (2008)cf iF & A #F 1% it 2 Fp
‘m;- ‘f"lir'z\ 4-5

TR R ErrCy S E TS

F4-4 X2 G AHE P LNEI L

3 o HEIE P

LR R - S - E-E N

Occupation, pasture and meadow Transformation, from pasture and meadow

Occupation, pasture and meadow, extensive Transformation, from pasture and meadow, extensive
Occupation, pasture and meadow, intensive Transformation, from pasture and meadow, intensive
Occupation, pasture and meadow, organic Transformation, to pasture and meadow

Transformation, to pasture and meadow, extensive
Transformation, to pasture and meadow, intensive

Transformation, to pasture and meadow, organic

245 L5 EAT

FiE T # # (ha) ] (%)
B L ks 183,129 5.06
LT#F L k5% 1,564,841 43.24
I #F PR 1,546,753 42.74
B FOE R 101,943 2.82
A PR EA 154,130 4.26
A A 68,199 1.88
A 3,618,995 100.00
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FoR kR mE 4 (2011)
W4-2 1 HF 0w

L txREwsd

P RFRBEEFES A ENA8)I () BTG E 2 2 et
(33) ~ (34)22(35)#77 » %% IPCC (2006) 7% * 2 {4 #cis 4e L ol ho e 4- 6

S| P HFT P E R Ao 47 55 o

CFLCC,occupation,i
= Etotal,natural - Etotal,i (33)

= [Gabove,natural X (1 + Rnatural) - Gabove,i X (1 + Ri)] X Hbiomass

CFLCC,transformation from,i

= Btotal,i (34)

= Wabove,i X (1 + Ri) X Hpiomass

CFLCC,transformation to,i — (_CFLCC,transformation from,i) (35)
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7~

A2 CFLCC,occupation,i N

Cib 2 4 R R FREH TS E = F MImiyr;

Etotal,natural PARRREDEBAL AR H G MJ/mZ/yr ;
Eroars © %463 % 117 21 i o a4 2 8+ 8 25 MImlyr;

ETIS

RPN R EE N g

Gabove,natural :

ton-dry matter/ha/yr ;

Ruaturar * RIS R A I S e L L - el *"‘?’ﬁ"\ wE o i

ton-below/ton-above ;

DRI A A RS AT ERME S > Hix G

Gabove,i :

ton-dry matter/ha/yr ;

e b RET LT 204 e 4 g BT 2

Ryt %iE2 ¥ 1% 4] i chpe g B

ton-below/ton-above ;

Hpiomass * 47 it £ » & 4] & % 18.5 MJ/kg-dry matter ;

CFLCC,transformation from,i *

Btotal,i : :3: i%é—i e ‘N * ﬂlj FLF; 2]

MJ/m?

Wabove,i NN lﬁ‘;} P ﬂ’m?r A 4 g

ton-dry matter/ha ;

‘1-'
T4
=
VS
EL
TE
I
’F_k
e
¥
ES
Ag_
=3
]
\—
ED

i“;ﬁ"]‘ﬂh%“ fsend % f%t%;}’%,{i{r]—k ’

= % MJI/m?

CFLCC,transformation to,i .
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£4-6 14 R E

KB B kA

57 Gabove R Wabove
(ton-dry matter/ha/yr) (ton-below/ton-above)  (ton-dry matter/ha)
X R 2.55 0.26 242.62
ixal 6.54 0.26 133.43
# 4.99 0 38.61
¥y 1.17 2.21 4.17
A B 1.17 2.21 2.29

247 2ERF

Y

2

F# %k : IPCC (2006) ; #4 § £

i %38 p H e F) 5 (MJI/unit)
Occupation, arable m‘a -3.30
Occupation, arable, integrated m’a -3.30
Occupation, arable, non-irrigated m’a -3.30
Occupation, arable, non-irrigated, diverse-intensive m’a -3.30
Occupation, arable, non-irrigated, monotone-intensive m’a -3.30
Occupation, arable, organic m’a -3.30
Occupation, forest m’a -9.31
Occupation, forest, extensive m‘a -9.31
Occupation, forest, intensive m‘a -9.31
Occupation, forest, intensive, clear cutting m‘a -9.31
Occupation, forest, intensive, normal m’a -9.31
Occupation, forest, intensive, short-cycle m’a -9.31
Occupation, heterogeneous agricultural m‘a -3.30
Occupation, industrial area m‘a 3.78
Occupation, industrial area, benthos m’a 3.78
Occupation, industrial area, build up m’a 3.78
Occupation, industrial area, vegetation m‘a 3.78
Occupation, pasture and meadow m‘a 3.78
Occupation, pasture and meadow, extensive m’a 3.78
Occupation, pasture and meadow, intensive m’a 3.78
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247 3R REREL KA (H)

iFHE P ¥ = # fcF] 5 (MJ/unit)

Occupation, pasture and meadow, organic m‘a 3.78

Occupation, permanent crop m’a -3.30
Occupation, permanent crop, fruit m’a -3.30
Occupation, permanent crop, fruit, extensive m’a -3.30
Occupation, permanent crop, fruit, intensive m’a -3.30
Occupation, permanent crop, vine m’a -3.30
Occupation, permanent crop, vine, extensive m’a -3.30
Occupation, permanent crop, vine, intensive m’a -3.30
Occupation, traffic area m’a 3.78

Occupation, traffic area, rail embankment m’a 3.78

Occupation, traffic area, rail network m’a 3.78

Occupation, traffic area, road embankment m’a 3.78

Occupation, traffic area, road network m’a 3.78

Occupation, urban, continuously built m’a 3.78

Occupation, urban, discontinuously built m’a 3.78

Occupation, urban, green areas m’a 3.78

Transformation, from arable m? 71.42
Transformation, from arable, non-irrigated m? 71.42
Transformation, from arable, non-irrigated, diverse-intensive m? 71.42
Transformation, from arable, non-irrigated, monotone-intensive m? 71.42
Transformation, from forest m? 310.80
Transformation, from forest, extensive m? 310.80
Transformation, from forest, intensive m? 310.80
Transformation, from forest, intensive, clear cutting m? 310.80
Transformation, from forest, intensive, normal m? 310.80
Transformation, from forest, intensive, short-cycle m? 310.80
Transformation, from heterogeneous agricultural m? 71.42
Transformation, from industrial area m? 13.59
Transformation, from industrial area, benthos m? 13.59
Transformation, from industrial area, build up m? 13.59
Transformation, from industrial area, vegetation m? 13.59
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247 3R REREL KA (H)

F AP

H >

# fcF] 5 (MJ/unit)

Transformation, from pasture and meadow
Transformation, from pasture and meadow, extensive
Transformation, from pasture and meadow, intensive
Transformation, from permanent crop
Transformation, from permanent crop, fruit
Transformation, from permanent crop, fruit, extensive
Transformation, from permanent crop, fruit, intensive
Transformation, from permanent crop, vine
Transformation, from permanent crop, vine, extensive
Transformation, from permanent crop, vine, intensive
Transformation, from traffic area, rail embankment
Transformation, from traffic area, rail network
Transformation, from traffic area, road embankment
Transformation, from traffic area, road network
Transformation, from urban, continuously built
Transformation, from urban, discontinuously built
Transformation, to arable

Transformation, to arable, non-irrigated
Transformation, to arable, non-irrigated, diverse-intensive
Transformation, to arable, non-irrigated, monotone-intensive
Transformation, to arable, organic

Transformation, to forest

Transformation, to forest, extensive

Transformation, to forest, intensive

Transformation, to forest, intensive, clear cutting
Transformation, to forest, intensive, normal
Transformation, to forest, intensive, short-cycle
Transformation, to heterogeneous agricultural
Transformation, to industrial area

Transformation, to industrial area, benthos

Transformation, to industrial area, build up

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

3,3,3,3, 3 3,3,3 3 3,3,3, 3 3,3,3, 3 3,33, 3 3,3,3, 3 3,3, 3, 3 3, 3

24.80
24.80
24.80
71.42
71.42
71.42
71.42
71.42
71.42
71.42
13.59
13.59
13.59
13.59
13.59
13.59
-711.42
-711.42
-71.42
-71.42
-711.42
-310.80
-310.80
-310.80
-310.80
-310.80
-310.80
-71.42
-13.59
-13.59
-13.59
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34-7 3 3 B F 882 HF5 (F)

iFHE P ¥ = # fcF] 5 (MJ/unit)
Transformation, to industrial area, vegetation m°* -13.59
Transformation, to pasture and meadow m? -24.80
Transformation, to pasture and meadow, extensive m? -24.80
Transformation, to pasture and meadow, intensive m? -24.80
Transformation, to pasture and meadow, organic m? -24.80
Transformation, to permanent crop m? -71.42
Transformation, to permanent crop, fruit m? -71.42
Transformation, to permanent crop, fruit, extensive m? -71.42
Transformation, to permanent crop, fruit, intensive m? -71.42
Transformation, to permanent crop, vine m? -71.42
Transformation, to permanent crop, vine, extensive m? -71.42
Transformation, to permanent crop, vine, intensive m? -71.42
Transformation, to traffic area m? -13.59
Transformation, to traffic area, rail embankment m? -13.59
Transformation, to traffic area, rail network m? -13.59
Transformation, to traffic area, road embankment m? -13.59
Transformation, to traffic area, road network m? -13.59
Transformation, to urban, continuously built m? -13.59
Transformation, to urban, discontinuously built m? -13.59
Transformation, to urban, green areas m? -13.59

2. Fad o qlr glpa

B A1 AR S BN 5 5N (25) 2 50 (29) 0 TS R H 2
438 (36) #7151 > %% IPCC (2006)*7iF * 2z (a#c /S 4 T ochilic B 4o 4 4- 8 #17) »

BT T R E R i 4-9 415 o

CFdLUC,occupation,i
= [(Cstock,natural - Cstock,i) + (Femi,i - Femi,natural)] X FC02
= {[Gabove,natural X (1 + Rnatural) - Gabove,i X (1 + Ri)] X Fcarbon

+ (Femi,i - Femi,natural)} X FCOZ

(36)
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H ¢

7~

CFdLUC,occupation,i S LE"}%D} B ;}'J?r %%5}3&{{#‘@{?:” » H o>

% kg COgeq/m?lyr ;
Cstocknatural * = 344 G g3 €  H =5 ton-C/halyr ;
Cstock,i © ¥ i # 1% A a5 € - ¥ =5 ton-Clhalyr ;
Fomig @ ®ifad 3 % A1l cnd 35 ain 4 5 - H =5 ton-Clhalyr ;
Fominaturar © = 24 fiend 4 #ptin 2 5 > = 5 ton-Clhalyr ;
Feo, ' = ¥ "AL% £ 75 » 544 g-COy/12gC:

Gabovenatural - = PR ehd P 3Rinfg f 4 P T E ML K 0 H iz
ton-dry matter/halyr ;
Ruaturat © % A0 f5 608 1 3UBE TR B S 0 g B

ton-below/ton-above ;
Gabove,i - FUfEE = 1% Al ey b 3venjg e 2 P ER L F > Hiz i
ton-dry matter/halyr ;
Ryt %ifad sy I * Alfaeng 30w T s Rz 1tiE s Hixg
ton-below/ton-above ;

F.orvon - # % 7 £ (carbon fraction) > &£ 3] i& % 0.47 ton-C/ton-dry matter -

304-8 B33 B I r B RH S Gl

5 Gabove R Femi
(ton-dry matter/ha/yr) (ton-below/ton-above) (ton-C/halyr)

x fRe 2.55 0.26 1.33

Lk 6.54 0.26 1.33

# b 4.99 0 20.00

¥ 1.17 2.21 4.87

AR B 1.17 2.21 2.67

F# %R : IPCC (2006) ; #4= § A1
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Z04-9 B JRd I B2 P TS

B HIAEP H i £ acF]F (kg COxqglunit)
Occupation, arable m‘a 6.54
Occupation, arable, integrated m‘a 6.54
Occupation, arable, non-irrigated m’a 6.54
Occupation, arable, non-irrigated, diverse-intensive m’a 6.54
Occupation, arable, non-irrigated, monotone-intensive m‘a 6.54
Occupation, arable, organic m’a 6.54
Occupation, forest m’a -0.87
Occupation, forest, extensive m’a -0.87
Occupation, forest, intensive m’a -0.87
Occupation, forest, intensive, clear cutting m’a -0.87
Occupation, forest, intensive, normal m’a -0.87
Occupation, forest, intensive, short-cycle m’a -0.87
Occupation, heterogeneous agricultural m’a 6.54
Occupation, industrial area m’a 0.84
Occupation, industrial area, benthos m’a 0.84
Occupation, industrial area, build up m’a 0.84
Occupation, industrial area, vegetation m’a 0.84
Occupation, pasture and meadow m’a 1.65
Occupation, pasture and meadow, extensive m‘a 1.65
Occupation, pasture and meadow, intensive m‘a 1.65
Occupation, pasture and meadow, organic m’a 1.65
Occupation, permanent crop m’a 6.54
Occupation, permanent crop, fruit m‘a 6.54
Occupation, permanent crop, fruit, extensive m‘a 6.54
Occupation, permanent crop, fruit, intensive m’a 6.54
Occupation, permanent crop, vine m’a 6.54
Occupation, permanent crop, vine, extensive m‘a 6.54
Occupation, permanent crop, vine, intensive m‘a 6.54
Occupation, traffic area m’a 0.84
Occupation, traffic area, rail embankment m’a 0.84
Occupation, traffic area, rail network m‘a 0.84
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+ 4-9 E«f{-ﬂl%‘f

BB P FHTF ()

B HIAEP H i £ acF]F (kg COxqglunit)
Occupation, traffic area, road embankment m‘a 0.84
Occupation, traffic area, road network m‘a 0.84
Occupation, urban, continuously built m’a 0.84
Occupation, urban, discontinuously built m’a 0.84
Occupation, urban, green areas m‘a 0.84

3. FHEi1e i # il P

el 2 17 R B R R L (3001 54 (32) » T R
eV (B7) o o N P R enThdic R A ﬂfrg B A 8 3 1L S A

o B9 oenfed A FF A AL L TRRIEE Y B8 e ot BT
DR Sl s R A e TR o X iRR R BB S 2 AR TeD

T3A 2 MiakET o

Ry e RNEE e % (Food and Agricultural Organization, FAO) = FAO

ProdSTAT i B se3t 3R A o7
= __@Z]rﬂft:‘f ﬂ{ﬁm jf? é_ ’

f—?%nﬂfgiiél’ﬁ'%.li;éj:ég A

T 2008 £ >k X ”‘ 115 'B‘ﬁ?ﬁié@ﬁ’ TR R AT
ﬂ"‘ uﬂzﬁm 4 115 Iﬁﬁﬁmyﬁrf A i
g 4298 =~ 7 > A 2008 =& qj#_/%ﬁéﬁ AL E D

F 5776 2 T (Frcke X1 R ¢ > 2008) 0 hALAe AR AR FOTEHT o P E
FkAFFSF S ikr 1 M End S AT 134 2 Eae B W H R

TN F SRR $ T yLy

CFiLUC,occupation

B Ao 4-10 #15) o

= CFdLUC,occupation,arable X Fyield X FC02

= {[Gabove,natural X (1 + Rnatural) - Gabove,arable X (1 + Rarable)]

X Fcarbon + (Femi,arable

(37)

emi,natural)} X Fyield X FCOZ

B¢ CFycoccupation * 2 3 1% 2 B4 3+ 1% @R F] 5 > 0 =
kg COZEq/m Iyr;

Fyie1q * f53t & 5 %]+ » H = 5 ha-other cropland/ha-taiwan cropland -
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7 4-10 iz & 1 8Pz FiF)+

B HIAEP H i £ acF]F (kg COxqglunit)
Occupation, arable m‘a 8.79
Occupation, arable, integrated m‘a 8.79
Occupation, arable, non-irrigated m’a 8.79
Occupation, arable, non-irrigated, diverse-intensive m’a 8.79
Occupation, arable, non-irrigated, monotone-intensive m‘a 8.79
Occupation, arable, organic m’a 8.79

412 Hl 1 F)TF 20 >

PP E SR L L BERR » RBEE I T 0 L REFE
Bl —H @e R 2 p N R B e BREFEAFT RN LR
EE P AR EE AT AT R R ENRRS TR EL TR

i”%-‘“@ﬁﬁﬁu B2 4o fd o

4

3

il

BHELFFZETE FEAF NI GEFLNF T R E 0 d 3 IMPACT
2002+ W/LU 373 = B e sg ] 2 ¢ o R adF T8RP o g RA TEZ
& A & g er,‘ijm% FBEF B ,}E,‘(;}E'Tf Mgi\aét » LTS ;;_,_g RE 2 ik
% Tl AFTL 0 F B IMPACT 2002+ &t § shffedf 1+ 515 o & k0 f i 8012
FRFTREIF R 22 RBFIFTRFTRIRSLT P H o T2 B2

T REROEFPM S TR FE > AR E A E BT BE

1 IMPACT 2002+ 5 £ # 12 i e IMPACT 2002+ w/LU & it 7|5 » 44 & &
PR ASERR AR M Boe o 0 A R ORI TS ¢ RS S ke
AR PIRTH G B S R REHF BRENE FROE
FiFFEFEAELBL

& IMPACT 2002+ W/LU chife 3% 26459 » § i 9 B4 T 56 7 2okng i fbr
FoDRIP I FERREFT RS S ) FRPEREE > A F :‘WE%‘ U
AL AR BARREES I L RSB EE R P S e
79 (38)# o
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CFi,j X Qi,j

7 p OPtaiwan

IMPACTtotal,i = (38)

H ¢ o IMPACT ppqy; ¢ % 1B B8 2 0] e L 8
CFi,j : %i@‘fﬁﬁﬁ%‘jﬁ? z:,;gg P F S
Qi,j NN | mavjlﬁ; HIEP 2 »E /}; %/%)‘/#k";i& ’

Popigiwan * @A v B £ 3 2013 & 4 7 O opedR o it i
23,335,580 * -

P HFREIE IR PN TR A RARE RES 2
2008 # 8 % § HWE TGP 2 iy 0 2008 # T AR R 5 MR E 5 264,708
AW F LR E R AL EY L HETL DR E o B2 eI
R REFRIFEFL 2B P ERAL Y AR EL R § PR E
BofE S FORE 0 R 2010 Eehd B 1 TR SR G HRE G BT

Huhpgff o AT RE W ﬂ’lzﬁﬁ?g;f%:«zfgr;ﬁ R i*n%gg Fop
B eI FRPREEFRE 0 LR
1 BBPC SR PP Y o d BNEPN 2 ;MH' P ESTE B IR 2 F it
X RO REEE IR e BT BRI THAERET L FIM TR R
P RBPEREFRE ARG Y o

o 4-11 > & R 3 B A

7P HEELAD
(haxyr/yr)
i Occupation, arable 808,293.81
i Occupation, forest 2.101.718.85
F i Occupation, pasture and meadow 8,327.78
A Occupation, urban, continuously built 700,654.15
w3 - 3,618,994.59

BoR R RP TR
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AL AN REFRE R TR R R ¢ FALER Y SRR Rk (2011) 4%
Bk 38 8 R A & ﬁ % £ (domestic consumption)z_ #icdy > 4ok 4- 12 457 o @
BRr gAY P FTHMLSY HRE £ (2012) 4 & 2011 & o
%ﬁ%%émfﬁﬁéﬁ’iﬁaWWﬁgééﬁ,m Moo LB s Ep
DAY B ArE 413455 0 S R RERAFF FFERR AL TG E >
EXRP R o deR I RS SRR REFAE L 41 LB TRY

I

%04-12 2 ERZAL 4GB Y

35 P HRELAP H Bp iy
AR Occupation, arable ton/yr 45,278,781
Bk Occupation, forest KL/yr 46,928,134
T RF Occupation, pasture and meadow ton/yr 24,226,141
& &% Occupation, urban, continuously built ton/yr 991

’} L gk L S AN R B (2011)

%4-13 2 ERBAN T H

7P WL hap B ) % £ (ton/yr)
SETH (7)) aluminium (in ore) 27,047
B F)) chromium (in ore) 10,226
% 1090 iron (in ore) 20,506,868
4T (7)) molybdene (in ore) 825

TR KR © 4R % £ (2012)

\F‘b
ETIS

FLTREZBEH BB FGH 2 BF T B o8 (39) 477 » @ & IMPACT
2002+° HE I WEL AR ALY R R F AT E LI TR E L 1 AR
(point, Pt) » F]pt 42 it F1F cde B 458 (40)477 o F BRBF TR EETRE T A
Bt B % A udrd 4-14 2 £ 4-15 #75] » IMPACT 2002+ w/LU si& 2 it 7]5
Pldrd 4-16 #75|c ¥ ¢ AFT 7 4 HEH -5 wec i 481535+ IMPACT
2002+ ix BB 2 FRIEE N F)F o Aok 4-17 9770 o
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DAMAGEtOtal,i = z IMPACTLJ
J

NFi =

#2e o DAMAGE otq1,; -
IMPACT;; -

NF; @ 5035 % 45w chjf g v 73 o

1
DAMAGE ptq;,i

#4-14 FipRBFT R

(39)

(40)

FIBAE T AE Bl T B2 S

FIBAE T RSB FIE D 2 FF R E

e

= £ (kg COgeq/pers/yr)
e i R E 1.13E+04
ER eI B air R E 1.74E+03
gt w0 i g g -
FiERBRTRE 1.31E+04

% 4-15 FRIFT 5

E
S

£ & (MJ/perslyr)

1.92E+05
4.94E+01
-8.38E+03
1.84E+05

# 4- 16 IMPACT 2002+ w/LU z_ & & it %] 5

I f H i~ ¥ B
AR Pt/DALY 141
A PRy Pt/PDF/m?/yr 7.30E-05
F ix %8 Pt/kg COz¢q 7.64E-05
R Pt/MJ primary 5.43E-06
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% 4-17 § % 4 83 % 2 IMPACT 2002+{% 3% i+ 75

WP H i~ ¥ 8
LR B Pt/DALY 141
A PRy Pt/PDF/m?/yr 7.30E-05
F ix %R Pt/kg CO; 8.82E-05
R Pt/MJ primary 5.20E-06

413 W E S e

*F 3 % o IMPACT 2002+ w/LU e 3=15 = 72 18 > @ 5 { i - 95 3t SimaPro
A AEFHTEE MY P e YRR R BRI G AN
FAERLRMG DT - SR R s uEE A R e - RRGE
FdE A FBP B TR - R SE & L5 IMPACT 2002+
WILU 3 5 — 2R & * 305 - (o4 Frosgd > 2 % IMPACT 2002+ w/LU (for 1st gen
Bioenergy) -

TEH e d A ) Y 127MB> T 2 240 % % SimaPro ¥ 7.X iR R
Ao PR FEEREIEAC S SR DTCHM of A H L Y @
IMPACT 2002+ WILU ¥ 124945 4.1 & B3 7% > f (745 » 4 7F 3
IMPACT 2002+~ j# ¢ o

IMPACT 2002+ w/LU 3+ ¥ #ice 2 45 5 # =3t 5 http:/ppt.cc/4Wai- & * 4 +

r2i% G Bk a2 0 o~ (import) TR E ##4 i o 3t S 58 R (library) @R o ~ 2 0
Eo v i@ * IMPACT 2002+ W/LU #2215 = 2 k3G L N A &

4.2 XA+

AETAUIE - B2 5 A2 TR RMEE2 DR EA YR
* IMPACT 2002+12 2 IMPACT 2002+ w/LU #3215 = 2 i (7 & b e 3205 »
2 m+%“E’“ﬁ*i§14c 4 #«Af | # R R A4 F”L‘}'ﬁ 4 etk B i L m_.a-.ﬂ« R £
dk 2 AR o d AT ¢ e w4 IMPACT 2002+4- IMPACT 2002+
WILU 8 & 4R 4 F15 0 00T ek bl A ELE Y SR R R R R

FRFHEEERGE > TR 41624 4-1T 21 % o
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http://ppt.cc/4Wai

421 Hted $ 417 G2 PR R

IMPACT 2002+ W/LU 3§ 4c e} 3+ 1 % -8 7 ¢ B2 5804 2 0r 8 o w| 22 45 T 2 0
2 HE ARG S > R PR R e BRI B
P BB  BERE AR THNALF ERBE TR TP AED
V= F o SRR~ R e kR R R S =TI
I RAR LIRS

AEDP TRDAFES F A T CES EpE TR CESS Ep TR B T
2 IMPACT 2002+3% % 2. & % & W4cB 4- 3~ Bl 4- 4~ B 4- 577 » 1% 4 4- 18
#0371 5 @ 11 IMPACT 2002+ W/LU 313 2_ % % B A % 4o @) 4- 6 ~ B 4-7 ~ @) 4- 8 #7
TR £ 419975 o BRI E AT R R T AL hF xR EPEE
B FiERBYET AT AR P AR A R R F MRk
G TR A A K2 AL S S m*?ﬁmfﬁi’%#wza*ﬂw
ngu H_Ecoinvent FALE P 2 e1® & 4 FIFp 4800 1 p] BB B R FA
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# 4-18 Py 2 2 % 0 11 IMPACT 2002+3% 1 2. 5 %

o e R PR .
(E5) (E85)
L 2R
R kgC,HsCleq  1.75E-04  1.94E-04  6.30E-04  7.52E-04
LR kgC,HsCleq  1.15E-04  1.57E-04  1.09E-03  1.35E-03
B m A g kg PM, s eq 1.81E-05 1.84E-05 2.43E-05  2.60E-05
Mg ot Bq C-14 eq 1.18E-01  152E-01  9.09E-01  1.12E+00
L5 ke kgCFC-11eq  1.70E-08  1.65E-08  5.09E-09  1.90E-09
SR A kg CoHq eq 1.61E-05 1.60E-05 1.25E-05  1.15E-05
kg2 & kg TEG water ~ 1.40E+00 2.17E+00 1.97E+01  2.46E+01
ERCIE T ed kg TEG soil 2.68E-01  3.22E-01  1.53E+00  1.87E+00
EXEE AL kg SO, eq 3.57E-04 3.69E-04  6.44E-04  7.21E-04
R mZorg.arable 3.49E-05 2.69E-03  6.26E-02  7.94E-02
kA8 pg kg SO, eq 1.29E-04  1.29E-04  1.25E-04  1.24E-04
IS N I kg PO4P-lim  3.11E-06  3.23E-06  6.13E-06  6.93E-06
>rkeg kg CO; eq 1.57E-02  157E-02  1.56E-02  1.55E-02
E N MJ primary 1.29E+00 1.26E+00 551E-01  3.53E-01
ThA BB MJ surplus 4.40E-05 7.03E-05 6.63E-04  8.28E-04
LA
ARE R DALY 1.36E-08  1.39E-08  2.21E-08  2.43E-08
A Y PDFxm?2xyr 2.60E-03  5.98E-03  8.21E-02  1.03E-01
F iR kg CO; eq 1.57E-02  157E-02  1.56E-02  1.55E-02
Tk MJ primary 1.29E+00 1.26E+00 5.52E-01  3.54E-01
k-3 i) 1 Pt 1.02E-05  1.03E-05 1.33E-05  1.42E-05

78



100%
90%

80%
70%
60%
50%
40%
30%
20%
10%

0%

—
-lﬂ“"ml-lﬂ“J

-10%

-20%
-30%

-40%

-50%
-60%

-70%

-80%

-90%
-100%
P I R I S
S S A AR A A A S SR A A LA LGN SR Y ¥
§ 4 PO 2 R %
oW
¥
% @

mEHBRRH wEEEERLHES) wF 8 EEAHES) mEE 4 FEZEL0)

Bl 4-6 iFpFiam 2 2 % 2 2 IMPACT 2002+ w/LU 3% 2 B8 it 55 %

79



100%

90%

80%

70%

60%

50% -

40% -

30% -

20% -

10% -

0% -

ARBEEE SEAGLE AfEE8
mEEERRH wmE R BEEAHES = F 2BEEAHES) wmE 4 T iEREL0)

B 4-7 ippita 2 2 % 750 02 IMPACT 2002+ w/LU 365 2 4 3 it % %

80



100%

90%

80%

T0%

60%

50%

40%

30%

20%

N :-

0% -

BB A & 2 EHE R (ES) & B BN E(ESS) A& % g #EEELD)
BAEEE L EA4RET nABE®E mER

Bl 4-8 iFpFia 2 2 % 2 1 IMPACT 2002+ w/LU 3% 2. H 5 {5 g

81



% 4-19 JFp e 2 B % 05 2 IMPACT 2002+ w/LU 3% 2 % %

- - R R EE AW e
(E5) (E85)

[ 2T
OB kgC,HsCleq  1.75E-04  1.94E-04  6.30E-04  7.52E-04
AR kg CHsCleq  1.15E-04  157E-04  1.09E-03  1.35E-03
B m A g kg PM, s eq 1.81E-05 1.84E-05 2.43E-05  2.60E-05
PTG o Bg C-14 eq 1.18E-01  152E-01  9.09E-01  1.12E+00
LF Kdem kgCFC-11eq  1.70E-08  1.65E-08  5.09E-09  1.90E-09
e I R kg CoH, eq 1.61E-05  160E-05 1.25E-05  1.15E-05
kg2 & kg TEG water ~ 1.40E+00 2.17E+00 1.97E+01  2.46E+01
X I Y e kg TEG soil 2.68E-01  3.22E-01  1.53E+00  1.87E+00
XNt kg SO, eq 3.57E-04  3.69E-04  6.44E-04  7.21E-04
B m’org.arable  3.49E-05  2.69E-03  6.26E-02  7.94E-02
k&g L i kg SO, eq 1.29E-04  129E-04  1.25E-04  1.24E-04
KREIE R 1 kgPO,P-lim  3.11E-06  3.23E-06  6.13E-06  6.93E-06
ke kg COz eq 157E-02  157E-02  156E-02  1.55E-02
AR AR MJ primary 1.29E+00  1.26E+00 551E-01  3.53E-01
ThA BB MJ surplus 4.40E-05 7.03E-05 6.63E-04  8.28E-04
B # {1 $8E kg CO;eq 9.19E-06  1.64E-02  3.86E-01  4.89E-01
it » f)* g8 % kgCOeq - 2.21E-02  520E-01  6.59E-01
Ir RERSE MJ primary 3.17E-03  -551E-03 -2.01E-01 -2.56E-01

LA
A B DALY 1.36E-08  1.39E-08  2.21E-08  2.43E-08
R PR PDFxm?xyr ~ 2.60E-03  598E-03  821E-02  1.03E-01
# i %8 kg CO; eq 157E-02  542E-02  9.21E-01  1.16E+00
TR MJ primary 1.29E+00  1.25E+00 3.51E-01  9.82E-02
A% Pt 1.03E-05  1.33E-05 8.14E-05  1.00E-04
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4 4-20 2 F R E 2 1L IMPACT 2002+3% (5 2 4 &

%7 ] H Beopla 4R
i ]
Ot kg CoHsCl eq 3.19E-05 1.47E-04
LR Bl kg CoHsCl eq 4.83E-05 3.00E-04
ERN X8 E kg PMy; eq 1.69E-05 1.06E-05
Py bt Bq C-14 eq 1.20E-01 9.47E-01
L5 KA kg CFC-11 eq 4.44E-10 1.05E-09
ERRNY A I E kg C2Ha eq 6.33E-06 3.92E-06
kg2 gEd kg TEG water 8.41E+00 1.20E+00
ERSEN I ed kg TEG soil 2.15E+00 4.36E-01
EX8 A0 kg SO, eq 5.92E-04 3.21E-04
B m?org.arable 2.30E-04 1.97E-03
k4 pk kg SO; eq 1.11E-04 6.47E-05
kA& T kg PO, P-lim 2.90E-07 1.59E-06
353 ST kg CO; eq 5.51E-03 2.77E-02
2L 2 iR MJ primary 1.28E+00 2.93E-01
T A B R MJ surplus 5.08E-05 2.16E-04
LR
A RE R DALY 1.21E-08 8.87E-09
ARk SRE R PDFxm?®xyr 1.83E-02 5.98E-03
F i %R kg CO; eq 5.51E-03 2.77TE-02
R MJ primary 1.28E+00 2.94E-01
HigiPe Pt 1.02E-05 5.65E-06

88



mEOBEE mERATR

Bl 4-14 4 B 2 2 #429% v IMPACT 2002+ W/LU 3% 2 (64 45 e 1t & &

89



100% -

90% -

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

ABEE A EARGLE ABEEE
mEOBRHE nEEATR

Bl 4-15 4 B & 2 #429% v IMPACT 2002+ W/LU 3% 2 3F 3 #r e it & %

90



100%

90%

80%

T0%

60%

50%

40%

30%

20%

10%

0%

o BORR ERAETR
nARERE wAERLERE nER RHR

Bl 4-16 4 5 & % 429 v/ IMPACT 2002+ W/LU 3= 2 8 37 {9 Bk

91




304-21 4 F AR R 0 IMPACT 2002+ W/LU 32/ 2 & %

%7 ] H Beopla 4R
i ]
Ot kg CoHsCl eq 3.19E-05 1.47E-04
LR Bl kg CoHsCl eq 4.83E-05 3.00E-04
ERN X8 E kg PMy; eq 1.69E-05 1.06E-05
Py bt Bq C-14 eq 1.20E-01 9.47E-01
L5 KA kg CFC-11 eq 4.44E-10 1.05E-09
ERRNY A I E kg C2Ha eq 6.33E-06 3.92E-06
kg2 gEd kg TEG water 8.41E+00 1.20E+00
ERSEN I ed kg TEG soil 2.15E+00 4.36E-01
EX8 A0 kg SO, eq 5.92E-04 3.21E-04
B m?org.arable 2.30E-04 1.97E-03
k4 pk kg SO; eq 1.11E-04 6.47E-05
kA& T kg PO, P-lim 2.90E-07 1.59E-06
353 ST kg CO; eq 5.51E-03 2.77E-02
2L 2 iR MJ primary 1.28E+00 2.93E-01
T A B R MJ surplus 5.08E-05 2.16E-04
BRI 8P kgCOzeq -1.04E-03 1.11E-02
R & % 8% kgCOzeq - -
PERERE MJ primary -1.16E-02 -8.36E-03
SR
AR DALY 1.21E-08 8.87E-09
R I PDFxm?xyr 1.83E-02 5.98E-03
F i iR kg CO; eq 4.47E-03 3.88E-02
L MJ primary 1.27E+00 2.85E-01
Hgi@e Pt 1.03E-05 6.20E-06
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A2k oom HP oarig *  IMPACT 2002+ W/LU % AF 3 p 73 22 25 3Tifen= B
Bl R 2 BTG B R SR AR  Ra o RN & R
AR AR PR - TARR O AT FlU 0 f AR 17 3 R T2 A 47 (Uncertainty
analysis) % 57 & 4 17 (sensitivity analysis) 2 % i & 8 &5 &) e @ 4 # {52 fc
SR ARR 0 e AT T 974 F h IPCC (2006) fadic i A 3% 8 1 e A FE TIE T 0 97
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PR AR > BV AR ENE BT RFAL TR R LR E
AU FF R AR R DT RAER P AR AR R X T AL W

(tornado diagram)=5 ;% & 3 ©

Variation, Xij—Xo
ZilVariationi,jl B ZilXi,j - XOl (41)

Sensitivity; ; =

Ho o Sensitivity;;  FiBF FEIILTFF B Y%PF 2 SR AR
Variation;; : % i 7 F£ T F]F 20 ) %2 2R R £
Xij* i3 FE T F]F %pgigaz;‘-_;at%*g_‘_@;
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TRIE? RRE T BRI ST RAE% TR RIRR
Fl g5
LR g HiEe S & B o7 e FHe &
+20% 1.08E-04 7.45% 1.10E-04 10.02% 1.00E-04 -0.28%
+5% 1.02E-04 1.86% 1.03E-04 2.51% 1.00E-04 -0.07%
0% 1.00E-04 - 1.00E-04 - 1.00E-04 -
-5% 9.85E-05 -1.86% 9.79E-05 -2.51% 1.00E-04 0.07%
-20% 9.29E-05 -7.45% 9.04E-05 -10.02% 1.01E-04 0.28%
204-23 4R BAFT AR R A
TR1E R TFRIes
7]+ % 5
HogEe il -39 18 B
+20% 6.37E-06 2.74% 6.19E-06 20.15%
+5% 6.24E-06 0.69% 6.20E-06 -0.04%
0% 6.20E-06 - 6.20E-06 -
-5% 6.16E-06 -0.69% 6.20E-06 0.04%
-20% 6.03E-06 -2.74% 6.21E-06 0.15%

-100% -80%  -60%  -40%

-20% 0% 20%

40%

60% 80%  100%

Bl 2304 A 2 B HA

H# WA HEBHHR

THBEEHE -1.56%

56.48%

Bl 4-19 2 FFp 2 HHc T+ SR R A 45

95



-100%

-80%  -60%  -40%  -20% 0% 20% 40% 60% 80%  100%

=
¥

R RS NGE & e

THBEEHE I -5.07%

B 4-20 2 §F A2 TS AR R A 47

96



FI R BB

AR5 10 IMPACT 2002+ @78 3265 = 02 5 A 4o » 3 3 {1 2 4 ihg ik %18
B 2 F R P8 > 12 2 IMPACT 2002+ W/LU R 356 = % > £ 61 5% - &
Iy A TRl Anerd Y=o B3R IMPACT 2002+ %
IMPACT 2002+ W/LU 4 ®%[iE {7 % G nie 325 > B 23 40 2 3 U % @ 4302
WAL A G B B SR E R R c T REAFEY 2R
o SRNBEE B ) Y HRITE S 2 SEE

1. %#%

(1) ## % 135 IPCC >+ 2006 & 3 # o7 AFOLU £ #73% 3+ IV
T T B P A O

i S = S e

\‘F_

(DIMWWT%M+MUJ?§;’%ﬁmﬂﬁ%%§w%’9M3iﬁ4
TI7 @ MRS S f]7 AL UF IS RFRE 7T S )
*OBE T BRI B SERR R A F g Y o s

VER LY IEE ‘,}g,;}gfﬂ 0

\

(3) ¢ »t IMPACT 2002+ wW/LU #7#{ = B e g s ¢ o R endf 3 87w
oA RARKRLE A BRI RBE TRETREH
ik

oo FIp 4 iR 2 TORAE T SN2 & IMPACT 2002+ §
G E R AR AR AT B AR 5 R iRE
#

SRR T EEN SR RSP LR B
A VLR e
(4) »#7 == IMPACT 2002+ w/LU =¥ =iz = ;% {5 » { &~ ¥ > SimaPro

%
AHEFYECHM Y 2RI e R Y BEEL E I B RT
FANEF AR RIM e - A TR At uzy A 28
Brie o - BREE AR E 1 REBPOREF AT LT R - R
A S T - BRE RS - A TR P ERET 2 2 E N
SimaPro % 7.X skifirg ik A > e p o iy @A HEH U hd e
e #cAy o

97



(5) AWFHITH 20T HEHT > § 2 T RI B JI* Vil 22 hf R
BPEFRE F R T TR AR Y TR A S D

=

BE kW vd’/ﬁ%néﬂwﬁ“ SRS = EEEE T TR

A4 pRBPLE > RBEERENILE > $2 013 T R

i%&*’ﬁﬁﬁﬁii’i?ﬁﬁ%ﬁﬁiﬁiﬁ&@§

B A T3 B R e il 8 3§ WP 2B Y 93 43%:t b thd B 44

A BT 4 0 @ ¥ ¢ 57 %R d B4R B ) SR ananid
& o

6) 2 b2 FiFFL Bz 5 Mg cd i ‘ﬁﬁ{&ﬂmﬂ?ﬁ
RpEan® &4 FEpint mAIP RS - L& RF ALY B
EALEECRETI P 25 EEE> > 0T d b § e R
AEPPHFEGRTE FEIT EFE -7 > aRpPRERDE S
KB > TR R e~ i@ F AR éi¢@§%@ﬁ$,¢
FH BB SRR F R

(7) éﬂi?ﬁ%%ﬁﬁ%%ﬁﬁ’kﬁﬁﬁiﬁi%ﬂ
REAPER > 2 FRDETFHEREC RREREF N 4B A
ReNEBL @R LR HIp B i il ¥ § B g s
g rie T MR KL B AR 0 oA R4 2 B A1 A2 iR
RBERE A TR R PR GFRR BRI F o

o A 24 e

U" (
B
SHY

@

5 4‘%

2. EXk
(1) IMPACT 2002+ W/LU §_#A** AFOLU = P 3% #enihdic s ik f - & 2
miEz o HP k- GlchF A R R A AEE Bl R
,J

FRLBET AR LB BB RE A - TR RIS T A5
+

1’3)&

PUR AL B e el R TR N BTG F &
BEHT SR AN ERE D A2 By SRR T AL AR
HupMA gk R4S 7 URBRERAITOS R 5 E 22
Bt 3 )% BP0 gT)F SR RBAEY {34 SliciE s

EE S RIFEREELHL R ERTF RN

3
4y
ER

98



(2)

3)

(4)

IMPACT 2002+ W/LU #72& = erndF picF]+ » B a0 B 23 AFOLU £ p 7 5%
SN SN S R I PN E PR 3 R R
ool fd FARGY o MR GRRR G < BB RS
BoA T EREFECRET N SE > TR A KBTS R
s Boow it o B Sher {5 and I A bldeiE 2 R
S HCE]F 0 B 5 e (e BT AR Glde¥ A S P B A
AP M a1 Ew R EE o BER ALY BT 0 R
SRS ULV L ER

IMPACT 2002+ W/LU ek it 5]+ » B oav B &% 5 iz %82 FRF T 5
W EE A AR AL AT T
ZALERP CE S ?fr}_w'i BRI~ Z :}é%”?i'}—ﬁ-ﬁ » 7 % IMPACT 2002+[€!jé 8]
CHRER A A GRS TIREL AT i R R AR FES LR
B- B AR EEEL TS BEAP A AYEG AN @

1395 EC-JRC (2011)#% et 3= f* @8 B (2 BI(L B 2- 5) > 4 & JI* &

RFANEFET NG A S REE N iR sl AR

PELP Y RBERAME pEHr F 235 du ik IMPACT 2002+

WILU & (Gde » 300 end g % B8 Pl G i 3ein 2 2 ¢ > 2R/ A K

e o E R A WA e B A AR KRB
b

IR FRALPRBEFTARAIFL 5 SR

99



100



240

Ahmad, A.L., N.H.M. Yasin, C.J.C. Derek and J.K. Lim, “Microalgae as a sustainable
energy source for biodiesel production: A review”, Renewable and Sustainable
Energy Reviews, Vol. 15, No. 1, pp. 584-593 (2011).

Bare, J., “Life cycle impact assessment research developments and needs”, Clean

Technologies and Environmental Policy, Vol. 12, No. 4, pp. 341-351 (2010).

Bare, J., P. Hofstetter, D. Pennington and H. de Haes, “Midpoints versus endpoints: The
sacrifices and benefits”, The International Journal of Life Cycle Assessment, Vol. 5,

No. 6, pp. 319-326 (2000).

Baumann, H., T. Ekvall, G. Svensson, T. Rydberg and A.M. Tillman, “Aggregation and
operative units”, In: Anonymous (1992).

Blonk, T.J., M. Davidson and M.C.C. Lafleur, “Feasibility of operationalization of
depletion of abiotic resources in LCA via the key resources energy and land”, Final

draft (1996).

Borjesson, P. and L.M. Tufvesson, “Agricultural crop-based biofuels — resource
efficiency and environmental performance including direct land use changes”,

Journal of Cleaner Production, Vol. 19, No. 2-3, pp. 108-120 (2011).

Broch, A., S.K. Hoekman and S. Unnasch, “A review of variability in indirect land use
change assessment and modeling in biofuel policy”, Environmental Science & Policy,

Vol. 29, No. 0, pp. 147-157 (2013).

Chan, Y., R. Tan and H. Khoo, “Characterisation framework development for the
SIMPASS (Singapore IMPact ASSessment) methodology”, The International Journal
of Life Cycle Assessment, Vol. 17, No. 1, pp. 89-95 (2012).

Cherubini, F. and S. Ulgiati, “Crop residues as raw materials for biorefinery systems —
A LCA case study”, Applied Energy, Vol. 87, No. 1, pp. 47-57 (2010).

de Sa, S.A., C. Palmer and S. Di Falco, “Dynamics of indirect land-use change
Empirical evidence from Brazil”, Grantham Research Institute on Climate Change

and the Environment Working Paper No. 74 (2012).

Dones, R., C. Bauer, R. Bolliger, B. Burger, M. Faist Emmenegger, R. Frischknecht, T.
Heck, N. Jungbluth, A. Roder and M. Tuchschmid, “Life Cycle Inventories of

101



Energy Systems”, ecoinvent report No. 5 (2007).

Dreyer, L., A. Niemann and M. Hauschild, “Comparison of Three Different LCIA
Methods: EDIP97, CML2001 and Eco-indicator 99”, The International Journal of
Life Cycle Assessment, Vol. 8, No. 4, pp. 191-200 (2003).

EC-JRC, “Recommendations based on existing environmental impact assessment
models and factors for life cycle assessment in European context - based on existing

environmental impact assessment models and factors”, ILCD Handbook

EUR24571EN (2011).

Fargione, J., J. Hill, D. Tilman, S. Polasky and P. Hawthorne, “Land Clearing and the
Biofuel Carbon Debt”, Science, Vol. 319, No. 5867, pp. 1235-1238 (2008).

Fritsche, U.R., K. Hennenberg and K. Hinecke, “The iLUC Factor as a Means to
Hedge Risks of GHG Emissions from Indirect Land Use Change”, Working Paper
(2010).

Gnansounou, E., L. Panichelli, A. Dauriat and J.D. Villegas, “Accounting for indirect
land-use changes in GHG balances of biofuels”, Working Paper REF.437.101
(2008).

Goedkoop, M. and R. Spriensma, “The Eco-indicator 99 A damage oriented method for
Life Cycle Impact Assessment”, Methodology Report 2™ Ed. (2000).

Guinée, J.B., M. Gorrée, R. Heijungs, G. Huppes, R. Kleijn, A.d. Koning, L.v. Oers, A.
Wegener Sleeswijk, S. Suh, H.A. Udo de Haes, H.d. Bruijn, R.v. Duin and M.A.J.
Huijbregts, “Life cycle assessment - An operational guide to the ISO-standards Part 3:
Scientific background”, Final Report (2001).

Guinée, J.B. and R. Heijungs, “A proposal for the definition of resource equivalency
factors for use in product life-cycle assessment”, Environmental Toxicology and
Chemistry, Vol. 14, No. 5, pp. 917-925 (1995).

Haberl, H., “Human Appropriation of Net Primary Production as an Environmental
Indicator: Implications for Sustainable Development”, Ambio, Vol. 26, No. 3, pp.
143-146 (1997).

Haberl, H., K.-H. Erb and F. Krausmann, “Human appropriation of net primary
production (HANPP)”, Entry prepared for the Internet Encyclopaedia of Ecological
Economics (2007).

102



Hauschild, M., M. Goedkoop, J. Guinée, R. Heijungs, M. Huijbregts, O. Jolliet, M.
Margni, A. Schryver, S. Humbert, A. Laurent, S. Sala and R. Pant, “ldentifying best
existing practice for characterization modeling in life cycle impact assessment”, The

International Journal of Life Cycle Assessment, Vol. 18, No. 3, pp. 683-697 (2013).

Heijungs, R., J. Guinée and G. Huppes, “Impact categories for natural resources and
land use”, CML report 138 (1997).

Heijungs, R., J.B. Guinée, G. Huppes, R.M. Lankreijer, H.A. Udo de Haes, A. Wegener
Sleeswijk, A.M.M. Ansems, P.G. Eggels, R. van Duin and H.P. de Goede,
Environmental Life Cycle Assessment of Products. I: Guide - October 1992. II:
Backgrounds - October 1992, CML, Leiden (1992).

Humbert, S., A. De Schryver, X. Bengoa, M. Margni and O. Jolliet, “IMPACT 2002+:
User Guide”, Draft for version Q2.21 (2012).

Humbert, S., M. Margni and O. Jolliet, “IMPACT 2002+: User Guide”, Draft for
version 2.1 (2011).

IEA-Bioenergy, “From 1st to 2nd Generation Biofuel Technologies - An overview of
current industry and RD&D activities”, (2008).

IEA-Bioenergy, “Bioenergy, Land Use Change and Climate Change Mitigation”,
(2010).

IEA, “Sustainable Production of Second-Generation Biofuels - Potential and

perspectives in major economies and developing countries”, (2010).
IEA, “Technology Roadmap - biofuels for Transport”, (2011).

IPCC, “2006 IPCC Guidelines for National Greenhouse Gas Inventories ”, Volume 4:
Agriculture, Forestry and Other Land Use (2006).

ISO, “Environmental management — Life cycle assessment — Principles and
framework”, ISO 14040 2" Ed. 1SO 14040:2006(E) (20064).

ISO, “Environmental management — Life cycle assessment — Requirements and
guidelines”, ISO 14044 1°' Ed. ISO 14044:2006(E) (2006b).

Itsubo, N. and A. Inaba, “A new LCIA method: LIME has been completed”, The
International Journal of Life Cycle Assessment, VVol. 8, No. 5, pp. 305-305 (2003).

Johnson, E., “Goodbye to carbon neutral: Getting biomass footprints right”,

103



Environmental Impact Assessment Review, Vol. 29, No. 3, pp. 165-168 (2009).

Jolliet, O. and P. Crettaz, Critical Surface-Time 95: A Life Cycle Impact Assessment
Methodology Including Fate and Exposure, EPFL, Lausanne (1996).

Jolliet, O., M. Margni, R. Charles, S. Humbert, J. Payet, G. Rebitzer and R. Rosenbaum,
“IMPACT 2002+: A new life cycle impact assessment methodology”, The
International Journal of Life Cycle Assessment, Vol. 8, No. 6, pp. 324-330 (2003).

Jungbluth, N., M. Chudacoff, A. Dauriat, F. Dinkel, G. Doka, M. Faist Emmenegger, E.
Gnansounou, N. Kljun, K. Schleiss, M. Spielmann, C. Stettler and J. Sutter, “Life
Cycle Inventories of Bioenergy”, ecoinvent report No. 17 (2007).

Kohlheb, N. and F. Krausmann, “Land use change, biomass production and HANPP:
The case of Hungary 1961-2005”, Ecological Economics, Vol. 69, No. 2, pp.
292-300 (2009).

Lieth, H., “Primary production: Terrestrial ecosystems”, Human Ecology, Vol. 1, No. 4,
pp. 303-332 (1973).

Lindeijer, E., “Biodiversity and life support impacts of land use in LCA”, Journal of
Cleaner Production, Vol. 8, No. 4, pp. 313-319 (2000).

Lindeijer, E., M. van Kampen, P. Fraanje, H. van Dobben, G.-J. Nabuurs, E.
Schouwenberg, D. Prins, N. Dankers and M. Leopold, “Biodiversity and life support
indicators for land use impacts in LCA”, W-DWW-98-059 (1998).

Liska, A.J. and R.K. Perrin, “Indirect land use emissions in the life cycle of biofuels:

regulations vs science”, Biofuels, Bioproducts and Biorefining, Vol. 3, No. 3, pp.
318-328 (2009).

Nemecek, T. and T. K&gi, “Life Cycle Inventories of Agricultural Production Systems”,
ecoinvent report No. 15 (2007).

O’Neill, D., P. Tyedmers and K. Beazley, “Human appropriation of net primary
production (HANPP) in Nova Scotia, Canada”, Regional Environmental Change,
Vol. 7, No. 1, pp. 1-14 (2007).

Pawelzik, P., M. Carus, J. Hotchkiss, R. Narayan, S. Selke, M. Wellisch, M. Weiss, B.
Wicke and M.K. Patel, “Critical aspects in the life cycle assessment (LCA) of

bio-based materials — Reviewing methodologies and deriving recommendations”,

104



Resources, Conservation and Recycling, Vol. 73, No. 0, pp. 211-228 (2013).

Pennington, D.W., J. Potting, G. Finnveden, E. Lindeijer, O. Jolliet, T. Rydberg and G.
Rebitzer, “Life cycle assessment Part 2: Current impact assessment practice”,
Environment International, VVol. 30, No. 5, pp. 721-739 (2004).

Searchinger, T., R. Heimlich, R.A. Houghton, F. Dong, A. Elobeid, J. Fabiosa, S.
Tokgoz, D. Hayes and T.-H. Yu, “Use of U.S. Croplands for Biofuels Increases
Greenhouse Gases Through Emissions from Land-Use Change”, Science, Vol. 319,
No. 5867, pp. 1238-1240 (2008).

Sims, R.E.H., W. Mabee, J.N. Saddler and M. Taylor, “An overview of second
generation biofuel technologies”, Bioresource Technology, Vol. 101, No. 6, pp.

1570-1580 (2010).

Udo de Haes, H.A., M. Bovy, K. Christiansen, G. Finnveden, R. Frischknecht, J.
Giegrich, M.Z. Hauschild, R. Heijungs, P. Hofstetter, A.A. Jensen, O. Jolliet, E.
Lindeijer, R. Miuller-Wenk, P. Nichols, J.M.B. Potting, H.W. Christensen and P.
White, “Discussion of general principles and guidelines for practical use”, In:

Towards a methodology for life cycle impact assessment, Brussels, Belgium (1996).

Udo de Haes, H.A., O. Jolliet, G. Finnveden, M. Hauschild, W. Krewitt and R.
Miller-Wenk, “Best available practice regarding impact categories and category
indicators in life cycle impact assessment”, The International Journal of Life Cycle

Assessment, Vol. 4, No. 2, pp. 66-74 (1999).

Vitousek, P.M., P.R. Ehrlich, A.H. Ehrlich and P.A. Matson, “Human Appropriation of
the Products of Photosynthesis”, BioScience, Vol. 36, No. 6, pp. 368-373 (1986).

Wright, D.H., “Human Impacts on Energy Flow through Natural Ecosystems, and
Implications for Species Endangerment”, Ambio, Vol. 19, No. 4, pp. 189-194 (1990).

Yang, S.-S., C.-M. Liu, C.-M. Lai and Y.-L. Liu, “Estimation of methane and nitrous
oxide emission from paddy fields and uplands during 1990-2000 in Taiwan”,
Chemosphere, Vol. 52, No. 8, pp. 1295-1305 (2003).

SARTALA P 520120 RAMTEA B AR QR (T L o
AR ¥4 R ¢ 02008 97 & B E st E4R o

T 2 g ARBF 2001 kBT W A T2 SR A ER F 364 1416 -

105



LG 5B 20040 kv 2 BIRBMF FE D F RURL RIS AT st
PR EE R g LAY 0 93 BH-82-91-01

FRE B Z EELAPR S FREA R~ 2 Rod 3 BAE S R S
UOHR S FRAEAE o~ B R R Féi%'}ﬁ‘zi%é‘_ SRS Y B R S RE N
2012 > ¢ AR 100 £ 241 X2 8B (T) o4t Y B eE ¢
g7+ %538 % 3% »89-120

BAge B AR REE CBALl ~%RF TR 70 2007 0 S EARFHRRSE
BARIAB B2 Z22—H TR 2 fRYTFRERBL G TGZEEFY 7
FIRRFFE LR ¢ &3~ 7 3% 0 95-2621-2-002-013 -

e o201l R A WA TR AL ABDITER ALK > L ER
BR1REFELT &4 18-

FUEp ¥ s BuE T s g o 22 o B R AT AR ks 0 2011 5
AHRE¥ 37H > ¥ 2% 510-15¢

B> 2008 > 30 4 A B R 2 P v iR R F MR Lk o 3
HAERRIRT o ds o 2 H

Fi2¢ 520050 4 ARYEF L REBEE S B LG o LB AE BB
Z IR TR Y
T ATk A > 20105 99 E B E KB st ER o

ZAIRG R B 0 2011 > 100 E Rp Azt E R o

HEAc 2008 0 S RSN A AZ 2 GBI HLHY AN CF AT
REHRBEEREF LT RN

B 02012 HREMRFTRLT 22 S FFITE LB AHFER

B1AEFET T A4 L8

106



