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~EXRIEE

'NAME NOTE UNIT  TIME DATA | ' ¢V DIST P1 P2 P3

' DRP R TEE kt Y2000 20 0.1 unif  16.536  23.464
PRP BN TTESE 1 Y2000 0.5 0.1  triangle 0.378  0.622  0.500
PRR W arsR 1 Y2000 0.8 0.2 beta 4200  1.050  0.000
DFP YR8 kt Y2000 15 0.1 unif  12.402  17.598
PFP  {YIET=SE 1 Y2000 0.4 0.2  triangle 0.204  0.596  0.400
DCP B e kt Y2000 5 0.1 unif 4.134  5.866

PCP B{TESE 1 Y2000 0.3 0.3  triangle 0.080 0520  0.300

o
N

PCR IEWEEEZE 1 Y2000 0.5 . beta  12.000 12.000  0.000
DMP E¥Ir=& kt Y2000 1000 0.1 unif 826.795 1173.205
PMP  {EYJTTESE 1 Y2000  0.005 0.2  triangle 0.003  0.007  0.005
PHR =R EEE 1 Y2000 0.4 0 none 0.400
PNR a5 5L 1 Y2000  0.45 0 none  0.450
DAP SWIrc £ kt Y2000 800 0.1 unif 661.436 938.564
PAP ZHITTESE 1 Y2000  0.002 0.2  triangle 0.001  0.003  0.002
PAR FJS_FZ’__%"__‘ 1 Y2000 0.75 0.2 beta 5.500 1.833 0.000
L e e e e e e e e e e e e e e e e e e e e e === — - — L e e e e e e e e e e e e e e e e e e e e - —— - —
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Long-type
Start End Flow
X1 X1 all
X1 X2 al2
X1 X3 al3
X2 X1 a2l
X2 X2 a22
X2 X3 a23
Y1 X1 bll
Y1 X2 bl2
Y1 X3 bl3
TR

SRR
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Wide-type

Xl X2 X3 ...
X1 all al2 al3 ......
X2 a2l a22 a23 ......
X3 a31 a32 a33 ......

BARFERE ( %ﬁ?u‘%ﬁﬁi )

|
XI X2 X3 ...
Yl bll bl2 bl3 ..
Y2 b2l b22 b23 ...
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Process flow diagram method

Process analysis method ]‘{ Matrix based LCI method

_*[ Input-Output Analysis (I0OA) method ]

Hybrid LCI method ] ‘
PP ELmrm

TBERERILC

~ General LCl method




1 kg CO,/kg steel Steel Steam 4 kg CO,/MJ steam
1 kg 0.5 MJ
2 kg CO,/unit toaster production Production of

0.001 kg CO,/piece of bread toasted Use of Toaster

0.5 kg CO,/unit toaster disposal Disposal of |

Suppose that the toaster under study produces 1,000 pieces of toast
during its life time.

Steel Steam Toaster Bread Toaster
Production Production production toasting disposal LCI
CoO, 1 0.5*%*4 2 0.001*1000 0.5 6.5



REFEE

Process Steel Steam Toaster Bread Toaster Reference
Commodity Production Production production toasting disposal flow
Steel
Steam
Toaster

Bread toasted

AS — f LCIA) 5B AL g — BS — BA f
Steel Steam Toaster Bread Toaster Reference
Production Production production toasting disposal flow
Steel
Steam
Toaster

Bread toasted
Toaster disposed




RAFEHIE

N mput; .
A= () pxn  HEREGEE 0 = output, B
Sl BIERIE ohE NEkE KE KB BNEN 5 ESIF AR
L3 0 0 0 37 63 0 0 0 0
BEER | 0 0 1.09 0 0 0 0 0
Th e 0 0 0 0 0 0.5 0 0
NRIEEEl 0 0 0 0 0 0.1 0 0
7KER 0 0 0 0 0 0 0.161 0
WER 0 0 0 0 0 0 0.914 0
EERIEEH | 0 0 0 0 0 0 0 1
S0, 0 0 3 0.09 0 5.68 0
NOy 0 0 0 1.6 0 2.87 0
co, 0 0 330 118 0 891 0
CH, 0 0 5.12 0.004  0.286 0 0
‘ 1 b emission;
B = (bij)mxn  HOZREGER ij = output
LCHTHE AT g=B(I—A)"'f f = (fi)nx1
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Process inventory =) |Linear assumption

- —Input
Output

-

SF,

LCL; =) SF;-Plj; —

—

J=1

— Technology (economic) flow

Emission } Intervention (environmental) flow

- - KN
SF, SF,

When 1 is intermediate flow

LCL =0
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] |
NAME 1 START END ' | FUN :
P rock production L : : |
PF_01 1R Ch 1 IDRP*PRP*PRR |
PF_02 1R W 1 DRP*PRP-PF_01 |
P chemical production ! : o :
PF_03 1 Ch Cr | IDFP*PFP !
PF_04 | 1 Ch H | IDCP*PCP |
PF_05 W Ch ' \PF_06*PCR |
PF_06 ' 1 Ch W ! |(PF_01-PF_03-PF_04)/(1-PCR) !
Crop production L L i
PF_07 L Cr A ' IDMP*PMP*PHR .
PF_08 o H 1 IDMP*PMP*PNR I
PF_09 L W 1 IPF_03-PF_07-PF_08 :
Animal production P! P! :
PF_10 LA H | IDAP*PAP*PAR !
PF 11 LA W | IPF_07-PF_10 |
Human consumption | | L |
PF 12 ' H W ' |PF 04+PF 08+PF 10 |

F_LEBMR FH REEEY =2 REERIA
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XL https://cran.r-project.org/web/packages/sfc/index.html

sfc: Substance Flow Computation

Provides a function sfe() to compute the substance flow with the input files — “data” and “model”. If sample.size is zet
more than 1, uncertainty analvsis will be executed while the distributions and parameters are supplied in the file “data”.

Version: 0,.1.0
Depends: R (> 21.0), dolvr, tidwr Substance Flow Computation
Imports: stats, utils, triangle, zoo, sha
Fublished: 2016-03-25 )

Choose Data (.csv) File
Author: Hu Sheng [aut, crel B | TR
Maintainer: Hu Sheng <shenghu at nju. edu cnr = I
BugReports: https: /=i thub. comfctfvsh/sfc/issues
License: GPL-2 | GPL-2 [expanded from: GPL] Choose Model {.csv | .txt) File
URL: https: ithub. comfctfvsh/sfc S | SRR A
NeedsCompilation: no
Naterials: EEADNE _

Choose Model File Type & Check
CEAN  checks: sfc results

.csv & check model hd

Downl oads:

Set Sample Size & Output
Reference marual: sfc. pdf
Package source: sfc 0.1.0. tar. 2= !
Windows binaries: r-devel: sfc 0.1.0.7ip, r-release: sfc 0.1.0.zip,

Set Random Seed (0 = no set)
05 X Mavericks binaries: r-release: sfc 0.1.0.tgz, r-oldrel: sfc 0.1.0, tz=

E: ji% EE : ﬁﬁ : Run & Download

https://ctfysh.github.io/2016/08/ _ .
27/sfc-package-manual.html https://ctfysh.shinyapps.io/sample_app/
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Substance Flow Computation

Choose Data (.csv) File
| #EF30{E | data_utfs csv

Choose Model (.csv | .txt) File

Choose Model File Type & Check

Upload complete

.csv & no check

Set Sample Size & Output

Set Random Seed (0 = no set)

0

Run

< Download

-

Show |10 v entries

Search:
TIME START END FLOW
1 Y2000 R Ch 8
2 Y2000 W Ch 0.5
3 Y2000 Ch Ccr G
4 Y2000 Ch H 1.5
5 Y2000 Cr H 2.25
5 Y2000 A H 1.2
7 Y2000 Cr A 2
8 Y2000 R W 2
9 Y2000 Ch 1
10 Y2000 Cr 1.75
Showing 1 to 10 of 24 entries Previous ‘I‘ MNext



sfciH{TA AR E S 71

Substance Flow Computation

Show 10 v | entries Search:
Choose Data (.csv) File
|-ii§‘§3'{f¢ | data_utfs.csv TIME START END MEAN MEDIAN SD cv Qo5 Q25 Q75 Q95
Upload complete
1 Y2000 R Ch 7.99 812 1.89 0.24 462 6.81 932 10.93
Ghooes Nodes (oay:| T He 2 Y2000 R W 1.86 1.49 15 0.81 015 0.66 263 4.81
| phiEars | model_utf8_csv
Upload complete 3 Y2000 Ch Cr 597 6.17 1.34 0.22 395 5.06 6.84 7.86
Choose Model File Type & Check 4 Y2000 Ch H 1.52 1.52 0.49 0.32 0.71 1.14 1.89 235
.csv & no check » 5 Y2000 Ch w 1.22 0.8 523 4.28 -6.87 -1.96 4 10.79
Set Sample Size & Output B Y2000 Cr H 2.27 227 0.48 0.21 1.45 1.97 261 3.09
100 Fé Y2000 Cr A 2.01 2.01 043 0.21 1.29 1.76 232 215
125 QTs Q95
Set Random Seed (0 = no set) 8 Y2000 Cr w 168 1.71 16 0.95 -0.97 062 2.86 418
328 10.2 11.31
0 9 Y2000 H W 497 494 078 0.16 372 4.44 542 6.2
1.74 215 3.23
10 Y2000 A H 1.18 1.18 042 0.36 0.58 0.85 1.52 18
Run & Download 537 6.37 7.9
Showing 1 to 10 of 24 entries Previous ‘ 1 2 3 Next
2.97 1.89 2.41
-csv & check model > 5 Y2000 Ch w 339 2.66 2T 0.64 0.75 1.76 477 717
Set Sample Size & Output 6 Y2000 Cr H 211 213 043 0.21 1.52 1.76 2.33 2.84
19 72 Y2000 Cr A 1.88 1.89 0.38 0.21 1:35 157 207 253
Set Random Seed (0 = no set) 8 Y2000 Cr w 2.02 1.84 1.45 0.57 0.72 1.27 262 3.59
0 9 Y2000 H W 476 476 0.8 017 3.33 4.43 5.13 6.28
10 Y2000 A H 1.13 1.09 0.35 0.31 068 093 127 163

Run & Download

Showing 1 to 10 of 24 entries Previous ‘ 1 2 3 Next
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Real world

I Spatial variability
Temporal variability > T
- Variability in sources/objects
RBAREE
t v
Life Cycle Aslessement Zzﬁﬁfﬁ'ﬁ
A

Product systemn

Environmental system

Parameter uncertainty

Model uncertainty

Uncertainty due to choices

Parameter uncertainty
Model uncertainty
Uncertainty due to choices

v

Stochastic modelling

SRATREN -

LLCA ocutcomes

v

Scenario analysis

Huijbregts, M. A. J., 1998




AN BE N A

« IR : =AY =) (HI— N S SR

___________________________________________

Eyzi: Lfécmlja:?j... )xmi|€13927”' 79]65)? 1= 1727... y T

-1 P g g P A

A

- Ta : <
REE REES  [REmA RESE

- BRY . B ARNARELBEE R

BEHLIE




PN RE R RIA

- 2B

N - _
BWE: VY=_> Y pg: S=—7) Vi-Y)
=1 1=1
° g %
LS ES =l SBEIE




LC| NEE M BRAT L

TaylorEF -
_ 02 10%z 1932
2SIl
0z 0z
Az —%AfHayAy 2= flz,y)
KT ENHE :
02 0z 0z 0z
2 tddd
var(z) = (8:17) Vgr(m) (ay) var(y) + an axcov(a: Y)
WA

var(z) = (9 Pvan(z) + (22) var(y) gigxi _v0

2 0x




Monte CarloF 3%

Monte Carlog/EZE AN EE -
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1 — _
var(Z) = var(f(X,Y)) = ——= > [f(X;,Yi) = [(X5, )]
1=1

Monte CarloJ5Z2R—MBEtl &k BfEERT
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P flow (Tg-P yr") P flow (Tg-P yr') P flow (Tg-P yr")

P flow (Tg-P yr")

Full uncertainties

Uncertainties due to activity data

1.0 1.0
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Uncertainties due to parameters

05

0.0

=

1600

3

1700 1800 1900 2000

_/

1 1 1 1

0.02

1700 1800 1900 2000

0.01}

0.00
1600

1700 1800 1900 2000

4

0

1600

1700 1800 1900 2000



- = /\
NREM D T—hEREEE S
Inflow Outflow
g_
=
»
=
Se-
o)
o
Q
(@]
(&)
1 = Mean
3 X={U—-D) " Sa Y =DX
Quantile
25%~75%
5%~95%
20l20 20|40 20|60 20'80 20l20 20l40 20|60 20|80







LCISSFA « HIRUSERRIELER

o it L AR
P

LRI EEEGIIE

eepmiresny - BRIRGSEEINNRRE

RaeEppmmsm > F—aZN

: v
LR AR RE LSRR E

\ consumption-based % Z:":% F‘?»HFE&J?—I_'\&E"J%E
O essssssssssssnnannnn

o

HRTTEERIE

\ production-based i = }I=L‘§;\H Fﬁ&ﬁﬁdﬁ%

CE R BEH LN A EIRIE



M R B

S ILCl | | Rk2Lal | . fnLCl
fTakLCI

LCI, LCI LCI

MM EFTIL -

n
o fTlvEFERE . M =) My il
1=1

_ _ BENEIAILCI
. {FILLCI . (IEmLCI HLI
n M. n L
Lol =S 22 el LCLy = M-LCI=S " M, ¢LCL>
> - T LCL,

1=1 1=1



|n>~|

S RERIYIA

SRR . F(2)= E[Ex(Z(X)} = E[Ey(Z]Y))

7 /7
\~I’ \sil \NI’/

LCI el Iz
£HHE: var(Z) = Ejvarx (Z|X)] + var[Ex (Z| X))

n
o frlbEERE . M =) My T
1=1

/%ﬂJIZJH’JHth
«  17AkLCI LCT = Z— e e Te

zl"
n

o fTABAOLCI : LCIp = M - LCI =Y  M;¢LCL)

1=1



Z=|8]{KLC]

4 LCl - LCL; =Y SF;- Pl Zasjayss

jzl

ZSlafkLCl ;Lo ZSF PI R 2R

a1 Az o Qg B=D8,+ B+ B;+ By

I
I
(1 gz - O2q : ‘ |
| WARAKIEB,, By, Bs, Byl A KB
I

| Oyl G2t Oyp | b.. =B - —
| 35 g

Ay | A ] A=Y, ay 1 R HE By, By, By, B
Az I Ay

i ..
bij =By -—~ (i,5) € I(Ag)

(i,7) € I(Ag): Ax = Zi,jef{;ﬂ.;.]”w Ay



syl =8 [8]4£LC |

— S[EMLRILCI

EEFREETE
T

K AR BT A (10° @) 0

10 50 100 500

P Discharge

Eutrophication Potential
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Eutrophication Potential Factor
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IRRE L : http://www.njumce.com/

MI=AAE : Material Cycles
NAHBFE : shenghu@nju.edu.cn
NMAZER : https://ctfysh.github.io/




