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<Summary>

Material stock in forms of durable goods, buildings and infrastructures and so on, provides various
services to society and plays an indispensable role in supporting people’s wealth and well-being. The importance of
decupling has been pointed out by UNEP and the 5" Environmental Plan (2018). The indicator of resource
productivity which contributes to decoupling has been assessed every fiscal year in order to achieve the future
target set by the Fundamental Plan for Establishing a Sound Material-Cycle Society (2018). Resource productivity
is described as “GDP/DMI (Direct Material Input)” while DMI is the representative indicator deeply related to
material flow. Material stock is inextricably linked to material flow, like two sides of the same coin, total material
consumption, recycled and reused amount, net addition to stock and waste generation are all affected by the
material stock. Considering this inseparable relationship between material stock and flow, first it is important to
grasp the status of material stock in Japan.

Research on material stock towards sound material-cycle society has not been well developed both in
national and international scales. Quantification research of material stock are getting more concern but stock
quality was rarely mentioned yet. Especially, to establish sound material-cycle society and stock-type of society,
research is required to clarify both material stock quantity and quality. This project aims to reveal the circumstances
of material stock over time and propose new material stock indicators to improve the resource productivity by

utilizing the results of past studies and knowledge from the national/international advisory group.



This research was proceeded through 4 main parts. Firstly, decomposition of resource productivity was
worked out with the indicators related to the material stock. Then, the database was established for yielding three
main factors defined in the last part: material turnover, occupancy rate/in-use rate and service capacity indicators
were estimated with some representative materials. Based on the discussion in the first and second parts, the
statistical method of calculating material stock indicators was proposed to help the government officials update the
results timely in the third part. Lastly, how to evaluate the impact of material stock on society, economic and the
environment were discussed while taking account of the relationship between wealth and material stock.

As results of those trials above, first, resource productivity was divided into 5 factors which are (1)
circular use, (2) material turnover, (3) service capacity, (4) occupancy rate/in-use rate and (5) GDP per service
provision. Among those factors, factor (2) - (4) were picked up because of their strong relevance to stock-flow
discussion and stock-quality discussion (section.1.) Second, material flow and stock analysis are conducted over
time for the whole Japan to collect the data for the following examination (section.2-1.) Lifespan of durable goods
was estimated in order to investigate the impact of long-term use of material stock on resource productivity. With
the definition of the material use time, it was found that, there are different causes to extend the lifespan depending
on the materials, taking the example of the timber, plastic and steel (section.2-2.) Regarding the future supply
amount of the secondary materials, database was established for lead, platinum metals, plastic, aluminum, copper,
zincs. It was also found that in sectors of power generation and information/communication infrastructure, service
efficiency of material stock has been increased (section.2-3.) To establish secure and practical method for statistical
data collection, the data catalog was organized based on the experience in the previous steps in section 1 and 2
(section.3.) In the last year of project, by utilizing all the methods and database obtained in section 1-3,
decomposition analysis of resource productivity in the Japan’s residential buildings and automobiles were
examined, and then how those stock-related indicators affect to resource productivity was discussed. According to
the results, it implied that constriction of obsolete stock and extension of lifespan are effective to improve resource
productivity of residential buildings. In the case of cars, it would be more effective to increase the service capacity
and in-use rate compared to prolonging the use of vehicles.

Although those results still need to be further examined, analysis and discussion about material stock in
this project can contribute to the important policy target of the 5 Environmental Plan (2018) and the 4™
Fundamental Plan for Establishing a Sound Material-Cycle Society (2018), as their supportive indicators. Also,
highlighting not only quantity but the quality of material is a great step for the research community and future
policy making. Simultaneously, integrating the material stock and flow indicators for policy helped the field of
industrial ecology step forward especially in the direction of waste-resource management, environmental system

engineering.
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JBERMEA Ly 7 B&TEHRL, WEA Ny 7 OBRBROFMMEZ RS, H4HAE, BUERIH L TH
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DY —EAZEAER 2P — EATRL, RUREFET2MEA by 709 bAMMFIHTE TV LWE
ARy 7 OEGERT, THOITBEECHHE S WA S, HSHITT—EAXAH72D D GDP #%£ T,

INHDHH, F2HANGHEAHADPWEAR by ZICBENELS . RKIFEPHLELETLHDTH D,
(2) 122705, WEOANEDLY | Bl - FIHE, —EARZEOMHENO T —F OIUEL LW
T _R— A DR A D

(2) BERICBHES DT —F X — 2 DOHEH

BIRAPEMEOR RICET2EBERELBZONDIWEA by 7 OWEO NNWEDY | BE= - T
., Y—EAEE, (BT LI EIT O,

O WEOANEDY

WEA N 7 BaimBE R AR CRRERERAR LERAFAEOAE) ThT oL, h=icBT5
WHEA Ny 7 ODANEDY 28T, BIRSREZESEMTD7-DI2F, WEA N v 7 OMEFHSCH 0
EHDHZENRARTHY, BE#T 5T — X X—ADHE T I,

@ BEFE - FIHE

HRRET2WEA Ny 7O BLAEMHHATETCODIMEA Ny 7 OEIEEZRT, ZOFHEGETEN
FHWEE LW, B R, REEEEZOBHELZET LN EL 2L, INHICEET LT —
B R—ADWEEZLT I,

B} V—rAxE

BIEN R — A EWEA Ny 7 BETHRTD L, P—ERAOREEZERT, 22 TOV—E R T4
Rl THEENTZ T T, VAR REWRE L TORBEED S &, EME L TOMREMELEREL
%,

(3) EFAEEMEOM FIZET 2WE A by 7 BEREORSE

(1) 2) #BEL. MERECEZ 1T COBREEORICE T 2 5H fTRE R4t I DWW TRt 217 5, WHE
Ak 7 B RS & B D ORISR D 72 O I B A R IR 2 N 5, (1) I2B W T
BRGHT AT o722 & 22T T, BREBORICE T 21EEIZON T, (2) OF —F _X—2 5L AT,
AR R DE LT 9,
S HIT, BREEOR. FRICRBRIUAL ST A HEE EEAG B OHEE I LB I & L C, EHIRIC ST AT RE 72
FHER—ZOWEA v 7 FRIEOHRFE LT 2.

(4) A by 7RIS OMEIZ X HBREL - B E A~ DB

SN EWEA v &@Fégfﬂ'*/f (COWTERBL, RRFmE» DA 21T 9, BREL - BF D DOFE
NOAH A BRRIEOBRMIZINA, I OE L b+ 52 LT, BERYWEA My 712X 5808,
S bIZIE, ERFAS - RIS - BRGSO = e S ICE T 2MF 21T 9. B 25
BLIMEA by 7 & ZOHRA~DEETOWTIL, RIS S8R - TR D OB E B L 72
LI, Akt & OFTEE A/ L, Mkl 2k - BT - AR LZED 5
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2-1. ¥F0 2 FEOEBRILB LURR ()

(1) EWRAEEEOR EIZET2WE A by 7 QBRI

ABFFETHRZE Lz 5 DOFEHEN 5 72 5 G IRAFEME DO ER 43 ff2UlZ. Meadows  (1998) 73BH%E L7z
Daly Pyramid 25 RTE DO —EAMOER Y 2 KB T 56D TH D (K¥-2-1.1), 72, AT 31
BRI L 7o S X A . AR OER AL T 2 X OIHFR LI b DO TH D, T b DL
. EHES LZENOWER ~y 7« 70 —ORRHRZECREIRT 1 v 7Y v 72 BET 5O
LCW5, ERGMHAIT, ZDICERAEEEZE S 05 | BUHERMM, 5 2 HIZWEO AnEb
D, HEIEIIY—E AR, B4 HIIRBER - FIHE, S5 HICES—EAH72) O GDP ZE N TEH
D, FNENOFEE) Daly Pyramid D72 5 G T 7o —F L TW\W5, FFio, BRAEERIEZIEY T I v
RO TFETHDERNDOWE 7 v — & i FEOHSIERE OMm#F & hHRZ I S0 E R -
TRBO, BRAEEEDEHERE RV AT L EHR VAT LAOBNY) 2 KRBT MU 2 EETH 5
TEEERLTWS, — 5T, BIRAEMRIIELD 5 SOREICSRT D Z ENTE, ThENOIEE
DIFREE ATRENE 2 BT 2 T2 O OIRARRY 2R T o 220N, SRR, Rt aTREME, BHRSEE LR BEE L
TWo, FIEEOTG PR SN DHEIZONT, K2-1L1IRT, 2B, ABIETIE, WEA R~y 2
(BT 2 3HIE L LT, OWEOANEDY . QBB% - FIHE, @V —t ARREE ST ORISR L&
LTW5,

—— Ultimate ends: societal benefits  (wellbeing, quality of Iife, etc.)

SERVICE PRODUCTIVITY

societal benefit Social values

service provision

SERVICE UTILIZATION

service (utilized) —

tal service provisioning

) . . (societal s
Intermediate ends: social capital .., yeuin

service (extant) comfort, communication, etc

knowledge

MATERIAL PRODUCTIVITY

societal benefit

STOCK PRODUCTIVITY

service provision

Political economy

primary material inflow

material stock

(the built environment,
Intermediate means: physical capital ;oo and oroducts

material stocks)

Science and technology, material and energy flows

PRIMARY MATERIAL USE RATE

primary material inflow
overall material inflow

Ultimate means: natural capital  (the natural environment)

[X-2-1.1 Daly Pyramid (Meadows, 1998) O#E&XIZEIT 52 NENOFEOHERK (BIEH)
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F2-1.1 HHELFENHFFIN D38 (Fishman et al.,2020)

No. Indicator name General indicator Exemplary applied indicators  Desired trend  Fundamental issues addressed
1 Material productivity societal benefit GDP GDP comfort 2 Efficiency, Sufficiency, Sustainability, Development.
primary material inflow DMI' MF’ ~DMI
service provision
primary material inflow
2 Primary material use rate  primary material inflow DMI N Sustainability.
overall material inflow DMI + Recycle flows
3 Stock retention time Material Stock Material Stock 2 Sustainability, Development.
overall material inflow DMI + Recycle flows
4 Stock productivity Service provision floor area GDP 2 Efficiency.
Material Stock Material Stock’ Material Stock
5 Service productivity Societal benefit Comfort Efficiency, Sufficiency, Development.
Service provision floor area
6 Service utilization Service provision (utilized) floor area in use 1 Sufficiency.
Service provision (extant)  floor area available
4 100% . :
® (a) Material productivity _ (b) Primary material use rate
*3 3 § 90% \
= =
S 2 e
=) =
=4 S 80%
o a
(L]
0 70%
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
30 : P
g (c) Stock retention time = (d) Material stock productivity
220 302~
£ s
g 10 & 01
5 O
= 0 0.0
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
40 1
351 (e) Index decomposition +0.62 #0. 18 W Material
301 +0.0 B productivity
B 3 -0.19
A 251 +0.35 M Primar
+0.48 y use
1 +0.03[ 7] .-
= 20 +0. OZD D 019 rate (inverted)
& 151 -0.24
o Retention
o |
10 time
0.5 1
0.0 M Stock
1990 1995 2000 2005 2010 2015 productivity
B-2-1.2 1990 4E72 5 2015 FEI2 T TO HARB T 2B FEIEOMA (a: B EEENE, bR, A by
7 FEYE (GDPIMS) . WO ANVERD Y | e RIREFEMED ab.e.d DFRIEIC 5 2 5 1)
FARIE L BRET - th - BARV AT AL OMBREREZTLICHD . BROWEA by 7 7 a—{Zon

TTF—Z OFRULEIT > 12,

Z OB, MEOT — X TILHATE 2o T

BRI L, BAIC

Bl 2 E5FEEOMR 2048 Lz, X-2-1.2 12 1990 2025 2015 FIZHNTTOWEA by s 7a—5 —X

\ZHES < FRE R O Bh RO 72 45 B O8] &2 7R g,
PEME ARG RIZ M LT . BRIZ 2000 #4851
Mo Tz, MWEMEE &I HD 28 0B

% < OFFEIE 25 FRTHEIMER 2R L TWD, BRA

IBWTCT Ay 7V I RBEEICEATHND Z ENHL
1$93%0 5 84%I 20 LCTEY . Bk OHAN 71—

D EFERBFAESOFAEFIHOBEIMNRE S Nz, WEOANEDYIXTIENDS 195 FIZmELTE

D, MEA Ny 7 OB REBER B S

Zholz, BRIZT TR THAZ ED. AN

By & REF R OEIICER L TWEA by 7 OEAE— R3S L, WE7e—03WEA Ny 70O
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YEFEA~DEAD BHER; « ZZHAA~DAIZT 7 b LEEEER THREND, 1990 FEH b < EIRAEEMD R
R, EHFEREROERE N R BIEEICES L TWD—F T, FIMEAOEL M 22 5—>o0
HEWRTHD ERINT=,

(2) BHEREROT — & X — A

QD WEOANEDY

BRSO S H, MEOANEDLY T WEA Ry 7 EFRAT o —DRRTRISIND, WEOA
WDV IX, BRBEENOHBENIME 7o —EWMEA Ny 7 OBEES Z L THEA Ny - 7
n—OEREEZBIETHIOICE L TS (K2-1.1),

o Fes — YEX |2 ;
YEDAFED Y T (2-1.1)

WEA Ny 7 I ZEEREM TR, MERARITIEEMRMHTOREND, £OH, MEOANEDY
DIEOBALIFFH TRELSN D, WEOANED D ITEORREEME L HOETHIT SN XETH
0. TOEDRGFE DR IEIZ D D DB R EARZER L OORE L TV L HRPRONT L > TR
ROFRPLETH D, —DOFRE LT, WEOANED Y ITERBT OWEOVHERERH (7%
) ZEWRL, EOBEITESWIEEGE LWV E SND, WHEA Ny 7126 2 &REAREORAIL,
WA Ny 7 OMERF « ZHROFENRD LizZ LR L, BlFETHR Ny 7 oEHEmibaiE U7 &R
FIRHEOHIEA WSS, A LA TIE, ZITRDOOMEA My 7 OEFom B2 6
%o —H T, AEOMERAEDORDITRENRBER L THVIRNAT =~ ARA My 7 H2HF LT
HEIZBWTHRONDHEENH D20, AREIZOWUIEE 2R T 2 FE L T ohofEE 2 Hb
BTHWIT 22 ENREELY, RO, WER ~y 7 BEEITHNT 256, 13E A LOWER AR
MERF - ZZHBTIERLS . A by 7 DEEFITHWLN TV D, 7R3, RO T &4y kA AV 272 Stock
turnover rate  (Fishman et al., 2016) [IMWE A b v 7 OERBAEL—FEZRLTBY, 2HLHWEA by
7 DERZTRD D OITNReRETH D (K 2-1.2),

Stock turnover rate = WEOAEP Y

_ PROYERAR
YEX |z

(2-1.2)

BB, WEOANED Y OREICE LT, A2 EEICI\O T b TR X 8 X AN M % x5
L LTFmT — ORI 21T o7,

@ Bk - FIFE

AR S N P — EAD TR, F— AR L P — EABEROANT L R o> TR E
. BEICRA ST 7V 0BG, B X7 ALBE LTS (R2-13),

A _ =X (EE) _
Bl - MK = S (2-1.3)

= - FIHER 1 L0 /A SWMETHL5E, RETSUVEWER ~y 7 B figaRIch o2 & &
ERL TR, HEFPERREDOHMETREL TS, RHT, BEER - FIHEN 1 X0 b REWY
G WEAN Yy 7 ORBPAREL TS ZL2FRLTEY, OISR ORIH AL 72 ENRE 2
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HILD, AT 1ISDWEIE 2 2 @R T2 2 & C, RAeRTFRANT UV ADFEB LT
52 ENHMBTHD —F, BES 1 A HEENDIEE, S%BNAWE 7 o —OfENEESND, T2
L. —MORELHE B IOV T —EADOBHEORNEE FIAA TEESN TV D AICH
BT O0ERD L, BHERBIE LT, BEEICHEAOR G SIXe— 7 HOFER BHKOEEIEK
ERE) B RAATHBENRF SN TV D, 2O X5 A, FHREFOY — E AR EITEY) 22 3105 #
LWeh, ZOMOMZERRIEE AT 2 Z ENEE LV E IND,

@ —rRAFE

AL, MFEOMEA by 7 MRt 52— 2ADOREEZ R L, WEHA Ny 7R b ERSN
% (HX2-1.4),

W B X DR
YER |2

ANy 7B DY — AR (2-1.4)

WHE A by 7 B A LS 58Ig L LT, R, AEEMRORM L, MEORE, BIFSCT A
v BERGEOUEC L DWE A by 7 RIAOILESEREF bid, ROV MAIE, —EDY—
BRI D DICBERWEA by 7 BEHINT 5 2 LICL > T FEOR LICHE LS 5. ML
THYV—EADERSL DML T, ZOBEDS T L orEk2 AN L TR I E RN RN &
2% (egfEEDHE, Y—EAZKREM L ELRT D & IEOWEITHAIRIAR H 72 D (IS LEIREIRD
BABLEZDND,) WEA Ny 7 NRIET 23— RIZRTH D, HRICL > TH—E RO
RBMENRI D 2D, MMREOEMICIS L TRET 2LERDH L, PlE, ~7 vl Thh
T, BEORFEE L REOWEA N v 7 2T D120ICGDP 2 E2 Y —ERALBIET LI N5
A OND, FPEDHEREIZBWNTI, TNENIE Lc—ERBAAMEHT 2 2 LT, flziX, &
B OMDOA by 71 LTE, MABESETHRER E 2 —EXALERTLHIENBZALND,

(3) BIEFEMEDR FICET2ME A b v 7 BEfEE O S

AEATIE, ZEMEZELT (1) 2) TRYVMATEEERICET 2EMOFM - BT L oHE
FFRE e TR RZOWTERZ{To TEX 2D, FRZ, WEA Ny 71275 3 2DEEIC SN T
UTIORT LD BREA N v 7 OB %l Ui EIRAEEMEO R BIZmT 72 S <  ofFa1To72, K-
2-131%, WHEA Ly 77— 2 Z2BORE TIEMT 2BOEAICHE AR b v 71233 5 3 >0faiEz @ U7
EPAEEMEOR E (MF1) 2 TEHEZ{TLOTHD, 2B, TNENOHEE OFHMIZ SN T

X M40 2 RO TRk & iR GERD IZRE# L TV D,
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FhyTIU>D

>EREEMDBE L BAREGS -
OMBEDANEDND z
vl i SRR IB DR
QYU —EXAE
MF1 o
mmrew

Rl o) —— -
SATXEET. REREHEOBR | S miRBER

BETEFRNZ Ny I ORGERES FLOSBORTFE
2ARYIIRIAT b =EPHLILDER
BAEA Ny SORARESE RS g

2 ARNYIIRTAT ~ 5 SRt : 859 T — :
>HENHEER | =, HEMER |
m . - OEE - BEUE
e e BROFRNSHAM - BEHBER lE%kEk&%&i%%w%EEﬁwl
=S TR (ZERCoRERD) | TRRMSORE/ (SRR | SUERRMIRHEORE é

X-2-1.3 WEA Ny 7 OEIZEB LIEMEARA v 7T —4DIFH

(4) A b 7 BSOS L DERET « BRI~ 0O BT

() FEEExGE LB IRAEER §#53o@gl\ﬁ@7—xxy74

AHFFECTEFRT 2 BWAEFEMEDER SRR T, WEA by Z IZBEREVOWE D ANED
D\@%—Ezgg\@ﬁ@¢-ﬂﬁ§@3%ﬁ:obf\E%%ﬁ%&bt#—xx&74%ﬁo
7z, Fishmanetal. (2015) %ZZE|Z, LALENOFED 2008 525 2013 4, 2013 55 2017 FFITH
Hf@ﬁﬁ%%aﬁﬁﬁfiﬁ’k@ FEK O R BE 2P 50 Lz, 7B, 2017 FOHEG
IZoWT, 7= Ol EEH P EEOREEOT —Z 1L 2018 DT — X Z HIV T 5

HeFTORER A LU ISR, Ea¢4m%ﬁ%ﬁ:‘Hé%h%ﬂ@%ﬁ@%%é?ﬁm@ﬁﬁ%ﬁ%
BEZRLTND, FEESFICBWTERAEMNCR b REREEL 5 X 2HEIMEOANEDY T
bolz, —hHT, Y—ERAREOEN 6T BT NN E DR LN o7, 2008 40
5 2013 AR IZMF TEE M O DMI 2RO DMIIZ 56 2FIE 1 6%, WEOANVEDL Y I1X 18%, FHh—
Ex%kD®Gmmu%ﬁibfwéo%ﬁi@ﬁﬁﬁu%ﬁhbfw —F5 T, P AREIZ
16%., BB - FIAEIZ 1%KL THEY, BAHZ VR LLVEZS DA Ny 7 BREIZ/R ST
TER0, BEZRREOBBA Ny 7ML Z EBREI N,
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1%
-16% [ 6% | | 18% | 4% |

2008-2013 _1%| l

2% 0%~ 1% 749,
([T el
-20% -10% 0% 10% 20% 30%
[amimeier: | = [watthicinsEemDMOsS | + %amBEOANEDY |
%aBRE - FIREE | +
X-2-1.4 AFHEIC LD EFRAEEE~OEZ (2008-2013, 2013-2017 4F)

2013-2017

+

%at— RAH |+

%AEY—¥ 2 H7- ) GDP

(i) HBYEZGIHE LR AEMSER BICE T2 3 SOBER IO —RAAZT 4

(1) ELRERIZ, MATEEMOFE L L THEBEZMRICT — FIEER 2TV, FEROHERIZLD
EWRAEPENER E~OR 52558 Uiz, el MRE LZABEOBE Xy, @y, MY
B, ORMAHE, BFEHEIZOWTHFM., BEHEMNE L8 oL Lz, K-2-1.512 3 EKXKOFE (2000 4F%
1 & L7z & DMxHEDR) OB ZRT, BRGMHMADHIDE 2~4 THDO 3 ERIZHOWT LR THEELL
722000 4 1 & L7z & EOMIHRMEOR A TR Z LITRD, TOHERBIC L > THEHEO 3 EROE
{BIZ X 2 &WAFENED 2000 0D OE~DFE E Lz, bbb, #1H JERAH) BX0ES
H (EP—EAH=Y O GDP) ([ZOWTIEELBN R E Lz BT, 3ERDOEIC L » TEPRAEEMEN
2000 FF D EOREL{L LTEnE R TWHZ LIl b,

z 1.6
g 1 7A¥¢5~/::—
@ .
0oL - —~~—+#V£>**T—
2 1.0 -_,‘¢Z§§;¥f}————
,J e .
J\)w@*o.s
ﬁ@ 0.6
S 0.4
o
g 0.2
0.0
E el N < © 0 [} N < © [ee] o
P S 82 2 8 8 3 2 2 3 o 9
N N N N N N N [a\) [a\) N [aN)
—— HFE AL EEYE B REY)
—— A/ IV (=£ S EHICIEE S /NN
—— HZE R B
—— HFEHREHE BREHRAH

4-2-1.5  HEVEOD 3 ZRDOLALIZ L 2 EWAENR E~OFLHOHER (3 ZA D)

HeGtOFERN D, BEIHEO 7 — 2 TIE 3 ERH O H HOWE DO ANEED 0 2O\ & IRAFENER o
HETHB L TWEDIIH L, @Y —EAREBLUO@BEF « FIHEC OV TCIMIEV £ 2138 RAE
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PEMEZR TS ELHMTHER L TS, 2R, BEIHEO S — ATV TR EIRAEFEMER E2X 5
7o, FERAICIZABIEORMEBEN LY b WEA F v 7 &H72 ) O — B 2 EHINOB@ = - FI|H]
JEOR EDTZODTRPEETH L B2 BT,

(Gil)  HEAER - BEEOEIC X 2 KRG E B R O B

KRN Z F31F DIFEREEFFBOR /X &7 — I8\ T, Prouct Service System  (PSS) & L TOE T RAET
NOEAZHHREL THBY, =7 VU TEOE VR AET UL - T, B - FIHEOR ERRIAE
N2 v | @WERA T TR Ko THWEDO ANED Y ORFUEA RIAENTZD LTWD, ARETIE
ARICBWTPSS ICEDEVRAET N EZEAT LI L2 BEL, —E 22T 5 m:ﬁ%éﬂ
D XRABJEAELD 2021 05 2100 - F TORKEPRIHE FIZOWT, PSS HEAT LT U A LEA
Lﬁwv%Uﬁﬁ@f%%%%%@%ﬁ%%wﬁbko#~xx&?4®ﬂ%”“i BEFAFSEC PSS
DENC K DBRECETHE O G & 2> TV BEVE, BEsHE, FdE (o, Wi, TV) &, ~N—
xx&wm;gﬁﬁiﬁﬁﬁ%éﬁﬁw(E%\EE%#)thomwﬁif@ﬁ&f%Qﬁﬁﬁw
PRI, BRI 100%DMRE 2R E | B U TRBIEHEIMED > 72720 BEHEO LA R BRNK
TN DD o7z, 2100 FFE TORFHRIREIRIH L HIEE I I Lo BRI OAR L IR &K
B3 m < PFm ORI F . B S < SEFEMORWERGTEEIGER D 5 b 2 R K
NI LR mo T,

(5) AMEFEOREE LD
TR 2EEDFERMBRITLLTOEY Th D,
o (1) OHERSHERIZOWTHMRH L. AEEICS kX 2) OWHEOANEDY . @OKE
T FIHE, @Y —EARRIZONWTT —Z _X— 2O HEH KR OHEG FIEOBH AT 57, 72
By A ZEL THEOLNIZZNDDHEEIZONWTE Lo, fmbE1To7,
e (3) @WIZBNT, (1) (2) THBYMATEIAERET HMEBIOFEM - FiLZ L OHERET
B 7= _R—=22 L FEHEN— 2 TOERICMT TREBCRICE T 5 IR OMET 217 -
77
o (4 TII. MIEEETITHELIET—F_N—2&EMA L, EFELHBEALSE L BRSO
DYy —AAZT 4 FEhi Uiz, MEA Ny 71T B L > TED K S ITfkD &AM
Pz b LT RE DR LT,

<BHBILH>

* Meadows, D.H., 1998. Indicators and Information Systems for Sustainable Devel- opment. The Sustainability
Institute, Hartland, USA. A Report to the Balaton Group.

+ Tomer Fishman, Heinz Schandl, Hiroki Tanikwa (2015) : The socio-economic drivers of material stock
accumulation in Japan's prefectures. Ecological economics, 113, 76-84

+ Fishman, T., Schandl, H., Tanikawa, H., 2016. Stochastic analysis and forecasts of the patterns of speed,
acceleration, and levels of material stock accumulation in society. Environ. Sci. Technol. 50, 3729¢3737.

https://doi.org/10.1021/ acs.est.5b05790.
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2-2. 3EEBOWEEZBUTELNTRE (BEH)

(1) EWRAEEEOR EIZET2WE A by 7 QBRI

TEERTUAL T A I AHEME FATFH 23 D 5 HARHRAE Cdo 2 WA ENE, TRBRFI R, Bkl & 3
ERENENEA by 70 TE] RO DRI () ) SRS BED L 2 & 2, EIEEEDE
Ko Rk Lz (M-2-2.1), Z2530121% GDP % RKIRE AR (DMI) Thi L TR 5 & IHAPEN:,
FZIFESEFA (F 13, WEOANEDY (F2H), h—r2x&E (B35, Bl - FHE
(43, EYH—E2H72VDOGDP (FE5H) #EE, ZOILHE2HENOEAHEWEA ~y 71T
BEDOEWER & L CTotToxtg e L,

GDP - DMI+R " MS(total) , HY—ER (&%) x HY—ER (EE) < GDP
DMI DMI DMI+R MS(total) Y—ER (BfE) Y—ER (EE)
BREEN ERFA MEOANEDLY Y—ERB=E ®BE=E - FRE RY—ERXHI=
DMI: EiMEBRARE R BEEAAER MS(totaaIg)g im{z - b= E%{ﬁfﬁt exE - Ex(i@éxwﬂl ¥ CDP
i ABURHIZE D »f R & B !

————————————————————————————————————————————————— 4

[4-2-2.1 ABFFEIC BT D E A by 7 5B O -0 ORISR (H31 4 - E1ER)

(2) HBHER DT — K ~_— AREEE
(1) TEFZLEWEA by 71T HERKIEICOWT, FHI LICT —Z X— 2D K N 21T
STz, FHEDOT —H R—=AEHRIZHONWT, FE T L OEEEX-2-22 [TRT,

R ("5, B, AH) ORFRIDBOES
WRAS | R N N N
MS(total) BR (RATE. PR ORARIEN

TEEAY  MSORBEENS

BEMR by OOFIFREDHET

BEEAY  ReuoREESOBEREES

H—EX(EH)
5-exome) L Zoioan)

o555l
WEA YT |
R EHET |

v SRBHR oy SO TR
—ezoe (Rl = T

- 018HR5R 2019525R
MS(total)

LERAY  ATENREUCEBEEND LICETS 3 DOBRANOT — 22571 @)
EEREARAT  EBEEHRE USSR L CE TS 3 DOBEMIODS— XRS5 ELLLL LY

WRAY  WEAE - BRI & B RS H R OB

[4-2-22 HHERIEDOT —F N— AT 5 AR OHEPRD
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O WEDOANEEDY

(1) BAEREOWEA Ny 7 DANEDY

AETIE, by T XU FEERNLAT v P FEZHNT, A by 7SO HIT 72 BARD R
by 7« T7a =S R ONT — 2 R—= ARG AT o 1o, BEEMECTIIWE A by 713 Lie 7 m—oft
BAFEHICR SN TR E2b, A, EF, Sz —B LEFEZHVWTONT 5 hy 75y
CREITINA, BEY R O BRREED 2RISR N AT v T RECIDWEA by I DF—F N —
AR EAT o T2, PR30 FEFEICIT, HERHERZ RICBEFEOWE 70— EBET D L) b T
Ay 7 BMLTEWEA Sy 7« 7a—MaER L TWD, [X-2-2.3 137 31 RIS —EHMEIEZAT
ST 215 F0OMEA Ny 7 « 7a—Th 5,

A 5(60)

EYERA S

BENORE
(564)

BEW : 11453

iEk% : 10523

31,433

X-2-23 BREOHWEA Ny 7 « 7u— 20154 (55 hv - EIFH)

(i) PBEFERMBUC L 2WHE A b 7 WRHEGHTT v

PR 30 AREEICIE, R OWRFEEIZOWTHEI R N GIS Z W ET LV AER LTz, AT —Z -~
— ZADVERIZ X > THIERI - #5ER] OB OFFARBIMC R O A T3 = X WBAT 2 59 D% IAT %
ZENBIRE SN, 7B AFROMEIL TR 31 2BV T (2) -@- (i) WEA by 7 BT 5
P— e AFIHEO IR ST,

(iii) MAIHEM OFmT — X HGt

VR 30 AEEEICIE, MR, YRR, L—Ax T oy FLE, #EHER, BAEO6 MBI
T, ERFEESMOERZIT o1z, 7035, AL 31 AREE, S 2R8I, KAEE OHEF ATRE /R ETARIC
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B 531.25 67.76 159.12 - 0.34 - 758.47 10.35
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AN 1,425.41 410.26 - - - - 1,835.67 8.44
F/KiE 306.41 169.40 - - 9.60 9.07 494.48 2.27
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[4-4.2.44 72X 5F OGS i & [X]-4.2.45 78X FZOMEENEE &

FEEOEBEEOBRINR A X-4.2.46 |27, 2B, MPOBRKEREIFEEZUINOFEEDOEFETH
D, BEE L THIHESN TV AEEOERMELZ R L TS, FEOSHEICHD LI EZFOERERIT
2008 4, 2013 4, 2018 4F TEN T 18.2%. 18.6%. 18.6% T o7c, ZEXZFOEHELXFELAEKDE
FEEIZXT 2EAE TR BTN TH DA, FEEOEEREIL 2008 225 2018 D 10 T 45 fE b
ML THY, EFEOEBENEMT 21TE, HEROEMBIIIHML TN ERBEND, ZEEFU
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HADONBFEL T L ER—EIT 2018 E T IH N THY . EEEHEICKT HEEDZEZZLSIO
HEHEOB G ZBEE L T 5 LBH=I1L 84.3% L HIPI L7z, 2008 FFD%E & F AR AEEDOHFERIT 40.1
R THY, 36N AFMLTNDZ EVHB L72A, B#31% 2008 4T 84.5% Th 0 | B#H=)N
M L7zbd Tidien, AR, EEOTFERNIDT HIZ O TH %2 E ZOHREITHEMN
L., FEOEEREICHTTIHEFOE[EOEG LMMNREIND, o TEGHoEE] RENE
BELELTRMBICOIE VRS2 T T2omofEE] L LTRVELEFbLOFELERLZ L
LIFEEIND, EEOBRBEICHZD [ZOMOEE] OFEEICEHL T, 4% bEREL T Z N
FIHEX S EEBELIZWEA Ny 7 « 70—t TEETH D,

n RigE w Bl = ZOft
BEEROES SEHIADEE n ZDft1DEE

M-4.2.46 (EEDZE X ZOMENERE

o) [ZDMOET] OHEFEKOMELOFHE

[Z D] 1T LT 2008 4F, 2013 4, 2018 FEDFHFME L METOFIHEEIZ OV TIX-4.2.49 (TR
L7z, 2018 4EC [ZDMO(EE) OFBFREIL 248 9,600 /7 b TH Y | HERBNIALE 1 & 9,300 7 b
V. BB a7 U — R 7,600 5 b, SiE2,700 5 b Th oz, EIFERITIE. ALk 3,400
TR BM o AR 243,000 15 Ry KRS 1,900 5 ko #iRE 1,100 5 R EREESATWDS 2 ERH G
MZleole (1M-4247), EAETORETHOERE R TILTET 19,200 5 ko, ﬁﬂ&%9mmﬁ
by REE 1,300 0 h o SHBAL, FRETOHEERED 64.9%% 5D D 2 ENnmhole (K-4.248),
7o [ZOMoEE)] OEBEOMMEZFERH -0 ICHE 35 & AR IR 2008 4725 2013 45T
770 J3 by E72 2013 D 2018 FETIX 550 7 R Th o T, (EEOFIHEIZE L TR OFIHE &
FEEREOERMEICHD D, BEROEMEDO I D [ZOMOETE] OFEHEOFV EVERLIES
DThHDH, ETHL, FEOEHEEDHI L, FEOMH L L THHHARETHAIEEGETRLTEY,
2018 - CTHEIEFERI DOARGEDOFIHE L 91.4% & e bK< 85 - S22 U — MRIFB XV Th o 72
D KRB L TURBAE CTH D Z LA LTz, FEOEME TR LZ 2 HD D DIIREEET
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PRk 31 REEDOBIIETIE, A by 7RI EOAIZHT ., ERETOWE A~y 7 NEBRICRIA S
TWDONMNERE LTI 21T, WEA by 7 OBOFMAEER L, HAREROEEY - 1
SFERR OFIHEEX 53y & B8 L 72 2008 4, 2018 FE-DOFERZ £ L D72 b D% [X-4.2.50 (Z~7, HEFHD
fEF, AARDROBREY) OLEFEREOHEFHRERIL 2018 42T 105.7 /8 > L HB L, #EFER] OB E TIX
RCIE36.1ME M, SE32.1{E M, RiE 256~ SRCIE NNIE N Thote, EHBOFH
FEETIIFETOEMEDBREMRIRD 46%% 5D TR | FEHOHEMND, 5% bBEYOEREIL
MR InG, 7o, BHFEEET VIEEZ AV AARSEOEEOEEEOHEFHEFIL 2018 45T
SLOME LRI L, BEM R TIIRC ENR B E< 2 HDDIIH L, (EEERE TIIAREN 22.4
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BhriRb <20, FEOEMBITHFEMEMIZH Y . 5% LEMP R IND, BEYO
B EOHEFHE R 2 1F THIFGHRAEICRT 2 E TR T L TOROTEEERZOEFREIL 2018 4E T
81fE o LHHIL, 2008 M5 10 FHTO8(E M ORIz, EEHOEE] HPEbE<
ZEDASER S TRNT (ZOMOEE] BN3.0EFThoTz, [FOMOEE] OEFEIIEETD
R RIZHTZY  WEA Sy Z7FHOBLEN DA HOESR - FENEEL D,

HEGHTHRWT, KRG, BREIE, Shiar 27 U — ME, S8 a 27 U — MEx RERMIERE & L CHE
SHEATSTER, a7 V= T ey 7iERE, ZOMOBERE MK 20E R H 5, £z, HIS
(2017) OFIRERFIHEIWEA by 7 « 7u—HEte L TEELZHRE LSRR, R, Bk
BOWRTZAT oo h, PR TEMIBREOHEFT 21T O BEDNH D, AR THER & Lo TS}
DGR E DM OREEDZ DN T HFIHER WS AT 5 Z & TWEA b v 7 ORI EX Sy
TEO THMA TR TREN DD, BIEA by 7 OFERHERT 21T 5 2 & T, fEROMEAR v 7 OE
BACRBETEN /2 E D7 0 —~DEEEEZETHZ LT, A My 7 AHEROBRICEHES T 5,

mEEscy | " RERLSOEE BRAOEE s | | EERMSORE BHRAOEE
(@01 F>) |« ZRMRUFHAOEE = TOMOEE (@375 >) | " DRMRUFHEOEE = ZOMOEE

FFE95.1%
7 (4518 +>) - B
- AH22Eion T e somton - AM23fton © SRCH 39 ton
$##1 2.3f8 ton - \ﬂ\Sﬁ ton —
EAVR s&eggfl/ ZAY R Sis 7.9 ton
b.7 6.41% ton -
P EEOERE RC 15.44f to S EEOEWE RCx& 17.6ff to
47 448 ton == 51.9f% ton /”
=, . — = o —
B omion  (2008%F) Proomon  (2018%)
A¥s 21.11% ton AR 22 .41 ton

}-4.2.50 EEEREE. FIHE. BE% (2008 4, 2018 45)

3 —EeRREE

(1) WHER b v 7 OBREDIEIEL

FrferlRER B A2 FEBLL T BT, 20 T80 2R FEOIEMRIFIEFICERE TH L, BnS
DIREL LT GDP RN E < BN TER, BOIOFRHMEOHEEZIT) Z LICO W TERT

UE, 7e—BER T TR, AbyZ L LTOENSOHALEERINTE TS, RFHERIC
LoT, BREASCANTLERE WS A Ny 7 OB BT LIS LT DA B3R S TE T,

BUCHEAR Sk R T, BADOEEEHERFT LV Z 8%, HRPIHFEL TV DL EORER LFEVUD
F72b ONEART 7 r—FTdH % (World bank 2006; Ruta and Hamilton 2007), = Z CTIHEIEARLIL, A
TEAR, HRER, NBIER, HEBRERD 4 S5 5b0ET52 EN—RETHS (Ekins et al.
2008), ZOEART Fun—FDEZFITENT, TFEATREREE] L1, A4 OF DRI KHH

LEBIEAD LN L] B2 ENTED GEE 2015),
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B O E x| EEMEEECHEAET 5 LW ORI SIEICHW N DB 2 1T, EARMNI LA E Rl
FIZBWTREBMESR S Y | HHEANEEMMENIC Kb TYH, BIOEARNSHEMEIENT 5 2 &
THITE L. &L L THIMERICH 5272 513, Rt BREAHRF L TV EWNWIEZX S TH D, L
L. ZOBEEARAENZREE, Bz, BRERBEERRERIZEICE THE LR EnhGa.
HREARLDORD L DIZX > THEOND NTERDAMEZ A S E TN Z L3 LY, 2
W, PR IRESRE A B 2 D L. BVRHIRIC Ko TH BRI R ICEBRR b L T TR Y. UK
MBI & o> TN S 7R RERETRIHBE I L > TRERBREA IRt CX 2 L 2 It TE T D,
ZNZNOBERDOERAMEL . AxBENLENOERNLHELND TEOENS ] OREMRMES FIEROR
ThoHr), TOEELRETH D, EEMIEE LGRS EDREL, B3] OREETLH
DIZ, FBIERE RSO0, 26 OMBERfRZ L3398 (Engelbrecht 2008) 72 KA b T 7
EERMME S LCTIERL, ERD T80hE) Loz, T 2R A BT TE TV, il
(2. Meadows (1998) (X, 4 £ T? UNCSD (1996) °fthod [EERAYZe#HA% (OECD 1993) MW TE T2
[ pressure-state-impact-response] €7 /L, [maw /L7 v h 77U k] (Wackernagle and Rees 1996) |
HEERITIC L > TR S A7 F81% Tfour capitals] (Sergeldin,1996) <> [genuine savings| (World Bank
1973) DA TIEHDL2 OO, —HOEZZRME LOMEZX DN TE LT, 2% il L i&nygE L
£ 2. D20 4ELL ERTIC Herman Daly (1973) IZ Xk » TN =Kz HIC, BAFENORAANE T
DR fEHEE 2 -4.2.51 D X D ITIRE LT,

/

ULTIMATE\ENDS well-being:
happiness,
A t ident

c
transcendence.
enlightenment

/lheoogy & ethxcs\
/

\/
INTERMEDIATE ENDS human capital & social capital:

health, wealth,

leisure, mobilty,
knowledge
communicati

ion,
\ consumer goods

political economy \

INTERMEDIATE MEANS \ built capital & human capital:
Tabor, tools,
factories

rocesse:

processed raw
materials
/ science & technology \

\

ULTIMATE MEANS \ natural capital:
solar energy,
the biosphere,
earth materials,
the biogeochemical
cycles

X-4.2.51 IRARFENGRABINE TOMREMHEE (Meadows 1998)
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ANEZ, 201780 IBAER (ultimate ends) ] & LT, well-being, § 720 HENIZBERL T
%o DM E M ZERT DI LN, THH B (intermediate ends) | fEEBIFREA (social
capital) > AMIEA (human capital) BFET 5, S HIZZO [HEFE: (intermediate means) | & L
T, ANLEAX (builtcapital) BFE(EL., €D MMEAFE (ultimate means) | &720 9 2D, HRER

(natural capital) T&H D LTS, ZTHHEARBOLY BV 1L, Hx72E 2 FITEDSNTND N,
RAFETH 2 HREARITEINC L > THRFERICEBE I L, TRIFEITEIGRFEOELETHY . F
FIHMZBIFAKIR L, BFEPREL XS &35,

ZZT, PHFERETHAMIIZZEDO TORENOHONLERE L. O EOME~ LT HiRE0
borrEZOND, 2D, FRIFELEHMEMNTIE, TORENSHBHEEZHWSZ LT, Bid
BeREL LORE RIS 2 LW OERIDRH D LEX BND, o> TAIIIE TG LT 2MEA Ny 7 D
i E 2D &L THEFERICREE S N DM HRHME L 7-#ERE) & T FRE IR HES 2012 & 5 FAfh
L7-HERE] 23D LB BND, PRIFEICRMEE SN DM HFHE L 72 H8RBI1X, BREARL L TEET
LRIEWNOEEE S TME & —HEEZ DR VWA R R F—DORMEE 21T 5 2 & THEE
L%, ZOXIITEZRDLE, WEA Ny 7 2 OEE THHI L TE 720K D economy-wide materials
flow analysis (EW-MFA) (ZEEDSWWEA by 7 EX, ALEARE LTOWER Fy 7 %2 [THiEF
BRZIRIE SN A HFH L7 RE) & LTRMIL TWA LEEBITE 5, — ., ZOHKREARD HEEL
SNTERICKT L5708 2E2BR 58, MEtE LTAEESN, hEM EMAEDbENEMLE2R0 B
BOSMDPAE D SHRERL E 720 | 20 BERIN DL UL L TV D (Daigo etal. 2014),
Bz X, BIRZDHDIIZL OGFE, BarDBUBELTLHHEELZA L TODRTIERY, Al ERnb
DLHFHEM (74 F—) L LTORBMREICHNONIGE. A ERFROECE L LTHN
LNDGEIE. WHE L L THEEIIRZEVITE A0 DO, ZORESLTLIRDNRHI NS ZLE2BE XD
L. ENLDOHAITENWTHOMEE T oKL AT MBI LTEESNDEEA LD, MEE LT,
HOEM 2 BN D & HIEMIZEER S D i & EERBERRITIRE Th 208, WG 2+ 2 Rfd i
AR D ER SN A RERRITIRE CTIIRW I ERFEAETH S, FlxiX, BEEOKRT A MAT 11X
HEHR TH D20, TNEWMT 2 FMITITE DI L - TEEIRBENKLIEL SNDHD, KERGLTH
2 HEV SR O ER SN DMRRIL, Wik Ch D, LiRoflD X510, BREARLE L THEET 2 KK
B ZHRINIANLH & U CANBBUE L T2 AT 2WEICEMS 27 vt RIIMBHEETH D,
MPEHZ RO B DHEREIZ. £ OMEIDERL S 1L 2 E8 i P ORRGHIKAF T 5, ZDOXIITEXD &,
HAREAR L NTEARDE DL B OREHAFAEIN TH 5 Z LTRSS E R,

fin sy, THFE D SR 22 HRFE L 7288RE) 1, Jeo T BBV Hk & O BERE A 1Rk
HLERDZENTELD, Tl 2R 2% THS IHFHHEM (intermediate ends) | 7> 5 Fr 722
SN DHREL ORBIREEZ D &, HOTORTOHBESNATERE LTFELTHDE OO, 171
LTWBHEH D O BEH SN T DHHIRIZ 5% E b EFLN TS, DF 0, REESNTHEREDR KR T
YUXNADIL TO—ERULIEREE R L TWRNWI EIChD, BHEIE T, I—v =27 VAT AL
Lo TBBERNP EDLEALGNTEBY, Z0LIRv =TV rxa ) I—REORKEL AT HITE-
TR SNIEEDORT ¥y LD 9 BLEBRICRIC SN DEEITIED VS, FMRIC, (B2 TIdTsEsE
EEPHERCRBEIC > TV L, T BFOEERRMET 2R T oy v O—H0s, Hags LT
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RS Ty, 2H561F, BRREDHR VAT ML ST, TORUT Uy Vv ERDLRSREIZL
EHZENEENTVWD, ZDXH I, HEFEND T BR~OBIEDORINT, BUAREICL > TE
FaEnsdZ L b a o,

Meadows (1998) (X, ZNZENDOEARBOBMRZR DL NZENS LOBMREZIIRLIEZ LICk- T, Ff
W ATREZR B~ T, Th LT well-being & ZAUTHTE /2 BRI D OYEREN GBI CE 5 S ET
B0, PG ATREAR B ORI RBEICEZ D 2 EDTED 3 OOFIEICES3 ZENTE 5] Lk
NTW5, 2B, 3 ODOFEELIE,

OA&ITHBET, Wiz Sh, B2 (Bl EAVF—Kk FRE) .

@b/ EWE - =3 —fHE TR FTREZR well-being SERR SN TV D002 (BhsR—FE @& O
JEA DB TE R E TOEWEED) |

QOWE - =xNF—Mfa % X 2 5 BRI Clfd TR L ATEEEZ A LT\ 5002 (R lfE
PE—fx THEfE)

Thd, SHIZ, INH3ODIEENLHEONDERY AT LIETDO LV TOEARA kv 7 LI
LENHA Ny 7 EHBEET A7 —852HETHZ LI 5, X-4.2.52 12 Meadows 237~ L7z &
I, ATEARE L TO7a—A My Zid, TNENICEEL TV D,

heppiness, ULTIMATE ENDS
realization
fulfillment

INTERMEDIATE ENDS

INTERMEDIATE MEANS

natural
ULTIMATE MEANS

[X-4.2.52 BEEREICBITDEARDA Ny 7 « 77—t
ANLEARD7a—E A~y 7 OREEMICEET 5HKX (Meadows 1998)
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BEE O, well-being Z AT HR & L TOMEREBRERD—EHE LT, ALA My 27 &DAFRC
T WEA LYy 7 ELTOATERICEE LTS (K-4254), LLannb, AAA Sy 7 (BT
HEFFEE L LT, BEWIERER, ERER, FRERDO3SLIBZTTELT, WHA My 7 L
LTOANLERNRESET, bEVIHEINTIRNoT2Z ENDND,
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FAX =Rt S ., BRI L2608 5 2 boo, #BitSh-WE & HATRET R LY —%2H0
THEBE, BB, AR AAET D2 L TATEAREZEMT S (M-42.55), RIT, Zhb ATEARSE L
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TlE, WL OO B LIEEDOTREMENE . b D, [X-4.2.55 DR BRI L7 s &t TF-
4212 | THBERZ LN ENORBIC TR L, KB ICI T DB DHIEF 250 L=,

81



k

_,'“"Fﬁﬁgm‘,_?_

”ﬁf@%§§m

_ATEF

HAER

I4256 WE A l\/ﬁiﬁ%@ 74’7‘3‘4’?/1/0)%%'5% %

=SS

#-4.2.12

FL72 % BEJE OFERER: & A PEE I

R RS = S U By ek N4

B % FatE1

FrRe B O FEER

FEEE B

1. ATEARD S A ~OTE e &

< NBEHERE> A¥ o (7 n—giE)
<ASWEEERERE> h ook (T o —FEiE)
<JEEHEE > BT EEREE (R by 7 iEE)

2. NTEAORRMERER (Jih~—2)

<ZFLX— - @) >HERE (72—
<HgERERE >Rl A R (7 v —iEE)
<IBEHERE > BEE AR (70—
<E@iAHERE > BBV EIRA G4 (R b v 7 $5EE)
<JEEHERE > (E IR EFE (R b v 7 $51E)
<IBEHERE > WIS -7 MRIER (R b v 7 H6IE)

3. NTEARORMERER (Fin~—2) | <HPKRE> RAAR (7 o —i5%)
<EEHERE>BEMAR (X by 7R

4. NTEARORRMEERER BPE~—2) | <WEIEHEE > 8 TeElndk (7 v —f5i%)
<A IEHERE > AT £ TSN TRE R = f L X — 8 (R by
)

5. HREARDN D NTEA~OIRMKRER | EEE (7 v —5E)
RHEERIEE (R by 7 )

82




D FRHEOALE ST CFH R ATRENE & 13RS, ZOREOFREE B X D MLERH S 5, HEMmIEIC
L2FHECHIVUE, RSN DDIFETERT LI ZENARETH L HLOD, £-42.12 O X 5 72 EEH]
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[4-4.2.52 TOFED X H iz, EEIC BAFA T T IR EOWE A by 7%, TR DA PE
WZHEGT 2720, BEESEEREOFEOTICHLIMEA by 7 OEFE (7r—) BEHeA 77
REDA Ny 7ICkoTREEZZTD, TNOORREDILEXTHAL S, THFEEROTICE 7 n—&
EARNY I ENHDLZENTNo>TNDHDT, ZNHEXBILDD, #£-22912C [ANTERNLHRE
HI~DIUERER ] OFFIE L TEF= 3 >OPMAMICEEL T, MEIIL TR0V EO0RE%T 5
H TR & ORREEK-245 1258 Lz, KITIFBIRLTWRWnWb 0D, S EERED 7 1 7% A 7 v
DO EMICHD T REBZEZ D, TOEFEICL b7 ) BIAARE Vo T RIREROMEE, HDH
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ZIT, W o7 r—&ER My 7 BORRLBEMEMEN RGN, 12F, AEBICHT 5,
EFEDRER, BREINTMRAERTH D, EBEOHEL LT, WA OEEREZRT OILERD D b
OO, A THIE, FHIE LT7e—&2811F 52 L TR by 7 &38RI D Z OBIRMIED R
DIro, T, B~T I T A7 a—gOB 2B L5, —FH., BEREOBSLELTUINT 7 —&
DFERLELTOA Ry 7 BETHY, FHEESELVHIBEATIEIT7 o —BEFETLIZENZNVEEZD
hé%@@\%@%ﬁ%@KE%ﬁﬁ%@E%ﬂ%\E%ﬁ%ﬁéﬂé:t%%éo:nu\ﬂXFy
I BEENET V) IZ K DFM ORERFEHFHI THOWONTWAEIRTH S (Hatayama et al. 2010),

. BRAEED M LR TR, ZOEHNTEELRTLLEA0ND, TOHEIE. TOWMEAX Y
7 DTN TFEELZIRET DL B EZXD, BEMET DI LI EHMENMET L, AEER, B
TR DR D, ZOEWRT, ANy 7ROMRITBIT 2/WGFMIEBERNTA—ZTHLLEF X
£,

2 OBIZ, @M L AEFEDOBRNRH D | N E T 2 EERE (capacity) ([CXT 5, FAEERERNA Ny
7 EET7n—RBOBRLERD, ZITHE, EEOHS L L TABULICEETE RN LG, Ay
JENRTa—BEREL TS, EEFRICHTHIAERIIEEHRLE S 2D, ., LLFkIC, EEDO
Bl L3RI, HEEET D T2 O A PERR A A IEm T D BRE S H 0 155,

TIT, ISR & 2o THETFE) THIMEA Ny 7 LD bOEEET DO OWE
v ThHHLOD, HEMEOZOWEA Ny 7 THEBM] OFH - A 770551826
N5, BEIEAEREN, AFehrdFr 0@l — 22325230 THDL, ZD KL

AR w7 &L, %< DA capacity &£ L TOMEZA L TWNWDHEEXDL L TE D, BETES
ready@«lj( ET W5 (being) | Z &b, (IZEHT 2 (doing) EFLCEDITHRETHDLEERXDT &
HTx D, FlxiE, BATFEITAWMEBT 503, TUNEE L TRE L 2ol & X ITiG T 2 R Bl
OB@BRIZENE DD, ZTNNRNE VAT AE L THATDZ EIZRD,

Ta—&E ) LOEFEEREFRE LT, 74 7 A 7 NVOBERREX LN, 74 7 A 7 VOBERS
BRI T DPES DAPE L TREOBMR S . T HAEEMIZIT 2 HHIEG I ORRTH Y | FEFEHBIRIC
LIl ENTWD, 2D, T4 T A 7 AT A AL+ (LCA) TIREEHEEFR IS\ - EEE
BiEndbs b 525, T, ’@F%W@ﬁ%:ﬁﬁéhfw@wﬁﬁﬁx*—s:i§<%ﬁéh
TEY, ZNRRIEEEEOBRTH D, T, HDEEONTBIZIIT 250 OBMEIEET 2 K% T
HY . WEIBRTIE RV ORFEE & LISl Sh RN B2 6D, o, AERLRAR
DORMR L BEFIEDH 5 HENHE & B LN TS L LTHEREND Z L1k, WEA My 7 &
TR D b DDOEERFHIB N TEEDRAMEICB N TEEINLIBRETH D,

ZIETERAMET DL, MEA by ZIZET OB T, WEETHETBAISh TH R T
BIfRE LT, oA v 7 7 OBEFE, WEA Ny 7 L LTOHSTORAR R E4fiEd 5 2 & 03,
FHERE N Lotz

Pt ATREZR R, BIRFEBRAAES & OBIRIEICB W T, TR OMENRREFHRICED X )12
B D0N 1 SDOEEREALFTH D, EFIEE & OBRIZBWTIEL, Hﬂ@#@%ﬁbmmﬁ@m
T, ZZTHEEESORE L OBREEIT S L. < DA, EEOMEIORILT Sk
RUME L THAET DI LT, ZNHDENE bR LEREZ MM E LTRIET 2 8122 5,
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Bl Z 1%, BRERE AT D EERMIK & BRIEEEZ /T 28R MAGbEL 2 & T, BHEZENICE
BT OMREA AT EEL LTE— X LWV d D, HDWVIE, Mk L L Togiif a2
— MRS DBERRITRIE TH D, ZNITKI LT, EIO AR L 5 RC EDOEEM AT D
PERBITIREE Tlde <, BESER & 72D,

1990 FEARIZ Schmidt-Bleek (1997) 1%, BUEALIZIANT T 4 f5O&EHEF A2 S HITIX 10 50E
ERAZEL BT RELoa v MERKR L, ZOEHEDELFETIHHIEL LT, Wiofft
THH—E 2B OGP vy H MIPS (Material Intensity per Service) & W) iR R L=, —
5. WERVFBLE B IX, WEITEERE (DFEVFEMA—IBRFELE Y b A — D RIEE T D)
IZBWTIOMREELRBLL T 5T, TOMEARCHEEZ S B LE A4 L T\ D, Zhud, AN
THERHCHRIIOB S U CHREZ RBLT 2D L IT k& e B,

Schmidt-Bleek 1%, &M &35 2 7278, ZDH D MFA HFZEOER S Eik D X 9 78816 | ififA
THE PR IEY O X O i BRIZRB W TIE, WERA by 7 BREROMBHEL 2D 2 L2300
b, I T, KREOLEETHLIWEA b v 7 & LTOfEH&E% material intensity & L7z MIPS 23, 73k
O MIPS [AERICERTE 2, FE RIE, WEORERFOINTAR £V 2 EEH3 U, " ~0EE &L
ML ThoD, ZOEFEFAZNROM EIZmT T, el o k5 7 BB EREHREEEHE RO L 5 Its
VAT AOEEIZL DR E . MEIORMT DEEED M BiC X o TR 2 FM RN D T & D ATRENE
Wb, ZNOEDOFREZXHT 572012, WP TE D AMEEO & DR EL P —EART v
YV EEZ Sp EEFR L. MEIORMLT 2 ER A Mfu & EFRT D & MIPS FEEIX TR X 9 I20fig T
&%, B, RO MIPS Dt MBI L —E 20, EEICRESBEE T2 2 & TRET LY
—EARBEZEM L TWENE I DIRHETH S,

MI/S= MI/Mfu x Mfu/Sp x Sp/S (4.13)

FDOFE 1 HIL, MEOBREREGHT-V OEREL Y, MELZEREL &2 L HREOTHE 2D, Zh
I, MERRFHC RO 2 M BB RIC LV A ES D2 LD TELIBEL 25, KIS, FUOFE 2H
. BESREEL S 20— R () EHY OMEHERERE THY | REHRFHUKGFET 2R L S 2
Do BT, ALOF 3 HIL, BAPERICRM LI — A E&EH T OB L S 52— R &
ThO, BEELHERTE D,

TITH—AREZT 4 L LT, BEMRORRED A XS] L) B A A L AR
HFRH Ui, WSRO BH 2T 2 EHIMEM & MHEL, FEAMEHERE L L CTHRENTR SN D,
MPEHERE L LT, TRERZEEOTRE TIZMBEMEN 22, e % £ TSI TE 5 =R X — &40
D b AREWIRE R CEML :)) L L7, P—ERBICERY SNl AE W, 2070, 22
TOY—ERALFEROSp THOIRML > 2V —ERAETHD, BEMITHOWTITMEER] ORiE, SRC
&, RCiE, Sif, CBi#) (T, v, FfHE, foBHE ARG L, 22 b7 © OMrIREE &2 ik L
7o (X¥-4257), 72720, SIBRIREE & JEAMETRE Tl BRSNS TiEd 2 b 00, Do 2
NHIEXBIETITNE Lz, WEA Ny 7 ORMET 2 BMAERE R T3k <, WEA My 7 OEEES
T L LA OREGIN-4.2.58 17T, @OV TIIEEIC X 2 OITE & S HEMRAOHEAE & b A%
ICEWVT R DR o Tz, —J7, BEHE & 3 B B X OO RE RII R & < e o/, A E
X, BRLEVOEREANT 572D TH Y | AEHEITREILIZ L 28EEOHENRKENTZDTH D
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EEZ BN, UK L, EEYCHBEIIBEIT 5 Z L3, ZOXH RS T 4 TR
NHEVRNDEEZLNT, 2F 0, BEMAZDZROM EIZ LT, MoV vriddbsd EEx
J:5O

[
o

(per space)[108J/m?3]

Materials function per service

K& SRCE RCiE Si& CBiE ERME RAE ARE
AR (REY) = EEAH (B EY) BV —t CGEER)
BT IVE=) LM (BRBHE) m $kAM (RAE) SREAM CHRE)

[4-4.2.57 22MZ2 XY 5] =R 2T 5 FMBRGORXEY N ZER ST OWMEA by 7 L LT
DREER OFEARIIBRE R (RS 2 MBI DREED)

Material intensity per service
(per contained space)[t/m?]

4-4.2.58 [Z2MZXY5 ] =R 2T MRS OXE) SN 2EMHT2 0 OMEA by 7 HE

BZIZ, B 1 HOMEHEREDORERYITOELE LTar 7 U — hOEEE (strength-to-weight ratio,
strength/weight ratio) % [4-4.2.59 (/R L7z, MBHLRITHESR L TRV . S B BE S Efisit T
ETVNLHDD, EFRITEEMIIHN LN DINAM OV RBEITHEV Zo>TWRNE B F R
Do REREAEIDZ <IZ. BT LWHRIZANT T O EBEREM OBRFE A 2% < . LM ~1EKR & [7) UATits T
BERE( L7Te M 2Rt T D HINBR N E TN K 5, F2, 2O L0 Lmiet 2@ TES 2 &
ERET HHAAS VPRBERE L TURETHA D,
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16
14 L ]
™ o
':‘12 o
= 400
S 10
g
g
R 6
a4
2
0

1940 1950 1960 1970 1980 1990 2000 2010 2020

X-42.59 FTianTWad a7 J— kOXEB IR OHER

(i) &M E Lot RER
A by 7 BPREET L RAD 5 B, CRERE L TOMRBATEERIC OV TRF L, ABFZRICEW T
X, #h. BeEe)E (Platinum-Group-Metals: PGM), 77 AF > 7 (PCV KO'PE) Zxi5 & L. BEAFEAF
KI5 70 (Maungetal,2017), i (Maungetal,2017), #gn (Maungetal., 2019) & & 127
— X L LCTEE LT,
i, BEELEE TR THDL N, H YU o 0mkh hEmh, BRERA 0130, KU B
=NRBIEOZEARE L LTIRIASHERN SN TE R, ZOIRBEICEIVFREERY . SHOFMICTLY
S FE I ERENERDIE S, WRIAVERZ 0 O R EM R 25 S E Z TR M Th 5, JeftE T
FEHAENED LTV D00, HRSATITHEEGHML TV T b, ZNEZBEUNIER L,
FIATRE DX ZWERE L THTNICHH L TN ZEBRETH D,
PGM /&, Pt. Pd, Rh, Ir, Ru, Os ® 6 TEDOMBIETH Y, ZNDHDILHEDEL L MEFHIZLET, &
R EORED, RPN AT D 2 LoD BEVEOPET A LERE, 2220 501F, b - AL
Bo7 AL o 7m TERSOIZA, Effifte EL < ORB TSI TS, KitkozxL
F—IHE LTHEAZED TOLIREIEICIS O TH N S LTRSS TWD Z Enb, 4, K
T EE NN~ 2 TRENEA B 5 23, PGM 1, T OREERMHBBERH S T\ D, £, iaf o
FEDMENT=DIT, AEFERL M T O /L X —{HEX° Total Material Requirement (TMR) H K&V, Z 9 L
RN S, ZOV A I IVERET D Z ENEETH D,
TIGAF v ZIIIMTHERE L . BRTIEREICE > THEA REEE2ET 5 2 L b, %< ORI OEH
BtL7poTnd, LMLARRE, ZOAEIIMEAREMER ST Y . BIROHEIK, K[UEETORE
Mg EOBLENDZ DR ZRFHNLEEN D, KRz, RV e =1 (PVC) &, "ok
QAN ﬁ%@l@%@%%ﬁm<w:t\ﬁiﬁﬁﬁ%@mht%:&ﬁ®%ﬁﬁ%\77J
TNV A M Lo e snDd, £7o, AV x=F Ly (PE) 1L, RbELAEEINTNDL T TR
F v VBIRO—>TH 225, MM EWELE - BHREOHBENRLZNW I ENOREFEREHEL. Z0I1F
EAETV A TN EZTNRN,
TN DOEMERRIZ, BARORFHZITFET 2H]EOREFEN L LTOR by 7 BEHGTHE LD
2. 209 b, ZOFAEIRGUIED 2 7% S REICHIATE 2 &, J70bb ZkEREZ I 5
icLl7z,
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Z 2T, Hashimoto 5 (2008) MUMEA (2012) 1%, RGP (—URWEH) ONEHEEZSEIC, &%
BHSHFET 2 &Y T RWEOFERIUCED 2 5% & TIRsPE] THBEL VWD (&-
4213 (a)), ZRWEOFEERPUCEEI D 2 m ) &3S FmRmi#Ek s T DT, —ii
ZixmEREEIND (L EURICRET L) TR, AT o (1 FELNIZEELRy) T, TEE
SNIHENTHIOBERY) ) TG L7 DIEICE OFFEIRPUCE T 2 Fkx 0aakiiZ B2 b
Do TGGEME] 13 TSR] THERGERD) BRG] T2 oMl CHBEIND A, BFNREIR & 1385
FCEY T & 2&TR, FERRFEIIZREIR & 3B AOICIZ A T & 2 2ARFRNICIZEIN TE R VB TH
Do WERRBEHIZREIRIT, RRIFRIREIR & IERF N R EROFERICH D b D THY | ZDORE2 OFELRN
RAFEHANNZ K o TUGERIENE D D FREMEN & 2 IR AT, £z, (2O 13, TOMEMESTE
B0 D WIEE OMOBRH TEIEMICRENRFIHR CTERVWETH 5,

#4213 CREROFER
L % —WE OTEERILIC B % 513 R _z B OAE R B B B Sk b
) [l — <
[
il Fs =
i Eﬁfwﬂg‘ B L= LEBLAIC TRENL | L o
VRIS [ T4EBIAIC - WE RETD | 1eppic | B i
RETD R LI e s | Zam | AL JFEER)
A o
i P ELIAN O >3] 4 VLA O )
] " TR | CUoREE pES7-3E0] TcME R | R
- SRi | SR: SR;
R / LN D ko
g | L TANP | ATRO ey | e o | e vomin
I W | e O ) SR, | SR, SR,
18 —
i i VRO | RO | ey | sk
) VELL D RO . P . . IR e Do B I T I
o P e e e T B B [ B e e R
&\Q?ﬁ% &\Q(ﬁ% /)\lEI(]Ei O\E(ﬁi UM, | UM, UM; UM, UM;
[l [T [T B
G [FI [FI [FI s ARTHER fuiere | merees | Reraer
B zof | rogen Kuggre | Rages | R COM | —yepmrm | —uowER | CoowER | s
v RWER | CRDEER | ChPER | CRDER v um, | um, UM, UM, UM;

HRBEIC 0 ol L7 E A S5 M E LT,
(a) Hashimoto & (2008) K UMEA (2012) 2L B%EM (LX)
(b) AHFFETOER (F5)

Z OFFRAEEICERERAZEE L ORES NS, AFRIET T AT v 7 bt LTnaH 2 Eh
b, UTOREEToTe, £T. 77 AF v 7 OREE. AR | EREMORMNEZL HDHZ &0
b5, #4213 (a) O TTHEURNICRET D] OE TERERLS ] BETL b DL TERNL] BAETD
b D&M HFER OB L0 KB U7z, TERR <) A LR MAEEN 1 FRmORE (7 1 /1A
T— M) MHEMFEM OB ARG E L CRAET R TH Y . B S AT A 1
FLLEOBY (A 77%) DEBIMA Ry 7 ST oAFEARE L TRET RN TH D, i
XD, —EMR R s bo (WAEES 1ED EORE) 25 Trunb o (AFEEN 1
AR ORE) X LTz, 7o, 7T AF v 7 BEEEMITREFRI ORI 2 EBEic it sh s b0 6%
W2 END, #4213 (a) O THER L7WE] IZBWT, 295 LeEREMEMIoRT e Lz, &
ILTCTTAF v 7 FICSE LN EK-42.13 (b) THDH,
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AW TIE, F-42.13 BN TARBRICFHENTWDES, 77205 1 FLNO R &R L OWME
R B, fR O R s K OME IR B O A5 2 R EE R &R L CHERT 21T o 7,
AP ORI E LTOREMOX by 7 &1, T (4.14) (4.15) THEGRFL7Z, Zhid, #4214 1
BiTd T OBETHD,

S = Z Sa(t) (4.14)

Sa(t) = Z {(PYX Yy @) +IMa(D) = EXo(D)) X Ro(t — D} (4.15)
ZIZT, SOITtEMRICBITAHEHPORKEGLE LTOREMOA My 7 & (), SO tFHRICE
AT ORKRES a Ll LTOREMOA Ny 7 & (), BLOITiFICB T8 a & LTORM M
& (ty), YOI i FIZB T 280 a OMTHE (). IMOIZiFIcBiT 285 a & L TOREMAR

(ty) . EX,(D)IFifEICkT 28dha & LCORMEGIHE (Vy) . Ry (O)ITHRARS a OxFEH& OFRFH
(-) THhH2D, MHAFEED 1FERMORMITR,(x) =0& LTz,

Fio, FHMO gL, TR 4.16) ~ (6) THEFHL 7o, “WIEREICBI L Tid#k4.2.13  (b)
BT 5 TERe < VEUWNIZHAT 2 PRl L OWE il & : SRy & [EE 1 BN
(ZFEAET D TR IS S OWME R BLECR: © SRo) DRPR oD TR B IS L OWE TR MUER: « SRs) &%
NENHER LT,

SR(t) = SR, (t) + SR,(t) + SR;(t) (4.16)

SR,(t) = Z(EOLSa(t) X 17,(0)) (4.17)

SR,(t) = Z (EOLSa(t) x (1= LB,(D) X7, (t)) (4.18)
SR,(t) = Z{Sa(t) % (1 = LBy(D)) X 14(t)} — SRy (2) (4.19)

ZZT, SROIZtFEITBITHHFEMO RHEEE (1), SR (). SR,(t). SR;()IFZTNZENER 2L 1 F
LIPIZIE A9 2 b oo “ R RS K OME R (1) . &0 1 FELANICIAET 2 Fp o kI
R L OME IR (1), 1 AFEDIPICIE LARWEM O "SRR L OME R E (0.,
EOLS, (D)X t FEIZ BT DIE A i iciiliha & LCOFMIEER (). LB, ) X tFEICHBT A6 HER
Fofkfiiha & L CORMBAERD S GHIFIERE SR O, nOIFtFEICBIT 2Rk iha & L
TOFRMO YL (1) THDH, 22T, R L IE, EHTORKESE L TOEMDA by
& FEEINDLO%ER) 095, “RERE L TRIFMIZEINAATRER b ODLETH 5,
723, EOLS, ()%, F= (4.20) THEF L7,

&9



EOLS,(t) = Z{(Pa(i) +IM, () — EX,() XY, () X f,(t—1)} (4.20)

T, fo)lF R a O x R OFEFEE (1) TH Y., MHAEES 1 FEREORITL(0) = 1,
fL,x=1)=0& L7, 2B, f,(x)ER,()IE. T (4.21) OBERICHD

R,(x)=1- ffa(x) dx (4.21)

E70, #4213 (b) TR D [IEREFRIZR “REDR) TRIBCR ATaEe "R IXXBI 5 Z & L
Wieh, 20EEE TR (4.22) ~ (4.27) THEL,

UM, (t) = Z{EOLSa(t) x (1 -1,(0))} (4. 22)
UM,(t) = Z{EOLSa(t) x(1-LB, @) )x(1-1()
= (4. 23)
+ EOLS,(t) x LB, (1)}
UM, (t) = Z{Sa(t) % (1= LBy(8)) X (1 = 14(t)) + Sa(t) X LB, (D))
= (4. 24)
— UM,(t)
UM, (t) = EOLS,(i) x (1 — LB,()) X (1 = 1,())) X LA (i)
ZZ{ ( ) x (1= 7,) .
+PS, () x (1 —1,M)}
UM (t) = ZZ{EOLSa(i) x LB, (i)} (4. 26)
PS,(t) = (P,(t) + IM,(t) — EX,(®)) x (1 =Y, &) ) (4.27)

Z 2T, UM (O)IFERE e < VHELNIZHAET 2B OIERFE 72 Z &R X OEICRATREZe K
WER (0. UM,(O)ITEREDD 1 FELINIZHAET 2 FM OIERFE N7 /k“%/ﬁ?;ki@lﬁlﬂyxﬁf B7p
B R (). UM3()IE 1 FLANICHEAE LW B O IR D 72 “ G Reds K ORI FTRE e IRk
B ()., UM,OIFEBRINHENHIC T 2R M E (0, UM(O)IFHIH ISR E S vl L7258 &
). PS,(OITtFEICBIDMIAY T v 7L LTOREMEER (). LA @) XV VA 7 0ENKRHo
AR E AR B D ) BN SR () Th D,

BEMICOWVWTE 7o —ofr23mE L, ERIC X ZREFEOF M AT - 7=,
THEENCI T D 2010 ED R R OHEFHE R 2 [X-4.2.60 (23T, R ERET 5 A HATEEZR
Mo (CwIEES) ITHETH 13Mt. KETH 9.6Mt & KX S HEEF SN, HEERIZREICHBIT A &k

W EDOEFHT 39Mt EHEGH SN2, ZHIRREIZE T 5 2010 FEOERTHEE DR S 1%@:*@% Lz, F
7=, ZOEITIRONIA OHBEER TOMt L LT HIEFICKRERETHY . ZREROIEANS %
HREIIRDBDEZEZBND, 1 AHT2VD Tk, EETH 55kg/ N, A& U 7 T37kg/ N & R&E HEFES
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niz—Jh., FEIZ 10kg/ A ThH-o7, BEETIE LI AHZY O KIEENSHZ B TV EEXD
N5,

mm Secondary lead reserve  =0O-Secondary lead reserve/capita
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B-4.2.60 TFEENIZIIT D 2010 40 " RENHER B OHEFHE R

AALOHEOS A by 7 BOHEFHERZX-4.2.61, [K-42.621277, BARCBOTIIA Ny 7 &2
BN H D DK L, FETIIEHICHEM L TWE, ZofAEzoEE kBRI HLH T E
Do MENZHBWTHIEIZBED D A by 7 ®&BZVR, ZIUIHEER TH S, ARIZBWVWTHZDA K
v 7 BITHERF STV D0, S%EINEEIMD U F U AL 4 U EE, MOBMA~OERNPEDIZ, =
DARNyZ7E&BWDP LT bDEZZHND,

35 - 30
= Transportation u Transportation
" COHSt!‘UCtIOﬂ m Construction
3.0 u Chemicals | )
25 B Chemicals
u Alloys Products Allovs P
u Miscellaneous = Alloys Products
25 m Miscellaneous
s 20
s s
< 20 %’
8 | S 15 |
) [
o 15 T
i 3
- 10 |
1.0 A
05 | 5 |
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X-4.2.61 BARIZEBIT DA Ny 7 BOHEFHHER [X-4.2.62 FEIZBIT D80 A F v 7 BEOHEEHER

HA KL O EICE T 5 2010 0 “RENVEIROEM 2 $2-4.2.14, £-421517F, BARICBW L 1
PSRN -HNTHIOBESEY) | X Tl L7eWE ) IS B 50% % oo 7= Dl L, HIETCIEAY
T0% N5 %IEAET D DERO "R (oI D EHEE S, BARICE TS [T HFEUNO K
WU X 2010 FOFERED 1055 TH Y, FEREOSTEA DRMICHL—T7, HEICBITS (1
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FELINO "R R X 2010 FFOFTFEED 034 5 THY . BREE TIIFEEIND RO BENFEL
TlEl>TWAZ L ERTHRER E o T,

#-42.14 HAIZEIT S 2010 FO _RESGEIROER (AL - 1000t)

Products in Use
Waste in managed landfill Dissipated
Not emerging in a ) )
Emerging in a year sites materials
year
Economi 235 1,682
c 4% 32%
Subecono 40 287 1199 1312
mic 1% 5% 23% 25% Total
514 5,269
Other 100
10%
%
#-4.2.15 FENZBT 2 2010 F0 IRENEIROFR (FAL : 1000t)
Products in Use
Waste in managed Dissipated
Emerging in a Not emerging in a
landfill sites materials
year year
1,412 11,924
Economic
8% 71%
92 773 735 1,530
Subeconomic
1% 5% 4% 9% Total
315 16,781
Other
2% 100%

IR PGM B s OHEFHRE R [4-4.2.63, KGR 1T 720 O Ik PGM & O HEF RS A 2[4 -
42.64 1R, [M-4.2.63 1Z7F X D12, 2015 AT IT 2 RKH K 3 Hidikod 7k PGM H & XM T
1,442t, HAT 1,450t, >KET 1,839t LHEGH SNz, ZHITENZEIL, 2015 FFI2B 1T 2 A RO FE &
DK 8.4 fF, K155, F13EITHY T2, Tz, 2015 FI2B1T 5 3 HUEAFH0 7k PGM #i & 4,731t
LR DO—R PGM HE & 66,000 > DK 7.3%ITAHY 2 LH#HEGH Sz, £, K-42.64 17T XD
12, 2015 FEICHBIT D 1 A% 720 O Yk PGM HljE B I IR C© 2.8g (Pt: 1.2g,  Pd: 1.4g, Rh:0.2g), HA
TH) 11g (Pt: 6.9g, Pd: 4.2g. Rh:0.2g). K[ETH 6.0g (Pt: 1.8g, Pd:3.8g. Rh:0.4g) EHEFFSiL, W
FTHOHIKIZB T HRERER L OEHEREZO KRS WHRTO “RIBEENKEhoTz, —FH T,
ZOWNFRITHIR Z S I28 72> TEY . FlZIE, BARTIE Pt EL S Pd RO ZREERES K E 025
7o WEMTEHZOWTIE, KERHMTET I v « TITAF v 7B EATHE DK L, BATIE
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Pd AGAELDS JIS HikEIZ 22 > TV D 7o, MIHIRICHRFENKE WO Th D, £z, KHuke =
WHE B O R VA BB AL, 1980 FRE 06, Pt LV ZffiZe Pd A EICHWOHN TS, &
foo T4 —EBAABEICE, PAMERLERERD Z LD, T —BVEBEOE KR EOIK
JNTIE Pt i oD ks & H K& < 2o T D,

M Secondary reserves W Per capita

1400

[
o N
8 8

800
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400

200

Secondary reserves(tonnes)
o =N W A 0o N 00
Secondary reserves per
capita{g/person)

o

The United States

[X]-4.2.63 2015 4= ¥k PGM Hiljek &

8
7
N  Other
8 6
= 1 Petroleum
0 o
g g 5  Medical & Biomedical
o o
1; ?‘B 4 mJewelry
i (@©
& £3 M Dental
C @
IR 5 M Glass
&
1  Chemical
M Electronical
0
M Autocatalyst
The United States

[X]-4.2.64 2015 ORI 1 AH 7= D R PGM Hjg &

2015 4FIZ 31T DA HU o0 Ik PGM EIROFR 2 £-4.2.16, #-4.2.17, #£-4.2.18 IT7-7, 1980 5
2015 FE ORI A MU T A S 4072 PGM B O RAFHRIEL, BRINT 2,665t, H AT 2,490t, K[E T 3,442t
ThHYH, 2056 RAHAREZRE (CRELEE) 122, BINT 1,442t (54.1%) . HAT 1,450t

(58.2%) . K[ET 1,912t (55.5%) EHEFtENTZ, 2D 5B ELIPNICERAET S BTN T 104, BAT
69t, KET 125t £ 720 | FHUKDOFEEDOZNZEN 61%. 69%, 82%% KGR THZ D Z LIRBIN
2o ZHUHMMES:, T A, AR EOEEMABRTIZV YA Z VAT ABHILLTEY, VA 7%
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(CWRELER) DIEFICREWTCOTH D, —J7. HHTORGO 5B R TREZ &I, BRI T
626t (23.5%). HART270t (10.9%). K[ET 625t (182%) Tholo, Fio, BERINHNHOPEFRE
Wi, BRINT 445t (16.7%) . AAT 597t (24%) . KET 693t (20.1%) &H#EFF 4L, HZHITOERE
b—EDEGEZED D EAVRSNIZ, —T5, Uk L72WBE, BRINT 151t (5.7%) . HAST 172t
(6.9%) . KET 212t (6.2%) EH#eFHSh7z, PGM BEIROER DL 1%, AL ECERIFICE T 5
HO (BRPZHINIZNE EADIEIZ L - THELT 2 b OIS D NE~DOEGIZ L > TR T 5 b
D) ThHYH, SHBENARETHD LEBEZHND, FHINHEIHOBEIEY L #oh LI-wE 5 &b
BT, EIL S R0y o 72 PGM BIRIZZ L E UK 22.4%, 9 30.9%., #126.3%& o7z,

#-4.2.16 WINIZIIT 5 2015 0 %K PGM E PR DL

Products in use
Waste in managed Dissipated
Emerging in a Not emerging in a
landfill sites materials
year year
104t 1338t
Economic
3.9% 50.2% Total
Sub- 42t 584t 445t 151t 2665t
economic
Others 1.6% 21.9% 16.7% 5.7% 100%
7<-4.2.17 HARIZHIT 5 2015 F0 K PGM & DFaH
Products in use
Waste in managed Dissipated
Emerging in a Not emerging in a
landfill sites materials
year year
69t 1382t
Economic
2.8% 55.5% Total
Sub- 24t 246t 597t 172t 2490t
economic
Others 1.0% 9.9% 24.0% 6.9% 100%
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#-42.18 CKENZEBIT D 2015 0D ¥k PGM & FEH

Products in use
Waste in managed Dissipated
Emerging in a Not emerging in a
landfill sites materials
year year
125t 1787t
Economic
3.6% 51.9% Total
Sub- 46t 579t 693t 212t 3442t
economic
Others 1.3% 16.8% 20.1% 6.2% 100%

FRoOLSIT, HENZ < O PGM EIHNS KA FRETH D 2 L BRI NI, 5% S HIZ PGM D
FIR#HEEZ O TOLITIE, FEHFPORED 5 6 ZRFIFAARAREZR B2 D LTV Z ERLETH
0, HNLHIN D OIS REtORMNRH D, 2T, HENEAMESEMG AT U LT RIEEE
R TR, FEREL S L COmHCHEFIC L 2IBENH O . AFZETIEIZN D b S EDOH
IZE O TS, R HB ARSIl BB R AL & L COMEHENRZ N Lnd | EBRICEN
TIUHA I N ENLEIFHF SN ZRMEE L VNS R EBZ206N15, 2) LIEHEbAEHLET
T9&, KVARRBERICRL2bDEEZEZBND,

AARIZIIT 5 2016 ££00 Ik PVC Bl & OHEFHE R 2 [X-4.2.65 1" T, 2D 5 H3A 7 i< /i,
Z O R O “REE R A [-4.2.66, [X-4.2.67 (TR, 2016 A2 IS1T D Ik PVC BB RITK) 8,737 Tt
CHERF SN, ZHIRFHEDOEERTH D 927 Tt DFI 9 ESNTHIY T HFER L o Tz, Bk LELRIT

X, A 7L LT IR EDK 660 Tt TRIFFZE RO 20 fi5, EHREEM & L To ZRELE&I3K
710 Tt CTRIFBEEOR 6 5, @R & LTo RHEERITR 996 Tt TRIBEREDK 45, T oML
LT RS RITK 70 Tt TRFFEREROK 0.4 5 L HEE STz, RFHERIZBNTE < O PVC ZIkE
FEHEK L TS EEZD0, BBETIEPVC DY VA 7 NVDEL MUK GFE L TETNDZ En
B, TTAF v 7 OB DS OEBBETIE, VYA VR L, R E L5
AREMERH D, LT=d-> T, EWNIZRIT D EIUV— FOfESL, VA 7 VHATOm LRk 55,
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X-4.2.67 HARIZEITS 2016 FDF DB E L TO IR PVC HEEDHEFHE R

AAIZEIT 5 2016 4-00 3k PVC AR OREM % $-4.2.19 12" T, e < VELNICREAT 2 )
IR 1 Tt T, RS VEMNICEAT 2 RERE (1+116 T @ 1%EHEt S, i
X, 7 4V AT EOMMAFELN 1 FUNORLE D Y YA 7 VRPMENTZDTH D, — . EREND 14E
VINIZIEAET 2 BB R 1340 206 Tt T, FF O VAW AT 5 ZREJE (206+483 T-t) O
30% EHERF ST, MRS | L EORF D Y A 7 VLR L0 @GN dTh L0, £ TH 70%
FFERREN S L IZZ 0o ZREJRE U TR L IFEBE IR L o TnD, Fio, &
FEND 1AHELNICIAE L R R II50 8,531 Tt T, &0 1 EUNICRAE Ly &R E
(8,531+14,712 T-t) D 37%ELHEFE STz, ERE30% E DN, ZHITA by 7 STV L k&
ORERLDS. 1 LIS AT B 2 Ok & B2 5720 Th 5, £, EUPNICREAET
% R E O AFHE 14206=207 Tt T, 2016 FOFEEO 02 ETH VY, FHEEZ KE L THDHE
Relpole, VAT NROMEIZL > T, FIRFELZEIIRBEL T ZENRLEEND, BN
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HNLHIOBESEY ) 16,607 Tt EHERF S, RIFHERICB T A2RGOA Ny 7 ETHH 23, 932 Tt
(=206+483+8,531 +14,712 Ft) & IHRA[RE/RME L 72 oTe, 7T AF v BRI DR Z LT
Ut A 74252 LITRERTIZARWV, MY EO PVC NMESTHIICER L TWAH Z LavRIR S, £
7o FRESABGRL7ZPVC § 1,709 Tt £ 72> TRV, HERFOR Ny 7 8D T%REIHY T2 2
EMB . ZROFWTER - EAREO LB R ST,

MAEEAE L VYA 7 VROEWEHR ST COFRIH, R T OB ATREZR /31 7% &
LCOFRIZELTIX, 4% b X Vi#EbemUl s A7 MMEEIZAT BB LEND, £o, BN #EE
L U A ZHDENT 4 VLRITEHOHBNEEN LGB THLEEZLND,

#-42.19 HAIZEIT A 2016 F£0 &k PVC EIROER (AL 2 1000t)

L
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®AETD | 1EHMIC | o %‘gét
s | R | EELRY BEFEN) g
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1 | 206 | 8531
HERETE Y - -
FERR B
1,709
116 | 483 | 14712 16,607 >
g g (13,710)*
Zoits

HRPEIC LV OR Lo E R ESEME LT,

HARIZIIT % 2019 4200 ¥k PE Hljs & OHEFHE R 2 [4-4.2.68 |2 " ¥, PEICHOWTIX, 7 U7 LY
A7 (MR) DIFH, I ANV A7 (CR) R=FAF—EINBHAEINLSZ EE, 2D
KR LooHER 21T o7, IR PE HER: (MEFE LCORMMANRRIAEND HD=MR & CR) 13K
2521 Tt LHEFH S, FDH b MRIZFEHFEOFEEDOHK) 0.8 (FICHY T AR L /oo, Fio, =xL
F—L L TR ATREZ R E 138 7,005 Tt LHEFH Sz, A Ry 7 &ITX LT £ 30%0354F
BrE L COFIHEDRIA T, K 85%N T R/LFX—L L TOREUDAIEE & #EFE Sz, R&EERIBIZ RS
& (XM-4.2.68) . MELE LTORIMAMNRIAEN D ISR EICE L Tid, FIH0EITK338 Tt THY,
Z® 5 H MR IXFHFEOFTFEEDOR 0.1 5, BT 1515 Tt THY ., 2095 MRIZFRFOFEEDK
21 1 L HERF ST, BT A 77 EEUR T ORI RIS 72 IR 2\ 2 & LB O it A3
B ARy ZEPREINZ 00 “RMBENP RESHEFI SN EEZXDOND, /o, =RLF—L L
TOENYAATRE72 “RHEREICE LT, AReel22i3k0 1850 Tt EA134 2378 Tt LHEst a7, &
LRI AR IE R I < L BN R EEZR 7 DR R & L CORIAITA 20y R EIE R E Wz
BEFEW) D DR/ N SO L —[EUL O AR IR & < HEFF & T,
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Hashimoto. S, I. Daigo, S, Murakami, K. Matsubae-Yokoyama, M. Fuse, K. Nakajima, M. Oguchi, H. Tanikawa, T.
Tasaki, E. Yamasue, and O. Umezawa (2008) Framework of Material Stock Accounts — Toward Assessment of
Material Accumulation in the Economic Sphere. Proceedings of the 8th International Conference on EcoBalance,
C-08

BAME . (2012) tHSICHERET 2 IKEROET, &J&, Vol82, No.7, pp.572-576
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secondary aluminum reserves of nations, Resources, Conservation and Recycling, Vol.126, pp.34-41
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(iii) &7 # —BIE A b v 7 HZhEOHEF
AHETIE, WL OO —EADREENERTE, DO, TNOT—ERZRMT H72DICHE LY
BARNYy 7V BNEETEXL2LDEZREL, ZNOLOWEA Ny 7 &di- 0 OV — v AL EORRIIZ
k&0 T 562 L alAhi, TEDDRVWIER Ny 7 BICEAEENEE L] LGN
T, WCY—ERAZRMETHDICHEREA Ny 7B, L0DRWEIBRWEA Ny 7 DB, ¥
BANyZELTO E] BRVWE LT, ZZ2THE MEA Ny 7 20— R/ TH L0,
WEARNA Ny 7 &HIZH OV —EAREREZME A by 7 OISR L FrLTz U (4.28)),

£=— (4.28)

ZIZT, sV —tv 28 miiIWEA Ny 7 BTH D,
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FT. FHETOMROBEEITH. WEA Ny 7 P RET L —ERITT, EFLoUn TRAZIR
D5 XOICBERRMET 52— X6 H L0, EIEMED [EFRE2RBICEXD] KA 7 704
T2 -t AL H D, BHEOHA T, EFHL. BAEOMEESE2A L, EiflEsaETETL
BROERT DR THY . A ZERIET SHRRITRMAE L T,

BEFOMZEN G, ARICBITO2WE 77—k, WAL LTOWERA My 712l 410771 T
ODYWEA Ny 7 DBEPRENZEPMOLINLTNDTZD, ZI T, A U7 IR RET L —EREEE
THZEELE, REEZV—ERELTIA U7 TICELCT, REEDEEOMICIT, WAMEEE
B—RDDLEEZLNDTD, RERIIZFHT 25 2 &%, WHEWOEANT 7 2 o8I )2 Hi o 28
b (MEREHERE) 200722 LICHZERNVEEBX O, T T, RIETIX, B, ¥ okl
DRBESCREICHET DHEBEN T —E AR E L TEYRA > 7 TI2O0TL, g & Loz,

WEARRE X, RAZFEOMMZXIGIC, TOHGE LTOWER by 7 &H-0 Ot —v 2 &
ELTORBEZER L, 1 DI2iE, BRIIEITIER B 28 Toichiud, HiftaZ1t
TR, ZNSHFOROENOEROMERICE®RNH D L EZONT-OTH D, 2T, K
X, P—ERARELE L THFETIHRVWLOOYIEL LTERTEDH0L LT, HELZFF/RWE
BROWNFEREZ r— AL L, TNENZRIMETD12O0OMBEA Ny 7 L LTENA 7 T72HbTNC
THEHBEA v 7 T hxtg e Lz, e, WHEA by 78X, EMINCHIT52 L35, 22T &
B BOHEM & L THEHERNEH SN TWVDHR—2 A Z Vx5 U, 88k, 703 =7 L5,
FFEM OERIEIT I,
=2 ®mIIE, BEALSBRSh S 'S WERANOBIISN I ®&ERH D, Bz, EILHERE
Fa I LT Do, FRBARRAMAl &L THERI O RNIITER B DN D ICb B 5 DD, FEImIC

BI2ENREL, TEGICBT2ENELOMICIE, EERARTFERF v v 7OREDO O OHKIEE
ERWTBEOEBR A2 EH 8% DERNH D Z &@ﬁ%nfw o THEHEE IO TL, FRRES
DIREET DB E L | HRIEEEPZET D2 HEEEREDL LT 2, MiEOMIL, EFMEcES %
BETDH, AV F—Fy hTT I RFELEELERT D, BEEBE TT LEBHE RS LZBETE
AT, BER Y U —7 TEHEYZEE LEET 2R ENET oD, BEOFIL, EIEICH TEEE
<, 7rroiEriite. 7V EEREZIET S, HEDEZBHE L TR RENRFT oND,
AWFETIE, P—EREL LTIV AT ATORALEGEOEEENEE LIZE (HEYV—E2RE) LT

EETHIEE LT, DD, BHA V7 7B T AHHEE— A&, HEENEE L, HFHEE
AT TIIBTDHHEEY—ERAREIIT VU4, TLE, EiE A VY —Fy hEHOTEEEREE L
oo TNENOERIHNET =2 JOHEFHTHW D /8T A—=F OFEICOW T, YRk 31 EE
ERQ Q) QBT T—¥ —EREZRINITZ,

WEA Ny 7 OBEEALICIE, hy T E T Ia—FThLIEN~T VT AT =0 E AV, ik
DD DOHE~ORABNOKEFMBARL, TNOOHBRIT L OREFEMDANG, WEA Ny 7 BEH
L7, BEMORBNBEARIL, FEHIBIT 2 0BITEREL TR IND 2D, AR THRE LTz
A7 5T Ak a it Uie, MAEEMDMIIUTOROBRICL D VA T A5 E RV, 72
B, 1959 FLRTOF AR S NZYIIWE A N v 7130 & L7y, #HEFHBHLAE) D 30 4L Eod 1990 4F
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LT, #3HORERTH D, WEA by 7 BERUHIEOREDEL I ZTZT TRV EZZ b,
SIZETOMEE —EABOT — X 572 1990 FELIEORERFIOEL 2 FER & L CLLFIZRT,
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