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Japan' s Fourth Badi c Environment Flanindudesindi catorsof eco-effidency and resource produdtivity asdirect indicatorsthet describe
therdation between the environment and soad ecoromy. Wheressthe quotient of carbon dioxideem ssonsdvided by GDPisused as
theindicator of eco-efidency for now, anindicator bassd on production activity and the eco-effidency of other environmenta burdens
(amosgpheric environmernt, chemicd subgtances, etc)) mus dso be conddered. Asfor theindicator of resource produdivity, issuessuch

14



as the underestimated impacts of subgtancesthat are hazardous even in smdl amounts and undervaued useof rare meds have been
pointedout. The Third Fundamenta Planfor Eqadishing a Sound Maeid-Cyde Sod gy, which emgdoys resource produdivity as an
important indi cator, pointsto exo-€fficiency asanindicator refleding the efidency between the environmertd load and the value added
to goods and savices asan issueto be examined in future dudies. In connedion with this, Europe have begun to examine resource
produdtivity (€/kg) and eco-effidency (€impeact) by linking them using resource spedific impact (impact/kg). Devdopment of sucha
technique, however, isonly beginning.

Thissiudy, therefore, cdaul atesthe environmentd impact per unit of materid (resource spedificimpact impact/kg), using Japenese data,
to edimate the eco-dfidency (yerVimpact) of Jgpan in a time series and andyzes the factors that have changed the Jgpan's
eco-dfidency. More spedficdly, the sudy condss of: (1) Case aollection and andlysis of exiging ex-dfidency indicators (2)
Cdaulaion of environmentd load and environmenta impact per unit of mateid: (3) Timeseriesesimation of Jgpan'seco-effidency.
(4) Andysis of factors that have changed Jepan's eco-eifidency. During fiscal year 2015, we conducted (1) and (2). We d 0 collected
datardaed to mataid usein Japenfor (3) whichwill be conducted inthefollowing year.

(1) Case collection and analysis of existing eco-efficiency indicators

Atthemacro levd (naiond levd), weandyzed cases by particul arly emphesi zing the settings of their system boundaries. Van der Vod
et d. (2003) presented the three options for syslem boundaries (regiond system, consumption-besad system, and produdion-based
sygem). In redity, they empl oyed the consumption-based system (which measuresthe environmentd impadt generated from matarids
conumed within anation while cons dering the environmenta impeat of theentire lifecyd e of the materid s concerned) to etimetethe
ervironmentd impect of eech maerid, inwhich problems such as double counting and environmentd impact during produd usewere
pointed out. For this sudy, we dedded to paform the egimation corresponding to the three options presarted by ven der Vod & 4.
(2003).

Asfor cases of themiao levd (company and product levd), we examined the environmentd reports and websites of predominantly
Japenese companies to investigate the progress of assessment using exo-dfidency indicaors as of December 2015. Consaquently,
whereasthe numeratorsindi cated the common use of sdesand rd ated indictors, the denominatorswere broadly divided into methods
of threetypes (asnglevaue of environmentd load, anintegrationof multigeenvironmentd loads usng an exigting we ghting method,
and an integration of multiple environmentd loads using the comparny's orignd method). We decided thet this study conducts the
integration basad on the LIME method, whichisbeooming astandard as awe ghting method in Jepen.

(2) Calculation of environmental load and environmental impact per unit of material

A. Selection of materials to be analyzed and setting of system boundaries

We veified the resources and maeids andyzed in the exiging Sudy (van der Vod & d., 2003) againg the resources and maaids
avaladefor cdaulaion in the MiLCA software, examined the availaality of produdion and consumption data for each resource and
materid, and seeded taget reources and mderids that are as updream as possile in the resource lifecydes Reaults sow that,
dthough the exiding Sudy (ven der Voet & d., 2003) targeted 47 resources and materids except the nonmetdlic mingrdsother than
those used for condrudion, the number of resources and materidsrdaed to these 47 that are cdaulablewith the life-cyd e assesament
software MiLCA was 396, of which 120 resources and mateias were sdected for this sudy. We will cortinue the dudy into the next
fiscd year to invedigatethe nonmdallic minerd resources and materid sother then thoseused for condruction.

We d 0 pearformed abesc examingion of sysem boundary. In the estimation of the upstream environmenta impact of resources and
materidsusng LCA, the evironmentd impadsof imported rav materidsareinduded in, but thet of exported domedtic resources ae
exduded from, the environmenta impact of the resources and maeids in the edimdion. Conceptudly, therfore it is
conaumption-besed environmentd impect. Exising Sudies (ven der Voet € d., 2003, 2004) bed cdly used this sysem boundary. We
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Oedded to use it d90 asthefird Sep in this Sudy. If resources and maerids for the andyss are sdeded & amidde pairt in their
lifecydes ocartan sdeded resources and materid s might becomeraw materid sof other resources and materid sthat have been sdected.
In such a case, Imple addition of the environmentd impects of these resources and materids reaults in double courting of their
ervironmentd impeds Thisdouble counting mug beavoided inthe cd aulaion of environmenta impactsinthefollowing years

B. Calculation of environmental load and environmental impact per unit of resource/material analyzed
Theenvironmenta impact per unit of resourcesand materid ssdected in paraggoh A abovewas cd aulaed usng MiLCA. Additiondly,
the posshility of double counting among the resources and maerids sdected was examined for each case More pedficdly, we
cregted an input flow diagram showing up to two retroadive gages updream of the MiLCA cdauldion of spedific resources and
meaterid sand investigated whether other resources and materidsinthe andys swereinputted.

(3) Time-series estimation of Japan’s eco-efficiency

C. Collection of data on material use in Japan

We have colleded sources of ddidica data auch asthe amountsof production, shipment, and trade, and the pariod of data availahlity,
aswdl asdatafor year 2010 for theresources and mataids sdedted for andysisin paragrgph A above.

+GDP

(resource productivity: €/kg) (exo-dfidency. €impact) 1
(resource spedific imped: impect/kg)

1 (resource spedfic impect:
impect/kg) (eco-dfidency. yen/impect)
4 @ @ 1
©) @

2z @ @ ©)
@)

( ) van dd \Voet & d.(2003)

3 (Regond sygem  Conaumption-besad sygem  Produdion-besad sysem)
Conaumption-bassd sysem(

van dd Vot d dl.(2003) 3

2015 12
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(1)van del Voet et al.(2003  2004)

vandd Voet e d.(2003 2004)

(functiond urit)
A

115.1.1(2)

cradle to

cradle to grave

115.1.1(1) vandel Voetetal. (2003 2004)
vandd \Voa e d.(2003  2004)
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ETH database
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(functiond urit) (
) 3
( ( ) ( )
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(eauidl weghting)
1 BEurogat
FAO USGS
( ) ( ) (
) ( ) (
homogeous materids RIVM( )
) ( )
Eurodat
ETH databese
1511(2)
3
ETH

® Ragond system( )( 115112)
® Conuumption-besed sysem( )( 115113))
®  Produdionbesed system( ) ( 115.11(4)

19



115.1.1(2) (van del Voetetal. 2003)

1. Med

11 Bulk Meds aduminium 0% rec., duminium 100% rec.,, raw iron, cat iron, ged (light dloyed), sed (ot
dloyed), sed (highdloyed), dectro ged, blow sted

12 HeawyMead lead soft, lead hard, chromium, copper, Zinc

130thas manganese, nickd, palladium, datinum, rhodium

2. Mingdsand Chemicds

21 Indudrid mingds ad
chemicds

NaCl, chlorine, NaOH, HNOB, H3PO4, HF, H2S04, NH3, Al203, FeSO4, sulphur, hydrogen,
s0da, formddehyde, phenol, propylene glyool, HCL, eéhyiene, eéhyiene oxide, Ca0, CgOH)2,
paraxylene, dyrene, vinyichioride, baite, bentonite, zeolite, refrigerants, organic chemicds
anorganicchamicas

22 Conume mingds and
chemicds

ignored

23 Agriculturd minerdsand
chemicds

phogphete rock, K — <dts, kiesarite, NH3NG3, K284, (NH4)2S04, CaNG3)2, K(NG3)2,
CaNGOBNH3 (CAN), ureg, urea- NH3NO3 (UAN), superphasphate, tripduperphosphate, PK —
fertilizar, anmonium phogphates, NPK - fatiliser (2 vars), pesticides (Dutch profile)

24 Other mngds

ignored

3. Buildingmateids

31 urfacemingrds agypsum, gypsum (raw gone), sand (for condrudion), grave (for concrae), day and loam,
limegone, dolomite

32 FAnisred mataids ceramic, concrete, cemert, rockwool,

4.Pladics

41 Padics PE (high density), PE (low density), PP, PET (0% rec)), PS, PV C, PC, rubber, PUR

5. Biomass

51 Agricuturd cops agriculturd cropsand grass

52 Forest biomass wood (messive), wood (board)

53 Animd agricuturd | animd produds

products

54 Hshandgame ignored

6. Othars water (decarbonated), water (deminerdised), paper, board, dass (aoated), glass (not coated)

ETH databae

20




System Boundary

S

Imports E

Produclion! Use Disposal

ports
Produclion; Use Disposal

Economic Processing
-a} bPO

Region of the Netherlands

115.1.1(2) Regional system(van del Voetetal. 2003)

System Boundary

| Exports

Production Usc Disposal

bDPO

115.1.1(3) Consumption-based system(van del Voetetal. 2003)

Economic Processing

Economy of the
Netherlands

System Boundary

Imports

Production Use Disposg

Exports

J Production Use Dispose

Economic Processing

DPO

115.1.1(4) Production-based system(van del Voetetal. 2003)

van dd Voet et d.(2003) ( 2 X ) 1151.1(5)
Crop and grass Iron and ged, animd produds
van del \bet et al.(2003)
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ETH ddabase

8.00E+00
7.00E+00
6.00E+00
5.00E+00
4.00E+00
3.00E+00
2.00E+00

1.00E+00

0.00E+00

RS S A S B R s ¢ & &L
dbff&&f@a@fo&é?p &@&offof@f f’&&f&\

6& & &\Q‘)¢ §®\
&
N
115.1.1(5) ( 20 X )(van del Vbetetal. 2003)
(2) EC (2012

Europeen Commisson (EC)  Jint Research Certer (JRC) Life cydeindicaorsfor resources, produds and
wade Rexourcedfidert Europe(2011)  SudanableConsumgtion
and Prodiction Action Plan (2008)

vandd Voet e d.(2003  2004)

vandd \oet e d.(2003  2004)
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®  Resourceindicators
® Baka-of-produdsindicaors
® \\ademanagement indicators

Resourceindicaors
2008 EC
EU

( 1151103)

115.1.1(5))

Themétic grategy on the sugainableuseof natura resources

vandd \betd d.(2008  2004)

( )
115.1.1(4))

aadeto gde BU

15.1.1(2) EC(2012)

( 11511()

(EU

)(Resource indicators)

23

Area of
Natural resources*, Individual contributors , Environmental Impact .
Unit Protection
grouped accounted (examples) Category (@)
a
Minerals Iron in ore extracted, gold in Resource depletion, generic
. ’ ore extracted, different types 3 environmental pressures by
biomass, . kg/a, m’/a ) . R E
P of water abstraction or mineral extraction and water
Raw . water consumptionM, consumption
materials i o ) _
Crude oil extracted, lignite Resource depletion, generic
Fossil energy extracted, uranium in ore MlJ/a environmental pressure by E;R
extracted, ... primary energy use
Land Intensive farming, natural m?/a (occupation)
Space occupation and | forest, ... and m’/a Land use and land use change E:R
transformation |Land use change (transformation)
Soil (sink) Ca.dmium (Cd) emission to soil, kg/a Human toxicitv;_ecotoxicity; HOE:R
soil erosion, ... resource depletion
o _ kala, kBg/a for Climate change; o.zo.n.e dgpletlon;
. CO; emission to air, mercury . _ summer smog; acidification;
) Air (sink) " ) radioactive . L =
Environ- emission to air, ... . eutrophication; human toxicity;
emissions o .
mental ecotoxicity; radiation
media ka/a, m*/a for
water abstraction, | Eutrophication;
Water (sink) Nitrate emission to water, ... kBa/a for Human toxicity; ecotoxicity; H,E
radioactive Radiation
emissions
Wind energy extracted in wind
power plants; geothermal
Renewable energy extracted; dam water
r ) i
low energy (wind, energy extracted, runnmg_ MJ/a Resource depletion R
resources geothermal, water energy extracted, tidal
water, solar) energy extracted; solar energy
extracted in solar power
stations
B&EC(012)



115.1.1(3) EC(2012) ( )(Resource indicators)
lsL znd 3rd
# Code (HS2) Product group Representative product Code CN8 | country country country
of origin | of origin | of origin
1 27 Mineral fuels crude oil 27090090 RU NO SA
2 72&73 Iron & Steel non alloyed steel slabs or coils 72071210 RU UA MX
3 76 Aluminium unwrought aluminium 76011000 RU MZ NO
4 61/62/63/52  Textiles/Cotton t-shirts (cotton) 61091000 BD TR CN
5 87 Road vehicles passenger car 87032319 JP KR TR
6 39 Plastics polyethylene bags 39232100 CN MY TH
84a Machinery air conditioning 84158190 CN TH JP
’ 84b Machinery computer/laptop 84713000 CN T™W n.a.
8 85 Electrical machinery ‘;i;:;’r;fsgrdmg or reproducing 52519000 CN D R
9 26 Ores iron ore 26011100 BR AU MR
10 28 Inorganic chemicals | aluminium oxide 28182000 M SR BA
11 31 Fertilizers urea 31021010 RU EG HR
12 29 Organic Chemicals methanol 29051100 CL RU LY
13 17 Sugar cane sugar 17011110 BR MU FJ
Residues and waste
14 23 from the food | soya oil cake 23040000 AR BR na.
industry
15 02 Meat bovine meat boneless 02013000 BR AR uy
©EC(012)
115.1.1(4) EC(2012) ( )(Resource indicators)
¥ Code Product group Representative product CN8
(HS2)
1 72&73 Iron and steel hot rolled non-alloyed steel 72085120
2 27 Mineral fuels crude oil 27090090
3 87 Road vehicles passenger cars 87032319
4 39 Plastics polypropylene 39021000
84a Machinery self-propelled excavators 84295210
> 84h Machinery data processing machines (from Sggédéi9734900)
6 76 Aluminium alloyed aluminium sheets 76061291
7 47&48 Pulp and paper paper and paperboard 48101990
8 85 Electrical machinery electric motor parts 85030099
S 31 Fertilizers NPK fertilizer 31052010
10 17 Sugar white sugar 17019910
11 4 Diary milk and cream in solid forms 04021019
12 2 Meat frozen boneless swine meat 02032955
13 28 Inorganic chemicals aluminium oxide 28182000
14 29 Organic chemicals caprolactam 29337100
15 25 Minerals portland cement 25232900

24
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Impacts that are exported via

Impacts that are imported via
imported products exported products
OEl,, OEl_,,
e L
= Remaining emissions (derived from =
Product D statistics + environmental profiles) ——
— Product C Product £
Product D P,
Product B Erodct
Dk Product F Product C

-~ o
Overall environmental impacts that relate to emissions and
resource use that physically take place in the EU OEl, ..

-

N
Resulting ovel

rall environmental impacts associated with EU

consumption of goods and services

DEItulr'hn" + O£l g DEIe-;J

B&EC(012)

1511(5) EC(2012)

Europesn Reference LifeCyde Database (ELCD)(EC 20108) ILCD Daa
network ILCD handbook(EC 2010b)
Basket of produdsindicators
EU ()
LCA EU
( )
( ) ( )
( )
« ) EuP
( ) LCl
4 EU 70
(Sdterhousing)
aadetogave cradeto point of sdes
( ) LCA
ELCD (EC 20109 Eurogat FAO
115.1.1(6)
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1511(5) EC(2012)

(Basket of products indicators)

Demand category

Product group

Product sub- group (products)

Nutrition

Meat and seafood

beef, pork, poultry

Dairy products and eggs

milk, butter, cheese

Crop based products

sugar, vegetable oils & fats

Vegetables

potatoes

Fruits including tomatoes

apples, oranges

(Non)alcoholic beverages

coffee

Shelter/private housing

Consumer goods

Mobility

Service

Single-, two-family and terrace houses

single house

Multi-family houses

multi-family house

High-rise buildings

Clothing

high-rise building

shoes, cotton shirt

White goods
Consumer electronics
Private transport
Public transport

Bars & restaurants
Leisure activities
Education

Tourism

washing machine, fridge, dish washer
laptop

middle class car

travel by train, bus and plane
(omitted from this study)

(omitted from this study)

(omnitted from this study)

(omnitted from this study)

SEC(012)

Climate change midpoint
Meat & Seafood, 5%

15.1.1(6)

26

& Eggs, 4%
High-Rise, 3%
Beverages, 2%
\ Products, 1%
' Others <1% Each, 0%

_White Goods, 5%

Public Transport, 4%

Dairy Products

—~_Crop-Based

B&EC(012)
(EC 2012)




Weste management indicators

EU

(EN)

LCA

ECLD databess(EC 20109 1(wd)

Ew1=EI(tLwl) * Awl*g1+ Bgp*Ago(tLwl) +...+ El(txwl) * Awl*gx +Bap* Agp(tx,wl)
El(t,w) : Environmental Impact per unit of specific wedetrested, t: trestmert technology (colledtion, transport, dorage, qudity
and trestment), w: wegte, A: Amourt, s shareof wagteinto spedifictrestment techrology, B: Benfit, gp: avoided product

C=y* (LClpri —LClse0)
C: Creit for recyded scrgp/wadte, y: recyding process yidd, LClpri: Virtud impectsaof primary produdion of materid thet
will be subdituted, LClsec: Impacts of recyding/recovery of the scrgpfweste resuiting in a ssoondary good with the same inherent
propatiesasthe primay meterid

(Normdlisd)

15.1.1(6) EC(2012)

( )

11511(8)

(Waste management indicator)

27

# s (T Waste stream Share of total generated waste by mass
Non-hazardous hazardous
1 06 Metallic wastes 3.4% 0.3%
2 07.1 Glass wasles 0.6% 0.1%
3 072 Paper & cardboard wastes 2.3% 0%
4 074 Plastic wastes 0.5% 0%
5 Q75 Wood wastes 3.1% 3.9%
6 08.1 Discarded vehicles 0.2% 9.1%
;o2
8 09.3* Animal facces, urine and manure 1.0% 0%
9 (9)93) (excl 911 & Animal and vegetal wastes 3.8% Q%
10 101 Household and similar wastes 7.4% Q%
121002 8 Mot (g i e s
12 124 Combuslion wasles 5.3% 14.1%
Total coverage 93.1% 45.09¢
©EC(012)
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. 10.1 withoutcredit . Credits for |1
(. A withoutcredits
P Incineration & Energy "| Pre-treatment metal w.aste I——:——» metals.

P Recovery ' i
P N Landfill bottom ash | i !

i Landfill Credits for

E ! substituted |!
i i electricity, |
. thermal '
C ti !

N omposting i energy etc. |1
L : ;
P > mBT | Landfil i i
! ' :

1 : !

i —>| RDF ' !
vse ; Credits for |1

1
Lo | Pre-treatment metal waste ! > metals. |
1 ;

b Other [~ Landfill }’

; Sorting _" Landfill ‘ !
[ | - ! Credits for ||
L { Pre-treatment plastic waste I—:—» '

! | plastics !
&EC(2012)
15.1.1(7) ( JEC 2012)
0.015
0.010
0.005
0.000 - . — — . .
-0.005
-0.010
-0.015
-0.020
-0.025
06.1 07.1glass 07.2 paper 07.4 plastic 07.5 wood 8.1 10.1
Metallic wastes & cardboard wastes wastes  discarded household
wastes wastes vehicles and similar
wastes
m Normalised Impacts m Normalised Impacts including credits
&EC(2012)

15.1.1(8) EU27 )EC 2012)
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3 152.1(1)
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( 1511@3)

(vandd \betetd. 2008 2004)

( 115213))
( 15210)
11521(2)
) Material Fabrication to Manu_fa_lctu 'ng Waste
Extraction roduction semi products of finished management
p p products g
[ e e
1 1
! Manufacturi H
1 . Material Fabrication to anuiaciuring Waste 1
! Extraction production semi products offinished management :
|
i products :
1
) - Manufacturi
Extraction o Material | Fabrication to S i?;lirﬁ;:hlg(ljng Waste
rd . rd . Cd
production semi products products management
115.2.1(2) 1
Material Fabrication to Manu_chtu rng Waste
actio . ] of finished
e e e ey production semi products management
: i products
i 1
| [ it |
' !
] .
| . Material 1 Fabrication to Manu_chtu "ng Waste
1 Extraction ) 1 ! of finished
- \ production 1 semi products management
H i products
L d
Extracti - Material «| Fabrication to o Mz?;;;ail:ﬁ:&ng -~ Waste
xtraction “|  production “| semi products - products “| management
15.2.1(2) 2
. — Manufacturing
Extraction Matengl Fabrlcanon to of finished Waste
production semi products management
x products
o= ————————
: ! -
1 . Material 1 Fabrication to Manu_chtu rng Waste
| Extraction ) i ! of finished
H production h semi products d management
' H products
! J
O
Extraction - Material «| Fabrication to o Mz?;;;ail:ﬁ:&ng -~ Waste
Cd : L . Cd Cd
production semi products products management
115.2.1(3) 3
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Manufacturing
of finished
products

Waste
management

Material Fabrication to

Extraction production semi products

i
i
Extraction ! Materi Waste
xtract : product management
|
| I

b . . . . . . o

. L Manufacturing
) Material | Fabricationt . S Waste
Extraction > production > Sfmri'g?o'gﬂaz i O;:c')'yﬁg‘zd management
15.2.1(4) 4
15.2.1(5)
115.21(5) B C A
B C A
3
522
@)
MiLCA( 2014) (vanderVogtetd.  2003)
MiLCA
MILCA
MiLCA MILCA
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152.2(1) (vandd \Voetetd. 2008)
(PEX ) (PEX )
Gy (FET) ®S (@)
(2®) (PUR)
( 20159 (
2015b 1995)
A B C

(vandd \oetetd. 2003)
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