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Review of Material Flow Analysis Related Activities of Developed Countries
for the Improvement of Resources Efficiency and Sustainability

Seong-Yong Kim*
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The natural resources and material life-cycle include all human activities related to resources and material extrac-
tion, transportation, processing, use, recovery and disposal. Sustainable material management (SMM) is an inte-
grated set of policy approaches targeted on economic agents throughout the material life-cycles and designed to
result in economically efficient and environmentally effective material use. The material flows of industrial min-
eral, ores and fossil fuels have also long been a focal area for environmental policies because of the high environ-
mental pressures associated with extraction, processing, consumption, and final disposal of these materials. OECD
work on material flow is to improve the quantitative and analytical knowledge bases about natural resource and
material flows within and among countries, so as to better understand the importance of material resources in mem-
ber countries' economies. In several EU Member States, material flow accounts are part of official statistics. Mate-
rial flow analysis (MFA) is a valuation method which assesses the efficiency of use of materials using information
from material flow accounting. Material flow analysis helps to identify waste of natural resources and other materi-
als in the economy which would otherwise go unnoticed in conventional economic monitoring systems. Resource
use and resource efficiency has emerged as a major issue for long-term sustainability and environmental policy.

Key words : Material flow analysis (MFA), Material flow accounting, Domestic material consumption (DMC),
Domestic material input (DMI), natural resources
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1. EAEEEM| 2lo| ¥
1.1. 225849 T4
A &7PsAEl e BAEEAE o]0kt ThsElt), nt
2] Kpgge] s EAlEa Sivke A4S &2
&gho] QFYEHAl o]FA I itk Aeln, FRth
T RE AAZEo] <3 52 8 SollA oo
Ae Aol Fositty & F ok EHSFEA A
£ AdAv e y8ske FUFMHGDP)Y A&7}
5AS AESRE At o]RA 2 e, 3EAHY
o)..5t Baol A A diokEe]l Ao R &
BEAAC] AEE3 ok £ BHSFRAL AL
o] A% BES Hefsle] HVE wiES
Ak EguRlo AMEHL Uk AlF 24
e Fo Hriade AL golds FH| AT

LI

e}
¢

o} ARG E Haztde) Ago] that ARt

FARAR QA3 AR} M A e
Az By YT, DAL ek Jhd st
AT} QAuel) tig Al F1seke S
JEAG BARAE AT 5 Y& We FHAT
dNE 2o Moz Aty vk ARl H
A 8282, ol wet AtizbEe] sl 3]
ol AEAA™G FEAEE AARY| A5
B2 BaiAgt BuEse) olme EEOZ Aol
A2 I IHRE T Qe A AT, o)E AT
 oe ke sgske Ao Fadtt ¥ &

ATHFHEE 5, 2006).

JEL FAPeE) & FHFHE FH3] A
3 YAREH F, 014, @, JEF 55 ideE d¥
Wel Aol ey 4 20F gers 93 =9
gz, A A 529 FAE AR s &
ot I Ad3e AY drgeks A e 85
A, 200089 AFREs FA% LHg sl AT

FAEA N NHE 93 4t FEEOERE F2% F
e sl (Kazuyo Yokoyama et al, 2004).

1.2. E25EEM9 92
AFA2]7\ElM A 7IERe) ARl met 7]

o

Ao| ZaaA B Aok AYAEL FYUSHAA
= AgEeg FHe ApARgolgls &84 (Efficiency)
oz Yehla, AESHoME Ao ANES A3
H= o 889 =7 (Sufficiency)* 2 JERITH

EA 528 (Material Flow Analysis, MFA) &
£ Eo 7|9e /i og Xl 8 B3l &
AREo o) Aoy AAHoRE FEAY A}
ABAYN 2L s 5 AL Hon, AN =
BE AFESY A AUAREo] HFEL AR
o] o|8AIFE HIE F Y Aolvh ATAHAN &
FUARIE AF AFAFE AEE 2L A7)
Aol o2& AFF|) AAA A LLE It
£ Ao, shie] AFo] HeHE B89
dled wrEOjATHE ol AlFHoR AL

o2 s 4 k. 3R] Wl 3hs Aol
F 28 HLREH ALY o]8nE Foly] L2
B3 o] ARG wivksiRks Aotk

EA 55 #% d7e 19994 v= dee] ¥
X Aoy $4 07 OECDS] AR - AAFEIE
(OECD Working Group on Environmental Information
and Outlooks, WGEIO) 9Jaf A|2= ik, WGEIO
= 27 2 FARoe BEATEAAS A AL
He 8 Ak I35, A 2 249 Ade
el HF Hue AMgo] Bk AP wFHE AT X
e AFdhs AL EFo= & Ut

2000 ol B2 EE A (Material Flow Accoun-
ting, MFA)l #3% OECD Avv7} WGEIO FH3t
o MHEUL, Aoz 71842 - AEE HFIF
(Working Group on Waste Prevention and Recy-
cling, WGWPR) <l&f w718 22583 Ada84
(Waste material flows and resource -efficiency)l



A9 B 2 A% 7Ky B 9

A3 Azt A= 20039 1194 Y8 =
FolA BFA FPoE EASEAY L QAN
of 3t A HME7E Fert AHEHY LN, ololA
2004 490 T2 sEjolx OECD dd+ #7473
93] gt MF=e] OECD oA (CounciliiM
EYEEN ALl S5 Ak AHE H
Atk 20049 6¥ol= WA A7 AR= 37
5 32 WGWPR g3l OECD/WGEIO 919
EQEEF T A x| A3 OECD H3fo] €3,
9= "X &7kse AdAME & At A% A
W 27 AxF3 9)(Annual meeting of Sustainable
Deve-lopment Experts, AMSDE)7} 71 &€t

20043 10¥, == gEldAe A 35 WGEIO
3l9] 7fF=le] MFAE $18F 87AEE 3F 3 &
F By} w=oj=lo] #E<(Final scoping paper)S
Stk 1199 EU 393e] BAE Fask=
Eurostatoll 4] MFA 21€ (Task Force-MFAYE 1435}
o BEFEAANS A% WHEH Jlojz=e] A
(Draft amended methodological guide}2- 4~H3slt}.

2005 2l Al 72 WGWPR 3|9)7} 7|35 <]
A&7pse &4 el 918k OECD |79 # 12
=9& 39, 549%F 549 WEANA WGEIO 92
fo] M= EFEEANT v BEQ Uy 2
24 oy FE, EJEE AR dH= Ao, Syha
4 MR B9 AAEES SR 91089 A
&7V s A AN & AT ASTEET g AESH
215 9)(AMSDE)2 /#3862, 1199 $-2vet
(COEX)*llx] WGWPR A&7Fs8 Ed+e] Hags
AT, 200549 108 A ZHEIA A 363+
WGEIO 3)¢] =] e} ehliA 29k AE
¢t OECD A2 $3 225F ARE =93i4rh
20063 =% WGEIO 3#S Ak A7iss
A AR-S A% AE7F AxEe A A 37
WGEIO 3]¢] M3 5-& B3 E435 AxY Y
2 AR SAIR T At AA, FHE He
454 &, OECD =7pd EASE 8% 24, &2
35 AR s ® AR kA A2 OECD =
7tolM el EHEEAG FH XK FUHIF B
A AR Fo| B%-& A3t ItK(Table D).

EAFERHL E2&EA (Material Flow Accoun-
ting) 2 HE ARG 83l EZ9 AR BE&HS
Hrbehe WHoRA B, AARUEFA A

22 EXEEYTY 2&
KeX

= SEEEEY AEETo] g %o 617

A Wellxe] HAxd G g 229 #Hrls d%s
otel= o EEET ok AR SHSEAF
(Economy-wide Material Flow Accounting, EW-MFA)
2 AAlAM AMSE S 23S WREF R 24
gt ARl 7Nke E F7 A EUEE A2ge
2A A F A BUEYE AR = d
A 71 559 weto] 7hEsith
AEEA(Material Flow Studies) £ 2235
A}(Material Flow Analysis}e A48 el 8HIndu-
strial Ecology) =& 4Hd £ At AlIndustrial Meta-
bolism), 222 3 A 1e] HAH 2 AelA
ARy o] Y2E AMgShs IEoE gt 3 A
e FHoR Fesjo] Jrt

E223E dAdMe 84 (material)® EA (sub-
stance) 7Hll= zlol7} 3t EAle o578 88t
A B F3E, 38 5 EZH (raw material), 43
2E, R 38eH, EAY £¥=clth 248
A FH YA AA, 84 = A A &
29 & 9t} U A EA9) 58 B4 3]
FEE5% 2 9 sEEERE =3 HE9S N
ai=

AAAE 55 A 2 H¥Y gL W B
A T A A 22, 1970dde] HE ALY
3, olE2RE e ol AY R ARELS AW
2 AARN] B duxe BE FXE ATH
Ak AAAN EFSEALL 1990 2
OECD =71l X&71F ool tieh =& 23}
7] 98 AR oAl ZEEL FARCE HGol
HYoh ZAERE A gAY B 0 EY
of, £, d&, vtz vdTA=o ZHA AHLHAU
Z, ol MAXYAFAWorld Resource Institute,
WRDel o8l 32 Aasict. a7 ASHUY,
ol E 9 e sl

1996139 ConAccount (Coordination of Regional
National Material Flow Accounting for Environ-
mental Sustainability)e} E8le A7 MEHA7T B2
T U3 JEuURE AT BEUEM V¥, &
7 2 IR E S8 5 FHEAA(Wuppertal
Institute)el] 2J8) =520 v}. ConAccounts L 2E#]
o} vlallvte] A7 - X4 &HA -4 (Institute for
Interdisciplinary Research and Continuing Education,
IFF), g3z zlo|dl(Leiden) thehe] 37331skAlE
(Center of Environmental Science, CML), =¢idl
E7) % (Statistics Sweden)?} 2814 FHIA L,
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Fig. 1. Schematic representation of material flows, environmental impacts and policy uses from OECD (2005b), based on

Streurer, A.(1992).

20013 o) <A 4 A e &3] (International  Society
for Industrial Ecology, ISIE)7} 259t}
3. EXsE XE ¥ SASEAE HE
3.1. SESE TYE 9B X[ F®E HY
HALAA A 7 AgAeE Hsixe FES
A g} duid ez Fae ANz o] Has)
EATEA Y A AM-S Foll AaxAIA o]
T A YellA] daxiele] 382
FHE £ glon, 7] AMS AAIRRE 8 &
HEEARE AME-3he Bloth AR AR dAME =
YA o g =] A e BT A9 v
{7 gisE 5= gk

EF3Ee] Hoo AAY A FEAAE B
W, & AGREAY 52 dudes Byt A3 &
AR Jge AAN P A&vFsde yEvt
L83 Edo|t}, 245387 PVC 52 =Y 884, 2
Allg H7E, ¥E it FaxEe BEHE P
AR T, AEA|, $54% 52 £ vg] #3438 9%
o] & EZolug 35y Aoz HzHojo} &
ek 4= ItkFig. 1).

EU9| Eurostat(2005)c EZTERA =g 9%
o4 E2E 127K FHE BF AoJsix o E2
FEEHY o] He F8 228 FA N9sE,
AFHE, 288 FE, vlojen|2d piE tEE 5
At 2% SdAsE A9, A4, A9k, 718 8
HAE2 PRI, AYFES HEERE, PHFE
2 YUE g UtH(Table 2).

E45 84 3 BYUAIEE AAe B4 A3
=Qze DMI (Direct Material Inpu)®E ¥E718}32,
A B2 a7 TMR(Total Material Requirement)
2 ®7)sla, A Y52 % (Total Material Input)s}
FYE 7 B FYFSE viepinh

EFBEANAM DA EE A9 F - 7HE4,
=5 T 4H QR Sl met Gt Zx7t sidE
o] AMGES Tk AHAE FlA 7H e
gt Aol A A" dA Edgomx DMC
(Domestic Material Consumption)® WERNZL, A
EdaM R £YE 7K 558 XS Fu A
2 AnjEhge] ARS-R A EFFe2A TMC (Total
Material Consumption)2 “ebdc}, =[xt 22 Hotar
(Net Additions to Stock, NAS)E 7|2 &=z o Al
EA 437 (Physical Growth)o|™ D3} e} ¢zl

=)
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Table 2. Classification and definition of twelve types of the material flows

Main material categories Subcategories

Aggregated items

Fossil fuels

Coal

0il

Natural gas
Other fossils

All types of coal

All types of oil

All types of natural gas

Peat and highly manufactures traded commodities from all types of fossil fuels

Industrial minerals

Industrial minerals

Ores

All non-metallic minerals used predominantly for industrial processes (excl.
fossil fuels)

All types of metallic ores and metal- based products

Construction minerals

Construction minerals

All minerals used primarily in construction

Biomass

Food
Feed

Animals

Wood
other biomass

All potentially edible biomass from cropland plus traded food products

all biomass from grassland, by-products and crops exclusively used for
feeding livestock plus traded fodder

All caught “wild” animals (in particular fish catch) and all traded livestock
and animal products, incl. tish

Harvested wood and traded wood-based products incl. paper, furniture, etc.
Fibres and highly manufactured traded commodities predominantly from
biomass

YcSource : Eurostat (2005)

INPUT ’ I ECONOMY | | OUTPUT |
Material accumulation

Domestic extraction (net addition to stock)

Used (DEU)

o fossil fuels

© minerals Loenn?itg;ieon to air

o biomass o waste Iand?llled
o emissions to water
o dissipative use

Material throughput

Unused domestic (per year) Unsued domestic

extraction extraction

imports > I exports >

Indirect | / . Indicrect/

flows / Recycling flows ;

associat / associat !

to impor / toexpor _ /

DMI = domestic extraction used + imports
DMC = domestic extraction used + imports — exports
TMC = TMR~ exports — indicrect flows associated to exports

Fig. 2. Economy-wide material balance scheme (excluding air and water flows) from Eurostat (2001).

A ARE MRS A% B9 Gt e}, A4V,
TPEFH 22 AR WA A B 2Fe A%
< Fete Aoty ZEi
Trade Balance, PTB} 7A|9] 88 #9

= &4, 7N 2L A FARA BIsk

At

BASZRHOIN ASAEE FUINY BE o, HY

&2 93 (Physical

g A 9 AL, E B 9 B3 5 7S
st A 87 JRgEe] €8y ok 2% g
Zolut E E49 AA FAY e SullA At
2% (Domestic Processed Output, DPO)°S-Z YEeR)
3, AA W A=%(Total Domestic Output, TDO)
2 FUAES PARE AF AR Feg veR)
EANES FUAHREST 239 Fo

29 =



Ad &84 2 A% ke s3e g

24 AAN=HEY 228 52 FDirect Material
Output, DMO)2.2 Z7|%lc}, A EALEHS A
2HEY F By dA U &3} £EFY
gho 24 TMO (Total Material Output)® ¥7)3ic}.

AA A" WellM2] g3Fo|ln §449 &2
SRS FHs] M BARGe 558 Hof
T e AR Ee ARl Zasith AA
A3 EAA (Economy-wide Material Flow Accounting,
EW-MFA)S ZA Weolx] AM8-8 Ede| X #e o
opsla WP EAH o R A A 7Nk T2 2l
7o) FAAE % BUHPA ST B8E 5
U= Aot BFI AL A xe| Fakpnt opz}
ZFE 7K S5 ddxde] A 4He BUEE
< 7Fs3A Sok(Fig. 2).

Moy 12 ok

3.2. OECD 37t¥ 8FSE X E &8

A ORCD=E7IA 718 HHF oz AMEEE A
ZAA Bof BHEE XEy AFPEAEYZHDMDe R
sld=r AA A 1670=0] ARE Fo|, =l ERAA
HZFDOMCOE 17=M, DAEZD R 7ZFHTMR)}S 13
oA AREETE

T3 AR FolAY JiEE e ARERA A
EZAL0FHTIMCY 57lF001M ALg Fold, 98EF
2H[ZHRMC) VH=Ro] AR Folth. 7lgt 28wy
¥ (PTB), 4524w FF(Raw Material Trade
Balance, RMTB), 2+ 38 ¥%3} 82 w933 (Physical
Trade Balance including Indirect Flows, PTBIF),
2Rt A7 B71eNet Additions to Stock, NAS) &
o] A FHIPIA AR Folrt. A AE FIAAME
AR F7PIARE AR F9) N EEE BE U A
2AE(DPO), AA FUIEZHTDO), FF E4d4&
ZF(DMO), HA EZAEZHTMO)so| Utk

OECD =7Pd AAEx B 54 A4 EF5E
S BH AL SHAAM UREHQl =R ¢ X
E£7Vs4S AFFeR yEEa ok W49 B¢
A&7 MEE A% JPAHFA Y (Federal Plan
for sustainable development)’ o4 7|43 o] Wa
AAADALGFS AT e BRE AA3IAL 3,
drlaE S7) Ad7s 7iEd 2k (National sustainable
development strategy)’ollx] AR} &&= A
EERE 2Ysigon, dd=s ALyt g
S 93 HF == 3 (Government Programme for
sustainable development)’ oA A AofFE71E2 E3
AAxAA S oA Z1e 282 3 Yok &~

R BAsERY BABE] ta Wt
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dule =7} 37 A EH(Swedish environmental
quality goalsyolld ¥] =443 A 84 B3 %
GEREE AAsha glon, =2 R&Tvhedt 4
4 A2k #13 HEAIE (UK Government framework
for sustainable consumption and production)’olAl+=
2 5§84 $RE BXE B itk

OECD =7t & QL&Ego}, UEd=, X2EZ 0
EAsERN 0 X&71ee SRS A% AR
EEE HAHFoZ A vt LiEFole K&
7453t Bd-g 1%k A=K (Strategy for sustainable
developmentyoir] FUERAENZF, FPEALBF T
£ AMgEtar e, B3 20300 EEANEES VY
S AEsivke A A e AS AEy &
2 AN don, gd=e A4zt 3718734
F T FIW(4th National Environmental Policy
Programme)’ oA 20303714 S AH| S 1/24)4
42717 ZEsilvie o 43 48 EEE 3§
3 Z2EZ ] XEvEs S f 571
ZF(National Strategy for sustainable development)’
oA &3 300 el 15%71A] AFdA ] R Am] &
#E FAEPre X8 72 Ao

71 g2 A8 2 o3 Aug A
=¥o| YHT UE Frie BY, olggel, EA=,
diE Folgln & 4tk ¢ Fke £ 9 FA4
Ql HA AIZzbiS FXE ¥39E 37 ERE PR
3 Aot BYE AETbs S A% HuF A=
(National Strategy for sustainable development)’©l
A FAE A8 EFY A FHE B9 2004-
20209 Alololl AME-HE 20%7KA 25 R0l o]
gjol= A&7Felige A$ 3AAAAE (Environ-
mental Action plan for sustainable development in
Italyyell A A £ 2FFHTMR)S 20109714
25%, 2030 A7HR= 75%, 2050371 90%7HA&
75 EXE A FHeE A 23 S0 F
737 A (Second National Environmental Policy)’ <l 4]
AR A 1990-2010 Alelol] & AH], A ek
=, 7 S 50%7H] i3 ERE Tl
ULt B3] ¥ EFEE AH AR AHe] Y
ARgol 71 ek AHISTEE WM o e, A
A EAeAE 78S 93 719418 (Fundamental
Plan for Establishing a Sound Material-Cycle Society)’
£ A3t o] AYL 20004 tHE] 201087KA] 2}
A FEUES AN ERAEYF; GDP/DMDS
W77 FRANFN A, TFAE-ES %7K FR 5,
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Broad Sustainability
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1 A ! I
Considerations Official MF indicators
1 I
| I I
- Czech, Hungary, Slovak, . 5
1 . Chemica Poicy (SFA, LCA)
i Spain, Switzerland, UK : Belgium, Finland,
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1 -Belgium ] Stovak, Switzerland,
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goals
1 | Resource 1
Efficiency/| - Finland

1| productivity - Sweden 1

1 1
1 1 Natural resource management
! : - 1 (Individual flow accounts)
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antitative : = Netherlands i
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1 t - Poland 1 & recycling
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Fig. 3. Examples of uses of material flow information and links to policy goals from OECD(2005b).
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Table 4. Comparison of Domestic Material Input(DMI) and Domestic Material Consumption(DMC) for the EU

DMC in tonnes per DMI in % of DMC, Increase in distance DMI-DMC

capita, 1997 1997 between 1980 and 1997, in %
Portugal 12.6 EU 15 105.5 EU 15 1.5
Italy 13.8 Ireland 107.7 Spain 3.2
Netherlands 15.4 Spain 109.7 Greece 3.7
UK 157 Greece 112.0 Ireland 3.8
Greece 18.1 Portugal 112.0 France 4.3
France 18.2 Italy 113.8 Denmark 45
Belgium/Lux 18.3 Denmark 114.1 Italy 59
EU 15 18.8 France 116.9 Portugal 6.9
Austria 19.5 Finland 119.2 UK 7.2
Denmark 20.7 Austria 120.1 Austria 8.7
Spain 219 UK 120.1 Germany 11.8
Sweden 27.3 Germany 123.9 Finland 11.9
Germany 276 Sweden 1293 Netherlands 15.8
Finland 353 Belgium/Lux 180.2 Sweden 17.7
Ireland 403 Netherlands 187.8 Belgium/Lux 22.6

wSource: Eurostat(2000)
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Table 5. Material Flow Analysis (MFA) indicators per capita 1970 and 2001

Domestic Material Consumption

Domestic Material Input

Physical Trade Balance

1970 2001 1970 2001 1970 2001
EU-15 14.9 15.5 15.5 16.6 24 2.7
Austria 14.5 17.9 15.7 22.8 2.0 33
Belgium/Lux 16.9 17.1 233 349 6.2 6.4
Denmark 24.0 23.1 26.3 30.8 5.1 0.9
Finland 36.3 38.0 39.2 452 2.3 44
France 14.8 14.4 16.7 17.6 1.9 1.9
Germany 21.8 17.7 234 21.1 2.7 2.8
Greece 7.3 21.8 7.9 24.0 0.7 43
Ireland 17.6 23.7 18.6 26.8 2.3 49
Italy 8.9 11.4 10.0 13.5 2.5 3.6
Netherlands 14.7 13.7 21.7 313 5.8 29
Portugal 5.8 14.8 6.3 16.3 0.6 3.7
Spain 8.5 15.6 9.0 17.9 1.1 32
Sweden 23.0 21.5 293 29.3 -1.5 -0.3
UK 13.6 11.8 14.5 15.0 27 0.7

Y Source : Eurostat (2005)
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Table 6. Material Flow of industrial minerals and ores in the EU-15 countries (2000)
Industrial DE ~ Import — Export DMC DMI PTB DMC/  DEDMC
minerals and ores  Percapita  percapita percapita percapita  percapita  per capita
(2000) [t/cap] [t/cap] [t/cap] [t/cap] [t/cap] [t/cap] (]
EU-15 0.4 0.8 0.3 1.0 1.3 0.6 114 0.42
Austria 0.6 2.0 1.5 1.1 2.6 0.5 110 0.53
Belgium/Lux 0.0 6.0 52 0.7 6.0 0.7 258 0.00
Denmark 0.1 1.6 1.2 0.5 1.7 0.4 67 0.21
Finland 2.3 23 1.4 33 4.7 1.0 50 0.71
France 0.2 1.4 0.8 0.8 1.6 0.6 82 0.24
Germany 03 1.5 1.0 0.8 1.8 0.4 176 0.43
Greece 0.7 1.1 0.4 1.4 1.8 0.7 114 0.52
Ireland 09 22 1.1 2.0 3.1 1.1 109 0.44
Italy 0.2 1.9 0.6 1.5 2.1 1.3 281 0.10
Netherlands 0.3 4.0 2.8 1.5 43 1.2 565 0.21
Portugal 0.2 0.8 0.3 0.7 1.0 04 73 0.35
Spain 0.5 1.2 0.6 12 1.7 0.6 90 0.46
Sweden 2.7 1.4 3.1 1.0 4.1 -1.7 20 2.67
UK 04 0.8 04 0.8 13 0.4 208 0.53

Y¢Source: Eurostat (2005)
DE: Domestic extraction
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