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UNEP国際資源パネルによる「デカップリング」報告書 

“Decoupling” report by  

UNEP International Resource Panel 

http://www.unep.org/resourcepanel/Publications/Decoupling/tabid/56048/Default.aspx 



Concept of “Decoupling” 
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To decouple amount of resource use 

from economic development by more 

efficient use 

To decouple environmental impact from 

resource use, by  better management 

of resource use 

Source:UNEP/IRP 



International Resource Panel  

• Established on November 9th, 2007 

• Secretariat : UNEP/DTIE 

• Co-chair:  

 Ernst von Weizsäcker and Ashok Khosla  

• The overall objective : 

• to provide independent scientific assessment of 
the environmental impacts due to the use of 
resources over the full life cycle,  

• and to advise governments and organizations on 
ways to reduce these impacts. 

 

7 http://www.unep.org/resourcepanel/ 

http://www.unep.org/resourcepanel/
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What is “Resource Productivity” ? 

• Increase of resource productivity means obtaining more output 

or better utility for human well-being from products (i.e. goods 

and services) while using less natural resources, such as fossil 

fuels, metals and minerals, biomass, land, water, etc. 

 

• The term “decoupling” is often used in the same context. 

 

• I=PAT equation 

 

 

 

 

 

I P A T 
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The global interrelation between resource use and income 
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demand from developing countries ?  
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物質資源と低炭素社会に関する主要課題 

Key Issues for Material Resources vs. LCS  

• Demand for carbon-intensive material production  (e.g. Steel, cement) 

• Possibility of consumer/importer-based accounting scheme to consider GHGs and 
their reduction potential embodied in international trade of resource-intensive 
commodities → An indicator for OECD’s Green Growth Strategy 

• Availability of critical metals for Low-Carbon Technologies (e.g. PGMs, Lithium, 
Rare-earths, etc.) 

• Wise use of secondary resources as potential to reduce carbon emissions, e.g., 

– Scrap iron to EAF with low-carbon electricity 

– Efficient cascading use of waste plastics  

– Use of slag as substitute of limestone in cement production 

• 炭素集約度の高い原材料（鉄鋼、セメント）の需要予測 

• 資源集約度の高い財の国際貿易に内包された温室効果ガスおよびその削減ポテンシ
ャルの消費国・輸入国ベースでの勘定スキームの適用可能性 

 →OECD Green Growth Strategyの指標 

• 低炭素技術に必要な稀少金属（白金族、リチウム、希土類等）の供給制約 

• 炭素排出の抑制のための二次資源・副産物の賢明な利用 

– 低炭素電力を用いた電炉での鉄スクラップ利用 

– 廃木材や廃プラのカスケード利用（再生材料として利用した後にエネルギー利用） 

– セメント生産におけるスラグや石炭灰利用による石灰石代替 



Critical metals for technology options 

•Photovoltaic 

– Cd, Te: Cd-Te PV 

– In, Ga: CIGS PV 

– Sn, Ag: Si PV 

•Magnet (Wind turbine, EVs)：REE (Dy, Nd) 

– Dy contents for Nd-F-B magnet is being reduced 

– Hf, In: Nuclear reactor 

•Ni, V, Nb: Pipeline for CCS 

•Cu:  Not rare, but maybe most critical, indispensable and 

not substitutable, as far as LCS is further “electrified” 

 

 

Critical Metals for Low Carbon Society 
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Dependence of energy consumption on Asia associated 
with production of goods consumed in Japan 

China 



Journal paper and Database 

Application of GLIO to 
compilation of  Japanese IO-LCA 
database with global system 
boundary 

Nansai et al. (2012), Estimates of Embodied 
Global Energy and Air-Emission Intensities of 
Japanese Products for Building a Japanese Input-
Output Life Cycle Assessment Database with a 
Global System Boundary, Environ. Sci. Technol., 
46(16),  9146-9154 . 

Dependence of energy consumption on Asia associated 
with production of goods consumed in Japan 
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Role of resources management subproject  

in S-6 LCS Asia project 

Ten  actions toward Low Carbon Asia 
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Action 3 : Smart Ways to Use Materials that Realize the Full 

Potential of Resources 
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Use of products in ways 

that extend their lifespan 
Development of systems 
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Editorial 

 

Greening Growing Giants :  

A Major Challenge of Our Planet  
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Journal of Industrial Ecology 
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Result of MF modeling :Buildings (by SHI Feng et al.) 
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Result of MF modeling : MF with recycling 

Materials input Materials output 

S
h

o
rt

 l
if

et
im

e
, 

 

N
o

n
-r

ec
y

cl
in

g
 

L
o

n
g
 l

if
et

im
e
, 

 

H
ig

h
 r

ec
y
cl

in
g

 



Result of MF modeling : CO2 emission and raw material 

consumption (by SHI Feng et al.) 
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Short lifetime, Non-recycling Long lifetime, High-recycling 

The iron ore and limestone will continue increased until around 2030, which means China must 

import more and more limestone and iron ore in the future and faces depletion under current 

cement consumption in China. 

 

Prolonging the lifetime of buildings, railway and roadways and strengthening materials 

recycling obviously decreased demand for iron ore and limestone, and CO2 emissions. 
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Structure of our dynamic material flow and stock model 
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Use categories applied for the flow and stock model 
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Category Sub category 
Iron & 
steel 

Cement 備考 

Building 

Residential 
（Urban) 

○ ○ 
“Type A :Steel and cement intensive” 
and “Type B : Steel and cement less 
intensive”  Load factors of raw 
materials per floor space (kg/m2) were 
set for type A & B. Ratio of A & B was 
assumed for urban and rural areas 

Residential 
（Rural) 

○ ○ 

Non-residential ○ ○ 

Civil infrastructure ○ ○ 

Transport 
machinery 

Passenger car ○ － 

Freight vehicles ○ － 

Others ○ － 

General machinery ○ － 

Others ○ － 

• Target material resources: Iron & Steel, Cement  (Carbon intensive at production stage) 

• Use categories as tabulated below 



Major variables assumed in flow and stock model 

Category Sub category Explained variable （Y） 
Regression 

model 
Lifetime 

 
Saturation (Ymax) 

（Baseline） 

Building 
Residential 
（Urban) 

Per capita floor space S2 30 50m2/capita 

Residential 
（Rural) 

Per capita floor space S2 30 55m2/capita 

Non-residential Per capita floor space S2 30 40m2/capita 

Civil infrastructure 
Per capita steel demand S2 40 3 tons/capita 

Per capita cement demand S2 40 15 tons/capita 

Transport 
machinery 

Passenger car Per capita ownership S2 15 0.6vehicles/capita 

Freight vehicles Total registration E 15 -  

Others Per capita steel demand S1 15 0.6 tons/capita 

General machinery Per capita steel demand S1 20 1.3 tons/capita 

Others Per capita steel demand S1 10 0.5 tons/capita 

S1: sigmoid func., S2: Quasi-sigmoid func. , E: Elasticity, Explanatory variable (X): GDP per capita 
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An example of the modeling parameters 
- Per capita stock of floor space in urban residential building - 

Actual 

Predicted 

GDP per capita ($ / capita) 
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Iron demand by use categories in China 
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Per capita iron stock by use categories in China 

Chinese CO2 emission for steel and cement production 
（Baseline） 

Chinese CO2 emission for steel and cement production 
by mitigation scenarios 

Above-titled four slides presented at the Symposium are excluded from this version. 



Summary 
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• Decoupling natural resource consumption and accompanied environmental 

burdens from economic growth and  increase of resource productivity attract 

global attention. 

 

• Lowering energy intensity in material production, carbon intensity of energy 

as well as improvements in resource productivity are effective in CO2 

emission reduction associated with raw material production. 

 

• Action3 “Smart Ways to Use Materials that Realize the Full Potential of 

Resources” was proposed as the action 3 of 10 actions toward LC-Asia. 

 

• Scenario analysis on future CO2 emission by steel and cement production in 

China and its mitigation opportunities was conducted by applying material 

flow and stock model, regarding physical stock level as driving force. 

 

• Issues such as supply and demand of critical metals for low carbon 

technologies and  CO2  emissions embodied in international trade are key 

subject in  sustainable resource management, and they are relevant to Japan 

and its relationship with Asian economies. 


