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Toward environmentally sustainable patterns of resource use

The world population is expected to increase from 7.6 1 e
billion in 2017 to 9.8 billion in 2050 and to reach 11 billion &= —
in 2100. “

- United Nations, World population prospects, the 2017 revision
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The global demand for mineral resources & metals is
increasing sharply. T —

- Consumption (e.g. Nakajima et al. 2018, Reck and Graedel 2012) o e o, Fopnation Division GOI)
- Stocks (e.g. Wiedenhofer et al. 2019, Krausmann et al. 2017, Nakajima et al. 2017, Pauliuk 2013)

Global issues on
Sustainable resource management -

- UNEP International resource panel
Decoupling Natural Resource Use and Environmental Impacts from Economic Growth (2011)

Global Material Flows and Resource Productivity (2016) ---etc.

-nsure sustainable consumption and production
natterns (Goal 12, SDGs) o qoe

- United Nations, Transforming our world: the 2030 Agenda for Sustainable Development (2015)

million t

Figure 16. Global extraction (DE) of metal ores by material subcategories, 1970-2010, million tonnes



Global trends in natural resource extraction

The global extraction of natural resources has rapidly increased as the global economy has
grown. Decoupling material use and related environmental impacts from economic growth
has not occurred over the past decades.
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Global material stocks rise 23-fold over the 20th Century
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Fig. 1. Development of global material stocks and flows from 1900 to 2010. (A) Annual global extraction of materials by use and share of stodk-building
materials in total extraction (right axis). (8) Development of global in-use stocks of materials by 12 main material groups. (C) Global material stocks in 2010
induding uncertainty ranges (note that the scales in C differ by a factor of 10). (D) Development of total stock per capita in the group of industrial countries,
China, and the rest of the world (RoW). (£) Global end-of-life outputs from discarded stocks and recyding input rate (i.e, share of recycled and down-cyded
end-of-life outputs from stocks in total inputs to stocks). Note that B, C, and £ share the same legend.

“Fostering a transition toward
environmentally sustainable patterns
of resource use requires a more
complete understanding of stock-flow
relations. -+-+-- from 1900 to 2010. Over
this period, global material stocks
increased 23-rold, reaching 792 Pg
(£5%) in 2010. Despite efforts to
improve recycling rates, continuous
stock growth precludes closing
material loops,; recycling still only
contributes 12% of inflows to stocks. ”
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Krausmann et al. (2017) Global socioeconomic material stocks rise 23-fold over the 20th century and require half of annual resource use, PNAS, 1880-1885 % Sdies Jepan



Worldwide material stocks; Iron, Copper, and Nickel

Drastic increase (almost doubled) from 1995 to 2010, which coincided with an increase in demand for materials in Asia.

The material stocks in Asia increased almost threefold.
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Global distribution of material stocks; lron, Copper, and Nickel
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Fig. Distribution of the 25
countries and regions with the
largest material stocks in 1995,
2000, 2005, and 2010.; iron,
copper, and nickel

‘ The material stock of iron, copper, and
s e . nickel in Asia accounted for 30%, 26%, and
' = " 20% of the world total in 1995, respectively,
S o a0 but these percentages increased to 42%,
. = | 37%, and 32% in 2010, respectively.
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Worldwide material consumption:; Iron, Copper, and Nickel

Drastic increase from 1995 to 2010 which corresponded with the increase in demand for materials in China.
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The levels of apparent consumption of iron, copper, and nickel were 1.7 Pg, 20 Tg, and 2.1 Tg,

respectively, in 2010, which represented increases by a factor of 2.1, 1.6, and 1.7, respectively, from 199b.
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Global distribution of material consumption; lron, Copper, and Nickel
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Fig. Distribution of the 25 countries and regions with the
largest apparent consumption of iron in 1995, 2000, 2005
and 2010; iron, copper, and nickel.
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The percentage of global consumption of iron, copper, and nickel in Asia accounted for 41%,
32%, and 34% of the total in 1995, respectively, and reached 64%, 60%, and 54% in 2010.
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Per-capita consumption & Per-capita stock

Asia has already become the largest world user of iron, copper, and nickel, and economic growth in China accelerated the
rapid rise of worldwide demand of these resources.
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« CONSUMPTION: The per-capita apparent consumption of iron in Asia has already
reached that of North America and Western Europe, and the per-capita apparent
consumption of copper and nickel is following a similar path.

« STOCK: but the per-capita material stock of each of these substances in Asia has not

yet reached that of North America and Western Europe.
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The world population is projected to increase, with much of that growth concentrated in Asia and Africa. This situation
shows the potential for a greatly increased demand as a result of population and economic growth in Asia and Africa.

Nakajima K., et al. (2017) Global distribution of material stocks: iron, copper, and nickel. Matériaux & Techniques, 105, 511
Nakajima K., et al. (2018) Global distribution of material consumption: Nickel, copper, and iron. Resources, Conservation and Recycling, 133, 369-374
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Global extraction hidden behind
national economy:

Global changes caused by resource consumption

10



| M P‘l las

aa A

Product

&

o =
D D &

|

g

(. )
(—\

b

In today’s globalized economy, each country has indirect flows supporting its economic activities,
and international trade chains influence environmental burdens far removed from the place of consumption.
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Global change caused by natural resource consumption
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This situation emphasizes the importance to detect and manage environmental
burdens as a global systemic phenomenon.
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“Total Material Requirement (TMR): This is the sum of the total
material input and the hidden or indirect material flows, including
deliberate landscape alterations. -+ TMPR gives the best overall
estimate for the potential environmental impact associated with natural
resource extraction and use.”

FIGURE 1 THE MATERIAL CYCLE

Foreign Air and Water
Hidden Water Vapor
Flomw:
Imports Fxports
Diomestic
Processed I
S Domestic Catput IDFO
WORLD RESOURCES INSTITUTE Fxtraction to Adr,
Land, and
Water)
D Stocks
WLUPPERTAL INSTITUTE
Domestic Domestic
Hidden Hidden
'ﬁ Flaws Flows
L
NMETHERLAMDS MIMNISTREY OF HOUSING,
SPATIAL PLANNMNING, AND ENVIROMNMENT
Tr’f:) TMR [Total Material Requirement]=08d1+ Domestic Hidden Flows+Foreign Hidden Flows
DMI [Direct Material Inputj=Domestic Extraciion+]mparts TDHD [Total Domestic Chatput]=D0F 0+ Domestic Hidden Flows
NATIOMAL INSTITUTE FOR ENVIRONMENTAL STUDIES MNAS [Net Additions to Stock)=DM - DFO—Exparts DPO [Domestic Processed Cutputl= DM - Net Additions to Stock— Expor

HES ik,
Adriaanse et al. (1997) Resource flows - The material basis of industrial economies, World Resource Institute (2000) Weight of nations — Material outflows from industrial economies Studies, Japan
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TMR: Used and unused extracted materials that we should manage

Used extraction: materials that are extracted
from the environment and subsequently
used in production processes.

TMR for
1 kg of metal
production

Unused extraction (i.e., hidden flow):
material flows that occur in the course of
resource extraction but that do not directly
enter the economic system (e.g., waste rock
and overburden from mining operations).
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The mateﬂa‘ fOOt priﬂt Of natiOﬂS by expressing national resource consumption as RMEs

The multiregional input-output (MRIO) model incorporating economy-wide MFA data provides
a consumption perspective of resource use for that nation. The MRIO model bridged the gap

between human activities and the related extraction amounts caused by mining activities.
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Fig. 3. Relative changes in total resource use (MF and DMC) and GDP-PPP-2005 between 1990 and 2008 [values are plotted as AX = (X — Xu)/Xu; t1 = 1990].
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Used aﬂd UﬂUS@d EXJ[I’aCJ[ed Matel’la‘s Induced by Consumption of Iron, Copper, and Nickel

Methods: Annual amount of used and unused extraction caused by mining

amount of substance 1 embodied in extracted minerals
‘ mined in country g as published in United States
Geological Survey (USGS) mineral statistics

Caused by mining activities in each

country and region(Lg ;) ' LQ;i o gq,i ti
,x material intensity factor (TMR coefficient) of substance
J: 1 embodied in the extracted minerals (NIMS2009)
Caused by mining activities in country LjPD
i JPD —

q induced by Japanese ecunnmy(Lqu ) gq L I

T amount of substance i embodied in extracted minerals

- mined in country g that is induced by Japanese economy,

with a GLIO model (Nansai et al. 2015).
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ABSTRACT: Intoday's global economy, sustainable resource gement requires a pion perspective of resource use
and insight into actual resource use through the global supply chain. The estimated global amount of used and unused
extraction caused by mineral extraction of iron, copper, and nickel more than doubled from 1990 to 2013 (iron, 2.8-6.7 Py
copper, 2.7-5.5 Pg; nickel, 0.19-0.60 Pg). By incorporating global material fow into a gobal link input—output model (GLIO,

Science of the Total Emviranment 586 (2017) 720737

Contents lists avalable at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Global land-use change hidden behind nickel consumption

Kenichi Nakajima **, Keisuke Nansai *, Kazuyo Matsubae ®, Makoto Tomita©,
Wataru Takayanagi *, Tetsuya Nagasaka?
‘L‘:m/w maﬂ@dsmdmmbenh National Institu &= for Environmental Sudie, 16-2 Onogawes, Tsukubg haki, 3058506, jspan

o mkMdewslmmmem&S&‘m
© Dy of Arts Schaol of isies ond Cubure, Toka ity, 411K 259.1292, Japan
a of : wmmmgwdmrmmuzmmmu&w Miyag 9808579, japan

HIGHLIGHTS GRAPHICAL ABSTRACT

* Warldwide nickel flow among 231
countries and regions was clarified.

* Land- use changes far removed from the
place of consumption were detecied

* Links between Japan’s final demand and
the global supply chain were quantified.

= Aglobal link input-output model (GLIO,
a hybrid multiregional model) was
used.

Nickel flow

ARTICLE INFO ABSTRACT

a hybid multiregional 10 model ), we estimated the total used and unused estmction caused by iron, copper, and nidke] mining
induced by Japanese final demand to be 0.44, 0.52, and 0043 Pg in 2011, respectively, equivalent to 7.1% of the total global
extraction amount cased by iron mining, 11% of the amount caused by copper mining, and 10% of the amount cansed by
nickel mining. Whereas the wordd extmaction total caused by iron, copper, and nickel mining rapidly increased from 2005 to
2011, the extraction amount induced by Japanese final demand for the same period either stayed about the same (iron) or
decreased slightly (copper, 99% of the 2005 amount; nickel 92%).
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1. INTRODUCTION

Economic growth & assodated with a Hp.ld rise in the e of
natural resources within the economy,'” and sometimes
greater implementation of green technologies has iggered a
rapid rise in the use of some metals and minerals. Because the
successful achievement of the United Nations Sustainable
Development Goals and the implementation of the Paris
Agreement will require technologies that utilize vast quantities
of a wide mnge of minerals, global resource govemance to

considerable pressure to jmpmw its environmental and sodal
performance. Halada et al® clarified huge amounts of “hidden”
extractions undedying mineral Prmdud:lon, and the Warld
Resource Institute (WRI)® and Durin et o° mapped gobal
indicators of ecosystems and communities that are vulnerable
to the negative impacts of mining These reports indicated a
significant overhp between the wordd's active mines and
strictly protected areas Each of these studies indicates the

emission. In recent years, the mining industry has been under

achieve sustainahle and mspunsj'ble g will be required for

sustaimable dew]upmem Received: Aungust 14, 2018
Although the materils refined fom minerals play a crudal Hevised:  November 11, 2018
role in modem society, the sing demand for them has been Accepted:  December 31, 2018
tailored to the current high levels of mineral extraction and Published: December 31, 2018
icati © 2048 Aenedcan Chemical 5 1555 DO 3 W2 acsan B4 575
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Economic growthis assoclated with a rapid rise in the use of natural resources within the economy, and has po-
tential environmental impacts at local and/or global scales In today's globalized economy, each country has in-
direct flows supporting its economic activities, and natural resource consumption through supply chains
influences e wironmental impacts far removed from the place of consumption. One way to confrol e vironmen-
tal impacts assoclated with consumption of naneral resources is to identify the consumption of natural resources
and the associated e nvironme ntal impacts through the global supply chain_ In this study, we used a global link
input-ourput model (GLIQ, a hybrid multiregional input-owrput model) i detect the linkages betwee n national
nicke lconsumption and mining-associated globalland-use changes. Wefocused onnickel, whose global demand
has risenrapidly in recent years, as a case study. The estimated area of land-use change around the world caused
by nickel mining in 2005 was 1.9 km”, and that induced by Japanese final demand for nickel was 038 kn'. Our
modeling also revealed that the areas of gre ate st land-use change assoclated with nickel mining were concentrat-
ed inonly a few countries and regions far removed from the place of consumption. For example, 57.7% of the
world's land-use changes caused by nickel mining were ated In five in 2005: Australi
137%; Russia, 12.9%; Indonesia, 125%; New Caledonia, 104%; and Colombia, 82X The mining-associated land-
use change induced by Japanese final demand accounted for 195% of the total area affected by land- use change
caused by nickel mining The top three countries accounted for 706X (Indonesia: 47.0% New Caledonla: 160%,
and Australia: 77%), and the top five accounted for 824% (the Philippines: 7.5% and Canada: 43% in addition
to the top three countries and regions).
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ABSTRACT: Meeting the 2-degree global wamning target requires wide
adoption of low-carbon energy technologies. Many such technologies rely on
the wse of precious metals, however, increasing the dependence of national
economies on these resources Among such metals, those with supply security
concems are referred to a5 critical metals. Using the Policy Potential Index
developed by the Fraser Instinme, this study developed a new footprimt
indicator, the mining risk footprint (MRF), to quantify the mining risk directly
and indirectly affecting a mational economy through its consumption of critical
metaks. We fommulated the MRF as a product of the material footprint (MF) of the consuming country and the mining risks of
the countries where the materials are mined. A case study was conducted for the 2005 Japanese economy to determine the MF
and MRF for three critical metals esential for emerging energy technologies: neodymiwm, cobalt and platinum. The results
indicate that in 2005 the MFs generated by Japanese domestic final demand, that is, the consumption-based metal output of
Japan, were 1.0 10° ¢ for neodzmlun‘l, 9.4 % 10° t for cobalt, and 2.1 = 10 t for platinum. Export demand contributes most to
the MF, accounting for 3.0 % 107 1, 1.3 % 10° t, and 3.1 > 10 , respectively. 'T‘he MRFs of Japanese total final demand (domestic
plus expart) were caleulated to be 1.7 % 10 points for neodymium, 4.5 % 10~ points for cobalt, and 5.6 points for pltinum,
implying that the Japanese economy is incurrng a high mining rsk through its use of neodymium, This country’s MRFs are all
dominated by export demand. The paper condudes by disaussing the policy implications and future research directions for
measuring the MFs and MRFs of critical metals. For countries poody endowed with mineral resources, adopting low-carbon
energy technologies may imply a shifting of risk from carbon resources to other natural resources, in particular critical metals, and
a trade-off between increased mining risk and deployment of such technologies. Our analysis constitutes a first step toward

quantifying and managing the risks associated with matural resource mining.

1. INTRODUCTION

The life cycle of a metal resource begins with mining and
proceeds through the phases of processing, production,
recyding, and then disposal Today, however, there are virtually
no instances in which this entire series of processes ocous
within the borders of a snge country. In the global supply
chains that have been formed through international trade, metal
resources move around the wodd as they go through the
various phases of their life cydes Since many metals are mined
in a limited number of countries and numerous other mations
are exhibiting a growing demand for products using these
metals, undesstanding the relitionship between use of these

g ACS Publications & 2615 e Sranici sty
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resources and the global supply cdhains that begin with the
mining process is becoming increasingly important.

One material index for quantitatively undestanding the
resources used in the econamy of a single country via these
kinds of global supply chains is the index known as the material
footprint (MF) of a mation that was recently proposed by
Wiedmann e al.' Using the Eora multiregional input—output
(MRIO) model developed by Lenzen et al,” the MFs for 186
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of flow induced by national economy
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IMPROVING THE COMPLETENESS OF PRODUCT
CARBON FOOTPRINTS USING A GLOBAL LINK
INFUT-OUTPUT MODEL: THE CASE OF JAPAN

KEISUKE NANSAT™, SHIGEMI KAGAWAY, YASUSHI KONDO®,
SANGWON SUH™, ROKUTA INABA® and KENICHI NAK ATIMA®

*Research Center for Marerial Cyeles and Wasre Managemend, Narional Tnsritige for Environmen fal
Srudies, 16-2 Onogawa, Tk, Tharaki, fapan ! bFamrr_\- aof Econondes, Kyisha University, 6-19-1
Hakozaki, Higashi-lae, Fulwoka, Jepan; “Faodry of Political Science and Economics, Waseda
Universiry, 1-6-1 Nishi-wasede, Shinjul-lue, Tolkyo, Japan: "deammm af Bioprodicrs and
Biosystems Engineering, College of Food, Agricultwre and Notwral Resouwrces Sclences, University
af Minnesons, 1390 Eckies Ave. 309, 5. Poaul, USA Tnarinwe of Ervironmental Sciences (CML),
Leiden Universiny, 2300 RA Leidenr, The Nethe rlands

(Received 4 May 2009, in final form 3 September 2000

This peper is concemed with the moein scivities of Japan's “Disclosure of OOy emisdons” programme, smed s
illstrsting the D0 emisdon saocislied with consumer products & 3 ‘carbon fodprint” (CF). Alhough the
cument, provisional guidelines for caloulating product carbon foatprings specily thet only the boSom-up
approach is o be used fr his purpose, this peper presents wselul spplications of npui-oulpul analyss that
can improve the relishility of the method comsidersbly, by king ull advenizge of the srengths of inpui-
el anslysiz To this e, we lirsl estimasted the global carbon foodpring (OCF) of foixd and comumshles in
Japem, nsing & global link mput=output {GLIO) mode]l comprizing 84 sconomic seciors in Japen snd 2300
loreign countries and regions. By visusliring the GCF on a2 world map, the global distribtion {including
Middle Bz amd African oountries) of the induced OOk emisions of each of the lapenese seclors were
identilied. To investigsle the scope for reducing the data collection burden for COF practitioners, GCFs were
comparesd with CFs oblzined using a single-region inpul-outpul maodel. This showed that there sre certmin
commerhity groups with 2 OF equsting & 7098 Lo over 9FE ol the comesponding OCF, even iff the impartad
goodk used for producing 2 Japenese domedic product sre cmsidernsd envirmommentally equivalent o their
domestically produced countepants. Futhermone, it was identified which dats shoukd prefersbly be oollected
by the hattom-up approech o secure OO emissims coverage grester then a certin predefined level and keep
dats and lshour cosls & & munimum.

Keywords: Carbon fooiprint; Produet estegory mules; Completeness; Embodied carbon intensity; Mullinegional
mckel; Sysem boundary; Input-outpad snslyss; Global maodel

1 INTRODUCTION

1.1 Recent Japanese Trends in ‘Environmental Burden Disclosore’

In Japan, a quantitative indication of the environmental burden of consumer products has
thus far been provided by a “Type " environmental label. For example, the Ecoleal”
label (JEMAI, 2008), that has been widely implemented since April 2002, assigns a
code 1o a product. Entering the code on the Ecoleafl homepage, reveals the resources

*Comesponding author, E-meil: nansai. keisuke @nies gojp
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US@d aﬂd Uﬂused EXtraCted Materla‘s Induced by Consumption of Iron, Copper, and Nickel

It [he estimated global amount of used and unused extraction caused by mineral extraction of iron,
copper, and nickel more than doubled from 1990 to 2013 (iron, 2.8-6.7 Pg; copper, 2.7-5.5 Pg; nickel, 0.19-0.60 Pg).

I Whereas the world extraction total caused by iron, copper, and nickel mining rapidly increased from 2005
to 2011, the extraction amount induced by Japanese final demand for the same period either stayed
about the same (iron) or decreased slightly (copper, 99% of the 2005 amount; nickel, 92%).

Japan

*
A""_IE.I

W Iron

™ Copper
B Nickel

Natjonal
Institute for
i |
Nakajima K., et al.. (2019) Global Distribution of Used and Unused Extracted Materials Induced by Consumption of Iron, Copper, and Nickel. Environ. Sci. Technol., 53, 1555-1563 % SRidies, Japan
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Used and unused extraction induced by the “global economy”, 1990 and 2013
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Used and unused extraction, The 50 largest flows in 2011
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Used and unused extraction induced by the “Japanese economy”, 2011
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Used and unused extraction induced by the “Japanese economy”, 2011

household

138 consumption

2% governmental

expenditure Export, private fixed-capital investmentsomestic), and
public ) )
B 59 fxed-capital household consumptionomesticc strongly influenced on

Investment
the amounts of used and unused material extraction

2 et induced by Japanese final demand.
Investment
28 other A reduction of material intensity in each production
sector induced by these final demands would reduce
natural resource extraction outside of Japan.
Minimization of material losses induced by the
505 export

demand would also work toward closing the loop of
material cycle.

Fig. Amount of Used and Unused Extraction Induced by Japanese Final
Demand by Category in 2011. [unit: Tg]
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Used and UnUSGd eXtI’aCted matel’la‘S Induced by Consumption of Iron, Copper, and Nickel

The cumulative amounts of used and unused extraction caused by iron, copper, and nickel
mining around the world from 1990 to 2013 were 95 Pg, 95 Pg, and 6.8 Pg, respectively. And
the amounts reached 118 Pg, 118 Pg, and 8.6 Pg in 2017, respectively.

Mining activities have impacts on the removal of native vegetation and its destruction by
the deposition of mine waste (e.g. overburden, waste rock, tailings). ACtions for sustainable resource

management will be required to achieve sustainable development.
|4} LLL ﬂ'§M.

]A

M Iron
| Copper
B Nickel
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Closing the loop of material cycle -

Toward environmentally sustainable patterns of resource use
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Closing the loop of material cycle

Thinking in terms of a “Circular economy” and “Sound material cycle” would help to significantly reduce
pressure on natural resources and lead a transition to a sustainable economic system that encompasses
the concept of decoupling resource use and economic growth.

Circular Economy Strategy

- “Closing the loop - An EU action plan for the Circular Economy” (European Commission 2015)

Sound Material-cycle Society

- “Fundamental Law for Establishing a Sound Material-Cycle Society” (Japan, 2000)

RRRDR' (Remanufacturing, refurbishment, and repair and direct reuse) Practices to expand product’s service-life would play key roles
in any transition. In addition to the implementation of RRRDR practices, improved material recycling and
closing material cycle loops would reduce the consumption of natural resources and contribute to the
reduction of negative impacts on the environment and human health.

* #
‘ I I o‘o‘o‘o‘
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Closing the |OOp: Key concept to ensure sustainable pattern of resource use

CLOSING LOOPS

Using resources for the longest time possible could cut some nations' emissions by
up to 705, increase their workforces by 4% and greatly lessen waste.

USE DISTRIBUTION

s controlled by COwnership
buyerowner-consumers transfers from
of goods, or by fleet manufacturer to

managers who retain consumer at
awnership and sell point of sale.

goods as services,

Resource losses
partly recoverable

by industrial
symbioses.

A

Research is needed to
transform used goods
into “as-new’ and to

recycle atoms.
> }lﬂﬁm-

Water, energy and natural resources
enter the manufacturing process.

MANUFACTURING

Renewing used
products lessens
the need to make
originals from
scratch.

Ref. Stahel W. R. Circular economy, Nature, 531(2016), 435-438

“Conventional waste management is driven by
minimizing the costs of collection and disposal -
landfill versus recycling or incineration. In a
circular economy, the objective is to maximize
value at each point in a product’s lite. New jobs
will be created and systems are needed at each

step.”

Possible options:

v RRRDR

(Remanufacturing, refurbishment, and repair and direct reuse)

v Recycle

Natjonal
Institute for
Environmental
Studies, Japan



Development of 2

Multi-value Circulation based on Remanufacturing

Aim: Technological developments to promote reman

Resource extraction %‘ Production management for Remanufacturing is an industrial process
< | remanufacturing _
‘ I%@'I Tools: Time series forecasting methods (e.g. ARIMA model, that turnS used prOdUCtS Into neW OﬂeS
exponential smoothing), . . . .
: roduct lifespan model (e.g. Weibull distribution)
Material / Parts Reman Targei;Ps: Procguctfopnpfanning,Pfo::ctfon scffedu:‘:ng, Wlth the sdfme quallti;, fUﬂCthﬂallty, anc:
nventory management . 1 143
warranty as new products; it is a critica
‘ 4 4| Surface repair technologies for metallic y P
Final test | barts/components element for realizing a resource-efficient
Production " " X
ssembie . . .
‘ Methods:Pastecoating(e.g.Pt—frpastecoating)% maHUfaCtur”’]g |ndUSt|’y and a C||’CU|a|’
Repair Targets: Materials exposed at high temperature
/ Replacement (e.g. Aircraft turbine blade) e C O n O m y .
Retail
‘ c m! Reliabilityassessment for metallic
L Cleaning [ | parts/components It is generally superior to material recycling
Disassemble Methods: Remaining lifetime prediction AP | | |
Tols: AFM (stemcorce microveape] in terms of energy and material savings. In
B e s g S addition to the environmental benefits,
Disposal / Landfill ~ | Circulation system design to retain f : - d
1 the added value of oroducts remanutacturing is expected to create
Tools: Static- and dynamic jo-mea wio. @@ highly skilled jobs and economic growth.
MFA, MaTrace), Cost benefit analysis G

Index: Environmental-, Economic- and
Social benefit
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Nakajima K., et al.. (2018) DEVELOPMENT OF MULTI-VALUE CIRCULATION BASED ON RE-MANUFACTURING. Matériaux & Techniques., in press % SHES



Vitigated impacts on material losses and the effects of extending -

oroduct service-life by reuse/reman, The case of automobile engine

BAU Reuse-oriented (RO)

Although the impacts on the reduction of material losses remained (a) steel
nearly the same after replacing material recycling to parts reuse,

greater possibilities could be achieved with respect to the service

life extension of products when compared with recycling.

Initial U . Eol Parts IF_CBWe_ct__iq_n?_:
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Development of

Advanced metal recycling system for Closing the loop of material cycle

Losses in metal recycling:
Element distribution in metallurgical process
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Nakajima, K. et al. (2011), Thermodynamic Analysis for the Controllability of Elements in the Recycling Process of Metals, Environmental Science & Technology, 45, 4929-4936 %

Process |

Al (Remelting)

Fe (BOF, EAF)

Cu (Converter)

Zn & Pb (1sp)

Pb (Blast furnace)

Mg (Remelting)

Ti (Remelting)

Ni Superalloy (VAR, ESR)

Co Superalloy (&R, ESR)

Phases \

——— Slag phase /I

Metal Gas
phase phase

Elements ]

o Refinable elements
(as pure metal)

0 Typical alloying
elements

l
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Distribution model for Fe BOF/EAF

xu = 0.01 (mol fraction) pg: =1.9x10°Pa
pre = 8.5 Pa T=1873 K

15 -

@ Typical Alloying 0 I
elements U 10 -

e Recoverable elements Zr e |

0 Deoxidation agents |

‘-E- Ti 5
~I L

= Ta

> Si i
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log(Le/™)
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Distribution chart of elements
among gas, slag, and metal
phases for the metal recovery
under the simulated
atmosphere of basic oxygen
furnace (BOF) and electric arc
furnace (EAF) for steel.

Among the four major alloying elements for steel, Mo and Ni are
very stable in molten iron, whereas most Mn and some Cr are
easily oxidized and distributed into the slag phase. If the
distribution ratio of a given element is much lower than unity, it
will become a contaminant in metal. Open-loop recycling of
steel could result in quality loss and material loss. The removal
or control of impurities is essential in steel recycling.
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Advanced metal recycling system for Closing the loop of material cycle

Losses in metal recycling:
Element distribution in metallurgical process

Process J

Al (Remelting)

Fe (BOF, EAF)

Cu (Converter)

Zn & Pb (1sp)

Pb (Blast furnace)

Mg (Remelting)

Ti (Remelting)

Ni Superalloy (VAR, ESR)

Co Superalloy (&R, ESR)

Phases j

Metal
phase

Gas
phase

——— Slag phase J

Elements ]

e Refinable elements
(as pure metal)

0 Typical alloying
elements

l

The disadvantage of steel making processing,
remelting of aluminum, remelting of magnesium, etc.
is that the processes cannot effectively recover
impurities/contaminants as resources.

The removal or control of impurities is essential in
this type of system. In order to effectively use these
elements as important alloying elements rather than
contaminations, it is important to develop a sorting
system for scrap aimed at alloy to alloy recycling.
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Thank you for your kind attention!

In today’s globalized economy, each country has indirect flows supporting its economic activities, and

international trade chains influence environmental burdens far removed from the place of

consumption.

‘ Social value of TETSU

Le Avventure di Pinocchio

Enrico Mazzanti,





