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In our current economy, we take materials from the Earth, make products from

them, and eventually throw them away as waste — the process is linear. In a circular
economy, by contrast, we stop waste being produced in the first place.

The circular economy is based on three principles, driven by design:
1. Eliminate waste and pollution
2. Circulate products and materials (at their highest value)
3. Regenerate nature

It is underpinned by a transition to renewable energy and materials. A circular
economy decouples economic activity from the consumption of finite resources. It
is a resilient system that is good for business, people and the environment.

The circular economy is a systems solution framework that tackles global
challenges like climate change, biodiversity loss, waste, and pollution.




https://ellenmacarthurfoundation.org/articles/the-biological-cycle-of-the-butterfly-diagram

This cycle mainly concerns products that are consumed, such as food. However some other
biodegradable materials, such as cotton or wood, may eventually make their way from the technical
cycle into the biological cycle once they have degraded to a point where they can no longer be used to
make new products.

The biological cycle describes the processes that return nutrients to the soil and help regenerate
nature.

Regeneration: At the heart of the biological cycle is the concept of regeneration. It is the third principle
of the circular economy. Instead of continuously degrading nature, as we do in the linear economy, in
the circular economy we build natural capital. We employ farming practices that allow nature to
rebuild soils and increase biodiversity. Our wider food system returns biological materials to the earth
rather than wasting them. No longer should our focus be simply on doing less harm to the
environment, but on how we can actively improve it.

Farming: We can manage farms, and other sources of biological resources such as forests and fisheries,
in ways that create positive outcomes for nature. These outcomes include, but are not limited to,
healthy and stable soils, improved local biodiversity, improved air and water quality, and storing more
carbon in the soil.

Composting and anaerobic digestion: Composting is the microbial breakdown of organic matter in the
presence of oxygen. Anaerobic digestion is another way of recovering the materials embedded in
organic waste. As with composting, the process involves microorganisms, but in this case in the
absence of oxygen. Biogas, made primarily of methane and carbon dioxide, can be produced from both
composting and anaerobic. This type of energy recovery is part of a circular economy since it is a
byproduct of the process of returning organic material to the soil.

Cascades: These loops of the biological cycle make use of products and materials already in the
economy. This could mean, for example, using food by-products to make other materials, such as
textiles made from orange peel, or designing new food products using ingredients usually considered
waste, like ketchup made from banana peel.

2 Can take both post-harvest and post-consumer waste as an input

— (I Extraction of biochemical feedstock: Taking both post-harvest and post-consumer biological materials
e AR e ™ as feedstock, this step involves the use of biorefineries to produce low volume but high value chemical
products. On top of this, biorefineries can produce a range of other valuable products from organic
materials through a series of steps.




https://ellenmacarthurfoundation.org/articles/the-technical-cycle-of-the-butterfly-diagram

On the right-hand side of the butterfly diagram is the technical cycle, relevant for
products that are used rather than consumed. This page will focus on the different stages
of the technical cycle and look at how each step allows materials to remain in use rather
than becoming waste.

Sharing: Sharing is the first port of call in the technical cycle and, while not appropriate
for all products in the economy, it has the power to dramatically increase the utilisation
of many products.

M | FINITE MATERIALS

Maintaining: If sharing is a way to increase the intensity of product use, another way to
maximise the value of a product is by prolonging its usable life. Maintenance is an
important way of keeping products at a high quality and guards against failure or decline.

STOCK MANAGEMENT

Reusing: The next loop in the technical cycle of the butterfly diagram is reuse. Like
sharing and maintaining, this step keeps products in use in their original form and for
their original purpose

Redistributing: Redistribution is another way to keep products in use and stop them
becoming waste. By diverting products from their intended market to another customer,
the product is put to valuable use. For example, a fashion brand could redistribute unsold
clothing from one store to another.

Refurbishing: Returning products to good working order is a way to restore their value.
This could include repairing or replacing components, updating specifications, and
improving cosmetic appearance.

Remanufacturing: The next stage of the technical cycle is remanufacturing. This is done

when products cannot remain in circulation in their current state and need more

intensive work to be used again. Remanufacturing involves re-engineering products and

components to as-new condition with the same, or improved, level of performance as a @

MINIMISE SYSTEMA'

newly manufactured one. LEAKAGE AND NECATIVE

EXTERNALITIES

ELLEN MACARTHUR
FOUNDATION

Recycling: The final step in the technical cycle is recycling. This is for when a product can
no longer be used and is beyond refurbishment or remanufacture, or isn’t suitable for

those steps.
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ARTICLE INFO ABSTRACT
Keywords: The circul y has p ial synergies with cli change mitigation, although quantitative evidence for 202112817888 9 LHEEER ﬁ LREREF B A=) THE u ﬂ
Pf"d“ﬂ service systems these synergies in the consumer product sector has not yet been sy icall 1 d. We | 1 a
Circular economy systematic review of existing studies of iented prod rvice sy (PSS) on the lifecycle im-
Greenouse git eminiony focusi ta-analysis of global warming potentials. Potential reductions i h issi
Life cycle ey pacts, focusing on a meta-analysis of global warming potentials. Potential reductions in greenhouse gas emissions N—— - - _ ~ " _ -
Consunter produsct and the risk of backfire as a result of 10 types of circular economy strategies were igated by reviewing 103 My IR—=Y > E3 - AR b > HiEER > 20215 > Y—F25—I 0/ I—2RERELLCORTDIHODAEN
Systematic review studies and more than 1500 scenarios for c durable and i-durable products. As many as three- % fRE8
Meta-analysis quarters of the reviewed studxes analyse only one circular economy strategy rather than comparing (e.g., reus- ma\
mg, shanns, and renting) or i ing multiple (e.g., leasing b with turing) 20214128158
A ly third of the revi 1 studies rely on ptions for set of use, port, and ﬁm? M?A — = i l/ TC
t.nd~ol' life phases, whereas more than half of the studies do not consider service and infrastructure provisions, or @ 1 ! i—Fm U'L‘.Pﬁ- ﬁ E] * #
imperfect product substitution. Among the reviewed case studies, upgrading, repair, refurbishing, and pooling . ! R R j.'-l 4 (‘ ~ z'
showed mod to high imp potentials with lower risks of backfiring, whereas servitisation, sharing, National Institute for Environmental Studies < THE UNIVERSITY OF TOKYO
and reuse were associated with higher backfire risks, but they had high improvement potentials. The risk of ’& Lf
backfiring was explained by factors such as transport, number of uses, product substitution and lifetime, 1’-_ * 1 3 _I : / : — E
maintenance, energy source, and energy efficiency. This meta- nnalysxs revealed the importance of prioritising — n 5 0)
low-risk strategies, controlling for rebound effects of high-p trategies, and integrating multiple gi i — -~
in order to utilize PSS for climate change mitigation. mw%{b ‘L 3 ’.d: ‘f% TC w wMﬁ%# E m %
PSS can be, if intentionally designed to be geared towards sustainability, (AEMRFERTELESR. RREBLEI 77, RAELES. XHHFLER. HFLER. X
1. Introduction a tool for realising the transition from a linear economy to a circular pas = o
economy (CE) [8]. In addressing environmental sustainability, policies ¥+ ia%nﬁ] ﬁ!ﬁﬁ)

In recent years, significant changes have occurred in consumption for shifting the current practices of manufacturing industries and for
and production patterns. There has been a shift in the dominant logic of reducing excessive natural resource consumption are necessary [9]. CE
businesses from focusing on tangible products to service provision [1], is g the most promising approaches for sustainable development
as illustrated by the rise of a sharing economy (2] and a digital economy through addressing the constraints of the linear patterns of production,

PPN D Aum W PPy pepen 7 8.\



R E LT=CEltRR &M AHERM

xR & HY—Xa15—EE

Product-service system

=I=E] N Value Value
j(ﬁ: X BB ° 'U'_ I: A 'ﬂ: mainly In Service content mam[y n
product service

(intangible)

o IJ\EL_J = EE- 7o_ . 7 ( ] H# 1E Fﬁ ) content Séﬂ?:;t — content
o [FHLBIEHERR « 1J)—X

= . - Pure A: Product|| B: Use C: Result Pure
e T H e C2Cr T Y)Y 7 Product oriented || oriented || oriented service

* N
° ZZ*E ® |/ 7 /)7 )l/ 1. Prlodu:t 3 ::’roduct 6. Activity ma-

relate ease nagement
° = £5 ° U 11— Z 2. Advice and | |4. Product 7. Pay per
= TR consultancy renting/ service unit

—_ sharing 8. Functional

® )( T A 7 ° 1|§IE 5. s(r)z?i:;t result

- Rl M A 14 ml Lk
7T L—FK-Eoa1—)Lit
)2 7—Ewia, Yo

Figure 1. Main and subcategories of PSS

iy
&
18

- BEREH-R ) —5—

G : Tukker, A., 2004. Eight types of product-service system: eight ways to sustainability? Experiences from SusProNet. Bus. Strateg.
Environ. 13, 246-260. https://doi.org/10.1002/bse. 414




=i = 3
I:I:l: ﬁﬁ *EI *71:
, EPSS _ pbase mak HERjICBET SRR BETE | Sy
pimprove _ B~ i B o b ICCEREMTHR | Ll
E; [ qzya %1830, « B

EY®e. N—X 51 S DIHE EPS : EBAFDOHLE

GHGHEIES U A DEIE%Z H L ICGHGIEM Y X 7 % 3B4E

. ' Npackfire = N
WS backfire _ _Jk BmZ & - SRMERT
5&: i Nl " CErmmE TR

N]_lj’?ckfire_. GHGIEML =2F VA $ N - FESATOBE2EF YA

ERHEGEEN LT M0-0887/T LI == vy =] B

R T P B Tl LT R — ) 52 ﬁgigﬁg‘ Iiﬂ? E%ﬂ?ﬁl’égﬁi;] -
3 }i leprove—rescaled _ i (i = Sk) » [ EPE’%TIE %1 2537174 \'T_L ]
10%,90%/N—+1 > X A L

' Q3 x — Q1

Qs HAMKDFEIWAEL, Q;: REAAKDHBIWLS, - RAKICEHT VT VA ERE




AIRHTDRR  EHMEZVEFTLED

|2

LR ILI3E H_ERp .S
[ZGHGHEM 1) BE .7y TH PE e
I AIMKREL L—K-y257— TXI)[j:Jﬂﬂlgi.'l'?_J:_ 100 .
Evya-J—y @ FE ;j;;’“’ﬁ ZCEMEDBEAIZ K DGHGHIBHRE NV I TF7AT
N J—=x-8 VG IEEY RY > DROEE
i 75 B0 JATLAEL N
N AOH0 N
TR 3
-rtz 2- -50%%
X 3,
& ki EY R OCEfE%E (F—
5 l g ). 7PyvFITL—F,
3 < » J)27—Ewoa) B
5 o B RTFoovIL-"TURY
S DCEfEER (J1—X,
5 | HY—ERfE, YxF7UY
(16,5) (21,6) (117,17) (339,3) (17,8) (23,3) (2,2) (179,15) (34,9) (260,23) (yj-lj; aQ)
K 2 B o0 D ¥ o o K
oy N ,Q 2\ ¢ 1\\ |
R e
+
ER

—

IJ'Q'



RIS EDFRBE(

(a) Large appliance

(b) ICT (c) Tool
150%- 125%-

100%-

3 — =
©.5 100%- 100%; 0%- .
58 =
e S I
g9 I 75%-
oS 50%- -100%-
>0
O = —_—
a® 50%-
EZ o . . . —200%-
Sa — E=E=
25%-
—50%- -300%-
(3.2) (1,1) (1,1) (6,1) (4.1) (23,5) (2.1)
(9,3) (13,5) (5,3) (1,1) (1,1) (1,1) (24,3) 0%- . . . . . . (10,2) (9.1)
durability servi. refurb./ repair upgrad. lease reuse refurb./ upgrad./ lease repair rental reuse durability rental  sharing
reman. modular. reman. modular.
(d) Automobile (e) Books & media (f) Clothes
75v%0- 60%-

| Improvement rate

90th percentile
50%- 40% 3rd quarters
50%- median
25%- ! 20%- - 1st quarter
10th percentile

Improvement rate &
Backfire proportion

0%- — 0%- . Backfire
0%- proportion
-20%-
—25%- 0
(8,2) (1,1) (38,1) (46,5) (8,2) (18,5) (34,9) (6,1) (4,1) (4,1) (4,1) (90,3) —40%- (4,1) (57,3)
lease reuse sha'ring servi. refurb/ rental podling sha'ring lease rental reuse  servi. reuse rental

reman.




GHGHIEZNRDITHEEHL NV T D74 T3HE)

D BER L EH

Ny 774 T7HROTEMEI M ERSh-ERA - CEERIN DM T &

13 & A | | L e
M ;&f‘;ﬁ %i;mlrﬁ']ﬁ FEEEX _ 23%
PSSDGHG1E @Eﬁ{-&g 18%
= WaES i
AR 0
IRILE—R [ o miﬁ & Em Eﬁb§%§X°
I*)[,;\i‘_;:)]% :60/ ﬂlﬁ:ﬁﬁd)f;ﬁ'b\ ﬁﬁ
R (PSSEA T — ° » HARE £ TOPSSIZiE
EJ:UJ%L;;]LM* ;E:FH ; ] THER, CHFEE,
AAEBEEDS 7 =" ° ol
Av) & FIRARA (% ot | I;?:)lzﬂ@ . FRETE
CEfeRREICTHET 15% 7’; E o
ég AJ %, % * *
2D 2 XKD X EI SRk
KA Al ltx [0
'\l'l b 3 = ~ fl _\3 N B 0% 30% 60%
+ N H ~ | > RIS
A NN _ )
R & w=zavroreursss
-~ *ED21—LLED




CEERRRIEZDRITH-OICHELGC

&

1. YAV DEWCEHEDEEEZHET LHRE
(Bl (B, 7w ITHI9L—FK, YId7—EwvySa, U, T—=1U2%5)

2. YRV DEWCEHEIZIN VI IJ7ATFHREEHILELENSEA
Bl —ERME, c2coz 7YY, )a1—R)

3. EMDCEH K DA I L FHEDNRDER

(16'] )1 — Z/U77 |:J/:L/7J771/ I‘nn@l///)-l)l/ ) —X)

* LIBX>, PVIZ EFIAIREN G TEHRZEHIVAAT) A—XAAFEIALTH]

BEEDHAMTRLILIFELGESTE D, E




)AL THERMDER
>R =
e - o=k \
SEBRIERASDD
Sugimura, Y., Kawasaki, T., & Murakami, S. (2023). Potential for Increased Use of
Secondary Raw Materials in the Copper Industry as a Countermeasure Against

Climate Change in Japan. Sustainable Production and Consumption, 35, 275—-286.
https://doi.org/10.1016/j.spc.2022.11.007




g
S
At
Rt
NI
a
N>
O

2019 2030 2050 2019 2030 2050

AR S 886 805 496 869 767 379
Copper scrap (FIX) 353 353 353 353 353 353
Copper scrap (&#iLa3ZEAIC) 253 268 332 253 268 332
Copper scrap (#(ATD) 102 168 412 102 168 412
WEEE (EREYXZmHEERSD) - - 1.8 2.0 2.4
WEEE ((BANSED>TLS) - - 16 36 115
1,594 1,594 1,594
Percentage of SRMs 46% 52% 76%




Total CO, emission @ Copper concentrate Copper scrap (currently recycled)

(10,000 t-CO,) WEEE (imported from overseas) B WEEE (recovered domestically)
600 B Copper scrap (imported from overseas) B Copper scrap (converted from exports)

3.55
t-CO,/t-Cu
3.09 o/
t-CO,/t-Cu

2.84
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Casel & 2-1D LEEZ A S WEEEZ 5T
CHMETIIEZ S

2-1£2-2D LM T Y T,

2-1EETHDCO, AT R > TULVE
I A, 2-21FWEEE,DFE Y ERIZEE
NLGBEERFICEFMEDLLETE
BhHhETLVS, TOFER2050F(Z(X
Casel& Y HL/NSLMEIZAE o 1=,

t-C0,/t-Cu

2.67
t-CO,/t-Cu
2.39 2.36
400 t-CO,/t-Cu 523 t-CO,/t-Cu 515
t-CO,/t-Cu t-cd /t-Cu
300 1.63
1.40
t-CO,/t-Cu

200
100

0

Present 2019 2030 2050 2019 2030 2030 2050
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