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An emerging paradigm: the circular 63 P

economy In a nutshell
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CIRCULAR ECONOMY - an industrial system that is restorative by design

Leakage to be minimised

andfi
1 Hunting an Q
2 Can take both post-harvest and post-consumer waste as an input
SOURCE: Ellen MacArthur Foundation - @ RLLEN MACARTHUR:FOUNDATION
Adapted from the Cradle to Cradle Design Protocol by Braungart & McDonough

In general terms, according to
the Ellen MacArthur
Foundation (2017) the
circular economy relies orfive
core principles:

1. systems thinking
2. waste is food

3. design out of waste
4. diversity is strength
5. renewable energy.

SourceEllen MacArthur Foundation (2017). What is a circular economy? Online; accessed 18 Oct 2020. URL: https:

/lwww.ellenmacarthurfoundation.org/circulaeconomy/concept
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Mapping concepts from Wikipedia

U Research questiands CircularEconomya new paradigm or just relabelling
of old knowledge’»

U Relevant literatureCE defined as
U oan idea and an ideab (Gregsonet al., 2015),
U ca new frame of mind Bdnciuet al., 2014)
U can umbrella concepl Bldmsaet al., 2017)
U oa paradigmshi® ( Preston, 2012)

U Blomsaet al. (2017) stressed h dhieoredical or paradigmatic clarityegarding theconcept
of CE has yet to emerge .

U Research desigrMethodology based on Chiarello et al. (2018)
1. Seed listextraction of relevant keywords related the CE from Scopus,

2. Network constructionthree networks are built on Wikipedia (webpage = nodes,
hyperlinks = edges)

3. Social Network Analysisprioritization of identified nodes (webpages) by using Centrality
degree measures.

SourceCottafava, Dario, Grazia Sveva Ascione, and Allori llaria. "Circular Economy: new paradigm or just relabelling? Aejtestisativ
social network analysis on Wikipedia webpag&kD Management Conference 202919.
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Mapping concepts from Wikipedia:
de5|gn methodology

Scopus query on
“circular
economy

v
v
b

000 worce) Manual check IRl S 1. Seed Listkeywords (both author and self

| generated keywords) from a query on Scopus
with «Circular Economy». Keywords manually
e parsed to obtain the «seed list» of keywords;

Seed List

Initialization of . |List of real Wikipedia Wikipedia url Filter on “type’

nodes | pages scraper worgs | [ 2. Wikipedia scraperthree networks (a general,
| a technology and a field one) are built by
J ! ! filtering pages depending on the first sentence
General network Technology netwark Field network Of the page and three «type» diCtionarieS.

h
h
h

Wikiped scraper

____________________________________________________________________________________________________ ‘ 3. Social Network Analysisentrality degrees
8 8 BetweennesfBrandes, 2001, Authority
S nasie Cstesanion (Kleinberg, 1999),and PageRanKBrinet al.,

| 1998) - of each node and bottomup clusters
identification by using Modularity algorithm
(Blondel et al., 2008)

h 4 h 4

Top-central
nodes

Most relevant concept

Soclal Network Analysis

SourceCottafava, Dario, Grazia Sveva Ascione, and Allori llaria. "CIRCULAR ECONOMY: NEW PARADIGM OR JUST RELABELLING? A
QUANTITATIVE TEXT AND SOCIAL NETWORK ANALYSIS ON WIKIPEDIARJME BRANGHSent Conference 202919.



Mapping concepts from Wikipedia:

general network
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Y Materiat fl%ﬁ! a:la_ly"jsis.

circularﬁconomy & T
N

o life- cycle é’ssessmenlEx

urban a ommlhdustrlaf eCOIO . »
o . wame.mnsatl

waste m’

zer

\,,,sustamablllty

" BJ'\VII’O economlcs

fif:.recyc I mgwﬂ
water reuse it

anaeroblcdlgestlon
wastewaterA :

sustainable' develop

ahlgonsy umpgion -

U DATA VISUALIZATIONodes size is
proportional to the Degree of the
node. L aidpeopostional®oi z
Betwennesg&entrality

U TOP 3 KEYWORDSRecycling
Biofuel Sustainability.

u BOTTOM-UP CLUSTERS
1. Sustainability

MFAand CE

Waste Management

Water Management

WEEE

Bioeconomy

o0k wN

*clockwise, from left side.
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Mapping concepts fronWikipedia:
field network

~~~~~
Sl

¥ U TOP 3 KEYWORDSndustrial Ecology,
" urban métabolism Sustainable Development and Urban
. e Metabolism / Cradleto-Cradle.

e U BOTTOM-UP CLUSTERS
c,mma,,m@“ - (i 2 (Sustainability, MFA and CEut
| of 6 clustersare recognisable

U New «linking cluster» act as a

mdustrlal ecology

cL cradle -to cradle des|gn | : g b”dge between SUStaInablllty and
Tl G CE clusters.

U Based on old fields (e.gUrban
Metabolism, Industriakcology)

81 WRR




Mapping concepts from Wikipedia:
technology network
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industrialécology

life- cycle assessme

credle-toseradle

R o
recnyclmg -

anaerob.lgestlon

.__s__ustalnabl_ll_ty AT

blofuel

b

“biogas

amass

c.cl‘matg

U TOP 3 KEYWORDSRecycling, Biofuel, Anaerobic
digestion

U BOTTOM-UP CLUSTERS

U 4 (SustainabilityWaste/\Water Management,
WEEE, Bioeconomyjut of 6 clustersare
recognisable

U Clear cutoff between general tools and
methodologies (green cluster), generic
waste/water management (blue cluster) and
organic (red cluster) and inorganic (yellow
cluster) management

*clockwise, from left side
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Mapping concepts from Wikipedia:
conclusions

U CONCLUSION ON THE METHODOLOGY:

t Small World Wikipedia can be exploited for being a small world : #llows to analye a
precisefield extracting useful informatiofor researcherspractitioners and policymnakers.

U Literature biases: t overcomesi 6fcel dot reemald ihfyiped , b ioa
traditional literature review

U Holistic vision:it gives a more holistic vision of the interconnections among concepts

U ORich getr i ¢ holelar bdes may be more central (as in bibliometric analysis) but it can
be overcome by periodic update of page information and content. Stability of findings
should be evaluated dynamically in time (with historical database of Wikipedia).

U CONCLUSION ON CIRCULAR ECONOMY:

U New paradigm or relabeling?Circular Economyis a quite important node witha dedicated
clusterwith existindfields butit does notconnectfar-awayfields or open new branches

U Umbrellaconcept?Themostinfluential keywordsuch as RecyclindBiofuel, Industrial
Ecology, and/or Sustainabilitare olderconcepts. Currently, CE in the literature could act
as an umbrella concept rathér than a new paradigm.
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Previous schools of thought and inherited i
concepts

U Cradle to Cradle (McDonough 2010): eco-effectivenesswaste equaldood, diversity

U Regenerative DesigfLyle, 1996; Brown, 2020): sefsufficiency througltdb c ont i nu o us rofdhe energye me
and materialsusedinite per at i ono

Performance economyStahel, 2010): era R and D, closing and slowing the loops
Blue Economy(Pauli, 2010): green innovation for businesses
Industrial Ecology{Marshall, 1879; Ayres, 1994): symbiosis and system metabolism

(eI = e

Biomimicry(Benyus, 1997)learn from nature, instead of extract fromature, aresilient, adaptable multifunctional
regenerative, and generally zerovasted sy st e m.

0 Environmnetal EconomicdRrockstrom, 2009; Pearce, 1990): system boundaries aexistencegheorem
0 Extended producer responsibilig@ECD, 2020): polluter pays principles
U Life Cycle Thinking and System Dynamib4éeadows, 2008): feedback loops and complexity

U
U
U
U Eco-design(Luttropp, 2006):integration of environmentatonsiderations intgoroduct development.
U Bioeconomy(McCormick, 2013): renewable biological resources dmsic buildingblocks

U

0 Collaborative EconomyBotsman 2015): product-as-a-service, decentralised networks, accessibility not ownership

10
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How to assess circularity

There exist several methods to assess the circularity (and most In
general the environmental impacts) of products and services.

Depending on the method, micro (product level), meso (supply chain)
Or macro (natlonallmternatlonal) aspects may be considered in an
assessment.

According to Corona et al. (2019) the main methodologies, tools
and approaches, among others, are:

1. Life Cycle Assessment
2. Circularity indicators
3. InputOutput models




Life Cycle Assessment: fundamental

concepts
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The ISO 14040-0 Pr i nci p | e"

f r a me wand tkedSO 14044 -
ORequirement s-dseﬁinel
the global standard A processbased
LCA followsfour stages:

1. Goal and scope;

2. Inventoryanalysis;
3. ImpactAssessment;
4. Interpretation
Input from other Cutput to other
unit processes unit processes
o >
I >
» Unit >
Input from the process |Outputtothe
envircnment envircnment >
o >
g >

\

ﬂlf'\A

Ir,a-"
Goal and Scope
definition

Life Cycle Assessment framework

~

Inventary analysis

Impact assessment
] e

Interpretation

~

4 N

Direct Applications:

- product assessment
- senice assessment
- strategic planning

/

- public policy making
- marketing
- other

12



Circularity indicators: Material Circularity - ;f

Indicators

Waste from recycling process

Waste from
recycling
process

tional un

its compared

recycling

EXxisting indicators subdivided
according to the levels, life cycle
phase metrics((Corona et al
SaidaniParchomenko et 3/2019
Circularity Indicators, mainly

Virgin
feedstock

>

Recycled Material
feedstock Lifetime and func- collected for

to industry average
(utility) considered
during use

>

Reused
Components

—

Manufacture

Material going to
landfill/energy

rr.-r:nunry
Components
collected for reuse

focus onthree aspect§EMF,

2015):

1.

the amount of usedvirgin

materials
2. the amount of
unrecoverable wasteand
3. the lifetime of the
products

Source: Circularity Indicators. An Approach to Measuring Circularity. Ellen Mac Arthur Foundzits,

13
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Input Output models: introduction

U Input Output models were originally introduced by Leontief (1941) as a statistical tools for
macroeconomic analysis during the Il World War. Generally adopted to analyze a national
economy at equilibrium describing economaxchanges among all economic Sectors in a country
through thetechnical coefficient matrid

» E &
® E &
is the technical coefficient matrix whete is the normalized economic interchange between
economic sector(and 'Q
U A national economy at equilibrium can be simply described by:
¢ = d ©

Wherec is the consumer final demand vector, anel represents the total industry output vector, with
w the industry output of sectof

Eq. (1) can be expressed in terms of the Leontief Inverse(E =) as
R




Input Output models: environmentally
extended InputOutput Tables
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The models can be extended to include environmental impacts (e.g. CO2
emissions) thank the soalled NAMEA- national accounting matrix
including environmental accounté©e Haan et al., 1996)

By definingB the environmental matrix, I.ea gxnmatrix (emission per unit
output, e.g. tCO2/u), where n are the number of economic sectors and g
the number of type®f different pollutants, the total impact of a national
economic can be simply obtained according to:

O A llcE = @

By substitu_tin%; (E =) dtinto (1), the environmental impact can be
expressed in terms of the total Industry output:

] H ° (2)




From theory to practice: three
applications
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Three applications are presented to highlight Pros and Cons of current
methodologies.

1. a comparative Life Cycle Assessmdrdtweensingleuse andreusable

3.

cups made of different materials and with different use aBdL
scenarios;

a circularity assessmeitf seven buildings in Europe by the usd two
circularity indicators, evaluating both embodied energy and carbon of
In-use materialsand their recovering potential thanks t0 design for
disassemblyriteria;

a dynamic inputoutput model, basedon the inoperabilitytheory
(Haimeset al., 2005a), to assess the economic and the environmental
|mp<'alctsc_)f the adopted restrictions in 2020 in Italy due to the Cowti9
pandemia




Reusable vs Singlase plastics cups:

case study

1
Y

/5
7
Lyl

Raw materials
LiE]
S b
1]
o
P Transport
oI
8 b
0
E Manufacturing
[ .
- b
Transport
LiE]
% i-_-_-l _____ T i
= - Y i ¥ ¥ Y ¥ Y Vv
o @ Single Lse (0) i [ onsite Washing Offsite Washing Onsite
@ g / Ieh i) ' Handwashing (3)
D o e . i
L1k ]
©
£ Y
i)
—
L]
L ,
Enengy Recycling /
Recowvery (1) compaosting (2

4 single-use PP, PLARPET, paper) & reusable cupBR PLAPET, glass)

U Production phasethermoforming and injectiormoulding
(Changwichan Crawford, 2020)

U 4 use phasessingle-use, onsite washing or handwashindylartin et
al.,2018), offsitewashing

U 2 EoL energy recovery, recycling=(anklinAssociates, 201§,
composting {ercalsteren2007)

GOAL AND SCOPE, FUNCTIONAL UNITS & SYSTEM BOUNDARIES

U Assesshe environmentaBreakeven point (BER)f deposit back system:
for cups serving0.4 liters of draughtbeverages, i.ea singlesupply

U Wholelife cycle from the extraction of raw materials up to tiLphase

u Climate Change (CC), Ozone Depletion (OD), Acidification (A),
Photochemical Oxidant Creation (POC), Eutrophication (E), Non
Renewable Energy Use (NREU), and Water Scarcity Indics/&@)(

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of
singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841

17
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Reusable vs Singlase plastics cups:
nomenclature and formulas .

Environmental Efficiendpr reusable products (w.r.t. singlase)

u—- — (Production Phase Efficiencwherew, w are the impact for reusable and single
use products andd hd the impact of the production and EoL phase for reusable product.

u— p represents an inefficient production phase, while & p an efficient one
i- — (Use Phase Efficiengwhereo6 jis the impact of the use phase for a reusable product
for use phase scenari®
u— p represents an inefficient use phase, white p an efficientone

The Environmentabreakeven point (BERgpresents the number of reuses necessary for a reusable
product to be environmentally better than an equivalent singée one (for use phase scenarij |

3 : (1)
h
Thus,e 1mtwhen® 0 j>0. In other words, when the entire life cycle of the singlese product
impacts more than the us@hase of the reusable producOn the contrary, wherwdo 06 ; T1©° ¢

1t and the BEP cannot be achieved




Reusable vs Singlase plastics cups:

mapping cases
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Four cases may be defined:
U Best case

¢ ml @ - <1)AND
fa - p
U Normal case
¢ ml @ - p)AND
- P
U Limit case:
¢ ml O pAND
m - P
u Worst case
¢ ml © p)AND

- P

Y ) :
single-use Scenario A 1 | Zingle-use Scenario B
i / g [y efficient use V. i [y efficient use
X | I efficient praductian 0 — I inefficient production
lllll ;}I’/ ------.;:‘-.."
Y; 7 reusahble Break even Xl i reusanie Break even
i > point after n use Iy i > point after n use
0 1 : M 1 11 M
F Y
1 reusanle Scenatio C : reusable Scenatio D
i - [y inefficient use isin le-Use [y inefficient use
¥ L Il efficient production v =ing Il inefficient production
o 0 l i
F 7T Hrealk even | Feusahle
¥ . i I
N single-use hever reached X always worst
7 . n} after 15t use — f]’ than single-use

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of
singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841

19




Reusable vs Singlase plastics cups:
results on offsite use phase

Climate Change BEFPeached for every reusable cups.

The number of reuses ranges . = (rausable.gless)
- between a min of 5 (PET single reusabie PET)

use VS PP reusable) and a maxX a2 - — (reusable PLA)

of 55 (cardboard singleuse VS e (reunatie,PP)

— (single-use card)

glass reusable

(single-use PET)

[kgCO-eq./cup]

-
-
o .
- -

IR o w22 == (single-use PLA)

— (single-use PF)

number of uses [n]

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841 20



Reusable vs Singlase plastics cups:
results on offsite use phase

» Acidification BEP not always achieved
PP singleuse best performance. _ - |
Highest impact for PLA. e e ET

(reusable PLA)

-

(reusable PP)
—— (single-usa card )

(singla-usa PET)

[9 SO.eq.jcup]

ll
-

(gingle-usa PLA)

(single-use PP)

O S0 100 150

number of uses [n)

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of
singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841



Reusable vs Singlase plastics cups o3 ot
results on offsite use phase |
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oL

0.5 = ® PPr-PPs
® PPr-PLAs BEP not reached for every
® PPr-PETs bl
e B PPr - Cardboard+PE reusabie CUpS
9, ® PLAr - PPs
0.0 DG T
: . ® PLAr - PLAs ialPP
Ws =,
. — b ¢ [0 | erinrm Best material
3 0 @ & 7 PLAr - Cardboard+PE
~ ~ O ce - E,A n
g iy~ W o B, @ © PETr-PPs Worst materialscardboard
e ETE QTDE@ PETr - PLAs d I
-0.5 i PGC L B NIR?JE;:CL',) ROL/ PETr - PETs a-n g aSS
= . (;9'1500 w ‘§F © PETr - Cardboard+PE
. e e % Il RS Reusable VSingle use (PP):
i & ® Glass - PLAs _ ]
® Glass - PETs BEP achieved only for CC,

-1.0

0.00 0.75 1pn, P Sless=CardboardtRE OD, POC and NREU

log(nP)

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of 29
singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841




Reusable vs Singlase plastics cups
ranking on washing scenarios (CC) |

. 1. offsite (distance<50km) = frousatie PR handenshig)
2_ OnSite Washing {reusable PP offste washing - 1) 5 km)
. . (reusable PP offsite washing - 2) 30 km)
, 3. offsite (distance<350km) (osiinablé, PP oflie wisshing - 41 8
_ 4. han d_ Wash | n g {reusable PP offsite washing - 4) 200 km)
1 _ _ - = {reusable PP offste washing - 5) 300 km)
s 2 offsite (distance>350km) e e e
8 ~ — (reusable PP onsite washing)
‘é — (single-use card single-use)
- (single-use PET single-use)
2 {single-use PLA single-use)
= (singla-use PP single-usa)
0
0 4 100 150
number of uses [n]
SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of 23

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841



Reusable vs Singlase plastics cugs

results onwashing scenarios
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BEP not reached for

0.50 RGOS ReS PPr - PPs - onsite washing
e @® PPr - PPs - onsite 1
e handwashing every Use Scenarl()s.
® PPr - PPs - offsite washing
025 PPr - PLAs - onsite washing . .
= ® PPr - PLAS - onsite Best scenariasoffsite
" s handwashing . .
Wél REUE
(G @ rﬁ%ﬁ%’u o i @ PPr - PLAs - offsite washing WaShlng (d|Stance 20km)
> Glass - PLAs - onsit hi i I
€ 000 wes- "o emensewssing \Worst scenariosonsite
ko) ceee @® Glass - PLAs - onsite .
(0 handwashing han dwaSh | ng
Glass - PLAs - offsite washing A 1,
g Wl g e - &‘%%EU Glass - PPs - onsite washing
pOC = ® Glass - PPs - onsite
handwashing
WslI E
® Glass - PPs - offsite washing AB <0 AB -0
¥, . ¥y
E L NREVEU o o
-0.50 sl
0.0 0.5 1.0 1.5
:
log(nP) Change in the use phase e
SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of 24

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841



Reusable vs Singlase plastics cugs
maximum distance for infinite reuses

BEP never reachefbr A, E and WSIneither forthe offsite washing

Maximum distance [km] for use phase for PP reusable cups
Impact categorj\

single use materiz PP PLA PET Cardboard

357 406 556 293
oo 239 332 12217 100
-6 423 166 150
POC 33 364 681 113
E -198 658 101 161
339 311 539 152

WSI

-528 986 2413 290

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841 25



Reusable vs Singlase plasticsups:
change of EoL scenario for reusable cup

Impact category /

reusable cuc Recycling/compostingmproves performance

for all materialsfor CC. The same is not true
for other impact categories

PP PLA PET

E"' * * PET performance generally improved (excep
M R for OD) by recycling process.
NREU -+ -
wsl [ o—0 o—o  SEPToLaltedted
HP: A . ACh -0 by a change in
: _ e ™ i EolLfor reusable
X;=energy recovery (singlaise); cup
_ - . >
Y,=energy recovery, Y=recycling Change in the oL phase T
(reusable)
SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of 26

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841



Reusable vs Singlase plastics cups
change of EoL scenario faingle usecup

Impact catego (% -Byy)/ CONDITION:
/ single use cu (X-Bv) % - By, 1. QX 1t © a change in sign occurs in the BEP

PP PLAPET PP PLAPET 2 Q& 6 O BEPis not achievedanymore

+ + + + + +
N If singleuse cups are recycled, the BEP is now achieved for
+ + + + o+ _ .
E impact category VS PP singlse.
+ + + +
(@) + + + + + A 1
ey
L ¥ / BEPdoes not
NREU L e i depend onEoL
S + + + _ _ e e
AGr. >0  AGy. <0 of reusable cup.
HP: || > g ¢ Y
6 offsite washlng (reusable); "
Chanae in the EoL phase ¥

X, =energy recovery, %= recycling (single use)

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841 2!



Reusable vs Singlase plastics cups
change of EoL scenario faingle usecup

Impact catego % -By)/ CONDITION:
/ single use cu (X-Bv) %-By, 1. QX 1t © a change in sign occurs in the BEP

PP PLAPET PP PLAPET 2 Q& 6 O BEPis not achievedanymore
-+ o+ - -

N If singleuse cups are recycled, the BEP is not achieved
anymore for CC, E (VS PP single use), and A, E, WSI (VS
o F PET single use) impact categories.
+ -+ o+ A 1.
+
+

0

B
r

7}
- Eys /J BEPdoes not
" e i depend onEoL

of reusable cup.

+ + + + +
+ + + + +

NREU
+

+
HP: [} |> ¢ vV fffiomgy

0 onsitewashing (reusable);
X, =energy recovery, %= recycling (single use)

ACx, , >0 ACx, , <0

Ty
Chanae in the Eol phase b

SourceCottafava, Dario, et al. "Assessment of the environmental bexa point for deposit return systems through an LCA analysis of

singleuse and reusable cupsSustainable Production and Consump@dn(2021): 22841 28
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Circularity indicator for residential buildings =+ haiss
iIntroduction and Drive0O EU project
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f\, Drive0O is an H2020 funded European research project aiming at developir
DRIVE w and assessingircular deep renovationg: plug & play solutiondor the built

environment(among other objectives

A Circular deep renovations based on 100% life cycle renewable energy, all\
materials used within the system boundaries are parindinite technical or
biological cycleswith lowest quality losas possible
. Plug & Playmodules aim to reduce time&cost onsite, disturbance to occupants.

Demonstrationproject | total net floor area(m?) Type of building
1. Parkstad\L 450 Existing 100 m2 singlefamily dwelling
2. BarcelonaES 320 Medianeras bind opaque walls
3. Dublin IR 220 Private residences
4. Argelatg IT 470 Historic manor,abandoned
5. Tallinn, EE 1766 Apartments
6. Kl, SI 501 Single Family houses 5
7. Attica, GR 217 Residentiabpartmentand detached house s

Website of the projecthttps://www.driveO.eu/ ¢ KA & LINRP 2SO0 KIFIa NBOSAOGSR Fdzy RAy 3 FTNRBY ( Kplgr@&mab® LISIy | yAz2y Q34
under grant agreement No. 841850.


https://www.drive0.eu/
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Circularity indicator for residential buildings:
building circularity indicator

1. Material Circularity Indicatord 6 “O & ¢ coip 2 "O'Whered "00 is the Linear Flow Index

and ® ( h)( ) is the Product Utility for producQ 0,0 §, Y, and’Y j are respectively the

h
lifetime and utility ratio for producitand for similar products on the market.

2. Product Circularity Indicatord 6 ©0 6 ©B G where O B "G ¢ and "Q; N [rip] is
the assigned weight for the design criteri@f product™Q

3. System Circularity IndicatofYé ® —B 0 0 6 @®hered B 0 isthe total mass of all the
components belonging to layer

4. Building Circularity Indicatoro 6 'O = —B 0 0°Y0 Whereb U B 0 U is a normalization

factor and0 U are the weights for the building layér
5. Predictive BCI:

u 000

U 006 ®0 6 "@ueights included in MCI) and theest of the computation is equal to thé & O

where’Q —B "Q;, weights only the predicted produced waste

Source: Cottafava, Dario, aMichiel Ritzen "Circularity indicator foresidentialsbuildings: Addressing the gap between embodied impacts and design aspects."
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Circularity indicator for residential buildings:
Design and layer weights

UNIVERSITA

) DEGLISTUDI

DI TORINO

Design - DeS| n
Dry

. Click Freely accessible
Dry CcmnectlonVeIcro 1.0 Accessibility with additional
Magnetic actions that do not cause 0.8
Connection Ferry damage_z L "
) Corner Accessibility with additional
Wllth added Screw = actions with repairable 0.4
M Bolt and nut damage

Direct integral Pin Not accessibleirreparable

connection  Nail = damage to objects o

Soft Chemical Kit 0.2 Modular zoning of objects 1.0

connection Foam ' . Crossing between one or mo
Glue SleEiliige objects i
Pitch Full integration of objects 0.1
Weld

Hard chemical Open, no inclusions 1.0

_ Cementbond 0.1
connection

Chemicabnchors Overlaps on one side 0.8

Hardchemical
connection

Closed on one side 0.2

Closed on several sides 0.1

Site 0.1
Structure 0.2
Skin 0.7

Services 0.8
Space Plan0.9
Stuff 1.0

Source: Cottafava, Dario, aMichiel Ritzen "Circularity indicator foresidentialsbuildings: Addressing the gap between embodied impacts and design aspects.”

Resources, Conservation and Recydlé¥y(2021): 105120.

31



Results from reclamation audit:
per building layer

25 8,0 0,80
/.0 0,70
40 0,60
- 1.5 = :}5| )
= 4,00 0,4
< 1,0 3 3,00 g 03
0,5 l 2,0 0,2( l I
] . ot l
, " = i o0 =
& & & & & o & & o & e & & & &
3 O o A\ . o \ X < ‘ ?‘
<> > © & & > &2 & *o\ 6‘ b <5 & 2 g : :
o & o <§> > © oo > («." &o & %é & v@ @ ¥ &° o Qg} .@\\\ V‘\\ }@
e* 2 s ?S o)« v %V“ ¥ 2 ) ?S (,;\ v Q.V“ Qz Q’.)K &) ?“ o ™ Q-
A ’\;% b A? A N 1\,.% L3 A Al N " > Al Al
B Structure MW Skin B Services Space Plan m Stuff B Structure W Skin B Services Space Plan m Stuff W Structure  WSkin W Services Space Plan  m Stuff

Massranges between 1.31 and 2.06 t/m2
Embodied Energyanges between 1.49 and 7.60 GJ/m2
Embodied Carbonranges between 0.15 and 0.73 tCO2/m2

In descending order, the most impactful layers are
the Skin the Structureand the Space Plan

Source: Cottafava, Dario, aMichiel Ritzen "Circularity indicator foresidentialsbuildings: Addressing the gap between embodied impacts and design aspects.” 32
Resources, Conservation and Recydl6¥y(2021): 105120.
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Predictive Building Circularity Indicator:
results from reclamation audit |

During the reclamationaudit, involved experts declared that most part of the buildings
could be recoveredrepaired, reused, refurbished or recycled). Only in the Estonian case
study the engaged practitioner declared that the external concrete facades cannot be

recovered.

This result shows hoexisting methodologiesre not sufficient to proper assess the
circularityof existing buildings.

2,50 8,00 ,80
7,00 4 ),70
2,00 — 6,00 = 0,60
= 1.50 _ . 5,00 0,50
g0 £ 200 B % 0,40 = m
=, 1,00 & 3,00 8 0,30 -
0,50 l l ~ 2,00 . . I = 0,20 .
0.5 1.00 0,10
0.00 = 0,00 . = I 0,00 - - . .
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; & o X D > o o \ A3 h . > o o ) o p p
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& & A ¢ 0 g T S SR A & & a0 ° ¥ oV
N W.Q L g AY AY N N B 9 A ¥ AP N .1% B 9 AY A®
i 4 f f oL ! o e i 1 i . tured | - =R i
o o : R, uR mN o led & Not | ENotRe b
Source: Cottafava, Dario, aMichiel Ritzen "Circularity indicator foresidentialsbuildings: Addressing the gap between embodied impacts and design aspects." 33
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Predictive Building Circularity Indicator: {555 s
recovering potential through design criteria

By weighting with respect to
the design criteria the
recovering potential ranges
betweena min (Slovenia)

and a max value (Estonia) of:

1. MASS:24% and 86%
2. EE:32% and 85%
3. EC:27% and 89%

The Spanish case studies
(only external facades) has a
recovering potential around
20% confirming that external
— N —2 Argelato facades, currently, are harder
— — A , to be recoverd.

Source: Cottafava, Dario, aMichiel Ritzen "Circularity indicator foresidentialsbuildings: Addressing the gap between embodied impacts and design aspects." 34
Resources, Conservation and Recydlé®y(2021): 105120.



