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Introduction

Both Life Cycle Assessment (LCA) as a tool and Circular Economy (CE) as a concept work
towards sustainable development, only that both approaches are currently done
individually: one assessment doesn’t include the other.

Recent History

Well-known LCA software have launched initiatives/products:

 SimaPro proposes a calculation of the MCI within the software with the use of parameters for
the variables required for the MCI calculation [1], but stays in the superficial model and
doesn’t look into the supply chain (background database)

Circularity indicators, which aim to quantify Circular Economy, can benefit hugely from a life
cycle perspective, where circularity is considered not only in the last production stages but
from the very beginning of raw material extraction. However, there is no current well-

rounded and transparent solution for the integration of both, even though there have been .
initiatives from common LCA software.

GaBi proposed in 2018 a circularity tool with an approach similar to that proposed in this
presentation. It is no longer available in the market [2].

OneClick LCA promotes the calculation of a “building circularity score”, which applies
circularity for the buildings sector [3].

In this research, a methodology of integrating LCA and CE is proposed and practically .
applied in an LCA database.

Methodology Visualisation of the database (Results)

After an initial assessment, two indicators were chosen for their completeness and

ability to be integrated into LCA. A dataset for the production (& Eol) of an EV battery was run with the methodology.

Functional Unit: 1 EV battery (454kg)

battery production, Li-ion, rechargeable, prismatic | battery, Li-ion, rechargeable, prismatic | Cutoff, U

Fully linear system
MCI 0.1 1

Fully circular system

* Material Circularity Indicator (MCI) [4]
e Circularity Index (Cl) [5]

Cl o 1

= battery production, Li-ion, rechargeable, prismatic | battery, L

 Material extracted from Earth is 43x the
weight of the battery
* 356kg of recovered material

~ Impact analysis: Circularity (GreenDelta, 2023)

The ecoinvent 3.8 cut-off database was modified with the following:

F

Sub-group by: @ Flows (O Processes | Don'tshow < |1 +| %

[ ] [ ] [ ] .
1. Placed elementary flows to shadow the circularity variables across the database. Name  Impact asessment resu 122kg from Eol treatment
» 1= energy required for primary production 1.70954E4 M) .
> := energy required for recycled production 27746935 M) ¢ 234kg frO m SU p p Iy Ch a | n
w I Flows &) gravel production, crushed | gravel, crushed | Cutoff, U - RoW > i= recovered Eol material 356.27583 kg . .
| . 5= - : * 1709MJ for primary production
> 8 ArAgriculture, forestry and fishing 5] Inputs/Outputs: gravel production, crushed | gravel, crushed | Cutoff, U - RoW o recycled material 160.71076 kg P yp
T B:Mining and quarrying » == total waste produced (W) 4.16045E4 kg o 38‘7 d I h .
., ™ ) - Inbuts v := virgin material (V) 1.96764E4 kg o) ano e Supp y C aln
» 8 CManufacturing ° v @ virgin material (V) = 1.96764E4 kg e 38Y% hod Iv chai
~ 8 Circularity Indicators Flow Category 8 Amount  Unit Costs/Re... Uncertai.. Avoided &) copper mine operation and beneficiatiis 4412.52488 kg 0 Cat ode Supp y chailn
@ energy required for primary production (E_p) £ tap water 360:'Water collection... 0.00517 ™ kg lognorm.. &) copper mine operation and beneficiatiis 4250.65742 kg ° zocy AI su I Ch 3 | n
@ energy required for secondary production (E_s) £ recultivation, limestone mine 390:Remediation act.. 1.27000E.. ™ m2 lognorm... a] copper m?ne Dperatrﬂn and henef?c?at?u 134047948 kg ° ) p p y
@ radioactive waste (Wr) # building, hall, steel construction 410:Construction of ..  2.85000E.. ™ m2 lognorm... &) copper m!ne operatfﬂn and henef!c!atr' 1149.38769 kg
@) recovered EoL materials (R_r) % gravel/sand guarry infrastructure 429:.Construction of ..  4.75000E.. ™ ltem(s) lognorm... ’2 copper m!ne Gpera:[[!cm ang Eene:c!a:c;u' zgiié}z Eg
) £ diesel. b 4 in buildi hi 431D liti d. 0.01430 M) | @] copper mine operation and beneficiatii! : g . .
9 recycled material (R) ;GIESEI _urne ”:j EEE— R EI‘I"ID- on and 1.04000 E Iﬂgnﬂrm %] copper mine operation and beneficiatii 603.70484 kg PrO posed Im prOvement.
@ total waste produced (W) ravel, in groun esource/in groun : kg ognorm... - - - : | —
@ virai terial (V) @ Water, unspecified natural origin Resource/in water 0.00111 ™@ m3 lognorm... 8] bauxite mlm_a operatlorl bawte | tuto Sobpshonte: H Ots pOt. Copper m | n | ng frOm the h Uge
0 Ulrglﬂ I:a eria led feedstodk duction (WH) @ Occupation, lake, artificial Resource/land 6.27000E.. ™ mZ*a lognorm... ﬂ :;dp:irlwirnn;n:jpi:;?:’[ri?]t:];nzn;ie};z;?c;:;[?I Efij:gi Eg )
R e e @ Occupation, mineral extraction site  Resource/land 0.00029 ™M m2*a lognorm... b - - i ; amou ntS Of Vi r in mate r‘ial ext ra Cted .
@) waste from recycling (Wc) @ Transformation, from unspecified  Resource/land 3.51000E... ™ m2 lognorm... ﬂ gola mmer cperatlotr? and E;GILH pr?d_uic 3;?:3; Eg g / .
] . copper mine operation and beneficiati : g o" . ”
@ Transformation, to lake, artificial Resource/land 6.27000E... ™ m?2 lognorm... “ ] ) 83 k Of Ga n ue |n rou nd 1k Of CO er_
@ Transformation, to mineral extract.. Resource/land 2.88000E... ™ m?2 lognorm... ’2 hard CIGaldmlnedeeratlon. Dpf_” '55|5T- di ii;i?z Eg g ] g ’ g g p p
%] gravel and sand quarry operation | gra\ : g
> = waste from recycling processes (Wc) 36.51925 kg Use SOA) recyCIEd copper for battery
- Outputs > := waste from the production of feedstock, for s 0.30841 kg prod uction
2' CO”eCted those fIOWS In Flow Category ’ Amount Unit Costs/Re.. Uncertal.. Avol
° e © Water Emission to water/u... 0.00082 ™ m3 lognorm...
the CIrCUIarlty LCIA MethOd' @ Water Emission to air/unsp... 0.00031 ™@ m3 lognorm... Base case Im roved case
@ Particulates, < 2.5 um Emission to air/low .. 4.00000E.. ™ kg lognorm... p
v # Indicators and parameters @ Particulates, > 10 um Emission to air/low ..  5.60000E.. ™ kg lognorm... Name |mpact assessment result Unit % decrease
@ Particulates, = 2.5 um, and < 10um Emission to airf/low .. 2.00000E.. ™ kg lognorm... . . .
~ I
Impad_ assessment methods @ energy required for primary production Circularity Indicators 0.05183 @™ MJ none energy reqUIrEd for primary prOdUCthn 17035.4 14242.8 L 17
» W ecoinvent_38_methods . virgin material (V) Circularity Indicators 1.04000 ™ kg none energy required for recycled production 277.5 115.3 MJ 58
> @ openlLCA LCIA methods 2_1_3 [ waste mineral oil 382:Waste treatment.. 2.50000E.. ™ kg lognorm... .
P Eirtularity (GreenDelta, 2023) [ municipal solid waste 382:Waste treatment... 1.59697E.. ™ kg lognorm... recovered EOL materlal 3563 327 1 kg 8
S | ' recycled material -160.7 -168.9 kg -5
7 Impact categories total waste produced (W) 41604.5 15815.8 kg 62
Name Reference unit 1 H H
_ _ _ . : . virgin material (V) 19676.4 7292.6 kg 63
£ eneroy requied for primary produciion Vi 3. Python script for final calculation and to allow :
:= energy required for recycled production M) waste from recyChng processes (WC) 36.5 27.8 kg 24
:= recovered Eol material kg 1 - o
oo e . to add extra variables through a pop-up waste from the production of secondary feedstock, (Wf) 0.3 0.3 kg 10
o8 wase procuced (1) ¢ window which also displays results. MCI (from LCA) 0.11652 0.13807
:= waste from recycling processes (Wc) ko CI (from LCA) 0,01764 0.04355
:= waste from the production of feedstock, for second life (W) kg

f

B8 Ko

= Navigation Rug |

v

elt

ecoinvent_38_cutoff 3011_with_methods_for_circularity_with_script_2023

B Projects

™ productsy 2) Run the script

B8 Processes
M Flows
8 EPDs
Results
v @ Indicators and parameters
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Triggering a hotspot reduced the need of virgin material by 63%, and improved all of the
other circularity variables.

The circularity indicators show that the system is close to fully linear, proving that LCA
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Please enter the UUID of the product system you wish to make calculations for.
775eed89-fe63-4474-8ea7-4e99cfOfbeef

Please enter the average life time of the product. Leave this blank if it is unknown to you!
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Please enter the average industrial life time of the product. Leave this blank if it is unknown to you!

= ecoinvent_38_cutoff_.‘011_with_methods_for_circularity_with_script_ZBd 8

0 Please enter the average number of units of the product. Leave this blank if it is unknown to you! ‘
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Click to calculate circularity indicators!

MCI: 0.361439844775 CI: 0.0827995533835
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improvements in both circularity indicators. The same model can also be run with LCA.
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