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Usefull Starting Point: Initial Definitions
»Climate Neutrality“ and ,,Circularity“

® Aproduct or service is ,climate neutral® and ,circular®, if its whole life cycle - production, operation and end-of-life

] uses only
® reused components (reuse index)
® secondary (recycled) material (recycled content) '
® renewable energy

] makes
® zerowaste and
® zero GHG emissions

® Indicators for assessment

®  Circularity Potential i
® Based on data of Inventory Analysis |
® Material Circularity Index (MCI) based on mass flows over lifetime: 100% = circular (whereas: 0% = linear)

® Linear Flow Index of materials (LFI,eria)
m Utility Factor of product (UF,oq,c): Utility = lifetime * intensitiy of use
® MCl= LFImateriaIs * UI:product

® Climate Neutrality Potential
® Based on GHG emissions from Impact assessment
® Total radiative forcing at top-of atmosphere based on GHG emissions over lifetime: W/m2 =0

® ,Towards” climate neutrality®:
® Zero GHG emissions in operation phase: e.g. 0 kg CO,-eg/a
® Change in radiative forcing: delta W/m?

® Concluding
® Climate Neutrality and Circularity are visionary and long term targets
] BUT: future products and services must be developed and assessed ,,towards “ Climate Neutrality and Circularity

Redesign ) .
Remanufacture

RELEVE] [ Recycle Material Long Transportation
Energy Recover Circularity Use service

Refurbish Repair
Repurpose “ Reuse

Obzerved monthly global
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Key Issues on LCA of Buses

® Key parameters determining LCA ® Generalized current LCA results

® Specification of system: e.g. single bus or fleet operation ®  Electric buses have lower GHG emissions and primary
®  Technology and Economy first energy demand if renewable electricity is used compared to

i H,-fuel cell, ICE with e-fuels and ICE with diesel buses
. .nwonme.nt ® Climate neutrality only possible with CCS
® Functional units

® Other impacts show different results, e.g. NO,, resource use
®  perbus-km Sb-eq mainly driven by battery production and fossil energy
®  per passenger-capacity-km

use for electricity
®  per total bus life time ® Relative advantages in the LCA of the BEV decrease with
® Sensitivity analysis mandatory

increasing vehicle (and battery) size

® Battery ® Currently main focus on GHG emissions and primary
- I . energy demand
® Lifetime: years and total lifetime mileage o
m  Capacity ® |SO standards set framework for LCA standardisation BUT

’ very generic and documentations must be improved
®  Chemistry

® Location of production | Further needs

®m Charging strategy ® Improved datasets on key raw materials: virgin/primary and
recycled/secondary

®  Over night depot charging . .
w  Obportunity charain ® How might further improvements to upstream
pportunity charging processes/raw materials production contribute? E.g. battery
® Phantograph replacement

W Wirleless ® Methodology for EoL to be further developed/discussed

®  Energy demand Methodological considerations for contributions by LCA to
® Driving cycle assessing climate neutrality and circularity

®  Heating/cooling demand
® Type of electricity used incl. projection over lifetime of the bus
PM emission from brakes and tyres to be considered: BEV lower due to recuperative breaking up to 80%
® Recycling/reuse of batteries

®  Allocation for secondary material/use
®  Credits for secondary material/use
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Circularity in LCA (1)

m The concept of the presented circularity indicator is ,,a beauty“, because it‘s easy to understand
and addresses a broader audience

. ) Refuse
ot Make Rethink

Remanufacture \ Reduce

® According to LCA wording “Circularity Potential” is suggested as appropriate /

Energy Recover Cycle Use service

® Calculation of Circularity Potential

All data are based on the mass balance of the Inventory Analysis with main focus on input of primary material and output of waste \ j
Refurbish Repair
Most LCA database provide this information to calculate Circularity Potential e.g. recycled content but further data needed R

Only technical data determine the circularity potential no economic or social aspects are included

Circularity Potential is independent if open or closed loop recycling is taken place, as long a the secondary material is used in a new product

can be calculated for average conditions (e.g. Europe, AT, worldwide) and also for specifically for one producer/manufacturer using primary data

Is not yet covered by any other impact category neither “(abiotic) resource depletion” nor “dissipated material” (from dissipation models)

No double counting with other impact categories is observed, but of course overlapping similar top NO,-emission in “Acidification potential ” and “Ozone Creation potential”
Circularity potential covers the 1st and 2" use of material by allocation e.g. waste 50:50, so no unending recycling/reuse cascades are considered

Allocation relevant at point of substitution

Waste from manufacturing and waste from End-of-life are considered equally in the same way, so no distinction

For EVs data on battery/component reuse and recycling are essential

In relation to sustainability: circularity delivers additional information (as relative indicator for comparisons)
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Circularity in LCA (1)

® Possible limitations of Circularity Potential

[ Environmental sustainability can be assessed in a relative way, e.g. difference between two system
[ Absolute/planetary limits cannot be addressed by Circularity Potential, as the total mass flows are not accounted for
® Circularity in the EU ==

®  The battery regulation distinguishes between battery scrap from manufacturing and battery waste at EoL

] European Commission considers dissipation models as not being mature enough to replace resource depletion potential >
technical advisory board states that circularity indices and available are robust enough to serve as decision support

®  The circular footprint formula (CFF) described the methodology to calculate/allocate the Carbon Footprint at EoL, and has
nothing to do with material circularity

® CFF will be applied for batteries in EU regulations (hopefully, primary data is available) - to be applied in EU probably from

2025 on

® Overall conclusions

,Circularity Potential” and ,Climate Neutrality Potential® are possibly two additional assessment categories not covered yet in
LCA!

Initial application of this concept done in the “LCA Case Study on Trucks” in IEA HEV Task 46 (see nest slides)

Further discussion will take place and feedback will be collected to further develop these approaches
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Cumulated Primary Energy over Lifetime: N1 Trucks
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Circularity Potential total and over Time:
N1-Truck
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Overall Results: N1 Trucks
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