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Background

* Total global material extraction has more than tripled over the last 50
years

 Extraction of metals and non-metallic minerals has increased more
than five-fold

* Use and production of materials responsible for more than 25% of
global GHG emissions

* Circular economy strategies can play a critical role in climate change
mitigation

* Currently mitigation pathways do not represent CE strategies
adequately
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MESSAGEix-GLOBIOM-GAINS IAM framework
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MESSAGEix-Materials
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MESSAGEix-Materials
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Motivation

* With more than 300 Gt, mobility infrastructure
accounts for one third of total material stocks in 2024.
* Material inputs are required for
* build-up of new stocks
* their maintenance
* replacement of end-of-life

* Mobility infrastructure facilitates well-being by
providing the key service of moving people and goods.

* The materials have embodied emissions and create
path dependencies.




Research gap and questions

Currently, no scenarios for future mobility infrastructure expansion and associated
material flows and emissions at the global scale

Evaluate biophysical implications of expansion and the mitigation potential of Circular
Economy and decarbonization measures:

* How will future global mobility infratructure developments shape material stocks and
flows?

* How much of the remaining global carbon budget will be required for mobility
infrastructure development?

* What s the potential of both supply- and demand-side measures to mitigate increasing
resource use and embodied emissions arising from future infrastructure development?
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Results: Material stocks in 202ﬁ
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Circular Economy in Mobility Infrastructure
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Scenarios
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Demand All

Reference: Change in vkm based on SSP2
projections from MESSAGEix-Transport
drive infrastructure.

Mobility reduction: Total vkm of the
default scenario in the year 2060 is
reduced 30% for HI, 20% for UMI, 10% for
LMI and no reduction for LI countries
(World Bank 2024, Harvey 2013).

Modal shift: Countries converge to the
share of top six countries with the highest
rail-based vkm in 2060.

Car Sharing: Doubling of car-sharing,
leading to a reduction in parking space
Fleet Electrification: Private passenger
fleet electrification, leading to
replacement of refueling infrastructure
Demand All: Combined scenarios
ModalShift, MobReduct, CarSharing and
FleetElect

Decent Stock Convergence: Convergence to
~1,500 m?/cap total infrastructure area by
2060 (where HDI stagnates).
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Results: Stock growth by 2060

a) Global mobility infrastructure stocks b) Indexed regional material stocks change (2024 = 1)
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Material

Aluminium

Results: Embodied emissions 2025-2060
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Material

Results: Embodied emissions 2025-2060
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Material

Results: Embodied emissions 2025-2060
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Material

Results: Embodied emissions 2025-2060
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Material

Results: Embodied emissions 2025-2060
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Material

Results: Embodied emissions 2025-2060
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w
o
1

1

10% of remaining
global

carbon budget
(1.5°C target)

Cumulative Emissions [GtCO2]
o S

. I

Reference -
CarSharing-
FleetElect-
StockConv -
ModalShift -
MobReduct-
DemandAll-
Reference -
CarSharing-
FleetElect-
StockConv -
ModalShift -
MobReduct-
DemandAll-

g International Institute for

w» Applied Systems Analysis

I TAS A wwwiiasa.ac.at




Material

Results: Embodied emissions 2025-2060
Demand Side + Supply Side +2°C Climate Policy § o
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Conclusions: Mobility Infrastructure

Mobility infrastructure requires 6-20% of remaining global carbon budget for
keeping temperature increase below 1.5°C (175 GtCO2)

If per capita stocks were to converge, most additional demand in stocks would
be in Global South, doubling total stocks compared to reference scenario

While stock convergence yields highest stocks, modal shift results in highest
embodied emissions due emission-intensive metal production

Combining mobility reduction with supply-side measures halves emissions

Caveat: not all materials and lifecycle stages covered (e.g., material transport)
Emissions embodied of rolling stock and operational emissions will be

significant making modal shift essential for overall emission reduction

Data situation challenging with poor knowledge of in-use material stocks, proprietary
industry data and inconsistencies between different data sets
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