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Materials form the in-use stocks (buildings, vehicles, appliances,

factories, infrastructure, é), aka societyôs biophysical structures



http://www.un.org/sustainabledevelopment/sustainable-development-goals/

The UN sustainable development goals 
and their relation to materials

3

http://www.un.org/sustainabledevelopment/sustainable-development-goals/


11 Million Tons 

of cement é

4.6 Million Tons 

of steelé

Quelle: Allwood et al, DOI 10.1021/es902909k

é per day! é per day!

Background: Material production to maintain and expand 
cities and infrastructure
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Source: Müller et al. (2013): DOI 10.1021/es402618m 

Background: expanding OECD steel and cement stocks to world 
population with current technology: Ca. 350 Gt CO 2



Background: Emissions from material production emerge as 
major bottleneck to curbing global warming to well below 

2°C

Source: Hertwich, 2021, https:// doi.org/10.1038/s41561-021-00690-8

ÅEmissions from producing 
materials have increased 
from 5 billion tons CO2eq     
in 1995 to 12 Gt in 2015

Å20-25% of total GHG 
emissions!

ÅIron&steel, cement, and 
plastics are three largest 
contributors

ÅSlow and costly to mitigate!

https://doi.org/10.1038/s41561-021-00690-8


Background: Stock accumulatio n is 50% of human material use

Sankey diagram of 

material flows 

through the global 

economy 2005. 

Numbers show the 

size of flows

in Gt/yr. 

Source: Haas et al. (2015), DOI 10.1111/jiec.12244 and UNEP IRP Global Resources Outlook, 2019
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Stock accumulation 

Dominates

Material processing

accounts for 50% 

of GHG and 90% of

biodiversity loss

ăThis is the
global 
ΰŎƛǊŎǳƭŀǊ ŦƭƻǿΨΗ



Background: Growing demand for minerals has pushed 
mining activities into new areas increasingly affecting

biodiversity -rich natural biomes

Source: Maus et al. (2022), https:// doi.org/10.1038/s41597-022-01547-4

Å34000 mining locations 
are identified across the 
globe, with 102000 km² 
of large-scale as well as 
artisanal and small-
scale mining. 
ÅLarge-scale mining 

facilities cover open 
cuts, tailings dams, 
waste rock dumps, 
water ponds, 
processing plants.

per 50 × 50 km grid cell.

https://doi.org/10.1038/s41597-022-01547-4


Background: Urban land expansion driven by building stock 
increase, population growth, and urbanisation

Source: Different studies (A-D, E: mean, F: median) via Figure 8.10 in chapter III.8 of the IPCC 6th AR



Outlook: Global resource challenges ï
Materials as bottleneck for sustainable development

Material production: ca. ¼ of global GHG, hard to decarbonize

Until now: Energy is scarce, materials abundant

Long term: Other way round:
Aboundant low cost and low carbon
renewable energy, but constraints
(supply, availability, social and env.
impacts) of materials

Rough area requirements for large-scale RE supply



Industrial ecology/Material cycle perspective: The example of copper
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Source: Klose and Pauliuk (2021), DOI 10.1111/jiec.13092 

Average lifetime of copper in the techno-sphere is less than 50 years!

While impacts from its production will last for millenia!
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https:// www.mdpi.com/2071-1050/11/23/6614/htm and     DOI 10.1111/jiec.12599

Outlook: Circular Economy ïVision for sustainable material cycles

Nice concept, 
but needs reality check!

https://www.mdpi.com/2071-1050/11/23/6614/htm
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Overarching research questions

Å How much materials and energy

do we need for different services for a good life,

and at which environmental cost?

ĄWhat is the potential of different resource efficiency strate-

gies, different urban forms, different levels of societal 

inequality, and of sufficiency strategies

on energy and material demand?

Ą How should we produce, use, and recycle 

all the materials in the future?



Research f ramework : The material and energy service cascade (ESC)
and the service -stock -flow nexus in the doughnut economy

Well-being
Climate imp. 

land use
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Material 
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References for the different concepts: Bergsdal et al. (2007), DOI 10.1080/09613210701287588; Kalt et al. (2019), DOI 10.1016/j.erss.2019.02.026; Haberl et al. (2017), DOI 10.3390/su9071049
Raworth, K. (2012). A Safe and Just Space for Humanity: Can We Live within the Doughnut? Oxfam Discussion Papers.
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The safe and just space for humanity

Scope of industrial ecology research
Additional scope for 

socio-metabolic research



Ressource Efficiency ïClimate Change Mitigation (RECC) Model

Source: updated from UN International Resource Panel (IRP 2020). Resource Efficiency and Climate Change: Material 
Efficiency Strategies for a Low-Carbon Future. Summary for Policy makers. DOI: 10.5281/zenodo.3542680 



Source: ODYM-RECC v2.2 modeldocu, DOI 10.31235/osf.io/y4xcv  andKalt et al. (2019), DOI 10.1016/j.erss.2019.02.026
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Source: ODYM-RECC v2.2 modeldocu, DOI 10.31235/osf.io/y4xcv   
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Source: ODYM-RECC v2.5 modeldocu, in preparation
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Source: ODYM-RECC v2.5 modeldocu, in preparation
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Source: ODYM-RECC v2.5 modeldocu, in preparation



BUILDING & 
CONSTRUCTION

Material Choice

Timber 
Buildings

Modularity & 
Prefabrication

Sharing 

P2P 
Accommodation

Shared Housing

Smaller Homes

Home 
Offices/Telework

Lifetime 
Extension

Component 
Reuse

Renovation & 
Building 

Adaptation

Construction & 
Demolition 

Waste Recycling

Disaster 
Resilience

The RECC team, in particular: Peter Berrill, Reid Lifset, and Niko Heeren

Material efficiency strategies for buildings

Source: IRP (2020). Resource Efficiency and Climate Change: Material Efficiency Strategies for a Low-Carbon Future. Summary for Policy 
makers. DOI:   10.5281/zenodo.3542680 



m²/capita 2015 2050,LED 2050,SSP1 2050,SSP2

USA, Can 60-70 37 65 80

very reb-
intensive: 60-
80 m²/cap

China, Japan, France, 
Germany, Italy 35-45 30 40 48

reb-intensive: 
60-80 m²/cap

UK, Latin America, 
MENA, Poland 25-35 30 40 45

reb-intensive: 
15-25 m²/cap

India, Sub-Saharan 
Africa, South Asia 12-18 20-30 30-35 40

reb-lean: 
about 15 
m²/cap

Main driver: Stock of residential buildings (reb), m²/cap

Socio-economic scenarios:
Low Energy Demand (LED, Grübler et al. 2018)
and shared socio-economic pathways SSP1 (easy mitigation and adaptation) and SSP2 (moderate adaptation and mitigation)
Energy supply scenarios:
Baseline with no further climate policy and a RCP2.6-compatible energy supply system

Source: Fishman et al. (2021), DOI 10.1111/jiec.13122



m²/capita 2015 2050,LED 2050,SSP1 2050,SSP2

USA, Can, Ger 21-24 18 26 30
nrb-intensive: 
15-25 m²/cap

Japan, China, France, 
Poland, UK 10-16 13 16 20

nrb-intensive: 
15-25 m²/cap

Italy, Spain, Mexico, 
Turkey 5-9 9 12 15

nrb-intensive: 
15-25 m²/cap

India, Sub-Saharan 
Africa, South-East Asia 1-3 7 10 12

nrb-lean: 
about 10 
m²/cap

Main driver: Stock of non -residential buildings (nrb), m²/cap

Socio-economic scenarios:
Low Energy Demand (LED, Grübler et al. 2018)
and shared socio-economic pathways SSP1 (easy mitigation and adaptation) and SSP2 (moderate adaptation and mitigation)
Energy supply scenarios:
Baseline with no further climate policy and a RCP2.6-compatible energy supply system

Source: RECCv2.5 database, ongoing work



24

Sufficiency interventions and policies in the building sector, global

Source: Saheb (2021) via Box 9.1 in chapter III.9 of the IPCC 6th AR

LED: low energy demand
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Embodied emissions in the building sector, global

Source: Pauliuk et al. (2021) via Figure 9.10 in chapter III.9 of the IPCC 6th AR



Policy Relevant Claims ïIRP Report - Buildings

Life-cycle emissions 

from homes with and 

without Material 

Efficiency strategies in 

2050 in G7 countries, 
China and India

26UNEP International Resource Panel (IRP) (2020)


