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The method

- Developed in 2009 by a group of scientists around the Stockholm Resilience 

Center: Johan Rockström led a group of 28 internationally renowned 

scientists to identify the nine processes that regulate the stability and 

resilience of the Earth system. (Planetary boundaries - Stockholm Resilience 

Centre)

- Science- (and indicator)-based analysis quantifying the risk of human

perturbations of the earth system (ES) on a planetary scale

- Applied on a regional-level (under development) and aggregated on a global 

scale

- NINE Quantitative planetary boundaries for sustained human “development”

https://www.stockholmresilience.org/research/planetary-boundaries.html
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The method

- PBs are NOT the critical thresholds – but defined well before them!
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The method
CO2 concentration
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Source:  Persson et al., 2022 The method

Novel = new, human created / introduced

Entities = (in)tentionally manufactured chemicals

and materials

Source: Steffen et al., 2015
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New entities / critical materials and LCA

Source: Persson et al., 2022 
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New entities / critical materials and LCA

Source: Persson et al., 2022 

- Chemical industry is 

the second largest 

manufacturing 

industry worldwide

- Production has grown 

50 times since 1950

- Expected to triple 

levels of 2010 by 

2050
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New entities / critical materials and LCA

Source: Persson et al., 2022 

Control variables:

- trend in production volumes of chemicals

- trend in production volumes of plastics

- share of chemicals on the market that are assessed for risk or 

safety
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Updated - 2022

Source: Steffen et al., 2015

https://www.pik-potsdam.de/en/news/latest-news/planetary-

boundaries-update-freshwater-boundary-exceeds-safe-limits

https://www.pik-potsdam.de/en/news/latest-news/planetary-boundaries-update-freshwater-boundary-exceeds-safe-limits
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Case studies from the energy transition

Source: Pehrson, 2020 https://www.diva-portal.org/smash/get/diva2:1470529/FULLTEXT01.pdf

https://www.diva-portal.org/smash/get/diva2:1470529/FULLTEXT01.pdf


Planetary Boundaries 

Case studies from the energy transition

Source: Pehrson, 2020 https://www.diva-portal.org/smash/get/diva2:1470529/FULLTEXT01.pdf

https://www.diva-portal.org/smash/get/diva2:1470529/FULLTEXT01.pdf


Planetary Boundaries 

Case studies from the energy transition

https://www.diva-portal.org/smash/get/diva2:1470529/FULLTEXT01.pdf
Source: Pehrson, 2020

https://www.diva-portal.org/smash/get/diva2:1470529/FULLTEXT01.pdf
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Case studies from the energy transition

Source: Weidner & Guillen-Gosalbez, 2022

Scenarios:

- Cost-: cost minimization

- Cost+: cost minimization and within planetary boundaries

- No-col: no collaboration, no trade for CO2 or H2 among 

countries in the EU

- no-N/O: political/popular blockade for further nuclear and 

onshore wind

- PG: political “grid-lock”

- Hyd: hydrogen only for heating



Source: Weidner & Guillen-Gosalbez, 2022
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Scenarios:
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Take aways about the method

- Scientifically grounded, yet “under construction”

- Global and regional thresholds

- Link to LCA / critical materials

- High amount of input data

- Gives feedback on environmental sustainability

→ Strong or weak sustainability?
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