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Policies and mechanisms
“Circular® Economy
Public-private partnerships

W EMEEES
Capitalism

Economic growth
Green finance and markets
instruments

Just transition policies

Efficiency improvements
Electrification
Low carbon novel technologies

Timely reaction to scarcities; substitutions 5
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Biophysical constraints on future energy pathways

Finite stocks
Recycling rates (Metals)

Thermodynamic

Laws =
Technological limits

Quality = Marginal returns/EROI

Max. efficiency (exergy)
Energy <> materials

gu—
e Fossil fuels

¢ Metals
e Non-metallic minerals

HUMANITY SOCIAL
METABOLISM

Rich

Poor

* Social impacts
* Adefensive
expenditures

GHG emissions
Pollution
Habitat
destruction

* Renewable energies

Variability
Techno-sustainable potentials G
regenerate... degrade...
Cooptation natural fluxes Biosphere processes and
ecosystem functions
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Selection of examples of biophysical constraints
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« ~85% energy used globally is fossil.
« Fossil fuels and materials are the “base” energies to perform the transition!
 Qil fracking revolution in USA temporary pause

NORWAY, CRUDE OIL PRODUCTION 1970 - 2016 4500
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Methods — simulation results applying dynamic
models
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Quantitative
models

Mental Theoretical models
models
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Scenarios =
inputs from
model

MEDEAS & WILIAM: System Dynamics
Integrated Assessment Models (IAMs)

m I geeds

PE: primary energy
GHG: greenhouse emissions
LUC: land use change

population education expenditure

life expectancy households' net savings
Gov. deb interests Finance

Households’ income

IPPU: industrial process and product use
GDP: gross demand product
EV: electric vehicle

Analysis of
results

Gov: Government

Demography

households’ composition transport FE consumption

transport economic demand

I working age population Economy EV batteries power

economic output by sector

GDP electric storage capaci
solar land for energy Ener‘v electric storage capacity
RES capacities

bioenergy potential

FE, Investment & CO2 prices T T I embodied energy in materials
PE prices
L mineral scarcity

solar land & bioenergy demand
hydrocarbons demand

economic output by sector

population

Land and l

mineral and hydrocarbons prices
water

nutrition

agriculture/LUC GHG emissions

- Climate energy/IPPU GHG emissions
sea level rise

https://geeds.es/medeas/ 2025 2050
https://github.com/LOCOMOTION-h2020/WILIAM_model VENSIM
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electrification

MEDEAS-W model: 5 types of batteries depending
on different critical materials:

Installed capacity of EV batteries
45

© NMC - NCA LFP
35 . . 1] 1]
Co, Ni, Li -CoNirLi
= + Al, P, Fe, Cu
25 EV Trends
= —=EV High
20 —E-Bike
===Degrowth
15
10
5
0 .
2015 2020 2025 2030 2035 2040 2045 2050 Pulido et al 2022
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Materials for global transport
electrification

Recycling rates Drill, baby, drill...

Green growth (and postgrowth, to a lesser extent):
Reserves > Al, Cu, Co, Li, Mn, Ni...

To reach high recycling rates:
* High recycling at the end of lifetime e e e e, 200
(vs thermodynamical limits) ' :

* Sufficient stock available for recicling ,’}
(vs growth) 4 =
7
e
7 } «
x4
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European
Commission

Aid, Development cooperation, Fundamental rights ‘G ree n m i n i n g ’ is a myth .

International Partnerships

Homa > MNewsandevents > News 3 Global Gateway: European Union committed to sustainatle mining partnersnips at Mining Indaba conferance

NEWS ANNOUNCEMENT | 3 February 2025 Cape Town Directorate-General for International Partnerships | 3 min read

Global Gateway: European Union committed to
sustainable mining partnerships at Mining Indaba
conference

The European Union (EU) proudly participates in the Investing in African Mining Indaba conference,
reinforcing its commitment to fostering sustainable and mutually baneficial partnerships with Africa's mining
sector.

The EU, alongside its Membar States, banks, and the private sector, stands ready to collaborate with African
counterparts to boost the region's mining industry while ensuring long-term ecenomic growth, Friends of
environmental sustainability, and innovation, the Earth

Europe
"The EU is committed to partnering with Africa for o sustainable future. Our presence at this year's Mining

Conference on Our Future Clearly and Without lllusions e
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S
EROI — Gross energy returned Energy invested @_
energy invested 3
by
S
» If societal EROI < 1:1 -> collapse!
* To be functional: societal EROI >> 1:1 Energy sector Gross energy NI
Society's Hierarchy of . . . .
“Energetic Needs” [y High societal EROI, high net energy per capita
+EROI HealthCare  ~5-10:1
Education
o Ty Energy invested
 GrowFood
_ Energy sector Gross energy

Hall et al 2014 Low societal EROI, low net energy per capita

Deep Adaptation
H
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 Simulation of Green Growth for EU

(80% RES by 2050) | EROI system 2050

* Application of hydrogen to hard-to- SEEClITE ~7:1
abate sectors (chemical industry, Green baseline ~4:1
refineries, Steel, synthetic fuels) Green baseline + ~2:1
h2 industry
* WILIAM model
hydra https://www.hydraproject.eu/ Campos-Rodriguez et al 2024 (article in preparation)

Conference on Our Future Clearly and Without lllusions ™" EROI,; min for industrial socieites: 540:@5".2‘5’:"““
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View all SilverSeek Nuggets

More From Jon Forrest Little

AUGL: 7, 2024

India's Silver Imports Could
Double, Largely from Solar
Demand

DECEMBER 29, 2023

Silver Shortage Confirmed:
Mexico's Silver Supply Has
Dropped off a Cliff

DECEMBER 05, 2023

‘Why Was the U.S. Silver
Stockpile Raided by Department
Of Defense?

NOVEMBER 30, 2023

Silver Showdown: Hydrogen
Fuel Cell Cars vs. Shipping
Giants in a Tug-of-War for
Critical Metal. Either Way, Silver
Soars

Conference

Review ITRPV predictions

Silver amount per cell

3 H H 0,45 . . . .
Samsung’s Silver Solid State il Limits to Nmaterial efficiency
Battery Technology. 1 Kilogram of ‘ |
Silver per Car 0.8
August 14, 2024 = 03 — i
L
20,25
Q
e
2 02 ——&l
Jon Forrest Little o % =)
o
= 3 .
24 § B in |0 = & il = '=i§z§x
74 L B ®
Because of Silver, you get these improved performance characteristics: 0,05 = i@ ® I ) \; A i ; A 8¢
1. 600-mile range (about double the average range on today’s market) [ ] ®
2. Full charge in 9 minutes 0
3. Lighter weight 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029

4. Lifespan of 20 years

on Our Future Clearly and Without lllusions

1. Edition m2. Edition ¢ 3. Edition
+ 6. Edition m7. Edition A 8. Edition 9. Edition « 10. Edition

4. Edition ®5. Edition
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Hungary
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energy € materials
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mKoppelaar (2011)

700.0

A Norgate and Jahanshani
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500.0
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X Norgate and

Energyrequirement
400.0 oo

(+/-15 MJ/kg cu)
300.0 [25]

x smelting and refining [

Janhanshani (2010)
(Hydro)

X Marsden (2008) (Pyro)

® Marsden (2008) (Hydro

200.0

0.0
0.00%

0.50%

1.00%
Copper ore grade

1.50%

- Classen and Althaus
(2010) (Pyro)

- Classen and Althaus
2.00% (2010) (Hydro)

Harmsen et al 201
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Direct and indirect rebound effect

Limits to techn improvements (2)

350%

300%

250%

200%

150%

100%

50%

0%

worldadaptationforum.org

M efficiencies & rebound effect!

$ & SF PN I IS FFIFLPE P SEN
& S 3% O SN FFIFFESFTINSS SIS TN
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N # FF I VIR S F W &S &e,? Q*‘{\\ o <& W

Freire et al 2017

IREp30  MIREp50
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About renewables

 Renewables are not unlimited! Potential reduced by biophysical
constraints that reduce their potential (variability, minerals, land...).

« PARADOX: the faster the transition to renewables, the greater the
pressure on the system’s viability

Conference on Our Future Clearly and Without lllusions
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About transition

¢) Overshoot and oscillation results if

* Green Growth faces
underexplored shortcomings

e Signals or responses are delayed, and

e Limits are unerodable or are able to
recover quickly from erosion.

 Degrowth scenarios ease
achieving targets *yet still taking
shape*

I

d) Overshoot and collapse results if

e Signals or responses are delayed, and

 There are no technically optimal
solutions for the transition(s) —
only political and social
decisions

e Limits are erodable (irreversibly
degraded when exceeded).

Conference on Our Future Clearly and Without lllusions




" THANK YOUFOR":
YOUR ATT ,_NTION'

geeds t

grupo de energia, economia y dindmica de sistemas



worldadaptationforum.org

References

Campos Rodriguez, Juan Manuel. «Modelado de los Impactos del Hidrégeno en la Transicion Energética:
Emisiones, Energia y Materiales». Trabajo Fin de Master. Universidad de Valladolid, julio de 2024.

. Carbajales-Dale, Michael, Charles J. Barnhart, Adam R. Brandt, y Sally M. Benson. «A Better Currency for
Investing in a Sustainable Future». Nature Climate Change 4, n.° 7 (julio de 2014): 524-27.
https://doi.org/10.1038/nclimate2285.

. Freire-Gonzalez, Jaume. «Evidence of direct and indirect rebound effect in households in EU-27 countries».
Energy Policy 102 (marzo de 2017): 270-76. htips://doi.org/10.1016/j.enpol.2016.12.002.

« Harmsen, J.H.M., A.L. Roes, y M.K. Patel. «The impact of copper scarcity on the efficiency of 2050 global
renewable energy scenarios». Energy 50 (1 de febrero de 2013): 62-73.
https://doi.org/10.1016/j.energy.2012.12.006.

* Meadows, Donella H., Jergen Randers, y Dennis L. Meadows. The limits to growth: the 30-year update. White
River Junction, Vt: Chelsea Green Publishing Company, 2004.

. Pulido-Sanchez, Daniel, Ifigo Capellan-Pérez, Carlos de Castro, y Fernando Frechoso. «Material and Energy
Requirements of Transport Electrification». Energy & Environmental Science 15, n.° 12 (28 de octubre de 2022):
4872-4910. https://doi.org/10.1039/D2EEO0802E.

«  Valero, Alicia, y Antonio Valero. «Physical geonomics: Combining the exergy and Hubbert peak analysis for
predicting mineral resources depletion». Resources, Conservation and Recycling 54, n.° 12 (octubre de 2010):
1074-83. https://doi.org/10.1016/j.resconrec.2010.02.010.

«  WILIAM v1.3. «LOCOMOTION-h2020/WILIAM_model VENSIM: WILIAM v1.3». Zenodo, 13 de marzo de 2024.
https://doi.org/10.5281/zenodo.10813034.

Conference on Our Future Clearly and Without lllusions

FREGIAN




