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Fossil Resources: still abundant?
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Exploration of major mineral deposits and
the “Law of diminishing returns”
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Depletion: as you eat the cake, it becomes less and less tasty

https://en.wikipedia.org/wiki/File:Native_gold_nuggets.jpg



Net Energy: the concept of EROEI

EROI (EROEI) — Energy Return of Energy Invested: (Energy produced)/(Energy Spent)

Net Energy — Energy actually available: (Energy Produced) — (Energy Spent)
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Published EROI Values for Oil and Production in the US
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The Hubbert Curve: a System Dynamics Simulation
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Turbulences: the Seneca Effect

"It would be some consolation for the feebleness of our selves and
our works if all things should perish as slowly as they come into

being; but as it is, increases are of sluggish growth, but the way to
ruin is rapid."

(Lucius Anneaus Seneca (4 BCE — 65 CE), Letters to Lucilius, n. 91)

The Seneca cliff
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The Seneca Collapse of Fisheries

Lo b S e pm i -dnnusl Py nilien in

US Morth Atlantic Cod Landings
1940 1950 1960 1970 1980 1990 2000 2010 2020

0000 . AT AR T TN TN PR N - E0000
50000 - - 50000
E 40000 - 40000
r ] i
o L
= 30000 — — 30000
= X
3 ] -
8 20000 - 20000
10000 - &, oe Bare 10000
1 waw.cassendralegacy Blogspotoom i
4 Daia from FacSiat
cl LI I LI I LI I LI | L | LI B | | L | LI D

1940 1950 1960 1970 1980 1990 2000 2010 2020



The Seneca Cliff and Energy Production

ETA's Annoal Enefgy Outlook and thie Seénecs ClIIT
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Oil prices are thermodynamically driven W

https://cassandralegacy.blogspot.it/2016/07/some-reflections-on-twilight-of-oil-age_15.html

Tverberg Estimate of Future Energy Production
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World Crude Oil Production
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THE NET ENERGY CLIFF
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The Seneca Curve of Net Energy Simulated by System Dynamics

EROEI and NET ENERGY
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The Seneca cliff

System dynamics simulation of
The Seneca Effect
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The Limits to Growth, 1972

O e,
n S,
—_ s
Births.

'I'I:]'D'd Fﬁr u—'&pl‘lﬂ

! ]
1800 1950 2000 2060 2100
yeur



Zero burning from 20507

Figure 1: Range of Global Emissions Pathways in Scenarios Consistent with Likely Chance of 2°C or Medium Chance of 1.5°C"®
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The energy transition: necessary
conditions

1. Use fossil energy to build the
renewable infrastructure that will replace
fossil energy

2. Do not exceed the safe limit of
emissions

3. During the transition, maintain the
minimum necessary energy services to
society

Whoever sows sparingly
will also reap sparingly,
and whoever sows
bountifully will also reap
bountifully.

Corinthians 9:6
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Detailed Sustainable Energy Transition Path

Fossil phase-out: 2020 - 2075 | Emissions cap: 990 GtCO,

EROE| = 20 in year 2014 | Demand = 2000 W / person in year 2100
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Thanks for your attention!




Cassandra’s Legacyds
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Listen! for no more the presage of my soul,
Bride-like, shall peer from its secluding veil,
But as the morning wind blows clear the east,
More bright shall blow the wind of prophecy,
And | will speak, but in dark speech no more.

(Aeschylus, Agamemnon)
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