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1. 

Societal development and environmental 
degradation dynamics in a finite world

ANTHROPOCENE: 
THE HUMAN 
EPOCH



You are here

Source: Vaclav Smil, Tom Murphy
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But socio-economic progress was made at a cost
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Source: Elhachamet al. (2020), Greenspoonet al. (2023), OWID

The scale of human creations on Earth



ÅSocio-economic progress is very recent and has been 
made jo!qbsbmmfm!xjui!b!efhsbebujpo!pg!uif!Fbsuiǃt!
ecosystems and resources

ÅHumans have become a major driving force jo!Fbsuiǃt!
geology and ecosystems changes

ÅThis occurred using energy exogenous of human's bodies, 
largely based on fossil fuels

ÅHuman societies are like a giant superorganism 
consuming natural resources and producing waste

ÅThe ecological footprint of human societies have 
fydffefe!Fbsuiǃt!cjpdbqbdjuz
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Key takeaways TpǍ

How severe is it?

1. Anthropocene: the human epoch 



2. 

An insight into the vital signs of planet Earth

ECOLOGICAL 
OVERSHOOT

ǆJ!am here to sound the alarm: The world must wake up. Weare on the 
edgeof an abyssǀand moving in the wrongejsfdujpo/Ǉ
Antonio Guterres, UN Secretery-General 
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SAFE CLIMATE
SPACE

Source: PlanetaryHealthCheck



Planetary boundaries
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Source: PlanetaryHealthCheck 2025
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A 6th mass extinction has started
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Sources: IPBES, Pimmet al (2014), Ceballoset al. (2015, 2017)

ǆUiftf!ftujnbuft!sfwfbm!bo!
exceptionally rapid loss of biodiversity 
over the last few centuries , indicating 
that a sixth mass extinction is already 

voefs!xbzǇ

Rate of species extinction is 
100-1000x the background rate



Mechanism of warming and its contributors
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Source: IPCC AR6



The social shortfall and ecological overshoot of nations

France
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Source: FanningŜǘ ŀƭΦ όнлннύΣ hΩbŜƛƭƭ Ŝǘ ŀƭ όнлмуύ

ǆEpvhiovu!fdpopnjdtǇ



Dynamics of biophysical collapse: limits to growth
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Å7 of 9 planetary boundaries are transgressed, indicating an 
ongoing planetary crisis, suggesting a systemic problem

ÅThe 6th mass extinction of life is ongoing

ÅClimate change already has global consequences

ÅWarming and extreme weather events will increase in 
frequency and intensity

ÅThis will have multiple consequences on human and 
fdptztufnt!ifbmui-!jogsbtusvduvsft-!dspq!zjfmeǍ

ÅFossil fuels supply, the blood of our modern societies (84% 
dependent), will fall short soon in Europe regardless of our 
climate policy

ÅOur development model is unsustainable . We must rapidly 
end our overshoot situation to avoid biophysical collapse.
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Key takeaways TpǍ

What must be done?

2. Ecological overshoot



3. 

Towards a good life for all within planetary boundaries?

TRANSFORMATION 
PATHWAYS

ǆXibu!xf!ep!cfuxffo!3131!boe!3141will be the decisive decade for 
ivnbojuz(t!gvuvsf!po!fbsuiǇ

Professor Johan Rockström, PID Director
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Key milestones in pathway to net zero
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Source: IEA



Carbon inequality between socio -economic groups
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Source: Oxfam



ÅGHG emissions must rapidly decline and reach net zero by 2050-2070 to 
limit warming to 1.5 -2°C, but they keep increasing.

Å This can be done by 
Å Reducing emissions (decarbonization, efficiency, sufficiency)

Å Developing anthropic sinks

ÅGHG emissions mainly come from the burning of fossil fuel 

ÅA transition is required from fossil fuels to low -carbon sources combined 
with a widespread electrification of end uses

ÅAlthough they made outstanding progress, low carbon technologies will 
need to be deployed at very high paces to meet climate targets

Å There are severe carbon inequalities, and those with the lowest 
responsibility tend to be the most vulnerable to climate change, leading to 
climate injustice

Å The rate of emissions decline has been highly insufficient in OECD 
countries mainly due to increase in consumption (GDP)

ÅClimate mitigation present some trade-offs with other environmental 
pressures, but major co-benefits
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Key takeaways TpǍ

Whybsfoǃuwe on track?

3. Transformation pathways



4. 

Cultural, political and economic brakes to 
transformational change

ROOT CAUSES OF 
OUR INADEQUATE 
RESPONSES

ǆJg!uif!pomz!uppm!zpv!ibwf!jt!b!ibnnfs-!zpv!ufoe!up!tff!fwfsz!qspcmfn!bt!
b!objmǇ

Abraham Maslow, psychologist

ǆBozpof!xip!uijolt!uibu!zpv!dbo!ibwf!jogjojuf!hspxui!jo!b!gjojuf!
environment iseither a madman or an economistǇ

Kenneth Boulding, founding father of ecological economics



This leads to differentiated sustainability strategies

68

Weak sustainability Strong sustainability

Source: Stockholm ResilienceCenter



ÅThe role of technology in addressing environmental problems:
Å Has presently been limited by rebound effects and by inadequate use 

driven by consumerist mindset
Å Slowed by past choices that have created socio-technical lock -ins 
Å Is generally overstated: technosolutionism

ÅConsumerism has been constructed to fulfill the growth 
imperative of a capitalist economy

ÅInformation on environmental problems:
Å The fossil fuel industry has perpetrated disinformation, propaganda and 

lobbying campaign to delay climate action, leading to climate denial 
Å Media coverage has been highly problematic both in terms of time 

dedicated and way of depicting the issue

ÅThe inadequate description of the role of the environment in 
mainstream economics led to inadequate tools and 
sustainability strategies

ÅBiophysical descriptions of the economy enable the derivation 
of new tools for guiding human development
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Key takeaways TpǍ

What else can go wrong?

4. Root causes of our inadequate responses



5. 

Global systemic risks on the road to net zero

CHALLENGES 
ALONG THE WAY
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The interactions between global systemic risks threaten our ability
to mitigate environmental breakdown.

Environmental breakdown, in turn, makes these risks more severe. 



Socio-economic and geopolitical dimensions drive raw 
nbufsjbm!ǂdsjujdbmjuzǃ

79

Share of top 3 producing countries in production 
of minerals and fossil fuels, 2019 

Critical raw materials for the EU

Source: IEA, EU JRC



ÅModern societies are facing risks caused by the high level of 
interconnection between different sectors on a global scale 
and by the consequences of human activities on the 
environment

ÅThese so-called systemic risks can be economic, geopolitical, 
environmental, societal and technological

ÅThey can slow or hinder the transformation of our society 
towards sustainability

ÅIn particular, raw materials fluxes may become a key limiting 
factor for the energy transition, while global finance may be a 
significant destabilizer

ÅFragile states are also the most vulnerable to climate change, 
which is an amplifier of tensions potentially leading to armed 
conflicts
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Key takeaways TpǍ

What about the space sector?

5. Challenges along the way



6. 

The future of the space sector in the Anthropocene

WILL WE CONTINUE 
SPACE ACTIVITIES?

ǆUijt!ejtdvttjpo!mfbet!vt!up!uif!jofwjubcmf!dpodmvtjpo!uibu!xf!bsf!cpvoe!up!
uif!Fbsui!gps!uif!ofyu!211-111!zfbst/!\Ǎ^Ǉ
Roger-Maurice Bonnet, former ESA scientific director

ǆFbsui!jt!uif!dsbemf!pg!ivnbojuz-!cvu!pof!dboopu!mjwf!jo!b!dsbemf!gpsfwfsǇ
Konstantin Tsiolkovsky

ǆPof!ebz-!Nbst!xjmm!tbwf!Fbsui/!J!bn!dfsubjo!pg!ju/Ǉ
Elon Musk, CEO of SpaceX
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A new paradigm enabling the development of new space activities and speculative projectsǍ

Large constellations 
of satellites

Space tourism

Lunar missions Space-based solar 
power

Earth-to-Earth 
transportation

Mars colonisation

Space cities

Asteroid mining

Ǎjo!b!dpoufyu!pg!fowjsponfoubm!dsjtjt!sfrvjsjoh!boe!usjhhfsjoh!
profound technological and societal transformations

Ǎmfbejoh!up!tfsjpvt!dpodfsot!po!uif!
environmental sustainability of space activities
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