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Individual
Empowerment

Individual empowerment will accelerate owing to poverty reduction, growth of the global
middle class, greater educational attainment, widespread use of new communications and
manufacturing technologies, and health-care advances.

Diffusion of Power

There will not be any hegemonic power. Power will shift to networks and coalitions in a
multipolar world.

Demographic
Patterns

The demographic arc of instability will narrow. Economic growth might decline in “aging”
countries. Sixty percent of the world’s population will live in urbanized areas; migration
will increase.

ood, Water, Demand for these resources will grow substantially owing to an increase in the global
nergy Nexus population. Tackling problems pertaining to one commodity will be linked to supply and

demand for the others.



Want, Waste or War?

The Global Resource Nexus and the Struggle for
Land, Energy, Food, Water and Minerals

...governance that fails to address the
complexities of the resource nexus can
' . lead to more waste, more want, more
WANT, WASTE OR WAR? .
gt e e mave st wars. If, however, a nexus approach is
applied to achieve better governance,
these effects of global resource use
can be mitigated.

P. Andrews-Speed et al. (2015)
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A Holistic Approach: PROMETHEUS

Sustainable Technologies (“Generalized Energy”) Corridor
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A Holistic Approach to Sustainability
The Concept of the “Generalized Energy” Corridor
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The Challenge of Sustainable Development

“LYi UEV OTTOOH TOOOVS GOPPOVOS SVTOS
KOV TPEYELY, TAEIOVOG 0& ODOEY
TPOOOEL.. "
LIidtawv, Nouoi, 360 m.X.

“...The land must be sufficient to
support no more than a certain number
of people living with moderation...”
Plato, Laws, 360 B.C.




Individual Success is Difficult...




Networks of Dynamic, Social, Non-linear Innovation




The Power of CLUSTERS!

KNOWLEDGE CREATION & TRANSFER NOVEL PRODUCTS AND NEW MARKETS
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Backbone for Regional Growth

Regional Innovation and Smart Specialization
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Why the Carbon Economy is so Resilient?
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CARBON

Carbon atom

6 electrons
6 protons
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Carbon Cyclic Economy
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AEROS0L & PARTICLE TECHNOLOGY t L
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Key Enabling Technology: Redox Materials

Oxidation of reduced oxide
'H,0 —J5H,+ MO, }
Solar Syngas (H,+CO)
M, O, ,+87CO, »5CO+ MO,
120, > Q + MO,

Thermal reduction of oxide

M O + Q _)M O _|_5/202 Heat storage
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Solar Fuels Technology Evolution
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Hybrid Ammonia Cycle: Photo-/Thermo-Chemical
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Carbon Neutral Solar Fuel Plant
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Thermochemical Energy Storage in Minerals
CaCO,, —>Ca0, + CO,, , AH =178 ki/mol TES : 3.1 MJ,;/kgc,o
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Concluding Remarks

Grand Challenges require holistic approach and synergies
Sun+Water+Mineral Resources = Sustainable Prosperity

Novel Solar Thermochemical Technologies for energy,
solar chemicals (H, , CH,...), water and material recovery
are now at a Technology Readiness Level (TRL) which
makes them suitable for pilot/demonstration projects.

Let’s face the challenges with innovative solutions!
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