Geophysical Research Abstracts
Vol. 21, EGU2019-14722-1, 2019
EGU General Assembly 2019
© Author(s) 2019. CC Attribution 4.0 license.

Robust design of off-grid water-energy systems under climate and
socio-economic changes
Giorgio Falcini (1), Elena Muratore (1), Federico Giudici (1), Andrea Castelletti (1,2), Davide Airoldi (3),
Elisabetta Garofalo (3), Matteo Giuliani (1), and Holger Maier (4)
(1) Politecnico di Milano, Department of Electronics, Information, and Bioengineering, Italy (giorgio.falcini@mail.polimi.it),
(2) Institute of Environmental Engineering, ETH Zurich, Zurich, Switzerland, (3) Sustainable Development and Energy
Sources Department, RSE Ricerca sul Sistema Energetico, Milan, Italy, (4) School of Civil, Environmental and Mining
Engineering, University of Adelaide, Adelaide, Australia

Small Mediterranean islands represent a paradigmatic example of remote, off-grid systems, where water supply
and electricity generation are intrinsically coupled and interdependent.
Distance from the mainland, lack of accessible water sources, and high seasonal variability of both water and electricity demand strongly and critically influence the operations of both water and energy systems. Energy security
is nowadays based on unsustainable carbon intensive diesel generators, usually oversized to meet peaking summer
electricity demand driven by high touristic fluxes. Drinking water is produced by energy intensive desalination
technologies, which strongly impact on the electricity system increasing air pollution and greenhouse gas emissions.
In order to improve the overall sustainability of small islands, the introduction of renewable energy sources coupled to power storage technologies and an efficient management of the water-energy system represent a viable and
interesting solution to produce clean energy at lower costs.
However, the identification of the optimal hybrid system design is strongly affected by the deep uncertainty in
future climate and socio-economic drivers.
The aim of this work is to identify robust hybrid renewable energy systems by directly including different plausible future scenarios of the main exogenous variables (e.g., solar radiation, wind speed, water/electricity demand)
within the optimal system design phase. By adaptively selecting a concise set of future scenarios as the most informative, our multi-objective optimization approach allows to identify robust system designs that do not degrade
when re-evaluated over a large out-of-sample set of scenarios.
Results show the effectiveness of including the deep uncertainty in the main external drivers within the optimization process for generating solutions that are robust with respect to future changing conditions. Moreover, the
adaptive selection of the most informative set of future scenarios allows to obtain satisfactory solutions in terms of
system performance by considerably reducing the computational requirements.

