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Abstract:
We analyze the sensitivity of the optimal mixes to cost
and variability associated with solar technologies and examine the role of Thermal Energy Storage (TES) combined to Concentrated Solar Power (CSP) together with
time-space complementarity in reducing the adequacy
risk—imposed by variable Renewable Energies (RE)—on
the Moroccan electricity system. To do that, we model
the optimal recommissioning of RE mixes including
Photovoltaic (PV), wind energy and CSP without or with
increasing levels of TES. Our objective is to maximize
the RE production at a given cost, but also to limit the
variance of the RE production stemming from meteorological fluctuations. This mean-variance analysis is a
bi-objective optimization problem that is implemented in
the E4clim modeling platform which allows us to use climate data to simulate hourly Capacity Factors (CFs) and
demand profiles adjusted to observations. We adapt this
software to Morocco and its four electrical zones for the
year 2018, add new CSP and TES simulation modules,
perform some load reduction diagnostics, and account
for the different rental costs of the three RE technologies by adding a maximum-cost constraint. We find that
the risk decreases with the addition of TES to CSP, the
more so as storage is increased keeping the mean capacity
factor fixed. On the other hand, due to the higher cost
of CSP compared to PV and wind, the maximum-cost
constraint prevents the increase of the RE penetration
without reducing the share of CSP compared to PV and
wind and letting the risk increase in return. Thus, if small
level of risk and higher penetrations are targeted, investment must be increased to install more CSP with TES.

Morocco, with thesis on the implementation of different
structure of hybrid systems in different regions of Morocco at the Green Energy Park platform of the Research
Institute for Solar Energy and New Energies (IRESEN).
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