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When combined with cheap Thermal Energy Storage (TES), Concentrated Solar Power 
(CSP) can shift electricity over time even when the sun is not shining. However, the capital 

cost of CSP is relatively high with a small market. Conversely, the cost of utility-scale Photovoltaic 
(PV) systems have dropped significantly in the last decade, resulting in large market adoption 
from distributed to centralized locations. But, to mitigate the intermittency of PV production 
and the system’s ramping requirements, battery energy storage system (BESS) is essential. 
However, the current battery costs are uneconomical to utilize as a grid-scale storage. Moreover, 
in order to increase the operating hours of both solar technologies, one has to increase both 
storage capacity and CSP solar field (SM) or PV module size because the additional CSP SF 
and PV modules are needed to charge the storage. This increase the investment costs although 
the Levelized Cost of Electricity (LCOE) tends to be lowered by the higher generation. These 
differences between solar technologies in terms of cost, mean production and variability must 
be accounted when designing an optimal prospective power supply system based on renewable 
energies (RE). Particularly, the utilization of CSP and PV with different thermal storage or 
batteries technologies is widely suggested within the Moroccan strategy that aims at deploying 
20% of its electrical capacity from solar energy by 2030. However, the share between PV and 
CSP and the amount of storage associated is still to be found. This study discuss objectively 
scenarios for the PV/PV-battery/CSP/CSP-TES share in the electricity mix. To do so, we use 
climate data, for the four Moroccan electrical zones, to simulate hourly capacity factors of wind; 
capacity factors of PV without battery storage or with increasing the amount of PV modules 
relative to a fixed amount of inverter capacity – as measured by the Inverter Loading Ratio 
(ILR); capacity factors of CSP without TES or with increasing the size of the CSP SF compared 
to the electricity-generating turbine – as measured by the Solar Multiple (SM); and load curves 
adjusted to observations. We optimize the electricity mix and analyze mixes along Pareto fronts 
using a recommissioning approach in which the total cost of a mix is constrained to be lower 
than that of the actual 2018 Moroccan mix. This Mean-Variance portfolio (MVP) approach – 
implemented in the E4clim modeling platform – is adopted with the objective of maximizing 
the RE penetration and minimizing the imbalances between RE production and consumption 
– used as proxy for the system’s adequacy risk. We perform some RLDC-diagnostics to take 
into account the specific timing of the fluctuation, which is not measured by the variance-based 
risk. This modeling approach with first results has been presented [1] where the battery model 
was not implemented. Moreover, no constraints on the TES volume or the maximum charge /
discharge power were applied. Since the bias correction is bringing the means of the CFs for 
different SMs to a similar value, we assumed that CSP cost is the same for different SMs to 
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only discuss the change of the variance associated with the change of the SM. We evaluated 
the impact of rental cost and CSP storage duration on the optimal mixes together with the role 
of time-space complementarity in reducing the adequacy risk [1]. This study, now, presents a 
comparative analysis of the response of the Moroccan RE mix to the integration of CSP with 
TES to the integration of PV with battery, taking into account constraints on storage and the cost 
related to energy and power capacity of both technologies.
Keywords: renewable energy, concentrating solar power, photovoltaics, storage, electricity mix, 
Morocco.
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