Hybridization assessment model allowing the evaluation and comparison of hybrid solar systems
Lucile MARECHAL""@, Zacharie MENARD">"@_ Olivier REBRIOUX"", Miguel SAINZ-MANAS""@_ Alain
DOLLET!, Arnaud PERONA!, Simon EIBNER?, Rodolphe VAILLON?, Mouna EL HAFI?, Gilles FLAMANT?,

Frangoise BATAILLE', Cyril CALIOT*, Alexis VOSSIER",

' PROMES-CNRS; 2 Laboratoire RAPSODEE, IMT Mines Albi; * IES, Univ Montpellier, CNRS; # Université de Pau et des Pays de L’ Adour, CNRS.

" These authors contributed equally to this work.

@ Corresponding authors: lucile.marechal@promes.cnrs.fr, zacharie.menard@univ-perp.fr, miguel.sainz-mana@promes.cnrs.fr, alexis.vossier@promes.cnrs. fr

A wide range of hybrid solar technologies are currently being investigated, such as PV-Thermal
hybrids or PV-PV hybrids. For the purpose of this work, we define “hybrid system” as sub-systems co-
operating to convert a single input of the same resource. However, the benefits of hybridisation, as well
as the benchmarking of these technologies, is fundamentally complex to evaluate due do the diversity
of hybrid systems, the nature of the energy vector (electricity, low, medium, or high temperature heat),
or the type of resource collected (for solar, direct or global radiation). The comparison of those systems
is usually based on their overall conversion efficiency, a metric which fails to take into account the
specific characteristics of each hybrid technology.

In this work, we suggest a hybridisation assessment model allowing the evaluation and the
comparison of hybrid solar systems. We propose two comparison tools. The first one aims at quantifying
the benefits of a hybrid design in comparison with their stand-alone sub-systems and in particular to the
best standard technology among these stand-alone technologies (Figure 1). This tool is useful to make
intra hybrids families comparison by helping assess the benefits of a design option. The second tool
aims to ease the comparison between hybrid solar systems of different hybridisation designs through an
economical criterion (inter hybrids families comparison).

Data from hybrid system
(stand-alone efficiencies and hybrid efficency)

Reference standard data Reference economic data
(Per year and technology) i (Cost per power of each sub-systemalone)
(Per y: “i///f ——n (Cost per p yst )

e Specific evaluation o
Standard evaluation Welles + N Economic evaluation
10BS specific = e ——— ———

max[W.Ny1_atone: Nyz-atons)

W.ngy + Ny CPPyy
108 scamomic = ax{CPP., erome:CPPrs_atoms]

10BS seandara =
max[W.Ny1-standard- Ns2-standard)

Figure 1 — Illustration of the comparison tools of the hybridisation assessment model.

IoBS stands for « Improvement over Best Subsystem », as we aim to quantify how much the
hybridisation is of interest [1]. Three figures of merit are proposed: IOBSSpecific quantifies the

improvement over the subsystems alone specific to that hybrid configuration, which may not be the
most suited for a stand-alone operation. Therefore, IoBS g;;,,4,,4 considers a standard of efficiency for
each of the technology at play. For both, a worth factor w is introduced to take into account the value
of thermal energy compared to electric energy, depending on the hybrid system’s applications [2]. The
[0BS £ conomic involves the Cost Per Power (CPP [$/kW]) of the hybrid and stand-alone systems, allowing
a comparison between hybrids of different families.

At a first sight, hybridisation offers a promising path toward increasing the efficiency with
which solar energy is converted into electricity or heat. The method proposed in this work aims to assess
more precisely the space of parameters likely to lead to an effective improvement in the performance of
the various hybrid technologies compared with the stand-alone systems on which they are based, from
both the technical and economic points of view. The aim of this work is to provide these figures of
merits, how they are employed and how to analyse their outputs.
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