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Abstract

In order to have a characterization of the criteria determining the choice of
energy storage or non-storage in PV systems in the Sahelian zone, we used
the research methodology described as a follow-up. First, we identify the cri-
teria that determine the choice of energy storage or non-storage. In the rest of
the work, we establish a prioritization of its criteria. Finally, the two phases
written above, allowed us to develop an approach characterized by the
weighting of the criticality index, which we implemented using the global de-
cision matrixes of the AMDEC method (Analysis of the Modes of Failures of
their Effects and Criticism). The validation of the model followed the rigour
of the scientific approach through the methodology used. Thus, the validation
of the choice of the specific criteria was made on our personal experience in
pv, and the recurrence of its criteria in the literature encountered. The valida-
tion of the prioritization of the criteria is based on the quality of the results
resulting from the rigorous application of the AMDEC method. This work
refers to the problem of whether or not to set up an energy storage method to
compensate for the off-peak periods (nights and obstacles that occur in the
days) of energy production of the photovoltaic system. A determination of
the determining criteria, in the choice of energy storage or non-storage in PV
systems in the Sahelian zone, was made. The work also made it possible to
establish a prioritization of these last criteria. The results obtained show that
the proposed method allows for a prioritization of the determining criteria in
the choice of energy storage or non-storage in PV systems in the Sahelian
zone.
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1. Introduction

The question of energy sources reveals to date, a wide variety of potential
sources, on the other hand, each of the sources, for optimal production, is
adapted to a given area. Fossil sources have shown their limits over time. Re-
newable sources, for their availability in certain areas, present themselves as a re-
liable alternative to the rise in prices experienced by fossil sources.

In the Sahel region, photovoltaic solar energy (PV) is increasingly used and at
the same time becomes a priority in the energy investments of most govern-
ments of the countries concerned. However, this energy is linked to intermittent
production. It is only insured during days without obstacles and stops at night-
fall. So, for continuity of service in PV systems, a means of energy storage is of-
ten necessary. It is in this spirit that a decision is needed, whether or not it is to
put in place a means of energy storage.

Solar PV energy is experiencing a significant increase in the world, and par-
ticularly in the Sahelian zone south of the Sahara, in Africa. In Burkina Faso,
there is a growing risk of injecting renewable and hybrid energy production into
the interconnected national grid. The largest injection renewable energy plant in
the national grid is the 33MWc ZAGTOULI photovoltaic plant inaugurated on
29 November 2017 [1]. This plant is without storage, so produces no energy at
times without sunshine like nights. Burkina Faso also saw the inauguration on
19 March 2018 of the world’s first solar power plant, which is twinned with an
energy plant. It is the work of a mining company, located in the Sahelian area
located in the north of the country. It is a 15 mW-c solar power plant paired with
a 57 mW power plant, which comes from the ESSAKANE mine owned by the
IAMGOLD group [2].

In our work, we highlight a set of important criteria in the choice of energy
storage or non-storage in PV systems in the Sahelian zone. Many other research
studies have already taken into account the categorization of the energy storage
methods of PV systems. On the other hand, we have not encountered in the lite-
rature, a study focused particularly on the criteria determining the choice of a
storage or non-storage means, or even their prioritization. So this work, by its
presented results, positions itself as a reference in decisions on whether or not to

set up a storage medium in PV systems.

2. Determinative Criteria in the Choice of Energy Storage or
Non-Storage in Photovoltaic Systems in the Sahelian Zone

The choice of the determining criteria was made in a careful observation among

the parameters that can influence the establishment of storage in photovoltaic
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systems. Thus, the following parameters were considered the most sensitive in

setting up storage:

- Storage costs: the installation of storage to compensate for off-peak periods
(nights, climatic hazards, ...) is subject to significant costs that are based on
storage technology. The cost of storing in a PV system with batteries as a
storage technology can account for 40% of the total investment [3].

- The cost of maintaining storage means: storage often requires regular
monitoring and its frequency depends on the storage technology used.

- Environmental aspects related to storage: the choice of storage technology
must integrate health safety and consideration of the work environment.

- The technological characteristics of storage: efficiency, adaptability to PV
and autonomy are technical and economic characteristics that influence ac-
cessibility to different storage methods [4].

- The selling price of PV energy produced: the profitability of energy pro-
duction for private structures is directly linked to the cost price of kWh.

3. Quantitative Analysis of the Determining Criteria in the
Choice of Energy Storage or Non-Storage

This is the characterization phase of the determining criteria in the choice of
energy storage or non-storage. It aims to prioritize the determining criteria for
whether or not to store energy in order of criticality index [5]. Criticality is the
combination of the occurrence of the criterion, the severity of the effect gener-
ated and the choice on storage.

The criticality of an event is the product of gravity, occurrence and choice.

Criticality can be expressed by the following equation:

C=Gx0OxCh (1)

The hierarchy is given in order of decreasing criticality, which means that the
highest value corresponds to the strongest criticality.
Table 1 provides a reading of the rating tools that will be used to determine

the values of the criticality index.

4. Analysis of the Failure Modes of Their Effects and

Criticism
After determining the rating tools, we relied on our personal experience on the
one hand, and on the other hand on the assessments of PV project management
and design experts to complete Table 2.

Table 2 shows that each of the criteria identified can involve one or more
modes of failure. Thus, the storage cost criterion corresponds to two modes of
failure, the installation costs of only storage are higher or equal to the costs of
other components of the PV system, and a failure related to an excessive re-
placement of the means of storage. The second criterion, which is the mainten-
ance of storage means, is related to a single mode of failure which is monitoring

and monitoring. The third criterion, which is the environment, is associated
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Table 1. Rating of assessment tools.

Choice scale

Note Gravity scale Occurrence scale
Choice Note
1 No influence Very Unlikely
Yes 2
2 Significant situation unlikely
3 Worrying situation Possible Indécision 1
4 Irreversible situation Probable
No 3
5 Extravagant situation Very Likely
Table 2. AMDEC study on photovoltaic storage.
Criterion Explication Modes of Failures Causes Effects G O Choix C
Fees higher or equal to Storage is inappropriate in
g d Storage specificity 8 PP . P 2 2 12
Cost of Storage Setting up other components the short to medium term
Excessive change Short lifespan Storage is expensive 3 2 2 12
Monitorin;
Maintenance . g Tracking failures  Irregularity and misdiagnosis ~ Storage is expensive 3 3 1 9
and monitoring
Presence of products
Harmful to health  harmful to health (explosive Storage is dangerous 2 2 2 8
. Relationship with gas, lead, acid)
Environment h .
the environment Sureté d’espace de stockage
Bulky for space avec un cycle élevé Storage is annoying 1 1 2 2
de renouvellement
Immature technology not
Bad adaptation for PV 24 Storage is unfeasible 5 5 3 75
recommended for PV
Limited autonomy Undated capacity Storage is expensive 2 2 2 8
Technol Technical
echnology Unsatisfacto Current state of
features and use v . Rk Storage is expensive 2 2 2 8
performance insufficient research
Poorly controlled Difficult to take . .
Storage is annoying 2 2 2 8
technology control of users
Unsatisfacto Monopoly not advantageous
R POy v 8 Storage is expensive 2 2 2 6
resale costs to other producers
Cost Costs for resale
Unregulated A neglected sector .
i L i Storage creates more risks 3 3 1 9
and risky market with investment risks

with two modes of failure. This is the question of the health harmfulness of the
means of storage, and the clutter of the premises [6]. The penultimate criterion,
which is the technological characteristic of storage means, is, combined with
four modes of failure, in view of its sensitivity. Poor storage adaptation for a PV
system, low battery life of the storage system, insufficient efficiency of the sto-
rage method and poorly controlled technology or maturity of the storage me-
dium are the modes of failure associated with this fourth criterion [7]. The last
criterion, the cost price per kWh of energy produced by a PV system, is com-
bined with two modes of failure. For example, an unsatisfactory resale price and

an unregulated market have been identified as the two modes of failure asso-
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ciated with this fifth and final criterion.

5. Evaluation and Prioritization of the Determining Criteria
in the Choice of Energy Storage or Non-Storage

A weighting is made with the failure modes of each of the determining evalua-
tion criteria. This gives us Table 3.

The various criteria that were the subject of the study were isolated by their
rating on criticality and presented in Table 3. Depending on the highest critical-
ity, we ranked the different criteria of the study. Thus, we describe below the
ranking followed by an interpretation.

1st place: this place is occupied by the choice of storage technology. This cri-
terion refers to the type of storage to be done for the PV system. This criterion
seems to merit its overriding place in the decision whether or not to set up sto-
rage in a PV system. There are several types of technology for the means of sto-
rage of PV systems [8].

2nd place: occupied by the cost of storage, this criterion also proves its sensi-
tivity in the decision to establish or not a means of storage by positioning itself
in second place. The installation costs associated with storage are often very
high. The higher the capacity, the higher the storage costs [4].

3rd place: resale costs rank third in the order of the criteria for the imple-
mentation of storage in PV systems. This criterion is related to the operation of
the system [9]. This operation is intended to cover the cost of installing the en-
tire system according to the system’s component depreciation program. There
are a few types of pricing structures adapted to PV systems [10].

4th place: the environmental component is ranked in the penultimate place,
in consideration for introducing storage. This may result, as so far, this compo-
nent seems to be less considered compared to the other criteria of the study in

the choice of storage.

Table 3. Prioritization of the determining criteria in the choice of energy storage or
non-storage.

Criteria Criticism by failure mode Weighting criticality Rank

12

Storage cost 24 2eme
12

Maintenance 9 9 5eme
8

Environment 10 4eme
2
75
8

Technology 97 1¢
8
6
6

Resale price 15 3eme
9
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Figure 1. Ranking of study criteria according to the criticality index.

5th place: the last place is occupied by the maintenance component of the
storage facilities. This can be explained by the peculiarity of the Saharan zone. In
this area, the majority of storage facilities used in PV systems are without inter-
mediate maintenance until the end of their life.

We then make a ranking of our criteria through a given diagram in the fol-
lowing Figure 1.

Figure 1 gives us a better understanding of the ranking of study criteria dis-
cussed in Table 3. The elements of appreciation already mentioned on the pre-

vious classification remain valid for a possible interpretation of Figure 1.

6. Conclusions

This study, which assesses the criteria for whether or not to store energy in pho-
tovoltaic systems in the Sahel region, identified and prioritized the criteria most
sensitive to the issue of storage. Thanks to a bibliographical research approach,
we were able to identify five criteria, the most sensitive and part of the decision
on whether to set up a storage. The five criteria that caught our attention in the
study were the cost of installing or setting up storage, the cost of maintaining the
storage medium, the environment component resulting from storage, storage
technology, and the cost of the kWh of energy for commercialization. In the
prioritization of these criteria, the study found that, according to the criticality
index, the criterion of storage technology is the most sensitive for any reflection
on the implementation of a storage.

Where possible, these results should be confirmed by an experimental study

for PV systems.
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