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Abstract:

Research for new energy technologies is a majareidsr the future. Hydrogen energy is often
considered as one possible solution to overcomeagivarming and climate change phenomena. A
wide variety of technologies is currently beingestigated all over the world in the fields of hygea
production (water electrolysis, natural gas refongnithermochemical cycles, biomass gasification...),
hydrogen storage (compressed gaseous hydrogend llgrdrogen, metal hydrides...), hydrogen
distribution (gaseous hydrogen by pipelines or ksudiquid hydrogen by trucks...) and final use
(polymer electrolyte membrane fuel cells, soliddexiuel cells, internal combustion engines...). The
evaluation of the performances of these technadogse necessary for orientating Research and
Development towards the most promising solutiortss Btudy illustrates the implementation of an
innovative MCDA approach for evaluating the perfarmoes of on-board hydrogen storage systems.

Compared to other fuels, hydrogen is charactei@ed high gravimetric energy density (120.1 MJ/kg,
versus 42.0 MJ/kg for oil) and, in standard cowdisi, by a very low volumetric energy density (0.011
GJInt, versus 34.5 GJffor oil, i.e. 3136 times lower than oil). In order increase its volumetric
energy density, hydrogen is stored in gaseous feompressed gas), or as a liquid (20K) and also in
solid media. Compressed and liquid storage teclgnsoare rather established methods but still have
some limitations concerning safety, hydrogen logbed-off phenomenon for liquid technology) and
their energy intensive character (compression efiggetion). Solid state storage appears as a pessibl
attractive alternative due to its higher safety sotlimetric energy density but improvements have to
be made in order to increase gravimetric energgitierthermal management and up-scaling.

The aim of this study is to interact with car maua@irers in order to obtain a global positioninghef
performances of the currently developed hydrogemage technologies regarding final applications
requirements. The approach is illustrated congidefive technical evaluation criteria: system vo&um
(), system mass (kg), refuelling time (min), hygeo loss rate (g/h/kg) and conformability
(adimensional). The MCDA method illustrated here tte MACBETH method (Measuring
Attractiveness by a Categorical Based EvaluatiooHhéque) which has been proposed by Carlos
Bana e Costa, Jean-Marie De Corte and Jean-Claadsnitk[1]. This method appears particularly
adapted for the aggregation of evaluation critevleen both absolute and relative information are
required (positioning the alternatives taking iafmcount specific targets) and when various types of
quantitative and qualitative data have to be pramgsin our example, various units are used to
measure the performances of the hydrogen storageersy and additionally “conformability” is
measured qualitatively). Additionally the MACBETHethod is associated to a user friendly decision
support system (M-MACBETH)2] which helps for the implementation of the whateulticriteria



evaluation-aiding process. The method relies oardigal multicriteria aggregation procedure. Asfir
its aim is to translate the performangg®) of the alternativa regarding each criteriog) into a new

performancevi(gi(a)) representing the attractiveness of the alternativen a normalized scale.
Secondly “scale constantsl; are determined for each evaluation criterion ideorto proceed to a
weighted sum of the normalized scales. In otherdsorconsideringn evaluation criteria, the
performancev/(a) of an alternativa can be modelled by the following formula:

V@) = > W (9, (a)) )

The implementation of MACBETH method is done intewing a decision maker and determining

with him/her scales of attractivenegsand scale constantg. In the example of the evaluation of

hydrogen storage technologies for automotive agftios, the interviewed decision maker is a car
manufacturer.

One of the particularities of the MACBETH methodtle introduction of two reference levels that
have to be defined for each evaluation criterione @vel is called “acceptable” and the other lesel
called “satisfying”. In the case of the evaluatminR&D, the following definitions have been chosen
for these two levels:
- “acceptable level”: level below which an importd®&D effort will be required to allow the
adoption of the technology.
- “satisfying level”: level above which the criteriasm a strong point of the technology and R&D
for improving the performance regarding the studietkrion is not a priority.

At the end of this step, five new numerical scalkattractiveness are obtained (corresponding ¢o th
five technical evaluation criteria), each one bemogmalized with the acceptable reference levél at
and the satisfying reference level at 100. Furtbeale constants (weights) are determined in order
to proceed to the aggregation of these new norethbzales of attractiveness. In MACBETH method,
these constants are determined through the defindt fictitious alternative§. A fictitious alternative

fi is characterized by a satisfying performance faeion g; and acceptable performances for all other
criteria.

To conclude, the evaluation of the performancelyofogen technologies is necessary for orientating
Research and Development efforts towards the mmshiping solutions. This study shows that the
implementation of multicriteria evaluation-aidingethods such as MACBETH method can help
decision makers of the hydrogen field in positignihe developed technologies with regard to specifi
final applications, by modelling their prioritiegtiveen evaluation criteria as well as the evemoal
linearity of their judgments on each evaluationtecron. Further, results obtained from the
implementation of such a method can be used focdnemunication of detailed technical targets and
R&D priorities towards technological partners. Inist study the case of the hydrogen storage
technologies is illustrated from a technical panfitview. However, in the framework of a global
evaluation and comparison of these technologieseroevaluation domains such as economics,
environmental impacts, safety issues and socia@mance have to be taken into account.
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