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1. Brief introduction to supercapacitors

The term supercapacitor (or ultracapacitor) [1] is used to indicate an
electrochemical capacitor capable of storing charge through a capacitive
process occurring in the electrical double layer formed at the interface
between an electronic conductor (i.e., the electrode) and an electrolytic
solution (e.g., non-aqueous electrolyte) [2,3]. The increasing demand
for improved electrochemical energy storage systems continually boosts
research efforts toward new materials, configurations and production
processes, both for batteries and supercapacitors. The development of
hybrid devices (e.g., where one electrode stores charge through a fara-
daic process and the other through a non-faradaic process) has also
exploited progress in both the battery and supercapacitor fields. How-
ever, not all investigated materials are promising or industry-relevant,
contrary to the claims in many research works. For example, compli-
cations related to the upscaling of lab-scale experiments hamper the
exploitation at industrial scale. For these reasons, it is essential to define
the best-practice methods to obtain reasonable predictions for super-
capacitor materials and device testing. Also, many battery electrode
materials are explored as supercapacitor electrode materials. However,
not all battery materials can be considered as candidate electrode ma-
terials for hybrid devices. Only those materials with a suitable crystal
structure for high rate capability and good cycling stability are
appropriate.

2. Good practice for the experimental section

Given that the performance of individual electrodes and entire de-
vices depends on the electrode mass loading [4,5], the following
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information must always be reported in the manuscript’s experimental
section:

1. Pore size distribution (ratio of mesopore volume to micropore

volume) and surface area analysis of the active material.

2. Loading of active materials and total mass of the electrode, partic-
ularly for thin electrodes or if three-dimensional current collectors
(sponge-like, foam, felts, etc.) are used.

. Electrode area

. Electrode thickness (when volumetric values are reported)

. Composition and volume of the electrolyte

. Type and number of separators

. Potential range and/or current(s) applied
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. Good practice for the results and discussion section

To demonstrate the suitability of materials (or devices) for super-
capacitor applications, it is necessary to provide the following specifi-
cation in the manuscript main text:

1. Coulombic efficiency (which is essential for a long cycle-life)

2. Cycle number (preferably galvanostatic charge/discharge cycles
rather than voltammetric cycles)

3. When comparative data are given (Tables or Ragone plot), please
specify if the data refer to similar mass loadings (in Tables, the
loading should be included). See also the example table in the section
6 of this document.
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3.1. Figures

1. Use the IUPAC or the American conventions (not mixed conventions)
for voltammograms [6].

2. Nyquist plots of electrochemical impedance spectroscopy (-Im(Z)
vs Re(Z), Z in Q cmz) should be ortho-normed (same scale for
impedance on both ordinate and abscissa axes). The high and low
frequency values should be stated, if different from those indicated in
the Experimental section, in which the number of data points (per
decade of frequency or overall) and the amplitude of the signal and
direction of the sweep should be provided. Also, the operating con-
ditions of the measurements should be given.

4. Valid formulas for the evaluation of materials and devices

The main problem in the use of the appropriate formulas for
capacitance, energy and power evaluation is mainly linked to the con-
cepts (and misconceptions) of capacitance and pseudocapacitance.
Considering that many papers are available on this topic [7-9], here we
summarise only a general outline with the most important key concepts.

Several types of active materials can be considered for super-
capacitors: (i) those exhibiting capacitive behaviors like porous acti-
vated carbon, (ii) those exhibiting pseudocapacitive behaviors like RuOy
and MnOsy, and (iii) those exhibiting faradaic, battery-like behaviors like
Ni and Co hydroxides. The main difference between the last two types of
material is that pseudocapacitive materials exhibit a voltage response
deriving from faradaic electrode processes but displaying an overall
linear dependence of the charge variation with potential (or voltage):

AQ (C) = C (F) * AV (V) (€H)

The capacitance can thus be evaluated by the derivative d(AQ)/d
(AV) [2]. The typical nearly rectangular cyclic voltammograms and
linear potential profiles during both galvanostatic charge and discharge
are typical features of capacitive and “true” pseudocapacitive materials
[91.

The capacity of battery-like materials is given by the product of the
number of moles of electrons passed in the faradaic process, and the
Faraday constant:

Q (C) = n (mol) *F (C mol_l) 2)

These materials do not show a constant capacitance over the whole
potential window. For this reason, it is better to compare capacity rather
than capacitance [9,10].

All the materials mentioned above can be coupled in a device: two
capacitive electrodes will give an electrochemical double layer capac-
itor, two pseudocapacitive electrodes will give a pseudocapacitor. A
battery-like electrode and a pseudocapacitive or capacitive electrode
could be assembled in a hybrid supercapacitor, which can display an
overall capacitive behavior. If one of the electrodes is made of an
insertion material, such as those used in Li-ion or Na-ion batteries, the
device will be a Li-ion capacitor or a Na-ion capacitor, and the capacity
should be evaluated rather than the capacitance.

Several published papers report the correct formulas for the calcu-
lation of single-electrode capacitance, and full device capacitance, en-
ergy and power [4,8,11-13].

In the case of a hybrid device with nearly capacitive behavior, it is
possible to evaluate the energy storage capacity by integration of the
discharge curve (eq. (3)) and then to calculate the system capacitance by
using the energy-capacitance relation (eq. (4)) [12,14,15].
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It should be pointed out that it is meaningless to quote the energy and
power of a single electrode [16].

In addition, some materials (pseudocapacitors) display high capaci-
tances, but their redox potential makes it difficult to couple with other
electrode materials to make a realistic capacitor. Authors may need to
give some examples of counter electrodes that can be combined with a
proposed electrode material within a reasonable electrochemical win-
dow. In addition to 3-electrode testing, we recommend also including
measurements in 2-electrode configuration.

For the evaluation of tests and performance of commercial devices,
we recommend referring to Ref. [17].

5. What are the most important properties for a supercapacitor?

When “good” material properties for supercapacitors are claimed, it
is important to indicate the application for which they are envisioned.
According to the application, different metrics should be used.

Specific, areal and volumetric performances depend on the size of
the final device and the application. For macro-devices (from portable
size to large-size), the capacitance can be expressed as F g™}, Fem 2, F
em 3. For micro-devices (e.g., electronics) and nano-devices (e.g., on-
chip, implantable devices), areal and volumetric parameters become
of paramount importance. In these cases, the amount of active material
could be very low, thus resulting in apparently impressive specific
capacitance; the areal and volumetric parameters will give a more
meaningful prediction, however. In the case of flexible devices, bending
properties should also be reported.

The cycle number depends on the type of material and the envi-
sioned use. For exploratory studies on “very new” materials, a number of
cycles in the range 1000 and 5000 cycles is required, but for practical
applications at least 20000 cycles are required. For metal-ion capacitors,
at least 1000 cycles are recommended for material and device studies.

The quotation marks used to highlight the term “very new” indicate
that the material should be adequately assessed depending on the
context. For instance, in the past decades, much effort has been devoted
to the production of novel carbon-based materials with innumerable
shapes and forms, obtained from countless bio-organic sources such as
seed, leaf, wood, husk, shell, or peel. However, for possible consider-
ation by the present journal, the “novelty” of such materials should not
be only related to the originality of the material production process (for
this purpose, materials journals are considered more appropriate) but
also to the electrochemical energy storage performance. For example, if
the vastness of the plant kingdom is considered, there will always be a
first time for a “novel carbon” obtained by plant leaf pyrolysis. From this
point of view, the Journal of Power Sources is no longer interested
in the shape or source of a given material by itself, and does not
consider it as a novelty feature, unless a real advantage in terms of
performance, cost or sustainability is clearly demonstrated.

6. Reference values from literature and commercial devices

When a comparison of material/device performance with exist-
ing literature data is included in the paper, particular attention should
be paid to the coherence of the data. Specifically, only materials/devices
with similar mass loading should be compared.

As an example of proper reporting, Table 1 contains a limited
number of results available from the literature [13,18-20], and could be
used as a guide for authors to present benchmark information for
different device types.

7. General remarks

The Elsevier website states the following under the Duties of Authors
regarding Originality and Acknowledgement of Sources:

“The authors should ensure that they have written entirely original
works, and if the authors have used the work and/or words of others,
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Table 1
Example of parameters useful for comparison of electrode materials in various cell configurations.
Capacitor device type Electrolyte Electrode mass loading Coactive material (F Quctive material Capacitance/capacity retention Egeyice (Wh Pevice (kW
(mg cm ) g’l) (mAh g’l) of the device kg’l) kg’l)
Electrochemical double Aqueous >2 200-500 not relevant >90% after >10k cycles ~10 ~100
layer
Electrochemical double Organic >2 100-300 not relevant >90% after >10k cycles ~10 ~100
layer
Pseudo Aqueous >2 500-1500 not relevant >90% after >1k cycles 10-30 10-50
Pseudo Organic >2 135-300 not relevant >90% after >1k cycles 2-40 1-10
Hybrid/battery-like/ Aqueous >2 50-200 50-120 >90% after >1k cycles 15-60 5-50
metal-ion
Hybrid/battery-like/ Organic >2 30-100 30-80 >90% after >1k cycles 20-150 5-50
metal-ion

that this has been appropriately cited or quoted and permission has been
obtained where necessary. Proper acknowledgement of the work of
others must always be given. Authors should cite publications that have
influenced the reported work and that give the work appropriate context
within the larger scholarly record. Information obtained privately, as in
conversation, correspondence, or discussion with third parties, must not
be used or reported without explicit, written permission from the source.
Plagiarism takes many forms, from ‘passing off’ another’s paper as the
author’s own paper, to copying or paraphrasing substantial parts of
another’s paper (without attribution), to claiming results from research
conducted by others. Plagiarism in all its forms constitutes unethical
behavior and is unacceptable.”

For further details please see: https://www.elsevier.com/about/poli
cies/publishing-ethics.

Highlights consist of a small number of bullet points that concisely
capture the novel results of your research as well as any new methods
that were used during the study.

The graphs and figures should exhibit a consistent and homogeneous
presentation; color codes and font sizes should be maintained
throughout to enable good legibility of the experimental data.

The use of emphatic statements such as “superior”, “excellent”,
“outstanding” should be limited. The performance of tested materials/
components should be benchmarked versus state-of-the-art materials/
components and compared to the relevant literature.
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