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ELECTROCHEMISTRY AND THE ELECTROCHEMICAL CELL

Electrochemistry is the science dealing with the interconversion of electrical and chemical energies.
In particular, it deals with chemical reactions in which an electron transfer takes place in between two
conductive electrodes, divided by an insulating and ionically conductive electrolyte.

Schotten C., Green Chem., 2020,22, 3358-3375

An electrochemical cell is a general device capable of
converting chemical energy into electrical one. If current is
generated during cell operation, the electrochemical cell is
also known as Galvanic electrochemical cell.

In example, the electrochemical cell can be viewed as the
fundamental brick constituting batteries.



REDOX (REDUCTION-OXIDATION) REACTIONS

Redox, is a term used to describe a couple of specular electrochemical reactions.

𝑎𝐴 + 𝑏𝐵 ⇌ 𝑐𝐶 + 𝑑𝐷

Composed by:

Reduction reaction

the oxidation number of a specimen is reducing (+ e-)

𝑀𝑛+ + 𝑛𝑒− → 𝑀

Oxidation reaction

the oxidation number of a specimen is increasing (- e-)

𝑀 → 𝑀𝑛+ + 𝑛𝑒−



PROCESSES AT THE ELECTRODE SURFACE

Processes involved in
electrochemical reactions:
1. Transport by diffusion or

migration of EC active species
towards electrode surface

2. The EC active atom/ion has to
adsorb a the electrode surface

3. Charge transfer (redox) has to
take place

4. The reacted atom/ion has to
desorb the electrode surface

5. It migrates back in the
electrolyte bulk

https://nanolab.engineering.ucsb.edu/research/electrochemistry-nanoscale



FUEL CELLS – A BRIEF RECALL

PEMFC

Anode 𝐻2 → 2𝐻+ + 2𝑒−

Cathode 2𝐻+ + 2𝑒− +
1

2
𝑂2 → 𝐻2𝑂

Total 𝐻2 +
1

2
𝑂2 → 𝐻2𝑂



FUEL CELLS – A BRIEF RECALL

The yield of the process is defined by the ratio between the produced electrical energy and the chemical energy brought by the
reactants.
But:
• While the electrical energy can be easily determined as: 𝑉 ∙ 𝐼 ∙ 𝑡
• The chemical energy brought by the reactants is related to the variation in the Gibbs free energy (over the reaction) and, to be

estimated, a setpoint in terms of T and P has to be defined.
For the general fuel cells:

𝜂 =
𝑉 ∙ 𝐼 ∙ 𝑡

∆𝐺
∆𝐺 = 𝐺 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 − 𝐺 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠

η
Reactant outputs
P, T, RH, Q

Reactant inputs
(P, T, RH, Q)

DC output
(V, I)



FUEL CELLS – A BRIEF RECALL

Once gases are flowing across the cell, the so-called Open Circuit Potential (OCV) is formed, and it represents the maximum voltage which is 

characterizing a fuel cell disconnected from any load. For the general redox reaction:

𝑣𝐴𝐴 + 𝑣𝐵𝐵 → 𝑣𝐶𝐶 + 𝑣𝐷𝐷

The variation of the Gibbs free energy can be evaluated by means of the Nernst equation:

∆𝐺 = ∆𝐺0 𝑇 − 𝑅𝑇 ln
𝑎𝐴
𝑣𝐴𝑎𝐵

𝑣𝐵

𝑎𝐶
𝑣𝐶𝑎𝐷

𝑣𝐷

Here, by expressing the thermodynamic activity coefficients as 𝑎𝑥 = 𝑃𝑥/𝑃
0, the OCV can be expressed as:

𝐸 𝑃, 𝑇 = −
∆𝐺0 𝑇

𝑛𝐹
+
𝑅𝑇

𝑛𝐹
ln

Τ𝑃𝐴 𝑃0 𝑣𝐴 Τ𝑃𝐵 𝑃0 𝑣𝐵

Τ𝑃𝐶 𝑃0 𝑣𝐴 Τ𝑃𝐷 𝑃0 𝑣𝐵

Where ∆𝐺0 is the standard free energy variation of the redox reaction and 𝑎𝑥 are the thermodynamic activity coefficients for the involved 

reacting species.



FUEL CELLS – A BRIEF RECALL

Partial pressure is then a crucial parameter to be monitored because it determines the internal relative humidity (RH) at which the redox 
reaction is taking place. This is strongly affecting the production of liquid water and the consequent water management issues

The gas pressure can be expressed as a sum of atmospheric partial pressure and a vapor partial one:

𝑃𝑥 = 𝑃𝑎 + 𝑃𝑣

the RH is thus defined as:

𝑅𝐻 % =
𝑃𝑣

𝑃𝑣,𝑠𝑎𝑡

Where 𝑃𝑣,𝑠𝑎𝑡 is the maximum vapor pressure at the thermodynamic equilibrium (from tabulated values; e.g. ห𝑃𝑣,𝐻2𝑂 𝑇
𝑇=100°𝐶

= 𝑃𝑎𝑡𝑚).

The rate of molar consumption or production of the x-specimen ( ሶ𝑛𝑥) which is participating in current generation is then related to the 

produced current by the Faraday’s second law:

ሶ𝑛𝑥 =
𝑗𝐴

𝑛𝐹
=

𝐼

𝑛𝐹

Where n is the equivalent number of electrons per mole of reactant involved in the redox reaction and F is the Faraday constant, which 

describes the change carried per mole of equivalent electrons involved in the redox reaction.



FUEL CELLS – A BRIEF RECALL

𝑉 = 𝑉𝑇𝐻𝐸𝑅𝑀𝑂𝐷𝑌𝑁 − 𝜂𝐴𝐶𝑇 − 𝜂𝑂𝐻𝑀𝐼𝐶 − 𝜂𝐶𝑂𝑁𝐶

𝜂𝐴𝐶𝑇 = 𝑎𝐴 + 𝑏𝐴 ln 𝑗 +𝑎𝐶 +𝑏𝐶 ln 𝑗

(linearized Butler-Volmer equation)

𝜂𝑂𝐻𝑀𝐼𝑁𝐶 = 𝑅𝑗

(ohm’s equation)

𝜂𝐶𝑂𝑁𝐶 = 𝑐 ln
𝑗𝐿

𝑗𝐿 − 𝑗

jL limiting current density (limit case for 

mass transport)



FUEL CELLS – A BRIEF RECALL

Pukrushpan, Proceedings of the ASME 2002 International Mechanical Engineering 
Congress and Exposition. Dynamic Systems and Control, 17–22, 2002. pp. 637-648.



FUEL CELLS – A BRIEF RECALL

System and electrochemical measurements are required to detect degradation mechanisms and
improve cell design.
Due to the complex architecture of fuel cell systems, degradation mechanisms can be classified as:

Chemical

Reversible
• Impurities in the gas-

phase
• coolant conductivity

increase

Irreversible
• Electrolyte loss
• Catalyst dissolution /

migration
• Ionic contamination

Physical

Reversible
• Diffusion media / channel

intrusion
• Flooding / dry out
• Reactant starvation

Irreversible
• Diffusion media deformation

of change of hydrophobicity
• Morphology changes in the

catalyst layer
• Pinhole formation



FUEL CELLS – THE NEED OF EXTENSIVE CHARACTERIZATION

• Overall performance (j/V curve, power density)

• Kinetic properties (ηact, j0, α, Electrochemically Active Surface Area ECSA)

• Ohmic properties (Rohmic, electrolyte conductivity, contact resistances, electrode resistances, interconnection
resistances)

• Mass transport properties (jL, Deff, pressure losses, reactant/product homogeneity)

• Parasitic losses (jleak, side reactions, fuel crossover)

• Electrode structure (porosity, tortuosity, conductivity)

• Catalyst structure (thickness, porosity, catalyst loading, particle size, ECSA, catalyst utilization, triple phase boundaries,
ionic conductivity, electrical conductivity)

• Flow structure (pressure drop, gas distribution, conductivity)

• Heat generation/heat balance

• Lifetime issues (lifetime testing, degradation, cycling, start-up/shut-down, failure, corrosion, fatigue)



BATTERIES – A BRIEF RECALL

Discharge

The anode is the negative electrode, while the cathode is the

positive one.

Oxidised positive ions (from oxidation reaction) move

towards the cathode through the electrolyte. Negatively

charged electrons flow through an external load from the

anode to the cathode, creating a current in the opposite

direction.

The cathode then is fed by electrons and reduction reaction

hosts the positive ions within the cathode structure.



BATTERIES – A BRIEF RECALL

Charge

Now the anode is the positive electrode, while the cathode is

the negative one.

At the positive electrode oxidation takes place: a positive ion

is dissolved in the electrolyte solution and an electron is freed

and conveyed outside of the cell.

The negative electrode is fed by electrons and the positive

ions migrating across the electrolyte under the applied

difference of potential. Once at the electrode, ions are

reduced at the electrode surface.



BATTERIES – A BRIEF RECALL

Positive electrode: 𝑃𝑏𝑂2 + 𝐻𝑆𝑂4
− + 3𝐻+ + 2𝑒−

𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒
⇄

𝑐ℎ𝑎𝑟𝑔𝑒
𝑃𝑏𝑆𝑂4 + 2𝐻2𝑂

Negative electrode: 𝑃𝑏 + 𝐻𝑆𝑂4
−
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

⇄
𝑐ℎ𝑎𝑟𝑔𝑒

𝑃𝑏𝑆𝑂4 + 𝐻+ + 𝑒−

Positive electrode: 𝑁𝑖𝑂𝑂𝐻 + 𝐻2𝑂 + 𝑒−
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

⇄
𝑐ℎ𝑎𝑟𝑔𝑒

𝑁𝑖 𝑂𝐻 2 + 𝑂𝐻−

Negative electrode: 𝑀𝐻 + 𝑂𝐻−
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

⇄
𝑐ℎ𝑎𝑟𝑔𝑒

𝑀 + 𝐻2𝑂 + 𝑒−

Positive electrode: 𝐿𝑖1−𝑥𝐶𝑜𝑂2 + 𝑥𝐿𝑖+ + 𝑥𝑒−
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

⇄
𝑐ℎ𝑎𝑟𝑔𝑒

𝐿𝑖𝐶𝑜𝑂2

Negative electrode: 𝐿𝑖𝑥𝐶
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

⇄
𝑐ℎ𝑎𝑟𝑔𝑒

𝐶 + 𝑥𝐿𝑖+ + 𝑥𝑒−



BATTERIES – A BRIEF RECALL

The yield of the process is defined by the ratio between the charge (or the energy) stored during the charge and the charge (or the
energy) drawn from the battery during its discharge. The coulombic efficiency is thus defined as:

𝜂𝐶 =
∫
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

𝐼𝑑𝑡

∫𝑐ℎ𝑎𝑟𝑔𝑒𝐼𝑑𝑡

While the energy efficiency is defined as:

𝜂 =
∫
𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

𝐼𝑉𝑑𝑡

∫𝑐ℎ𝑎𝑟𝑔𝑒𝐼𝑉𝑑𝑡

η
Reactant outputs
(C)

Reactant inputs
(C)

DC output
(V, I)



BATTERIES – A BRIEF RECALL

The maximum energy that can be delivered by an electrochemical system is based on the types and the amount of active materials
that are used. Material type defines the battery voltage, material amounts, its capacity (Ah). Though, a divergence from the
theoretical limit is always present and due to: the presence of the electrolyte (which adds mass and volume at the device) and to a
reduced operative range (the battery does not charge at the theoretical voltage, nor is it discharged completely to zero). The specific
energy and the energy density are two parameters which are commonly used for characterization and comparison of different
battery system under different conditions of use.
The specific energy expresses the energy within the battery in function of the mass of the catalyst/battery system (Wh/kg), while
the energy density expresses the energy with respect the volume (Wh/L)
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BATTERIES – A BRIEF RECALL

State of Charge The State of Charge (SOC) is defined as the percentage of the maximum possible charge that is present

inside a battery. By defining the nominal capacity of a battery as the maximum amount of charge that can be drawn

from the fully charged cell at room temperature and a C/30 rate, the SOC is expressed as:

𝑆𝑂𝐶 =
𝐶𝑟
𝐶
= 1 −

1

𝐶
න
0

𝑡

𝐼 𝜏 𝑑𝜏

Assuming that SOC = 100% at t=0. At this point it is assumed that the battery can provide C/30 A for 30h. A

complementary parameter to the SOC is the Depth of Discharge (DOD) which defines the amount of charge which has

been drawn from the battery.

𝐷𝑂𝐷 = 1 − 𝑆𝑂𝐶

SOC is not directly measurable in a battery, so it must be inferred from other measurements or estimated by the

battery management system. Voltage, current, and sometimes temperature are measured for this purpose in the less

intrusive way.



BATTERIES – A BRIEF RECALL

Also from batteries the Gibbs free energy is related to the useful work

that can be done by the cell. From the Gibbs free energy it is possible to

retrieve the standard cell potential (tabulated at standard conditions –

25°C, 1 bar):

𝐸0 = −
∆𝐺

𝑛𝐹

The intrinsic voltage of a battery (for the generic redox reaction 𝑎𝐴 +

𝑏𝐵 ⇌ 𝑐𝐶 + 𝑑𝐷) can be expressed via the Nernst equation:

𝐸 = 𝐸0 −
𝑅𝑇

𝑛𝐹
ln

𝑎𝐶
𝑐𝑎𝐷

𝑑

𝑎𝐴
𝑎𝑎𝐵

𝑏

where 𝑎𝑋 are the activities of the specimens involved.



BATTERIES – A BRIEF RECALL

Batteries have porous, solid-phase electrodes that are saturated with liquid-/gel-phase

electrolyte that transports ions from one electrode to the other. The electrons involved in

the electrode reactions must pass through the electrode–electrolyte interface. This

interface resists the flow of electrons, creating an overpotential (η) that must be

overcome to allow charge transfer.

𝜂 = 𝑅𝑐ℎ.𝑡𝑟.𝑗

For anodic or oxidation reactions, current flows 

from the electrode to the electrolyte and η > 0.

For cathodic or reduction reactions, current flows 

from the electrolyte to the electrode and η < 0.



BATTERIES – A BRIEF RECALL

Electrode kinetics are described by means of the Butler-Volmer equation:

𝑗 = 𝑗0 𝑒
Τ𝜂𝛼𝑎𝐹 𝑅𝑇 − 𝑒 Τ𝜂𝛼𝑐𝐹 𝑅𝑇

Here j0 is the exchange current density, and αx are the anodic and cathodic exchange coefficients.

The exchange current density is a measure of the rate of exchange of charge between oxidized and reduced species at any equilibrium potential
without net overall change. At equilibrium, its value equals the value of both the redox-induced anodic and the cathodic currents (𝑖0 = 𝑖𝑎 = 𝑖𝑐).
It defines a background for the net current which is recorded during battery operation and it depends on the concentrations of the reactants and
products, on temperature, and on the nature of the solid-electrolyte interface:

𝑗0 =
𝑖0
𝐴
= 𝑛𝐹𝑘𝐶0

1−𝛼 𝐶𝑅
𝛼

Where k is the rate of the redox reaction, Cx defines the concentration at the electrode surface and α is a parameter related to the potential
energy of reaction.

The exchange coefficients are related to the number of electrons involved in the redox reactions (n):

𝛼𝑎 + 𝛼𝑐 = 𝑛

And they are usually equal to n/2



BATTERIES – A BRIEF RECALL

At the electrode-electrolyte interface the

double layer is hosting specimens prone to be

reduced or oxidized.

This charge accumulation induces the

formation of a capacitance, called as Double

Layer Capacitance:

𝑖𝑑𝑙 = 𝐶𝑑𝑙
𝜕𝜂

𝜕𝑡

Which has to be taken into account in

modelling battery systems.



BATTERIES – A BRIEF RECALL

By considering the whole battery system, there are several
phenomena which are concurring in defining battery voltage:

𝑉 = 𝑉𝑂𝐶𝑉 − 𝜂𝑐𝑡 𝑎 + 𝜂𝑐 𝑎 − 𝜂𝑐𝑡 𝑐 + 𝜂𝑐 𝑐 − i𝑅𝑖 = i𝑅

Where :

𝑉𝑂𝐶𝑉 is the open circuit voltage

𝜂𝑐𝑡 𝑥 describe the so called activation polarization losses due to the
formation of the overpotential at the electrode-electrolyte interface

𝜂𝑐 𝑥 describe the so called concentration polarization losses due to
the formation of the overpotential arising form the concentration of
the reactants and products.

i𝑅𝑖 are the ohmic losses due to the product of the current drawn
from the battery and the battery internal resistance.

All of them can be recognized in the polarization curve (V/I)



BATTERIES – A BRIEF RECALL

𝑅𝑖 =෍𝑅𝑒 +෍𝑅𝑖

σ𝑅𝑥 = 𝑅𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑙𝑦𝑡𝑒
𝑥 +𝑅𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒𝑠

𝑥 + 𝑅𝑐.𝑡.,𝑐𝑎𝑡/𝑠𝑢𝑝
𝑥

Orikasa, Sci Rep 6, 26382 (2016). https://doi.org/10.1038/srep26382 Cholewinski, Polymers 2021, 13(4), 631; https://doi.org/10.3390/polym13040631
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Solid-
electrolyte-

interface 
layer 

growth

Lithium 
corrosion 

and/or 
plating

Contact loss

Aging mechanisms
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INTERNATIONAL STANDARDS FROM IEC

IEC 62282-X-XXX

IEC 62282-2-100 Fuel cell modules Safety

IEC 62282-3-100:2019 Stationary fuel cell power systems Safety

IEC 62282-3-200:2015 Performance test methods

IEC 62282-3-201:2017 Performance test methods for small fuel cell power 
systems

IEC 62282-3-300:2012 Installation

IEC 62282-3-400:2016 Small stationary fuel cell power system with combined 
heat and power output

IEC 62282-4-101:2022 Fuel cell power systems for 
industrial electric trucks 

Safety

IEC 62282-4-102:2017 Performance test methods



INTERNATIONAL STANDARDS FROM IEC

IEC 62282-X-XXX

IEC 62282-4-600:2022 Fuel cell power systems for 
propulsion other than road vehicles 
and auxiliary power units (APU)

Fuel cell/battery hybrid systems performance test 
methods for excavators

IEC 62282-5-100:2018 Portable fuel cell power systems Safety

IEC 62282-6-100:2010 Micro fuel cell power systems Safety

IEC 62282-6-200:2016 Performance test methods

IEC 62282-6-300:2012 Fuel cartridge interchangeability

IEC 62282-6-400:2019 Power and data interchangeability



INTERNATIONAL STANDARDS FROM IEC

IEC 62282-X-XXX

IEC TS 62282-7-1:2017 Test methods Single cell performance tests for polymer electrolyte 
fuel cells (PEFC)

IEC 62282-7-2:2021 Single cell and stack performance tests for solid oxide 
fuel cells (SOFCs)

IEC 62282-8-101:2020 Energy storage systems using fuel 
cell modules in reverse mode 

Test procedures for the performance of solid oxide 
single cells and stacks, including reversible operation

IEC 62282-8-102:2019 Test procedures for the performance of single cells and 
stacks with proton exchange membrane, including 
reversible operation

IEC 62282-8-201:2020 Test procedures for the performance of power-to-
power systems



INTERNATIONAL STANDARDS FROM IEC

IEC 62282-X-XXX

IEC TS 62282-9-101:2020 Evaluation methodology for the 
environmental performance of fuel 
cell power systems based on life 
cycle thinking 

Streamlined life-cycle considered environmental 
performance characterization of stationary fuel cell 
combined heat and power systems for residential 
applications

IEC TS 62282-9-102:2021 Product category rules for environmental product 
declarations of stationary fuel cell power systems and 
alternative systems for residential applications



STANDARD IEC 62282-3-200:2015



STANDARD IEC 62282-3-200:2015



STANDARD IEC 62282-3-200:2015



FUEL CELLS – TESTING CONDITIONS

Test and operative conditions are needed to be accurately recorded because dramatically affect fuel cell performance.

For example, a “bad” PEMFC operating at 80°C on humidified oxygen and hydrogen gases under 5 bar pressure may

show better j/V curve performance than a “good” PEMFC operating at 30°C on dry air and dilute hydrogen at

atmospheric pressure. Only if the two fuel cells are tested under identical conditions, the truly good fuel cell will

become apparent.

𝐸 𝑃, 𝑇 = −
∆𝐺0 𝑇

𝑛𝐹
+
𝑅𝑇

𝑛𝐹
ln

Τ𝑃𝐴 𝑃0 𝑣𝐴 Τ𝑃𝐵 𝑃0 𝑣𝐵

Τ𝑃𝐶 𝑃0 𝑣𝐴 Τ𝑃𝐷 𝑃0 𝑣𝐵



FUEL CELLS – TESTING CONDITIONS

Warm-up

To ensure that a fuel cell system is well equilibrated, it is customary to conduct a standardized warm-up 

procedure prior to cell characterization. A typical warm-up procedure might involve operating the cell at 

a fixed current load for 30 ÷ 60 minutes prior to testing. Failure to properly warm up a fuel cell system 

can result in highly nonstationary (non-steady-state) behaviour.



FUEL CELLS – TESTING CONDITIONS

Temperature

It is important to document and maintain a constant fuel cell temperature during measurement. Both

the gas inlet and exit temperatures should be measured as well as the temperature of the fuel cell itself.

Sophisticated techniques even allow temperature distributions across a fuel cell device to be monitored

in real time. In general, increased temperature will improve performance due to improved kinetics and

conduction processes (For PEMFCs, this is only true up to about 80°C, above which membrane drying

becomes an issue).



FUEL CELLS – TESTING CONDITIONS

Flow Rate

Flow rates are generally set using mass flow controllers. During a j/V test, there are two main ways to

handle reactant flow rates. In the first method, flow rates are held constant during the entire test at a

flow rate that is sufficiently high so that even at the largest current densities there is sufficient supply.

This method is known as the fixed-flow-rate condition. In the second method, flow rates are adjusted

stoichiometrically with the current so that the ratio between reactant supply and current consumption

is always fixed. This method is known as the fixed-stoichiometry condition. Fair j/V curve comparisons

should be done using the same flow rate method. Increased flow usually improves performance (For

PEMFCs, increasing the flow rate of extremely humid or extremely dry gases can upset the water

balance in the fuel cell and actually decrease performance).



FUEL CELLS – TESTING CONDITIONS

Compression Force

For most fuel cell assemblies, there is an optimal cell compression force, which leads to best

performance; thus, cell compression force should be noted and monitored. Cells with lower

compression forces can suffer increased ohmic loss, while cells with higher compression forces can

suffer increased pressure or concentration losses.



STANDARD IEC 62282-3-200:2015



STANDARD IEC 62282-3-200:2015

Listed test items shall be carried out under different 
conditions depending upon the purpose of the test. 
The different conditions are as follows:
a) steady state at rated power;
b) steady state at partial load near the mid-point 
between rated power and minimum power;
c) steady state at pre-generation state;
d) steady state at minimum power;
e) transient state;
f) cold and storage state.
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Average gaseous fuel input
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1 To prevent water condensation at the inlet
2 at TC = 80°C
3 to facilitate mass transfer and adequate water
management
4 this number defines the number of "9" defining the purity
degree (i.e. 5.0 = 99.999%)

Anode (Fuel) Cathode 
(Oxydant)

Tg
1 𝑇𝐶 + 5𝐾 𝑇𝐶 + 5𝐾

RH (%) 50 30

Corresponding dew 
point (%)2

64

Pg (kPa, abs) 3 250 230

Gas quality grade4 5.0

λ 1.3 1.5
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Leak test
Break-in / 
Activation

Conditioning

I/V measure 
at the 

Beginning 
of Test

Accelerated 
Stress Test 

(AST)

I/V measure 
at the End 

of Test

Load Cycles

Endurance 
Test

On-Off 
Cycles

Objectives
Measure leakage rate by
pressure decrease in anode
and cathode compartment
and assure gas tightness of
cell and test station.

Objectives
Activate the catalyst layer
according to manufacturer’s
specifications.

Objectives
Assure that the cell voltage
will be stable before the test
initiation.
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Leak test
Break-in / 
Activation

Conditioning

I/V measure 
at the 

Beginning 
of Test

Accelerated 
Stress Test 

(AST) / 
Endurance 

Tests

I/V measure 
at the End 

of Test

Load Cycles
On-Off 
Cycles

Objectives
Measure and test catalyst durability for evaluating fuel
cell lifetime. Durability is defined as the capability of the
fuel cell to maintain its performance over a period of
time, without significant irreversible changes to the initial
recorded performance being detrimental.

Objectives
Simulate real driving conditions; it is
used for assessing fuel cell durability
during a relatively long period by
exposing the cell to the same load
cycle repetitively

Objectives
Stress the fuel cell by means of instantaneous
and alternating phases of on and off loads
causing frequent changes in pressure and
temperature which are more abrupt for
pressure changes rather than temperature
changes.
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The NEDC (New European Driving Cycle) protocol is used for type approval of light-duty vehicles and features periods
of acceleration, deceleration and constant speed. It consists of four repetitions of a low speed urban cycle of 195
seconds each followed up by a part which simulates a highway driving cycle of 400 seconds. In order to fill the gaps in
between laboratory test rigs and real conditions the NEDC was modified to the Fuel Cell Dynamic Load Cycle (FC-DLC).
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Cycle life ageing The performance of functional parameters (e.g. capacity) are measured as a
function of cycle number during electrochemical cycling at a predefined temperature, current rate
and upper and lower cut off voltages
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IEC 62660-X:XXXX

IEC 62660-X:XXXX
↓

Secondary lithium-ion cells for the propulsion of 
electric road vehicles

EN IEC 62660-1:2019
Part 1: Performance testing

EN IEC 62660-2:2019
Part 2: Reliability and abuse testing

EN IEC 62660-3:2022
Part 3: Safety requirements
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BATTERIES – TESTING CONDITIONS

Temperature Batteries perform poorly at extremely low and high temperatures. At

low temperature, ionic diffusion and migration can be hindered and damaging side

reactions (e.g., lithium plating) can occur, resulting in reduction of chemical activity

and increase of internal resistance. High temperatures favor other side reactions,

such as corrosion and gas generation. Moreover, the internal resistance decreases,

the discharge voltage increases and, the capacity and energy output usually increase

together with chemical activity and it could lead to a rapid self-discharge processes

causing a net loss of capacity. For Pb–acid batteries, charge and discharge

temperatures should be limited to an operating range of -40 ÷ 60 °C. Li-ion batteries

have an operating range of -20 ÷ 60 °C. Ni-MH have the narrowest operating range

of -20 ÷ 45°C.

Low temperature effects
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