
 

Testing of Electric Hydrogen Vehicles 

 

Introduction  

With increasing environmental pressures resulting from the long-term use of traditional fossil 

fuels, the development and use of clean energy has become a major agenda item worldwide. 

Hydrogen energy is considered to be the most important energy source in the 21st century. This 

clean form of energy has the advantages of zero pollution, high efficiency, abundant resources and 

a wide range of applications. The use of hydrogen produces no CO2 emissions and has clean and 

pure water as a by-product.  

The increasing demand for energy will have to be met, to a large extent, in the form of electrical 

energy. In addition to the already known sources such as sun and wind, it is therefore to be 

expected that hydrogen will be used as an energy source for generating electricity.  

A fuel cell is used to convert hydrogen into electrical energy. An electrolyser is used to produce 

hydrogen electrically.  

 

 

 

  



The Fuel Cell 

The fuel cell is the nucleus for using hydrogen energy efficiently. In recent years, the continuous 

development of fuel cell technology has resulted in a commercially available product. The fuel cell 

can and is already being used successfully in the transport world, for example in cars, buses, ships 

and railways. It can also be used in the field of stationary power generation as a reliable power 

supply in a micro-grid or as a stand-by power supply in mobile base stations. Its increasing use in 

the transport sector is expected to be a major breakthrough in the further development of 

hydrogen energy.  

Fuel cells are electrochemical devices that convert hydrogen directly into electricity. The device 

consists of a layer of electrolyte in contact with a porous anode and cathode on either side. An 

illustration of a fuel cell with reactant/product gases and the directions of ion conduction current 

through the cell is shown below.  

  

  

  

In a standard fuel cell, gaseous fuels (hydrogen) are fed continuously to the anode (negative 

electrode), while an oxidant (oxygen from the air) is fed continuously to the cathode (positive 

electrode). Electrochemical reactions take place at the electrodes to produce an electric current.  

 

Fuel cells are similar to batteries in some ways, but have some important differences. Both 

technologies are electrochemical devices, producing energy directly from an electrochemical 

reaction between the fuel and the oxidant.  

  



Some of the advantages of fuel cell systems are:  

 

• High operating efficiency.  

• A highly scalable design.  

• Different types of potential fuel sources available.  

• Zero or almost zero greenhouse gas emissions.  

• No moving parts in the fuel cell.  

• Almost immediate recharging capability compared to batteries. 

 

Electrical testing of and around fuel cells 

 

As indicated earlier, the application of hydrogen within the transport sector is an important and 

current development that will certainly contribute to the success of hydrogen as a (new) energy 

source.  

The hydrogen test set-ups mentioned below are therefore mainly related to the fuel cell engine 

system as applied in Electrical Vehicle (EV) applications.  

Current fuel cell vehicles use a hybrid mode (high voltage lithium battery + fuel cell). One reason is 

that the cost of a pure fuel cell vehicle is extremely high (such as air compressor, hydrogen cost, 

pt-catalyst, etc.). Secondly, the battery can help start and accelerate the vehicle, and recover 

energy during braking to improve the overall performance of the vehicle. This energy recovery is 

explained in more detail later in this article.   

 

  

 

A single fuel cell consists of a Membrane Electrode Assembly (MEA) which delivers a voltage of 

around 0.5V and 1V (too low for most applications). Like batteries, individual cells are connected 

in series to obtain a higher voltage. The assembly of cells is called a stack. The power output of a 

given stack depends on its size. Increasing the number of cells in a stack increases the voltage, 

while increasing the surface area of the cells increases the current. A stack is finished off with end 

plates and connections for further use.  

 

 



1- fuel cell polarization IV curve test.  

During the development and production of fuel cells, characterisation is one of the most 

important tests. Using the current-voltage curve (see image below), it can be assessed 

whether the cell meets the specifications from an electrical point of view.   

  

For this test, the use of an electronic load is recommended. In order to obtain a complete fuel cell 

polarization VI curve, the electronic load must be able to function in the relatively low operating 

range of 0.6V to 1V. This is because during the test the load current is increased, causing the 

output voltage to drop. Under extreme conditions this can even be close to 0V. In certain cases, a 

so-called 0V option is required or an extra boost power supply can be placed in series.  

 

Required test equipment; Programmable DC power supply, Electronic load (regenerative), Data 

logging 

 

2- Fuel cell stack activation test  

 

After assembling individual fuel cells into a stack, a first activation test will have to be performed. 

After all, it is of the utmost importance to check whether the complete stack has been assembled 

correctly and whether it will function as expected.  

An electronic load can be used for this purpose with which the load current can be accurately set, 

varied and monitored. Furthermore, it must be capable of dissipating the maximum power of the 

relevant stack. In the case of high power stacks or long-term load tests, a so-called regenerative 

electronic load is recommended. With a regenerative load, the power consumed is hardly 

converted into heat, but up to 95% is delivered back to the electricity grid.   

 

   

 

Required test equipment; Programmable DC power supply, High Power electronic DC load 

(regenerative)  

  



3- Fuel cell system  

 

A fuel cell engine as used in the EV market, for example, contains not only the fuel cell but also a 

hydrogen circulation system, an air circulation system and a hot water management system. A DC-

DC converter is also part of the system. 

  

  

 

In addition to the electronic load mentioned earlier, testing of a fuel cell system also requires an 

adjustable DC power supply to separately test the various components. The most common tests 

are: performance testing (insulation/air tightness), start performance test, steady state, 

characterisation test, power test, peak power test, dynamic response test.  

  

Required test equipment; Programmable DC power supply, Electronic load (regenerative), Data 

logging.  

 

4- DC/DC boost converter test  

 

A DC-DC converter is an important component within various electrical circuits. With the fuel cell 

engine, within the EV market, the input of the DC-DC converter is connected to the fuel cell and 

the output to the (MCU) motor control unit. The output of the DC-DC converter is generally 

stable, even though the input voltage fluctuates.  

The DC-DC converter also falls under the larger group "power conversion". Within the power 

transition in any form, there can be, depending on the application, AC to AC, AC to DC, DC to DC 

and DC-AC conversion. The testing of this power conversion technology during development and  

production is therefore particularly topical nowadays 



 

  

For example, the input voltage of the DC-DC converter is influenced by acceleration, start-stop, 

deceleration and braking conditions. It is therefore important to verify the performance of the DC-

DC converter by using a (high voltage) power supply in which the characteristic curve of the fuel 

cell or stack to be used is programmed. In this way, the behaviour and specifications can be 

extensively tested under dynamic conditions.  

Several DC power supplies offer a simulation function for the polarization curve of fuel cells. This 

can be combined with battery simulation software to implement model settings and user-defined 

functions. 

 

  

Typical output IV curve of a fuel cell provided by a user  

 

 

With the regenerative electronic load, various dynamic load profiles, from vehicle conditions for 

example, are simulated. With a power analyzer, various voltages and currents can be measured 

and analysed simultaneously. A power analyzer is therefore extremely suitable for the necessary 

efficiency measurements in which other parameters such as temperature can also be included. 

Required test equipment; Programmable DC power supply, Electronic load (regenerative), 

Simulation software, Data logging. 

 

 



5- Bidirectional Motor Test  

Bi-directional behaviour of power converters and electric motors is nothing new in itself, but due 

to current market developments, it is certainly topical. A (bi-directional) AC or DC motor is an 

important part of the drive train that converts the electrical energy from a battery or fuel cell into 

a mechanical transmission.  

In case a vehicle has to brake or move downhill, the electric motor changes into a generator and 

thus electrical energy is generated. This released energy, also known as EMF current, can cause a 

lot of damage if not properly captured. However, current technologies make it possible to capture 

this EMF energy in an energy storage device such as a battery. And so the energy is not lost.  

This means that the energy flow to and from the motor can be bi-directional. The motor driver or 

controller must then also be suitable for this bi-directional energy flow. 

 

  

  
 

In practice, the bi-directional motor will continuously switch from motor to generator. For the 

various tests and the verification of the performance, several test steps are carried out, including a 

no-load, a full-load and a blocked rotor test.  

For such tests, in addition to a DC power supply, a DC load is also required. The disadvantage, 

however, is that switching between the two will not always be flawless. With such a traditional 

solution, switching times of 100mSec or higher must be taken into account. The introduction of 

the bi-directional DC power supplies, with a switching time of only a few mSec, is the absolute 

favourite. This so-called two-quadrant power supply functions as a full DC power supply (source) 

and an electronic load (load), with energy return. This regenerative design therefore contributes to 

significant energy savings and heat generation.  

Required test equipment; Programmable Bidirectional DC power supply, Simulation software, Data 

logging   



6- Efficiency testing 

All the aforementioned test applications involve a single device, a combination of several devices 

or a complete set-up. For a correct characterisation, it is important to monitor, log and analyse all 

available parameters. In addition to the electrical voltage, current and power (P=UI), also flow, 

temperature, speed (rpm) and force parameters should be taken into account in certain cases.  

The power analyzer can offer a solution here. These, mostly multi-channel, instruments are 

capable of measuring and analysing different parameters with high accuracy. The power analyzer 

is particularly suitable for efficiency measurements. After all, every component has to deal with 

internal losses. Examples are the influence of the internal resistance in a battery or the switching 

losses that occur during power conversion.  

  

  

  

Required test equipment; Power analyser, Programmable DC power supply, Electronic load 

(regenerative), Simulation software, Data logging  


