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1. INTRODUCTION

With the “Design Your Own 30W Fuel Cell” Kit, FCDK (hereinafter referred to as the kit), the user 
can design and assemble an electrochemical generator based on the fuel cell battery (FCB) with the 
capacity of up to 30 W, and control its operating modes.

The platform based on an open-source programmable board with an Arduino microcontroller 
supporting an Internet design forum ensures instant adjustment of the control systems and the 
user interface to a wide range of applications, starting with models of trains, airplanes, and cars, and 
ending with monitoring systems.

In this manual, the following abbreviations are used:
FCB – fuel cell battery
MEA – membrane-electrode assembly: a single fuel cell consisting of an anode, cathode, electrolyte 
separating them, made in the form of a solid polymer proton-conducting membrane
SPE – solid polymer electrolyte 
FC – fuel cell

Depending on the subjects under study and the depth of their consideration, the work with the kit 
fits into both school subjects – physics, chemistry, and some mathematics, and higher education 
levels.

This manual covers shield-boards v2.0 and above (the board version is specified on its reverse side). 
If you have an older board, please contact us at info@inenergy.ru.

2. SAFETY INFORMATION

In this section, you will find information on the safe use of the kit equipment.

Make sure to read this manual and get familiar with the kit equipment before starting and using it.

2.1. General safety information

• Use only the components from the kit set. Modification of the kit equipment design (configuration) 
can result in current injuries and hydrogen leakage.

• It is prohibited to disassemble and repair the kit components by yourself.

• When using this kit, general safety precautions shall be observed to reduce risks of inflammation, 
current injuries or physical damage.

• This kit is delivered as tools for testing and designing. Do not use it for power supply of electric 
devices with special safety requirements.

• Do not use or store the kit in rooms where fumes of acids, alkalis and other chemically aggressive 
substances are present.



4

2.2. Safety precautions to be taken while working with the kit

• The room where work is carried out with the kit shall be properly ventilated and equipped with 
primary fire-fighting means.

• Observe the polarity when connecting the external electric load; do not short circuit the output 
terminals on the board.

• The kit shall always be used only under the supervision of fully qualified staff. 

• Only people familiar with the operation manual and trained in safe work methods are authorized 
to use the kit.

• It is prohibited to leave the kit equipment unattended after switching it on.

2.3. Safety precautions to be taken while using hydrogen

CAUTION! INFLAMMABLE!

• Hydrogen is used for the FCB operation. In case of leakage or mixing with air, hydrogen can form 
explosive concentrations. In the leak area, hydrogen can ignite from the source of fire or spark 
and cause burns. 

• Hydrogen is stored in cartridges under pressure. 

• Do not place the equipment near open sources of fire, do not use open flame sources near the 
kit. 

• Do not place the equipment close to heat sources. Do not expose the equipment to direct 
sunlight. Do not expose the equipment to temperatures above 50 °C.

• Make sure the cartridge is installed correctly in the reducer.

• Prior to the beginning of work, make sure that the gas lines (tubes) and connections as well as 
power supply wires are not damaged. 

• Discharged hydrogen cartridges may contain some residual hydrogen inside in a bound state. 
Never throw them into fire.

• Do not compromise the integrity of the hydrogen cartridge. Do not disassemble it under any 
circumstances.
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3. OPERATION PRINCIPLE OF FUEL CELLS  
AND FUEL CELL BATTERIES

Fuel cells, according to the operation principle, are similar to ordinary galvanic cells (“small batteries”) 
and rechargeable batteries with the fundamental difference that a small battery has a limited 
reserve of irreversibly consumed (or chemically reversible, as in a rechargeable battery) reagents in 
a closed volume of the energy source itself. In a FC, the reagents supply to the cathode and anode is 
constantly provided from external sources, and reaction products are discharged outside. Therefore, 
the reaction can continue as long as the necessary reagents (fuel (hydrogen) and air oxygen) are 
supplied, the reaction products are discharged, and the FC itself remains operable.

The fuel cell is similar to a galvanic cell in that it has an anode, cathode and electrolyte. In this 
case, the FC electrolyte is usually a thin layer of solid proton- or ion-conducting substance. Since 
the voltage of a single fuel cell (otherwise it is called a membrane-electrode assembly (cathode – 
electrolyte – anode and additional functional layers)) is rather low – about 1 V, FCs are assembled 
into fuel cell batteries consisting of a certain number of FCs and other auxiliary elements allowing 
FCs to work together, providing a uniform supply of fuel and oxidizer to the anodes and cathodes of 
all FCs simultaneously, the output of spent reaction products and electrical switching, both internal 
and external.

Fuel cells are able to produce electric energy and heat from fuel with high efficiency by means 
of an electrochemical reaction. Fuel cells use hydrogen or hydrocarbon fuels – both gaseous and 
liquid – as fuel and usually air oxygen as an oxidizer. There is a great variety of types and kinds of 
fuel cells that differ in working temperature, fuel consumption, and other parameters. It cannot be 
stated that fuel cells are already a common source of energy, but undoubtedly, fuel cell technologies 
are undergoing rapid development.

While working with the kit, we will use a hydrogen-based FCB with low-temperature fuel cells based 
on SPE. 

The purpose of the fuel cell battery is to obtain electric energy due to electrochemical reactions 
between active substances continuously coming to electrodes from outside. Fuel for the reaction is 
hydrogen and the oxidizer is oxygen from the air.

FCBs are not discharged and do not require electricity to be recharged. They can constantly generate 
electricity as long as there is a stock of hydrogen and air supplied to them.

Unlike traditional electromechanical power generators, such as internal combustion engines or 
turbines, FCBs do not burn fuel and have no moving parts (except for auxiliary equipment – air 
supply and cooling fans). FCBs generate electricity by means of a highly efficient flame-free and 
silent electrochemical reaction. An important feature of fuel cells is that they convert the chemical 
energy of fuel directly into electricity and belong to the class of the so-called direct energy 
conversion sources.

FCBs are highly efficient, work with almost no noise and vibration and do not produce large 
amounts of greenhouse gases such as carbon dioxide, methane and nitrogen oxide. And for fuel 
cells powered by hydrogen, the only emission product is water.

The fuel cell power supply system, which uses hydrogen as fuel, is designed to provide energy to a 
variety of equipment, such as cars, drone aircrafts, robotic products and many other, enabling them 
to reach a higher energy level.
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The operation principle of hydrogen fuel cells is schematically depicted in Figure 1.

The anode and cathode are separated by electrolyte conducting protons. When hydrogen enters the 
anode and oxygen enters the cathode, a chemical reaction begins, which generates electric current, 
heat and water.

The following are the reactions that take place:
Reaction on the anode: 2H2 → 4H+ + 4e-

Reaction on the cathode: O2 + 4H+ + 4e- → 2H2O
Common fuel cell reaction: 2H2 + O2 → 2H2O

On the anode catalyst, hydrogen gives off electrons to the external electrical circuit, converting 
into positively charged ions – protons. Protons are carried through the channels of mass transfer of 
polymer electrolyte to the cathode, while electrons pass to the cathode via the external electrical 
circuit, creating a direct current, which can be used to perform useful work. On the cathode catalyst, 
molecular oxygen is converted into atomic oxygen, which is tied with electrons (which are supplied 
from the external electric circuit) and protons coming through the proton mass transfer channels. As 
a result of such electrochemical reaction water is formed, which is the only reaction product in the 
case of using pure hydrogen as fuel.

Fuel H2
(hydrogen)

Air containing O2 
(oxygen)

Heat
(air radiator)

Air + water steam
Purge valve

Chamber

Gas-diffusing electrode (anode)

Catalyst

Chamber

Gas-diffusing electrode (cathode)

Catalyst

Proton-exchange membrane

Figure 1 – Operation principle of hydrogen fuel cell
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4. SPECIFICATIONS

Name Value

Type of FCB Hydrogen-air

FCB rated power, W 30

FCB rated voltage, V 7–8.5

FCB mass, kg, max. 0.4

FCB overall dimensions (L × W × H), mm 76 × 82 × 70*

Requirements for hydrogen purity, % of hydrogen, min.  
(purity of at least A grade as per GOST 3022-80) > 99.99

Time to FCB reaching the mode from the hydrogen supply moment, 
min. ̴ 5

Number of fuel cells in FCB, pcs 15

Design hydrogen capacity in metal-hydride cartridge, L 10

Type of filler in metal-hydride cartridge AB5

Purge valve Solenoid

Operating temperature, °C plus 15 to plus 40

* The dimensions are given for reference and can differ depending on components.
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5. CONFIGURATION AND OPERATION PRINCIPLE

The operation configuration of the kit is demonstrated in Figure 2.

1. Fuel cell battery (FCB), in which hydrogen 
chemical energy is converted directly into 
electric energy.

2. Shield board for FCDK-30.
3. Arduino Uno board.
4. Metal-hydride cartridges for hydrogen 

(10 pcs). Every cartridge can store up to 
10 L of hydrogen.

5. Gas (hydrogen) reducers (2 pcs).
6. Purge valves (2 pcs).

7. Silicon tube (0.5 m).
8. Plastic tube (0.3 m).
9. Plastic clamps for tubes (2 pcs).
10. Tee-joint for silicon tubes.
11. Reducer repair kits (2 pcs). Supplied 

optionally, depending on the reducer 
model.

12. USB cable.
13. USB flash memory card with SW.

Fuel (hydrogen) and oxidizer (air oxygen) are required for the FCB operation. 

Hydrogen from the cartridge enters the FCB through the reducer. 

Oxygen from the air is supplied by blowing atmospheric air through the open channels of the FCB 
cathode surfaces by the axial fan. The supplied air temperature is equal to the ambient temperature. 
Air is needed not only for the electrochemical reaction. In the process of the fuel cell operation, its 
temperature will increase (the electrochemical reaction of fuel oxidation occurs with heat emission, 
because the efficiency of the reaction energy conversion into electricity never reaches 100 % and 
a part of the energy is converted into heat), and to avoid the fuel cell overheating, air serves 
additionally as a fuel cell cooler. 

To clean the internal FCB system from contaminants accumulated in the process of operation, it 
is periodically purged by means of automatic operation (opening with a specified frequency for a 
short period of time) of the purge valve.

Figure 2 – Configuration of the kit
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When the fuel and oxidizer interact, potential difference occurs on the FCB terminals. Therefore, when 
external load is connected to electric outputs of the FCB, a direct electric current flows through it.

An FCB is contolled by means of an Arduino board (you can set the purging duration and intervals). 
The monitor of the Arduino port displays the information on the FCB status (the FCB voltage and 
current rate, and the purging process are demonstrated, too).
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6. BASIC FUNCTIONS AND MEASURED PARAMETERS

6.1. Basic functions

• Measurement of the FCB current, voltage, and temperature (optionally).

• Adjustment of the FCB purging duration and interval.

• Connection of the external electric load.

6.2. Measured parameters (displayed on a PC screen)

• FCB temperature (optionally).

• FCB voltage and current.

• Fan speed.
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ATTENTION! Always place the FCB so that the FCB output nozzle is in the lowermost position. This 
is necessary to prevent accumulation of water released from the membrane in the anode (hydrogen) 
path, as well as other contaminants that may prevent the normal course of the electrochemical 
reaction inside the FCB during its operation and facilitate their removal outside by periodic purging.

For operation, the FCB shall be located with the hydrogen input/output nozzles down as shown in 
Figure 3 (any of the FCB nozzles can be used for hydrogen input, and the second nozzle will then be 
used to connect the purge valve).

IMPORTANT! The FCB operation requires an unobstructed flow of air through all air holes, as 
oxygen entering through these holes is involved in the electrochemical reaction. Even partial 
blocking of the air flow to FCBs (blockage by dust or overlapping by foreign objects) reduces the 
performance and lifetime of the battery. Do not insert foreign objects into the fan assembly to avoid 
damage to the fan.

7.1. Unpacking the kit

When unpacking the kit, follow the order below:

• inspect the package, check its integrity, and make sure there are no signs of mechanical damage;

• compare the kit set with its data sheet and examine it to see if there is any sign of mechanical 
damage. In case any damage is discovered, contact the manufacturer.

7.2. Assembling an operating electrochemical generator from the kit components and using it

When the FCB is delivered and stored, its two nipples for hydrogen inlet/outlet are closed with red 
plugs to prevent dust, mechanical particles and other foreign objects from getting inside the FCB.

To remove the plug from the FCB nipple, press lightly with a finger on the plastic gasket located 
on the nipple under the plug towards the FCB case (this will loosen the clamp fixing the plug pin 
inside the nipple) and simultaneously pull the plug in the opposite direction with the other hand. 

Figure 3 – Acceptable FCB position during operation

Hydrogen 
inlet/outlet

Hydrogen 
inlet/outlet

7. GETTING READY FOR WORK AND WORKING  
WITH THE KIT
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This operation does not require much force. Otherwise it is possible to damage the fasteners of the 
nipples to the FCB.

The plug is inserted by pushing its pin inside the FCB nipple up to the stop. The position of the plug 
is fixed with a sealing collet clamp.

Connecting the gas reducer and the purge valve

1. Cut two short segments of the plastic tube (about 2.5 cm).

2. Insert two short segments of the plastic tube into the FCB fittings.

3. Cut a short segment of the silicone tube (about 5 cm or more).

4. Put one end of the short silicone segment on the metal nozzle of the purge valve.

5. Put the other end of the same silicone segment 
on the plastic tube inserted into the FCB hydrogen 
output fitting.

6. Cut a long segment of the silicone tube 
(approximately 8 cm).

7. Draw the long segment of the silicone tube through 
the plastic clamp for the tube. This clamp will be 
later used to open and stop hydrogen supply after 
connecting the reducer and the metal-hydride 
cartridge.

8. Unscrew the nut from the reducer and draw one end 
of the same silicone tube segment through the nut, 
then put the tube on the reducer nozzle and screw 
the nut on the tube (no wrench is needed, twisting 
with your fingers is enough).

9. Place the other end of the same segment on a free 
plastic tube inserted into the FCB fitting.

10. If you want to use two metal-hydride cartridges 
at once, use a tee-joint for the tubes branching as 
shown in Figure 4.

Electric connections with the shield board

Note – Version 2.0 supports adjustment of the FCB fan rotation speed. Moreover, in Version 2.0 
the shield board is equipped with a terminal box to connect two thermistors outputs. Readings of 
thermistors (delivered at option) can be used to monitor the FCB temperature, and the fan facilitates 
cooling intensity adjustment at the FCB, as well as its temperature. 

The FCB has five leads: two heavy-gauge wires from electric outputs of the FCB and three light-

Figure 4 – Diagram of the FCB  
gas connections
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gauge wires from the fan assembled on the FCB housing. The diagram of electric connections of the 
shield board is provided in Figures 5 and 6. 

Figure 5 – Connection diagram of the shield board
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1. Terminal box marked as “PURGE” to connect the purge valve wires (the polarity does not matter).

2. Terminal box marked as “- Y +” “FAN” to connect the fan. The black wire of the fan shall be 
connected to the terminal “-“, the red one to the terminal “+”, and the brown one to the terminal 
“Y” in the middle.

3. Terminal box marked as “FC IN” to connect electric outputs from the FCB. The black wire shall be 
connected to the terminal “-“, and the red one to the terminal “+”.

4. Terminal box marked as “FC OUT” to connect the electric load (the polarity matters).

5. Terminal box marked as “T1” and “T2” to connect thermistors (the polarity does not matter).

6. The “Reset” button is used to reset the control in case of the board failure, e.g. if the system 
hangs up while transferring data to a PC.

7. There is a replaceable fuse (5x20 VPB/N520B 5A fuse) under the cover of the fuse block.

On the shield board (Figures 5 and 6, see the subscripts of the indication unit LEDs on the board):

• The “Status” LED flashes when the condenser of the shield board is being charged. This LED 
remains on when the condenser is charged; 

• The “Purge” LED switches on at the moment purging;

• The “Power” LED remains on when power is connected to the board;

• The “Short circuit” LED activates with factory settings (optional, provided for some FCB types).
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Getting Arduino Uno and the shield boards ready for work

1. If the PC does not have the Arduino drivers and environment installed, follow the instructions for 
your OS (http://arduino.cc/en/Guide/HomePage).

2. Before starting the work make sure that you can open, compile and upload the Arduino sample 
sketch (e. g., flashing). If you are successful, you can proceed. 

3. Connect the shield board of the FCB to Arduino Uno so that all the contacts on the back surface 
of the shield board enter the openings on the front panel of Arduino Uno.

4. Connect Arduino to the PC using a USB cable.

5. Download Arduino Library Version 2.0 for FCDK-30 from the USB flash memory card. You 
can also download the SW from the website: www.inenergy.education. To do this, follow 
the link: http://www.inenergy.education/product/inenergy/fcdk-30/ or visit the website:  
http://www.inenergy.education/: “Products”, “InEnergy”, “Fuel Cell Developer Kit – 30 W”.

6. Start the SW for the Arduino environment on your computer.

7. In the “Tools” menu, check if the board (Arduino Uno) and the port for serial data transfer have 
been selected correctly.

8. Open the file in the Arduino environment: “File”, “Open”, “FCDK_V2_ARDUINO.ino”. Please note 
that for correct operation of the SW all the three files, including “FCDK_V2_ARDUINO.ino”, 
“second_v2.h” and “TimerOne.h”, shall be in one folder named “FCDK_V2_ARDUINO”.

9. If necessary, change the settings of the purging duration and intervals, as well as the fan rotation 
speed – follow the plan of your laboratory work.

Figure 6 – Shield board
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The description of the fan speed (capacity) adjustment is provided in the file “FCDK_V2_ARDUINO.
ino” (the value of 255 of the conventional index “fanspeed” is the rated capacity of the fan, and 
0 is the maximal one).

10. Click on “Check/Compile” to check and compile the SW.

11. Click on the “Upload” to upload the SW to Arduino.

12. Open the window “Port monitor” in the “Tools” menu of the Arduino environment.

13. Check the data transfer rate in the bottom right corner of the window – it shall be 9,600. In the 
“Port monitor” window the text shall appear, confirming that the SW is ready for work.

Notes

1 – You can calibrate the current on your own. Instructions on the calibration procedure are 
provided in the file “second_v2.h.”

2 – The assembled system can be disconnected from the PC. In this case, you will be unable to 
monitor the FCB parameters, but it will continue to operate in the set mode.

Starting the FCB and connecting the external load

1. Make sure that the plastic clamp on the tube between the reducer and the FCB input is closed.

2. Screw in the metal-hydride cartridge into the reducer.

3. Make sure the battery is in a proper position and that air enters and exits the FCB without 
obstruction.

4. Open the clamp on the tube to ensure hydrogen supply to the FCB. This will start the battery. 

Note – If the FCB does not start and a long purging interval has been set, the hydrogen path shall 
be purged manually, as after assembling the FCB it can be filled with air preventing hydrogen 
supply to anodes of the FCB. To do this, disconnect the silicone tube from the purge valve for a short 
time and then put it back on.

Note – The metal-hydride cartridge is cooled during operation. The intensity of cooling and 
respectively the temperature of the cartridge depend on a few factors, including hydrogen 
consumption (the higher the consumption is, the more powerful is the cooling) and the ambient 
temperature.

5. Connect the wires of the external electric load to the FC OUT “+” and FC OUT “-“ terminals of the 
shield board. The polarity matters.

To switch off the system, follow the procedure below (basic actions should be carried out promptly, 
with minimum time intervals)

• first disconnect the load from the FCB terminals;

• close the clamp on the hydrogen supply tube to stop the hydrogen flow to the FCB;
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• let the residual pressurized hydrogen out of the FCB by disconnecting the tube from the FCB inlet 
or from its outlet (or by disconnecting the purge valve);

• wait until the fan stops rotating before manipulating the FCB;

• if you do not plan to continue working with kit in the nearest future, remove the cartridge from 
the reducer.

ATTENTION! Fuel cell battery overload must be avoided. Make sure that the maximum value of the 
current consumed by the load does not exceed the permissible value of 5 A (voltage on the FCB 
should not fall below 6.5 V).

Figure 7 – Kit assembly
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8. ADDITIONAL SAFETY INFORMATION

IMPORTANT!

• Screw the cartridge into the reducer until stop to ensure the flow of hydrogen from the cartridge 
to the FCB and prevent hydrogen leakage at the connection point. 

• Channels for air passage through the FCB are small in size. It is necessary to ensure an even inflow 
of air without impurities and coarse dust (fluff and other suspended particles that contribute to 
channel clogging) into the FCB. It is prohibited to close or partially block the window of air intake 
in the FCB and the air outlet from the fan by different objects.

• For proper operation of the FCB, it is necessary to start it every 7–10 days for 5–10 minutes in 
a partial load mode (10–20 W) to restore the membrane humidity. Failure to comply with the 
recommended mode will lead to a decrease in the FCB parameters and reduce its lifetime.

• For better preservation of the FCB membrane humidity, it is recommended to store the kit in cool 
rooms with humidity at least 30 %.

• It is not allowed to expose the FCB to carbon monoxide (CO): do not store or use the kit in 
smoke-contaminated rooms.

• It is recommended not to place the end of the tube connected to the FCB outlet near the air inlet 
area, as this will shorten the lifetime of the FCB.

• The manufacturer recommends that the FCB is used with the following rated settings: 

 - purging duration – 200 ms, 

 - purging interval – 20 sec.

• When connecting the FCB to the control system on the board, it is necessary to observe the 
polarity. Do not short circuit the output terminals of the board.

• It is not allowed to disconnect the hydrogen supply to the FCB without first disconnecting all 
external load.

ATTENTION! During shipping, long interruptions in operation and storage, it is always necessary 
to place the FCB in a tightly closed sealing case (packing bag), which protects chemically active 
electrode sub-layers of fuel cells from interaction with various gaseous impurities (solvent fumes, 
emissions of paint and varnish coatings, glues, traces of smoke, etc.) that can often be present in the 
ambient air. This will protect the FCB from rapid degradation of parameters and premature failure.
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9. TRANSPORTATION AND STORAGE

9.1. The kit can be transported in the transport package with the provided protection against direct 
impact of precipitation by any transport as long as its permissible speed is observed, without 
any restrictions in distances and heights as per Group Zh according to GOST 23216-78.

9.2. During transportation, general rules for goods transportation by a selected type of transport 
shall be observed. The package shall be located and fastened in the vehicle to ensure its stability, 
as well as to prevent its turnover, falling and hitting other goods and/or walls of the vehicle.

9.3. Do not throw the package during loading and unloading.

9.4. Temperature conditions during transportation: transportation is allowed at the temperature 
from minus 20 °C to plus 50 °C.

9.5. Store the kit at the temperature from 0 °C to plus 45 °C in its original case.
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