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1. System components of Solar Hydrogen Fuel Cell Experiment Equipment

1-1. Introduction

This is the 'PEMFC Stack KIT' for the purpose to educate and display with the solar module 

that made a module with solar power generation, water electrolysis, driving a fuel cell stack(10 

cells).

It is possible to monitoring data of electric current, voltage, electric power when the fuel cell 

stack is operating at PC.

1-2. System Diagram
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1-3. Composition of experimental equipment
(1) Control panel

(2) Solar power generation system

(3) Hydrogen fuel cells

(4) Equipment table

[Solar Hydrogen Fuel Cell Experiment Equipment]

1-4. System component & Description

(1) Solar Module & halogen Lamp

1) Solar Module Specification

Power: 18.8V / 0.58A

Size: 285mm×295mm×25mm

Weight: 1.1kg

This is Solar Module for supplying electric power to the 

Electrolyzer.

2) Halogen Lamp Specification

Power: 220V / 300W

This is the Halogen Lamp for operating the Solar Module.
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3) Renewable energy source

Renewable energies are being continuously replenished through natural energy 

sources like the Sun and are therefore virtually "inexhaustible" by human activity. 

Solar energy is converted through natural conversion processes and manifests 

itself in a wide variety of forms, such as solar radiation, wind energy and water 

power.

 

Solar cells and wind power plants convert solar energy into electric energy. 

However, energy supply and demand often do not coincide. If they do, 

consumers can use the electric energy directly. 

When supply and demand do not correspond, the energy supplied by the solar 

cell and/or the wind power plant can only be used indirectly. When energy 

demands are low surplus energy is stored for use at a later time. This is where 

hydrogen comes into play, as an energy storage medium of the future. 

(2) Electrolyzer

An energy system based on fuel cell technology requires a reliable hydrogen 

infrastructure. At present, hydrogen is produced mostly through extraction from fossil 

fuels. However, this might change in the future when electrolysis will become prominent 

as a means to produce hydrogen.
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The name PEM is derived from the electrolyte used which is a proton-conducting 

polymer foil. PEM stands for Proton Exchange Membrane or Polymer Electrolyte 

Membrane. Both sides of the membrane are coated with a thin layer of catalyst 

material. These two layers form the Electrolyser's negative and positive electrode.

Electrolysis is the decomposition of water into hydrogen and oxygen.Electrolysers 

essentially consist of a negative and a positive electrode as well as an electrolyte. PEM 

Electrolysers are characterized by their very simple and compact construction.

PEM Electrolysers decompose pure water into hydrogen and oxygen. 

When a DC voltage is applied to the fuel cell water molecules at the anode are 

oxidized to oxygen and protons while electrons are released. The protons (H+ ions) 

pass through a proton-conducting membrane to the cathode where they are reduced to 

hydrogen gas by incorporating electrons from the outer circuit. In the process, oxygen 

gas accumulates at the anode.

(3) Fuel cell

The fuel cell was invented over 150 years ago (1839). 

Sir William Robert Grove (1811-1896) and Christian Friedrich Schoenbein (1799-1868) 

are regarded as the fathers of fuel cell technology. Their fuel cells did not achieve 

widespread use due to problems with the materials, along with the invention of 

alternative devices like the combustion engine and the electric generator.

The technology was rediscovered during the 'Space Race' of the 1960s, when cost and 

research effort were no obstacle. Currently, there is a great demand for new, 

environmentally friendly energy sources, due to increasing environmental pollution and 

our limited reserves of fossil fuels. This demand drives the current wave of fuel cell 

research and development.
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The way a fuel cell works is basically the opposite of an electrolysis cell.

In a fuel cell, chemical energy from hydrogen and oxygen (or air) is directly converted 

to electrical energy, i.e. without a combustion process. There are many different types of 

fuel cells, but they all essentially consist of two electrodes (cathode and anode) and an 

electrolyte (a medium for transporting ions), which separates the two electrodes from 

each other.

Fuel cells are usually classified by the type of electrolyte used. Other variable traits 

include Operating Temperature, Efficiency, and Field of Application.

 

PEM Fuel Cells

Like PEM Electrolysers, PEM fuel cells use a thin, proton-conducting polymer membrane 

as an electrolyte. Both sides of the membrane are coated with a layer of catalyst 

material, which differs somewhat from the material used in the Electrolyser.

The catalytic effects of the electrode (e.g. platinum) cause the hydrogen gas at the 

anode to break down into protons and electrons even at room temperature. The H+ 

ions (protons) traverse the proton-conducting membrane to get to the cathode side. 

When the outer circuit is closed, the electrons travel to the cathode, thereby doing 

electrical work. As a result, water is produced at the cathode (see diagram).
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Fuel cells and Electrolysers can both be PEM devices. The acronym PEM stands for 

Proton Exchange Membrane or Polymer Electrolyte Membrane, and refers to the 

proton-conducting polymer foil which is used as the electrolyte. 

Both sides of the membrane are coated with a thin layer of catalyst material. These two 

layers form the negative and positive electrodes (cathode and anode).

Individual fuel cells can be collected into a unit and connected to each other in series, 

resulting in a "stack" of cells.

 

The output of the stack can be adjusted by changing the number of individual cells.
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(4) PEMFC Fuel Cell Stack 
1) Specification

Power : 200 mW per Cell / Total 10 Cells 2 Watt 
Size : 175W x 60H x 70Dmm 
Fuel : H2/Air 
Quantity : 3EA 
PEMFC : Proton Exchange Membrane Fuel Cell 

2) The claimed climate change in combination with the increasing global energy 

requirements and the declining resources of coal, oil and gas make the development 

of new sources of energy one of the main tasks of the 21st century. Hydrogen 

technology has particular importance. Electricity can be generated directly from 

hydrogen and oxygen using fuel cells. The only waste product: water. Using 

electricity which can be obtained for example from solar cells, the required hydrogen 

can be produced directly from water by decomposition into hydrogen and oxygen. 

The underlying principle is called electrolysis. Both methods form the solar hydrogen 

circuit jointly.

(5) Control panel

1) Part Component

① Main S/W

- No Fuse Break Switch
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  Main Power Switch: It is a Main power switch to supply electricity to Resistor, digital 
measuring device and halogen lamp of solar hydrogen fuel cell experimental equipment.

② Lamp S/W

- Toggle Switch 3EA

③ Solar Module

- "+" terminal 3EA, "-" terminal 3EA

④ H2/Air Electrolyzer

- "+" terminal 3EA, "-" terminal 3EA

⑤ Fuel cell stack

- "+" terminal 3EA, "-" terminal 3EA

⑥ DC LED

- DC LED 1EA

                      - "+" terminal 1EA, "-" terminal 1EA
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⑦ Resister Module

- Resister 3EA

- "+" terminal 3EA, "-" terminal 3EA

⑧ DC Motor

- DC Motor 1EA

- "+" terminal 1EA, "-" terminal 1EA

               ⑨ The composition of DC meter module

- DC Volt meter 3EA, DC AM meter 3EA

(2) The Control panel was designed to the power control and the generation experiment 

of halogen fuel cell apparatus. 
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2. Electrolyzer usage

2-1. Introduction and Intended Use

The growing significance of PEM electrolyzers mirrors 

the development of fuel cells. Electrolyzers generate the 

hydrogen required by fuel cells from water in an 

environmentally conscious manner. The electrical energy 

required for this purpose can be gained from renewable 

sources such as solar cells, wind farms or hydroelectric 

plants.

Water reacts in the electrolyzer under the influence of 

electrical energy according to the following formula: 2H20 

--> 2H2 + O2. This process takes place in the MEA(membrane electrode assembly). The MEA 

consists of the cathode, the anode, and a special polymer membrane(PEM)which is permeable 

to protons but which presents a barrier to electrons.

Your KTENG electrolyzer functions on the PEM principle. The gases produced can be collected 

in storage tanks(KTENG Storage 1 or Storage 80). The energy stored in chemical form in the 

gases can be converted back to electrical energy in a fuel cell as and when required.

The equipment has been developed for teaching and demonstration purposes only.

2-2. Any other use is prohibited

Danger!

The hydrogen(H2) and oxygen(O2) produced represent a source of danger if handled improperly. 

In order to avoid any risks you must follow the General Safety Precautions when working with 

the electrolyzer.
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2-3. Electrolyzer

The Electrolyzer is a two-cell electrolysis stack. The centre of the cell houses the hydrogen side 

of the two individual cells. The two outer sides of the cell have the function of supplying water 

and removing the oxygen produced. The two individual cells are connected electrically in series.

2-4. Operating Instructions

1. Read the General Safety Precautions.

2. Connect the hydrogen outlet of the electrolyzer to the hydrogen inlet of the gas storage tank.

3. Fill the KTENG gas storage tank with distilled water up to the 0 cm3 mark, and place the 

compensation tank on top of it.
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4. Fill the water reservoir of the electrolyzer with deionised water up to the -A- mark.

5. Connect the power supply to the positive (red) and negative (black) terminals of the 

electrolyzer. Observe the maximum permissible voltage (see Technical Data). The electric 

current causes the water to be split into oxygen and hydrogen.

   The oxygen escapes into the atmosphere; the hydrogen is collected in the gas storage tank.

6. Top up with distilled water when the water level drops below the MIN mark.

2-5. Maintenance

Although the described model of electrolyzer does not require any maintenance, you should;

Use fresh, deionised water for each session.

2-6. Technical Data

Item Electrolyzer
H*W*D 140*180*120mm
Weight 460g
Electrode area 2cells of 16cm2 each
Power 15W at 4VDC
Permissible voltage 3.0~4.0VDC
Permissible current 0~4.0ADC
Gas production(H2) 65cm3/min

2-7. Electrolyzer characteristic
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3. Fuel cell usage

3-1. Introduction and Intended Use

Hydrogen gas is oxidized within a fuel cell. In the 

process, the chemical energy stored in the hydrogen 

gas is converted directly, I.e. without combustion, to 

electrical energy. This process takes place in the heart 

of the fuel cell, the membrane electrode 

assembly(MEA).

The MEA comprises two electrodes(cathode: oxygen 

side and anode: Hydrogen side) and the proton 

exchange membrane(PEM). The PEM is a special plastic film which is permeable to protons but 

which presents a barrier to electrons.

Hydrogen gas is split by catalysis into electrons and protons in the fuel cell. Owing to the 

chemical imbalance, the protons(cations) diffuse through the PEM. The resulting potential 

difference can be tapped on the electrodes in the form of a no-load voltage. As soon as an 

electric circuit is connected to the fuel cell, the surplus electrodes flow to the cathode, where 

they combine with the oxygen and the protons to form water(H2O).

With the fuel cell described, the water produced escapes via the air vent in the form of water 

vapour.

The equipment has been developed for teaching and demonstration purposes only.

3-2. Any other use is prohibited.

Danger!

The hydrogen(H2) and oxygen(O2) produced represent a source of danger if handled improperly. 

In order to avoid any risks you must follow the General Safety Precautions when working with 

the fuel cell.
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3-3. Equipment and Materials, View of Junior Stack(Single cell)

The individual cells of the Junior Stack are glued together and not screwed. The glued joints 

may loosen without the contact pressure existing in the stack. 

However, this can easily be rectified by applying slight pressure before assembling the stack.

Before assembling the stack, it is essential to ensure that the sealing rings are not damaged 

and are correctly seated in the slots provided for the purpose.

3-4. Equipment and Materials, Assembling the stack

The Junior Stack is usually supplied ready-assembled. However, if you have purchased 

individual parts retrospectively, please proceed as follows to carry out the assembly:
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1. Remove the wing nuts on the "+" side (red socket) of the Junior Stack. To do this, it will be 

necessary to prevent the corresponding screws on the rear from turning.

     

2. Remove the free end plate.

3. You can now remove cells from the Junior Stack or fit additional cells. The maximum 

number of cells is limited to 10. When fitting cells, it is essential to ensure that...

   ...the side with the air channels is always facing upwards.

   ...the sealing rings are correctly seated in the slots provided for the purpose.

   ...the locating peg of the end plate or the locating peg of the previous individual cell 

engages in the recess in the hydrogen side of the next cell. As a result of this, the wires of 

the protective diodes will be on the same side and cross over one another. This ensures 

that a good contact between the cells is achieved.

    

4. Replace the second end plate. Make sure that the lacating peg of the last fuel cell engages 

in the opening in the end plate provided for the purpose. The two gas connections of the 
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Junior Stack must now lie on diagonally opposite sides.

5. Replace the wing nuts and tighten these alternately several times so that the cells sit 

uniformly. Stop tightening the wing nuts when the length of the Junior Stack corresponds to 

the adjacent scale(according to the number of cells).

6. Apply a slight overpressure and under pressure to the cell and make sure that the stack 

does not lose any gas.

   

3-5. Operation Instructions
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(1) Read the General Safety Precautions.

(2) Set up the Junior Stack so that the air channels point vertically upwards and downwards.

(3) Close the hydrogen output with the rubber cap.

(4) Connect a hydrogen supply to one of the gas connections. 

(5) Open the ruber cap briefly to allow hydrogen to flow completely through the Junior Stack. 

Then close the rubber cap again.

(6) Connect and electrical load or a multimeter to the plus ("+":red) and minus ("-": black) of 

the fuel cell.

(7) The system is now ready for operation and can be used for demonstration or 

experimentation purposes.

    Voltage measuring points are provided on each individual cell so that individual voltage 

measurements can also be made.

    Note: Any failure to achieve the required output will probably be 엳 새 air in the hydrogen 

hose, which can be eliminated by removing the cap for a short time.

(8) The Junior Stack will become warm during operation and the air will flow by convection 

vertically through the air channels. Too great a flow can dry out the cell however. 

Depending on the connected load, ambient temperature and humidity, and on the movement 

of air in the environment, you can achieve a higher power by turning the cell through 90˚

(the air channels will then run horizontally).
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3-6. Maintenance

Fuel cells of the type employed are maintenance-free. However, they should be kept and used 

in a clean, dust-free environment.

3-7. Technical Data

Item Junior Stack
H*W*D 60*70*175mm
Weight 430g
Electrode area 4cm2 per cell
Power 200mW per cell
Power 10cells 2W
Power 5cells 1W
Power 3cells 600mW

Generated voltage
0.4~0.96 V per cell, 
Short-circuit-proof

3-8. Fuel cell characteristic
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4. Data Acquisition device between PC and machine
4-1. Install and how to use KTE-DA100

(1) INSTALL USB TO SERIAL 

- Communication method is using computer and RS232 protocol for communication. 

- If you got a desktop which is connected with Serial Port back. you don't have to install USB To 

Serial.

- If you got a desktop which doesn't have notebook or Serial Port, you need to install progress for 

collecting data using USB Port.

1) Run Windows 7

2) Connect USB MultiPort to your PC’s USB port.

3) Inset media CD(provided with MultiPort) into the CD drive.

4) Click “Hardware and Sound” in “Control Panel”
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5) Following picture depicts Device Manager after carrying out step 4. Click “Device Manager”.

6) Right click “USB <-> Serial Cable” in “Device Manager”. Then choose “Update Driver 

Software”.



21

7) Click “Browse my computer for driver software”in order to install driver manually.

8) Click “Browse”and set driver software’s location to 

   [CD]:\Driver\USB\Win2000\,XP,2003,Vista,2008,7”.
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9) Confirm that “USB Serial Converter” is installed normally. Then, right click “USB Serial 

Port”and follow the same process from number 6 again.
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10) Following picture depicts “Device Manager”after carrying out all steps. As can be seen, all 

“USB Serial Converters” and“USB Serial Ports” are successfully installed.

11) “USB Multiport”installation on Window 7 is now finished.
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(2) KTE-DA100 Installation and Operating

① KTE-DA100 Installation

1) You can see a installation files that in CD 
or USB for installation then double click 
‘KTENG Setup’ file to start installation. If 
the program cannot be installed using 
‘KTENG Setup’, try to ‘setup’file.

2) If you can see a ‘Setup Wizard’ screen, 
click the ‘Next>’.

  

3) You can change a installation route. If  
you want to change a installation route, 
click the ‘Browse..’ and find a new route 
then click the ‘Next>’.
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4) It require to confirm installation intention. 
Please click the‘Next>’.

5) Installing a program.

6) Please click the ‘Close’ and complete a 
installation.
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7) Start program by using icon in wallpaper or routing folder then the main page of program come 

up.

KTE-1000BA
Standard Refrigeration Experimental 

Equipment
KTE-7000SR

Solar Radiation Energy 

Experimental Equipment

KTE-2000EP
Evaporation Pressure Parallel 

Control Experimental Equipment
KTE-7000SB

Solar Heating Hot Water 

Boiler Experimental 

Equipment

KTE-2000EV
Refrigerant Parallel Expansion 

Valve Experimental Equipment
KTE-7000PVT

PVT Performance Measuring 

Equipment

KTE-3000HD-

H

4-Way Reverse Valve Control Heat 

Pump Experimental Equipment

(Heating Mode)

KTE-7000GH-

H

Geothermal Heat Pump 

Experimenatl Equipment

(Heating Mode)

KTE-3000HD-

C

4-Way Reverse Valve Control Heat 

Pump Experimental Equipment

(Cooling Mode)

KTE-7000GH-

C

Geothermal Heat Pump 

Experimenatl Equipment

(Cooling Mode)

KTE-5000LT
Binary Refrigeration 

Experimental Equipment
KTE-HB520

Hybrid Power Conversion 

Experimental Equipment

KTE-6000BR
Brine Refrigeration 

Experimental Equipment
KTE-7000SG

Solar Power Generation 

Experimental Equipment

KTE-9000AU
Car Air-Conditioner 

Experimental Equipment
KTE-7000WG

Wind Power Generation 

Experimental Equipment

KTE-1000AHU
Air-Conditioning Unit Automatic 

Control Equipment
KTE-7000SH

Solar-hydrogen Fuel Cell 

Experimental Equipment

KTE-2000AHU
Air Handing Unit Lab-view 

Programing Equipment
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② Main Menu Composition

1) View

(Refrigeration 11 species, Solar-Geothermal 5 species, 

Solar-Wind energy 4 species)

2) Setting 3) Control
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  (3) Setting

     

Menu Explain

Offset Setting Setting initial pressure, temperature

Serial Setting Communicating port setting

Save Interval 

Setting
Setting data acquisition time interval

PH Offset Setting Setting range of axis at p-h chart

Refrigerant Setting Select refrigerants

     ※ Please refer to page 69 for more detail information.

  

  (4) Control

     

Menu Explain

PLC emulator Using PLC control

Digital output Control a Hardware

Temp, pressure Control a temperature, pressure
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(5) Application of data acquisition equipment(Model : KTE-DA100)

① Selection of Model

 

(1) When program 
started, ‘View’screen is 
activated.

(2) Select a model 
what you want. (Click 
the KTE-7000SH)

(3) Main user interface 
of KTE-7000SH is 
activated.
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 ⅰ) Composition of main user interface

(1) Hydrogen fuel cell No1. 
Real-time voltage, current, 
and power representation

(2) Hydrogen fuel cell No2. 
Real-time voltage, current, 
and power representation

(3) Hydrogen fuel cell No3. 
Real-time voltage, current, 
and power representation

 ⅱ) Operating and saving data

(1) Click a toggle 
switch to run program 
to save data. 
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(2) Write a title and 
save a file by excel.

② Function for collecting data tools

ⅰ)Tools

(1) Click  in Tools 

 

(2) When you click (R) for 
before size, the window is 
activated for moving
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(3) Click that button, the 
window is bigger.

(4)   Click 

(5) When click the 
minimum(N), indicate 
bottom of the left side.
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(6) When click whole 
monitor, it is returned

ⅱ)  Setting

➀ Serial setting (1) Click Setting 

(2) Click Serial setting
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➁ Offset setting

(1) Click Setting in Tools

(2) Click Offset Setting 

(3) 
COM No is changed 
depend on port location. 
choose COM No and 
Click OK
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(4) Vol2, Vol4, Vol6, 
Vol8, Vol10, Vol12, 
Vol14, Vol16 must enter 
a value of 
“Y=1.25x-1.25”

(3) Voltage`s Parameter 
has a function which can 
input the figure for 
changing input figure, 
You can set as choosing  
Voltage.
Vol1, Vol3, Vol5, Vol7, 
Vol9, Vol11, Vol13, 
Vol15 must enter a value 
of “Y=125x-125”
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(5) Click“Appliance" 
and click "Start Saving" 
for Application.

(6) Click Start Saving
Save the file name 
entered in the left side 
of the screen

(7) Start saving set 
figure and Click "Close" 
on the left screen



37

③ Save interval setting

(1) Click Setting 

(2) Click Save interval 
setting 

(3) Save interval setting
 A function for setting a 
data storage time interval 
The time interval as an 
Excel file Can be stored 
in line.(However, the 
number of seconds (Sec) 
because When set to one 
minute is Set to 60Sec)
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◎ General Safety Precautions

- The system is intended for teaching and demonstration purposes in schools, universities, 

institutions and companies only.

- It may only be set up and operated by a competent person.

- Read the Operating Instructions before setting up the electrolyzer. Follow them during use and 

keep them readily available for reference.

- Wear protective goggles.

- The system is not a toy. Operate the electrolyzer and keep it and the gases produced out of 

the reach of small children.

- The system is not a toy. Operate the Junior Stack and keep it and the gases produced out 

of the reach of small children.

- Unless specified other wise, do not short-circuit or reverse the polarity of the terminals.

- Do not operate the system empty. Always ensure that it contains sufficient water(between the 

water level marks).

- Remove inflammable gases, vapours and liquids from the vicinity of fuel cells and 

electrolyzers. The catalysts contained in the system can trigger spontaneous combustion.

- Hydrogen and oxygen may escape from the system. To prevent the gases collecting and 

forming explosive mixtures only use the system in well-ventilated rooms.

- Never operate the system in a display case, as escaping hydrogen can concentrate to form 

an explosive mixture.

- As the equipment is capable of producing large quantities of hydrogen, we recommend that 

hydrogen sensors be employed for monitoring of the ambient atmosphere.
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- Remove from the vicinity of the system anything that could ignite the hydrogen (naked flame, 

materials that can become charged with static electricity, substances with a catalytic action).

- Remove from the vicinity of the system all substances that could spontaneously ignite with 

increased oxygen concentration.

- Do not smoke.

- Hoses, plugs and tanks are used for pressure compensation. They must not be fixed or 

secured with clamps, adhesive, etc.

- Only use the gas storage tanks belonging to or supplied with the system to store gas. Never 

connect other alternatives. 

- Only operate the system at room temperature and ambient pressure.

- Never apply an external voltage to the fuel cell. This will destroy it and explosive gas will 

accumulate in the storage tanks.

- Do not position any solar modules and lights in use closer than the minimum permitted 

distance(30cm between KTENG solar modules and the KTENG light, and 50cm between them 

and the KTENG Spotlight, or see other manufacturers' stipulations).

- The surface of solar modules can get very hot during extended operation.

- Tell your students about any potential dangers and carefully supervise experimentation.

KTENG will not accept any responsibility for injuries or damage sustained in the event of these 

Safety Precautions not being followed.
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◎ Warrantee and A/S application sheet

Product Warrantee Certification

 

Fill out this sheet, and send by Fax or E-mail..

MODEL  

WARRENTEE

TERM
1 YEAR

PURCHASING

DATE
(M/D/Y)

ORGANIZATION
SCHOOL  

DEPARTMENT  

Headquarters :679-7 2Fl Sinhyun-Li, Opo-Eup, Gwangju-City, Gyonggi-Do, KOREA (zip : 464-895)

Head Office : #133-1 Sinhyun-li, Opo-eup, Gwangju-City, Gyeonggi-Do KOREA (zip : 464-895)

TEL : +81-31-749-5373 | FAX : +81-31-749-5376 | kteng@kteng.com| www.kteng.com

mailto:kteng@kteng.com

