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ÅFuel cells are electro - chemical devices, constituting a

breakthroughin the field of energysourcesthat can produce

electricity and heat directly from a proceeding chemical

reaction.

ÅIn 1839 British physicistWilliam R. Grove demonstratedthat

during the electrochemicalreaction involving hydrogen and

oxygenelectricity is produced. Sucha cell hasno movingparts,

operateswithout noise,and its only wastesubstanceis water.

However, basing on this phenomenonfuel cells for over a

centurywerejusta laboratorycuriosity.



https://www.youtube.com/watch?v=R15R54oZAdA

Fuel cells and hydrogen production
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https://www.youtube.com/watch?v=R15R54oZAdA


4

https://www.youtube.com/watch?v=R15R54oZAdA

Fuel cells and hydrogen production

https://www.youtube.com/watch?v=R15R54oZAdA


ÅFuel cells only in the sixties of this century lightweight and

compact(thoughexpensive)NASA beganinstallinga spacecraftto

supplythemwith electricity.

ÅToday, this technology is promising environmentally clean,

efficient andquiet, trying to takeadvantageof the manynew land

uses, including to power mobile phones, portable computers,

housesandflats,andelectricengines.

ÅExpertsestimatethat replacingtraditional methodsof generating

electricity from coal by fuel cells should reducecarbondioxide

emissionsby 40% - 60%, while emissionsof nitrogenoxidesby

50% -90%. Principle of working fuel cell is base on the

electrochemicalreaction.

ÅFuelcellsproduceelectricityby Electrochemicalreactions.
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ÅThe rapid development of fuel cells resulted in the demand for 

highly efficient and clean energy sources in the era of rapidly 

depleting fossil fuel sources.

ÅHydrogen and other fuels that are high hydrocarbon fuel for fuel 

cells can be obtained by using alternative energy sources such as 

solar, wind, and from biological sources, egbacteria of the genus 

clostridium obtaining hydrogen from biological waste. Research 

on obtaining hydrogen aim to become independent of the 

population partly or entirely from fossil fuels
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ÅFuel cells are electrochemical

devicesthat produceuseful energy

(electricity, heat) in a chemical

reactionof hydrogenwith oxygen.

Water is a byproduct of this

reaction.
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ÅA fuel cell is composedof two electrodes: the anodeandcathode.

The electrodesare separatedby an electrolyte presentin liquid

form or asa solid. The electrolyteallows the flow of cations,but

preventstheflow of electrons.

ÅThe chemical reactionoccurring in the cell is broken hydrogen

protonandelectronat theanode,thenthecombinationof reactants

at thecathode. Electrochemicalprocessesaccompaniedby electron

flow from the anode to the cathode without an impermeable

membrane. As a resultof electrochemicalreactionof hydrogenand

oxygenproducedelectricity,waterandheat.

ÅFuel - Hydrogen in pure or mixed with other gases- is fed

continuouslyto the anodeand the oxidizer - oxygen in pure or

mixture(air) - is fedcontinuouslyto thecathode.
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Fuel cellsoperating principle and 

construction   (9hr 5/03/13)
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Chemicalreactionstakingplacein a fuel cell:

ÅOn anode: 2H2   = 4H+ +4e

ÅOn cathode:  O2+4e= 2O-2

2O-2 + 4H+ =2H2O
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Theprincipleof operationof the fuel cell is well known,significant

progresshasbeenmadenowadaysin developingmaterialsfor the

constructionof electrodes,membranes,sealsand catalysts. The

aim of researchis to extendthe life and efficiency of the cells,

while reducing its cost of production. In addition, new

technologiesare developedfabricationof cells, by replacingthe

mechanicalprocessing,precisionspraytechnology. Theeffectsof

researchare alreadyvisible to final consumers: the life cycle is

lengtheningandfuel cell producedelectricitypricesfall.
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The division is based on fuel cells used in the cell electrolyte. 

Electrolyte used determines the temperature of the reaction 

occurring in the cell and fuel cell power. Each cell has 

advantages and disadvantages, which determine the field of 

applications for each type of cell.
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Electrolyte PEMmembrane Phosphoricacid Moltencarbonate Solid oxides

Working

temperature
80oC Approx. 200oC 650oC 800-1000oC

Electric charge 

carrier
Hydrogenions Hydrogenions Carbonateions Oxygenions

Reformer External External
Internalor

External

Internalor

External

Basic cell

components
Basedon carbon Basedon graphite Stainlesssteel Ceramicsmaterial

Catalyst Platinum Platinum Nickel

Perovskity 

(Calcium

metatynian)

Efficiency (%) 40-50 40-50 Above60 Above60

State of 

development
comercial Working Prototype Prototype







19

ÅPEM fuel cellsarepoweredby purehydrogenor reformate. PEM

cell membrane is a polymer material such as Nafion. A

characteristic feature of PEM cells is high efficiency in

electricity production - up to 65% and a small amount of

generatedheat. An important advantageof PEM cells is their

good adaptationability in systemssubjectedto variable loads

and short commissioningtime. Thesefeaturesresult from the

low temperaturereactionsoccurring in the cell - 60 to 100

degreesCelsius.

ÅPEM cells are primarily used to power vehicles and the

constructionof stationaryandportablepowergenerators.
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System ogniw paliwowych 1.2 

kW (Ballard ) 
Elementy systemu ogniw paliwowych 

PEM 

 

fuel cell system1,2 

kW (Ballard)

Elementsof fuel system 

PEM
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ÅDMFC cells havea polymer membrane,suchas PEM cells. The

differencebetweencell DMFC andPEM cell is in theconstruction

of the anode,which in the DMFC cell allows for the internal

reformingof methanolto obtainhydrogento powerthecell. DMFC

cells eliminate the problem of fuel storage,are attractive for

portable applications becauseof the low temperaturereaction

occurs(about80 degreesCelsius). DMFC cell is characterizedby

lower efficiency comparedto the PEM cells and is 40%. DMFC

cells areusedfor building batteriesfor portabledevices,andoffer

performanceunattainablewith standardbattery- notebookpowered

with 250 ml methanol tank, running for 12 hours which is

inaccessibleto ordinarybatteriesof similarweight/ volume.



22

  
System ogniw 

paliwowych 20 W do 

komputer·w 

przenoŜnych 

Ogniwa DMFC 

do telefon·w 

kom·rkowych 

 

fuel cell system to 20 watts for 

portable computers

DMFC cell for mobile 

phones
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ÅAFC (Alkaline Fuel Cell). Thesearethe first fuel cells, for the first

time used in aeronautics. KOH electrolytesolution. The reaction

proceedsat temperaturesfrom 100 to 250 ÁC. The reaction

temperatureabuseof KOH solution concentration,higher reaction

temperatureallow you to achievebetterefficiencyof thesecells for

the generationof electricity andheat. AFC cells havebeenusedon

thespaceshuttles wereApollo to thecogenerationof electricityand

heat. AFC cells arefragile to any contaminationandthe fuel needs

to beclean,which is anobstacleto their commercialization.
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  Ogniwo paliwowe 

AFC uŨyte w promie 

kosmicznym 

 

AFC fuel cell used in the space shuttle



25

ÅPAFCcellsareusedfor constructionof cogenerationof electricity

and heat. The efficiency of electricity generation is 40%,

additionalwatervaporproducedby thecell, canbeconvertedinto

heat. Electrolyte in the cell is PAFC phosphoricacid (H3PO4).

Theadvantageof cellsis high toleranceto carbonmonoxidewhich

allows for the useof multiple fuels (it is important,however,fuel

desulphurisation).
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System kogeneracji energii elektrycznej 

o mocy 200 kW (Onsi), wykorzystuŃcy 

ogniwa PAFC 

 

Electricity cogeneration system with a capacity 

of 200kW, using PAFCcell
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ÅMCFC electrolyte in the cell is a molten carbonate Li / K. MCFC 

cells operate at high temperatures and are used for the production 

of small and medium power capacity. High temperature reactions 

occurring in the cell allows the use of a wide range of fuels 

(natural gas, diesel, hydrogen, propane)
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System ogniw 

paliwowych MCFC o 

mocy 280 kW 

 

MCFC fuel cell system with a 

capacity of 280kW
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ÅSOFCcellshavea membranemadeof oxideceramics. It works in

high temperaturesfrom 650to 1000degreesCelsius. Theresultof

high temperaturereactionsin the SOFCcell is the high efficiency

cogenerationsystemsin the electricity andheat- up to 85%. This

characteristicsalong with long time of reachingfull efficiency

cause thatSOFCcellsis usedin stationaryCHP(cogenerationheat

andpower). SOFCcells is characterizedby high toleranceto fuel

contaminants(carbonoxidesandsulfur dioxide),which allowsthe

useof a wide rangeof fuels
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ÅThemostcommonlyusedin industrialfuel cells is cell typePEM

/ DMFC andSOFC. The popularityof thesecells is due to their

high efficiency and a membranemade ofsolid materials- no

moving parts in the cell is a big advantagein industrial

applications.

ÅSOFC cell type is characterizedby high temperatureand slow

responseto load changes. Therefore,SOFC cells used in the

constructionof stationary electric power generatorsand heat,

working continuouslywith thesameload
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ÅThe PEM andDMFC cells arecharacterizedby low temperature

reactionand are usedto build both small and large sourcesof

energy. ThedifferencebetweenPEM andDMFC cell is a type of

fuel used. DMFC cell is poweredby methanol. Methanol is the

fuel of easy storage, which, combined with a low reaction

temperaturemakesthe DMFC cell ideal for useas a low-power

battery.
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ÅPEM cell is characterizedby high efficiency(40% - DMFC, 65% -

PEM). PEM fuel cell is the hydrogenor reformate. In the caseof

reformate, the system must be equipped with so-called fuel

processorthat produceshydrogenfrom the usedfuel. This raises

thecostof thesystem,but in manycasesit is profitableunitssuch

as stationarypower generationwhereit is easyaccessto natural

gas.

ÅCells PEM / DMFC and SOFC, are already present on the

consumermarket, they can be purchasedas a standalonedevice

(fuel cell stack),aswell asfinisheddevices
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Total reaction: 

 
In a fuel cell powered by natural gas, the whole process begins with the separation of pure hydrogen 

in a device called a reformer (1). 

Reforming reactions: 

 
Arising from the carbon dioxide (2) is disposed on the outside. The same applies to the use of 

methanol. Then the hydrogen goes to the proper cell (3), causing further chemical reactions: a 

platinum catalyst at the anode "pulls" the electrons from the gas (4), and positively charged ions 

(protons) "dissolve" in the electrolyte (5). 

Reaction at the anode: 

 
Electrically inert oxygen fed to the cathode (6) captures the free electrons, causing a direct current 

(8). Negatively charged oxygen ions react in the electrolyte with protons which are also located in the 

electrolyte, producing water (7). 

Reaction at the cathode: 
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Tank Capacity: 5 kg of hydrogen
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ÅHigh quality of suppliedenergy. The energysuppliedby fuel cells are

very resistantto interference. Fuel cells are an ideal power sourcefor

medicaldevices,measuringinstruments,computers,etc.

ÅHigh efficiency. Fuel cells arecharacterizedby high energydensity. A

fuel cell is alwayssmallerand lighter than other energysourceswith

comparablepower. In addition, fuel cells generateelectricity directly

from a chemicalreaction,so there is no fuel combustionprocess. In

mobile applications,fuel cells produceelectricity directly serving to

drive, as opposedto internal combustionengineswhereit is produced

by the mechanicalenergy convertedinto mechanicalgears to drive

energy. The efficiency of fuel cells to generateelectricity evenreaches

50%. In the processof cogenerationof electricity and heat,fuel cells

achieveefficiencyup to 85%
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ÅPossibility of usingdifferent typesof fuels. Fuel cells canbepoweredby

any fuel rich in hydrogen. Obtaining hydrogenfrom the fuel can be

carriedinsidea fuel cell, the so-called. internal reforming or outsidethe

cell in anexternaldevicecalled: fuel reformer. Thanksto thephenomenon

of electrolysis,hydrogenfor fuel cells canbe producedusingalternative

energysources.

ÅEnvironmental protection. Pollution resulting from energy production,

"conventional"methodsare the causeof environmentaldegradationand

the reasonfor the emergenceof new diseasesof civilization. A fuel cell

produces25 times lesspollution thancombustiongenerators. In the case

of hydrogenfuel cell power, the amountof traceimpurities is produced.

scalability. Individual fuel cells can be combinedto achievethe desired

level of powergenerated. Teamsof fuel cellswith differentshapesis used

bothto powerasinglelight bulb andto drive industrialmachinery.
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50 kW mobilny 

system ogniw 

paliwowych 

PEM do 

zastosowaŒ w 

Ŝrodkach 

transportu  

Milli -Watt System 

Fuel do 

napňdzania 

miniaturowych 

urzŃdzeŒ 

opracowany w 

Pacific Northwest 

National 

Laboratory  

PDA na ogniwa 

paliwowe firmy 

Hitachi  

 

Mobile 50kW PEM fuel 

cell system for use in 

transport

Milli -Watt fuel system for 

propelling miniature devices 

developed at Pacific 

Northwest National 

Laboratory

PDA Hitachi Fuel Cell
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ÅImpact on the environmentof fuel cells dependslargely on

themethodof obtainingthefuel usedin them. Hydrogencan

not beusedasa primaryenergysource,but it is necessaryto

producethehydrogenusedin them. Althoughtheproduction

of hydrogen by electrolysis is fairly high efficiency, in

conjunctionwith the fact that whenusedin automotive,it is

necessaryto store hydrogenat high pressuresis the total

efficiency of the cells may fall below the most efficient

internalcombustionengines.



45

ÅPortabledevices,small powerbatteries. Fuelcellsareincreasinglyseenasa substitute

for conventionalbatteriesused in the small electronic devices (laptops, cameras,

mobilephones,MP3 players,etc.)

ÅThereis a hugemarketfor manufacturersof fuel cells. Virtually all major companies

producingmobiledevicesareinvolvedin researchon fuel cells.

ÅThe useof fuel cells in portableelectronicdevicesallows for the separationof parser

energyfrom thefuel tankof a fuel cell system,which providesgreaterflexibility in the

designphase. Fuelcellsalsohavea highertheoreticalenergydensitythanconventional

batteriesandunlike a long time chargingthebattery,just fill thefuel cell to run, which

requiresonly aminimal outlayof time.

ÅCellsPEMFCandDMFC dueto its propertiesfor low temperatureareusedto this type

of solutions.

ÅA segmentof mobiledevicesthroughits dynamicgrowthforcesusto seeknewsources

of energyneededto powerthedeviceshavingevergreaterenergyrequirements(larger

screen,newfeatures,etc.).

ÅHowever, there is still a lot of problems,mostly technical in nature,hindering the

globalcommercializationof fuel cellsin portabledeviceselectronicssector
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Toshiba Antig 

Technology i 

AVC Corp  

MTI MicroFuel 

Cells 
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ÅStationarysystemsareboth small householdunits producingelectricity andheat(CHP systems)or

the auxiliary power sourcewith capacityof kilowatts, and large power plants with a capacityof

severalmegawatts.

ÅSuch devicesare used in areaswhere availability of electricity is essential,and so in hospitals,

military bases,office buildings and industry. Stationaryfuel cell systemsare used as additional

facilities that generateelectricity,which is the energyput into the networkasemergencysystemsin

hospitalsandotherbuildings,or for applicationsrequiringhigh reliability.

ÅFuel cells are perfectly scalableand allow for the constructionof small powerplants,the order of

severalMW. The first powerplantsproduceelectricity for the police stationin New York, Central

Parkandmanyotherplaces.

ÅAdvancedwork continueson the implementationof CHP electricity generators(called Combined

HeatandPower),usingthefuel cell stackto generateelectricityandheat.

ÅGeneratorswith a capacityof 1-10 kW areableto supplyelectricityandheathouses,offices,public

buildings. Generatorsbasedon fuel cell technologyto supplyelectricity preciseparameters,haveno

movingpartsandareableto provideaccessto energyfor longerthanthecurrentgenerators.

ÅGeneratorswith the fuel cells systemare poweredby hydrogenor hydrocarboncompounds. This

technologyis very quiet,efficient,andproducesminimal amountsof impurities.

ÅAt present,this technologyrequiresfurtherdevelopmentandresearchon it, dueto insufficientpower

valueachieved
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System firmy Ballard  Generator CHP firmy CFC 

Ltd. wraz z reformatorem. 

 

Ballardsystem
CFCôsCHP generator with 

reformer
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Generator energii firmy Nuvera wraz z reformatorem 

paliwa i przykğad jego zastosowania 
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ÅCurrently, almost every prominent automotive company in the market is in

advancedtestingfuel cell vehicle. Currently,theprofitability of thevehicleFCV

(FuelCell Vehicle),matchedthemodernhybrids. With thewidespreaduseof fuel

cell technologies,vehicleFCV certainlybecomeverypopular.

ÅAdvantagesof fuel cells as propulsionmeansof transportare: high efficiency

(65% for the fuel cell comparedwith 35% for the internalcombustionengine),

the lack of vibration andnoiseassociatedenergyproduction,energyproduction

electricmotorsdirectly driving, lack of fuel during the stop,stability torqueand

manyothers.

ÅAccordingto theannouncementof theproducers,thefirst FCV will go into series

productionbefore2015. Currently,themainproblemin thecommercializationof

FCV carsis theirhighprice.

ÅFuelCell Technologyalsoincludedothersegmentsof transport,but this is not as

noticeableasin thecaseof cars. Therearealreadyunmannedaircraftpoweredby

fuel cell engines,and even wheelchairsdrawing energyfrom the use of this

technology



51



52

ÅRoboticsis a field in which the efficient sourceof energyis an

importantissue,especiallyfor mobile robots,powerindependent

energysource. Parameterssuchas weight / volume, efficiency,

quality of energysuppliedto have a significant impact on the

design of robots and robot parameters. Fuel cells provide a

securesourceof energy,ableto powertheelectricalsystemsused

in robotics. At thesametime powersystemweight,basedon fuel

cell technologyis relatively small comparedto the amountof

energy produced. Due to theseadvantages,fuel cells quickly

founduseasa sourceof powerin robotics
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Speecys-FC jest 

pierwszym na 

Ŝwiecie robotem 

zasilanym 

ogniwami 

paliwowymi 

 Robot 

Guardrobo D1 

dziňki ogniwom 

paliwowym 

moŨe pracowaĺ 

non stop przez 

tydzieŒ 

 

Speecys-FC is the world's first fuel 

cell powered robot

Robot GuardroboD1 through 

fuel cells can operate non-

stop for a week
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Koncepcja systemu produkcji energii z 

paliw kopalnych z zerowŃ emisjŃ CO2

The concept of a system of energy production from fossil fuels 

with zero CO2 emissions
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Hybrydowe ogniwa paliwowe

Ni/YSZ

LSM (-)

YSZ

(+)

Siemens-Westinghouse

220 kWe hth = 58%

Siemens-Westinghouse

220 kWe hth = 58%

DC-AC Inverter

Gas Turbine

Fuel SupplyUPS

SOFC Generator

Electrical

Cabinets

Hybrid FuelCell
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Contemporary materials 
engineering in the design of 

functional materials for fuel cells
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carbon dioxide, nitrous oxide and methane let 
short-wave radiation (light). But the light is 
absorbed at Earth's surface and thus converted 
into long-term radiation. These molecules are 
three-atomic impenetrable to infrared thus 
preventing its evaporation

This causes the so-called. 
greenhouse effect and may 
cause global climate change
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HYDROGEN 
ENERGY
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U   I
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Á Chemical  into electric energy conversion:

heat Turbine Electricity Generator

Fuel cell Electricity

Heat engine
fuel

(H2)

?

efficiency: 35%

efficiency: 65%
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ÁSolid Oxide Fuel Cell

ÁHigh Temperature Oxide Fuel Cells
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Á Proton Exchange Membrane (PEM)
Á Polymer Electrolyte
Á Proton conductivity of the 

electrolyte
Á low temperatures (~ 100 ЊC)
Á fuel - H2
Á CO - poisons the electrode-

electrolyte
Á requires precise reforming / 

separation
Á a specific catalyst-metal
Á small thermal inertia
Á refined technology

Á Solid Oxide Fuel Cell (SOFC)
Á ceramic electrolyte
Á Conductivity, oxygen ions

Á high temperature (~ 700 ЊC)
Á hydrocarbon fuel
Á CO poisoning is not

Á Custom CPOX reforming or partial 
oxidation

Á cheap catalyst
Á High thermal inertia
Á development -Technology
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Current transformer colector

Current transformer colector

Flow channel

Flow channel

ANODE

CATHODE
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x
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1 OV2e(g)O ­++ ¶¶-
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x
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