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Basing on: https://www.geeksforgeeks.org/energy-conversion/
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Energy harvesting ӛ main types of forms and sources. [Graph from MiT lecture] Retrived february 19, 2025, from:  
https://ocw.mit.edu/courses/22-081j-introduction-to-sustainable-energy-fall-2010/e538c44f7b16f6c0ebfe98ad37f42e5b_MIT22_081JF10_lec03a.pdf 

Electrical  Energy Conversion ӛ direct 
conversion of, e.g., solar energy to electricity   

Thermal Energy Conversion ӛ indirect 
conversion of fuels or solar thermal energy 
to heat and eventually electricity or 
mechanical work

Chemical Energy Conversion ӛ mostly fuel 
cell, converting hydrogen or 
hydrocarbons/alcohols; 

Kinetic  Energy Conversion ӛ harnessing 
the wind or water flow, or waves
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αProductionέ ƻŦ energy

Conventional Non-conventional

The production of electricity and heat through the 

combustion of fuels , which include, for example, 

hard coal, lignite, oil, gas, biogases, biomass (plant 

and animal), peat

Obtaining electricity and heat from alternative sources, 

including: flowing waters, geothermal waters, wind, 

sun, sea tides, green fuels, nuclear reactions, and 

ambient heat.
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Energy distributionsystems

Centralized Distributed

ǒ The generation of energy by small units or production 
facilities, directly connected to distribution networks or 
located within the consumer's power grid.

ǒ Usually producing electricity from renewable or non-
conventional energy sources, often combined with 
heat generation (distributed cogeneration).

Å Classic system, a few or a dozen large or very large sources 
generate energy.

Å Energy is transported to consumers over long distances 
through transmission and distribution networks.

Å Electrical energy is usually produced from conventional 
energy sources.
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https://www.anz.com.au/bluenotes/2018/08/getting-on-with-energy-transformation/

Future of energy 
distribution systems

20th Century

21st Century
New distribution 
strategy implies 
new energy 
generation and  
storage 
technologies
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Perspective energy conversion and storage technologies

Electrical -> Chemical

Synthetic  fuels

Chemical -> Electrical
Synthetic  fuels

CO2

Gas
Liquid

Electricity

Fuel cell

Materials are of key importance
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// Drzewko

Ref.: A.A. Kebede at al.., https://doi.org/10.1016/j.rser.2022.112213.

Type of Energy storage

Electrochemical Electrical Heat

Batteries

Flow Batteries

Capacitors

Superconducting Magnetic 
(SMES)

Supercapacitors*

Mechanical

Pumped Storage 
Hydropower (PSH)

Compressed air

Flywheels

Chemical

Chemical compounds 
(hydrogen, carbohydrates)

Latant Thermochemical

Sensible

Electrolysis

Materials are of key importance

https://doi.org/10.1016/j.rser.2022.112213


FuelCells- principles

Fuel cells are classifiedprimarily by the kind of electrolyte Fuel cell overall efficiency

https://www.gecos.polimi.it/research-areas/hydrogen-fuel-
cells-and-electrochemical-energy-systems/



Source: US DOE (2010). Fuel Cell Factsheet

FuelCells- principles



Molten carbonate fuel cells (MCFCs) are the one of the most 

promising high efficiency and sustainable power generation 

technologies. MCFCs convert chemical energy of fuel  (hydrogen ) 

into electricity , heat  and water  through electrochemical reactions.

Theworldôslargest operating fuel cell power plant (59 MW), located in Hwaseong, South Korea

High-temperaturefuel cells

ƹƸ Residential

Ƹ Commercial

Main features :

Å 300 kWï2.8 MW units, commercially available,

Å combination of heat and power with gas expansion turbine

delivers up to 65% efficiency, 

Å fuels: natural gas, anaerobic digester gas with internal reforming, 

sewage gas, natural gas and biogas compatible,

Å average 10 000h lifetime,

Å possible to employ in electrical utilities, industrial, and military

applications.

Source:E4Tech http://www.fuelcelltoday.com



Material : LiAlO2

Åholds molten  carbonate 
electrolyte

Åhigh open porosity  (~50%)

Åmean pore size ~0.3ἁE

Åthickness: ~1.00mm

Materials for moltencarbonatefuel cells(MCFCs)
Molten carbonate fuel cellsare highly efficient chemical to electrical  
energy converters  and emerges as theone of the most promising 
sustainable power generation  technologies.

Material : Ni/NiO

Åcatalyses O2 reduction  
reaction

Åhigh open porosity  (70-80%)

Åmean pore size 7-15ἁE

Åthickness: 0.70-0.80mm

ҏҎҎἁE

Cathode

CO2+O2 transport

Ộ-2+CO2+2e-Ἅ!-3
2-

Material : Ni, Ni-Cr/Al.

Åcatalyses H2 oxidation  
reaction

Åhigh open porosity  (60-70%)

Åmean pore size 5-7ἁE

Åthickness: 0.60-0.80mm

Anode

ҏҎҎἁE

H2 transport

H2+CO3
2- Ἅ&2O+CO2+2e-

ҏҎҎἁ
MCFCstacks are assembliesof single cells, where
eachsinglecell comprisesof porous components:
  - cathode,
  - anode,
  - electrolyte  matrix .

The electrolyte  ӛ mixture of (Li/K)2CO3 or (Li/Na)2CO3 ӛ 
is kept in molten state in MCFC operating conditions 
(600-700 ̄ C).

Matrix

ғἁE

CO3
2- transport



Concept for materials development



CHEMICAL COMPOSITION

MICROSTRUCTURE

Isotropic
modification of pore size distribution, 

porosity with porogen additions

Layered
mono-      vs.     bi-modal

TOP

BOTTOM

TOP

BOTTOM

Tape cast layers vs
Tape cast layer

 onto foam support

Two main factors governing the performance of 
molten carbonate fuel cell materials

Concept for materials development- fabrication



The open-porous microstructure, apart from the chemical composition, is of great importance for the fuel cel performance. 

Elemental reaction  steps:

¡ Adsorption of molecules

¢ Surface diffusion

£ Reaction at TPB

¤ Desorption of products

MoltenCarbonateFuelCell - Processes



SLURRY BEFORE 
FORMING
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ELECTRODE
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Electrochemical treatment  
(Ni+Ag)

Manufacturing of greenmaterials



GREEN TAPE

ELECTRODE

FIRING

CHARACTERIZATION 
AND 

TESTING

Heat treatment of green tapes can be separated in two steps:
1) removing volatile content and binder residues,

  2) sintering of powders

Open-porousstructure of MCFCcomponents is obtained after sintering.
Porosity level is an effect of slurry composition and parameters of heat
treatment: temperature (800-1000ÁC), time and atmosphere (commonly 
100% hydrogen).

In the presentwork wesinterednickel-basedporouselectrodesusing N2 + 5%H2 atmosphere.

Sintering  L=EH=J9LMJŪӅϲC
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Fabrication- equipment
https://www.wim.pw.edu.pl/Badania-i-nauka/Aparatura-badawcza

https://www.wim.pw.edu.pl/Badania-i-nauka/Aparatura-badawcza

Planetary ball mill  
Retch PM400

Planetary Centrifugal Vacuum Mixer
Thinky ARV 930 TWIN

Programmable, atmosphere 
furnace Czylok FCF-V70C/R

Tape caster

Microwave reactor
MAGNUM II, ERTEC-Poland

Ultrasonic spray coater Exacta Coat
SONO-TEK

High-temperature atmospheric tube furnace
Czylok, Poland

https://www.wim.pw.edu.pl/Badania-i-nauka/Aparatura-badawcza


MICROSTRUCTURE CHARACTERIZATION

SEM
(morphology)

POROSIMETRY
(porosity, pore size 

distribution)

ʩCT

(3D imaging)
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PERFORMANCE TESTING

Characterizationtechniques



Czelej, K., Cwieka, K., Wejrzanowski, T., Spiewak, P., Kurzydlowski, K.J., Catal. Commun. (74) 2016 
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Haj Ibrahim S., Neumann M., Klingner F., Schmidt V., Wejrzanowski T., Materials and Design 133 (2017)
S. Haj Ibrahim, T. Wejrzanowski, P. Sobczak, K. Cwieka, A. Lysik, J Skibinski, G.J. Oliver, Journal of Power 
Sources 491 (2021) 229562.

Multiscalemodelling



Multi -modal porosity  of the cathode is beneficial  for MCFC operation

Milestone1
Application of porogens

Mono-modal

Multi -modal

Initial cathodes In-situ oxidation Infiltration  by electrolyte

Samih Haj Ibrahim, Tomasz Wejrzanowski, Pawel Sobczak, Karol Cwieka, Aleksandra Lysik, Jakub Skibinski, Graeme John Oliver, Insight into cathode microstructure effect on the 
performance of molten carbonate fuel cell, Journal of Power Sources 491 (2021) 229562 


