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Typesof Energy Conversion Technologies

Energy Sources and Conversion Processes
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»Production” or enengy

Conventional Non-conventional
The production of electricity and heat through the Obtaining electricity and heat from alternative sources,
combustion of fuels, which include, for example, including: flowing waters, geothermal waters, wind,
hard coal, lignite, oil, gas, biogases, biomass (plant sun, sea tidesgreenfuels, nuclear reactionsand
and animal), peat ambient heat.

Waterturbine Photovoltaics Wind turbines

Steam turbine




Energy distribution systems
|

 Centralized

A Classic system, a few or a dozen large or very large sources

A
A

generate energy.

Energy is transported to consumers over long distances
through transmission and distribution networks.
Electrical energy is usually produced from conventional
energy sources.

|
Distributed

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

6 Usually producing electricity from renewable or nen
conventional energy sources, often combined with
heat generation (distributed cogeneration).
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Perspective enengy conversion anc storage technologies

2 CQ 0 | Chemical-> Electrical
@ M Synthetic fuels
Fuel cell

%j% O @ ﬁ Synthetic fuels |F %
ﬂ /‘ Gas Electricity
Liquid - 4 @

Electrical-> Chemical

Materials are of key importance



Types of Energy Storage Technologies

Ref.: A.A. Kebede at ahttps://doi.org/10.1016/j.rser.2022.112213
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Capacitors Supercapacitors Latant

Thermochemical
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Batteries
Flow Batteries Superconducting Magnetic
(SMES)
Sensible
v v
Mechanical Chemical
Pumped Storage c da Chemical compounds
Hydropower (PSH) ompresseda air (hydrogen, carbohydrates
Flywheels .
Electrolysis

Materials are of key importance
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Fuel Cells - principles

unconverted combustion Load
and reaction gasses
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Fuelcellsare classifiedprimarily by the kind of electrolyte
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Fuel Cells - principles

Electrical
Efficiency Applications Advantages Challenges
(LHV)

Fuel Cell Common Operating Typical Stack
Type Electrolyte Temperature Size

« Backup power » Solid electrolyte

60% direct reduces corrosion .
Polymer . « Portable power 2 elactioivte * Expensive catalysts
[Tt {de)\i-0 Perfluoro o 2[, * Distributed y » Sensitive to fuel
. . <120°C <1 kW -100 kW 40% : management problems ; .
Tl l =izl sulfonic acid generation impurities
reformed . * Low temperature
(PEM) < * Transportation .
fuelii ! : * Quick start-up and
* Specialty vehicles .
load following
Aqueous
potassium * Wider range of stable + Sensitive to CO, in fuel
hydroxide « Military materials allows lower and air
Alkaline soaked in a <100°C 1-100 kKW 60%ii * Space cost components » Electrolyte management
(AFC) porous matrix, ’ * Backup power * Low temperature (aqueous)
or alkaline » Transportation * Quick start-up » Electrolyte conductivity
polymer (polymer)
membrane
Phosphoric
Phosbhorle acid soaked in 105(3) k?/\??nlc()mle * Suitable for CHP » Expensive catalysts
Agid a porous matrix 150 - 200°C (liquid PAFC): 20%v * Distributed * Increased toleranceto ¢ Long start-up time
(PAFC) or imbibed <10?<W( o m’er ? generation fuel impurities » Sulfur sensitivity
in a polymer poly
membrane)
membrane
_Molt_enmhiu_m,____________________T.__.f____-H_igh_tem_per;ure___l
Molten sodium, and/  Electric utility . E:J%Tﬁég%ﬁgcy corrosion and breakdown I
Carbohate or potassium 600 - 700°C 300 kW - 3 MW, 50%v » Distributed s Suitablefor CyHP of cell components
carbonates, 300 kW module ° generation : : * Long start-up time |
(MCFC) . » Hybrid/gas turbine .
soaked in a cicle * Low power density I
porous matrix y I
A iiliary poner * High efflqucy » High tgmperature
« Electric utility * Fuel flexibility corrosion and breakdown
Oxide Yttrla ;tablllzed 500 - 1000°C TKW - 2 MW 60%i . Distributed . SO!Id electrolyte of cell compongnts
(SOFC) zirconia generation . Swtaple for CHR . Lpng start-up time
» Hybrid/gas turbine  Limited number of
cycle shutdowns

Source:US DOE (2010juel Cell Factsheet



High-temperature fuel cells ~

Molten carbonate fuel cells (MCFCs) are the one of the most W
promising high efficiency and sustainable power generation Cenaral Heatng

technologies. MCFCs convert chemical energy of fuel (hydrogen ) (G [ [ ] u [

into electricity , heat and water through electrochemical reactions. r[’
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& Commercial

|

- N

Main features :

A 300 kWi 2.8 MW units, commercially available,

A combination of heat and power with gas expansion turbine
delivers up to 65% efficiency,

A fuels: natural gas, anaerobic digester gas with internal reforming,
sewage gas, natural gas and biogas compatible,

A average 10 000h lifetime,

A possible to employ in electrical utilities, industrial, and military
applications.

The w o r |ladgéss operating fuel cell power plant (59 MW), located in Hwaseong, South Korea

SourceE4Techhttp://www.fuelcelltoday.com



Matterials for molten carbonate rfuel cells (MCFCs)

e T . . M S S MCFC STACK --,

5 SINGLE CELL

Molten carbonate fuel ceflare highly efficient chemical to electrical
energy converters and emergesas theone of themost promising
sustainable power generation technologies.

H; or Reformate (H,+CO)
v

Anode: H, + COR — Hy0 + CO, + 2e
2 o == l- — ——-
Electralyte CO* 1
& Cathode
Cathode: 20, +CO,y + 2e0 — COy ——

Matrix Anode

s
Air and CO,

MCFCstacks are assembliesof single cells, where
eachsinglecell comprisesof porous components

- cathode, Mt NN | :
Material : Ni/NiO Material : LiA|02 M wom .wmmm‘
- anode, Materlal Ni, Ni-Cr/Al.
- electrolyte matrix . Acatalyses O, reduction Aholds molten carbonate
reaction electrolyte Acatalyses H,  oxidation
Ahigh open porosity (70-80%) Ahigh open porosity (~50%) EEEE)
Theelectrolyte & mixture of (Li/K),CGQ, or (Li/Na),CQ, 3 Amean pore size 7-15a E Amean pore size~0.3a E 2h'gh open p?ros'ty '(60‘70%)
is kept in molten state in MCFCoperating conditions Athickness: 0.70-0.80mm Athickness: ~1.00mm UG0S

(600-700 C) Athickness: 0.60-0.80mm



Concept for materials development

Slurry

Tape casting

Electrochemical reactor Substrates w Roller
(Norecs) — fuel cell testing rig ‘ 7
" e SN / Table Carrierfoil/ /
Manufacturing . Spray coating

7

/ / NOVEL MATERIAL

| Characterization

Structure and Properties

Model of MCFC cathode
microstructure

Atomic model of ionic transport

Porosimetry X-ray, FIB tomography



Concept ror materials development - falbrication

Two main factors governingthe performance of MICROSTRUCTURE

molten carbonatefuel cell materials I

v

Isotropic

modification of pore sizedistribution,
porosity with porogenadditions

CHEMICAL COMPOSITION

A 4
Layered

POROUS NICKEL STRUCTURE

mono- VvsS. bhi-modal

ELECTROLYTE MATRIX

COATINGS

T
OTHER PHASES (PARTICLES) Tapecastlayers  ys ont?)%(e)garlrfgsggcr) .



Molten Carbonate Fuel Cell - Processes

TRIPLE PHASE BOUNDARY IN ANODE

= :
: ' _
s : ; _— Elemental reaction steps:
electrolyte -  electrolyte Ll .
; ' 4 O, i Adsorptionof molecules
' -
L 2. ¢ Surfacediffusion
TRANSPORT

£ Reactionat TPB

o Desorptionof products

TPB
CO,*+%H, —» H,0+CO,+2e"

1%0,+CO,+2e- > CO?

Theopen-porous microstructure, apart from the chemicalcomposition, is of greatimportance for the fuel cel performance



Manuracturing or green materials

Nickeps= -
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Heat treatment

GREEN TAPE Heat treatment of green tapes can be separated in two steps:
1) removing volatilecontent and binder residues,
EIRING 2) sintering of powders

ELECTRODE

CHARACTERIZATION
) AND
) TESTING
AR AP A0 M AP A AP AP AP A A A as o i LIJ Lityln.ME_ULJL’MH‘M\;M:‘ > !
o

Open-porous structure of MCFGomponents is obtained after sintering. c :
Porosity level is an effect of slurry composition and parameters of heat S B
treatment: temperature (800-1000iC), time and atmosphere (commonly T |
100% hydrogen). SinteringL =EH=J @0 MJ U N

In the presentwork we sintered nickel-basedporouselectrodesusingN, + 5%H, atmosphere



Falorication - @@Mﬁ[@m@ﬂt https://www.wim.pw.edu.pl/Badani&nauka/Aparatursbadawcza

Tapecaster Hightemperature atmospherictube furnace e
Czylok, Poland

Ultrasonicspraycoater ExactaCoat
SONQGTEK

PlanetaryCentrifugalVacuumMixer
Thinky ARV 930 TWIN Microwavereactor
MAGNUM I, ERTH0land

Y

MAQNHM’ 1y

Planetaryball mill
RetchPM400

Programmable atmosphere
furnaceCzylok FC70C/R
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Characterization technigues

MICROSTRUCTURE CHARACTERIZATION PERFORMANCE TESTING

SEM
(morphology)

fCT
(3Dimaging)
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Multiscale modelling

CO, _ _ POSSIBLE ADSORPTION
' Adsorption CO/Ni(110) DHRORIANONS e Al MECHANISM OF CO, DECOMPOSITION ON Ni(110)
GJ .
(qv) dsorpCJ Eaas™ -o.2nv& y [l—
&) \
n % h —
O ﬂ SURFACE DIFF! BREAKING OF C-O BC
= < /
5 L
0.44eV
< ’ N
. /" ENERGY *\_ .
Eude= -0.25¢V CO,/Ni(110) -------- ~" BARRIER “------ + (CO+0)/Ni(110)
Czelej K.,Cwieka K., Wejrzanowski, TSpiewak P.,Kurzydlowskj K.J.,.Catal Commun. (742016 Frm 022e
NSt
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Gas flow Liquid electrolyte infiltration

Haj Ibrahim, T. Wejrzanowski, P. SobczalCKieka A.Lysik JSkibinski G.J. Oliver, Journal of Power

Haj Ibrahim S., Neumann M., Klingner F., Schmidt V., Wejrzanowski T., Materials and Design 133 (zoggurces 491 (2021) 229562



Milestone 1

Application of [SElfeEERE E>

150

Mono-modal
Initial cathodes
Multi -modal
200
o —Ref
g =P1
%"150 Ao P2 e
= +~P1+P2
& 100 —
-g"\- - = ay
oy
=
a1
T 50
@
3
n- U 4 T T T I
0 50 100

Multi -modal porosity of the cathodeis beneficial for MCFCQoperation
Current density, i [mA/cm?]

Samih Haj Ibrahim, Tomasz Wejrzanowski, Pawel Sobczak, Kamtka Aleksandra.ysik JakubSkibinski Graeme John Oliveinsight into cathode microstructure effect on the

performance of molten carbonate fuel celJournal of Power Source491(2021)229562

In-situ oxidation

=N

=N

Infiltration by electrolyte

50 -

Max power density, Pmax [mw/cm?]
)
o o

153 mW/om?
103 mW fcm?
92 mW/cm?
74 mWfcm?
Ref P1 P2 P1+P2
Sample



