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Introduction

Introduction Fuels price inflation

Electricity consumption increase

Efficiency increase

Molten Carbonate Fuel Cell - MCFC

Hybrid Systems: ~250kW
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Introduction

Introduction Currently, the fuel cells are fuelled by:
 hydrogen

* Natural Gas
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Fuels

Introduction Hydrogen

 not present in the environment in an
unconnected form

 difficulties in: production,
transportation, and storage

Natural Gas

 limited resources
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Introduction

Introduction Future?

1. Electricity instead of fuels

2. ,Cultivation” of fuels
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Civilization’s development in food
and energy

Introduction 1
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Biofuels

Introduction

Biofuels « Gaseous
* Liquid
» Solid
* Others
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Biofuels

Introduction Natural Gas and Hydrogen as reference fuels
Blofuels  Anaerobic Digester Gas (ADG)
 Landfill Gas (LFG)

* Bio-Methanol

* Bio-Ethanol

e Canola Qil

 Wood
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Maximum efficiency
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Steam-to-carbon ratio (biogases)

Introduction

Biofuels
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Steam-to-Methanol ratio

Introduction

Biofuels — T —T——1

[Steam /Methanol] mole ratio
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Steam-to-Ethanol ratio

Introduction
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Maximum voltage for various
chemical reactions

Introduction
Biofuels :
Chemical reaction Maximum voltage
E .V
H,+1/20, > H,0 1.23
CH,+20,> CO,+ H,0O 1.06
CH,OH+ 3/20,> CO, + 2H,0 1.22
C,H,OH+ 30, > 2CO, + 3H,0 1.25
C+ 0O,~> CO, 1.03
C+1/20,-> CO 0.72
CO+1/20, > CO, 1.34
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Biogases

Introduction

Biofuels
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Canola Oil

Introduction
a-linolenic

Biofuels 10%

Linoleic
15%

Oleic
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Canola Oil - Oleic Acid

Introduction
Biofuels i
= OH
CH;-(CH,),-CH=CH-(CH,),-COOH
Parameter Real value Model

Density, kg/m?3 895 892
Boiling temperature, K 633 487
Heat capacity, kJ/kg 2.1 1.9
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Canola Oil - Linoleic Acid

Introduction —

Biofuels / 0
OH

CH,-(CH,),-CH=CH-CH,-CH=CH-(CH,),-COOH

Parameter Real value Model
Density, kg/m3 902 931
|Boi|ing temperature, K 502 764
|Heat capacity, kJ/kg - 1.9
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Canola Oil - a-linolenic Acid

Introduction
/
Biofuels /
N\
CH,-CH2-CH=CH-CH,-CH=CH-CH,-CH=CH-(CH,),-COOH
Parameter Real value Model
Boiling temperature, K
(4mmHg) 184 281
Heat capacity, kJ/kg - 1.9
916 907

|Density, kg/m?

-18 -
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Wood

Introduction Others
3%

Biofuels

Lignin
23%

Cellulose
50%

Hemicellulos
e
24%
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Wood - Cellulose

Introduction

Biofuels
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Wood - Lignin

Introduction

Biofuels OH

OCH,
OH

OH CH, CH=CH (CH-=C), OH CH-=C CH,O
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Working principles of MCFC

. Direct Current (DC)
Introduction

N
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MCFC Model
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Temperature dependence of ionic
conductivity for molten carbonates
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Electric resistance of MCFC
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Assumptions

Introduction
Biofuels

MCFC

Results

* 0D, design point (chemical equilibrium)
* I, = constant

e pressure: 1bar

« MCFC temperature: 650°C

» electrolyte type: Li/Na

* matrix thickness: Tmm
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Gasifier

Introduction
SynGas
BIOfue|S Temperature | 799.99 | C
Pressure 1.000 | bar
MCFC Mass Flow 3.34 | kg/s
" Hydrogen 0.0520
Results Nirogen .00
100 kols aliwo Oxygen 0.0000
Methane 0.0004
0.89 kg/s e G Zgazowarka co 0.3201
SynGas | CO2 0.1263
IX-100 Ethanol 0.0000
145 kgls p Methanol 0.0000
wagdna Ethane 0.0000
1.40 Propane 0.0000
g Butane 0.0000
o ratio Oleinowy 0.0000
Linolowy 0.0000
Linolenowy | 0.0000
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Gasifier — Canola Oil

Introduction —8—Hydrogen © H20 =a— M ethane —<¢— CO == CQO2
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Biofuels
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Gasifier - Wood

Introduction —8—Hydrogen © H20 —a— M ethane —¢— CO == CO2
0.6

Biofuels
MCFC

Results

M ass fraction
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Fuel utilization factor

Introduction

Biofuels M, quivatent = M, Moo
MCFC +3- Nepon + 4 Ney,
Results +6- Nenon t & Ny,

+10-n,, +13-Nn

1 nHz,equivalent,out

e = n

H, equivalent,in
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Cell voltage

Introduction == Hydrogen “~O-Methane =A=ADG == |_FG

. O--Methanol =O--Ethanol  ==#=CanolaOil
Biofuels

MCFC

Results

MCFC Cell voltage, V
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Efficiency

Introduction =@ Methane —O—LFG A ADG === Ethanal
] =0 Methanol O-Hydrogen =A== CanolaOil ==¢==\/\/ood
Biofuels 06 -
MCFC 05 |
Results -
504 -
0
0
=03 -
O
O
202
01 -
0k |
0 0.2 0.4 0.6 0.8 1
Fuel Utilization Factor
Dr Jarostaw MILEWSKI " 32- Fuel Cell Seiminar 2009

Warsaw University of Technology 18th November, Palm Springs, California, USA



Maximum voltage

Introduction
Biofuels

MCFC

Results
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Efficiency

Introduction
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Biofuels
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Conclusions

| ' . e e
htroduction Biofuels utilization in MCFC means:

Biofuels

MCFC * lower efficiency

Results

Discussion - lower fuel utilization factor

 pre-mixing with steam

 biogases outperforms other types of
biofuels
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Molten Carbonate Fuel Cell Fuelled by
Biofuels

Introduction
Biofuels

MCFC

Results

Discussion Thank you.
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