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Motivation

Terminology: Waste-To-Energy (WTE)  Energy from Waste 
(EfW)

1) Energy recovery is an essential ingredient of sustainable waste 
management

2) EfW with grate combustors and steam Rankine cycle dominates 
the production of electricity and heat from waste

3) Net Life-Cycle fossil CO2 emissions from EfW plants are low – 
even negative in several instances - but the goals set by the 
Paris agreement call for further efforts

4) Reducing direct CO2 emissions from EfW plants can further 
improve their environmental compatibility and improve their 
acceptance by the public opinion

5) Post-combustion CO2 capture appears the most suitable 
technology to reduce direct CO2 emissions from EfW plants

6) This work aims at assessing the performances achievable by 
post-combustion capture via Molten Carbonate Fuel Cells 
(MCFC)
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EfW plant
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EfW plant
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Nominal thermal capacity, MWLHV 200.0

No. of parallel lines 3

Design LHV, MJ/kg 10.34*

Waste throughput, t/h 69.6

Treatment capacity (@ 8,000 h/y), kt/y 557.0

Steam pressure, bar(a) 50.0

Steam temperature, °C 440

Nominal steam production, t/h 233.9

Nominal condensing pressure, bar(a) 0.05

Nominal gross power, MWE 63.0

Nominal net power, MWE 56.1

“Only electricity” 
mode

Gross el. eff., %LHV 31.5

Net el. eff., %LHV 28.1

Estimated R1 
index

0.75
Expected emission 

levels*

CO, mg/mN
3 5.0

SO2, mg/mN
3 0.5

NOX, mg/mN
3 35.0

HCl, mg/mN
3 2.0

HF, mg/mN
3 0.1

PM, mg/mN
3 0.3* Reference waste taken from Consonni & Viganò, WM 2011.      * Dry gas @ 11% O2 content

 Grate combustor with integrated boiler.
 Dry Air Pollution Control (APC) system with use of NaHCO3.
 Low temperature (~180 °C) “tail end” SCR with NH3 solution.
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Molten Carbonate Fuel Cell
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↑   High efficiency (>50% LHV)

↑   Suitable for CCS applications in power and industrial plants

↑   Operating temp. (650°C) favors internal reforming  cheap 
catalyst 

↑   Internal reforming increases fuel flexibility (variety of 
hydrocarbons)

↑   Low NOX (electro-reduction) and SO2/H2S (must be removed 
upstream)

Basic features of the MCFC
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In a MCFC carbonate ions (CO3
=) permeate through a Li-K solid 

matrix electrolyte supported by porous aluminate (LiAlO2) for 
stability and strength increase. H2 is fed to the anode (Ni), O2 
and CO2 to the cathode (NiO)

↓   Low materials durability (corrosion) and low tolerance to contaminants

↓   Costs and durability
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Commercial MCFC
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Carbon
input

Carbon 
output

CO2 loop

Plant configuration of system 
offered by Fuel Cell Energy (FCE)
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From commercial MCFC to carbon 
capture
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*Flows not to scale 
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From commercial MCFC to carbon 
capture

*Flows not to scale 

Plant 
generating 

CO2

CO2 Processing Unit (CPU)
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CO2 Capture by MCFCs
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Plant configuration
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Flue gas preheating ahead of 
MCFC
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___Option 2 - COMPACT HEAT EXCHANGER____________________________________

Features:

 Stamped and folded metal foil

 Chessboard arrangement - Square matrix

 Counter-flow configuration

INDUSTRIAL REFERENCE:

Heat exchanger type like Solar Mercury 50 GT’s recuperator

___Option 1 – LJUNGSTROM REGENERATOR_____________________________________

Hot flow

Cold flow 

L=Length

D
e

D
i
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CO2 Processing Unit (CPU)
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T=-29°C
p=25 bar

T=30°C
p=110 bar

xCO2 = 98-99%

T=-50°C
p=20 bar

T=30°C
p=26 bar

xCO2 = 80-85%

T=75°C
p=1 bar

xCO2 = 40-45%
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Assumptions
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MCFC operating conditions  
Current density 1500 A/m2

Voltage 0.65-0.72 V
Fuel utilization factor 75%
Steam to carbon ratio 2
Inlet temperature (pre-reformer layer) 450°C
Inlet temperature (anode) 600°C
Inlet temperature (cathode) 575°C
Outlet temperature (anode and cathode) 645°C
Pressure losses on anode / cathode sides 3 kPa /2kPa
Heat losses (% input thermal power) 1%
DC/AC electrical efficiency 97%
Minimum CO2 molar fraction at cathode outlet 1%
Minimum O2 molar fraction at cathode outlet [%] 2.5%

EfW Effluents properties
Flow rate Temperature Pressure Composition, %vol

kg/s °C bar Ar CO2 O2 N2 H2O
137.9 61.3 1.01 0.8 8.86 7 67.1 16.24

EfW Operating conditions
Primary energy input, MWLHV 200
Net electric power, MWe 54.9 
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RESULTS Ref. EfW EfW+1 MCFC EfW+2 MCFC
EfW gross electric power*, MW 63.0 64.1 64.1
EfW net electric power*, MW 56.1 54.9 54.9
MCFC gross electric power, MW - 47 50.2
CO2 capture and other auxiliary consumptions, MW - -14.4 -12.8
Overall net electric power, MW 56.1 87.5 92.3
Natural gas consumption, MWLHV - 79.5 79.4
1st law energy efficiency, %LHV 28.1 31.3 33.0
NG marginal efficiency, %LHV - 39.5 47.1
Biogenic CO2 released by waste combustion+, kg/s 9.7 9.7 9.7
Captured CO2, kg/s - 21.6 21.7
Emitted CO2, kg/s 19.1 1.90 1.9
Fossil CO2 emission, kg/s 9.4 -7.8 -7.8
Avoided fossil CO2 emission§, kg/s - 10.8 11.2
Primary energy consumption for CO2 capture§, MWLHV - 27.2 19.1
SPECCA§, MJLHV/kgCO2 - 2.52 1.70
* Including extra power production due to heat recovery from additional flue gas cooling and extra consumption due to the increased head of 
the ID fan.
+ By assuming 51% of carbon in the waste is biogenic.
§ By assuming reference efficiency for electricity from NG of 60%LHV.

Results
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Carbon balance – single stack
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Conclusions / perspectives
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1) The use of MCFCs as post-combustion capture technology for 
EfW plants can yield interesting outcomes in terms of both 
carbon capture and performances

2) For a large scale EfW plant, fossil CO2 emissions become 
negative, making the EfW+MCFC plant a CARBON SINK rather 
than a carbon emitter

3) For the case study considered here - EfW with combustion 
power 200 MWLHV - net power production increases by 55-65%, 
at the expense of a natural gas consumption for the MCFC of 
about 80 MWLHV, i.e. about 40% of the energy input from waste

4) Crucial issue to be verified for technical feasibility is the 
capability to achieve EfW flue gas purity compatible with the 
requirements of the fuel cell

5) Additional crucial issue to be verified for industrial feasibility 
is capital and operating costs
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Thank you

Thank you

for your attention !
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