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n Motivation

J jource: Lhois

Fuel + Air

Raw meal,
Limestone
(CaCO,)

[1] European Commission (JRC), Trends in global CO, emissions, 2016

* Lime and cement industries contribute to ~8 % of worldwide CO, emissions 1
« 2/, are process CO, emissions (unavoidable): - CO, capture required

« Efficient, economic CO, capture technologies = Indirectly Heated Carbonate Looping Process

Cement/Lime
Kiln

CaCO,; > CaO + CO,

Other flue

from Combustion

CO, =65% from Limestone

Clinker, Lime
(CaO)
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Introduction,
Process Scheme IHCalL
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Flue gas

wlo CO, Limestone CO, Flue gas
I I Fuel : :
CARBONATOR CALCINER] JOMBUSTOR  No air separation
650°C 2007 | 1000°C - unit is necessary
Ir

A

 Few impurities
Exhaust gas w. CO; CaO Y Ash (Su|fur, aSh)
Indirectly Heated Carbonate Looping

* Synergies with
cement & lime

-
1 H O e [o]

! Calciner (900 °C) pipe apillary structurecombUStorEeoacioinc) .
] « Technology validated
)
I
L

power plants
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condensation zone isothermal zone evaporation zone
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Experimental

300 kW, IHCaL Pilot Plant
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Solid flow

CaCo,
—»

Fuel
‘_

[| REB Gamnbustor

Carbonator Combustor
Solid inventory 30 — 60 kg (CaO/CaCO;) | 400 kg (CaO/CaCO;) | 600 kg (silica sand)
Superficial velocity (u) 25-7.0m/s 0.2-04m/s 04-1.6m/s
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Experimental

Boundary Conditions
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LHV 100
[MJ/kg] 90 f

Lignite
(LEG)
Waste
derived

fuel
(RDF)

Propane

80 |
21.5
70}
60 |
19.6 50
40+

30 -

Mass-composition [mass.-%]

46.5
20

10 +

0

Proximate analysis fuel

-Volatlles I H20 -Ash C,,

LEG RDF

300 h of operation in CO,-capture mode

» 24 h with co-firing lignite

» 24 h with co-firing waste derived fuels

Decarbonization of real flue gas

Variable Unit SP1 SP2.2 SP2.3 SP3A1
Teare °C 820 = - !
MUR molc,cos/moleg, 075 = l l
LR molgco/Moleo, 15 | ! !
Ws,car kg/m? 600 1 - l
Teomb °C 950 = l l
Qu, comn kW, 280 1 i l
X420 kg/kg 0 1 1 1
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Results (l),

Performance Carbonator
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L Carb,eq.
50 ¢ SP1 -syn. flue gas
® SP2.2 -realflue gas
40 1 1 L 1
600 620 640 660 680
mean, Carb [ C]
NCOZ,Carb,in - NCOZ,Carb,out
Ecarp = -
NCOZ,Carb,in

700

Variable Unit SP1 SP2.2
Tearc °C 820 -
MUR mol¢,cos/moleo, 0.75 -
LR mMolg,co/Moleo, 15 !
WS, cans kg/m? 600 1
Teomb °C 950 -
ch, Comb kwth 280 T
Xy20 kaglkg 0 T

Each set point state of at least 3 hours
Positive effect of moisture in flue gas
Influence of active material in carbonator

Carbonator efficiency > 85% achieved
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Results (ll)
Slaking reactivity — t;, Test
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B Ca0 EEENCaCO, EENISIO, B Other inerts
—

IHCaL-Filter Calciner-Outlet

» According to results of t;,-test reactivity of purged
material can be used for various applications

Reactivity test for burnt lime with defined particle size
80 . ‘ , ;
70 1
60 |
o
E 50 -
2
o
Q4
£ 0
@
30 Soft burnt lime ; ) |
tso < 3 Min Medium burnt lime
4 min < tg< 8 min
20
=== Fijlter IHCalL
=== Calciner outlet
10 I 1 1
0 1 2 3 4 5
Time [min]
According to DIN EN 459-2: Building Lime - Part 2: Test Methods

The higher T, the higher
slaked CaO content

SiO, content negative
impact on slaking reactivity

Filter material similar to
soft burnt lime

Bed material similar to
medium burnt lime
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n Summary

 First operation of IHCaL test facility with

decarbonisation of real flue gas and co-firing

of solid fuels

« Carbonator CO, absorption rate > 85% (with
propane)

« Use of spent sorbent is possible for

production of lime
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n Outlook

* Verification of results with different CalL-

models

« Assessment of operational behavior while

using different fuels

« Evaluation of data set and operational

experience for scale up
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