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e H2020 project CEMCAP ~—

Prepare the ground for large-scale implementation of CO, capture in
the European cement industry

- Understanding costs and reducing uncertainties important!
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e Key performance indicators
e Specific equivalent primary energy consumption o .
per CO, avoided (SPECCA) e Several conditions studied
e Cost of clinker e Base case (90% capture, pipeline, steam from NG boiler)
* Cost of CO, avoided e Alternative cases: Low air leak, optional capture, ship

transport, steam import, etc.

e Sensitivity analysis




MEA absorption

e Base case

* SPECCA: 7.1 MJ/kgco,
e Cost of clinker: +72%
* Cost of CO, avoided: 80 €/t.,

e Cost of steam critical

SPECCA
8
—= 7
3
oy 6 _
=< <
= o
3 o
§ O
o 2
o
w1
0
Base Low air 60% Ship Steam
case leak in  capture transport import

mill

140
120
100
80
60
40
20

Raw
material

=

Cyclone
preheater

Tertiary air duct

Filter

Cost of clinker

Raw mill
X
X -_
|
Reference Base
cement case
plant

Low air
leak in
mill

| Il x
H Il
M I~

60% Ship Steam
capture transport import

Rotary kiln

140
120
100

CAC [€/tc0,]
NGB O ®
© & © ©

o

Stack

CO:to
transport

Compression

Make-up
Heat To treat-
recovery ment
Fuel 1‘
Clinker Heat
M input
Clinker cooler DCC Absorber Desorber
Cost of CO, avoided
Steam
Electricity
H Coal
X X X X Raw material
X M Other variable costs
Fixed OPEX
= = = W CAPEX
Il B B EE
Base Low air 60% Ship Steam
case leak in  capture transport import
mill



Oxyfuel process

e Base case

* SPECCA: 1.6 MJ/kgco,
e Cost of clinker: +49%
* Cost of CO, avoided: 42 €/t.,

e Low CAPEX and OPEX
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Chilled ammonia process

* Lower steam and power demand than MEA

e |P protection for improved process ongoing
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Membrane-assisted CO, liquefaction

e Power consumption and CAPEX

e Membrane performance critical

Base case

SPECCA: 3.2 MJ/kgco,
Cost of clinker: +92%
Cost of CO, avoided: 84 €/t.,,

e Low maturity = high contingency
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Calcium looping — tail-end
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Calcium looping — integrated EF
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Base case overview
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Sensitivity analysis

SPECCA — electricity mix Cost of clinker — carbon tax
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e Methodology for cost evaluation developed cEmCAP comparatve wchno-sconomic
e Results sensitive to assumptions e i
* More integrated technologies more promising e ———

from cost perspective T
e Other important aspects should be considered

together with costs

Final report:

e Final evaluation must be taken for the specific D4.6 CEMCAP comparative techno-economic analysis of

CO, capture in cement plants

plant

To be shared in:
https://zenodo.org/communities/cemcap/
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CAPEX

e Bottom-up approach

e Standard process equipment

e Aspen Process Economic Analyser®

e Thermoflex

e Non-standard equipment

e Estimates from industry partners

e Literature

e Annualized CAPEX

Total equipment
costs (TEC)
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Installation costs

Total direct costs
without process
contingencies
{(TDC")

)

Total direct costs
with process
contingencies

(TDC)

Process contingencies
TDCI X CDI’OEESS

t—

Eng. Proc. Constr
(EPC)

Indirect costs
TDC = 0.14

<—

Owners costs
TDC % 0.07

{—

Project contingencies
TDC x Cprojr:ct

v

Total plant cost
(TPC)




OPEX

Total opex
I
I |
Variable opex Fixed opex
I
I | I I
Total Other variable O&M Insur. and loc. tax Maintenance cost (M)
Labour
consumables
0.02*TPC per year 0.025*TPC per year
I I | I I I I
Fuel Electricity Raw- Maintenance Other main- Operating (O) T e
material labour tenance cost 0.3*(0 +0.4*M)
0.4*M 0.6*M ' '
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