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Cement�industry�in�changing�times
The�sustainability�concept�- United�Nations�global�agenda�for�change
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Sustainability

"Sustainable�development�is�development�that�meets�the�needs�

of�the�present�without�compromising�the�ability�of�future�

generations�to�meet�their�own�needs."

Brundtland Report�"Our�Common�Future"�

UN�World�Commission�on�Environment�and�Development,�1987
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Oxyfuel technology
"Standard�Oxyfuel"�for�retrofit�of�existing�plants
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BenefitsBenefitsBenefitsBenefits

Technically�developed�up�to�industrial�

scale,�i.�e.�"ready�to�market"

Designed�with�focus�on�retrofits�of�

existing�plants

Oxyfuel technology�retrofit�technically�feasible�with�a�high�degree�of�maturity
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Oxyfuel technology
"Pure�Oxyfuel"�for�new�plants

from�silo

oxygen�

supply

primary�gas�

and�oxygen
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cooler�vent�air

cooler

bypass
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350�°C�air
to�raw�mill

150�°C�CO2

clinker

storage

BenefitsBenefitsBenefitsBenefits

Decreased�investment�costs,�

compared�to�"Standard�Oxyfuel"

• Size�reduction�of�preheater�tower
• Size�reduction�of�kiln�line�
(~2,5�x�smaller)

• Less�expenses�for�auxiliaries�
• Waste�heat�recovery�not�
necessary

Decreased�operational�costs

• Less�volume�flow�(combustion�
gases)

• No�recirculation�

Oxyfuel technology�for�new�plants�under�development
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Oxyfuel market
Scenarios�for�market�assessments

Expected�implementation�order�of�Expected�implementation�order�of�Expected�implementation�order�of�Expected�implementation�order�of�

COCOCOCO2�2�2�2�----saving�measuressaving�measuressaving�measuressaving�measures

First�(and�ongoing)�steps�of�customers

1. Clinker�factor�reductions

2. Thermal�efficiency�improvements�

3. Maximization�of�fossil�fuel�substitution

Limited�contribution�to�COLimited�contribution�to�COLimited�contribution�to�COLimited�contribution�to�CO2222 savingssavingssavingssavings

Second�step�for�customers

4. Application�of�Oxyfuel process

2�potential�scenarios�(out�of�many)2�potential�scenarios�(out�of�many)2�potential�scenarios�(out�of�many)2�potential�scenarios�(out�of�many)

Scenarios

Oxyfuel
demo�plants

Scenario
2Scenario
1

Measure

1,2,3

50
%

20502030

Max

100
%

CO2
 reduction

20222018

Oxyfuel market�depending�on�society,�i.�e.�legislation
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Oxyfuel market
Total�market�for�selected�countries

MarketsMarketsMarketsMarkets1111

• Industrialized countries Focus on retrofit

• Developing countries Focus on new plants

TotalTotalTotalTotal MarketMarketMarketMarket (cumulated(cumulated(cumulated(cumulated untiluntiluntiluntil 2030203020302030))))::::

• Europe 5,000 - 10,000 Mio. €

• USA 2,500 - 5,000 Mio. €

• India 5,000 - 20,000 Mio. €

TotalTotalTotalTotal MarketMarketMarketMarket (cumulated(cumulated(cumulated(cumulated untiluntiluntiluntil 2050205020502050))))::::

• Europe 10,000 - 20,000 Mio. €

• USA 8,000 - 12,000 Mio. €

• India 40,000 - 60,000 Mio. €

1Internal�calculations�based�on�ECRA�Technology�Papers,�2017

Overview:
Western
Europe,
USA
&
India Key
messages

Significant�Oxyfuel market,�however,�depending�almost�completely�on�society,�i.�e.�legislation
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thyssenkrupp Industrial�Solutions
Power-to-X�Strategy�– Several�Options�for�CCU�application

Carbon�usage�technologies�technically�feasible�with�a�high�degree�of�maturity
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Methanol�and�Synthetic�Natural�Gas�(SNG)�synthesis
Application�to�the�cement�industry

Gross
potentials
for
a
small
(e.
g.
1,000
t/d)
cement
plant Capacities
for
a
5
MW
electrolysis
plant
for
H2-supply

Methanol�production

CO2 +�3�H2 � CH3OH�+�H2O

16.8�t/d��CO2

2.5�t/d�H2

12.1�t/d�MeOH

7.0�t/d�H2O

Assumptions:�830�kg�CO2 per�ton�clinker,�losses�neglected

Methanol�production

CO2 +�3�H2 � CH3OH�+�H2O

830�t/d�CO2

114�t/d�H2

604�t/d�MeOH

340�t/d�H2O

H2-supply�for�SNG�production�covers�the�requirement�to�convert�

1.5�%�of�the�CO2 production�of�a�1,000�t/d�cement�plant

SNG�production

CO2 +�4�H2 � CH4 +�2�H2O

14.0�t/d�CO2

2.5�t/d�H2

5.1�t/d�CH4

11.4�t/d�H2O

SNG�production

CO2 +�4�H2 � CH4 +�2�H2O

830�t/d�CO2

152�t/d��H2

303�t/d�CH4

679�t/d�H2O

H2-supply�for�Methanol�production�covers�the�requirement�to�

convert�2�%�of�the�CO2 production�of�a�1,000�t/d�cement�plant

CO2-conversion�into�Methanol�and�SNG�is�highly�energy-intensive
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CO2-utilization�and�Renewable�Energies�supply
Sample�estimations�for�Germany

Renewable
energy
potentials
GermanyEnergy
demand
and
SNG
production

Photovoltaics�(900�load�hours�per�year)Photovoltaics�(900�load�hours�per�year)Photovoltaics�(900�load�hours�per�year)Photovoltaics�(900�load�hours�per�year)

• Currently�installed 45�GW1

• Currently�exploited 5�GW1

• Potential�roof�and�facade�areas� 290�GWpeak
2

• Potential�brownfield�areas 280�GWpeak
2

Wind�onshore�(2,400�load�hours�per�year)Wind�onshore�(2,400�load�hours�per�year)Wind�onshore�(2,400�load�hours�per�year)Wind�onshore�(2,400�load�hours�per�year)

• Currently�installed 53�GW1

• Currently�exploited 16�GW1

• Potential�(conservative) 200�GW3

• Potential�(maximum) 1,200�GW4

Wind�offshore�(4,000�load�hours�per�year)Wind�offshore�(4,000�load�hours�per�year)Wind�offshore�(4,000�load�hours�per�year)Wind�offshore�(4,000�load�hours�per�year)

• Currently�installed 6�GW1

• Currently�exploited 3�GW1

• Potential�(optimistic) 30�- 50�GW5

Total�renewable�energy�potential�for�GermanyTotal�renewable�energy�potential�for�GermanyTotal�renewable�energy�potential�for�GermanyTotal�renewable�energy�potential�for�Germany

500�GW�- 2,000�GW

• Clinker�production�rate� 23�Mio.�[tcli/a]

• Energy�demand 200.000.000�[MWh/a]

• Average�power�consumption�Average�power�consumption�Average�power�consumption�Average�power�consumption� 22�[GW]22�[GW]22�[GW]22�[GW]

• CHCHCHCH4444 production�(production�(production�(production�(methanationmethanationmethanationmethanation)�)�)�)�2,300�Mio.�[m2,300�Mio.�[m2,300�Mio.�[m2,300�Mio.�[m3333 CHCHCHCH4444/a]�(/a]�(/a]�(/a]�(stpstpstpstp)��)��)��)��

1Fraunhofer�Energy�Charts�2018,�2Fraunhofer�IWES�2012,�3Fraunhofer�IWES�2011,��4 Umweltbundesamt�2013,�5ECN��2011

CO2-conversion�into�Methanol�and�SNG�is�highly�energy-intensive



10 |�October�17th,�2018�|�Industrial�Solutions�for�CO2 Capture�and�Utilization�|�Georg�Locher

thyssenkrupp�Industrial�Solutions

Fake�News!
But�may�be�real�news�soon!

Stock prices of European cement 
producers plunge downward after 
China's market introduction of CO2-free 
cement. 

Stock prices of European cement 
producers plunge downward after 
China's market introduction of CO2-free 
cement. 

Stock prices of European cement 
producers plunge downward after 
China's market introduction of CO2-free 
cement. 

Europe�risks�losing�out�on�the�leadership�in�environmental�protection

Fake news!
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Emission�Trading�Systems�emerging�world-wide
21�trading�systems�in�force�(end�of�2017),�covering�28�jurisdictions�representing�50�%�of�the�Gross�Domestic�Product

California
passed
legislation

to
extend
and
reform
its
C&T

Program
until
2030.


In
December
2017,
the
Second

Chamber
of
the
Mexican

Parliament
approved
plans
for

a
mandatory
ETS.


California�

Mexico�

Oregon�

Colombia�

Chile�

Washington�

Brazil�

The
Ontario
C&T
Program,

launched
in
2017,
 linked

with
California
and
Québec

on
1
January
2018.


Ontario�

In
late
2017,
Québec

extended
its
cap

trajectory
until
2030.


Québec�

Virginia�

Nova�Scotia�

The
nine
RGGI
states
announced

reforms
and
a
cap
trajectory
for

the
2020s.


Regional�Greenhouse�Gas�Initiative�

(RGGI)�

Massachusetts�

New�Jersey�

In
late
2017,
 the
EU
agreed

on
the
regulatory
framework

for
Phase
IV
(2021–2030)
 of

the
EU
ETS.


The
link
of
the
Swiss
ETS
with

the
EU
ETS,
approved
in
2017,

could
become
operational
as
of

1
January
2020.


European�Union�

Switzerland� Ukraine�

Turkey�

The
Kazakh
ETS
restarted

operation
in
2018.


Kazakhstan�

Launched
in
late
2017,

the
Chinese
national
ETS

is
the
world’s
largest
ETS.


China� Republic�of�Korea�

The
KETS
begins
its
second
phase

in
2018
with
changes
to
the
cap

and,
in
2019,
 the
beginning
of

auctioning.


New
Zealand
completed
its
ETS
review,

with
a
view
to
making
the
system
fit-for-
purpose,
to
reach
its
NDC
targets
under

the
Paris
Agreement.


New�Zealand�

Chinese
pilots
are
expected
to

continue
operation
in
parallel
to

the
national
system
with
later

integration
likely.


Chinese�Pilots�

Taiwan�(China)�

Thailand�

Vietnam�

Saitama�

Japan�

Tokyo�

Source:�International�Carbon�Action�Partnership�(ICAP)�Status�Report�2018
China�launched�an�Emission�Trading�system�in�late�2017
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Cement�industry�in�changing�times
Conclusions

Carbon�Capture�and�Carbon�Usage�for�cement�plants�in�Europe

• allow�for�a�sustainable�development�and�require�now�
primarily�for�adoption�from�Society�(i.�e.�public�and�politics)

• are�technically�feasible�with�a�high�degree�of�maturity

• underline�the�necessity�to�speed�up�with�the�development�of�
renewable�energies

• show�the�obligation�of�searching�for�other�CO2-sinks,�e.�g.�
Carbon�Storage�techniques

• should�underline�the�European�claim�for�leadership�in�
climate�protection
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