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Cement industry in changing times
The sustainability concept - United Nations global agenda for change
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"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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Oxyfuel technology retrofit technically feasible with a high degree of maturity .
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Oxyfuel technology

"Pure Oxyfuel" for new plants
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Oxyfuel technology for new plants under development
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Oxyfuel market
Scenarios for market assessments

Scenarios CO, reduction

Expected implementation order of 100 % |

CO, -saving measures y
ax

First (and ongoing) steps of customers

1. Clinker factor reductions

2. Thermal efficiency improvements

50 %

3. Maximization of fossil fuel substitution

Scenario 1 Scenario 2

&) Limited contribution to CO, savings

Measure
1,2,3

Second step for customers Oxyfuel
demo plants

4. Application of Oxyfuel process

) 2 potential scenarios (out of many) 2018 022 2030 2050

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

Overview: Western Europe, USA & India Key messages
Markets!
¢ Industrialized countries Focus on retrofit
» Developing countries Focus on new plants
’\606 Total Market (cumulated until 2030):
\tb\ * Europe 5,000 - 10,000 Mio. €
\C\) e USA 2,500 - 5,000 Mio. €
\06 « India 5,000 - 20,000 Mio. €
‘06 Total Market (cumulated until 2050):
\8 * Europe 10,000 - 20,000 Mio. €
\Q e USA 8,000 - 12,000 Mio. €
* India 40,000 - 60,000 Mio. €

Significant Oxyfuel market, however, depending almost completely on society, i. e. legislation lInternal calculations based on ECRA Technology Papers, 2017
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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 H,-supply

Assumptions: 830 kg CO, per ton clinker, losses neglected

| ss0vdco, A’
| 114vdH, 340 t/d H,0

| 830 t/d (:o2 _

| 152vd H2 679 t/d H20

CO,-conversion into Methanol and SNG is highly energy-intensive
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Hz-supply for Methanol production covers the requirement to
convert 2 % of the CO, production of a 1,000 t/d cement plant

e

H2-supply for SNG production covers the requirement to convert
1.5 % of the CO, production of a 1,000 t/d cement plant

| 14.0d (:o2

| 25vud H2
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CO,-utilization and Renewable Energies supply
Sample estimations for Germany

Energy demand and SNG production Renewable energy potentials Germany
i it o i Ui - Photovoltaics (900 load hours per year)
The G produced turing cement produckion san be used eomplbdy! “"u_;."f_:‘z;f__.':—:?j‘;u_"' ° Currently |nsta"ed 45 GW]'
e [ « Currently exploited 5 GW!
: 1 L S * Potential roof and facade areas 290 GW
w o ‘ o o | « Potential brownfield areas 280 GW,’
h 1 [ I = s Wind onshore (2,400 load hours per year)
| W - ._‘t’“_"*_ 1—3 = e  Currently installed 53 GW!
gE . « Currently exploited 16 GW!
* Potential (conservative) 200 GW3
 Potential (maximum) 1,200 GW*
Wind offshore (4,000 load hours per year)
+ Clinker production rate 23 Mio. [t /a] * Currently installed 6 GW!
 Currently exploited 3 GW?
° Energy demand 200.000.000 [MWh/a] « Potential (optimistic) 30 - 50 GW?
* Average power consumption 22 [GW] Total renewable energy potential for Germany
* CH, production (methanation) 2,300 Mio. [m3 CH,/a] (stp) 500 GW - 2,000 GW

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

CO,-conversion into Methanol and SNG is highly energy-intensive
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Fake News!
But may be real news soon!
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Europe risks losing out on the leadership in environmental protection
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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

-

e oy AL . -
O ontaio £ québec I3 Regional Greenhouse Gas Initiative  [C} Switzedand B Kazakhstan O China 3 Repubic of Korea
The Ontario C&T Program, In late 2017, Québec (RGE) The link of the Swiss ETS with : - The Kazakh ETS restarted Launched in late 2017, ins i
launched in 2017, |ir?ked e S ca; The nine RGGI states announced - the EU ETS, approved in 2017, operation in 2018. ~the Chinese national ETS tho'ﬁ?ii'@ﬁ“’c'ﬂasrigseiiﬁ"&% ’éggse
with California and Québec trajectory until 2030. reforms and a cap trajectory for ! = could become operational as of | . is the world’s largest ETS. 1 totl
on 1 January 2018. N T the 2020s. -] 1 January 2020. i

, the beginning o
= Nova Scotia

4

‘ = . = Chinese Pilts
S cama a & g ilot ted t
California passed legislation 3 European Union 3 g : - E = cor|1r€ie;15ueep&;efa?irgnei?psgrealIe?to
In late 2017, the EU agreed ~} 3 » “ g the national system with later
on the regulatory framework integration likely.
for Phase IV (2021-2030) of - :
3 - the EU ETS. . f C

In December 2017, the Second p —— [E] Taiwan (China)
Chamber of the Mexican
Parliament approved plans for

‘L
-
3 New Zealand

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.

China launched an Emission Trading system in late 2017

Source: International Carbon Action Partnership (ICAP) Status Report 2018
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Cement industry in changing times
Conclusions v

Carbon Capture and Carbon Usage for cement plants in Europe Business

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

Profit

FCF Debt

« are technically feasible with a high degree of maturity

Quality
Governance

 underline the necessity to speed up with the development of
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