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Cement Sustainability Initiative
24 member companies
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CSIl Work Program

Agenda for Action (2002)
Measure, report, verify (+ reduce)
» CO, and Energy Management

» Use of fuels and raw materials

» Air emissions

» Safety

» Land use

» Communications
» Biodiversity

» Sustainable use ﬂ
of concrete

CSI Future review (2010)

» Water

» Co-processing

» Supply chain management




WBCSD Vision 2050 Roadmap

* Along-term vision for 9 billion peoplein

2050, all living well within the limits of &y
L
the planet. " -
: i 4, \\a ey Y
* Pathways with nine elements that lead to P” i
the visi , ¥ Vision '
e vision. j“’ o 0
* Arecognition of the need for radical change ™ l
to make Vision 2050 a reality. 'h;;
* Significant opportunities identified for Fhenew%d“
business. s
'@%%



From Vision 2050 to Action2020

Vision 2050 Action2020

« Long-term vision « Medium-term action at scale
« Pathways for Must-Haves grounded in

transformation of society science
« Qualitative impacts Business solutions and

associated policy

requirements

Quantitative metrics and
monitoring process

9 Areas
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Key current activities of the CSI

Cement Technology Roadmap (global, India, Brazil)

GNR database

CCS project

UNFCCC standardized baselines project



Cement Technology Roadmap

Cement zector CO, emizzian: reduction: below
the bazeline, low demand :canaro, 2006-2050
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Emissions reduction levers:

* Energy efficiency
« Alternative fuels

* Clinker substitution
CCS
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Progress

GNR* Roadmap

2005 2011 2030 2050
forecast | forecast

Heat consumption, MJ/t clinker 3,690 | 3,560 | 3,300- 3,200

3,400
% alternative fuel (incl. biomass) 8.0 13.3 23-24 37
Clinker/cement ratio, % 78.8 75.6 73 71
CCS installations - - 50-70 | 200-400

Cement production, mt 746 880

*GNR coverage (2011, latest data available):
» 967 facilities

« 880 m tonnes cement (25% of global cement production)
« 95% of data is independently verified by 3 parties



B
Global and regional coverage

Share of regional cement production included in GNR database (% of
cement production, 2011)
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ex. Brazil NZ India,
CIs,
Japan
vo¢ * CIS: Commonwealth of Independent States (former Soviet Union countries)
"“'\ ** China: In light blue, expected coverage in China and worldwide when all Chinese CSI members start
reporting to GNR



*wbcsd 10g)

27 papers of existing and potential
technologies

* Developed by Confederation of Indian
Industry (Cll)-Sohrabji Green Business
Centre and the National Council for
Cement and Building Materials (NCB), in
consultation with industry

« 3 expert consultations with industry,
technology suppliers, financers, policy-
makers and regulators

Iitiatve (CS1), a member-ied prog
§ g s Councilfor Sustainable Development (WBCSD)

Existing and Potential Technologies for
Carbon Emissions Reductions in
the Indian Cement Industry

A set of technical papers produced for the project
*Low Carbon Technology Roadmap for the
Indian Cement Industry'

An initiative of In consultation with Supparted by

@ whbcsd e &) EBIFC | Fore rporstion

© OECD/IEA and WBCSD 2013
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International
Energy Agency

Data collected for 2009-10 by CII

CSI members Non-CSI members
Industry represented 67%
Installed capacity 277.39 mtpa
Clinker factor 0.721% 0.806%
GHG emissions 644 kg CO, / t cement 952 kg CO, / t cement
Average GHG emissions 719 kg CO, / t cement

Existing and Potential Technologies for

e Cement demand Partner and
' | data, data modeling stakeholder
review

and analysis (IEA)

[ Stakeholder outreach }

© OECD/IEA and WBCSD 2013



International
Energy Agency

s wbcsd (iea

Roadmap structure

Introduction
Technology
Vision for deployment to 2050
Policy support and milestones

Financial support and
recommendation

Roadmap action plan for key
stakeholders

Foreword

Currant tramds bn anargy supply and use are
wnzustainable — eoonomically, anvirenmantally and
zockally. Without declshve actlon, energy-ralated
emlsslons of carbon dicxlda :Dﬂ,} will moro than
doubds by 7050 and Increasad fusd damard will
Fialghtan concarns over the seourity of supplie:. W
ican ard miust changs our cunent path, Butthis will
faks am enargy revolution and lew-carbon snengy
fwchnologhes will have 3 crudal rola o play. Wa
muzst also ensure that Investment decisions taken
I thie near term do not saddle s with sub-optimal

fechnologles In tha long tesm. Every mzjar country
and sector of the GConcemy mast 08 INvoved.

Awaraness |5 growing of the urgent nesd to

fwrn paolitical stabamants amd analytical work
It cononate actlon. Te spark thiz movemsnt,
thea International Agency (1E4) 5 lsading
thai developrmient of 3 sarks of roadmaps for

kay Industrias amd soma of tha most Important
fwchnologlhes. By ldantifying the stups nesdad

o Imiplamant radical techinodogy changes, thazs
roadmaps will anabdes governments, Industrkas and
financlal partnars to maka ths right choloes. Thiz
'will In turn halp countrias and sodieties maks tha
right deciions.

Sire 2002, cament-prodwcing oo paniks In the
Cament Sustaimabliity Inklathee (CE0, 3 profectof tha
Werld Busingz: Councll for Sustalnable Devalopmant
(WBCED), hizve collactheely mads dignificant
[prognass on measwing, reporting and milbigating
Ehelr O3y emilsslons, amd sharing thielr prograc:

with thi ract of tha comant Industry. In 2009,
racognlsing the wgency of ldantying techrology o
reducs tha energy use and OO, Infenzity of cement
production, C31 member companias smund the
Wwarkd (Feprasenting about 30% of global cemant
[production) worked with tha IEA to develop tha first
Industry roadmap. That rozdmap outings amimmions
reduction potentlal from all techmologlk: that an be
Impiamaented In tha coment INduztry.

Muorig von der Hosven
Executive Director, EA

My Kauns Bmtn K Shah
CEQ and Manoging Director Group Exsrutive Presigent
(ACEC L., project co-chalr) and Chief Manufsciuring Omcer

Buillding om the succuss of the global razdmagn, 1EA
and CEl, In collaboration with the Confederation
of indian Industry {1} and the Natienal Couwncll
foor Camsent ared Bullding katarlalz (ROE), joined
together to develop a roadmap spscHically for

tha Indlan cemant industry. Thiz Inftlathes was
supported and part-funded by tha Irtarnational
Financs Canporation {FC).

In 2013, tha Indlan cement Industry’s dhare of the
courfry”s total ansrgy and process 00, emilsslons
wias amound 7% Taking Into account the specificiie:
of tha Indlan conkaet, marksts and opporbunites,
thiz razdmap outlings a possible transition path for
tha Indlam camanit Industry to support the global
goad of hahing ©0, emizzions by 2050, The roadmap
astimates that the Indlan camsnt Industry wouwld
raduwca Rz dirgct 0, amizslions Inbensiy to 035
tonmaz (L) of CEI__,IT camant In 2050, about 45% lowar
than currant levels, 3 saving of betwesn 212 million
tonrez of Oy (MDD} and 367 MDD, comparad

to 3 business.as.usual soenario Thls b nacdy o
miuch a5 thia 7005 total enengy.ratabed amizzion:

of Thallard (228 Mb00,) or Indonasla (376 MB00,).
Dsaplts this IMprovement in OO, INMEnsity, the total
@MISIIoNS, ROwevarn, would rise fram the current

137 MECD, o Detween IS MECOD, and 468 MICD, In
2050 dus o rapid growth In cementdamand, Inlins
with economic growth in india.

Thesi wiston L: raallstic; the targebed reduction:
amiotious. The change: raquirsd must be practical,
razliztic and achlevabie. This roadmap bz a fisst
staip. It attainable cnly with 2 supportive policy
framewsark and appropeiate financlal resources
Invastsd over tha long term The roadmap cutlings
thaza policas, firanchl rug

and dascriogs technical changas, along with
miakINg recommen dations to SuppeTt reseanch
and dewslopmant and LS oecision making

Tor Invastmsnt.

r (LttreTech Cemend Ligl, project co-chaln

n};l 2 Lad r1| N

© OECD/IEA and WBCSD 2013
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The development of India cement production
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© OECD/IEA and WBCSD 2013

Million tonnes of cement




N wbcsd @, Encrgy Agency :

Roadmap findings

CO, emissions reduction CO, intensity reduction
600 — 0.8
500 — 6DS: ._E.
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2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

2DS B Alternative fuels and fuel switching I Energy efficiency B Clinker substitutes . CCcs

Motes: Includes only direct CO, emissions from cement manufacturing; indirect emissions from the use of electricity are not taken into account.

© OECD/IEA and WBCSD 2013
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E Key indicators for Indian
cement industry in the 2DS

2010 2020 2030 2050 2020 2030 2050

Production (Mt) 217 416 598 780 492 848 1 361
Per-capita consumption (kg/capita) 188 309 400 467 364 565 812
Clinker-to-cement ratio 0.74 0.70  0.64 0.58 0.70 0.64 0.58
Electric intensity of cement production 80 76 73 71 75 79 70

(kWh/t cement)

Thermal m_’[ensr[},ar of clinker production 7925 709 694 680 703 690 678
(kcal/kg clinker)

Alternative fuel use
(as a share of thermal energy consumption) (%) 0.6 > 19 25 5 19 25

Notes: Data for 2010 is for financial year 2009/10 ending 31 March 2010. The electric intensity of cement production does not include
the reductions that may come from the use of WHR.

© OECD/IEA and WBCSD 2013



Cement Technology Roadmap Brazil

« Several states in Brazil are
establishing state regulation

« Goal: Elaborate an internal
mapping, with consensus of
the industry, portraying the
real potential

e Guide for decision makers

» Cooperation between CSl,
SNIC, ABCP, IEA, IFC

 Timeframe: 18 months
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State Policies on Climate Change
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’ Target Set
. Law Approved
Bill

Nothing

Fonte: NESA
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ECRA CCS Project: Research Agenda

|

Phase |

!

Phase Il

!

Phase llI

Literature study (January - June 2007)

Study about technical and financial aspects of CCS projects,
concentrating on oxyfuel and post-combustion technology
(summer 2007 — summer 2009)

Laboratory-scale / small-scale research
activities (autumn 2009 — autumn 2011)

!

Phase IV

!

Prepare pilot plant (time-frame: 2 - 3 years)

Phase V

H

Phase VI

|

Build and operate pilot plant (time-frame: 3-5 years)

Demonstration plant (time-frame: 3-5 years)

\

') ecra



Oxy-fuel technology

Combustion with pure oxygen instead of ambient air

Flue gas recirculation to regulate temperature level

Integrated system

Doubling of the
electrical energy

demand per tonne
of produced cement

Thermal energy
demand constant == =5

') ecra



Limiting factors by quality and durability requirements

* No serious influence on clinker
composition

« Slight differences in cement properties
(caused by Fe?*) are in range of assured
guality

1@!“45'1.!

* No negative influence on basic refractory
material detected

+ Using non-basic materials an increasing
thermo-chemical reaction expected

» Adaption of refractory brickwork necessary

* Long-term test for evaluation advisable

No barriers expected from clinker

uality and refractory durabilit




Flue gas conditioning decisive issues

Main influencing parameter: degree of false air intrusion

Cost of CO, compression and purification ranges © ot bower costs of 0,071 EWh
* from about € 24 to about € 27/ton* depending on false air intrusion and CO,, purity

Capture rate of 90% possible.
At higher cost level capture rates of 99% are achievable.
Major intrusion from sealing locations like doors and poke holes

Improved maintenance of these locations
(gap reduction of 25%) would 2%

reduce intrusion to 6%.
Singular sealing locations at kiln
can be equipped with seal gas technology 7%

B kiln outlet

B kiln inlet

O TA slide damper
Oinspection doors, -20 mbar

10%

B inspection doors, -40 mbar
7%
@ poke holes

Slight cost increase of CPU by impurities. 0%

M feed sluice

Decrease of false air by improved

O pendulum flap boxes

maintenance sufficient

35%

Not only CO2 captured !
S02, Nox, heavy metals, etc

S

J BECr3



Retrofitting boundaries

Important aspect for the application of oxy-fuel in
Europe

Retrofitting an existing burner for oxy-fuel application is
unlikely, but replacement by a suitable design is
possible

Designing a gas-tight two-stage cooler is feasible

False air intrusion could be reduced to the greatest
possible extent by overhauling/ replacing inspection
doors and similar devices (< 6%)

New safety and controlling devices necessary
Space requirements of ASU/CPU

Conventional behavior in trouble shooting restricted (no
opening of doors/flaps in the plant etc.)

Less limiting factors for retrofitting
than expected

e iy e

s —
)
| | | —

S
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Carbon capture project in Brevik
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The first capture project in the
cement sector

We are in need of more accurate
knowledge

Cement plants suitable for CO2
capture

— High concentration of CO2
— The flue gas is more “polluted”
— Avallable heat energy from kilns

Enerqy efficiency

Costs (CAPEX and OPEX)

~ HEIDELBERGCEMENTGroup




Four capture technologies for testing in Step 1

- 3 Alé?’:{] aroon
Amine technology Aker Clean Carbon G CIC i
Membrane technology DNV KEMA, NTNU & BNTNU ==

Yodfat Engineers

Solid sorbent technology RTI ERT[

Calcium Cycle
(Carbonate Looping, RCC)

Alstom Power rove | ALSTOM

') ecra



UNFCCC standardized baselines discussion

Technologies assessed:

1. Clinker technology switch (fuel CO2/ton clinker + power)

2. Raw material switch clinker production (process CO2/ton clinker)
3. Technology switch cement grinding (power CO2/ton cement)

4. Raw material switch cement production (clinker / cement factor?)
Thresholds

— Baseline threshold at 80% performance of “common practice
segment”

—  Crediting threshold to be defined

Data

— CO2 data: CSl proposal to use GNR database

— Operational costs data collected by DNAs: power, energy, etc.

— Technology switch data on high level based on external sources
with support of CSI

24



Proposal model for cement technologies costs

* For the CDM standardized baseline concept information on costs
and efficiency of technologies is needed. Due to the differences in
regions/countries, global information is not directly applicable.

A model can be developed on basis on todays/future technologies
and already available information on basis of standardized Kkiln:
5.000 tpd clinker.

« Additional information on historical technologies (still in operation)
could be added. But this is more complex due to differences in
production capacity.

« Concept: Global model with country/regional specific information

ao 25



Country/Regional specific information needed

* Information based on European data / defaults values
« Country/Regional specific information to adapt

Topic

Investment

Labour intensity

Labour costs

Fossil fuels costs

Power costs

Alternative fuels costs

Clinker substitutes costs

Clinker quality

Alternative fuels rate
6 Clinker substitution rate
Cement to concrete ratio

Stainab

EU information

(basis model)

XxXx M€

xxx employeef/t clinker
Xxx €/(employee.year)
xxx €/GJ

xxx €/MWhr

xxx €/GJ

XXX €/ton

1 (standard)

30%

70%

300 kg/m3

India
factors
(example)

2
0,85
5%
60%
600 kg/m3

China
factors
(example)

0,33
3
0,25
0,8

1,5

1,5

0,90

5%

60%
450 kg/m3



Scenario’s todays/future processes Number of
(basis: 5.000 tpd clinker kiln) scenarios
A. Quarry
1. Default values for common processes (transport, fans, 3
etc.)
2. 3 Raw materials grinding processes
B. Clinker chemistry factor 3
1. Clinker quality factor identifying intensity of clinker
process.
Three values corresponding to ?7??
C. Alternative fuels rate 5

1. Proposal 5 values: 0%, 10%, 20%, 50%, 80%
2. Biomass rate for all alternative fuels set at 30%.

_ 20
D. Clinker process

1. Default values for common processes
(transport, cooler, fans, etc.)

2. Maximum 20 different clinker production processes 4
E. Clinker substitution

1. Proposal 4 values: 60%, 70%, 80%, 90%

F. Cement grinding 3
1. Default values for common processes
S > (transport, fans, packaging, dispatch, etc.) 3
-, " 2. Maximum 3 different grinding processes
&/ T G. Cement substitution: cement content in concrete Total

A 1. 3 Values: 300 kg/m3, 450 kg/m3, 600 kg/m3 32.400




Thank you!

Info: www.wbcsdcement.org: www.csiproqgress2012.orq
Contact: cement@wbcsd.org

CSl is a member-led program of the
World Business Council for Sustainable Development

¢

i€ wbcsd
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