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Cement with reduced CO2 footprint — Development activities
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HEIDELBERGCEMENT GROUP

Northern Europe (HCNE) ﬁ

HCNE is a business area
within HeidelbergCement, and consists of :

e Denmark

* |celand

* Norway

» Sweden

* The Baltics

The HCNE-companies produce
building materials including:

» Aggregates

* Cement

* Readymix concrete
* Prefab elements

NORCEM
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HEIDELBERGCEMENT GROUP
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Bl Produksjons prosessen for sement
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B CO2 emissions from Cement and Concrete amounts to 5-8% of world emissions
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Ifelge FN var det ti mega-byer, med mer enn ti millioner innbyggere, i 1990. | dag er det 35 mega-byer, og tallet over mennesker som seker seg mot byer vil bare oke i arene som
kommer. Sdo Paulo, med over 21 millioner innbyggere, er en av verdens sterste byer. Mange bor i byens slumomrader, som her i «the mill». Omradet ligger mellom en jernbanelinje

og en motorvei, og ble kjent fordi mange lik ble dumpet i omradet, og fordi det har vaert stor narkotrafikk. Foto: Carlos Cazalis / Reuters / NTB Scanpix
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Bl HeidelbergCement Northern Europe have developed our Zero - vision

m No emissions from our products over the lifetime of a concrete structure
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Bl Alternative fuels - an important part of our development activities

m Waste materials used as energy
recourse in clinker production

m Reduced amount of fossil fuels
m Reduced emissions of CO,

m Examples:

— Biomass_ like animal meal and
wood chips

— Refuse derived fuels from
households an industry like paper,
plastics, wood and textiles

— Waste oll

— Hazardous waste like paints and
solvents («hot-mix»)

— Sludge from fish farms
m Status today: > 70% alt. fuels

m target 2025: > 90% alt. fuels
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New cements with lower clinker content — by use of SCMs
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m HeidelbergCement Northern Europe have
used Fly Ash from coal fired power plants
since early 1980s.

m Fly Ash and Granulated Blast furnace
Slag are well established as SCM in the
Europeen cement and concrete market

m How does the future look like ?
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Bl Coal as the primary sours of energy for power production are about to change

Fremskrivning av primaerenergibruk

Verden - etter kilde. Exaloul/ar m Renewable energy recourses like wind
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Bl How will the steel industry in Europe look like in 20407
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Bl Sustainable cement production in the future

B Cement consumption in Europe 220 Mill t/y
| > | ?
m Availability of GBFS in Europe 30 Millt/y

| > | ?

m Availability of Fly Ash in Europa 25 Millt/y

2 We will have to look for alternatives in the future
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Limestone
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| Natural pozzolans - Volcanic ashes
Potential resources Hvalfjoréur - Rhyolite (Liparit)
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Rhyolite (Liparit) quarry in Iceland

SEMENTSVERKSMIDJAN

Raw-material for Icelandic
cement (1958 — 2012)
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Bl Sample sent to SINTEF, Norway - 2018

Barge Johs. Wigum Kristjgan Seemundsson
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Rhyolite (Liparit) — As pozzolanic material

NOBRCEM rorcemas

HEIDELBERGCEMENTGroup  FoU — Avd.

Postboks 3§

3991 BREVIK

Norge

Tel.:  +4735572000

E-Mail : tor. magnus zachariassen@norcem.no

flygeaske iht NS-EN 450-1

Orgne.:  NO 934 949 145 MVA
RAPPORT NR. PROSJEKT GRADERING
9D4/R13012 NR: 83.2 Fortrolig
RAPPORTTITTEL DATO : OPPDR.NR
02.01.2014 LAB:
Undersekelse av pozzolanisk effekt i Liparit. | 4313
Ved bruk av metode for aktivitetsindeks av 3';')3£ANT-"VEDL~

FORFATTER |
i

izl

OPPDRAGSGIVER STIKKORTY
Knut O Kjellsen/Gunnar Sigurdsson, Sementverksmidjan. Liparit, Aktivitetsindeks,
Sementverksmidjan.

SAMMENDRAG

Standardsement.

Norcem FOU har fitt tilsendt en prove av liparit fra Sementverksmidjan p& Island, med
sporsmél om liparit kan egne seg som klinkersubstitutt for Norcem.

Det er gjort forsek med bruk av Liparit som substitutt i sement for & se om liparit kan ha en
pozzolanisk effekt. Det er brukt er samme metode som blir brukt for testing av pozzolanisk
effekten i flyveaske iht NS-EN 450-1. Under testing ble det benyttet Norcem

Tester viser at liparit har meget gode pozzolanisk egenskaper.

Malinger viser at Liparit i stor grad eker vannbehovet til sementen.

I'tillegg har lipariten et hoyt alkalie innhold og heyt gledetap.

m Very good pozzolanic properties
m High water-demand

m High alkali-content & high loss of ignition
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Rhyolite (Liparit) — As pozzolanic material
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Doctoral Theses at NTNU 2004:92
Bard M. Pedersen

Alkali-reactive and inert fillers in
concrete

Rheology of fresh mixtures and
expansive reactions

& NTNU

Rhyolite filler:

m The pozzolanic reactivity was
distinct.

m Significantly reduced the
ASR-expansion compared to
reference concrete.

m Significant increase in
compressive strength.
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Bl Lambafell- Hyaloclastite (Moberg)
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Bl Sample sent to SINTEF, Norway - 2019
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B Ashes from waste incineration
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Bl Calcined Clay
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temperatur

Kalsinert ved
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Bl HeidelbergCement Northern Europe works actively on Calcined Clay
Kunda Calcined Clay

Calcination experiments of Kunda clay at the “semi” full-scale rotary kiln at

Final calcined product
IBUtec, Weimar, Germany _ :

3 NORCEM
WP manager: Dr. Rolands Cepuritis m side 1021022010
o HEIDELBERGCEMENT Group
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Bl CO,-reduction for Norcem cement products 1990 - 2019
Spesifikt CO2 utslipp

o
CO2 pr ton cement > Total 26%
800 reduction of
CO2 from 1990
m Kg CO2/tonn cement till 2019
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Bl To achieve the targets of the Paris agreement we ned Carbon Capture and Storage

0OK! VI KAN TEIPE
IGJEN KUENE!

DER HAR DU
LOSNINGEN.
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Bl HeidelbergCement Northern Europe work actively on CCS
Brevik full scale Carbon Capture and Storage project

Norcem FEED Study

Technology Amine

Technology Vendor Aker Solutions B ”f‘ o Noncem"
readyforshpmert | I ——er o *

Capture Capacity 400 000 t/ y For storage under ground HEIDE

) S

Waste Heat recovery 46 MW

Transitory Storage 5000 t

Cost Estimation *20 %

¥ =

s

{0

Spill av (k)
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Bl Demonstrasjon av verdikjeden er det viktigste

Norcem del av det norske fullskala CCS demonstrasjonsprosjektet

Norcem HeidelbergCemen}‘m
Sement produksjon

CO,-STORAGE

* Planning by Equinor and
partners

Intermediate storage on
shore

Offshore storage in the
North Sea

Huge capacity COé-TRhANSPORT Wﬁ&"&é’ﬁ};’é?m‘e -

fal!sforb’rehnirlg;sanlegg
Al |

'Equinor
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Bl Demonstrating the full CO2 value chain — Norcem project an important part

Ohshore terminal with buffer
storage, pump gnd heater
110 km pipeline,i12 inches
One injection welll
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NorcemAS, Brevik
Cement plqnt i

Slide 28 -

Steinsteypudagurinn 2020 HEIDELBERGCEM ENT



T
he Nort
hern Li
ghts proj
ject offers huge futu
re stora
ge capaciti
ies

ANENT LY
co2transport ship
oo Tering

“i%n|‘ll

B f 2
industrial plants .
o Campressed and o ce:ved and
orarily stored p C0, o
= Compressed 3
transpvrted by sP _ pxport via pipeline offshore
© Permanently stored in reservoir .
2000 meters

temp!
(1 000~

29
LBERG
CEME
NT



The challenge is the cost

€/tCo,
160

140 carbon

Capture
120 Ccost

100
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Price Peak 201§p:'5

Forecasted
20 price
0 l l I l I l I
2010 2015 2020 2025 2030 2035 2040 2045 2050
—CO2 Price - CO2 Price (forecast) - Carbon Capture Cost
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Full Scale Carbon Capture at Norcem Brevik
Ready for decision

2021-2024
2019-20

2018-19 Realization

Decision

2016-17 FEED process
Study Government | . pecision in
29/8-18 — Parliament 20/12-20
2014-15 SEMIEERD 31/10-19 -  Start performance
Feasibility study testing 31/5/24
- 450 reports . Operation 31/8-24
" Technology study - 590 drawings
Kick off testing
TCB
Sl (2013-17)

Full scale | €ngineering
desk study
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Bl HeidelbergCement Northern Europe

Norcem Zero Vision

kg CO/tonn cement

900
Energy efficiency

800 -

Biomas (Alternative fuels)

*New products with reduced clinker content
500 -

400 -
* Carbon Capture
300 =

200 -

- - - - -
—_

100 -

-Recarbonatisation of concrete

0 .
1990 1995 2000 2005 2010 2015 2020 2025 2030
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HeidelbergCement
Zero vision

With CCS it can
be a reality
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