Mod en mere baeredygtig
cementproduktion
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Industrial production for 1

- Why we still are here




Cement binder verden
sammen

Cement bruges primaert til fremstilling af beton, som er verdens mest
anvendte byggemateriale. Beton har en hgj styrke og lang levetid, det er
formbart og kan produceres lokalt til en omkostningseffektivt pris.
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Energy intensive production

E
Coal: 72,000 tons
Petcoke: 241,000 tons
Qil: 6,000 tons
Waste (RDF) 214,000 tons '
Electricity: 330,000 MWh =
Water: 3,585,000 m3

~ 2% of Denmark’s energy consumption

CO2 emission: 2,0 mill. ton !!



Den medfgdte
udfordring
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Cementproduktion udleder CO,
- det er en naturlov

Der er to primaere kilder til CO,-udledning fra
cementproduktion: To primare kilder

til CO,-udledning fra
cementproduktion
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1. Opvarmning af materialer til over 1.500°C
... med braendsler der frigiver CO,

2. Kridt frigiver bundet CO,, nar det opvarmes
... man kan ikke producere cement uden kridt

Kridt Brandsl

00 % 50 %
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Cementproduktion
kan ikke elektrificeres

Pa en cementfabrik braendes der ved 1.500°C i en
roterovn — 24 timer i dggnet hele aret rundt.

Denne form for energiintensiv produktion ved saerligt
hgje temperaturer kan i dag ikke opnas ved brug af

elektricitet.

Elektrificering kan potentielt spille en rolle efter 2040.

Billede af indersiden af en grd roterovn hos Aalborg Portland, der opvarmer ramaterialer til over
1.500°Cfor at lave cementklinker.
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Cementproduktion
kan ikke undvaere kridt

Nar sand blandes med 4 gange sa meget kridt og
braendes ved 1.500°C i en roterovn, fas cementklinker.

Nar klinkerne knuses og opblandes med andre
mineralske produkter (fx. ler eller kalksten) fas den
faerdige cement, som er bindemidlet i beton.

Bruger man faerre klinker sparer man CO,. Der er dog
en nedre graense for, hvor lidt klinker der kan
anvendes, uden at cementen mister sine
styrkemaessige egenskaber.
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Kridt er et uomgaengeligt materiale, nar man skal lave cement. | Danmark og seerligt i Nordjylland har

vi rige naturlige kridtressourcer, som er ideelle til at lave cement.

C aalborgportland
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Aalborg Portlands bidrag
til Danmarks klimamal
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Det stg@rste
enkeltstaende bidrag
til Danmarks
reduktionsmal®

Vileverer 20 %
af industriens samlede
reduktioner i Danmark
1 2030.

C aalborgportland

* Ifglge Grgn Skattereform for Industri mv. skal dansk industrilevere CO ,-reduktioner pd 4,3 mio. tons inden 2030. Aalborg Portland vil med sit nye roadmap levere CEMENTIR HOLDING

1,6 mio. tonsi forhold til 2021, hvoraf 660.000 tons allerede er indregnet fra 2020-aftalen med den forhenvaerende regering.



Dansk cement udleder ikke
mere CO, end i udlandet

Kg CO, pr. ton cement
Alle Aalborg Portlands cementer har en 803 803

miljpvaredeklaration, ogsa kaldet EPD. e 726

600 -

Miljgvaredeklarationen synligggr
cementens CO,-aftryk fra “grusgrav til 400 -
gate”, og er derfor det bedste
sammenligningsgrundlag pa tveers af
producenter.

CEMBUREAU
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Aalborg FUTURECEM

CEM | CEM I

Kilde: CEMBUREAU
Sammenlignet med miljgvaredeklarationer fra The European Cement Association (CEMBUREA), der

daekker over 70 procent af produktionsvolumen fra CEMBUREAU’s medlemmer, har Aalborg Portlands
grd cementeren CO,-udledning omkring gennemsnittet.
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Sadan reduceres vores CO,-udledning
fra 2,2 millioner tons til 600.000 tons

2021

2,2

mio. tons
CO2

2030

NYE PRODUKTER S /
15% ¢
Leverer 15 % reduktion

CO,-FANGST 18% 600 000 40%

Reducering pa
mindst 400.000 tons tons COQ
(mindst 18 %)

®

DE RESTERENDE 600.000 TONS CO,
kan fjernes via yderligere CO -fangst

GRONNE
BRANDSLER

Reducering
pa 40 %
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Nye produkter bidrager med
340.000 tons CO, i 2030

Frem mod 2030 skal gget produktion og salg af nye < -
CO,-reducerede cementer bidrage med en reduktion
pa 15 procent af den nuvaerende CO,-udledning.

C aalborgportland
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tland

|1 2021 blev cementen FUTURECEM® lanceret, som har
et CO2-aftryk, der er 30 procent lavere end
traditionelle cementtyper.

Siden er yderligere to nye cementer lanceret pa
markedet, og flere vil komme til frem mod 2030.

FUTURECEM® er en ny cementtype med et 30 procent lavere CO2-aftryk i forhold til
traditionelle cementer. FUTURECEM® er udviklet pd Aalborg Portland efter flere Grs
uadviklingsarbejde og vil om fd dér vaere den primaere cement i Danmark.

C aalborgportland
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Grgnnere braendsler bidrager med
900.000 tons CO, i 2030

Omstillingen fra fossile braendsler til grgnne
alternativer er allerede i fuld gang.

| dag bidrager Aalborg Portland blandt andet til den
cirkulzere gkonomi ved arligt at anvende over 200.000
tons biobraendsel og ikke-genanvendeligt affald i
stedet for fossile breendsler.

Frem mod 2030 skal omstillingen accelereres. @get
anvendelse af affaldsbiomasse, sdsom benmel og
treerester, samt naturgas og sidenhen biogas skal
bidrage med en CO,-reduktion pa 40 procent.

Billede fra Biogas Danmark

~
*~ aalborgportland



CO,-fangst bidrager med
mindst 400.000 tons i 2030

Frem mod 2030 er ambitionen at etablere Danmarks
forste CO,-fangstanlzeg i industriel skala.

Malet er at fange minimum 400.000 tons CO, svarende
til 18 procent af den nuveerende udledning.

CO,-fangst er uomgaengeligt for at opna baeredygtig
cementproduktion.

1 8
3D layout af et CO,-fangst anlaeg der potentielt kan fange 1 million tons CO, om dret hos Aalborg Portland.
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Fremtidens cement
- bliver CO2 neutral
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FUTURECEM®

Calcined Clay-Limestone
Cement
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What is FUTURECEM®

 FUTURECEMZ® is a robust, patented
technology which enables
production of durable concrete with
reduced clinker content compared to
conventional concrete.

* Based on the fact that a mixture of
fine-grained limestone and calcined
clay develops higher strength when
mixed with Portland clinker than
expected by blending the two
components

28D strength (CEM | = Index 100)
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120

115
110

105
1{]{]Synerc\:]y effect -

95

90

85
0% limestone 28% limestone
100% Danish clay  72% Danish clay

U TURECEM

Calcined clay
Burned at much lower

temperature than clinker and
small process emissions

Limestone



Cement development is a
long cumbersome process

1990-1991: Synergy effect discovered by Aalborg Portland
* Objective was to develop a cheap high-strength cement

2008-2011: FUTURECEM Project

* The basic technology was documented and further developed.
* Patent application was submitted.

2011-2014: SCM Project

* Development of production equipment together with FL Smidth.

2014-2019: Green Concrete Il Project
* Durability testing and testing in full-scale RMC constructions.
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The Director of the United States
Patent and Trademark Office

Has received an application for a patent for
a new and useful invention. The title and
description of the invention are enclosed.
The requirements of law have been com-
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nnovation Fund Denmark

plied with, and it has been determined that
a patent on the invention shall be granted
under the law.

Therefore, this
United States Patent

Grants to the person(s) having title to this
patent the right to exclude others from mak-
ing, using, offering for sale, or selling the
invention throughout the United States of
4"1(“({: or importing the invention into the
of America, and if the inven-
he right to exclude oth-
g for sale or selling
!hm;,lr out the United States of America, or
importing into the United States ()/
America, products made by that proces

for the term set forth in 35USC 15 -JmJl )
()l ject to the payment of mainte-
nance fees as provided by 35 U.S.C. 41(b)

See the Maintenance Fee Notice on the
inside of the cover.
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Green Concrete Il

Green Transformation of Cement and Concrete Production
» Budget: S 4.5 million, 50% funded by Innovation Fund Denmark
* Duration: 2014-2019

* Partners from the entire value chain of construction :

- Consulting Engineers ‘ n

n | S SW '
" . h Knowledge institutions

Danish-Teehnical University=

Danish TechnologieatFhstitttes

Four schoels and colleges
Public building owners

Danish Road Directorate

Danish Rail Authority

Femern Link




Durability tested in laboratory an “UTUREFCEM
full scale

N 2 years and 4 - ' FUTURECEM
6 months dy \ months :
,g 2,5
ce
ere? =
ret = ]
c i
.8 . i
o+ 1 + -
o 1
gS * :I —B-Ref
5 1 !
s 1 1 —=-SCN
£ 0,5 B
o
a
0
0 10 20 30 40 50

Months




Demo structures: Part of bridges and “UTURFCEM
and indoor construction
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Introduced in the market on “UTURECEM
January 1, 2021

DS of performance

bs/EN 206 DR Na:zazg

Conrion of consunce A pfirmanee

202000y
Compliance with
the cement standard:
Beton - Specitik.
OvVerensste, ation, egen skaber s
06§ Danmg] T{else ~ Regler for anvenz‘:rsit:?é;

EN 197-1:2011

Concrete Sn
Pecificatig,
Conformiry - . performanca
Ty ~ Rules far applicatioy o;élt'];?éuglgn and
enmark

T Type (EN 197-1) CEM 1 52.5N CEM I11/B-M (Q-LL) 52.5N

1 day strength (MPa) 21-25 13-19

Acceptance in the
National Application Document
of the European Concrete Standard 28 day strength (MPa) 64-70 61-69

2 day strength (MPa) 34-38 25-33

Density (kg/m3) 3140 3020

0.5-0.64 0.6




) Large project - UN 17 Village FUTURECEM

e 17 UN Sustainable Development Goals
* Housing project in @restad

e Building owner: NREP

e Contractor: C.G. Jensen A/S

* Ready-mix concrete: Unicon A/S
* 10.000 m3 ready-mix concrete with FUTURECEM®
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Visualisering: TMRW Fotos: Unicon
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BIG HQ
- Bjarke Ingels Group

* New headquarters for BIG Architects
* Ready-mix concrete and precast concrete elements

* A35 and A45 concrete
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Environmental impact

Global Warming Potential

kg CO2 pr. ton

radle to gate:
\C/ Raw materialer 500 Kg
v" Transport
v Production

CO2-eqv

U TURECEM

Environmental -EPD@
Product
Declaration

In accordance wyith 1SO 14025 for

FutureCEM@ Cement CEMm B-m (Q-LL) 525 N
Aalborg Portlang A/S

Programme:

Programme Operator.

EPD e3tration number-

'39ue dase
Validity date:

Revision aate

Geagraphical s00pe.



) CO, effect: Apartment building

kg CO2
/ m2/ar

9,0
8,0
7,0
6,0
5,0
4,0
3,0
2,0
1,0

0,0

CO, footprint

Reference FUTURECEM® FUTURECEM®+
(bio gas)

7,8 7,3

1,6

M Building CO2 B Concrete CO2

Based on LCAbyg, 50 year life time, incl. operation

hHHEa

U TURECEM

Total CO, reduction in building

=-591000 «c

Concrete CO, Building CO,

footprint footprint
-27% =7%
pr mz



FUTURECEM® sparer 1.600
tons CO, i et 80.000 m?
etagebyggeri

Brug af FUTURECEM® i alle de betonkonstruktioner, hvor det er
muligt, giver maerkbare CO,-reduktioner.

@ Alene i bundpladen kan der spares 629 ton CO,
ved at skifte til FUTURECEM® fra traditionelle cementer

... svarende til 95 danskeres arlige privatforbrug.

| dette eksempel pa et 8 etagers byggeri med to kaeldre og et areal pa
80.000 m? har et skifte til FUTURECEM® fgrt til en samlet besparelse pa
naesten 1.600 tons CO,. Dette svarer til CO,-udledningen fra ca. 240
danskeres arlige privatforbrug.

C aalborgportland
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FUTURECEM® in use

next step

CALLISTE project

CEMENTIR HOLDING
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CALLISTE - CALcined clay LImeStone
cement Technology Extension

The ambition in the CALLISTE project is to develop
FUTURECEM® further, so the requirements from all
concrete applications are met even better, as well as
achievement of a higher CO,-reduction.

* Enhanced early strength

Up to 50% clinker replacement
* Use of clay types available in Denmark
* Improved test methods and approval procedures
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CALLISTE

* Budget: 33 million Danish kroner

 Grants from “Innovationsfonden”:
22 million Danish kroner

* Project span: 4 years, 1 months,
starting October 2020

/nnovationsfonden

http://www.innovationsfonden.dk/

12 partners

Teknologisk Institut
Aalborg Portland A/S,
Technische Universitat Minchen

Aarhus Universitet, Department of Chemistry and
Interdisciplinary Nanoscience Center (iNANO)

Danmarks Tekniske Universitet
Unicon A/S

CRH Concrete A/S

IBF A/S

Femern A/S

FB Gruppen A/S
Vejdirektoratet

Dansk Beton



Fremtidens cement
- bliver CO2 neutral
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