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Har franskmandene lgsningen?

FRENCH COMPANY CREATES CLAY-BASED CEMENT

PUBLISHED ON: 23 MAY 2016

New cement is much environmental friendly than Portland cement

(CW GRoup) The French company HP2A is working on a new clay-based cement type that
could be a environmentally friendly alternative for Portland cement, reports Batiactu.

This new type of cement results from an alkaline activation, instead of coming from
level, cement is produced through a natural reaction that does not need a petrochemical
process or any kind of energy or heat. Argyle is transformed but not cooked.

The result is a brown-colored cement. For one ton of Portland cement produced, the plant
emits one ton of CO2, while for HP2A that value drops to just 50 kilograms, 20 fold less.
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recristalization like what happens with Portland cement. This means that, at the molecular

Fremtidens
gronne cementer
i Danmark og EU

Jesper Sand Damtoft
Aalborg Portland
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HP2A: A Green Alternative to cement

PRESSURE : Mechanical Performances 45MPa [similar to Portland cement]

TIMESCALE : Uip 10 5 tames quecher to achseve the Portland cement pressure properts
Up 1o THOOAC & ety GO0'C for Portland cement)

ACIDATTACKS : Resistant 1o Chemicals (especially in sea environmend)

DURABILITY : Higher that Portland cement, especially thankes 16 steel passrvation.




Lav miljepavirkning per ton....
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... mens store mangder: 5 km3 produceres arligt - 4 milliarder tons cement
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Politisk fokus pa CO,

* Paris-aftalen

Mal: temperaturstigning skal holdes under 2°C og
helst under 1.5°C

Landene skal fremleegge klimaplaner
Ratificeret af USA og Kina

EU har bundet sig til at reducere udledning 40%
in 2030 sammenlignet med 1990

+ EU anvender handel med CO, kvoter for til at
na reduktionsmal

43% inden 2030 i forhold til 2005

Pga. krisen er produktionen faldet og prisen for
kvoter er derfor lav, ca. 40 kr. per tons CO,

EU vil derfor endre ordningen, sa prisen stiger.
Mal: mindst 240 kr. tons CO,

Delvis beskyttelse af industrien mod unfair

konkurrence af virksomheder uden for EU, men
meget usikkerhed....
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CO, skal reduceres 80% inden 2050 for
at holde temperaturstigning under 2°C
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Den europzeiske cementindustris bud p& 80% mindre udledning af CO, i 2050 ()

Multiple paths to emissions reduction 34%

1990 emissions

Kiln efficiency and fuel mix

Clinker substitution and
Novel cements

Transport efficiency

Non C0, GHG
Decarbonisation power
Breakthrough technologies

2050 emissions

Ukendt teknologi, f.eks. fangst og
deponering eller genbrug af CO,

C aalbo r-g po rtland The role of cement in the 2050 low carbon economy, CEMBUREAU 2013
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Energi- og CO, reduktioner i produktionen hos Aalborg Portland

Multiple paths to emissions reduction

1990 emisions
Kiln efficiency and fuel mix - [CEC N A -
cinker sty nd S N
Transportefictency N |
Non co, e [EEN
Decarbonisation power - KENEE W ©
Breakthrough technologies X EGcNE
2050 emissions _

C aa LbO r-g p ort la n d The role of cement in the 2050 low carbon economy, CEMBUREAU 2013
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Aalborg Portland udvikler symbioser med samfundet for at
reducere udledningen af CO, og spare ressourcer

* @ge anvendelsen af alternative braendsler
— Investering: ca. 100 mio. DKK fordelt pa 3 faser.

— Mal: at gge substitutionen af fossile braendsler fra ca. 40% til 60% ved produktion af
gra cement. svarende til en CO, reduktion pa 27.000 t pr. ar.

+ Elfra egne vindmoller.
— Investering: ca. 100 mio. DKK
— 18% substitution af elforbruget
— Reduktion af CO, udledningen til fra centrale kraftvaerker pa pa 28.000 tons pr. ar

+ @get varmegenvinding

— Investeringer: Ca. 50 - 80 mio. DKK

— Varme til yderligere 7.000 -10.000 husstande

— Reduktion af CO, emissionen fra et centralt kulfyret kraftvaerk med ca. 30.000 t pr. ar.
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Yderligere muligheder

* Fjernkeling
— Vandet pa bunden af kridtgraven er altid koldt
— Kan bruges til fiernkgling
— Leverancer aftalt til nyt supersygehus
— Yderligere kapacitet til andre formal

*  Fremstilling af el

— Varme, der er i overskud efter fiernvarmeproduktion kan ogsa
genanvendes

— Forsgg pa Aalborg Universitet med materialer, der kan
omdanne varme til el

— Stadig grundforskning

Thermoelectric
Materials
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Ny ”"grenne” cementtyper

Multiple paths to emissions reduction

1990 emissions
Kiln efficiency and fuel mix
e e N '
Transport efficiency
Non o, 6He - EEEX
Decarbonisation power [ TEXEEE I 10
Breakthrough technologies X EGcNE
2050 emissions _
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Mindre indhold af klinker uden at aandre cementens egenskaber er en
effektiv metode til reduktion af CO,

1.000
CO, kan mest effektivt
900 reduceres ved brug af
brendsler med indhold af
800 biomasse. Kan tilferes ved brug
af brandbart affald som
5 700 breendsel
=
£
% 600
s 5 uBraendsel
g mProces
o 400
(6]
2 30
Kridt nedbrydes til brandt kalk
200 09 CO,. Ingen reelle muligheder
for at begreense denne
100 udledning pr. tons klinker
0
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Klinkerindholdet i cement, fra 1990 til i dag
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Cementtyper i CEMBUREAU EU28 fra 2000 til i dag
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2012 2013 2014

5 CEM YV - Composite Cement & Others
HCEM IV - Pozzolanic Cements

= CEM lIl - Blast Furnace & Slag Cements
u CEM Il - Portland Composite Cement
HCEM | - Portland Cement

Kilde: CEMBUREAU
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Ny cementtyper i cementstandarden pa vej

Compasition (percantage by mass®)
Main constituents
Main Notation of the 37 products Blast. ) Pozzolana Fiy ash Minor
types. (types of common cement) Clinker | furnace Silica natural calca- Burnt Limesione | addibonal
siag fume | napyeal siliceous. shale c
calcmed TEROLES
K =4 o P Q v w T L LL
CEMI Portland cement CEMI 95-100 = = = = - = - - - 0-5
CEM IA-M B0-88 1220 0-5
CEM IVB-M 6579 21-35 0-5
CEMINCM(SL) | 5064 | 1644 6-20 0-5
cemy | Porand- CEMIVC-M (S-L1) | 5064 | 1644 - - = - - - — | 620 05
i = i CEM IWC-M (P-L) | S0-64 = = 16-44 = = - - 6-20 - 0-5
cement CEM IVC-M (P-LL) | 50-64 - = 16-44 = - = = = 6-20 0-5
CEM I/C-M (V-L} 50-64 - - - = 16-44 - - 6-20 - 0.5
CEM IVC-M (V-LL) | 50-64 - - - - 16-44 - - - 620 05
CEMIVC-M (S-V) | 50684 16-44 - = = 6-20 - = - - 05
5 CEM VIA 4064 | 1830 - Gomeee 1830 = - - - - 05
CEMV Slag-pozzolanic
coment® CEMVIB 2038 | 3149 | - PR 7 J— N I ) 05
& ) CEM VI {S-L) 3549 3159 - - - - - - 520 - 0.5
“omposile
CEMWI 5 CEMM (S-LL) 3549 | 31-50 620 0-5
CEM VI (S-V) 35-49 31-59 = = - 6-20 = - - - 05
3 The values in the table refier to the sum of the main and minor additional constituents
b The proportion of silica fume i limited o 10 %

r\ e In Porland-composite cements CEM IVA-M, CEM IVB-M and CEM IVC-M, in Pozzolanic cements CEM IWA and CEM VB, in Slag-pozzolanic caments Kilde:
(4 CEM ViA and CEM VB and in Composite cemeants CEM W1 the main constituents other than clinker shall be declared by designation of the cemant (for examples, .
aalbo sos Clause ) S. Baetzner, VDZ

CEMENTIR HOLD

Cementstyrke i CEMBUREU EU 28, 2014

Danmark

1%

10%

89%
= Ordinary (32.5 of prEN 197-1)

High (42.5 of prEN 197-1)
Very high (52.5 of prEN 197-1)
u Unspecified

C aalborgportland Kilde: CEMBUREAU
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Cementindhold i fabriksbeton 2004-2013
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Cementindhold i fabriksbeton 2004-2015
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* Hvordan sikres det at de ny cementtyper ikke giver ophav
til skader eller begraenset holdbarhed?

+ Cementstandarden mere baseret pa ydeevne?
— Allerede styrkeklasser

— Definition af yderligere ydeevneparametre i cementstandarden,
men hvordan?

* Andre standardiseringstiltag
— Farlige substanser
— Radioaktivitet

* Mere ydeevnebaseret betonstandard?
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”Udskiftning af 1 ud af 100 broer opvejer
fordelen ved at skifte cementtype”
- J. Lauridsen

Flyveaske og slagge - begransende faktorer for reduktion af

klinkerindholdet i cement?

Kulkraft er overraskende hurtigt pa vej ud i morket
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Britain's steel industry: What's going
wrong?

By Tim Bowler
Business reporter. BBC News.
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Alternativ: CO,-let cement baseret pa naturlige materialer

Mineraliserede klinker
— Hgij styrke

* Gra Mikrofiller baseret pa kridt
— Reagerer med klinker

* Brendt ler eller lignende
— Braendt ved ca. 800°C

* Synergi mellem Gra Mikrofiller og braendt ler
— Giver hgjere styrke end Rapid Cement!

* Patenteret

The
United
Glales

America ™
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Stoettevaeg ved Aalborg Portlands gipslager

E 4
SCM +
Flyveaske

aalborgportland
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Den ny cement har lang vej endnu

* Afproves i Gron Beton Il
— Betonsammenseetninger undersgges i laboratoriet
— Den ny cement kan indga i demobro i 2018

* Brugsverdien skal afklares
— Kilistring og andre egenskaber hos producenten
— Veerdii forhold til Rapid Cement

+ Egenskaber skal dokumenteres
— Holdbarhed

* Mange andre usikkerheder
— Meget stor investering pakraevet
— Fremtidig pris for CO,-kvoter
— Fremtiden for flyveaske

(02 aalborgportland
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LC3 - keempepotentiale i udviklingslandene

Limestone
Calcined

Clay

Cement

(& aalborgportland Kilde: Scrivener, 2016
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Vores teknologi kan derfor lukke noget af hullet
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Multiple paths to emissions reduction

1990 emissions

Kiln efficiency and fuel mix

Clinker substitution and
Novel cements

Transport efficiency

Non C0, GHG
Decarbonisation power
Breakthrough technologies

2050 emissions
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Er der ny, revolutionerende cementtyper pa vej ??

Magnesia based:
Novacem

Calera, Greensols, TecEco

Geopolymeres based:
- E-Crete, Calix, Zeobond
- HySSIL

GEO GREEN CRETE

GBFS (slag) based:

The role of cement in the 2050 low carbon econol

34%

, CEMBUREAU 2013

e.g. ECOCEM QR ECOCEM |
Sulfoaluminate cements/belite clinker based: @u-n«mnnmun
- Alipre _.,,.,......,..:.
- Belit-Calcium Sulfoaluminate-Ferrit (BCSAF) ALIPRE
- Aether [
Phosphate based: Arg:?r]nf?é
Ceramicrete CERAMICH
SH baced s P Slide fra 2011
ased: . .

A - ?

Celitement ce:men Hvor mange af disse har | hert om siden?
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Kilde: Méller, Schwenk Zement, 2011
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Calcium sulfoaluminatcementer @

Other relevant phase

» Baseret pa gips, kridt, sand og ler/s
— Forskellige sammensaetninger, flere pe

» Lavere brendingstemperatur og mi
* Holdbarhed og ramaterialetilgang ul

* Interessant til
specialanvendelser
— Svindkompensering
— Hogij tidlig styrke
- M.v.

C4(AF)3%

(& aalborgportland Kilde: Baetzner/VDZ, Walenta/LafargeHolcim
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+ Ramaterialer: Kalk og sand
— Breendt kalk og leesket kalk brugt i pilotforsgg
— Mindre kalk end i Portland klinker, derfor lavere udledning af CO,

+ Behandles i autoklave
— Lav temperatur, hgijt tryk
— Mellemprodukt bestaende af calciumsilikathydrat

*  Formales med "udvalgte silikater”
— Mekanisk aktivering i vibrationsmelle

+ Pilotanleeg i drift siden 2011
— 100-200 kg per dag

» Referenceanlag planlagt til 2018-19
— Samarbejde mellem Schwenk Zement og Karlsruhe Institute of Technology

—~ 3a Lborg po rtland Kilde: Méller, Schwenk Zement, 2016
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Kan CO, nyttiggeres ?

Solidia freance
Q=

PURDUE

Caalborgport[and cTiaoue
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A COMPLEX TECHNOLOGY MADE SIMPLE

MIX

SOLIDIA CEMENT™
POWDER AND

SAND TO FORM A
LOOSELY

PACKED STRUCTURE

FILL THE OPEN
SPACES WITH H,0
AND €O,

SOLIDIA CEMENT™
REACTS WITH CO,
TO MAKE CALCIUM
CARBONATE AND
SILICA, WHICH
HARDEN THE
STRUCTURE, MAKING
SOLIDIA CONCRETE™

De ny cementtyper har lang vej endnu........

» Rastoffer
— Forekommer ikke sa udbredt som kalksten

* Fremstillingsproces
— Uprgvet og dyr
— Typisk hgijt tryk eller tilsaetninger

* Robusthed

— Skal kunne anvendes af alle
* Holdbarhed

— Skal dokumenteres
Karbonatisering
Langsomstyrkeudvikling
— pH lav: armeringskorrosion

(02 aalborgportland
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e Saeint 4 Jute T4

Technology review

The end for high alumina cemant roof beams?
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Hvor ender vi - udviklingstendenser?

+ Cementens egenskaber baseret pa egenskaberne i anvendelsen
— Hogij tidlig styrke for hurtig afformning og kort produktionscyklus
— Hgj 28D styrke for at optimere cementindhold i beton
— Styrede og velkontrollede egenskaber i frisk beton

* Reduktion af klinkerindholdet hvor muligt

— @get brug af aktive, mineralske tilseetninger, baseret pa naturlige
materialer, f.eks. kridt og braendt ler

» Specialdesignede vardiforogede cementer
— Mulighed for blandingsprodukter i sma serier

(& aalborgportland
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