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BETONA OLIMPIADE 2025

Jauns nolikums

Kategorija "Betons"

Mérkis — izgatavot betona paraugus, kas
péc stipribas vistuvak un visprecizak atbilst
mérka stipribai 85 MPa

Kategorija "Vieglbetons"
MeEkis — sasniegt augstaku spiedes stipribu
vieglbetonam, kura sausa stavokla blivums
neparsniedz 2000 kg/m3
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Katra kategorija
Naudas balvas
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Naudas balvas nodrosina
Stachema Polska Sp. z o.o.
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PRAKTISKA INFORMACIJA

Registracijas zona pieejamas austinas
tulkojumam no anglu uz latvieSu valodu

Pirms doSanas prom registracijas zona
atgriezt austinas un vardu kartes

Visas konferences garuma dalibnieki
varés uzdot jautajumus ekspertiem

Lai uzdotu jautajumu,
noskené
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MBGRUP&
Klimatneitrals betons

Betons, kura visa dzives cikla raditas siltumnicefekta gazu emisijas:

* maksimali samazinatas

* neizbhegama atlikusi emisiju dala ir kompenseéta ar zinatniski pamatotam un
parbaudamam metodem

Klimatneitrals betons ir mérams, pieradams un izsekojams

Tas saglaba tadas pasas vai augstakas tehniskas un ekspluatacijas ipasibas ka
tradicionalais betons.
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MBGRUPé

Emisiju samazinasanas potencials

100%

0%

V'S

- Nebuvet neko

- Buvet mazak

~ Buvet gudri

Uzstadit atbilstosus
projektesanas kriterijus

» Buvet efektivi

Utilizet konstrukcijas, atkartoti izmantot
materialus, izveléeties oglekla zina efektivus
materialus un produktus

« Samazinat zudumus

Saliekama dzelzsbetona produkti, buvnieciba
arpus buvlaukuma un jaunas metodes



B gcq M B GRU Pé

NET ZERO CELA KARTE

Avots: Global Cement and Concrete Association
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CO2 SAMAZINAJUMA METODES

- Betona maisijums
- Saistvielu uzlabojumi

- Razosana un produktu
izmantoSana

< Produktu un risinajumu
izstrade

- Logistika

Metode

Parstradati inertie materiali
Parstradats udens

Betona sastava optimizacija

Klinkera razoSanas
efektivitate

Oglekla uztverSana

Efektivitate

Zema
Zema

Zema
Zema

Augsta

Izmaksas

Zemas
Zemas

Zemas
Videjas

Augstas

MBGRUPé

Ilgtermina
potencials

Augsta
Augsta
Augsta

Augsta

Augsta



CO2 SAMAZINAJUMA METODES

- Betona maisijums
- Saistvielu uzlabojumi

- Razosana un produktu
izmantoSana

< Produktu un risinajumu
izstrade

- Logistika

lespéja
Oglu izdedzu pelnu putekli

Malti, granuleti domnas sarni
(GGBS)

Mikrosilika
Metakaolins
Kalkakmens

Slanekla pelni

Efektivitate
Vidéja
Augsta

Zema
Vidéja
Vidéja
Videja

Izmaksas
Zemas
Videjas

Augstas
Augstas

Zemas

Zemas

MBGRUPé

Ilgtermina
potencials
Zema

Augsta
Vidéja
Vidéja
Zema

Zema



CO2 SAMAZINAJUMA METODES

- Betona maisijums
- Saistvielu uzlabojumi

- Razosana un produktu
izmantosana

< Produktu un risinajumu
izstrade

- Logistika

lespéja
Razosanas zudumu
samazinasana

Oglekla iesaiste svaiga
betona

Svaiga betona cietéSana CO2
kamera

Svaiga betona cietinasana
tvaika kamera

Apsildami veidni

Efektivitate

Zema

Zema

Zema

Zema

Zema

MBGRUPé

Ilgtermina
Izmaksas .=
potencials
Zemas Augsta
Vidéjas Augsta
- Zema
- Vidéja
Zemas Augsta



_ MBGRUP&
CO2 SAMAZINAJUMA METODES

> Betona maisijums lespéja Efektivitate lzmaksas llgtermina
potencials
- Saistvielu uzlabojumi Parspilétu betona prasibu Zema Zemas vidsja
mazinasana
- Razosana un produktu e e e e - Vst
izmantoSana samazinasana J
2 Produktu un Parpro@u_kvcuas Zema Zemas Augsta
. ) _ samazinasana
risinajumu izstrade NeatbilstoSas kvalitates
o samazinaiana Zema Zemas Augsta
2 Logistika
BEijeCIba arpus Videja Zemas Augsta
buvlaukuma
Atkartota materialu un
konstrukciju izmantoSana un Augsta Zemas Augsta
projektéSana
Materialu alternativas Vidégja Augstas Vidéja

Bet '
etona apjoma Videia Vidaias Augsta



_ MBGRUP&
CO2 SAMAZINAJUMA METODES

> Betona maisijums lespéja Efektivitate lzmaksas llgtermina
potencials
-2 Saistvielu uzlabojumi Udenradis Augsta Augstas Augsta
v v Elektriba Augsta Videjas Augsta
- Razosana un produktu & ’ &
. v Biodegviela Augsta Zemas Vidéja
Izmantosana
Saskidrinata dabasgaze Zema Zemas Vidéja
= Produktu un risinajumu Hibrids Vidéja Zemas Vidéja
izstrade

- Logistika
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CO0O2 mervienibas

313 KG/M3 62 KG/M2

O
KG

130 KG/T 107 KG/BTA
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Vides produktA deklaracijas saturs
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ENVIRONMENTAL IMPACT DATA

NOTE : ENVIRONMENTAL IMPACTS - EN 15804+A1, CML /1SO 21930 AND ENVIRONMENTAL IMPACTS -
TRACI 2.1./1SO 21930 ARE PRESENTED IN ANNEX.

ONE LAYER WALLS
CORE ENVIRONMENTAL IMPACT INDICATORS - EN 15804+A2, PEF

Impact category Unit Al A2 A3 Ad- A4-DK |A4-UK | AS B1-B7 |C1 (o] c3 ca D
NOR
Climate change - tatal kg CO2e 1.64E2 1.08E1 48260 BE1ED 3,63E1 5.09€1 1.48E1 MND 3,28E0 6.35E0 5,0BED 3.96-1 -1,52E1
Climate change - fossil kg COZe 1.61E2 1.05E1 481EQ 6,45E) 36E1 8.01E1 1.41E1 MND 3.27E0 6.32E0 4,89E0 3,88E-1 =1,52E1
Climate change - bingenic kg CO2e 2,96E0 8,26E-2 7.23E-3 3,02E-1 1.56E-1 377E-1 468E-1  |MND SE4E-3  |37BE-2 1.83E-1 2,48E-3 1.22E-2
Climate change - LULUC kg CO2e 1.31E=1 439E=3 | 23E=4 2,03E=2 1.2E=2 3.09E=2 534E=3  |MND 279E=4 | 235E=3 1.97E=3 1.17E=4 | =0,08E=3
Dzone depletion kg CFC1le B.T4E-6 2,25E-6 7287 83266 1.62E-5 831E-6 2.07E-6 1.48E-6  [MND 71267 1.46E-6 9,6E-7 16367 -B.63E-7
Acidification mal Hve 5.4E-1 6.43E-2 6,63E-3 2/52E-1 3,74E-1 2,98E-1 BEEE-1 852 MND 3.45E-2 2.62E-2 EAZE2 3.75E-3 7,882
Eutrophication, aguatic freshwater kg POde 5.38E-3 1.12E-4 1.05E-5 2,79E4 6,16E-4 2,74E4 E.T1E4 Z1E4  |MND 13366 1,16E-4 4776 TB4E-4
Eutrophication, aguatic marine kg Ne 1.26E-1 2,34E-2 2.24E-3 ! 7.65E-2 1.13E-1 9,08E-2 2E1E-1 286E-2  |MND 15262 1.98E-2 1.296-3 -1.68-2
Eutrophication, terrestrial mal Ne 1.4E0 2,57E-1 241E-2 1,68E0 844E-1 1.26E0 1ED 2,BEE0 31BE-1  |MND 1.67E1 BESE-2 221E-1 14262 +1,96E-1
Phatochemical ozone formation kg NMVOCe 441E1 7.37E-2 7.49E-3 5.22E-1 2,46E-1 377E- 2,85E-1 B.DEE-1 BB4E2 | MND 458E-2 2.7E2 6,08E-2 4,13E-3 -7.53E-2
Abiotic depletion, minerals & metals kg She 1.46E-3 1.96-4 404E-6 1.66E-3 7.42E-4 1.24E-3 8,06E-4 21563 B.9E-4 MND 5,03E-6 1.58E-4 B,73E5 I61EE 79764
Abiotic depletion of fossil resources Ml 12263 1.54E2 7.84E1 1.45E3 546E2 9,9BE2 543E2 1.34E3 1.24E2 MND 454E1 9,72E1 6HIE! 1.1E1 -1,62E2
Water use m3e depr. 3,93E1 6,86E-1 B43E-2 4E1 1.84E0 362E0 1.88E0 4,55E0 1,48E0 MND 846E-2 BABE-1 3,8E-1 5.11E-1 -1.39E1

EN 15804+A2 disclaimer for Abiotic depletion and VWater use indicators and all optional indicators except Particulate matter and lonizing radiation, human health: The results of these environmental impact
ndicators shall be used with care as the uncertainties on these results are high or as there is limited experience with the indicator. Eutrophication aguatic freshwater is reported as kg PO« &g although the
reference given {"EUTREND model, Struijs et al., 2009b, as implemented in ReCiPe”) uses the unit kg FPeag.

Click
Cliek =5 7™~

e
One |'c A Environmental Product Declaration created with One Click LCA
p



o MBGRUP&
Co2 pienesums no produktiem

0 100 200 300 400 500 600 700 800 900
KOPEJAS EMISIJAS, KG CO2E




Emisijas CO2e kg/t

I MBGRUP&
Vienslanu sienas

200 Vésturiski veiktie Aktualas

179 uzlabojumi emisijas

[ ]
Latvijas betona references l[imenis
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CELS UZ )
KLIMATNEITRALITATI

Atjaunotas
o EPD
Uzstadita stiegrojuma deklaracijas
Pirmas EPD sietu metinasanas
deklaracijas iekarta
2020
2018
2015
2019
2017

Restrukturizéts
Atjaunojama Betona peéetijumu
energija centrs

leviesta betona
razoSanas udens
recikleSsana

Atguto pildvielu

atkartota
izmantoSana
Uzsakts izpétes
projekts CO,
samazinasanai
Pareja no CEM | uz CEM I
cementu razoSana CEMIIA~>B
) o Izstradats
leviestas pirmas CO, 2024 2025 e
samazinasanas stratégijas betons
2022
2023
Izveidota RESHAPE
betona produktu
2021 g

oL linija
Betona razoSana 50%
udens aizstats ar

attiritu adeni

Atjaunotas
EPD
deklaracijas



RESHAPE BETONA LIMENI

BASE

CO, samazinajums*

25

Optimizetas betona receptiras
cementa ipatsvara samazinasanai

Piemérojams lielakajai dalai
karkasa un fasades konstrukcijam

*Salidzinot ar Svensk Betong industrijas limeni

PLUS

CO, samazinajums*

40

Cementa aizstasana ar
Pelnu putekliem (FA),
Mikrosiliku (SF)

Piemérojams lielakajai dalai
karkasa un fasades konstrukcijam

MBEL | RESHAPE

PREMIUM

CO, samazinajums*

504

Cementa aizstasana ar
Maltiem granuléetiem
domnas sarniem (GGBS),
Pelnu putekliem (FA),
Mikrosiliku (SF)

Piemeérojams €kas iekSeéjam
konstrukcijam



RESHAPE PLUS
BETONS

APSVERUMI:

— Nav piemérots vidém ar sasalSanas / atkuSanas

iedarbibu un pretapledojuma vielam
— Léna agrina stipribas attistiba
—> NepiecieSama stabila piegades kede

— NepiecieSama specializéta silosu infrastruktura

MBZEZ | RESHAPE

Klinkers




RESHAPE PREMIUM

BETONS

APSVERUMI:

—> lerobezotam vides iedarbibas klasém

— NepiecieSama papildu veiktsp€jas parbaude

— leverojami samazinats agrinas izturibas
pieaugums

—> NepiecieSama stabila piegades kede

— NepiecieSama specializéta silosu
infrastruktura

MBZEZ | RESHAPE

‘ Klinkers
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klinkera apjomu
toti izmantoti kie

Izmantots RESHAPE Plus betons,
aizstajot 50%

— Dzelzsbetona fasades sienas
integreti atkar

HARVESTAD
Pansionats
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Optimizacijas projektéSanas posma
Karkasa integretas atkartoti izmantotas
dzelzsbetona konstrukcijas

Izmantots RESHAPE Plus betons,
aizstajot 50% klinkera apjomu
Samazinatas kopé€jas projekta izmaksas

NollCo,

AT A samazinajums*
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Uzzini vairak:

PALDIES!

MBSRUA | RESHAPE




Swedish Perspectives on Sustainable Construction

Katarina Malaga

Vice President Business Development
Build Environment- Sustainable Construction
Research Institutes of Sweden

2025-11-27, Riga, Latvia
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RISE in the innovation value chain

Academia

Business &
public sector
Testing
Upscaling o :
Basic research >> Applied research >> Test and CCIFERIBIEETRE road implementation

demonstration Calibration

Training
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Approximately

3,300

employees

4th

Largest institute in Europe after Fraunhofer,
CEA, and TNO

40%
women



Cement-concrete working areas

Main areas:
R&D projects,
Characterization and testing,
Consulting

» Quality control

> Assessment (damages, materials)
Certification and regulatory

T et
ey

Binder Structures Recycling, 3D orintin '
chemistry concrete durability and  circularity and P & Dynamic

technology service-life CCS/CCU Injections



Cement production in Sweden

‘11
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In 19-century: 15 production sites for Portland SN e, : - U"' MI*
cement Py o - ..

Today: 2 production sites Sl - B D " - | ?
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Production and use of cement in Sweden

2.8-3.4Mt/y (ca300 kg/person)

Heidelberg materials cement Sweden .
Import from Latvia— Schwenk (300-400 kt) .
Import Heidelberg Materials Norway: .

‘evoZero’ (CCS)

Infrastructure FA - CEM II/A-V 42,5 N - MH/LA/NSR
Basic cement Plus - CEM II/B-M (P-LL)

Basic cement Slite - CEM II/A-LL42,5R

Industrial cement Slite- CEM II/A-LL 52,5 R
Industrial cement Skovde - CEM II/A-LL 52,5 R
Construction cement Skovde - CEM II/A-LL42,5R
Rapidcement -CEM 152,5R

evoZero (Norway)

Bygg & anlaggningscement | Heidelberg Materials

RISE — Research Institutes of Sweden


https://www.cement.heidelbergmaterials.se/sv/bygg-och-anlaggningscement

Why Sustainability in Concrete?

Global Concrete Demand Environmental Impact of Cement (7-8%)
Urbanization drives demand for housing, Cement production is energy-intensive and produces
increasing concrete use with a large significant CO, emissions from clinker formation.

environmental footprint.
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Total global estimate of CO, emissions
Concrete (2022)

e Cement—-4.1 billiont

* Emission intensity of:

* 0.390r0.6 or 0.85tof CO, pertofcement
* 1.6 or2.4 or 3.5billiont/year
* Sweden - ca 2 Mt/year of CO,

The International Energy Agency (IEA) notes that the emissions intensity has remained relatively
Stable since 2018, at just under 0.6 t CO, per tonne of cement produced.



Cement manufacturing is a highly complex process.

Raw materials, energy,
and resources Clinker and cement manufacturing

Quarry Crusher Transport’ Raw Kiln and preheater/ Cooler? Cement mill Logis- Total
mill precalcinator? tics*
Energy, 40 5 40 100 3,150 160 285 15 3,885
mega-
joule/ton
CO,, 3 1 % 17 479 319 28 49 22 926
kilogram/ton Calcination Fossil

process fuels

'Assumed with tkWh/t/100m.

’Assumed global average, data from the Global Cement and Concrete Asscciation, Getting the Numbers Right 2017
*Assumed reciprocating grate cooler with 5kWh/t clinker.

‘Assumed lorry transportation for average 200km

McKinsey
& Company

40



Emissions and production in the future (2020-2050)

Basic materials industry emission
intensity trajectory (2020-2050)

Energy industry emission
intensity trajectory (2020-2050)3

(tCO,e/t production)® (kgCO_e/bbl and tCO_e/MMcf)F7
16.10
' 11.50
a7 14.3
245
220
1.87 1.90
B.1
43
30
0.59
0.50 045 26
0.22
0.10 . 0.03
Aluminium’ Ammonia? Steel Cement Qil Natural gas
@ 2020 @ 2020 ("reduced emission”) 2040 2050 (*low-smission”)

Production increase from 2020 to 2050 under business-as-usual (BAU)
and IEA Net Zero by 2050 scenarios

+80%

171IML

+43%
+37% ° +30%

+31%
+16%

B.0Bt

Aluminium?® Ammonia* Steel Cement Natural gas Qil

. 2020 . 2050 - business as usual' . 2050 - net-zero emissions®

WEF_NetZero_Industry Tracker_ 2022 Edition.pdf

RISE — Research Institutes of Sweden 41


https://www3.weforum.org/docs/WEF_NetZero_Industry_Tracker_2022_Edition.pdf

Challenges and the progress - Sweden

&4 N\

" ’ (] o [ ] o
Zero-vision for Swedish cement production
Mgt o1 K €O, ton cament
Cementbranschen e
900
. Energy efficiency

700 Biofuels

600
New cement types

500

400 Carbonation
S0 CCS/CCU
200

100

0
‘ 1990 1994 1998 2002 2006 2010 2014 2018 2022 2026 2030

Fardplan for cementbranschen reviderad oktober 2023 (002) (3).pdf



file:///C:/Users/katarinam/Downloads/FÃ¤rdplan fÃ¶r cementbranschen reviderad oktober 2023 (002) (3).pdf

43

Swedish Roadmap & Policy Drivers

iga puzzolaner -
Terminologl, specifikationer och kriterier for overensstammelse

Torminology, specifications and conformity criteria

" ©

SLS e

|/

>

=ty

Policy Frameworks

Sweden’s sustainable construction relies on policies like EU ETS
and CBAM to reduce carbon emissions and encourage low-
carbon materials.

Climate Declarations & Standards

Mandatory climate declarations and standards like SS 137003
and EN 206 promote verified low-carbon concrete in construction
projects.

eContant verification

Innovative Materials & Technologies

Adoption of blended cements, supplementary cementitious
materials, carbon capture, and carbonation technologies
supports deep decarbonization.

)

. Bygg- och
anliggningssektorn

h
' A 4




Svensk Betong - Guidance

Klimatpaverkan Befintlig teknik — | — Tekniksprang - ny teknik
A Resurs-
effektiva . .
100 % — konstruktioner “ Optimering &
Ritt betong N elektrifiering
pa rétt plats transporter
Energi-
=] effektivisering
tillverkning & ' o timerade -,
transport " hindemedel & sSP st s serne
klimatfarbatt- = . Klimatférbattrad
— rad betong : G
50 %
] Implementering
av klimatneutral
betong
1990
basar

Halverad klimatpaverkan

All betong som anvands
pa svenska marknaden ar
klimatneutral betong

Klimatneutral betong

mojligt idag = malsattning i finns p& marknaden

fardplan for husbyggnad




Climate-improved con

Fabrlksbetong

Tabell 1 Klimatpaverkan GWP-GHG, kg CO2-ekv/m*
Exponerings- Hallfasthets- H :
& VEL g
(s i Bransch- Klimatfdrbittrad, max
referens. NKaT Niva 2 HWAS s

Hus Invindigt
RFaw = 85%, tex plastmatta och X0, X&1 CE0/60 035 368 330 290 255 < 220
vissa fall parkett

RF ey < 90%, tex bilklag X0, 1 €35/45 0,45 305 275 245 215 <185

Hus Invindigt

Inomhus med 13g fuktighet X0, X1 €30/37 055 255 230 205 180
X0, XC1 €28/35 060 240 215 120 170
X0, XC1 £25/30 0,65 225 205 180 160
X0, X¢1 cl6/20 0,70 208 185 165 145

Parkeringshus
Slutet, uppvarmt, utsatt for XD3 C40/50 0,40 340 305 270 240 < 205
saltstanic

SVENSK RETONG

Grundkonstruktioner
Frostfritt under GVY xC1 €30/37 055 255 230 205 180 <155

K I i m a t f(") rb étt ra d Ej Frostfritt éverdinder GVY XC3, XC4, XF3 c28/35 055" 270 245 215 190

Hus Utomhus, e| salt

b et O n g Yttervagg, balkong, sockel XC3, XC4, XF3 c28/35 058 270 e 25 wor (D

Hus Utomhus, salt
Parkeringshus, kallt XD3, XF2 €35/45 0,40% 340 308 270 240 | < 205

Anl4ggning Utomhus, salt
och frost se Betongrapport 11

Utanfér zon 2. Tex stéadmurar. XC4, XF2 €28/35 0,80+ 325 200 260 228 < 1985
| zon 2, ej | stankzon XD2, X$2, XF2 <©32/40 0,45+ 35 320 288 250%
Tesaltade vigar och vagbroar, XD3Z, X§3, XF4 €35/4
konstruktioner i eller invid
hawsvatten Fabriksbetong
Tabell 2 Kiimatplverkan GWP-GHG, kg CO2-ekv/m*
Exponerings- | Hifasthets- Vet gu®
sy Wass? Branser Kiimattoroatind, max
- . reforens . 13 33
> Typisks vérden/kiasser. Styrs framst av exponarin: och f oval e B e
** Max Vet a f exponetingsiiassen enligt S8 1370032021 samt T Hus invandigt
*¥* Standarder och regelverik i Sverige begransar maojlig reguktion ::::;l&::k‘:l( SesuREa oY b e Lok d L 2 20 X0 55 320
Svensk Betong Vagledning Klimatforbattrad betong utgdva 20
RFyy < 90%, tax batkiag %0, %00 35745 0.45 306 k1.3 248 25 LB
Hus invandigt
Svensk Betong nombus med 189 fuktighet X0, %C1 30737 0ss =5 230 205 180 | 285
R . . . X0, %61 c2e/3s 080 240 as 190 7o | 2us
Tabell 1: Exempel pd berdknad kiimatpdverkan, A1-A3, frdn fabni X0, %C1 ca5/30 088 5 208 180 %0 | sBs
kiimatférbatiras. Branschreferenserna &r uppskattade medelvi X0, %C1 c16/20 0,70 206 185 had M5 | =ns

157804 + Al Variationer férekommer beroende pd Forutssttnin,
procent reduktion eller mer [ forhdllande till en branschrefere
regeiverk och produktionstekniska forutsattningar. For omrékn

Svensk Betong Vagledning KNmatfarbaterad betong utgdva 20

Tabell 2- Utdrag ur tabell 1 dar pilarna iflustrerar hur man genom att valja, dels raet (vertisal ing i tabelfen),
dels en kiimat forbsttrad betong, (horisontell féeflyttning i tabellen), kan uppna stor reduktion av CO2-utsispp.

“40




25% 50% 85%

reduction reduction reduction

Present 025 2030 mas 4D 045

CONSISTENT REDUCTIONS

CONSISTENT REDUCTIONS
CONSISTENT REDUCTIONS
Peak impact

TECHMOLOGICAL DEVELOPMENT

: CONTINUED IMPACT
N O BN N BN BN BN N BN .

TECHMOLOGICAL DEVELOPMENT

: : : : CONTINUED IMPACT

TECHMOLOGICAL DEVELOPMENT

Strand contribution towards Net Zero — LCCG Low Carbon Concrete Group (UK)



Omvarldsanalys —Storbritannien (2022 april)

The Green Constryction Board

Low Carbon Concrete Routemap: selected actions to 2030

The creation of a Concrete Decarbonisation Taskforce would catalyse activities and allow their coordination to realise the most rapid transition to a low-carbon concrete industry in the UK

Knowledge

Low Carbon Concrete
Routemap

Setting the agenda for a path to net zero

Low Carbon Concrete Group
The Green Construction Board

CONTINUOUS
BENCHMARKING

2022

Public reporting of CO,e for all concrete
works against the LCCG benchmarking
as standard practice

Clients define product requirements
using the LCCG benchmark rating
criteria and commit to buying
conaretes that meet that criteria

Periodic updating of LCCG benchmark
and guidance

2030

(CO,e calculations based on
kg CO,e/kg of materials as used,
not general database values

KNOWLEDGE
TRANSFER

Formation of Concrete Decarbonisation
Task Force and repository to showcase
low-carbon technologies and initiatives.

Working group to assess risk and
consequence levels and where the
use of different concretes should be
accepted or expected

Encourage pilots of low-carbon concrete
materials and technologies with a focus
on rapid scale-up. Mandate piloting on
publicly funded projects

Develop performance-related standards

DESIGN AND
SPECIFICATION

Increase utilisation factors and
optimise elements through
geometry, including forming voids
and profiled sections

Include requirement for embodied

n measurement within specification
and set a target if possible, using the
LCCG benchmark

Creation of a one-stop low-carbon
concrete portal where the industry can
find up-to-date guidance

Continuous improvements in
efficiency, designing with re-used
elements and for re-use

USING CONCRETE

SUPPLY AND
CONSTRUCTION

Add a requirement for procurement
to take account of CO,e
throughout the supply chain, with
measuring mandatory

Develop guidance on carbon reductions:
minimise waste through BIM, avoid
sacrificial concrete in temporary work,
adopt working methods that are less
reliant on early strength

Modify batching plants to enable
production of lower-car

concretes. For example, add silos for
alternative SCMs, add dispensers for
AACM activators

Reclaim cementitious material and
aggregates from demolition arisings for
reprocessing and use in new concrete

OPTIMISING
EXISTING
TECHNOLOGY

Increase and optimise use of GGBS,

fly ash and limestone as an SCM

with adoption of additional
multi-component cements into standards

Propose aternative lower-carbon
concretes/mixes to clients, including as
pilots. Enabled by, for example, changes
to minimum cement content for durability

Fly ash reclaimed from stockpiles as
an SCM and plant locations and mixes
optimised for use

Al/sensing enabled rea-time adjustment
o optimise mix design used at scale

ADOPTING NEW
TECHNOLOGY

Identify days in the UK with mineralogy
suitable for calcining to use as
cementitious materials (SCM or AACM)

Convert PAS 8820:2016 to a
British standard

Accelerated test methods to
determine long-term properties of
new concrete products

AACMSs based on calcined day
(including metakaolin)

MAKING CONCRETE

CARBON
SEQUESTRATION

Coordinated database of pilots

required and identification of optimal
locations for factories that will make use
of captured CO,

Increase in projects using concretes that
incorporate CO, and also cure using it

Establish pilots of CO, capture at
cement works

Synthetic SCMs/AACMs and aggregates
that sequester CO, during manufacture

ortunity t
h can in prin

2050

Mass roll-out
and transition to

NET ZERO




BETCRETE 1.0-2.0-3.0 -
national implementation
Initiative (reserach-innovation
project)

30 industrial partners

 Concrete producers’ association

Technical consultants

Authorities

University




Reduction of Clinker Content — by what?

Focus on CO,- neutrality
Cement & Concrete in Sweden

Estimated Global Production of Cement and Alternative Binders

* Challenges and Local Resource
Exploration

* Limited availability of fly ash and slag drives
exploration of alternative materials such as

o

+ Use of Supplementary Cementitious Materials Clays vulcanic pozzolans from Island industrial
A pozzolan...

2, | jiniiij :

& 2 jil l * Climate-Improved Concrete and Market

H Trends

23 10 * Rising demand for climate-improved concrete is

Se :;;’:u‘;"e supported by updated standards, procurement

policies, and innovation collaboration.

0
1990 2005 2007 2009 2011 2013 2015

’Right material for right application’




concerning 'Right material for right application’

Clinker content in concrete since 1940 Sweden

Sustainable construction 2017
CBI Stockholm - 1944 Modern house BRF Viva

275 kg clinker/m3 350-400-500 kg clinker/m3 220-300 kg clinker/m?3

Requirement for drying of
floor elements!

50



Statistics for KPIs

TOM
FISH
URNE
OUR NEW
DASHBOARD
HAS ALL OF WHAT’S ITMEASURES
THE DIEEERENT || THAT KPI HOW WELL WE
KeI’S WE CAN || TRENDING UNDERSTAND
TRACK NOW. || TO ZERO? THEM ALL.

® marketoonist.com
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BETCRETE 3.0

GWP - A1-A3 (no reinforcement)

3 340 325 371
_-I-é
290 -
O 313 ql:& 287 281
— 281
= 272
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BETCRETE 3.0

Alternativ binders (%)

12.4

11.1

Andel alternativa bindemedel,

2020 2021 202 2023 2024



BETCRETE 3.0

Binder in kg/m3

kpfm

Hirdemedelshalt,

S00

440

380
360
340
320
200

406

bk sbetong

i P i by

406

- 403 403
e ————
199 199 -
193
s 390
2020 2021 2022 2023 2024



BETCRETE 3.0

Compressive strength (MPa)

yckhallfasthet, MF;



BETCRETE 3.0

Innovations & Research Highlights

Industrial By-product Valorization

Copper slag and other industrial by-products are used as supplementary
cementitious materials to reduce cement use.

Low-Carbon Cement Alternatives

Natural pozzolans formulations provide a sustainable alternative to traditional
clinker-based cement.

Circularity and Reuse Projects

Reuse of prefabricated concrete elements reduces waste and supports circular
economy in construction.

Carbonation and Al Technologies

Accelerated carbonation and Al-driven predictive modeling improve material
properties and durability assessments.



BETCRETE 3.0 - alternative binders

M
‘BOLIDEN
W

Metals for modern life

Heidelberg
Materials

-

VPI

SS 137004 - new standard for use of natural puzzolana

SS 137007 - standard for use of artificial puzzolana (2026)



BETCRETE reports
www.diva-portal.org

SAMHALLSBYGGNAD
m  HALLBART BYGGANDE

SE BETCRETE 3.0

BETCRETE 3.0 - Alternativa bindemgeh
utveckling, verifiering och tillampning

Katarina Malaga, Stefan Sandelin, Urs Miiller, Ake
Roos, Emma Zhang, Alexander Akerlund, Henrik Vinell,
Thomas Blanksvard, Henry Flisell, Markus Petersson,
Ingemar Lofgren, Armin Taheri, Jan Suchorzewski,
Sara-Olivia Blylod, Nadia Al-Ayish, Oskar Linderoth;
Niklas Johansson

RISE Rapport 2025:47
ISBN 978-91-90036-34-1

SAMHALLSBYGGNAD
m  HALLBART BYGGANDE

S BETCRETE 3.0

BETCRETE 3.0 - Hé!lbarhetsindikato?f&r
cement och betong (2020 - 2024)

Katarina Malaga, Malin Lofsjogard, Staffan Carlstrém, Karin Gabel,
Erik Enecker, Lars-Erik Ericson, Ingemar Lofgren, Nils Kagstrom,
Oskar Linderoth, Christopher Mértsell, Janna Karlsson, Ulrika
Ahlund, Benjamin Krutrok, David Lindblad, Jonas Carlsward, Mats
Emborg, Stefan Ostman, Johan Hedman, Erik Liljeby, Erik Mansson,
Henrik Vinell, Thomas Blanksvard

RISE rapport 2025:44
ISBN 978-91-90036-31-0

§AMHALLSBYGGNAD
u HALLBART BYGGANDE

S E BETCRETE 3.0

BETCRETE 3.0 - Betong med certifierad flygaska
till dricksvattenanlaggningar

Katarina Malaga, Elisabeth Helsing, Oskar Linderoth,
Asa Nilsson, Jenny Astrém

RISE Rapport 2025:48

1SBN: 978-91-90036-35-8

BUILT ENVIRONMENT
n INFRASTRUCTURE AND

S CONCRETE TECHNOLOGY

Potential for use of activated clays in concrete
in Sweden - Roadmap

Urs Mueller, Gilles Plusquellec, Katarina Malaga

S hepert 2021110

R I BUILT ENVIRONMENT
B |NFRASTRUCTURE AND

E CONCRETE TECHNOLOGY

Activated clays as supplementary
cementitious material

Gilles Plusquellec, Arezou Babaahmadi,
Emilie L'Hopital, Urs Mueller

RISE Report 202125

BUILT ENVIRONMENT
m  NFRASTRUCTURE AND

S CONCRETE TECHNOLOGY

= * - >
Biomass ash as supplementary cementitious
materials: Characterization, application, and
re-conditioning

Gilles Plusquellec, Emilie L'Hopital,

Arezou Babaahmadi, Urs Mueller
RISE Report 2022:30
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Underlittar val av riitt
betong vid ratt tillfalle

Klimatforbattrad betong aringen nyhet langre. Det har gjorts stora
framsteg inom implementering av betong med lagre klimatavtryck
inom bygg- och anlédggningssektor under de senaste 5 aren sedan
BETCRETE-projektet startade och borjade félja upp anvandningen
av klimatforbattrad betong inom olika byggprojekt.

TEXT: KATARINA MALAGA. EVA-LOTTA KURKINEN, INGEMAR LOFGREN. NADIA AL-AYISH. NILLA OLSSON & KRISTIAN KALL

Future Outlook and Conclusions

CCS Facility Development

Sweden plans a CCS facility in Slite by 2030 to capture 1.8 million tons of CO,
annually, advancing sustainability.

Climate-Neutral Concrete Market

Climate-neutral concrete is anticipated between 2030-2035, enabled by CCS,
CCU, and SCM technology advancements.

Collaboration & Innovation

Cross-sector collaboration is vital to align standards, innovate, and ensure
economic viability in sustainable construction.

Strategic Integration

Integrating portfolio diversification, circularity, and carbon capture forms a
unified strategy for sustainable growth.
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Latvijas Latvijas XXIl Betona olimpiade — 2025

Betona . :
Savieniba XXII Latvian Concrete Olympics — 2025

26-27 November, 2025

Latvijas Betona savienibas sacensibas

BETONA OLIMPIADE 2025

JAUNS NOLIKUMS

Prezentaciju sagatavoja:
Presentation prepared by:

Genadijs Sahmenko (RTU),

Tomasz Nowacki (STACHEMA
Polska)

Sadarbiba ar

4 1862 -
Latvijas >
Betona stachema I

LS RIGAS TEHNISKA
Savieniba > UNIVERSITATE



2. Light-weight concrete

1. Concrete :
- Density < 2000 kg/m3

- The lowest diviation from - - The highest compressive strength
1. Kategorija BETONS. 2. VIEGLBETONS.
- Tris paraugu serijai tiek izrékinata vidéja - Tris paraugu serijai tiek izrekinats:
absollta novirze D no 85 MPa. vidéjais stipribas rezultats Xay (MPa);
I = (abs(X1-85)+ abs(X2-85)+abs(Xs-85))/3, - blivums
Seit X1, X2, Xs— katra parauga spiedes sausa stavokli nedrikst but lielaks
stipribas rezultati (MPa). par 2000 kg/ma3.

18 x3=54 A total of 99 samples 15x3=45

samples were tested samples



Latvijas Betona olimpiade — 2025

No Komandas nosaukums Parstaveta organizacija, uznémums
1 |primx red cubes Primekss
2 Monolit Z Primekss SIA
3 \viadukts LLKU SIA "Viadukts"
a Rigas Tehniska universitate, ligtspéjigo
Studenti uz 100 blvmaterialu un inZeniersistému institats
5 BPCL Betona pétijumu centrs
6 grey matter 7/S Celmini-1
7 Viegls, bet spécigs SIA "SCHWENK Latvija"
8 |lbzmB MB Betons
9 |LDzB GRC Liepajas Dzelzsbetons MB
10 |RBPC Rigas Betona pétijumu centrs
11 |vaTB Valmieras MB
12 |14:8 Dzelzsbetons MB
13 pgpcC Betona pétijumu centrs, SIA Daugavpils
14 |KORO BUVE SIA KORO BUVE
15 |ATB Transportbetons MB AdaZi
16 1B Transportbetons MB Jelgava
17  |pdzB Daugavpils Dzelzsbetons MB,SIA
18 .
DTB Daugavpils MB
19 |[SAKRET SIA SAKRET
20 _
RTU R.Bendrats RTU
21 .
RTU P.Slosbergs <2000 RTU




Latvijas Betona olimpiade 2025
ZURIJAS KOMANDA

Eduards Protasevics
Andrejs Krasnikovs

Girts Kolendo

Pauls Argalis

Egils Zvejnieks

Genadijs Sahmenko

Paldies visiem RTU
studentiem, kas
palidzéja:

Anda Brauna

un citi




Latvijas Betona olimpiades atbalstitajs — Stachema Polska

Betona
Savieniba Supporter of the Concrete Olympiad - Stachema Polska

Kops 2018. gada STACHEMA Polska ir Latvijas Betona savienibas biedrs, ka ari jau
vairakus gadus ir galvenais atbalstitajs Latvijas Betona olimpiadei, ko organizé Latvijas /\
Betona savieniba (LBS) sadarbiba ar Rigas Tehnisko universitati. st

A\—g

STACHEMA ir viens no vadoSajiem betona piedevu razotajiem, kas gadiem ilgi pieradijis
sevi gan Polijas, gan starptautiskajos tirgos.

Tomasz Nowacki (STACHEMA Polska, Vice-President )

Pirmas tris vietas katra kategorija sanems naudas balvas no Stachema Polska Sp
z 0.0.(1.vieta—-1000,- EUR; 2. vieta-800,- EUR un 3. vieta - 600,- EUR).




Results: Concrete (15 series x 3 samples)

Averege compressive strength, MPa

100.00

ou08 94.43 96.39
93.41 . -
95.00 90.26 90.94
50.00 86.67 i
— 84.94 85.00
R
80.77 78.95
80,00 78.64 . 78.70
75.00 - 72.43
70.00
65.00
60.00
10 20 21 22 23 24 25 26 27 28 29 30 31 32
Wfcav.
Averege absolute diviation, MPa
14.00 4557
12.00 11.39
10.00 9.08 .48
8.41

.00 7.05

6.36 6.05 £.30 - 5.94
.00 -

4.23
4.00
1.67
2.00 0.87
10 30 21 22 23 24 25 26 27 28 29 30 31 32

m Delta



Betona olimpiades atbalstitajs — Stachema Polska

“‘ Latvijas Supporter of the Concrete Olympiad - Stachema
“ Beton? Polska
ST savienibs Category: Concrete / Betons

f. av. =84.94 MPa

D =0.87 MPa

f.,av.=86.67 MPa B .\
D=1.67 MPa e e f.av.=89.16 MPa

D=4.16 MPa




2100

2050

2000

1950

1900

1850

1800

140.0

120.0

100.0

80.0

60.0

40.0

20.0

0.0

Results: Light-weight concrete < 2000
kg/m* (18 series x 3 samples)

p max, kg/m?

2047
2027 2026 2027
2003 2010 2011 2002 2009
1963
1991 B8 1939 198 109
1902
1881 1873
I 1802
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Hrmax
Averege compressive strength, MPa
146.7
122.0
1003 1107 110.7 1073
) 91.4 95.3
85.4 84.1 845
775 75.0
68.0 64.5 y
A5.2 47.2 46.4 I I
1 2 3 < 5 6 7 8 9 10 11 12 13 14 15 16 17 18

u fc av.



Betona olimpiades atbalstitajs — Stachema Polska
Supporter of the Concrete Olympiad - Stachema

#“ Latvijas o
Betona Olska
T savieniba Category: Light-weight concrete /
Vieglbetons
Pmax = 1985 kg/m?3
f.av.=146,7
P = 1991 kg/m3
= 3
f,av.=91.4 MPa Prnax = 1989 kg/m
f.av.=85.4

MPa

GPT: most published LW-UHPC
work reports peak strengths in the
100-160 MPa range at densities

3

] :
.
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Gatavojamies 2026. Nolikums,
gada olimpiadei ! Jaunie mérki ?!

CONCRETE
COMPETITIONS |

THE STRONGEST
_ LIGHT-WEIGHT _
5, CONCRETE

Created by artificial BEST STR EN GTH L
Eedeales SAMPLE PREPARATION

Created by artificial intelligence



Heidelberg Mat:

Pt -

Carbon Capture

A show off — or the future?

27/11/2025 | Brevik CCS | Latvia concrete day
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Why cement production is CO,intense

Other
2%

Calcination
64%

27/11/2025 | Brevik CCS | Latvia concrete day 75
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We are pulling all levers on our path to net

_—_ N\
576 kg CO;/t cem

Clinker
measures

Levers to reach our Net Zero target

15-25%

@ Clinker Measures

Increase efficiency of plants
25-40% >50% Alternative fuels rate
20% Biomass fuels rate

400 kg CO,/t cem Cement
measures

. Cement Measures
Clinker incorporation: <64%
Drive circularity

Contribution to Net Zero

@ Breakthrough technologies

sy New technologies, such as CCUS

Scope 1
CO, emissions

I Net Zero

27/11/2025 | Brevik CCS | Latvia concrete day 77



Carbon capture is the biggest lever for cutting emissions in cement

Abatement costs for complete decarbonization of the sector, scope 1 and 2 emissions ($/t CO,e)

150 - L )
. 6% of residual
emissions can
be abated with
) removal credits
. following SBTi

', guidance

100

50

80% 100%
Abatement potential (% of total CO.e p.a.)

-200 T

P Clinker substitution Energy & process efficiency [ Fuel switch Renewable electricity [JJl CCUS . Remaining emisisons’

1. Residuals emissions coming from uncaptured emissions and upstream emissions associated with feedstock | Note 1: Marginal abatement cost
depends on the company maturity and starting point in the decarbonization journey; Note 2: Based on the US market as of November 2024 | Sources:
Enerdata, IEA, WoodMac, Cembureau; EC JRC, ECRA Technology Papers; MPF; BCG Net Zero Explorer Qg{]



. Carbon capture, Longship
. Carbon capture, commercial
. Receiving terminal

. Permanent storage

01 | Carbon capture from industrial sources incl. Brevik cement
plant, Heidelberg Materials

STOCKHOLM

EXERGI
02 | Transport to @ygarden, Northern Lights z \)

03 | Pipeline to storage in North Sea, Northern Lights

Supported by state funding for installation @RSTED

and 10 years operation

27/11/2025 | Brevik CC



Brevik CCS: The world’s first and only industrial-scale
carbon capture facility in a cement plant

o[ ol

CO:; CO:
400,000 tonnes 55 tonnes
of CO, peryear of CO, per hour
i i
Capturing 50% of the plant’s CO, 46 MW waste heat recovery — ca 30
emissions - limited by available MW from cement kiln, 16 MW from
waste heat CO, compressor

0 27/11/2025 | Brevik CCS | Latvia concrete day



How to catch the carbon dioxide — and store it

Cleaned flue gas

with little CO,
Temporary storage
CO, gas
Circulation of Compression
amine solvent
Flue gas Fan
>< 15bar | Liquid cO,
e | e |
« Heat from cement
process
BOILERS N
Cooling and Absorber - binds the Desorber — separates CO,
cleaning CO, to the liquid from amine by boiling
amine

v

27/11/2025 | Brevik CCS | Latvia concrete day 81



From capture to storage

CEMENT MANUFACTURING PREPARATION FOR TRANSPORT CARBON TRANSPORT VIA SHIP RECEIVING TERMINAL PERMANENT CARBON STORAGE
& CARBON CAPTURE Liquefaction and intermediate Purpose-built ships transport Upaon arrival in @ygarden, the Permanent storage of CO,
400,000 tonnes of CO; captured annually onsite storage the liquid CO; at -26°C for CO,is further compressed and via 110km pipeline,
via amine-based CCS technology 4 days to @ygarden pumped into the pipeline. 2.6km below the North Sea
:‘-‘ ”':_ _f{_\“\_ _/{_H'\_
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Milestones in the Brevik CCS project

1. December 2024: Mechanical completion
12. February 2025: First CO2-capture

5. May 2025: First liquefaction of CO2

9. May 2025: 1000 tons of CO2 captured

28. August 2025. First CO2 confirmed stored at
Northern Light.

15. September 2025: First P-EPD for CCS published

17. October 2025: The world's first evoZero cement was
delivered and the first pour of concrete with evoZero
cement was made

27/11/2025 | Brevik CCS | Latvia concrete day
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Skgyen Station

Norway

One of the very first deliveries of
evoZero supports the
construction of the new Skayen

Station in Oslo, Norway, w 4. ; ¢ A - N
constructed by Skanska. ¥ | RS F SN . * 3 E =]




We have the most advanced CCUS project portfolio —
driving global advantage

FID! taken Close to FID! stage Advanced development

Hjmm Brevik, Norway g Padeswood, UK I*I Edmonton, Canada Devnya, Bulgaria
mImm 400kt CO, p.a. zlla> 800kt CO, p.a. 1,100kt CO, p.a. 800kt CO, p.a.
] Lengfurt, Germany Geseke, Germany
CCU, 70kt CO, p.a. 700kt CO, p.a.
mmm Slite, Sweden
Large-scale pilot projects on capture or storage WEE 1,800kt CO, p.a.

I I Antoing, Belgium
Ennigerloh, Germany Mergelstetten, Germany 800kt CO, p.a.

LEILAC 2, 100kt CO, Oxyfuel, 100kt CO,

I I Airvault, France

Devnya, Bulgaria 1,000kt CO, p.a.

Gorazdze, Poland
— OxycCal, 50kt CO,

CO, Transport + Storage

|

Mitchell, USA
2,000kt CO, p.a.

Rezzato, Italy
1,000kt CO, p.a.

1 Final investment decision

27/11/2025 | Brevik CCS | Latvia concrete day



Supporting framework needed for a successful rollout of CCUS v

V’I
a

¥

A broad exchange between industry leaders, scientists, and policy
makers is required to ensure an environment that enables industry
transformation.

To accelerate CCUS project realization, we need:
* CO, transport & storage infrastructure to be in place

» Carbon pricing schemes with revenues being re-invested into
decarbonisation of point sources

* Lead market and procurement schemes to promote low-carbon
materials, incl. chain of custody models

e Carbon removals to be recognized in compliance markets

27/11/2025 | Brevik CCS | Latvia concrete day 86
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We are the first in the world offering
cement products based on CCS:

evozero

1875 RggMaterials SLB meeting | Brevik CCS | Vetle Houg




evoZero® de-
liveries begin

across Europe

Heidelberg Materials launches evoZero®, the
first near-zero carbon captured cement.

~ -

18/12/2025 Heidelberg Materials and Brevik CCS



Accurate and transparent CO,
accounting

Carbon bank storage

Secured by blockchain-like
technology

Third-party verification

18/12/2025 Heidelberg Materials and Brevik CCS



The Carbon bank - keep track of the savings-

i

[ DNV ]QZO-- Carbon Bank ]

1.[
Cement

A EPD e
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——) Product

Carbon reduction/declaration
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25
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|

Permanent
storage

Heidelberg Materials and Brevik CCS
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evoZero: embodied carbon reduction — creating
Immediate customer value

Building lifecycle carbon emissions

[llustrative example

Building operation &
demolition

Building materials &
construction

y evozero

Carbon captured near-zero cement

27/11/2025 | Brevik CCS | Latvia concrete day

Customer value creation

Better loan terms

Reach carbon reduction targets

Green occupancy premium

Green rent or sales premium




Heidelberg Materials

Thank You.

27/11/2025 | Brevik CCS | Latvia concrete day
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DECARBONIZATION
OF THE LATVIAN st

KriSjanis Lejnieks
Products & Process Technology manager r

27/11/25
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CEMENT PRODUCTION PROCESS

Homogenization of raw materials,

+ other additives, pre-heating and burning

grinding

Clinker Raw materials

limestone (80%) +

clay (15%) + sand (4%) +
Cement iron oxide (1%)



PRODUCTION OF CEMENT
AND CONCRETE

fuels:
alternative
fuels

(AF)

+ natural gas,
coal

> 1500°C | . ¢

other materials,
slag, fly ash,

irone ore

e

concrete

gypsum or

sand anhydrite




CLINKER

Core component of
cement. Produced by
burning mixture of

limestone, clay, sand
and iron oxide in the
high temperature kiln.




EMISSIONS IN CEMENT PRODUCTION
WHERE DOES CO, ORIGINATE IN OUR PRODUCTION PROCESS?

FUEL DETERMINED RAW MATERIAL
EMISSIONS e DETERMINED
Emerge through use of fossil and \ EMISSIONS

Bound in limestone and are
released in burning processes

alternative fuels in rotary kiln.,

The further reduction of these

emissions is our first priority. The possibility to reduce

these emissions is rather

limited.



GOALS FOR REDUCING CO, EMISSIONS IN BROCENI PLANT

GOAL 2

v" Until 2025: Reduce the
average clinker factor (%
clinker in cement) by
10% compared to 2018

GOAL 1 (s

v" Reduce the CO, =
emission factor of the
clinker by 50 kg/t CO,
until 2025 compared to
2018

Reduction of CO, » Until 2030: reduce by

> Keep Alternative fuel emissions another 15%

rate close to 100%

GOAL 3

By 2030 — the first CO,
capturing plant in the
group (Broceni) catching
yearly 800.000t CO,




GOAL 1 - REDUCE CO2 EMISSIONS IN CLINKER PRODUCTION

CO, REDUCTION DYNAMICS 2009 - 2024

CO; reduction dynamics in Broceni cement plant £ 00/t clinker

12
| 0.722
| [ ITZ_U average
deer 0.766
installations EU benchmark 3 period 0.693
08 — in — - .
_anizoy_ 2P hromb i
06 — - - - - - -
1.101 0.743 0.720 0.710 0.700 0.690 0.696 0.698
Broceni BK4 Broceni BKS Broceni BKS Broceni BKS Broceni BKS
04

2009 2018 2019 2020 2021 2022 2023 2024



GOAL 1 - REDUCE CO2 EMISSIONS IN CLINKER PRODUCTION

ALTERNATIVE FULE RATE IN BROCENI CEMENT PLANT

Alternative fuel rate,
Broceni cement plant AF rate %
2024

100%

97% -

— 8%

— T0%

— 60%

— 50%

— A0%

— 0%

— 0%

| . 1
P 321 | se.2% | 62 | 687% | 70.2% | 76.3% | 73.% | 73.0% | 7% | 72.0% | sa% | sosee | 9a.6% | 9550 | an20 [ELETAIETTA

2009 2010 2011 2012 2013 204 2005 2006 2017 2018 2019 2020 2021 2022 2023 2024  BP2025 BP2026

0%




TYPES OF ALTERNATIVE FUEL IN BROCENI CEMENT PLANT

Solid recovered fuel Chipped tires Tire fluff NPS
(SRF) (neutralized polluted
soil)



GOAL 2 — CLINKER FACTOR REDUCTION IN CEMENT
SUPLEMENTARY CEMENTITIOUS MATERIALS IN SCHWENK GROUP

The use of SCMs is highly
affected by their availability
In the region, impact on
cement and concrete
properties

SCMs currently used in
Latvia — limestone, opoka
(pozzolan), slag.

" Ny .’ Mg
o - Epe-
b '..-
v . "

Natural pozzolan




GOAL 2 — CLINKER FACTOR REDUCTION IN CEMENT

PRODUCT EPD

Environmental impact Net

© epd-norge Indicator Unit A1-A3
Gl o g GWP-total, gross kg CO2 -eq 5,24E+02
) . GWP-fossil, gross kg CO2 -eq 5,23E+02
Environmental product declaration GWP-biogenic, gross kg CO2-¢q ——
in accordance with ISO 14025 and EN 15804 +A2 GWP-luluc, gross kg €Oz -eq 831E-02
CEM I1/B-M (S-LL) 52.5 N (Viridiscement) R T I kg CO2-eq SRt
_ GWP-fossil, net kg CO2 -eq 4,30E+02
- GWP-biogenic, net kg CO2 -eq 6,78E-01
GWP-luluc, net kg CO2 -eq 8,31E-02
CWRS kg CO2 -eq 0,00E+00
CWNRS kg CO2 -eq 9,30E+01
cC kg CO2 -eq 3,35E+02
CCSs kg CO2 0,00E+00

GWP-total, gross = Global Warming Potential total, gross (GWP-fossil, gross + GWP-biogenic, gross + GWP-luluc); GWP-fossil, gross = Global Warming Potential fossil
fuels, gross (Description according to EF 3.1); GWP-biogenic, gross = Global Warming Potential biogenic, gross (Description according to EF 3.1, in accordance with EN
16908, CF of carbon dioxide biogenic is 0); GWP-luluc = Global Warming Potential land use and land use change (Description according to EF 3.1); GWP-total, net =
Global Warming Potential total, net (GWP-total, gross minus CWRS and CWNRS); CWRS = Emissions from combustion of waste from renewable sources (GWP from
secondary fuels' combustion considering CH4 bio emissions); CWNRS = Emissions from combustion of waste from non-renewable sources (GWP from secondary fuels’
combustion CO2 fossil, CO fossi, N20 and CH4 bie fossil); GWP-fossil, net = Global Warming Potential fossil fuels, net (GWP-fossil, gross minus CWNRS); GWP-
biagenic, net = Global Warming Potential

A
SCHWENK
r— ——— = GWHP-total, gross VS GWP-total, net

SCHWENK Sverige AB The Norwegian EPD
Foundation
Product:
¥ SCHWENKO oo —— - - .
¥ SLHIWENRE—— = Electrical power for manufacturing — guarantees of origin
Declared unit Registration number:
1 tonne NEPD-11794-11729
This declaration is based on Product  lssue date:
Category Rules: 11072025
The Norwegian EPD Foundation CEN Standard EN
15804:2012+A2:2019 serves as core Valid to:
PR 11072030
EN 16008:2017 Cement and buiding S s
- LCAnG £PD generator ID:
1114542

1/1



GOAL 3 - FIRST DECARBONIZED CEMENT PLANT IN SCHWENK GROUP
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Carbon capture and utilization

Carbon capture (CC) Carbon capture and storage (CCS) (CCU)
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KriSjanis Lejnieks

-
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BROCENI CARBON
CAPTURE PROJECT

7777
;;;
25’

e e £/ ) SUSTAINABILITY THAT WORKS.
CCS Project Director | = \
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WHY CARBON CAPTURE?
HEDGING AGAINST FUTURE RISKS

At a CO2 price of 150 EURM/,
Brocéni cement plant will need
100M EUR/year to purchase
CO, allowances in 2034.

11
From 2040, CO, emission
allowances will no longer be
available => carbon capture
or closure of the plant

Avots: GCCA 2024, UN Environment program 2024, |IEA.



PROJECT TIMELINE
BROCENI DECARBONIZATION LONG-TERM INDICATIVE TIMELINE

iy (/] -
W SR /4
B LAl
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ft v

H2 2024:

Start of o

Pre-FEEDs

. 2024 2025 2026 2027 2028-2030

2025:
CO, capture 6
technology test
platfor




INAUGURATION OF THE CO, CAPTURE TECHNOLOGY TEST BASE

5[,"‘W!Nl(§x

Notvertais

Lico,

gaptured

e
S

e

SUSTAINAg,
THAT WORKS




PROJECT TIMELINE
BROCENI DECARBONIZATION LONG-TERM INDICATIVE TIMELINE

H1, 2025:
Innovation Fund application

cor
Completion of pre-FEEDs
- Brocéni CC and CO,
transport (June-July)

H2 2024:

Start of o

Pre-FEEDs

. 2024 m 2026 2027 2028-2030

H2, 2025:

SCHWENK (CarbonVault) enters
partnership with TotalEnergies’ for
Bifrost CCS project

2025:

CO, capture 6 ‘ BIﬁ’OSt

technology test
platform




4 ) i
PROJECT TIMELINE ‘. North Sez #Bifrost

BIFROST CCS PROJECT
Norway

Northern Lights

Location: Danish North Sea, ~200 km west of Denmark’s coast.
Storage Capacity: Up to 335 million metric SWEden

o United Kingdom

Key Partners:

- TotalEnergies — Operator (45%)
- SCHWENK Group - Partner (35%)
+~--- Denmark

- Nordsgfonden — Danish state-owned entity(20%)

Start of operation: Targeted for 2030

e

@ Bifrost CO, storage project G erma ny

@ TotalEnergies' other CO,
0 100 k

e Netherlands —



PROJECT TIMELINE
BROCENI DECARBONIZATION LONG-TERM INDICATIVE TIMELINE

H1, 2025:
Innovation Fund application

o
Completion of pre-FEEDs H1, 2027:
- Brocéni CC and CO, O Completion of FEED studies

transport (June-July)

EPC contractor selection

ha

2024:

H2

2\ H1, 2026:
Start of 7
Pre-la:rEI(E)Ds o Start of FEEDs - Broc¢éni 2027 | ASAP:
<L ccC & CO, transport v Broceni CC FID

I |

H2, 2025:

SCHWENK (CarbonVault) enters
partnership with TotalEnergies’ for
Bifrost CCS project

2025: =
CO, capture 6 ‘ B| ﬁ’ost (S 2028-2030:
technology test CC and supporting equipment
platform construction, testing, start

A\ -
4 -‘ |
ol b




Thank you!

Krists Mertens

in X

——

www.schwenk.de

S SCHWENKCE



mailto:krists.mertens@schwenk.com
https://x.com/krists_mertens
https://www.linkedin.com/in/krists-mertens-63389681/
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Latvijas
Betona
Savieniba

Tehniska komiteja 04 — Betona ilgtspéja

Ernests Ozolins

115



Tehniska Komiteja - Betona ilgtspéja

* lzveidota 2024. gada aprili

 Komisija parstaveti dazadi nozares eksperti:
* No Latvijas lielakajiem betona produktu razotajiem
* Universitatem
* Projektetajiem

* Tikamies 1 lidz 2 reizes ménesi kops komitejas izveidosanas lidz
vadliniju publicésanai

27/11/2025



Komitejas merki

* Izstradat CO2 gazu emisiju vidéja [imena un samazinasanas limenu noteikSanas
metodiku Latvija razotam betonam

* |zstradat sistemu betona, ar samazinatam CO2 emisijam, klasifikacijai Latvija

27/11/2025



Ka padarit betonu zalaku?

* Aizvietot betona CEM I tipa cementu ar CEM Il tipa cementu

CEMI52.5N CEMIIA-LL52.5N

LCA: Results LCA: Results

The LCA results are presented below for the dedared unit defined on page 2 of the EPD document.

The LCA results are presented below for the declared unit defined on page 2 of the EPD document.

Environmental impact

GWP-tatal 6,33E+02

QWP-fossil gt -eq £,04E+02 '-3!_ ] GWP-fossil kg €O, -eq 6,326+02

GINFS A ogeriic kg C0; = 733 ‘f ) GWP-biogenic kg CO,-eq 7,04€-01

I-F VSRR kg C0; = 418602 ‘: ! GWP-luluc kg CO; -eq 7,90E-02
&5 COE kg CFCT1 -eq 141E-05 (@) oDP kg CFC11 -eq 1,35E-05
& ol el Ei+seq 1.90€+00 e AP mol H+ -eg 1,72E+00
= EP-FreshWater kg P -eq 4,16E-03 e EP-FrechWater kP -eq 2 7TE8
o EP-Marine kg N -eq 7,47E-01 R EP-Marine kgN-eq 67101
o EP-Temestial moiN oy BZEHE e EP-Terrestial mol N -eq 7,48E+00
_‘__ FOCE kg [NIYDCS 6 ZUIE+K ﬁ POCP kg NMVOC -eq 1,80E-+00
ahe) ADP-minerals&metals' kg 5t -eq 1,09€-03 ] ADP-minerals&metals’ kg Sb -eq 1,01E-03
@ ADP-fossil M 1,63E+03 é ADP-fossill M) 1,53E+03
& WOP' m? (aliad & WP’ o 6.96E+04

27/11/2025



Ka padarit betonu zalaku?

* Aizvietot betona CEM | tipa cementu ar CEM Il tipa cementu

* Pievienot betonam vairak Cr203 (zalo pigmentu)

27/11/2025



Ka padarit betonu zalaku?

* Aizvietot betona CEM I tipa cementu ar CEM Il tipa cementu

* Pievienot betonam vairak Cr203 (zalo pigmentu)

1.6% 3.1%1.7%

* Veikt betona sastava CO2 aprékinu

= Cements = Smilts = Rupja pildviela = Udens = Betona piedevas

27/11/2025



Ka padarit betonu zalaku?

* Aizvietot betona CEM I tipa cementu ar CEM Il tipa cementu Tabula 8.

CO.2 emisijas betona sastaviem un emisiju samazinajuma lTmeniem.

* Pievienot betonam vairak Cr203 (zalo pigmentu)

Betona References § § %
* Veikt betona sastava CO2 apréekinu Boyona stipribas  potonaemisias 2 4 5
. o - L] o - Ll Ll Ll
Samazinat specificéto betona stipribas klasi cano 200 -1 1
C1215 210 120 170 145
C16/20 225 205 180 160
Izmaina Specifiska izmaina letekme uz emisijam Komentari C20/25 240 /£ 215 190 i
C25/30 255 230 205 180
Parastais
_ . e ‘ = & : : betons - c
llgmiiziba Kalposanas laika palielinasana +10-15 kg COe/m? Ilgaks kalposanas laiks samazina CanaT 275 280 2390 195
lidz 100 gadiem pilna dzives cikla emisijas
T £35/45 300 270 240 210
aksimala pildvielas izméra 3
samazinasana lidz 8 mm +10-15 kg COze/m CA0/50 325 205 260 230
Pildvielas - -
Maksimala pildvielas izméra 10-15 kg CO.e/m? C45/55 aso 315 280 245
palielinasana lidz 32 mm
Cu/E0 370 335 295 260
Konsistences klases maina uz S3 -5-10 kg CO,e/m*
Konsistence
Konsistences klases maina uz S5 +5-10 kg CO,e/m?®

Izmantojot 90 dienas,

tiek dota iespéja palielinat
aizstajéjmaterialu proporciju
betona sastava

Palielinat specifikacija noradito
stipribas sasniegsanas vecumu -15-30 kg CO,e/m?
no 28 dienam uz 90 dienam
Specifikacijas
prasibas

lzmantojot 7 dienas,

tiek samazinatas iespéjas
izmantot cementa
aizstajéjmaterialus

Samazinat specifikacija noradito
stipribas sasniegsanas vecumu +20-40 kg CO.e/m®
no 28 dienam uz 7 dienam




Ka padarit betonu zalaku?

Aizvietot betona CEM I tipa cementu ar CEM Il tipa cementu

Pievienot betonam vairak Cr203 (zalo pigmentu)

Veikt betona sastava CO2 aprekinu

e Samazinat specificeéto betona stipribas klasi

Palielinat betona cenu

27/11/2025



Ka padarit betonu zalaku?

* Aizvietot betona CEM I tipa cementu ar CEM Il tipa cementu
* Pievienot betonam vairak Cr203 (zalo pigmentu)

* Veikt betona sastava CO2 apréekinu

* Samazinat specificéto betona stipribas klasi

* Palielinat betona cenu

» Specificet zema CO2 betonu agra stadija vispirms jautajot betona razotajam par iespéjam lietot
projekta zalaku betonu

Strength classy) and B203 B253
low carbon class

Maximum permitted greenhouse gas emissions, GWP total [kg COz-eq. per m? of concrete]

Industry Reference

Low Carbon B

Low Carbon A

Low Carbon Plusz)

27/11/202



Betona CO2 nospieduma klasifikacija

* Pirmais Sada tipa dokuments
Baltija

* Noteiktas referenc
emisijas un izmesu
limeni s

 Riks pasutitajam, lai ngteti
vélamo emisiju [Tmeni%Hy
viegli salidzinat dazadu
piedavajumu

* Demokratizeti CO2e aprekini

* Riks betona razota

savu CO2e emisijuliment.|: 3|/
LGTSPEIA

Latvijas Betona savienibas
tehniskas vadlinijas Nr. 1

Betona CO, nospieduma
27/11/2025 klasifikacija




Metodologija - Darbiba

Utgava 2

27/11/2025

FINNISH CONCRETE ASSOCIATION

BY LOW CARBON CLASSIFICATION®

PART 1
Background report 2024

C16/20 X0

ns ar sala izturigi _ ceozs Xc2

Vi C25/30 XC2; XF1

SChwenk CEM I ( C30/37 XC4; XD2; XF
C35/45 KC4; K31, XD2; XF1; XA
C40/50 XC4; X53; XD3; XF1; X2
C45/55 XC4; X53; XD3; XF1; X2
C50/60 XC4; X53; XD3; XF1; X2

betongforening

Publikasjon nr. 37

Lavkarbonbetong

Mai 2020



Dzives cikla stadijas
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Metodologija - CO2 emisiju aprékini

* Emisiju aprekini veikti péc vienota standarta
EN 15804+A2:2019 principiem

* Aprékinos ieklautas dzivescikla stadijas:
* Al - Emisijas no izejmaterialiem

* A2 - Emisijas no izejmaterialu transpori
lidz razotnei

* A3 - Emisijas no razoSanas procesa

* Aprékinos nav ieklauta dzives cikla sadala A
gatava produkta transports lidz klientam

* Lai veiktu apréekinus definéjam:
* lzejmaterialus un to emisiju faktorus
* Transporta veidus un to emisiju faktorus

* lzejmaterialu transporta vidéjos
attalumus

e Citus emisiju ietekméjosus faktorus

27/11/2025

Tabul
|zejvie

lzej
gru

Cer

Pild

Ode

IZEJMATERIALU TRANSPORTS

Tabula 5.
lzejvielu transportésanas attalumi, kas izmantoti zinojuma.

. . km
Izejmaterialu Materials arsmago km L. km .
grupa masinu ar kugi ar vilcienu
CEMIB25N 106° 428
Cements
CEM 1425 N-SR 3 MH/LA 106° 428
Smilts 120
Pildvielas Dabiga un drupinata pildviela 120
Drupinats granits 70 1500
Udens Udens
Tabula 6.
Specifiskas emisijas izejmaterialu transporta veidiem.
Transporta Specifiskas emisijas -
" kg CO.e/tkm Avots/komentars
Smaga automasina; lzméra 0,0908° Ecoinvent 3.8: transport, load factor 50%,

klase >32 t; EURO 5

road operation, round trip included

Kugis 0,0085°

Ecoinvent 3.8: transport, bulk carrier, ship

Vilciens 0,0567°

Ecoinvent 3.8: Transport, freight train, diesel




Ka CO2 emisijas tiek aprekinatas?

* Parastais C30/37 betons
* Cements 330 kg/m3 Tabula 1.
_ Farasta betona sastavi.
* Udens 182 kg/m3

* Smalka pildViEIa 926 kg/m3 Betona stiprihas klase Vides iedarbThas klase/-s ii/c attieciba Cements, kg/m?

* Rupja pildviela 926 kg/m3 ., %0 0.80 250
ci12n5s x0 075 240
Cl1g/20 X0 070 260
C20/25 xCc2 0.65 280
C25/30 XC2 XA 0.60 300
C30/37 KC4, xD2; XK1 055 330
C35/45 KC4; K51, XD2; XF1; XA 0.50 360
C40/50 XC4, XS3; XD3; XF1; XA 0.45 400
C45/55 KC4; K53; XD3; XF1; XAT 0.40 430
Ch0/e0 XC4; X53; XD3; XF1; XAT 038 460

27/11/2025



A1 stadijas emisijas
* Cements 330 kg/m3

* Cementa specifiskas emisijas — 705 kg
CO2e/t

 Betona sastava: 330 « 1.02 «

LCA: Results
The LCA results are presented below for the declared unit defined on page 2 of the EPD document.

Environmental impact

Indicator Uﬂ A1-A3 A4
I @ GWP-total kg CO; -eq 7,056+02 N 1,93E+01 IZEJVIELU EMISLIAS
&2} GWP-fossil kg CO, -eq 7046402 1,93E+01
@ GWP-biogenic kg €O, -eq 73301 609E-03 Tabulad.
- Izejvielu specifiskas emisijas.
@ GWP-luluc kg CO;-eq 818E-02  6,67E-03
QoDP kg CFC11-eq 1,41E-05 4,20E-06 Izejmaterialu — EN15804 Specifiskas
@ grupa Mateuizle Datilaiots tips emisijas kg CO,e/t
¢ AP mol H+ -eq 1,90E+00  3,24E-01
I CEMI1525N EPD® +A2:2019 705,0

e EP-FreshWater kg P -eq 4,16E-03  1,03E-04 Cements

CEM 1425 N-SR 3 MH/LA EPD® +A2:2019 715,0
e EP-Marine kg N -eq TATE-01  7,24E-02

Smilts Ecoinvent 3.82 +A2:2019 42
e EP-Terrestial mol N -eq 832E+00  814E-01

Pildvielas Dabiga un drupinata pildviela Ecoinvent 3.82 +A2:2019 8,4

ﬁ POCP kg NMVOC -eq 2,01E+00  2,21E-01

Drupinats granits EPD’ +A2:2019 8,4
fd ADP-minerals&metals’ kg Sb -eq 1006-03  212E-04 - - :

Udens Udens Ecoinvent 3.82 +A2:2019 0,3

@ ADP-fossil' M) 1636+03  2,81E+02
® wop' m3 T18E+04  1,47E+02
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A2 stadijas emisijas
° Smalké pildviela 926 kg/m3 IZEJMATERIALU TRANSPORTS

Tabula 5.

° Vidéji tiek transportéts 120 km zepvielu transportésanas attalumi, kas izmantoti zinojuma.

ar smago automasinu e womro Mg e

CEMISZS N 1068 - 424

* Smagas automasinas specifiskas T —

emisijas — 0.0908 kg CO2e/tkm

1500
. Udens Udens
* Smilts t tam: 926 x 120
MIItTS tTransporiam: * *
00998 4 1.02 =10.29 kg CO2e ™=
1000 " - ° g e Specifiskas emisijas izejmaterialu transporta veidiem.
Transporta Specifiskis emisijas =
veids ki CO,e/tkm Avots/komentdrs
Smaga automasting; lzméra 0.08082 Ecoinvent 3.8: transport, load factor 50%,
klase =32 t; EURO 5 ' road aperation, round trip included
Kugis 0,0065% Ecoinvent 3.8: transport, bulk carrier, ship
Vilciens 00567 Ecoinvent 3.8: Transport, freight train, diesal

27/11/2025



A3 stadijas emisijas

EMISIJU DATU IZVELES
METODOLOGLA

i

27/11/2025

lzejvielu emisijas, kuras aprékiniem apstiprindjusi tehniskd komiteja
“TKO4 Betona ilgtspé&ja®, apkopotas tabuld 4. apstiprinitie
transportlidzekl|i, transportlidzek|u emisijas un attdlumi katram no
izejmateridliem apkopoti tabuld 5. un tabulad 6., bet apstiprinatas
energijas avotu emisijas transportbetona raZosanai apkopotas tabula
7. lzvéloties emisiju vértibas izejvieldm, komiteja izvél&jas konkrétu
materidlu vides produktu deklaraciju (EPD), ja tdda aprékinu veikianas
bridi bija pieejama, pretéja gadijuma tika izmantoti visparigi, industrijas
vid&jie izejvielu dati no Ecoinvent 3.8 datubazes®.

Téa kd cementu Latvijd iespéjams piegddat ar diviem transporta
veidiem - kravas automasinu vai vilcienu, - aprékinos izmantoti vidéjie
transporta attdlumi katram no transporta veidiem, kuri péc tam tiek
proporciondli sadaliti, balstoties uz bdvmateridlu razotaja “Schwenk
Latvija" cementa parvaddjumu apjomu katram transporta veidam
2023, gada.

Vidéjas vértibas, kas iegldtas no lieldkajiem transportbetona razotajiem,
tiek izmantotas, lai novértétu energijas patérinu un raZotnu patéréto
siltumenergiju visa gada laik3 komitejas noteikta
vértiba, kas sastav no emisijam, ko rada / m elektroenergijas un
6,9 kWh /m® dabasgizes apkurei, kas tiek patérétas viena kubikmetra
betona saraZosanai.




Kopejas emisijas A1-A3 stadijam C30/37 parastais
betons

d Ce m e nts CO.e emisijas betona sastaviem un emisiju samazinajuma limeniem.

£ 2
« A1-237.3kgCO2e Bms S [ 8 8 B B B 0§
grupa Klass Al-A3, & f o m ] i
kg COze / m? = = = = = =

[ ] —
AZ 4'04 kg COZE Cano0 200 180 160 140 120 100 B0
° S Ik— .Id . I C12/15 210 180 170 145 125 106 a5
Maika pl viela CI6/20 225 205 180 160 1285 15 80
c20i2a 240 215 190 170 145 120 a5

[ J fa—
Al 3'97 kg coze —— £25/30 255 230 205 180 155 130 100
betons I 230y 275 I 250 220 o I 40 0
* A2-10.29 kg COZe === == =
* = . . 40/50 325 205 250 230 185 165 130

* Rupja pildviela
C45/55 350 oy 11 280 245 210 175 140
e Al- 79 4 kg COZ e CEO/E0 370 335 205 260 220 185 150
£a0,37 300 270 240 210 180 150 120
° AZ — 10.29 kg Coze - Ca5/45 320 290 255 225 180 160 130
ijiLrl'gE Ca40ya0 3so oy 11 280 245 210 175 140
o

° A3 S adala o C45/55 370 335 295 260 220 185 150
’ CEOED 380 350 310 275 235 195 155
° 2.6 kg COZe /m3 C30/37 315 285 250 220 180 180 125
i"ﬂjm C35/45 340 306 270 240 205 170 135
° Kopé 276.43 kg COZe/m3 E‘”Lj’l‘j C40/50 365 330 290 255 220 185 145
Clduolam  C45/55 390 as0 310 275 235 195 155
CEOVEO 405 355 325 285 245 205 160
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Nepatik rekinat?

BETONA CO, KALKULATORS BUS PEC

85 17 13 07

Dienas Stundas Mindtes Sekundes

133


https://betonaco2kalkulators.lv/

Neto un Bruto cementa emisijas

Neto CO2e emisijas = Bruto CO2e emisijas — Alternativa kurinama raditas CO2e emisijas

* Bruto emisijas — visas CO2 emisijas, kas rodas

razosanas procesa
LCA: Results

The LCA results are presented below for the declared unit defined on page 2 of the EPD document.

* Princips — piesarnotajs maksa T — .

e Biutiska ietekme uz cementa un betona CO2 GHP-tossi I TORIR | 153K

e iSijé @ GWP-biogenic kg CO, -eq 733E-01  609E-03
m I (50 GWP-luluc kg CO5 -eq 818E-02  6,67E-03

* CEM | cementam no 705 kg

The LCA results are presented below for the declared unit defined on page 2 of the EPD document.

CO2e/t samazinajums uz 571 kg crTE— .
CO2e/t (Par 19 %)

& GWP-fossil kg CO; -eq 570E+02  2.54E+01
GWP-biogenic kg CO; -eq 6.72E-01 7.34E-03
GWP-luluc kg CO; -eq 7.89E-02 9.04E-03
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CO2 emisiju limeni

Betona ) vértibas
Betona grupa | stipribas
klase

LRB*60% | LRB*50% | LRB*40%

C8/10 100 (120) | 85(100) | 70 (80)

C12/15 110 (125) | 90(105) | 70(85)

C16/20 115 (135) | 95(115) | 75 (90)

C20/25 120 (145) | 100 (120) | 80 (95)

Parastais C25/30 130 (155) | 110(2130) | 85 (100)
betons C30/37 140 (165) | 115 (140) | 90 (110)
150 (180) | 125 (150) | 100 (120)

C40/50 160 (195) | 135 (165) | 110 (130)

C45/55 175 (210) | 145 (175) | 115 (140)

C50/60 185 (220) | 155 (185) | 120 (150)

C30/37 150 (180) | 125 (150) | 100 (120)

Sala Izturigs C35/45 160 (190) | 135 (160) | 105 (130)
b etons C40/50 175 (210) | 145 (175) | 115 (140)
C45/55 185 (220) | 155 (185) | 120 (150)

C50/60 195 (235) | 165 (195) | 130 (155)

o C30/37 160 (190) | 135 (160) | 105 (125)
biig;fiﬁfﬁﬁa C35/45 170 (205) | 140 (170) | 110 (135)
izturigam C40/50 185 (220) | 155 (185) | 120 (145)
oildvielam C45/55 195 (235) | 165 (195) | 130 (155)
C50/60 200 (245) | 170 (205) | 135 (160)

18/1

/2025
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ZEMAKAS OGLEKLA
PEDAS CEMENTU
LIETOSANAS IESPEJAS
INFRASTRUKTURAS
BETONA LATVIJA

Riga, 27.11.2025
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TEMAS AKTUALITATE

Latvijas Valsts Celu noteiktajas Tiltu specifikacijas ir atlauts lietot tikai CEM | tipa portlandcementu ar
C3A saturu <3%, un praktiski art sarmu saturu <0,6%.

Eiropas zala kursa ietvaros un visas cementa industrijas dekarbonizacijas konteksta, jau sobrid tirgl
tiek piedavati un betona izmantoti kompozitcementi ar aizvien pieaugosu piedevu daudzumu un no
CEM | cementa paredzéts atteikties jau tuvakajos gados.

Betona ilgmiziba izmantojot dazadus kompozitcementus Latvija nav pétita, nepieciesama ari
testéSanas programma, péc kuras var novértét un salidzinat dazadu cementu veiktspéju.



MERKIS UN UZDEVUMI

= Veikt betona ilgmizibas Tpasibu salidzinaSanu «tiltu» betoniem ar divam dazadam U/C attiecibam
un Latvija pieejamajiem kompozitcementiem;

= |zstradat testésanas programmu potencialai cementa atbilstibas izveértésanai prieks tiltu
konstrukcijam;

= |zvértét iegltos rezultatus un sniegt talakas rekomendacijas.




PETIJUMA PROGRAMMA

Pieci dazadi Latvijas tirgu pieejami cementa veidi:

= CEM142,5N SR3 (references) — «tirs» portlandcements

= CEM II/A-LL 52,5 N — kalkakmens kompozitcements

= CEMII/B-M (S-LL) 52,5 N — Slagas un kalkakmens kompozitcements
= CEMII/B-M (P-LL) 52,5 N — opokas un kalkakmens kompozitcements
= CEMII/A-V 52,5 N — smalko disperso pelnu kompozitcements

- betona maisijumi un paraugu izgatavoSana ar 2 definétam tiltu konstrukcijam raksturigajam
udens/cementa attiecibam ar katru cementa veidu;



PETIJUMA PROGRAMMA

TestéSanas metodes:

= Betona salizturiba:
« CEN/TS 12390-9
* LVS 156-1 testéSanas metodes (F300);
* @aisa poru analize sacietéjusa betona

= Karbonizacijas atrums:
« Standarta metode EN 12390-10
« Paatrinata metode EN 12390-12

= Hloridu iespiesanas dzilums NT Build 492
* Tests 70 dienu vecuma
* Tests 180 dienu vecuma

- Papildus ilgmizibas aspektu izpéte:
= Betona sulfatizturiba atbilsto$i Sveices standartam SIA 262/1:2019 — izpleSanas mérijumi;
= Sarmu-silicija dioksida reakcijas izraisttie bojajumi — ASTM C1260 28 dienu tests uz izpleSanos.



PETIJUMA REZULTATI

SVAIGA BETONA TESTU REZULTATI

_ CEMI42,5N  CEMII/B-M(S- CEMII/B-M (P- CEMII/A-LL52,5 CEM II/A-V 42,5
SR3 LL) 52,5 N LL) 52,5 N N N

039 045 039 045 039 045 0,39 0,45 0,39 0,45

6,1% 58% 6,2% 55% 4,6% 6,0% 4,8% 53% 53% 5,0%

2305 2276 2319 2276 2320 2292 2304 2319 2322 2339

17,5 18,5 22,0 22,0 85 20,0 180 200 255 250

References paraugu vidéja stipriba, MPa

~
o

59.9

[e2]
o

52.2

52.2 52.8 54.6
I | 41'6 I 43.1 |

L163U/C 0,39 L169 U/C 0,45 L207 U/C 0,39 L170 U/C 0,45 L178 U/C 0,39 L215 U/C 0,45 L1810/C 0,39 L185 U/C 0,45 L188 U/C 0,39 L195U/C 0,45

[
N

43.8

Stipriba, MPa
- N w N o1
o o o o o o

CEM142,5N SR3 CEMIIB-M (S-LL)52,5N CEMIIB-M (P-LL) 42,5N CEMIIA-LL52,5N CEMIIA-V42,5N
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PETIJUMA REZULTATI

SALIZTURIBA

Betona salizturiba - stipribas zudumu metode LVS 156-1 (A pielikums)

18.00%
16.00%
14.00%
12.00%

10.00%

8.00%

6.00%

4.00%

2.00% I I I
0.00% - '

L163CEMI42,5N L169CEMI142,5N L207 CEMIIB-M (S- L170 CEMIIB-M (S- L178 CEM I B-M (P- L215CEMIIB-M (P- L181 CEMIIA-LL  L185CEMIIA-LL L188 CEM Il A-V L195 CEM Il A-V
SR3 U/C 0,39 SR3 U/C 0,45 LL)52,5N U/C 0,39 LL)52,5N U/C 0,45 LL)42,5NU/C0,39 LL)42,5NU/C0,45 52,5NU0/C0,39 52,5N 0/C 0,45 42,5N0/C 0,39 42,5N0/C 0,45

Stipribas pieaugums, %

m 75 cikli (F300)  m 150 cikli (F500)
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PETIJUMA REZULTATI

SALIZTURIBA

Salizturiba - virsmas masas zudumu testa metode

1.4
1.2
]
0.8
b= Limits 50g, ja m56/m28<2
o
4
0.6
0.4
Limits 50g
0.o  Limits 100g, ja m56/m28<2
Limits 100g '
. - — e
0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45
CEMI142,5NSR3 CEMI142,5NSR3 @ CEMIIB-M(S-LL) @ CEMIIB-M (S-LL) CEMIIB-M (P-LL) | CEMIIB-M (P-LL) CEMIIA-LL52,5N CEMIIA-LL52,5N CEMIIA-V42,5N | CEMIIA-V42,5N
52,5N 52,5N 42,5N 42,5N
L163 L169 L207 L170 L178 L215 L181 L185 L188 L195

m7cikli m14cikli m28cikli m42cikli m56cycles



PETIJUMA REZULTATI

SALIZTURIBA

Parauga

Gaisa poru analize sacietéjusa betona

A, mikrogaisa

Kopéjais gaisa saturs (poru izmérs | Ipatnéja virsma
saturs A, %, videja lidz 0,3mm) vidéja mm-, vidéja
vertiba, % vertiba
6,43 2,81 29,9
7,84 2,43 24,3
5,04 1,91 25,7

>1,8 >25

Attaluma

koeficients, mm,

vidéja vértiba
0,148
0,174
0,198

<0,20
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PETIJUMA REZULTATI

SALIZTURIBA

A300 mikrogaisa saturs (poru

1.4 peficients, mm,

[ erem | o viggj veriva

15 L169 6,43 2,81 29,9 0,148
L178 7,84 2,43 24,3 0,174
L181 5,04 1,91 25,7 0,198

00000 ]
—Kritorijs: 21,8 >25 <0,20

0.8

Limits 50g, ja m56/m28<2

kg/m?

0.6

0.4
Limits 50g

0.2  Limits 100g, ja m56/m28<2

Limits 100g / \

0 —

0,39

0,39 0,45 0,39 0,45

CEM142,5N SR3 EM142,5NSR3 | CEMIIB-M (S-LL) CEMIIB-M (S-LL) EMIIB-M (P-LL)/ CEMIIB-M (P-LL)

52,5N 52,5N 42,5N 42,5N

CEMIIA-LL52,5NJCEMIIA-LL52,5N CEMIIA-V42,5N | CEMIIA-V42,5N

L163 L207 L170 L178 L215 L185 L188 L195

m7cikli m14cikli m28cikli m42cikli ®56cycles
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PETIJUMA REZULTATI

HLORIDU IZTURIBA

Hloridu migracijas koeficients

20

18

16

14

12

10

(o]

»

N

N

0,39

CEMI142,5N
SR3

L163

0,45 0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45
CEMI42,5N CEMIIB-M(S- CEMIIB-M(S- CEMIIB-M(P- | CEMIIB-M (P- CEMIIA-LL52,5CEMIIA-LL52,5 CEMIIA-V 42,5 CEMIIA-V 42,5

SR3 LL)52,5N LL)52,5N LL)42,5N LL)42,5N N N N N

L169 L207 L170 L178 L215 L181 L185 L188 L195

Hloridu migracijas koeficients, x10'°2m?/s

Zema noturiba

147

Resistance to chloride migration

IF"nIHI.I

m 70 dienuvecuma

m 180 dienu vecuma

Vidéja noturiba

Dnssm
>15
10-15
5-10
2,5-5
<2,5

28 days test
Low
Moderate
High
Very high
Extremely high
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PETIJUMA REZULTATI

BETONA KARBONIZACIJA

L169 CEM 1 42,5 N SR3 U/C 0,45 Karbonizacijas dzilums, paatrinata metode, mm

10 12
€
€ g y =0.9055x +0.1592
) R®=0.9936.->*""
Ee6| e 10
= R
T 4 e
w et
S 2 e ® 8
o T e
T e
£ 0@
3 0 2 4 6 8 10 E
S Y (dienas) £

L178 CEMII B-M (P-LL) 42,5N u/C 0,39 4

6
€
€5 ® 2
G 4 y=0.5881x-0.897
£ R®=0.7842.-""
S
= 3 e
S o, e I -
(%) 2 e 0
Sl et ° 039 045 039 045 039 045 0,39 045 0,39 0,45
o e
Noe el ° CEMI| = CEMI CEMIIB-CEMIIB-CEM Il B-CEM Il B-CEM Il A-CEM Il A-CEM Il A-CEM Il A-
5 g Qe 2 4 6 8 10 42,5N | 42,5N M(S-LL) M (S-LL) M (P-LL) M (P-LL) LL52,5NLL52,5NV42,5N V42,5N
?U i SR3 SR3 | 52,5N 425N 425N | 52,5N
v -2

J(dienas) m 70 dienas

NOTE1  With normal concrete compositions, the carbonation depth at 70 days is expected to be = 4 mm. A value
lower than this indicates a concrete with high carbonation resistance, but the precision estimates given in Clause 10
are not applicable to carbonation rates based on very low carbonation depths.



PETIJUMA REZULTATI

BETONA KARBONIZACIJA

1.40

1.20

1.00

0.80

0.60

0.4

o

0.2

o

0.00

Karbnoizacijas atrums - paatrinata metode

LI

0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45

CEMI CEMI CEMIIB- CEMIIB- CEMIIB- CEMIIB- CEMIIA- CEMIIA- CEMIIA- CEM Il A-
42,5N | 425N M(S-LL) M(S-LL) M(P-LL) M(P-LL) LL52,5N LL52,5N V42,5N V42,5N
SR3 SR3 | 525N 425N 425N  52,5N

mmmm Karbonizacijas atrums KAC, mm/+y/t = Determinacijas koeficients R2

NOTE 1

12

10

mm
N B~ o2} (o]

o

149

Karbonizacijas dzilums, paatrinata metode, mm

0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45 0,39 0,45
CEMI CEMI CEMIIB-CEMIIB-CEMIIB-CEMIIB-CEMIIA-CEMIIA-CEMII A-CEMII A-
425N  42,5N M (S-LL) M(S-LL) M (P-LL) M (P-LL) LL52,5NLL52,5NV42,5N V425N

SR3 SR3 52,5N 425N 425N 52,5N

m 70 dienas

With normal concrete compositions, the carbonation depth at 70 days is expected to be = 4 mm. A value

lower than this indicates a concrete with high carbonation resistance, but the precision estimates given in Clause 10
are not applicable to carbonation rates based on very low carbonation depths.



PETIJUMA REZULTATI

BETONA KARBONIZAIJA

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

0,39

CEM142,5 CEM142,5 CEMIIB-MCEMII B-M CEMIIB-M CEM II B-M CEM Il A-

N SR3

Karbonizacijas atruma koeficients, naturala karbonizacija

0,45 0,39 0,45 0,39 0,45 0,39 0,45 0,39

NSR3 [(S-LL)52,5 (S-LL) 42,5 (P-LL) 42,5 (P-LL)52,5 LL52,5N LL52,5N | 42,5N
N N N N
mmmm Karbonizacijas atrums KAC, mm/y/t = Determinacijas koeficients R2

The carbonation depth should be measured at least after three months, six months and one year of
storage. If the measured depth of carbonation is less than 5 mm at one year, the testing should be

extended to two years.

0,45

CEMIIA- CEMIIA-V CEMIIA-V

42,5N

3.5

- N
[é)] N (é)] w

Karbonizacijas dzilums, mm

0.

(&}

0,39
CEMI

SR3

Karbonizacija dabigos apstaklos

0,45 0,39 0,45 0,39

CEMI| CEMII CEMII CEMII
42,5N 425N B-M(S- B-M(S- B-M (P- B-M (P- A-LL

0,45 0,39
CEMII CEMII

0,45 0,39
CEMII | CEMII

A-LL A-V 42,5A-V 42,5

SR3 LL)52,5LL)42,5LL)42,5LL)52,5 52,5N 52,5N N

N N

B 3 méenesi

N

B 6 ménesSi

N

B 12 méenesi

0,45
CEMII

N
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PETIJUMA REZULTATI

BETONA KARBONIZAIJA

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

-0.20

0,39

CEMI142,5N CEMI42,5N CEMIIB-M(S- CEMIIB-M(S- CEMIIB-M (P- CEMIIB-M (P- CEMIIA-LL CEMIIA-LL CEMIIA-V42,5CEMIIA-V 42,5

SR3

0,45

SR3

Karbonizacijas atruma koeficients, naturala karbonizacija

Karbnoizacijas atrums - paatrinata metode

AV4 BV N4

0,39 0,45 0,39

LL)52,5N LL) 42,5 N LL) 42,5 N

mmmm Karbonizacijas atrums KAC, mm/+yt

3.50

mmm Karbonizacijas atrums KAC, mm/+/t

= Determinacijas koeficients R2

O;LQ

0,45 0,45

LL)52,5N 52,5N 52,5N

= Determinacijas koeficients R2

0,39

N

0,45

N

3.00

2.50

2.00

1.50

1.00

0.50

0.00
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PETIJUMA REZULTATI

SARMU SATURS UN ASR

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50

Sarmu saturs kg/m3

L163 L169 L1207 L170 L178 L215 L181 L185 L188 L195

CEM| CEMI| CEMIICEMIICEM Il CEM I CEM Il CEM I CEM I CEM Il

42,5N42,5N B-M B-M B-M B-M AlLL ALL AV AV

SR3 SR3 (S-LL) (S-LL) (P-LL) (P-LL) 52,5 N52,5N42,5N42,5N

0/c U/C 52,5N52,5N42,5N42,5N U/c 0O/c U/c O/C

0,39 045 U0/c U/c O/c U/C 0,39 045 0,39 0,45
0,39 0,45 0,39 0,45

0.30%

0.25%

0.20%

0.15%

0.10%

0.05%

0.00%

Paraugu izpleSanas, atbilstosi ASTM C1260

3 7 10 14 21 28
e CEM Il A-LL 52,5 N e CEM |1 B-M (S-LL) 52,5 N
e CEM I B-M (P-LL) 42,5 N e CEM 42,5 N SR3
e CEM Il A-V 42,5 N U/C e | imits 14d nereagéjo$am pildvielam

* ASR tests ar Eikefet granita/gneisa —reagéjosam pildvielam
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PETIJUMA REZULTATI

SULFATIZTURIBA

0.1400%

0.1200%

0.1000%

0.0800%

0.0600%

0.0400%

0.0200%

0.0000%

-0.0200%

-0.0400%

u/C 0,39
1.merc *fMercesS 3.meérceés 4.meércé dienas 14 dienas 28 dienas 42 dienas IzpleSanas
| 163 CEM | 42,5 N SR3 U/C 0,39 e | 207 CEM | B-M (S-LL) 52,5 N U/C 0,39

| 178 CEM || B-M (P-LL) 42,5 N U/C 0,39 e 181 CEM Il A-LL 52,5 N U/C 0,39
| 188 CEM I A-V 42,5 N U/C 0,39

0.1400%

0.1000%

0.0800%

0.0600%

0.0400%

0.0200%

0.0000%

-0.0200%

-0.0400%
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uU/C 0,45

14 dienas 28 dienas 42 dienas IzpleSanas

| 169 CEM | 42,5 N SR3 U/C 0,45 e[ 170 CEM || B-M (S-LL) 52,5 N U/C 0,45
| 215 CEM |1 B-M (P-LL) 42,5 N U/C 0,45 e | 185 CEM Il A-LL 52,5 N U/C 0,45
| 195 CEM I| A-V 42,5 N U/C 0,45

Sveices standarta testé$anas metode — noturiba pret aréjo sulfatu ietekmi un etringita veido$anos
betona.



PETIJUMA REZULTATI

STIPRIBAS ATTISTIBA PEC 28 DIENAM

Paraugu identifikacija |L1630/c L169U/C

References paraugu
e ymee e - 52 43,8 59,9 52,2
ideja stipriba, Mpa

Paraugu stipriba 260-

14d 63,7 56,6 75,4 73,0

Pieaugums, % 23%  29% = 26%  40%

64,8 54,6 68,3 58,1 73,4 67,9

23% 31% 25% 35% 41% 53%

Betona paraugu stipriba

o

o

o

o

50
4
3
2
1
0

L163 0/C 0,39 L169 U/C 0,45 L207 U/C 0,39 L170 0/C 0,45 L178 U/C 0,39 L215 U/C 0,45 L1810/C 0,39 L1850/C 0,45 L188 U/C 0,39 L195 U/C 0,45

B References paraugu vidéja stipriba, Mpa

B Paraugu stipriba 265-314d
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PETIJUMA REZULTATI

REZULTATU APKOPOJUMS UN IZVERTEJUMS

CEMI42,5N CEMIIB-M [CEMIIB-M (P-CEMII A-LL CEMII A-V
SR3 (S-LL)52,5N |LL)42,5N 52,5N 42,5 N

Salizturiba LVS 156-1

Salizturiba CEN/TS 12390-9 < *k

Hloridu migracija *kdk *kkk Fod Sk *kkk
Karbonizacija *kkk *k

Sulfatizturiba &

*kkk*k

Kopéjais reitings L T
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SECINAJUMI

Betoni ar U/C 0,39 kopuma uzrada loti labas ilgmizibas Tpasibas un korelacijas starp dazadiem parametriem
mazinas, jo betona izturiba ir loti augsta gan ar portlandcementu, gan ar lieldako dalu no testétajiem

kompozitcementiem.

ST darba ietvaros neizdevas iegiit korelaciju starp abam betona salizturibas testé$anas metodém. Betona stipribas

zudumu metode ir mazak jatiga pret kompozitcementu ietekmi uz betona salizturibas parametriem.

Salizturibai ar virsmas masas zudumu metodi — rezultati korelé nevis ar betona U/C attiecibu, bet gan ar

udens/cementéjoSo mineralu attiecibu.

Divi no Cetriem testétajiem kompozitcementiem CEM II/B-M (S-LL) 52,5 N un CEM II/A-V 42,5 N uzrada vai nu
lidzvértigas, vai pat labakas atseviSkas betona ilgmuzibas TpaSibas neka references izmantotais portlandcements,

tapéc Sos cementus var rekomendeét izmantot infrastruktlras bavés ar projektéto kalpoSanas laiku 100 gadiem.

Saja darba iegdtos rezultatus var izmantot par pamata datubazi betona ilgmdZibas parametriem ar dazadiem

cementiem, un turpinat citu cementu novértésSanu péc tadas pasas testéSanas programmas.
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Osvalds Trofimovs

=fabrica

No rasejuma lidz objektam: ka samazinat
vides ietekmi dzelzsbetona elementiem

BETONA KONSTRUKCIJAS AR SAMAZINATU VIDES NOSPIEDUMU
Latvijas Betona savienibas 33. zinatniski tehniska konference
RIGA 2025
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MAPEI

New admixture technology
for re-using recycled concrete
aggregates in concrete

production

Latvian Concrete Association’s 33rd
Scientific and Technical Conference

Sven-Henrik Norman Mapei



Background

Depleting resources of high quality natural sand and

aggregate

Sustainability focus

« EU initiatives

« Corporative initiatives
Circular economy

« Costdriven
« Carbon footprint driven

Advancements
« Mechanical equipment & process
* Industry standards
« Chemical admixtures
« Demanding SCM
« Demanding Aggregates

Demolition
of concrete
structures

RCA in New
Concrete

Sorting,
Crushing,
Screening

and
Classification

Certification
of RCA
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Challenges when using RCA in concrete

Higher Water absorption than natural aggregates.
Uncertainties regarding Water Absorption -Test methods based on Natural aggregates.

Accelerating air when using very high dosages of RCA ( >50%).

Rapid slump loss if WA is not mitigated.

Loss of compressive strength if air content is not controlled.
Fine fraction is particularly challenging.

To counter Water absorption, normal PCE admixtures needs to be dosed in such high quantities that
stability becomes an issue.

When increasing free water and wcr is fixed, increased used of cement leads to higher cost and carbon
footprint.
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Sorption
Natural 0,3-0,9%
RCA 6-8%

E ,, N Air
Water/Cement i content

10?
ratio? and

Strength?
Durability?
Workability?
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MAPEI RE-CON line

Natural Coarse Aggregates
(Water absorption 0,3%)
-"Normal” water demand

Recycled Concrete Aggregates
(Water absorption 6-8%)
-High Water demand




MAPEI RE-CON line

Sorption

SPECIFIC SURFACE AREA (idealized geometric model)
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One weight unit
before first fracture
SSA =1
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Our solution: Re-Con AGG
a Microphase retention system

» Developed for challenging
raw materials:
« Clay bearing sand
 Manufactured sand with
Nigh fines content and
Nigh SSA fines (e.g. Free
MICa
 Recycled Concrete
Aggregates RCA

e Binders-SCM
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Our solution: Re-Con AGG
a Microphase retention system

« Phase 1: Sorption control by
Initial shielding.
 Prevents large parts of water
and normal PCE admixtures to
be adsorped or absorbed.

« Phase 2: Adaptive polymer

structure.

* |ncreased alkalinity of the
microphase releases polymers acting
on cement grains giving additional
slump retention to complementary
PCEs in the mix design.
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Our solution: Microphase retention system

Proven results with positive
effects on sorption control,
thereby letting the free water
and PCE admixtures stay in the
microphase for a longer time.

Extended workability of
concretewith highly demanding
raw materials

In addition: Proven results with
reducing the air content at very
high dosages of RCA

Slump (mm)

Typical slump development over time when using
demanding raw materials

300

Combination of Re-Con AGG
and conventional Superplastizicer

e —

200 - —

Conventional —
' Water reducing
' polymer
100 I _

Big slump loss
between 60
and 90 minutes

0 30 60 90
Time after mixing (minutes)

B 175



Specific project example 1

Norwegian project MILBET:
Miljgvennlige Betonglgsninger

Project owner: Nordland Betong

Main target: Producing concrete
with more recycled aggregate

Recycled concrete aggregates (RCA):

« A waste stream in own production of
paving stone

« A waste stream from demolished Bodg
Airport
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0/4 mm RCA

®
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4/8 mm RCA

i rpet

il i e " E‘ {f ’
s <£ %“, - 2 1 1x ;
4 o TR

N
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8/22 mm RCA
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Mix design - testing 50% RCA

C30/37

337 kg/m3 Std. FA (CEM 1I/B-M 42.5R)
w/c = 0.52

Free fall mixer

Aggregates:
Reference: 100% natural
« 50% RCA:50% 0/8 mm RCA + 50% 8/22 mm RCA

Admixture:
Superplasticizer (Dynamon)
Microphase retention system (Re-Con AGG 90)

& | 180



Slump/spread

Admixture Slump/spread [mins. &mm]
Aggregate type dosage [%
CWt] 30! 60! 90!
(o)
1 - REF 100% natural e 230/520 200/370 190/320 120/210 80/200
Dynamon
(o) (0] 0.90
2-50%RCA 0% RCA+30% & 210/350  100/210 X X X
natural Dynamon
0.9%
3-50%RCA _ )
med Re-Con  ~07° RCA+ 50% - Dynamon 200/390 200/340 140/220 50/200
AGG 90 natural 0.5% Re-Con
AGG 90
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Directly after mixing

y;

£

T AT AR R RAEXY | G i EFRNS : . - XXXEXXLH

Y
gA g

Reference — 100% natural 50% RCA — without Re-Con AGG 90 50% RCA — with Re-Con AGG 90
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30 minuted after mixing

Reference — 100% natural 50% RCA — without Re-Con AGG 90 50% RCA — with Re-Con AGG 90
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90 minutes after mixing

e

e B T ST

T

Reference — 100% natural 50% RCA — with Re-Con AGG 90

((50% RCA — without Re-Con AGG 90)) B 104



Compr. strenght [MPa]

70,0

60,0

50,0

40,0

30,0

20,0

10,0

0,0

Compressive strength

Tests 50% RCA replacement vs ref

52,4

48,0
399 396
26,7
21!9 ] I
24h 7d

REF

m 50% RCA

m 50% RCA m/ AGG 90

48,2

28d

60,7
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Mix design - tests with 84% RCA

C30/37
w/c = 0.52
Free fall mixer

Aggregates:

Reference: 100% natural (Norstone)
84% RCA: 75% 0/8 mm RCA +100% 8/22 mm RCA

Admixtures:
Superplasticizer (Dynamon)
Microphase retention system (Re-Con AGG 90)

385 kg/m3 Std. FA (CEM I[I/B-M 42.5R)
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Slump/spread

Admixture
dosage [%of

cwt] 30’ 60’ 90’

Slump/Spread [mins & mm]

Aggregate
type

1 - REF 100% natural  0.6% Dynamon 230/520 200/370 190/320 120/210 80/200

(0)
849% RCA + 1.75% Dynamon

— 849 9% Re-
2 — 84% RCA 16% natural O.SiégegoCon 225/580 225/570 200/400 180/310 140/230
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Compr. strenght [MPa]

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

Compressive strength and Air life

Tester med 84% RCA

61.5
52.4
28.4
21‘9 I
1 2

. Reference natural aggr.

B s49% rea

Air content

Ref: 0,5%-1,2% directly
after mixing, 2,0%-2,6%
after 120 min

84% RCA w. Dynamon &
Re-Con AGG 90: 1,2%
after 120 min

Y REE



Project example 2

« Mapei R&D center extention by 1000m?
« R&D focued on sustainable concrete solutions

BETONG @ST

 BETONGHUB
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What is possible?
Slab on ground indoor

We decided to go as far as possible with use of recycled
aggregates

We decided to aim for GWP levels at Low Carbon concrete Pluss
acc. to Norwegian guidelines.

m TTOTSK )
betongforening Fasthetsklasse 4 og B207 B257
lavkarbonklasse

Publikasjon nr. 37
Maksimalt tillatt klimagassutslipp, GWP-total kg COy-el r. pr m? betong]

Bransjereferanse 4l

Lavkarbonbetong
Lavkarbon B

Lavkarbon A

Lavkarbon Pluss ¥

Lavkarbon Ekstrem?®
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Choice of raw materials

Aggregates:
 Washed recycled Excavated materials NES Miljgpark, O —16 mm
* Recycled crushed concrete (RCA), 16 — 22 mm (from Rimol)

* SIGS-slagg from Eramet Norway in Porsgrunn, 10 — 22 mm
Binder:

« Schwenk Lavvarmesement (CEM I11/B)

 Elkem Microsilica
Admixtures:

* Local Dynamon product
e Re-Con ACG 90

« Mapecrete SRA-N
 EXpancrete




Aggregates

0-16 mm 16-22 mm 10-22 mm

SIGS-slag

Washed recycled
excavated mtrl
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Concrete mix design

2 mix designs: RCA or Slag as coarse aggregates

B35 M45 D22 - 230 mm Lavkarbon Pluss with 100 % Recycled
aggregates

Materiale Prop Masse (kg) Materiale Prop Masse (kg)
1183  Resirkulert tilslag 16/22 20,00 % 322 3 1188 SIGS Eramet Heraya 10/22 25 00 % 4410
1699 Nes vasket 0-16 80.00 % 13833 1659 Mes vasket 0-16 75,00 % 12084
2035  Schwenk CemlllB 97.00 % 3775 2035 Schwenk CemlIlVB 97 .00 % 3775
3001 SILIKA 3,00 % 1.7
3001 SILIKA 3.00 % 11,7
6014  SX-23 0,48 % 1,9
6125  SRA-N 1,00 % 3.9 6014 SX-23 1.12% 4.3
6126  EXPAN 4,85 % 189 6125  SRAN 1,00 % 3.9
6600 Re-ConAGG 90 0.50 % 1.9 6126 EXPAN 3,88 % 151
Vann 180,0 Yann 180.0
Luft 2.00 % 0,0 Luft 200 % 0,0
Totalt 2301,5 Totalt 23310
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Flooring placement
2 days.

2 areas polished and sealed.

Office area added system: Mapefloor Comfort.

Mapecrete System/Dgnn Fugefri:
* Fibre Reinforced Concrete
 Shrinkage Reducing Agent
 Expanding agent
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Low Carbon concrete Plus
100% recycled aggregates
30 kg/m3 Steel fiber

1 hour transport

.Rather challenging
normally!

Challenge?

First load on site:
Slump: 230 mm
Spread: 400 mm

145m3 pumped
without issues

"Re-Con AGG 90
was the deciding
factor for constant
workability”

-project team and
material supplier
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Gren concret GWP,. . (A1—A3) =

2 157,3 kg CO, /m3
(concrete with
16-22 RCA)

GWP, s (A1 -A3) =

158,6 kg CO,/m3
(concrete with
16-22 SIGS slag)

(including ALL
admixtures,

not reinforcement)




Hardening

Schwenk Lavvarmesement contains 70 % slag.

Daily tempetatures appr. +10 °C. Night temperatures outside sometimes -3 °C.

Sample cubes taken 24 April and 28. april. Stored on site and in lab (+20 °C)
Compressive strength meets B35 with good margin (required is B35; f, ;5 = 45 N/mm?2).

Age 24.04.25 (stored on site) 28.04.25 (stored in lab)
Compr.str. (N/mm?) Compressive strength (N/mm?2)

24 hrs 2,8 13,0
4 days 16,7

7 days 30,7 39,7
28 days 52,0 58,2
56 days 59,0 59,5
91 days 68,0 65,5
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Summary and further research

Recycled Concrete Aggregates can be challenging for workability

IN very high dosages, air content can accelerate, affecting
strength

Re-Con AGG Microphase retention system admixture has shown
positive effects on these 2 challenge areas

Further research is needed to understand the Sorption
mechanisms even better

Carbon footprint could be lowered even further by accelerated
recarbonation of calcium compounds in RCA

B | 198
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A PRIMX

Concrete Technology

Betona platnu klimata nospieduma
samazinasana, pielietojot disperso terauda
stiegrojumu

PrimX® D&B Risinajumi



A PRIM)

Concrete Technology

Valters Séejans
ProjektéSanas Projektu Vaditajs
Primekss




PrimX® - pielagoti efektivi inzeniertehniskie risinajumi

—™=WORLD oF

>CONCRETE'

Primekss — Izpétes, Ziemeleiropas Testésana balstita PrimX® inovacijas ir
projektésanas un lielakais privatais projektésana- ar guvusas atzinibu
bavniecibas uznemums betona R&D centrs vairak neka 20 pilna pasaules meroga

meéroga testiem

A PRIMYX

Concrete Technology




Globali ieviesta tehnologija

Datu Centri

Datu centri ar kritiski
svarigam sistémam, kuram
nepiecieSama izcila
lldzenuma un nestspéjas
kvalitate

Logistikas centri

Optimizéti risinajumi smagajai
tehnikai un automatizétam

noliktavu sistéemam

B PRIM)

Gigarupnicas
Liela méroga razoSanas
rdpnicas ar augstam
konstrukciju veiktspé€jas

prasibam

Smaga
Rupnieciba

Projektéts ekstremam slodzém

Civila/industriala

buvnieciba

|zturiga, bezSuvju betona

tehnologija, izstradata civilajam

un industrialajam bavem

Plasi ieviesta tehnologija industrialajos objektos visa pasaulé

(Ontinental @ %’3} VOLVO mv ""; PROLOGIS m

% Do _a==ss | [INREP
northvolt [ :
QEBDT Walmart M PANATTONI




Terauda skiedru dispersi armeéts betons (SFRC)

0.3 General approach for fibre concrete with or without bar reinforcement
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Figure 3.5: Rectangular stress distribution
Figure 0.3 — Strain and stress distribution for fibre concrete with or without bar reinforcement

Stress Stress-Strain diagramm
-35
Compression 2T
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SFRC aprekini/modelesana

CO1:CO 1
Global Deformations u-Z [mm]

Gibal Deformations
uz [mm)

. 4

Factor of deformations: 350.00
Max u-Z: 9.8, Min u-Z: -1.1 mm

¥ Coordinate (Down)

Point: 11160
Value: 0.7040

-40 -38
X Coordinate (Right)

-36 -34

Fig. 14. Corresponding crack layout

In Zdirection

5

. ]

2 ,

] -

= N
S/

Fig. 15. FST deflection curve

Table 4.1. Crack widths (mm) measured by microscope on the bottom surface of Slab 1

Crack

Material Model - sotropic Damage 20/3D

Sress Swn Duagram - Pastwe Zore

RIATES “H ]
stepa: " 1 000000 00
e i 20
) 13005
Dlgram dte bt “ 2001602 17908
oy
OTearing
vieiing
Contnuann
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Symmetric sbout the.
angn
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stops

Oagram afte bt

stop

O Tewing

viektng
Continuces

26700 new

Cancel

mameand 02102023 08102023 09.102023 9102023 11102023 11.102023 12.10.2023
08:00 12:00 09:00 16:00 08:00 12:30 07:30
038 - 0.8 082 08 081 -
035 0n . 0.62 -
018 - 0.58 052 05 0.52 0.53
0.14 - 053 G 0.56
0.16 - - 072 - 0.56
0.05 - - 0s1

0.46 028 - 042
055 - 1.08 095 09 099
045 . 0.65 - 0.67 -
030 . 074 065 072 072
032 - - 047 05 051
045 . . 024 . 020
032 . - 0.08 - 0.10 A
0.69 1.02 080 057 079 092
i 0.70 0.78 0.65 - 071 s
- 040 0.5s 0.65 02 068 050
. 0.07 007 . 0.09
0.56 0.65 057 . 038
. 0.65 . 059 - -
- 0.68 072 0.6 0587 0.82
- 080 ﬁ' 080 - 094 102
- 063 = 058 - 075 .

Fig. 17. Slab bottom cracks




PrimX Tehnologija

o Téerauda skiedru dispersi arméts, passpriegojoss betons (SFRSSC)
e Betona izpleSanas rezultata Skiedras tiek paklautas stiepei , bet betons — spiedei

e Tiek novérstas rukuma negativas sekas, un tiek panakts kimisks passpriegojums

a Rezultata tiek ieguta stingaka konstrukcija

x

 Bezrukuma betons
« Muzigi lidzenas platnes

//}/ N T 7 1@/ T - Palielinata nestspégja
- YK A AR - Kvazi-stinga platne
/» 7f{§\ —~ = L - Samazinatas CO, emisijas

gexp, restrained gexp, restrained

A PRIMX

Wet-curing process




PrimX® passpriegojoss betons (SFRSSC)

p— PrTn.1X bez §kiédrém
1000 === PrimX ar Skiedram
—— Standarta betons _

Length change (p.€)

'600 T T T T T

0 30 60 90 120 150 180
Specimen Age, days

\ PrimX DC izpleSanas spéks

\ PrimX betona matricas pretestiba (paSspriegojuma spéks)
\ Térauda Skiedru saspriegoSanas (pretreakcijas) speks
~ PrimX betona matricas poru telpa
Ettringits un citi PrimX DC reakcijas produkti
Sakotnéjais PrimX tilpuma stavoklis (0 dienas)

Izplesta tilpuma vientba PrimX SFRSSC (14 dienas)

PrimX CPEA

B PRIM)




PrimX® adensnecaurlaidiba

Betona paraugu testésana (EN 12390-8)
500 kPa Udens spiediens (~51 m adens
spiediens) 72 stundas.

Aizpilditas poras — labaka
udensnecaurlaidiba

Multifunkcionala piedeva = mazak CO,

Overview of concrete compositions investigated

Details on mineral
Steel fibre additives
Mixture ID | w/c ratio content, Additional Notes
kg-m? Type Conter_ljt,
kg'm
1 0.55 0 None - Reference concrete
2-Unrest 0.55 45 PrimX DC 40 No external restraint
2-Rest 0.55 45 PrimX DC 40 External restraint
3 0.55 0 Type 1 4 -
4 0.55 0 Type 2 3 -
5 0.40 0 None - Reference concrete
6-Rest 0.40 45 PrimX DC 40 External restraint

ON THE APPLICATION OF STEEL FIBRE REINFORCED SELF-STRESSING CONCRETE
(SFRSSC) IN WATERTIGHT CONCRETE STRUCTURES
oo
Z
u

30

25 -~

20

15

10

5_

07- -
oo oo
z Z
— o

[Test series]-[sample number]

(a) (b)

Fig. 2. (a) Image of clear colour difference, used to measure the maximum water penetration
depth and (b) the measured average (dark colour) and individual (pale colours) water
penetration depths for the various Mixture IDs

Depth of penetration [mm]
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PrimX® Combideck

Pabeigta gigarapnica un tas risinajumi




Bateriju rupnica

Buavniecibas sakums: feb. 2024
Platiba: aptuveni 170 000 m?
Parsegumi: 86 800 m?

Grida uz grunts: 83 200 m?
Konstrukcijas:

Metala / Glulam karkass

Kompozitais parsegums uz metala
sijam




Geometrija / Slodzes

- Kolonnu tikls: 7,5 x 16m
= et ...... """"" - Sekundaro siju attalums: 2 m
St ”’ww « Kompozit profils: SHR 51/150

''''''''' : « Betona biezums: 200 mm

-----
----------

------
....

Secondary beam Lietderiga slodze: 10.5 kN/m?

Forkliftu slodze: (FL3)

Secondary beam

Main Beam

Isometry of typical area
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Tipiskais stiegrojums standarta konstrukcijas:

 Lieces momenta stiegrojums
- Skérsspéka stiegrojums
 Veérpes stiegrojums

- CaurspieSanas stiegrojums

- Tehnologiskais stiegrojums




PrimX® Optimizacija
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PrimX® Optimizacija

STIEGROJUMS

LIECES MOMENTS

KERSSPEKS

AIZSTATS AR SKIEDRAM

PLAISU KONTROLE

GARENBIDE STARP TERAUDA SIJAM RISINAJUMS VIENKARSOTS /
UN BETONA PLATNI STIEGROJUMS
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PrimX® Optimizacija

2-2
Ts el e A Bottom reinforcement over the main beam
rojeKia risinajums 1:10 i leguvumi
% 8/150 £ 8/150] %
: \ i '\'E | * 160 metru gari parsegumi bez
Originélais risinajums | 7‘ E . 7‘ . ! i ! E . E #;‘ . | deformacijas Suvém
A SVE SV SV o AV SVE SV SN «  50% ietaupits laiks izblvé
* Biezums: 200mm : 44 : &4 : » Vairak neka 3x mazaks CO2 izmesu
* Stiegrojums: 230kg/ m* : e : Ak : ;péorzgs ms pateicigs nakotnes
. &k ~ciia: 3 ; ! . * Risinaju
Skiedru dozacija: 0 kg/m : ¢~H¢ : q}ii$ : izmainam
Secondary beam / ' Secondarybesm + Deformacijas Suvju atvérumi
| salidzinosi nelieli (2-4 mm)
ligermina ieguvumi

N
PrimX® risinajums « Nakotnei gatava €ka piesaista vairak

275 150 1150 (180 | 275

nomnieku
° Biezums: 200mm 2| =/ - CO, ietaupijumu var izmantot &kas
* Stiegrojums: 40kg/ m3 L I S S —F CO, bilances kompensésanai
- Slgiedru dozacija: 30 kg/ m3 / \ * 10 gadu garantija
/ \ g * Izmaksu zina efektivs risingjums
42 R18 e 190 4R/31 cc 150 -+ Combideck sistéma viegli izgriezt
atvérumus
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PrimX® Optimizacija

e Saskana ar originalo Saskana ar PrimX®
Pozicija, vienibas L . Ay
risinajumu risinajumu
Kopéja parsegumu platiba, m? 86 800 86 800 N/A
NepiecieSamais betona apjoms, m? 17 360 17 360 N/A
Kopéjais nepiecieSamais stiegrojums, ton 3993 1215 2778
Darba stundas armatiras ieklasanai, c-d 9 982 3038 6 944
Kopéjas iebuvéetas CO, emisijas, ton 8 784 2673 6111

« 70% letaupijums nepiecieSamaja stiegrojumal!

- Vairak neka 6 000 tonnu iebldvéto emisiju samazinajums bez papildus izmaksam

« Samazinats darba apjoms 41 darbiniekam 8 ménesu garuma.

A PRIMX



Labaka oglekla emisiju samazinasanas stratégija

PrimX betona tehnologija jau Sodien nodroSina 2050. gada mérkus

Efektivitate projekté$ana un Efektivitate projekta un budzeta
blvnieciba skatijuma
Mazak betona un térauda = zemakas materialu

Vienkarsaki projektétie risinajumi — mazak lieka
darba

Optimizéti risinajumi

Inovativa pieeja

izmaksas
Mazak darbaspéka un atraka izbave
Katrs neielietais m3 = talitejs CO, samazinajums

= Mazaks materialu paterins = Mazakas CO, emisijas

B PRIM)




A PRIMX

Concrete Technology

Efektivitate betona konstrukcijas, kas veicina
CO, emisiju samazinasanu

_E E Valters Séjans
. " ProjektéSanas Projektu Vaditajs
= T NEISS




1862

N FRIGH
z{‘l.f‘:

RIGA TECHNICAL
UNIVERSITY

Research at RTU focusing on

reducing Environmental Footprint of
Concrete

Riga Technical University
Faculty of Civil and Mechanical Engineering

Institute of Sustainable Building Materials and Engineering
Systems

Dr. Sc. Ing.
Maris Sinka
Dr. Sc. Ing.

27.11.2025
Genadijs Sahmenko



SWISS - LATVIAN
Cooperation Programme
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SWISS - LATVIAN
Cooperation Programme

Framework: project-based collaboration

m - .

S Knowledge transfer to the industry and STEM promotion

<
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& .
~ Collaboration between RTU and Emp

(@)

; * Presenting at LV industry

conferences
. . o * Attendance of two winter
Training of young scientists school

5 * Dissemination through

~ * Long-term student visits to website/ videos/ social

o Empa media/ industry journals/

g = » Short term scientist visits leaflets / associations

S . : : .

S 4 Top|cs (WP2-WP5) Brer < snidants to Emrfa and RTU Pres;entmg at international
& 4 PhD students * Two winter schools conferences

o . e . o3 Postdocs * Presentations at LV * Open-access scientific

° 8 Mini-synergies S 1€ High-criool studenits industry conferences publications

3 : * Promotion of STEM among

* 16 Bachelor students : : :
. girls and in regions
47 Projects

Schweizerische Eidgenossenschaft
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Confederaziun svizra
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Ministry of
Education and Science
Republic of Latvia
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SWISS - LATVIAN

Cooperation Programme §)

Schweizerische Eidgenossenschaft
c Confédération suisse

Confederazione Svizzera

Confederaziun svizra

LACH

Partners
RTU Faculty of Civil and Mechanical Engineering scientific
Faculty of Natural Sciences and Technologies partners
Institute of Photonics, Elektronics and Telecommunications 1

Empa, Concrete and Asphalt Laboratory

Latvian State Roads

Latvian Road Builders Association
Latvian Concrete Association

Ministry of
Education and Science
Republic of Latvia

Latvian Council of Science

Advisory board
from industr

. 1862

@ Empa

RIGA TECHNICAL Materials Science and Technology
UNIVERSITY



LACH
MAT

ON ADVANCED CIVIL ENGINEERING MATERIALS

SWISS - LATVIAN
Cooperation Programme

HOYV3S3Y SSIMS-NVIALY

Project management team

Executive board and key scientists

e 6

Inga Labsvira - Zel¢a Viktors Haritonovs Marting Zaumanis Nikolajs Toropovs
Administrative project manager

4

Viktors Haritonovs
Project manager

»

Viktors Haritonovs ~ Martin§ Zaumanis

Lasma Vaivare Maris Sinka Genadijs Sahmenko Pietro Lura
Project communications manager

i 4

Genadijs Sahmenko  Maris Sinka

Zanda Plumina Remo Merijs - Meri
Project content manager
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SVEICES UN LATVIJAS
sadarbibas programma

Date of establishment: 22.05.2025.

Janis Barbars (LSR)
Rolands Cepuritis (LCA)
Monta Berga (LRB)
Janis Zale (LCA)



SWISS - LATVIAN
Cooperation Programme

2025. -2029.
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WP4: Ultra-High
Performance Fiber
Reinforced Concrete
(UHPFRC) for application
as shotcrete (sprayed
concrete)

Andrejs Kavlaks, Ruta Anna Kinta, Genadijs Sahmenko,
Nikolajs Toropovs, Pietro Lura



ABOUT
LACHMAT

PROJECT
AIM,
RELEVIANCE

UHPFRC AND
SHOTCRETE

MAIN
ACTIVITIES

POTENTIAL
RESULTS

Road infrastructure objects in Latvia: poor
technical condition, aging, corrosion
Long and complicated repair

Limited industry experience

To develop durable UHPFRC shotcrete
solutions to repair and protect marine and
road infrastructure exposed to harsh
climates and corrosion

To promote UHPFRC shotcrete in Latvia,
using local resources




ABOUT
LACHMAT

Superior strength (> 120 MPa) * Fast application

Durability (>500 cycles)  No formwork required

PROJECTAIM, . . . .
RELEVIANGCE Crack resistance Suitable for both new construction and

Impermeability repair

UHPFRC
AND
SHOTCRETE

MAIN
ACTIVITIES

POTENTIAL
RESULTS




ABOUT

LACHMAT
e Literature review on UHPFRC mix design
PROJECT AIM,
RELEVIANCE * Material preparation
* Laboratory testing and shotcrete
UHPFRCAND  Prototyping
SHOTCRETE :
Large-scale experiments
* Guidelines for industry applications
MAIN
ACTIVITIES
POTENTIAL

RESULTS




LIFE CYCLE INFORMATION

Both protective and strengthening properties

Thinner protective layer

: More durability and more service life
Sustainable
solutions + LOWER ENVIRONMENTAL IMPACT 11!



SWISS - LATVIAN <§) WP5: Long-term
ooperation Programme Performance and
Durability of 3D-Printed

I_ C H Concrete with Local
A Materials
Davis Dragons, Maris éinka, Nikolajs Toropovs, Pietro Lura,

ON ADVANCED CIVIL ENGINEERING MATERIALS Ellina Bernard
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THE PROBLEM

e Sustainability for 3D-Printed cementitious materials

e High CO, emissions in construction field
PROJECT AIM,

RELEVIANCE THE AIM

* Investigation of sustainable and durable 3D-Printed cementitious
materials

e Study on the use of bio-based aggregates

* Research and optimization of locally available materials

* Reduction of CO, emissions

* Potential collaboration with local manufacturers and industry

* Prototyping of different printable mixtures and construction elements




ABOUT
LACHMAT

PROJECT AIM,
RELEVIANCE

LOW
CARBON
CONCRETE

3D-
PRINTABLE
CLAY

WP4 & WP5
TEAM

Research of different mixtures without cement
Analysis of the impact of hemp shives
Potential use of 3D-Printed permanent mold
Potential applications of landscaping objects




ABOUT

LACHMAT
* Potential industrial applications for replacing standard molds with reusable
PROJECT AIM, - :
RELEVIANGE bio-based materials
e Potential collaboration with local clay manufacturers
_Pri Plywood molds
LOW CARBON eusable mold curvently used
CONCRETE |
3D-
PRINTABLE
CLAY
WP4 & WP5

TEAM




ABOUT
LACHMAT

PROJECT AIM,
RELEVIANCE

LOW CARBON
CONCRETE

3D-
PRINTABLE
CLAY

LACHMAT
TEAM

Master's student (WP4)

PhD student (WP4)

PhD student (WP5)



Retona References 8 8 3; 2 2
% BIOPHOT e BESe fOf O
kgCOe/mt & g s 5 s
C8/10 200 180 160 140 120 100
- C12/15 210 190 170 145 125 105
CO, storage in recycled concrete
C20/25 240 215 190 170 145 120
W a S t e C25/30 255 230 205 180 155 130
: 5 ki C30/37 275 250 220 195 165 140 = l.'n m ”llll"'ug,-m I‘”mmﬁ"r f“ / ji
* The project focuses on storing CO; in recycled - T T o - B ol | 110811
concrete construction waste using a special ca050 325 295 260 230 195 ' ;‘1‘1%15“,5,
processing and controlled carbonization method. cisis5 350 3 w0 2520 =
C50/60 370 335 295 260 220

* Up to 10% of the concrete waste mass can be stored,

significantly reducing the CO; footprint of the final /s S
product, as well as improving its properties. by | o

* The solution is primarily intended for concrete CO, footprint of concrete
manufacturers to carbonize their internal concrete can be reduced
waste, reducing the carbon footprint of concrete 250 kg CO /ms = 200 kg CO /ms
products. 2 2

S R A Y Interested in testing your
waste concrete?

maris.sinka@rtu.lv

The project “Biomedical and Photonics Research Platform for the Development of Innovative Products” — “BioPhoT” is being implemented within the framework of the long-term national
research program “Innovation Fund — Long-Term Research Program”, financed by the Ministry of Economics. Project number: IVPP-EM-Innovation-2024/1-0002



LZP (Latvian counsil for science) project -lzp-2022/1-0585 (2023-2026) @
RIGA TECHNICAL ° ° °
UNIVERSITY Development and characterization of sustainable gypsum- ..

cement-pozzolanic ternary compositions for 3D printing Foence

_to develop sustainable GCP compositions

for 3D printing and promote the use of industrial by-products

More than 150 GCP compositions were developed.
GCP ternary mix = Gypsum (> 50%) + PC (< 25%) + MK
- recycled gypsum
- phosphogypsum
- oil shale ash

* Fast setting - GCP mix buildability up to 70 printed rows (REF
cement mortar — up to 40 rows)
* Low cement content (up to 70 kg/m?3)

* Recycling non-popular industrial waste

CEM Il A/LL 42,5N
kg/m3

240

166 160

II ]

REF-CEM GCP-1 GCP-2 GCP-3 GCP-4

236



m“c“m PROPERTIES AND PRACTICAL USE OF 3DP GCP ;g‘
UNIVERSITY COMPOSITIONS

Compressive strength:
15 MPa (self-supporting)
40 MPa (load-bearing structural elements).

Water absorption < 15%;
Softening coefficient > 0.75;
Frost resistance confirms to XF1.

Latvian Council of
Science

= specific architectural design elements
of permanent formwork;

= acoustic panels for sound dispersion for
indoor and outdoor use;

= environmental design objects, such as
benches, flower boxes.

= facade panels and wall blocks




TRANSITION

Waste to 3D printing

Transforming Waste Into High-Performance 3D
Printable Cementitious Composite

2023 SEPTEMBER — 2026 AUGUST
https://transition.rtu.lv/

SAKRETe  ZAG °\'.°- o
1922 M-ERA.NET



Transforming Waste Into High-Performance 3D TRANSITION

Printable Cementitious Composite Wste to 30 prinfing
Use of Oil Shale Ash in 3D Printable Concrete, Replacing Cement:

e Large amounts of waste in Estonia

e Can be used in cement production and concrete, have been done
previosly, have separate standard

Various kinds available with new types of furnaces




Transforming Waste Into High-Performance 3D
Printable Cementitious Composite

TRANSITION

Waste to 3D printing

-4

Use of Oil Shale Ash in 3D Printable

Concrete, Replacing Cement:

* During the project, mixes using oil shale
ash were developed.

* 40% of the cement was replaced, not
lowering the properties

* CO, reduction of ~¥30%

e Large-scale prototype — LablLab?2 just finished

— 2.40m high sculpture.




Low — CO, Concrete Printing Using Waste Materials

Low CO,
{ = 3D printed
buildings

» g7

Waste Ash with Pozzolanic Construction debris
High CaO additives as aggregate

0% cement

The goal of this project is to reduce CO, emissions by using recycled waste aggregates (RWA) and industrial waste
ash as binders in 3D printable concrete




Low - CO, Concrete Printing Using Waste Materials

* Binders used in this project are
without cement, uses OSA +
metakaolin, can reach up to 30
MPa.

* |nitial use — lost formwork or
ow requirement structures,
ower strength required, only
around 5MPa

* Significantly reduced CO,
footprint, 50-90%.




Building a Greener Future: 3D Printing with Natural Fibre Composites

This research project aims to create and test natural fibre composite materials, such as hempcrete, for 3D printing in construction. The
goal is to produce resource-efficient, free-form structures with a lower environmental footprint, specifically by reducing CO, emissions.

The Sustainable Building Project

Developing 3D-Printable
Natural Fibre Composites

The project aims to create
materials for both load-bearing
and self-bearing structures.

The use of bio-based
materials like hempcrete
can lead to negative
CO, emissions.

Evaluating Environmental Impact

& A Life (:ycleﬁieg
Assessment is
Q used to verify the

sustainability of the
Resource 3D Printing & End of Life new materials.
Extraction & Construction
Processing

dr.sc.ing. Girts Frolovs
Researcher

Performance of 3D-Printed Hempcrete Walls

Three Binder
Materials Tested

The printed outer
shell was tested with
three different fast-
setting binders.

Gypsum

Absolute GWP (kg CO, eq.) - Lower (more negative) values are better
-150 -100 -50 0

Gypsum
~ =150 Binder (BG)

110 Calcium
~ - Sulphoaluminate
(CSA)

Magnesium
~ =50 Oxychloride
(MoC)

1.1.1.9 Research application No 1.1.1.9/LZP/1/24/085 of the Activity “"Natural fibre
composites with increased sustainability for 3D printed applications”



Sustainable Concrete: How Microbes are Strengthening Construction

Recycled Aggregates
are Porous & Weak

Their high porosity

limits their use in new,
high-quality concrete
production.

This bio-process uses
microbes to naturally
deposit strengthening 4%
calcium carbonate. '

Applying Microbial-Induced
Calcite Precipitation (MICP)

Mohmmed H. Alzard
PhD Engineering

1.1.1.9 Research application No 1.1.1.9/LZP/1/24/086 of
the Activity "Post-doctoral Research" "Utilization of

Microbial-Induced Calcite Precipitation for Sustainable
Concrete Production."

High-Performance
Sustainable Concrete

The treated aggregates yield
concrete with enhanced mechani-

\ical and durability properties. )

Stronger, Denser
Aggregates

The deposited calcite fills
pores, creating a superior

and more durable
base material.

Supports a
Circular Economy

This method reduces CO2
emissions and provides an

alternative to natural aggregates;&)

Global Scientific
Collaboration

International training in Ghont,
Tokyo, and the US strengthens
project outcomes.




https://doi.org/10.1016/j.iclepro.2025.147082

-

Sustginable Concrete:

. . ‘ : » t

How Microbes are Strengthenin




Sustainable Concrete: How Microbes are Strengthening Construction
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Climate Impact of Construction Products and Services

Pétijuma komanda

Projekta koordinators:

* The aim of the project was to Ve onermmit. o

Projekta tehniskais vaditajs:

Edvins Grants

develop a basis for a national e

N -b) ':E\z (é' Atbalsta: Tenarprofesore Diana Bajare ‘ ‘
VE T ESE Prof Aleksandrs Korjaki
I I l et h O d O | Ogy fo r Ca I C u | at I n g 2{1'."\: Rigas tehniska universitate io crors Feteands orJ~a "
RIGAS TEHNISKA Pétnieks: Artars Rieksting
UNIVERSITATE

the life cycle greenhouse gas

Marija Katrina Dambe

(GHG) emissions of buildings. Q) owon i~

Rigas Energétikas Agentara S 'ﬂ b

N Pétnieks: Kaspars Grabens
ﬂ Ié?;;:’:;mu un Latvijas Biozinatnu un tehnologiju Koordiné: Anete Meija oo
. ‘-‘:I

* To create a database for main Y
construction materials used in o
. :.:Stgltjgss\{laslislzi;rllle22|natnes Pétnieks: Andis Lazdins
Latvia pa

ehnologiju 5 5
e oed universitate ic Ni
universitate Atbalsta: Aleksejs Nipers

References ES g 8 8 B

* Integrated Latvi f e FEUOLOL b
gra e a Vlan re erence klase kg CO.e / m? & o o o =

f O ° d I' c8/10 200 180 160 140 120 100

concrete from TK-04 guidelines
C16/20 225 205 180 160 135 15

C20/25 240 215 190 170 145 120

€25/30 255 230 205 180 155 130

©30/37 275 250 220 195 165 140

C35/45 300 270 240 210 180 150

C40/50 325 295 260 230 195 165

C45/55 350 315 280 245 210 175

C50/60 370 335 295 260 220 185




Thank youl!
3D Concrete Printing Lab

maris.sinka@rtu.lv
3Dlab@rtu.lv

Follow us:

A

[f C A
| ¥ N B

| § W

| & [

\ T 4 @3D Concrete Laboratory RTU



mailto:maris.sinka@rtu.lv
mailto:3Dlab@rtu.lv
https://www.facebook.com/3DconcreteRTU
https://www.instagram.com/3d_concrete_rtu/
https://www.linkedin.com/in/maris-sinka-7b2030120/
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Agenda

O Infro

O Verde + (Cast-in-place concretfe

O Structural design specifics

0O Construction experience - Speed+Quality+Challenges
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VERDE

Building D
11 700m3

Building C
9 750m3

Piles

4 900m3

N\

Building A
15 500m3

\ Piles

+ 150m3

“\\; Building B

12 500m3

a Latvijas
Total ~ 61500m3 = ~21 000T €O, = ~0,3%LV,¢: sun \‘!\’i Betona

Savieniba
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Design-Build without Design-Build

L

26.! Bavprojekta izstrade noslédzas ITdz ar baves nododanu ekspluatacija. Bavprojekta izstradé ir
$adas stadijas:

26.11. projekta koncepcija — stadija, kurd plano$anas risinajumu Ifmenl tiek izstradata un
shematiski attélota objekta novietne, plani, telpiskie apjomi, kas dod priek3Sstatu par objekta
veidolu un izvietojumu bavniecibai p étaja teritorija (; a);

v. - . b - t .k -
IS parlg Ie uvno e' u I 26.12. skicu projekts — stadija, kad objekta projekts ir izstradats pakapé, kas lauj git plasu
ieskatu par projekta pianojuma aspektiem, funkcionalo organizaciju, telpisko uzbGvi un izskatu,

ka ari dod iespéju veikt Gl izvéli starp kor un p:
Atléloté | (planotajiem) risinajumiem;
Ak Ciia 01.11.2025-... Spéka esosa v L -
J I 26.3. tehniskais projekts —Istadija, kura projekts ir izstradats tada detalizacijas pakapé, ka var Latvijas
ik=brwdarbuzrmakeas-n izvéléties bavdarbu veicsju, ka ar veikt bavekspertizi;
________ - Betona
126.14. darba ’ izstra a ’ i iant
projekts — stadlija, kura projekts tada tehniskas detalizacijas limen, kas
 28.14. darba t Savieniba
un iekartu i junto 1

(MK 25.03 2025, noteikumu Nr 196 redakcia)
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Verde CD precast proposal

Roof cast
in place

Not ideal for fwo
way cantilevers

Pile caps,
foundation slab,
underground walls
cast in place (not
modelled)

“Heavy" solutfion

& | for slab above -1
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Hard choice

0O Precast cheaper at "typical” structures

0O Precast more expensive at long spans/high loads due to steel beam cost

0O Precast not possible for foundation, underground external walls

O Precast not suitable for strange roof structures

O Precast lighter - cheaper vertical structures (insignificant) and foundations (significant)
0O Precast aesthetically not very nice during consfruction and for exposure in offices

0 Good experience with cast-in-place constfruction companies

0O Cast-in-place more elastic for non-typical structural applications

0 No need to mix work/teams during construction

O Insignificant gain in constfruction time

0O Cast-in-place more elastic for reconstruction - changes in layouts of offices, additional
openings for stairs/MEP solutions.

< ;
L o
““” ga\fieniba
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EN

Design challenges

o Punching shear
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Design challenges

0 Complicated geotechnical conditions 1

‘ Latvijas
’ Betona

‘ Savieniba
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Design challenges
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Construction challenges

0O Complicated soil conditions for consftruction + not easy pile caps

’ Latvijas
’ Betona

' Savieniba




Izvele lietot monolTtu dzelzsbetonu biroja kompleksa Verde esoso un toposo eku MaftTss Apsitis AR

bUvkonstrukcijas. Pieredze projektesana un buvdarbos SIA ARENSO
Choice fo use cast-in-place concrefe for structures of office cenfre Verde existing November 2025 EN
and new buildings. Experience during design and consfruction Slide number 18 of 23
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Construction challenges

O 24m d1000mm 10MN columns 24d40+Lenton

Dzelzsbetona kolonna DzK1gr L
Reinforced concrete column DzK1gr 5 %
91000 N
% 12 sapirotas 940 i ;
(kopd 24. gab), aréjo (garo) kolonnu vidid parlaidums ar koniskiem K i
skrilvétiem savienojumiem Le

12 paired #40 (total 24. pcs), in middle of outside (long) column

nton vai Kdzve P
spliced by conical screwed comnections Lenton or equal ‘

¢16, s=150

Aptveres / stirrups
Skat. DzK1 / see DzK1

Latvijas

‘ Betona

' Savieniba
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Construction challenges

0 Concreting against hardened concrete (50/60 column bases above foundation slab

s 3
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Construction challenges

0 Concreting against hardened concrete

- . - S—
= o £y

‘ Latvijas
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SO

Construction challenges

0 Concreting against hardened concrete

LVS EN 1992-1- LVS EN 1992-1-

1:2004 1:2023
(6) The total shrinkage strain is composed of two components, the drying shrinkage strain and
theautogenous shrinkage strain. The drying shrinkage strain develops slowly, since it is a B.3 General
funclion of fRe migration of the water through the hardened concrete. The autogenous
shrinkage strain develops during hardening of the concrete: the major part therefore develops in NOTE1 Both creep and shrinkage are subdivided into two components, basic creep and drying creep or basic
the early days after casting. Autogenous shrinkage is a linear function of the concrete strength. shrinkage and drying shrinkage, respectively, due to the pronounced effect of the ambient climate conditions on the
It should be considered specifically when new concrete is cast against hardened concrete. magnitude and the kinetics of the time-dependent deformations.

Hence the values of the total shrinkage strain & follow from
NOTE2  The drying shrinkage strain develops slowly, since it is a function of the diffusion controlled migration
fes = &gt fea (338) of the water through the hardened concrete, which is affected by the size and shape, and the temperature of the
member. Thelbasic shrinkagestrain develops during hardening of tihe concrete: the major part therefore develops
in the early days after casting. Basic shrinkage is a function of the water/cement ratio and thus of the concrete
strength. It is particularly relevant when new high strength concrete is cast against hardened concrete. For normal
strength concrete ees is rather low. For bond between old and new/young concrete total differential shrinkage is
relevant (risk of cracking).

where:
&s s the total shrinkage strain
&4 is the drying shrinkage strain
&a is the autogenous shrinkage strain

The autogenous shrinkage strain follows from:

e (8) = Paslt) ecal) 311 whelfe shrinkage is subdivided into the basic shrinkage .s(t) which occurs even if no moisture loss is
possible:
where:
— =]
&al2) = 2.5 (fu— 10) 10 (3.12) £cbs(t) = Echs foy * Bosit” AnpPD (B.24)
and
Fasl) =1 — exp (- 0,2t °%) (3.13)

(2) The basic shrinkage eas(t) according to Formula(B.24) may be estimated by applying
Formulae (B.26) and (B.27):

where t is given in days

f 2,5
cm,28 -
Eebs,fon = Tbs (60 + fcm.Zﬂ) | |

< ;
L betons
ﬁ"’ ga\fieniba
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Construction challenges

0 Concreting against hardened concrete - solution? Additives? Reinforcement?

°~J

New EN 206??

Latvijas
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Thank you!

AR
EN

SO Team of structural engineers Riga, Latvia
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Betona loma €ku dzives cikla novértejuma aprékinos un CO, emisiju
samazinasanas 1espéjas

Agnese Gaile,

Bonava Baltic llgtspéjas un procesu vaditaja
27/11/2025

1%

Betona konstrukcijas ar samazinatu vides nospiedumu
Latvijas Betona savienibas 33. zinatniski tehniska konference B O N AVA



Sodienas stasts par ritdienu

Agnese Galile,

Betona konstrukcijas ar samazinatu vides nospiedumu

Bonava Baltic llgtspéjas un procesu vaditaja , o e 1 o
Latvijas Betona savienibas 33. zinatniski tehniska konference

27/112025

BONAVA




Bonava ir viens no vadosajiem
majoklu attistitajiem Eiropa

Galvenie 2024. gada raditaji

Globala parstavnieciba Bonava ma]as Bonava majas
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
Lokala parstavnicciba Bonava potencialas majas

REGIONU SKAITS

21 25 900




BONAVA

Baltija Bonava 1ir vadosais majoklu attistitajs

Kops 2016. gada Tallina un Riga
Kops 2019. gada Vilna

1 , 3 4 5
ZEMES IGADE ITZRS(?FJRE{[')I'EA Mé;é(g'org\lA(?\lSA& BUVNIECIBA KLIENTU SERVISS ﬂ
< ~
ﬁ*\_ I I =
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Bonava Baltija

<*
g

Darbinieku skaits
150 134
100

50 43 36

Igaunija Latvija Lietuva

700

600

500

400

300

200

100

Pardoto un buvét uzsakto maju skaits

660
495 2
470

384

321I

2022

2023
Pardots

2024

m Uzsakta blvnieciba

516 522

2025 uz Q3



BONAVA MISIJA

Meés radam
vairak neka
ekas - més
radam majas
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BONAVA

SOdienaS » Bonava emisiju

samazinasanas merki

Sté StS pa r - Pieredze, izpéte un atklajumi
* Bonava + betons = ?

thd] enu « Ko més sagaidam no

razotajiem




BONAVA MERKI

2030 vs 2024

BONAVA

RAZOTAJI UN PIEGADATAJI B o KLIENTI

. 1. un 2. tvéruma SEG emisijas .-
Bonava apnemas samazinat Bonava apnemas samazinat

0,
3. tvéruma SEG emisijas uzceltajas PARR0 3. tvéruma SEG emisijas, kas
ékas par 40,8% uz m? radisies uzcelto éku lietoSanas

" laika, par 51,6% uz m?
: Lh

-f(\ g 4

e

1 2o N

I =)
: : a R || : ' U
(P‘ 9 O—OF ool f|oo
TVERUMS 3: BUVNIECIBA TVERUMS 1 & 2: PASU PATERINS TVERUMS 3: LIETOSANA

46% no visam emisijam 1% no visam emisijam 53% no visam emisijam



KAS IR LCA

Kas ir dzives cikla
novertéjums jeb LCA?

« LCA ir metodika, lai novertétu un
sniegtu holistisku prieksstatu par
produktu un pakalpojumu ietekmi uz
vidi visa to dzives cikla laika

» Dzives cikla posmi: sakot no izejvielu
ieguves lidz iznicinasanai vai parstradei

Al- A3 Product stage

Al

A2

A3

Raw material
extraction
Transport to
manufacturing site
Manufacturing

A4 - A5 Construction stage

A4 Transport to
construction site
A5 Installation / Assembly

Bl

B2
B3
B4
B5
B6
B7

B5 Use stage

Use

Maintenance

Repair

Replacement
Refurbishment
Operational energy use
Operational water use

C1- C4 End of life stage

C1 Deconstruction &
demolition

C2 Transport

C3 Waste processing

C4 Disposal



BONAVA PIEREDZE

Bonava eku LCA

« Aréjo ekspertu CarbonTrust apstiprinatas
- Bonava ékas (produkta) definicija, tvérums un detalizacija
- Bonava vadlinijas LCA aprékinasanai
* OneClickLCA platforma dzives cikla apréekiniem
- Specific EPD
- Generic EPD
— Bonava datu baze ar EPD

» Kops$ 2024. gada LCA aprékins tiek veikts pilnigi visam
pabeigtajam eékam, izmantojot platformu OneClickLCA




BONAVA ATKLAJUMI

Emisijas Bonava ékas CO,e kg/m? pa dzives cikla posmiem un
ambicijas emisiju samazinasana lidz 2030. gadam

1 600

Ko més ieraudzijam LCA L a00

1200
* Energija lietoSanas laika

- Siltums e

- Elektriba

800
« Buvniecibas materiali

600
- Betons

- Gipskartons un gipSa apmetums 400

m Blvnieciba: A1-A3 | ietosana (energija): B6 A4-A5 un C1-C4 kopa = = = Vid&jais A1-A3

- = = \/id&jais B6 e \Erkis B6 — Meérkis A1-A3



BONAVA ATKLAJUMI

Ko LCA mums atklaja

» Betons

» Gipskartons un gipSa apmetums

Pali
Pamati
Parsegumi
Sienas

Gridas

Wool insulation

Doors

Tile adhesive

Laminate floor

Windows

EPS/XPS insulation

Gypsum plasterboard and plaster

Concrete

All other materials

Top materiali, tCO,
14
32
36 % 36%
43
63

80

99

802

659

100 200 300 400 500 600 700 800 900



BONAVA SALIDZINAJUMA

Emisijas pa valstim Bonava ékas CO,e kg/m? un ambicijas emisiju
samazinasana

. _ . _ . . _ 1400
Ka 1zskatamies salidzinajuma
ar citam Bonava valstim

1200
1 000
800
600
400

200

370 362

Sy 373

619

O

Baltija Zviedrija Zviedrijas Somija Somijas Germany Bonava Bonava mérkis
prasibas prasibas vidéjais 2030

m Materiali A1-A3 mLietosana B6



BONAVA PETIJUMS

Emisiju samazinajuma iespéjas
mekléjot

* Darba grupa

» Testa projekts

* Building System

* Visas idejas akceptétas

« TikSanas un sarunas ar razotajiem

un piegadatajiem
* Emisiju un izmaksu aprékins

* Atklajumi un secinajumi

+ Realako ideju atlase dzilakai izpétai

+ Emisiju samazinasanas jeb parejas
uz zemaku emisiju produktiem
ievieSanas plans




BONAVA PETIJUMS

Emisiju samazinajuma iespéjas betona

Kopéjas ékas emisijas CO2e kg/m2 un samazinajums,
1zmantojot dazadus cementus

400 - 8 O/ 0 - l O O/O - 2 6 O/ 0

szl 368 364 317

Parastais cements Schwenk cements Schwenk eko cements Heidelberg evoZero
(generic EPD) cements

Kopéjas ekas emisijas CO2e ka/m2




BONAVA PETIJUMS

Emisiju samazinajuma iespéjas betona

Kopéjas ékas emisijas CO2e kg/m2 un samazinajums,
1zmantojot dazadus cementus un UPB HCS

450 0%

400 12% -14% -30% 5%

350 -10%
300 -15%
-20%

250
-25%

200
-30%

150
-35%
100 -40%
50 -45%
0 -50%

Parastais cements Schwenk cements Schwenk eko cements Heidelberg evoZero
(generic EPD) cements
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LRy W\' .

S

m Kopéjas ékas emisijas CO2e kg/m2




BONAVA PETIJUMS

DAUDZFAKTORU
IETEKME

|zaicinajumn ZMAKSAS

PRASIBAS

DATI

INFORMACIJA
SADARBIBA




BONAVA PETIJUMS

Galvenie

SeC] N é] U m'| Bonava baveé un turpinas

buavét no betona, lai raditu
daudz laimigu maju




SVARIGAKAIS PAR RITDIENU

Ko meées sagaidam no razotajiem

KOPIGIE MERKI
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JAUNAS METODIKAS NAKOSAS PAAUDZES
2. EIROKODEKSA BETONA KONSTRUKCIU ILGTSPEJAI

NEW METHODOLOGIES FOR NEXT-GENERATION
CONCRETE SUSTAINABILITY IN EUROCODE 2

NORMUNDS TIRANS

SIA “IG Kurbads” biroja vaditajs, buvinzenieris

Latvijas ®

gae\’fg]‘?ba NEW METHODOLOGIES FOR NEXT-GENERATION
CONCRETE SUSTAINABILITY IN EUROCODE 2



Dailes teatra parbuve Rézeknes “Zeimuls” Zunda Towers

EaiVijaS inZenieru grupa
Soyion - NEW METHODOLOGIES FOR NEXT-GENERATION KURBADS

CONCRETE SUSTAINABILITY IN EUROCODE 2



Annex 1
(informative)

Assessment of Existing Structures

‘The greenest building is the one that already exists’

Latvijas ’ [ 4
g::g*n?ba NEW METHODOLOGIES FOR NEXT-GENERATION
CONCRETE SUSTAINABILITY IN EUROCODE 2



e link to EN13791 and explicit provisions for calculating fc from
cores obtained on site;

e more detailed (favourable) determination of strength
reduction factor for sustained loading;

e explicit relationships for determining of strength of
reinforcement from testing of samples from existing
structures;

Annex A
(informative)

Adjustment of partial factors for materials

Latvijas [ 4

Bet Seq, inZenieru grupa
Betona _ NEW METHODOLOGIES FOR NEXT-GENERATION w{ @) KURBADS
CONCRETE SUSTAINABILITY IN EUROCODE 2



NOTE 3

The values given in Table 1.1 (NDP) and Table 1.2 (NDP) are derived assuming a target reliability index

fiter = 3.8.If a different target value is used (see EN 1990), the values in Table .1 (NDP) and Table .2 (NDP) can be
rearranged. For a target reliability index ffizx < 3,8 the values in the tables are conservative.

NOTE 4  For the adjustment of partial factors for materials, see Annex A.
Table 1.1 (NDP) — Values of V¢, jim as function of the number of test results n
na 8 10 12 16 20 30 o0
Vfcis lim 0,13 0,15 0,17 0,20 0,21 0,23 0,29

n is the number of test results available for the evaluated test region

Table 1.2 (NDP) — Values of V¢ )i, as function of the number of test results n

n

5

8

10

12

16

20

30

s

Veylim

Latvijas
Betona
Savieniba

0,025

0,050

0,060

0,065

0,080

NEW METHODOLOGIES FOR NEXT-GENERATION
CONCRETE SUSTAINABILITY IN EUROCODE 2

0,085

0,095

0,120

inZenieru grupa

KURBADS



e guidance on dealing with corrosion penetration when
determining effective cross sections for capacity calculations;

e Full Critical Shear Crack theory for determining shear
capacity;

e some methods for historic issues in detailing that mean
existing structures don’t comply with the new standard;

e 3 method for calculation anchorage length for plain bars :

5 2

3
[ 572 il 25\37* /15
bdz(lgonl)_(}’c)Z _(Usd)43_( ) ( ';f?))m
CIJ 1,5 435 fl:k Cq

Latvijas ’ [ 4
Betona _ NEW METHODOLOGIES FOR NEXT-GENERATION “{ @) KURBADS
CONCRETE SUSTAINABILITY IN EUROCODE 2



Annex |
(informative)

Strengthening of Existing Concrete Structures with CFRP

Annex L
(informative)

Steel Fibre Reinforced Concrete Structures

Annex M
(normative)

Lightweight aggregate concrete structures
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Annex N
(informative)

Recycled aggregates concrete structures

a) For reinforced concrete:

1) when the substitution rate of recycled aggregates (quantity of fine and coarse recycled
aggregates/total quantity of aggregates) ara =< 0,20 there is no change in the mechanical

properties;
2) when 0,20 < ags < 0,40 the values of properties in Table N.1 should be used or values should be
determined by testing;
3) when ara = 0,40 the properties in Table N.1 should be determined by testing using an identified
batch of aggregates.
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5.1.3 Strength

(1) The compressive strength of concrete shall be denoted by concrete strength classes which relate to
the characteristic (5 %) cylinder strength f; of the concrete in accordance with EN 206, determined at an
age trer.

(2) The value for t.

a) should be taken as 28 days in general; or

b! may be taken between 28 and 91 dazs when SEecified fora Ero!ect.

It is pointed out that the characteristic strength f.« is the strength value for the reference age t.s which should be
taken as 28 days in general or may be taken between 28 and 91 days when specified for a project [1]. This varying
reference age is associated with several implications in terms of different concrete properties and parameters,
respectively, which are originally derived from the characteristic strength at the concrete age of 28 days.

The strength values fy, and f;,, refer to a specified reference age t. in the range of 28 days < t; < 91 days, which
means that the indices ck and cm may no longer be associated with the values at the age of 28 days as this was
the case for EN 1992-1-1:2004/AC:2010-11. This is particularly important for all equations describing deformations,
l.e. the elastic strain, creep and shrinkage. If the characteristic or mean value of strength at the age of 28 days is
to be applied in a given formula, the concrete strength shall be clearly referred to as fu 25 and fom 2s.
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3. Key changes in Eurocode 2, EN 1992-1-1
Clause 6 Durability and concrete cover - EN 1992-1-1:

B Clause 6 introduces new performance-based approach for durability design:
Effects of exposure of member (t) £ Exposure-resistance of member (t) as f(p).

B Effect of exposure over time (t) considered with recognised models for
carbonation and chloride ingress (e.g. fib Model Codes).

B Resistance of concrete is grouped into Exeosure Resistance Classes sERC!:
- for new types of concrete (without sufficient experience) or all types based on
performance testing acc. to EN 12390-xy or national test procedures

- for known types of concrete (with sufficient experience) can be determined
based on deemed-to-satisfy rules

— proof of conformity according to EN 206-100 (under preparation).

B _ERC-Concept currently developed for corrosion of reinforcement in carbonated

concrete and induced by chlorides (future extension to freeze-thaw, chemical
attack, etc.).
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Table 6.3 (NDP) — Minimum concrete CoOvVer Cmindur for carbon reinforcing steel — Carbonation

Exposure class (carbonation)

XC1 XC2 XC3 XC4
ERC
Design service life (years)

50 100 50 100 50 100 50 100
XRCO0,5 10 10 10 10 10 10 10 10
XRC1 10 10 10 10 10 15 10 15
XRC2 10 15 10 15 15 25 15 25
XRC3 10 15 15 20 20 30 20 30
XRC 4 10 20 15 25 25 35 25 40
XRC5 15 25 20 30 25 45 30 45
XRC6 15 25 25 35 35 55 40 55
XRC7 15 30 25 40 40 60 45 60

NOTE 1 XRC classes for resistance against corrosion induced by carbonation are derived from the carbonation
depth [mm)] (characteristic value 90 % fractile) assumed to be obtained after 50 years under reference
conditions (400 ppm CO:z in a constant 65 %-RH environment and at 20 °C). The designation value of XRC has
the dimension of a carbonation rate [mm/y (years)].

NOTE 2 The recommended minimum concrete cover values cmindur assume execution and curing according to
EN 13670 with at least execution class 2 and curing class 2.
NOTE 3 The minimum covers can be increased by an additional safety element Acaur,y considering special
requirements (e.g. more extreme environmental conditions).
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Table 6.4 (NDP) — Minimum concrete cover Cp;, qur for carbon reinforcing steel — Chlorides

Exposure class (chlorides)
XS1 XS2 XS3 XD1 XD2 XD3
ERC
Design service life (years) Design service life (years)

50 100 50 100 50 100 50 100 50 100 50 100
XRDS 0,5 20 20 20 30 30 40 20 20 20 30 30 40
XRDS 1 20 25 25 35 35 45 20 25 25 35 35 45
XRDS 1,5 25 30 30 40 40 50 25 30 30 40 40 50
XRDS 2 25 30 35 45 45 55 25 30 35 45 45 55
XRDS 3 30 35 40 50 55 65 30 35 40 50 55 65
XRDS 4 30 40 50 60 60 80 30 40 50 60 60 80
XRDS 5 35 45 60 70 70 — 35 45 60 70 70 —
XRDS 6 40 50 65 80 — — 40 50 65 80 — —
XRDS 8 45 55 75 — — — 45 55 75 — — —
XRDS 10 50 65 80 — — — 50 65 80 — — —
NOTE 1 XRDS classes for resistance against corrosion induced by chloride ingress are derived from the depth
of chlorides penetration [mm] (characteristic value 90 % fractile), corresponding to a reference chlorides
concentration (0,6 % by mass of binder (cement + type 1l additions)), assumed to be obtained after 50 years on
a concrete exposed to one-sided penetration of reference seawater (30 g/1 NaCl) at 20 °C. The designation value
of XRDS has the dimension of a diffusion coefficient [10-13 m?/s].
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NOTE 1 XRC classes for resistance against corrosion induced by carbonation are derived from the carbonation
depth [mm] (characteristic value 90 % fractile) assumed to be obtained after 50 years under reference
conditions (400 ppm CO: in a constant 65 %-RH environment and at 20 °C). The designation value of XRC has

the dimension of a carbonation rate [mm/y (years)].

NOTE 1 XRDS classes for resistance against corrosion induced by chloride ingress are derived from the depth
of chlorides penetration [mm] (characteristic value 90 % fractile), corresponding to a reference chlorides
concentration (0,6 % by mass of binder (cement + type II additions)), assumed to be obtained after 50 years on
a concrete exposed to one-sided penetration of reference seawater (30 g/l NaCl) at 20 °C. The designation value
of XRDS has the dimension of a diffusion coefficient [10-13 m?/s].
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class Carbonation depth (90% fractile) in mm at 50 years (reference conditions)
XRCO,5 3,5

XRC1 7

XRC 2 14

XRC3 21

XRC4 28

XRC5 35

XRC6 42

XRC 7 49

Tentative deemed-to-satisfy provisions deriving from EN206 Table F1

that would ensure “smooth continuity” with the most current XRC classes

Exposure resistance class Present corresp. max w/c Present corresp. min. strength
XRC4 0,5 C30/37
XRC5 0,55 C30/37
XRC6 0,6 C25/30
XRC7 0,65 C20/25
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NOTE 2  An informative Annex P provides an alternative approach to design cover for durability without use of

Exposure Resistance Classes (ERC) based on EN 1992-1-1:2004. The use of ERC according to 6.4 applies unless the
National Annex specifies use of Annex P..

Annex P
(informative)

Alternative cover approach for durability

P.1 Use of this Informative Annex

(1) This Informative Annex provides an alternative approach to design cover for durability without use
of Exposure Resistance Classes (ERC) as defined in 6.4. In this case, the resistance of the cover depends
on the value of concrete cover and the concrete mix requirements based on Deemed-to-Satisfy values for
the limiting values of concrete composition according to EN 206:2013, Annex F (see P.3).

NOTE National choice on the application of this Informative Annex is given in the National Annex. If the
National Annex contains no information on the application of this Informative Annex, it can be used.

P.2 Scope and field of application

(1) This Informative Annex applies to the design of cover for durability of concrete without the use of
Exposure Resistance Classes (ERC) as defined in 6.4.

(2) Except for 6.4, 6.5.2.1(1) and 6.5.2.2, all provisions of Clause 6 apply.
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XC3
min C30/37
Cmin, dur = 20mm

or

for example :
XRC6

min - C25/30
Cmin, dur = 35mm
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Table 6.3 (NDP) — Minimum concrete cover Cumin dur fOr carbon reinforcing steel — Carbonation

Exposure class (carbonation)
XC1 XC2 XC3 XC4
ERC
Design service life (years)
50 100 50 100 5|0 | 100 50 100
XRC 0,5 10 10 10 10 ]}0 10 10 10
XRC1 10 10 10 10 10 15 10 15
XRC 2 10 15 10 15 ]‘5 25 15 25
XRC3 10 15 15 20 %l() 30 20 30
XRC 4 10 20 15 25 jS 35 25 40
XRC 5 15 25 20 30 45 45 30 45
XRC 6 15 25 25 35 _3_5 DT 55 > 40 55
XRC 7 15 30 25 40 40 60 45 60
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PALDIES PAR UZMANIBU
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