¥

RS el

Ion

ing and Constructi

ild

MateriNex Launch Event — 18/06/2024

Materials for Bu

www.resourcefull.eu



http://www.free-powerpoint-templates-design.com/
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Fortunately, Europe agrees
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Europe has a goal of R@DMAP But what will Europe’s

reducing its emissions energy landscape look
by 80-95% by 2050. zo 50 like in 20507
This means near total ) Follow the And what routes will

decarbonisation of the 5 Scenarios Europe take towards
energy system. decarbonisation?

?

Action

Roadmap for moving
to a competitive low
carbon economy in
2050
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The EU Green Deal

The European Green Deal is about i yving the well-being of p =. Making

i Technologies || High
Compsie: | Hanemnil Europe climate-neutral and protectlng our natural habltat wull be good for people,
penly

planet and economy. No one will be left behlnd.|

Political Technologies Strong support for | Technology Technology

commitment to compete on a renewable energy | competes on a competes on a

very high energy market basis, leading to a very market basis but market basis but

savings, extensive without any policy | high share of CCS (Carbon assuming no new The EU wi ll.

building retrofit preference or renewables in Capture Storage) nuclear, requiring .

and strong support, although | gross final energy | is delayed, leading | more CCS (Carbon S\ e

regulations for with a carbon and electricity to more nuclear. Capture Storage). o % %

new buildings and price. consumption. o g

appliances. (@ oo
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Become Protect human life, Help companies Help ensure a
climate-neutral animals and plants, become world leaders just and inclusive
by 2050 by cutting pollution in clean products and transition
technologies i i
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Total annual global CO, emissions per sector
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4  Adapted from Analysis & Aggregation by Architecture 2030 usingTata sources from IEA & statista. RESOURCEFULL



EU construction sector environmental impacts at a glance

all raw materials

1I2 consumed

1.6 billion tonnes per year

250 mt annual CO,
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5 https://ecostandard.org/news_events/its-time-to-green-the-construction-sector/ RESOURCEFULL




Global building floor area
IS expected to double by 2060.
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Construction sector:

From environmental challenge
to climate solution.
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Concrete: the most used building material in the world
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What is concrete?

 Cement reacts with water to a strong, durable, binder
 Can be made with local, abundant, cheap materials
-ADMIXTURE * Compatibel with steel
B  Reacts at room temperature

COARSE—
AGGREGATE

Most used construction material in the world

12.500.000.000 m? per year
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12.500.000.000 m? per year
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12.500.000.000 m? per year
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Concrete <

~ADMIXTURE

COARSE—_ AL TR%
AGGREGATE /%

8% of worldwide CO2 emissions

“FINE AGGREGATE
(SAND)

Cement is responsible for >90% of the carbon footprint of concrete AL
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CEMENT
Production
Process

A highly energy intensive process, producing
roughly 0,9 ton of CO, per 1 ton of clinker
produced.

4.1 billion ton of cement is being produced

= ———
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ot el Y
each year, resulting in a contribution of 8-10% & _Jll"'

-~

of worldwide CO, emissions.
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5C - Construction
Carbonation

CO, capturein
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5C - Clinker

Decarbonated raw materials -27
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Thermal efficiency -26

Low carbon clinker -17
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Metallurgical residue waste piles

Non-existing or
low value
applications

e -
e £

T

10
i o —d e - xt » ;
8 iy A
B e -
e ey 4 <

-

"o 7 ees Fae
- g‘!’“g-‘ S

B i ‘

.

17 RESOURCEFULL



Metallurgical slags from our Flanders Metals Valley: ferrous & non-ferrous industries
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R. Snellings et al. Cement and Concrete Research 171 (2023) 107199

PC - Portland cement Sio, CL - Calcined clay

BFS - Blast furnace slag RCF - Recycled concrete fines
FA-S - Siliceous coal fly ash RG - Recycled glass

FA-C - Calcareous coal fly ash BA-C - Biomass ash type C

NP - Natural pozzolan CW - Ceramic waste
SF - Silica fume 5S - Steel slag

LL - Limestone filler MSWI-BA - MSWI Bottom ash
NFM - NFM slag
BR - Bauxite residue

CaO + MgO +
Na,0 + K,0

Al,O, + Fe,0,

Fig. 1. The chemical composition ranges of common, emerging and future SCMs in a ternary diagram of (earth)alkalis-silica—alumina/iron oxide (in wt%). NFM
stands for “non-ferrous metallurgical”, MSWI for “municipal solid waste incineration”. Commonly used SCMs and fillers are in green shades and emerging SCM
sources are in yellow shades. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) $ $
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Connecting industries towards
low impact building materials

Metal industry Europe & world Construction industry

Solving the waste problem Less primary raw materials Low footprint products

P

CO, reduction of construction
industry ~

M
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ZoroCem3D-print ZoroCem3D-pr
MORTAR MORTAR

re-treatment’
~and-analyBis

Binder
development

3D-printing mortar

Acid resistant mortar
Floor screed

Ready-mix concrete

Alkali activation
Cement replacement
Acid activation
Carbonatation

Chemical analysis
Mineral analysis
Crushing/grinding
Sizing and seperation
Thermal processing

Mg-cement UHPC
Ceramics Bricks

Your engineering partner for low carbon concrete

Performance
testing

Aggregate testing

Industrial implementation
Workability LCA

Strength testing
Freeze-Thaw
Carbonatation

Waste legislation
Building legislation
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GREENLAND

AUSTRALIA
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Innovating in the lab,
while implementing in the field,
for solutions with impact
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From slag to floor
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The following slides contain the
combined results from the
\IEA) funded projects:

Plasmat, Supermex, DUSC,
TOGETHER, URBCON

and continued bilateral collaborations.
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ZeroCem3D-print
MORTAR

Binder
development

Performance
testing

Pre-treatment
and-analySis

Chemical analvsis Alkali activation 3D—printing mortar Asaresate testin o )
. y. Cement replacement Acid resistant mortar BETes . & Industrial implementation
Mineral analysis . o Workability LCA
Crushing/grinding Acid activation Floor screed Strength testing Waste legislati
- Carbonatation Ready-mix concrete s aste legisiation
g p Mg-cement UHPC Building legislation

Thermal processing Ceramics Bricks Carbonatation !i 'i
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High temperature modification & water granulation of copper slags

Y ﬂi
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Millability

Ground Granulated Slag

Water granulated slak
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ZeroCem3D-print ZeroCom3D-pr
MORTAR MORTAR

Performance
testing

- Pre-treatment’ Binder

development

“and-analy8is «+

Chemical analvsis Alkali activation 3D-printing mortar Asaresate testin o )
. y' Cement replacement Acid resistant mortar BETes . & Industrial implementation
Mineral analysis . . Workability LCA
Crushing/grinding Acid activation Floor screed Strength testing Waste legislati
Sy s e Carbonatation Ready-mix concrete s aste legisiation
g p Mg-cement UHPC Building legislation

Thermal processing Ceramics Bricks Carbonatation !$ '
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Binder Product
development development®

Performance
testing

Pre-treatment”
“andanalySis » ’

Chemical analvsis Alkali activation 3D-printing mortar Asaresate testin o )
. y' Cement replacement Acid resistant mortar geree - g Industrial implementation
Mineral analysis . . Workability LCA
Crushing/grinding Acid activation Floor screed Strength testing Waste legislati
Sizine and seperation Carbonatation Ready-mix concrete Freeze-Thaw _as_e eg|§a 'c_m
g p Mg-cement UHPC Building legislation

Thermal processing Ceramics Bricks Carbonatation !i '
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Holy trinity of concrete theology

Good
concrete is

Workability here

Strength Durability

33 *credits to Geert De Schutter RESOURCEFULL




Workability

Strength

Durability

Test standard status

Slump stability EN 12350-2 Done

Fresh density EN 12350-6 Done Sl [prefperdies
Air content EN 12350-7 Done

Compressive strength EN 12390-3 Done

Flexural strength EN 12390-5 Done Mechanical properties
Splitting tensile strength EN 12390-6 Done

Elastic modulus EN 12390-13 Done

Chloride Migration NT Build 492 Done

Carbonation EN 12390-12 Done

Water absorption Done Durability properties
Freeze and thaw - salt EN 12390-9 Done

Reinforcement corrosion Ongoing

Creep and shrinkage EN 12390-17 Ongoing

Pull out (steel rebars) EN 10080 Done Structural Properties
Flexural strength - slab Labo Magnel Done

Shear capacity - slab Labo Magnel Done
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Carbonation resistance

Structural properties

9,00 .
S

8,00 -
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~=- CEM III/A ref EE2
Hybride KOR 45

- Hybride KOR 20

12 (Days2) -~ CEM III/B ref EE2

* Hybride mixtures have equal resistance to carbonation as CEM IlI/A

RESOURCEFULL

Freeze-thaw resistance with de-icing salts

‘ - + Sufficient air is required to have < 1kg/m?
Scaling with de-icing salts

45
4 * Even sample with 60% Koranel (only 24%
£35 CEM 1) behave rather good in F/T
= 3
g
B 25
s, * Possible to have excellent F/T with
Lé 15 50% KOR 45 in C30/37 class = EE4
E
3
05
0 :
0 7 14 21 28 35 42 49 56
Time (days)
——50% Kor (3,9% Air) 50% Kor (4,5% Air) 50% Kor (6,5% Air) 60% Kor (7,0% Air)

41
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Shrinkage behaviour Freeze-thaw resistance without de-icing salts Chloride migrati
oriae migration
‘_.0,25 g
100 t
= o2 « Evaluation of resistance to Cl-migration (NT-Build 492):
200 E * Hybride mixtures have lower chloride migration coéfficient
: . .T,E' 0,15 % o
E - Loa % 8 i i
£ E ~ T
g E 0,05 2 E 1 1
s H . T2 RT Xg-/xg
o . 4% | E i : D = _°'—\.
5
- 0 ’ Time (days) " n ® E N where:
. Time (days) ~= CEM IIIfB ref EE2 = Hybride KOR 45 g 6 v
v . Hybride KOR 20 A + Hybride KOR 20 B ! E==
—=—CEM III/B ref —=—Test day - pure preblend —e—Plinten - 120/280 CEM I/preblend = 2
. = o o [RT il 200]
* Concrete shrinkage EE2 should stay below 570 pm/m at 90D -> no problem + All samples are below the limit for EE3 Q CEMI CEM IlI/A ;g : '((231;1;5 f'-(igl;rze o= \zFE el [ "o ”
RESOURCEFULL |38 L =
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ZeroCem3D-print
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Let’s get this
party started
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Pilot testing at industrial facilities
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Pilot trials at industrial facilities
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Pilot trials at industrial facilities
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Ready for the real deal
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Ready for the real deal
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Ready mix concrete based on copper slag

46 RESOURCEFULL



Continuous sampling to compare
industrial to laboratory results
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Property tracking per concrete truck

70,0

60,0
350’0 - [ —— - s [ —— e — [ ._53MPa
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0,0
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Ready-mix concrete based on copper slag for flooring
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Ready-mix concrete based on copper slag for flooring

iﬁi

= Salies R R e £  ““ESOURCEFULL







Property tracking per concrete truck
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Continued with an even larger installation last week...
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Continued with an even larger installation last week.
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Let’s talk about how we can build a green future, together!

RESOURCEFULL



ResourceFull
Rozenstraat 5A

9810 Eke

eu

www.resourcefull

Lukas Arnout

eu

resourcefull

.arnout

lukas

ijns
resourcefull

Wouter Cr

eu

NS

wouter.cr

Thomas Lapauw

lapauw

eu

resourcefull

homas

=



http://www.resourcefull.eu/
mailto:lukas.arnout@resourcefull.eu
mailto:wouter.crijns@resourcefull.eu
mailto:thomas.lapauw@resourcefull.eu

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: What is concrete?
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Your engineering partner for low carbon concrete
	Slide 23
	Slide 24: Innovating in the lab,  while implementing in the field, for solutions with impact
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Your engineering partner for low carbon concrete
	Slide 29
	Slide 30: Millability
	Slide 31: Your engineering partner for low carbon concrete
	Slide 32: Your engineering partner for low carbon concrete
	Slide 33: Holy trinity of concrete theology
	Slide 34
	Slide 35
	Slide 36: Your engineering partner for low carbon concrete
	Slide 37: Let’s get this  party started
	Slide 38
	Slide 39: Pilot trials at industrial facilities
	Slide 40
	Slide 41: Pilot trials at industrial facilities
	Slide 42
	Slide 43: Ready for the real deal
	Slide 44: Ready for the real deal
	Slide 45: Ready mix concrete based on copper slag
	Slide 46
	Slide 47
	Slide 48: Property tracking per concrete truck
	Slide 49: Ready-mix concrete based on copper slag for flooring
	Slide 50: Ready-mix concrete based on copper slag for flooring
	Slide 51
	Slide 52: Property tracking per concrete truck
	Slide 53: Continued with an even larger installation last week…
	Slide 54: Continued with an even larger installation last week…
	Slide 55
	Slide 56

