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• “20-20-20 objective”: 
 20% reduction of greenhouse gas 

emissions, 
 20% reduction of energy 

consumption, 
 20% share for renewable energy

Challenge for 
construction industry:

• Reduce manufacturing 
Energy

• Provide building 
components with 
improved thermal 
properties

The Challenge

“Greener, Energy Efficient and Resource Efficient Europe”



Solution 1: 

Increasing porosity

Compr. 
Strength 

(MPa)

λ (W/mK)

Lightweight 
Concrete

1-10 0.06-1.4

Aerated 
Autoclaved 

concrete
(AAC)

1.3-8.5 0.07-0.21

Solution 2: 

Composites with granular 
lightweight aggregates 

EPS Beads Expanded Perlite

How to increase thermal performance? 



• Solution 3:  Synthesis and Development of novel materials 

Inorganic Polymers  Inorganic=incombustible
 Good mechanical properties- quick compressive 

strength development 
 Low thermal conductivity coefficient
 Exploitation of aluminosilicate/ silicate wastes , 

recycled materials, by-products
 Energy efficient synthesis process
 Low carbon footprint
 Compatibility with current manufacturing 

processes 

How to increase thermal performance? 



Silicate/ 
Aluminosilicate raw 

material

Activation 
solution

Components

1. NaOH/KOH

2. Dissolved SiO2

3. Water 

* *Do Geopolymers Actually Contain Nanocrystalline Zeolites? A 
Reexamination of Existing Results
J. L. Provis, G.C. Lukey, J. S. J. van Deventer

Schematical representation of reaction**

How to make inorganic polymers? 



Activation 
solution

Silicate/ Aluminosilicate raw 
material

Mixing

Curing

Expansion

Crushing/ 
sieving

Foaming

Curing

Shaping

Shaping

Curing

Lightweight 
granular material

Foamed material

Compact material

Geopolymer products based on mineral tailings



A totally inorganic granular insulation 
material in the form of lightweight 
spheres with fine closed cellular pore 
structure based on mineral tailings, 
recycled glass and industrial by-products

Main advantages:

 Totally inorganic, non-combustible, based 
on mineral tailings, recycled glass and 
industrial by-products

 Excellent thermal performance and easy 

installation using the standard procedures 
applied for loose filling insulation 
materials

 Properties and grain size can be fine-
tuned according to application (λ: 33-45 
mW/mK, LBD: 15->120 Kg/m3), to replace 
traditional lightweight aggregates

 Low energy consuming expansion using IR 
heating at moderate temperatures 500-
600oC

Lightweight Granular Aggregates (LGA)

Material Application
Loose Bulk 

Density (Kg/m3)
λ10

(mW/mK)
U value 

(20cm ins)

LGA

For Cavity walls 
insulation

49.7 36 0.18

For Fibre boards 76.7 39 0.20
For Bricks 38.9 34 0.17

Expanded 
perlite

Granular 
insulation

50-120 45-70 0.23-0.35

EPS beads 15-35 32-40 0.16-0.20



Lightweight Granular Aggregates - Applications

3I Loose Filling Materials

Fibre cement boards 

Lightweight boards
(Fesco or Perlite boards) 

Insulating Bricks
(Perlite Filled 

insulating bricks)

Cavity Walls insulation
(Expanded Perlite, 

EPBs, stone-glass wool) 

Other applications: Mortars, Plasters, Concrete, Cryogenics etc.



Main advantages:
 Based on mineral tailings (wastes)
 Mechanical properties obtained after curing at low 

temperatures (~70 oC) after a few days
 Compatible with traditional aggregates and conventional 

shaping methods (moulding or extrusion)
 Suitable for the production of pre-fabricated non-

structural construction elements
 Embodied energy (for a typical perlite-based geopolymer) 

~ 1.37 MJ/kg (cement 5.2 MJ/kg, fired ceramic bricks 3 
MJ/Kg)

Geopolymer Binders

Material Type
Compressive 

Strength 
(MPa)

Flexural 
Strength 

(MPa)

λ
(W/mK)

Density
(Kg/m3)

Geopolymer
binders 

21 6 0.19 1480
28 8 0.26 1600

Geopolymer
based mortars

20 0.29

Cement 72 1860

Clay Bricks 80-130
1890-
2000



Extrusion 
Process compatibility with 
clay products

Mixing Shaping
Curing

(50-70 oC)

Firing 
10-40h

900-
1200°C

Bricks

Shaping and Production processes for 
products based on geopolymer binders

New perspectives for the production of geopolymer based bricks, 
boards or prefabricated elements

Moulding
Process compatibility 
with prefabricated 
elements



3I Foam Blocks

Material Type
λ

(mW/mK)
Density
(Kg/m3)

Compressive 
Strength 

(MPa)

U 
(20cm 
thick.)

LEEMA
3I Foamed 

Blocks
62-119 344-680 0.7-2.7 0.31-0.60

Aerated 
Concrete

600-1400
200-
1600

1-10 3.0-7.0

AAC 70-210 300-800 1.3-8.5 0.35-1.05
Organic 

Insulating 
Products

24-39 29-55 0.07-0.15 0.12-0.20

Main advantages
 Based on perlite wastes 
 Foamed using inorganic or organic foaming agents
 Mechanical properties obtained after curing at low 

temperatures (~70 oC) after a few days
 Easy to cut  – retain shape and strength
 Density >500 Κg/m3

 compressive strength 
comparable to Autoclaved Aerated Concrete Blocks 
(AAC)

 Density <500 Κg/m3 and λ <0.075 W/mk rel. high 
compressive strength (>1 Mpa)
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Insulation Materials and Insulating Masonry 

Components for Energy Efficient Buildings

‒ Significant reduction of the embodied energy at

component level

‒ 15% cost reduction compared to existing

solutions

‒ Improved durability

‒ Improvement of the quality of the building

indoor environment

Research Team: Raw Materials Exploitation & Sustainable Energy Solutions
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Inorganic materials produced from minerals

with the following properties can be tested

 Bulk density:

50-300 kg/m3

 Thermal conductivity (depends on bulk density):

Materials 0,034 W/m.K (minimum) has already 

developed

 Good mechanical propert ies

 Low water adsorption

 Lab experiments have shown 

good compatibi l i ty with cement

 Fire resistant materials

 Embodied energy much lower than polystyrene 

beads

Lightweight aggregates

Research Team: Raw Materials Exploitation & Sustainable Energy Solutions
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SUStainable, innovative and energy-efficient CONcrete

based on the integration of all-waste materials

Research Team: Raw Materials Exploitation & Sustainable Energy Solutions



Development of insulating concrete systems based on novel low 

CO2 binders for a new family of ecoinnovative, durable and 

standardized energy efficient envelope components
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