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R. Landolfo et al. (2022)

131 mi buildings in EU.
30%-35% of the EU's building stock is cultural heritage.
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Why Europe’s heritage needs a new material strategy

Buildings and construction’s share of global final energy and energy-refated CO, emissions, 2020
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The SINCERE vision

Durability
A new generation of restoration

materials that extend service life, while

Sustainability

ensuring that heritage structures
remain both technicolly resilient and

Compatibility environmentally responsible.
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Different scales of SINCERE project

OUTCOMES - IMPACT

Design, Lab- Ifielc_f Field Testing Benefits for:
Synthesis & scale Appllcatlon.& & Built Heritage, EU Society
Development Testing Demonstration Evaluation Building Owners, Users,
Industry, Environment,
O o 0 ® *
Development & optimization of Field demonstration, Developing & offering new
functional testing/evaluation, products, contributing in
conservation/renovation engagement of stakeholders, TCs and Standardization
mortars for thermal and asking for feedback on bodies,
structural retrofitting, with renovation dilemmas, enabling transition to nZEB
low-environmental footprint creating awareness
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The foundation: Low-carbon binders

 Clinkerreduction up to 50% achieved through blends with calcined clays and
natural pozzolans.
 LC3 systems demonstrated optimal strength ond durability,

 Pozzolan-rich cements show improved reoctivity when tuned to higher Blaine
Pozzolan rich

cements fineness levels.

% Clinker % Relative Strength nat:on depth| Resistance to
70d (mm) Chlorides*
7d 28d 56d
100 100 100 100 Low/moderate
C3-65_Clay 3 66 73 96 106 102 17.0 High

C3-50_Clay 3 46 51 78 9% 90 12.0 Extremely high

LC3 cements

66 72 73 7% 75 220 Low
£3-50_Clay 2 46 48 46 5S4 SO 11.0 Low
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Types of structural retrofitting mortars

« Light weight

« Design flexibility

« high load-bearing capacity
* High durability

« Ease of installation

 High cement content

« Low water binder ratio

* High flowability

« High compressive strength
over 120MPa & flexural

strength over 15MPa. « Two-dimensional grid type
- Self-healing capacity * For horizontal and vertical
« Enhanced durability members
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Structural Retrofitting : UHPC lab-tests
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Structural Retrofitting : TRM lab-tests

Flax No Epoxy
Flax Epoxy
= =Jule No Epoxy
—Jule Epoxy
—Basalt |
—Basalt Il

Tensile Stress

—Basalt | 1L

o — T —— i —— e E

o 0.0 0.02 0.03 0.04 0.05 0.06 0.07

Strain [mm/mm)]

Tensile Stress

i -—Basalti2L

—Basalt | 4L

] o.M 0.02

Basalt mesh: High tensile strength, Strsin i
High elongation capacity,

Grodual foilure 2L — Multiple cracking occurred, higher ductility

but no significant difference with 1L
EEE EEEEEENENEENEENEENFENEEENENEEEEEEEEEEEEEEEEENEERENEEEEEEEEEE 4L - Grater mUltipIe CrUCking’ higher dUCtiIitU

Sincere building stories and stress values



Types of thermal retrofitting mortars

Phase Change
Materials
(PCMs)

sSincere

Absorb and emit heat during
the transition phases
Thermal energy storage
capacity Hemp mortars
Reduce energy consumption
in buildings

Combined with structural
mortars

building stories

Half the thermal conductivity of
concrete.

Fire-resistant

Lightweight

Applied on primary or secondary
structural frames

Sustainable material
Biocomposite that can absorb CO2
during structure’s lifecycle




Thermal retrofitting: PCMs mortars-lab tests
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Thermal retrofitting: Hemp mortars-lab tests

g 0125
) k =0.117(c)0.123
£ 0115 hr=pa PSR
j? ..o""'"."..
£ 0.105 .,.o-"".
2 o
L o’
E 0.095 !.-
—FE 0.085
0 0.2 0.4 0.6 0.8 1 1.2
Compression strength (MPa)
Mixture Density Thermal conductivity  Thermal diffusivity
(kg.m-3) (W.m-1.K-1) (10-7 m2.s-1)
Lime-Hemp plaster 990 0.23 2.41
Lime-Sand plaster (coarse) 1660 0.58 4.31
Lime-Sand plaster (finishing) 1600 0.39 2.94
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Future Climate Scenarios for Medieval City of Rhodes
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Overview of School building and Construction Characteristics

* A single-story school building, in the
Medieval Town of Rhodes, built at
the end of the 19th century.

 Original Materials: Local porous
sandstone, lime-based plasters /
pitched perimeter roof

e Totalarea =1428 m2

« Hot-summer Mediterranean climate
(Csa) characterized by hot, dry
summers and mild, wet winters.

« 14 Thermal Zones




School building Results (NMR)

2cm Mortar+PCM in external 30069.47 39.78
walls

2cm Mortar+PCM in ceiling 30036.11 39.73

2cm Mortar+PCM in external 26586.11 35.17

walls and ceiling
Rhodes - NMR Building Scenarios Annual Energy Consumption Results (Using EnergyPlus)

« PCM applied on both walls and roof provides maximum savings
« Thicker PCM layers lead to greater energy reductions
« PCM's latent heat:

Absorbs energy during the day

Releases heat at night

Reduces cooling load

16.7%

16.8%
26.4%



Towards a new generation of restoration materials

« Unified material strateqgy: Structural, thermal, and environmental performance are integrated within
one low-carbon framework.

« Low-CO; binders: Calcined clays, pozzolans, and biogenic components reduce embodied carbon
while preserving strength and durability.

« Compatibility: Materials tailored to respect and match performance with the historic substrates.

« Multi performing materials: UHPC, TRM, PCM, and hemp-lime mortars enhance resilience, comfort,
and service life.

« From lab to heritage practice: Digital modeling and pilot testing ensure real-world impact and
climate-ready conservation.
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