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* The cement industry emits 7% of the global
o anthropogenic (man-made) greenhouse gas
Muklng (GHG) emissions. It is the 3™ ranking producer

of anthropogenic CO, in the world after
cement transport and energy generation.

- * Of the total CO, output, 30% derives from the
resu“s in use of energy and 70% results from

high Ievels decarbonation

f - the thermal decomposition of calcium
O carbonate in the process of producing cement

coz OUI'PUI'. clinker. ’

CaCO, (limestone) + heat -> CaO (lime) + CO,,

e Production of one tonne of cement results in
780 kg of CO, /
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Předvádějící
Poznámky prezentace
• Important to realise is that although 5% of the worldwide generation of CO2 is due to cement production, that level of output also reflects the unique and universal importance of concrete throughout the construction industry.


https://ourfiniteworld.com/2017/09/06/why-oil-prices-cant-bounce-very-high-expect-deflation-instead/comment-page-9/
https://creativecommons.org/licenses/by-sa/3.0/

Can we do it better?

This Photo by Unknown Author is licensed under CC BY-SA


Předvádějící
Poznámky prezentace
• Important to realise is that although 5% of the worldwide generation of CO2 is due to cement production, that level of output also reflects the unique and universal importance of concrete throughout the construction industry.


https://ourfiniteworld.com/2017/09/06/why-oil-prices-cant-bounce-very-high-expect-deflation-instead/comment-page-9/
https://creativecommons.org/licenses/by-sa/3.0/

Pathway Towards A Carbon-neutral Cement
Industry Using CO, Mineralization

CO, mineralization converts CO, into a
thermodynamically stable solid and by-products to
substitute cement.

CO,mineralization reduces the carbon footprint of
the cement industry via:

(1)  capturing and storing CO,from the flue gas of
the cement plant

(2) reducing clinker usage by substituting Cement & § Blended cement

cement. / . o P
reducing the carbon footprint of the cement ‘/-I— o~ : o :—:—I'- F s
industry by 44% or even up to 85%. Conventional cement Combined CO, mineralization

production & cement production

With direct air capture, the blended cement could From Unavoidable EDE Source to CG‘E Sink?

even become carbon-negative.

From Unavoidable CO, Source to CO, Sink? A Cement Industry Based on CO, Mineralization
https://doi.org/10.1021/acs.est.0c07599



Předvádějící
Poznámky prezentace
CO2 mineralization also generates GHG emissions due to the energy required for overcoming the slow reaction kinetics. combined CO2 mineralization and cement production using today’s energy mix could reduce the carbon footprint of the cement industry by 44% or even up to 85% considering the theoretical potential. 
cdeveloping processes and products for combined CO2 mineralization and cement production could transform the cement industry from an unavoidable CO2 source to a CO2 sink.
\
Low-carbon energy or higher blending of mineralization products in cement → production of carbon-neutral blended cement. 



https://doi.org/10.1021/acs.est.0c07599

* a technique that mimics natural processes:

Turni Ng using carbon dioxide as a glue to form stone
aggregates from waste dust left behind by

Waste Dust heavy industry.

And Carbon

DiOXide INnto e The spin-off company, Carbon 8 Systems,
TORE has compressed the process into a shipping

Bul |d INg container and makes building materials in

VEIIEES the UK and France with this clever carbon-

munching technique.

/
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Předvádějící
Poznámky prezentace
 Professor Hills of the University of Greenwich has developed a technique that mimics natural processes, using carbon dioxide as a glue to form stone aggregates from waste dust left behind by heavy industry. The spin-off company, Carbon 8 Systems, has compressed the process into a shipping container and now makes building materials in the UK and France with this clever carbon-munching technique.



Self-cementing Properties

System For The Developing World:
choosing waste to make a tailored range of
building products relevant to the region in
which they're made.

«

-

Biomass residues sourced in India, Africa
and the UK were ashed and exposed to
CO, gas.

(e.g., wood-derived, nut shells, fibres, and fruit peels)



Self-cementing Properties

* These CO,-reactive ashes could mineralise CO, gas and be
used to cement 'raw' biomass in solid carbonated
monolithic composites.

 The approach is conceptually simple, scalable, and can be
applicable to a wide range of biomass ashes in a closed
e '‘emission-capture’ process 'loop’.

# ¢ |t helps diverting wastes from landfills.

>


Předvádějící
Poznámky prezentace
 range of biomass residues (e.g., wood-derived, nut shells, fibres, and fruit peels) sourced in India, Africa and the UK were ashed and exposed to CO2 gas. These CO2-reactive ashes could mineralise CO2 gas and be used to cement 'raw' biomass in solid carbonated monolithic composites. The CO2 sequestered in ashes (125-414 g CO2/kg) and that emitted after incineration (400-500 g CO2/kg) was within the same range (w/w). The CO2-reactive ashes embodied significant amounts of CO2 (147-424 g equivalent CO2/kg ash). Selected ashes were combined with raw biomass and Portland Cement, CEM 1 and exposed to CO2. The use of CEM 1 in the carbonated products was offset by the CO2 mineralised (i.e. samples were 'carbon negative', even when 10% w/w CEM 1 was used); furthermore, biomass ashes were a suitable substitute for CEM 1 up to 50% w/w. The approach is conceptually simple, scalable, and can be applicable to a wide range of biomass ashes in a closed 'emission-capture' process 'loop'. An extrapolation of potential for CO2 offset in Europe provides an estimate of CO2 sequestration potential to 2030.


How much carbon dioxide we can remove
from the atmosphere by developing this new
generation of bricks and mortar?

e Carbon Capture in Usage and not storage!

e Turning other waste into raw material

 Reduce extraction

e Circular economy

* We can capture 1.5% of current GHG emissions
e Up to 6% in 2050 by using concrete waste






Self-Healing Concrete

a self-healing concrete product

Mixing bacillus bacteria spores mixed with calcium lactate capsules into

the initial concrete mixture i\
external elements (such as air and water) react with the bacteria to form r\ et ok |
limestone. LN

more durable and environmentally friendly.

less mining to obtain concrete / >
fewer resources spent on building maintenance. |

reduces carbon emissions
lower carbon footprints

By using less concrete to carry out maintenance and repairs, there will
be fewer carbon emissions into the environment over time.


Předvádějící
Poznámky prezentace
What is bio-concrete?
In early 2016, microbiologist Henk Jonkers from Delft University in the Netherlands came up with the solution of a self-healing concrete product by exploiting the healing properties of nature. Mixing a new type of bacteria and calcium lactate capsules into the initial concrete mixture, Jonkers created a type of concrete that can actually rebuild itself as moisture enters the inevitable cracks, gaps, and holes, a form of self-maintenance.
�
Bio-concrete is an innovative building material that can heal itself when cracks occur. How does it work? This concrete mixture contains bacteria that can produce limestone under specific conditions. If a crack occurs along the concrete surface, the bacteria will be “activated” to produce limestone that essentially “heals” the crack. This makes concrete more durable and environmentally friendly. Furthermore, less mining will have to occur to obtain concrete, and fewer resources will be spent on building maintenance. 
The extra ingredient that’s present in bio-concrete is clay pellets. These pellets contain bacillus bacteria spores mixed with calcium lactate. When a crack occurs on concrete, external elements (such as air and water) will react with the bacteria to form limestone. This limestone is what eventually covers up the cracks and allows your concrete to “heal”.    
Bio-concrete is applicable in real-world situations because the bacteria can last for many years without losing their active properties. They essentially lie dormant within the clay pellets and are activated by external elements when a crack occurs. 
An environmentally friendly solution 
The benefits of bio-concrete extend beyond economic applications. This material also reduces carbon emissions, making it possible for commercial and residential builders to lower their carbon footprints. By using less concrete to carry out maintenance and repairs, there will be fewer carbon emissions into the environment over time. 
Sustainable construction is the future of our industry and bio-concrete is at the forefront of promoting this revolution. 

 



The plants capture CO2 BiOIOQical ConcrEte

from the air and release
oxygen. Hormigon biologico
acts as insulation as a

‘ §
thermal mass: §
absorbing heat and Soporte ©  Microalgas, hongos, etc.
preventing it from entering %
the building in hot weather :
or escaping the building in §
cold weather. éi
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. d Lamina impermeabilizante


Předvádějící
Poznámky prezentace
Structural Technology Group of Universitat Politècnica de Catalunya – BarcelonaTech (UPC) has developed a concrete that sustains and encourages the growth of a multitude of biological organisms on its surface.
The system’s advantages are numerous. The plants capture CO2 from the air and release oxygen. The layer also acts as insulation as a thermal mass. It helps regulate temperatures within the building by absorbing heat and preventing it from entering the building in hot weather or escaping the building in cold weather.

To create the concrete, in addition to pH, have also altered the porosity and surface roughness, leaving a multilayer concrete formed by a first sealing layer which protects against the structure against water, a second organic layer which accumulates water allowing the colonization of different vegetable spices and finally, a coating layer, discontinuous, which collects rainwater and prevents their loss.”


Th dN k yO U Resources
fO r ‘ |Ste n | n g I e 39 Ways To Save The Planet, BBC Radio 4

* From Unavoidable CO, Source to
CO, Sink? A Cement Industry Based on

CO, Mineralization
https://doi.org/10.1021/acs.est.0c07599

e Study of self-healing properties in
concrete with bacteria encapsulated in

expanded clay
https://doi.org/10.1016/j.stmat.2018.11.006

» Researchers develop a biological concrete
for constructing 'living' facades with

lichens, mosses, other microorganism
Polytechnic University of Catalonia



https://doi.org/10.1021/acs.est.0c07599
https://doi.org/10.1016/j.stmat.2018.11.006
https://phys.org/partners/polytechnic-university-of-catalonia/
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