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Abstract: Keywords:

In the context of increasing the need to advance more energy efficiency in  Building Materials,
buildings, embodied energy for building materials consideration increasingly = Cement Based Materials,
significant. Embodied energy of building materials represent an important Embodied Energy,

proportion of the whole energy consumed in the building through its lifecycle.  Environmental Impacts,
Cement as a key binder in concrete, is an energy-intensive substance and one  Nanotechnology
of the biggest carbon dioxide producers in the environment. Nanotechnology
is a great scientific progress which promises a great reduction in energy and
use less raw materials. The main aim of this review paper is to present a state-
of-the-art potential contribution of nanotechnology to reduce the embodied
energy of the cement based building materials whether through the
manufacture process; (Initial embodied energy) or by increasing the durability
of concrete which associated to its life cycle; (Recurrent embodied energy).
Therefore the paper firstly, presents a literature review of the concept of
energy efficiency of building materials, with respect to the embodied energy of
cement based building materials, highlighting the production energy and the
durability of the materials; then reviews the cement based building material
(concrete); and finally  discusses comparatively between the conventional
and the nano cement based materials, the implications of using
nanotechnology on the cementitious materials’ embodied energy. Literature
review showed that, nanotechnology can reduce embodied energy in two
ways: first; incorporating nanomaterials such as zinc oxide nano-powder into
the cement row mix, resulting in a reduction in both production energy used
(initial embodied energy) and greenhouse gases emissions, and second; using
nanotechnology helps in the production of more durable cement based
materials which contributes to lower building maintenance (Recurring
Embodied Energy)
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1. Introduction activities required to support the construction
The embodied energy of a structure has process." It may be divided into two parts; direct
traditionally received little attention in the and indirect energy requirements [2]. In other
construction industry since it is little in comparison words as will be discuss later; it may be divided

to the building's operational energy during its life into initial embodied energy, and recurrent
cycle. embodied energy

It has proven that when operational energy 0 Cumulative life cycle energy of example affice building

decreases, the fraction of embedded energy (which

includes energy required for maintenance) becomes % .

more significant. The cumulated operational energy
take many years to equal the cumulative embodied
energy, it is depending on the building efficiency
and the operation energy. Figure 1 shows an office
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building in Australia, where it may take 50 years of 0 s Embodied energy
low level operation to achieve the same total 5 ./,é;//

guantity of cumulative energy as the embodied

energy [1] 13u 10 20 30 40 50

Embodied energy is described as "the energy spent Years since completion

by all processes involved in the manufacture of Fig. 1. A comparison of office building’s total life
building materials and components, as well as all cycle energy [1].
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Embodied energy accounts for a significant portion
of the total building energy consumption, since as a
global average, it is estimated that 50-60% of the
world’s annual energy production is used by the
industries of the built environment of which 36% is
consumed directly in the operation of buildings,
then consequently there is about 14 and 24% is
embodied in the buildings and materials
themselves. In some cases, it is found that, the
yearly operating energy usage is ten to twenty times
the embodied energy use [2]
There are many aspects affecting the building
materials’ embodied energy; firstly the extraction
of the row materials, trans these materials to the
manufacture, the manufacturing process and the
amount of energy consumed, and finally the
durability of the building material which influence
the maintenance energy consumption and increase
the life cycle of the building and consequently
reduce relatively the embodied energy, since it is
well known that the high durability of the building
materials the less proportion of the embodied
energy. From another viewpoint, the recyclable
building material contributes to reduce the
embodied energy [3].
According to the literature review, nano
technological advancements have a significant
contribution in the building energy conservation
aspects, particularly through the enhancement of
the building materials which consequently affecting
the operational energy of the building. The recent
development in nanotechnology provides ample
opportunities for the building materials to be more
energy efficiently through the reduction of its
embodied energy.
Cement based materials, despite their widespread
usage, have weak mechanical qualities and are
extremely permeable to water. Portland cement, the
major binder of concrete, is accounts for about 80%
of all CO2 emissions from concrete, which
accounts for 6% to 7% of the total CO2 emissions
in the world [3]. In this context, the primary goal of
this study is to discuss the potential contribution of
nanotechnology to reduce the embodied energy of
the cement based building materials through two
aspects:

1) The manufacture process; reduce the energy
consumption for Portland cement
manufacturing (production energy) as the main
binder of concrete

2) Increasing the durability of concrete which
associated to its life cycle.

Problem

Embodied energy of building materials represent an

important  proportion of the whole energy

consumed in the building through its lifecycle,

according to the literature review, over a 25-year
period, the energy embedded in a structure may
account for as much as 67 percent of its operational
energy [4]. Portland cement production accounts
for about 2% to 3% of world’s primary energy
consumption and emits a significant quantity of
CO2 (approximately 1 ton per ton of clinker) [5].
Moreover, cement based materials have weak
mechanical qualities and are extremely permeable
to water.
Objective
The main aim of this review paper is to present a
state-of-the-art potential contribution of
nanotechnology to reduce the embodied energy of
the cement based building materials whether
through the manufacture process; (Initial embodied
energy) or by increasing the durability of concrete
which associated to its life cycle; (Recurrent
embodied energy)

This aim achieved through three steps:

» Review the cement based building material
(concrete) as the most used material in the world;

» Discuss the building materials’ embodied energy
generally and in particular for the cement based
materials as a recent problem face the energy
efficiency of buildings.

= Highlight through a comparison between the
conventional and the nano cement based
materials, the  implications  of  using

nanotechnology on the cementitious materials’
embodied energy.

Research methodology

The research methodology is based on literature

review and comparative analysis

= | jterature review is for;

1) Studying the concept of energy efficiency of
building materials. The research focused on the
embodied energy of cement based building
materials, highlighting the production energy
and the durability of the materials.

2) Review  the implications  of  using
nanotechnology to improve the durability of
cement based materials

= Comparative analysis is carried out between the

conventional cement base building materials and
the nanotech cement products from the view
point of embodied energy (initial and recurrent
embodied energy); to get recommendations and
highlight the effectiveness of implementing
nanotechnology to achieve energy efficient
building materials.

Significance

Several studies have been discussed the embodied

energy of building materials in order to improve

building energy efficiency. This paper focuses on
reviewing the effect of using nano-based materials
on the embodied energy of cement-based materials
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which represent the most building material used
worldwide.

2. Building Materials

Throughout their life cycle, building materials have
an impact on both the built and natural
environments. The pre-use phase of a building
relates closely to the material life cycle, it includes
the extraction of raw materials, manufacturing
process, delivery to the construction site,
installation on site, and additional materials
necessary throughout the operating stage for
maintenance, refurbishment and renovation. These
processes require significant inputs of energy.
Manufacturing may have negative effects on the
environment, including contamination of the air,
water, and ground. Manufacturing also needs
energy, which is mostly generated from fossil fuels
and is linked to climate change and pollution [6]. It
is stated that, energy efficient building materials
should be developed and manufactured to be long-
lasting and low maintenance throughout the
duration of their useful lives.

2.1 Building Materials and Energy

The energy used up by the building construction is
not limited by the amount needed for the building’s
operation stage (operation of mechanical and
electrical installation for cooling, heating,
lighting,..), but it also includes the amount of
energy used through the manufacturing of the
building materials and components, the energy
needed through the building’s construction phase
and replacement, maintenance and deconstruction
phase.

The huge quantities of construction materials
generated every year require 2-3 percent of the
world energy, and about 12-15 percent of the
energy used in industry. Furthermore, there is a
growing recognition that current concrete
manufacturing and building techniques are
unsustainable [3].

The energy required for the manufacture of
building materials and components includes the
energy required for the extraction of raw materials
and transportation to the manufacturing facility.
These amounts of energy hidden in building
materials and associated with the construction
process are referred to as "embodied energy."

2.2 Building Materials’ Embodied Energy
Embodied energy is described as "the energy
consumed by all processes connected with the
manufacturing of building materials and
components, as well as all activities required to
support the process.” There are three approaches to
this dentition: energy used from raw material
extraction to factory gate (cradle to gate), energy
consumed for transporting materials to site works
(cradle to site), and energy consumed from

extraction to destruction and removal (cradle to
grave).
The production energy accounts for 85 to 95
percent of the total energy of matter, (The
remaining 5 to 15 percent is connected to the
construction, maintenance, and destruction of the
structure.) [7].

Over the course of 50 years, a building's

ENERGY

BUILDING LIFE (years)

Fig. 3. Building’s life operational and embodied
energy. * Over a period of 25 years, the total
embodied energy and the recurrent embodied

energy, fifty years**, and a hundred years***. A,
Construction Phase; B, Operation Phase [4].
embedded energy is estimated to account for
between 6 percent and 25 percent of overall energy

consumption [8]. It could be split into two parts:

1) The initial Embodied Energy which consumed
in the beginning of the building material’s life
cycle, it rises from zero to maximum occurs
throughout the construction phase. Construction
energy is considered to be included in the
original embodied energy.

2) Recurrent Embodied Energy is the energy
consumed due to maintenance, renovation, and
refurbishment of building materials,
components, or systems during its lifetime. The
durability and upkeep of building materials,
systems and components installed in the
building, as well as the building's life duration,
all impact recurrent embodied energy.

As shown in Figure 3 the initial embodied energy

grows from zero to a maximum through the

construction phase. The rise in embodied energy
throughout the operating phase is due to repainting,
lighting and system replacement, and refurbishing.

Despite the fact that these statistics are illustrative

and cannot be applied uniformly, they clearly

demonstrate the importance of recurring embedded

energy in life-cycle energy analysis [4].

According to a study conducted on a 97-unit

apartment complex, both in terms of embodied

energy and operational energy. It is found that
reinforced concrete (concrete + steel) has 70% of
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the total embodied energy; hence, substantial
energy savings can only be achieved by decreasing
the energy in this material ['],

2.3 Environmental Impacts of Material use

As well as embodied energy, it is important to think
about embodied pollution that occurs throughout
the manufacturing of construction materials and
components ¥, The amount of energy used in the
production of building materials is directly
proportional to CO2 (Carbon Dioxide) emissions.
Each GJ of embodied energy produces an average
of 0.098 tones of CO2. The use of high-energy-
intensity building materials contributes to a
significant increase in greenhouse gas emissions °
2.4 Factors Affecting the Embodied Energy of

Building Materials during their Life Cycle

There are several factors that influence the
embodied energy of building materials such as, use
of durable building materials to reduce the
maintenance energy, use local materials to reduce
the  transportation  energy, decrease the
manufacturing energy, using renewable energy,
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Fig. 4. Global annual cement production from
1925 to 2009 [10].
Natural materials, recycled materials... This review
paper is concern about two points; durability and
production energy and aims at presenting the-state-
of-the-art about the effect of using nanotechnology
to reach the following two points:
= Decrease the manufacturing energy
= Increase the durability of building materials
1. Cement Based Materials
Cement is the main material of concrete which is
the most building material used worldwide,
therefore cement manufacturing and its affect on
the energy consumption and consequently on the
environment is very vital for the construction
industry. Portland cement is produced by heating a
combination of limestone and clay, or other
materials with a comparable bulk composition and
adequate reactivity, to around 1450 degrees Celsius
[5].
Cement is being produced in excess of 3 billion
tons per year, making it the most commonly

utilized solid on the planet, Figure 4 [10]. World
production of cement has surpassed 2.8 billion tons
per year with 4 billion tons per year predicted by
2050 [11]; accordingly it is crucial to identify
methods to make cement more environmentally
with less embodied energy whether through the
production or the operational energy.
Studies have shown that using energy efficiency
technology that is now available on the market and
practices in the cement manufacturing across the
world may save energy [12]. The purpose of this
article is to look at the impact of nanotechnology as
a new technique for reducing the manufacturing
energy (embodied energy) for concrete, which is
the most widely, used cement-based building
material on the planet.
3.1 Embodied Energy of Cement Based
Materials
Cement industry is under pressure to minimize its
energy use as well as its emissions of greenhouse
gases. The cement and concert production is an
energy intensive process.
1) Initial Embodied Energy
Energy)

Portland cement production consumes around
2% to 3% of world primary energy and emits a
significant quantity of carbon dioxide (about 1 tone
per 1 tone of clinker) accordingly; it’s important to
reduce both cement production energy and
greenhouse gas emission [5].

Cement manufacturing necessitates that clay and
limestone be heated to 1450°C, which necessitates
the use of fossil fuels to create that heat, releasing
substantial CO2 quantities into the atmosphere in
the process. It is estimated that one tone of CO2 is
emitted into the atmosphere for every tone of
cement produced [10].

Concrete is the second most widely used material
on the planet following the water and is utilized as
a building material all over the world. Concrete is
produced throughout the world at a rate of around
annually, 5.3 billion cubic meters. Many new
technologies are focusing on alternate materials and
techniques to decrease concrete's carbon impact.
[13].

Despite concrete is generally requiring low
embodied energy as shown in Figure 5, 6; however,
the large amount of concrete used in construction
sector makes it the largest consumed of energy
among all building materials.

Furthermore, the lifespan of concrete constructions
is varying from 50 to 100 years, depending on the
material characteristics and climatic circumstances
[3]. This means that the embodied energy of some
kinds of buildings such as office building may
equal the operational energy through its life cycle.

(Manufacturing
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Fig. 5. Comparison of embodied energy of
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Fig. 6. Embodied energy of construction materials

based on their use in building [14].

2) Recurrent Embodied Energy (Manufacturing
Energy)

Durability refers to a product's ability to last for an
extended period of time without deteriorating
significantly. A durable substance benefits the
environment by saving resources, minimizing
waste, and lowering the environmental effect of
maintenance and replacement. The manufacturing
of replacement construction materials depletes
natural resources and has the potential to pollute
the air and water.

Despite their widespread usage, cement-based
materials have week mechanical characteristics
and are extremely permeable to water and other
hostile chemicals, reducing their longevity.

Normal strength concrete generates structures that

are less durable and require more regular

maintenance and conservation operations, or even
total replacement, resulting in greater raw material
and energy consumption. The fundamental issue
about ordinary Portland cement concrete (OPC)
durability of is the material's inherent
characteristics, which include a high degree of

(=]

permeability. This is in addition to the issues
created by improper concrete placing and curing
procedures [12].

2. Embodied Pollution

The production of construction components, as well
as their transportation to the job site, results in
embodied pollution [1]. In reality, 1 kilogram of
cement produces just 0.6-0.8 kg of CO2 that is
small comparing to other materials manufacturing
emissions like aluminum or insulating materials
[11].

Because of the scale of cement manufacturing, the
cement sector has a greater effect than other
energy-intensive industries; it is expected that by
2050, demand for Portland cement will have
increased by over 200 percent from 2010 levels,
reaching 6,000 million tons per year. Recent
environmental publications, on the other hand, have
expressed worry about the environmental impact of
cement and, as a result, cement-based products such
as concrete [3].

Cement manufacturing is considered one of the
biggest sources of CO, in the environment.
According to estimates, around 7% of global
carbon dioxide emissions are attributed to cement
production. The major binder in concrete, Portland
cement, accounts for about 80% of the total CO2
emissions connected with concrete [3].

3. Nanotechnology and Building Materials
Nanotechnology is a great scientific progress which
promises a great reduction in energy and use less
raw materials. Nanotechnology is defined
differently by different people, but it typically
refers to the study and manipulation of matter at the

nanoscale, which ranges from 0.1 to 100
nanometers [15].
One of the most significant benefits of

nanotechnology and nano-based building materials
is that they are predicted to save energy and
conserve resources in two ways through two
approaches: The first approach is the operational
energy, since nano-based insulating materials can
aid in the reduction of energy required for cooling
and heating of buildings, nano-coatings with
exceptional properties can increase the lifetime
(durability) of materials and decease the energy
demand for cleaning (maintenance energy). The
second one is its potential contribution to reduce
the building materials embodied energy represented
in the production energy.

Nanotechnology for Cement Based Building
Materials

Nanotechnology in cement and concrete is
primarily utilized to improve physical-mechanical
characteristics and provide new capabilities that
save significant amounts of material and energy at
each step of the product life cycle. Nanotechnology,
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for example, may be used to evaluate, change, and
regulate cement hydration in mortars and concrete,
resulting in improved general performance in terms
of mass and the ability for achieving outstanding
physical, chemical, and mechanical characteristics
utilizing fewer resources.
The nano engineering of cementitious materials,
which is regarded one of the most promising
developments, aims at reduce substance and use of
energy, particularly during manufacturing phase
(by far the most significant in the cementitious
materials life cycle) This goal is achieved by a
material design approach that takes two alternative
approaches. On the one hand, raw materials can be
substituted to reduce the amount of energy
necessary through the process of clinker burning;
on the other hand, improved mechanical properties
can be designed into cements and concretes,
reducing the amount of material used and, as a
result, energy consumption and pollution.
According to literature review, nanotechnology
used to improve the manufacturing of cement and
enhance the characteristics of  concrete.
Nanotechnology has a lot of potential in terms of
developing new concrete products, as will be
shown later, and materials for minimizing the
future environmental effect of cement-based
materials. The following are the most significant
technological advances in concrete that are most
possible to result from nanotechnology's application
[16]:
= High-performance concrete materials are being
developed for their mechanical and durability
properties.
= Sustainable concrete materials and buildings are
being developed by lowering energy
consumption during cement manufacturing and
improving safety;
= Intelligent concrete materials are created by
combining nanotechnology-based self-sensing
and  self-powered materials  with  cyber
infrastructure technologies;
= Novel concrete materials are being developed
using  nanotechnology-based  revolutionary
cement and cement paste processes.
The concern of the paper through this part is how
nanotechnology has the potential to produce
superior materials with improved characteristics
and low embodied energy to be used in a variety of
applications. It investigates, on one hand the effect
of nanotechnology and nanomaterials on the
production of Portland cement from the viewpoint
of energy consumption and CO2 emissions. On the
other hand it investigates the effect on the
durability of concrete which associated with the
energy required for maintenance and refurbishment
of the building.

1. Nanotechnology and the Initial Embodied
Energy (Production Energy)

One of the first advantages of nanotechnology is

the reduction of energy and raw material

consumption in manufacturing process, the
development of highly efficient and lightweight
materials, the extension of material life, and the
improvement of material performance, the
reduction of pollution through oxidative catalysis,
and the reduction of maintenance costs through the

use of self-cleaning and easy-to-clean products [9].

Cement, alternative cementitious binders, and

concrete with enhanced performance and lower

environmental impact are being developed using
nanoscience and nanotechnology. To date the
following three areas of research have been

identified: [13]

1) Development of nano cements and
environmentally friendly, high performance
cements/binders produced with less clinker.

2) Incorporation of nanoparticles and chemical
admixtures to cement and concrete improves
their performance.

3) Using nanoparticles enables for greater
utilization of additional cementitious
ingredients, lowering energy consumption as
compared to Ordinary Portland Cement
manufacturing.

For the first and third areas of research; according

to a study conducted to investigate the effect of

adding nanoparticles of zinc oxide to the cement
row mix in order to decrease energy use and CO2
emissions produced during the processing, the
percentages of zinc oxide nano-powder that added
to the raw material of cement was ranging between

1% and 3%, it has been concluded that, the addition

of 1% synthesize zinc oxide nano-powder into

Portland cement manufacturing enhances the

cement raw mixture burn ability of. The

temperature of the clicker was reduced to 1,300°C,
compared to 1,450°C-1,500°C usually required,
resulting in both reduction in energy consumption

and greenhouse gas emissions [17].

According to another study, Zinc oxide has been

proven to improve raw mix burn ability, speed

clinkerization processes. The addition of 1.5

percent Zn O to the raw mix reduced clinkerization

energy from 124 to 52 kJ/mol [18].

Nanotechnology and the Recurrent Embodied

Energy (Durability)

The study RILEM TC 197-NCM, ‘Nanotechnology

in Construction Materials," indicated that using of

nanoparticles to enhance the strength and durability
of cementitious composites as a research field with
high nanotechnology potential [12]. Concrete's

durability can be improved by reducing
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permeability and improving characteristics of

shrinking. These effects can be achieved by using

nano-modified cements or nano-created paste

additives.

1) Permeability

Concrete's permeability has an inverse connection

with its durability; the lower the permeability, the

higher the durability. From the literature review it is

found that [12]:

= Water permeability of concrete is reduced by
nano-silica particles (SiO2). When the amount of
nano-silica increasing from 1% to 5%, the water
permeability depth is significantly decreased [19].

= A decrease in the permeability of the concrete
was found when 4 percent nano-Fe203 per
cement mass was used.

= Concrete permeability was reduced when 45
percent of Portland cement was substituted by
GGBFS containing 4 percent nano-TiO2 per
cement mass

» The addition of 1% nano-CaCO3 to concrete
enhanced its freezing-thawing resistance and
decreased its permeability [5].

2) Improved Shrinkage Properties

Shrinkage can cause cracks in concrete which affect

its durability. Nanotechnology enables the analysis,

modification, and control hydration of cement in

concrete and mortar, resulting in improved general

performance. Furthermore, the calcium-silicate-

hydrate (C-S-H), produced during the cement

hydration process by the interaction of several

chemical components, which responsible for

physical and mechanical properties such as

shrinkage, porosity, permeability, and elasticity —

can be modified to improve durability. From the

literature review it is found that:

= Addition of nano silica with 6% and 18%,
showed volume fractions of high-stiffness C-S-
H 38% and 50% respectively [16].

= A composition of 2% nano SiO2 with the
addition of 10% micro-silica enhanced the
mechanical strength of concrete and improved
durability [20].

= Generally, a significant increase in the
mechanical characteristics and durability of
cementitious materials may be shown with the
inclusion of the most commonly used
nanomaterials such as (nano-SiO2, Al203, TiO2,
AL203 CaCO03, etc.), nanotubes and fibers
(carbon nanotubes and carbon nano fibers). Table
1 represents a short review about using
nanomaterials with the cement based materials
and its effect on the material’s durability

2.1 Nanotech Cement Products

The application of nanotechnology in concrete is

6

6

most likely to result in the development of concrete
materials via engineering for various unfavorable
conditions, as well as a reduction in energy
consumption during the cement manufacturing
process [13].

1 Ultra High Performance Concrete (UHPC)
Concrete, as a traditional building material, may be
given new characteristics in terms of workability,
strength, and durability thanks to nanoscale binders.
Filling the holes in the concrete with silicon dioxide
nanoparticles makes it denser and more durable.
The majority of ultra high-performance concretes
(UHPC) wused in contemporary practice and
documented in the literature has been made with
nano-modifications or nano-based additives Steel
fibers, which enhance tensile strength, are also used
in ultra high performance/high-strength concrete
[30]. The compressive strength of this type of
concrete is over 200 N/mm2, which is comparable
to steel [30].

When comparing the life cycle implications of
ultra-high  performance concrete (UHPC) to
ordinary reinforced concrete, there is a substantial
decrease in material consumption (approximately 6
times lower) and energy consumption (about 40
percent), as well as fewer greenhouse gas emissions
(about 50 percent) [31]

The development of cement and concrete's physical
and mechanical characteristics allows for thinner
load-bearing sections than traditional reinforced
concrete structural components, with thicknesses
similar to steel construction.
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o
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Fig. 7. Mechanism of self healing Concrete [3].
2 Self-Healing Concrete
With the cracks of self-healing concrete, imbedded
microcapsules burst and, by capillary action,
release a healing chemical into the injured area.
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When the discharged healing agent comes into
touch with an implanted catalyst, it polymerizes
and closes the fracture. Self-healing composites
regained up to 75% of their initial strength in
fracture testing [3]. They have the potential to
double or triple the lifespan of structural
components, Figure 7.

6.3 Photo Catalytic Concrete

Nanoscale titanium dioxide TiO2 accelerates
chemical processes under the influence of
ultraviolet radiation and dampness, this process
known as Photocatalysis. It is used to make self-
cleaning building materials in the construction

sector and architecture. The photo catalytic activity
of nano-TiO2 when mixed into cement or placed as
a coating over concrete aids in the decomposition
of organic matter-based filth, which is subsequently
washed away when it rains. Richard Meier's study
for the Dives in Misericordia church in Rome's
white "concrete sails" led to the decision to use
titanium dioxide's self- cleaning characteristics to
retain the visual properties of the precast curved
concrete panels. For a longer period of time, the
buildings retain their original appearance [32].

VARIOUS NANOMATERIALS THAT ARE INCORPORATED WITH CEMENT AND THEIR EFFECT ON
ITS PROPERTIES [19]

N | Nanomaterials Effect on property Reference
Improving in durability, reducing missions
0,
1 2% of CO», reducing permeability, [21]
9 6%- Resulted in high-stiffness C-S-H 38% - 50% [16]
O nano-Si02 18% respectively
Decreasing the water absorption (between
3 4% Concrete | two and three times lower) in comparison to [22]
concrete without nano-silica.
nano-Fe203 up to 4% improve the
4 1%-5% | Concrete | compressive and tensile strength, and [23]
concrete permeability of water
nano-Fe.0s Maximum values of the compressive
5 10% P [24]
O strength
6 4% Reduction in concrete permeability [21]
Optimum level of nano-Al203 particle
0,
! 2% content was 1.0% [25]
— nano-Al203 I h e strenath of
0 mprove the compressive strength o
8 0.25% cement-based materials by up to 30% [26]
0.1%,
0.5%, Cement Improving the rigidity by 4.52%, 8.00%,
9 . 1.0% 8.26% and 6.71% respectively at 28 days [27]
nano-TiO2 and paste |
ge
1.5%
10 1% Improving concrete mechanical properties [28]
narjl_(?E)ZZrOnZaerg?o- Nano-Al203 is the most effective material
11 ’ 1.5% for the durability and mechanical [29]
Al203, nano- erformance of concrete
Fe304 P '
6.4 A Comparison Ultra High Performance Concrete, Self healing
Table 2 represents a comparison between Concrete and Photo Catalytic Concrete, versus

conventional cement based materials and Nanotech
cement products from the viewpoint of embodied
energy to highlight the effectiveness of
implementing nanotechnology to achieve energy
efficient building materials. The comparison
concluded three types of nanotech cement products,

conventional concrete. As shown in the table; the
nanotech cement products use lower production
energy and it is characterized by the long term
durability (reducing shrinkage, permeability and
increasing strength.
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a comparison between embodied energy of the nanotech cement products and the
conventional cement based materials (by the researcher)
Embodied CONVENTIONAL CEMENT BASED
Energy NANOTECH CEMENT PRODUCTS MATERIALS
The Initial |Comparing to Ordinary Portland Cement
Embodied |manufacturing, incorporating nanoparticles
Energy lowering energy consumption as follows: | 1) Portland cement is an energy
(Production{1) The addition of 1% synthetic zinc | intensive building material; this is because
Energy)| oxide nano-powder to Portland cement | the large amount produced annually all over
manufacturing reduced clinker temperature | the world. It is produced by heating a
to 1,300°C instead of 1,450°C-1,500°C, | combination of limestone and clay, or other
allowing for a reduction in both energy | materials with a  comparable bulk
usage and greenhouse gas emissions composition and adequate reactivity, to
2)UItra High Performance Concrete | around 1,450°C-1,500°C [2]
(UHPC) 2) Conventional Concrete
A considerable decrease in material usage | The manufacture of cement, which is used in
(about 6 times lower) and energy |concrete, consumes the most energy and has
consumption (around 40% lower), as well as |the highest carbon footprint of all the concrete
fewer greenhouse gas emissions (about 50 produced.
percent ).The development of cement and | The huge amounts of Concrete generated each
concrete's  physical and  mechanical | year require 2-3% of global energy and 12—
characteristics allows for the reduction of 15% of industrial energy
load-bearing sections, with thicknesses
closer to steel structures than to traditional
reinforced concrete structural parts [16].
Recurring |Nanotechnology enables for the | The mechanical qualities of cement base
Embodied |modification and control of cement|materials are weak, and the underlying
Energy hydration in mortar and concrete, which |difficulty with  ordinary Portland cement
(Durability of|improves shrinkage, porosity, permeability, |concrete (OPC) long-term durability is the
Building|and elasticity - all of which may be |material's inherent features, which include a
Materials) improved to produce greater durability. | high degree of permeability to water and other

1) Ultra High Performance Concrete
(UHPC)
The characteristics of ultra-high strength
concrete using nano cement was
significantly improved. Using nano cement
enhanced the long-term durability of
concrete by reducing shrinkage, increasing
strength, and reducing permeability. .
2) Self-Healing Concrete
Self-healing composites were able to regain
up to 75% of their initial strength in fracture
testing. They have the potential to double or
triple the lifespan of structural components.
3) Photo Catalytic Concrete
Nanoscale titanium dioxide TiO2 contributes
in the reduction of recurring embodied
energy, since It aids in the decomposition of
organic matter-based filth, which is
subsequently washed away when it rains,
allowing structures to retain their original
appearance for a longer length of time.

harsh substances, reducing their longevity
(durability).

Normal strength concrete generates structures
that are less durable and require more regular
maintenance and conservation operations, or
even total replacement, resulting in greater

raw material and energy consumption.

Environmental
Impact

Nanotechnology has the potential to help

traditional cement materials overcome major

Cement manufacturing is one of the biggest
sources of carbon dioxide in the environment.
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environmental challenges, resulting in lower | According to estimates, the industry is
CO2 emissions and increased durability | responsible for around 7% of worldwide CO2

emissions.

Portland cement is accountable for nearly
80% of total CO2 emissions from concrete,
which accounts for about 6-7% of total CO2
emissions on the planet.

Conclusion
Depending on the literature review;
Nanotechnology's applicability in cement-based
materials is still in its early stages of development.
Otherwise by reviewing both Traditional Cement
Based Materials (Concrete) comparatively to
Nanotech Cement Products from the viewpoint of
Embodied Energy, it is concluded that,
nanotechnology potential contribution in reducing
embodied energy for Cement based building
materials are as follows:
In the context of Initial Embodied Energy
(Manufacturing Energy), according to previous
studies, it is found, through two researches, that the
incorporation of nanomaterials, such as zinc oxide
nano-powder, in Portland cement manufacturing
can reduce the production energy and accordingly
reduce the greenhouse gas emissions.
There is a shortage in the information about the
effect of using nanotechnology on the production
embodied energy (initial embodied energy),
accordingly, research endeavors should be
increased for exploring the area of efficient
building materials.
In the context of Recurrent Embodied Energy
(Durability), Reviewing the effect of nanomaterials
on concrete as cement based material; it is found
that, using nanotechnology helps in the production
of more durable cement based materials which
contributes to lower building maintenance as
follows:
Nanomaterials in concrete have an efficient
reaction in terms of various parameters, including
material and energy conservation throughout the
life cycle.
Incorporation of nanomaterials help in produce
high-performance  concrete  with reduced
permeability and improved shrinkage
characteristics and accordingly increased durability,
and increase structural member strength while
lowering their size.
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