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Abstract: Nanoarchitecture opens new possibilities in building sustainability, it prompts environmental and
zero carbon design and delivers new materials which can meet natural execution criteria and impacts of
climatic change. The vast majority of present building and engineering concepts are to substitute numerous
petrochemically derivatives with bio-based materials from sustainable assets. Scientists endure to achieve
progress and defeat the cost of processing plant material into value-added products. The paper brought up
the issue of: In the era of developments and blasting of new ideas, for example, sustainability and Nano
materials-; Are buildings' maintenance materials and applications anticipated that would react to current
advancements? The paper acquainted a connected idea with bio-based and Nano models for the maintenance
of building floors. The point was to approve the added value to sustainability that a bio Nano maintenance
material can offer better than a traditional chemically produced one. A comparative analysis was carried out
for the Nano green mastic remover, and Bean-e-doo mastic remover. The analysis covered the relative
performance of both materials in respect to environmental and economic criteria. The comparison was
carried out in an online platform using the BEES software. Results demonstrated that the Nano-Green
material has less ecological effects, as well as less introductory and future financial expenses too contrasted
with the Bean-e-doo mastic remover material. Consequently, the linkage between Bio based and Nano

materials on one hand, and sustainable maintenance on the other hand is unmistakably distinguished.
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and consumption in building, or water treatment and air
purification [7]. Furthermore, they may alter the settings
and organization of building process [1].

1. INTRODUCTION

previous two decades. Spending on nanotechnology

investigations is substantial; though, the research is
incessantly moving forward inspired by instant gainful
revenues engendered by high value marketable products
[1]. Efforts are made at the global level, especially at
European level, to include Nano materials in all economic
fields [2]. Nanomaterials have the size of its single unit
between 1 and 1000 nanometers (10—9 meter). The usual
definition of nanoscale is between 1 and 100 nm. [3] Nano
scale materials have their unique optical, electronic, or
mechanical  properties. [4] They are gradually
commercialized [5] starting to develop as supplies [6],
expressively fixing existing construction difficulties [1],
and resolve problems associated with energy production

It is easily accepted that bio-based products are more
preferred than fossil fuel-based products. It looks
reasonable that it is more sustainable to utilize resources
which are grown in sustainable practices. Bio-based
products are portions of the natural cycles on Earth, while
fossil fuel-based products disturb the ecosystems [8]. So
that, current developments are rising the scenarios of
substituting many petrochemically derivatives with
materials processed from renewable resources. Scientists
endure to achieve progress and defeat the cost of processing
plant material into value-added products. At the same time,
environmental worries and regulation are increasing the
attention in agricultural and forestry resources as a
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substitute feedstock [9]. Many studies on maintenance
approaches and techniques advice that the use of bio-based
products is much more environmentally friendly compared
to fossil fuel-based maintenance products [10]. Though, it’s
significant to recognize that bio-based materials can result
in substantial adverse effects [8]. Furthermore, successful
maintenance should not only focus on extending the life
span of buildings and reducing its operational costs,
ecosystem impacts, and wellbeing should get enough
consideration in this respect [11].

Biomimicry is defined as novelty concluded from the
emulation of biological structures, processes, shapes, and
schemes [12]. Many environmentally friendly products are
produced adopting the concept of biomimicry [13]. The
2005 World Summit defined the goals of sustainability in
the form of economic and social development, and
environmental protection [14], [15]. The approach
articulated the three pillars of sustainability using three
overlapping interdependent ellipses [16], [17], [18]. Which
serve as a mutual base for plentiful sustainability morals
[19], [20]. Some experts added a fourth pillar to
sustainability and assigned it to future generation [21].
Some others reflected resource use and economic
sustainability as two supplementary pillars [22]. More
recently, the Circles of Sustainability approach classified
four areas of economic, ecological, political and cultural
sustainability, which got in harmony with the Agenda 21 of
the United Nations [23], that stipulates culture as the fourth
area of sustainable development, Fig.1. [24] The model is
now being adopted by societies such as the United Nations
Cities Programme and Metropolis [25].
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Figure. 1. Sao Paulo Circles of sustainability 2

There are many studies handled the innovative approaches
related to utilizing Nano and bionic materials in the field of
building and maintenance.

Ge and Gao [1] documented competitive nanotechnology
innovations in construction industry. The applications
generally serve in the aspects of lighter and more durable
composites, more efficient fire retardant and thermal
insulators, Nano-sensors, and low maintenance coating.
TiO2 is used to coat glazing for its sterilizing and anti-
fouling properties. The TiO2 breaks down organic dirt and
allows water to spread over the surface and wash away dirt.

Berevoescu [2] presented an analytical comparative
application of using nanogels and polystyrene as thermal
insulation materials in two-storey building from the view of
performance and cost. The application demonstrated that
the nanogel option is initially expensive but has more
advantageous, considering the long run low costs because
of reduced energy consumption.

Nature-fibers insulation materials, which are used in the
forms of blow injection fills and panels, although their
thermal insulation efficiencies are less than polystyrene,
they are closer to the efficiencies of glass wool, stone wool,
foam glass, and Perlite [26].

Biological fibers in composite materials, foam fiber
composite (FFC), manufactured by Friul Filiere SPA that
developed an ultra-light PVC wood composite material
which can be processed like wood. It is 100% recyclable
and has very good mechanical and physical qualities:
Stability, moisture resistance, elasticity, heat and sound
insulation, relatively cheap, and self-deleting in fire [27].
Bio-based Almond polymer degradable materials are
employed as a coating material in the furniture industry.
Furthermore, fungi can provide strong bonds between
vegetable waste-based materials as a substitute of
Styrofoam [28]. Flax, hemp, kenaf, sisal or abaca are
combined to produce Nature Fiber Reinforced Plastics
(NFP). The production of these modern materials requires
binders such as animal and vegetable adhesives, glues and
resins. Nature fiber reinforced composite materials have the
good qualities of both raw materials of wood and plastic.
They are sustainable, up to 100% CO2-neutral, 100%
biodegradable, hygienic materials, high shock absorption,
good impact resistant, low weight, and tough [29]. The
paper demonstrated the possibility of incorporating Nano
bio materials into building maintenance to reduce the
environmental and economic burdens. Which set a
motivation for further research on new concepts to
correspond with the era of innovations in building materials

2. METHODOLOGY

The objective of the paper was to validate the linkage
between Nano materials, bio-based material and
sustainability. To achieve this objective, an aim was set to
examine the efficiency of two different materials, Nano
green mastic remover (also known as Agri Nano which is
extracted from agricultural sources) and Bean-e-doo mastic
remover (which has a chemical base), regarding their
environmental and economic performance as two different
maintenance materials in BEES. BEES software is a useful
technique developed by the National Institute of Standards
and Technology Engineering Laboratory’s, it uses the life-
cycle assessment approach to measure the environmental
performance of building products [30]. All phases of the life
of a product are analyzed as of the 1SO 14040 series: raw
material, production, transport, fixing, usage, and
reprocessing and left-over managing. Economic
performance is measured using life-cycle cost technique,
which covers the of initial costs, replacement, process,
maintenance and repair, and disposal. Environmental and
economic performance are joint into a total performance
measure using the ASTM standard for Multi-Attribute
Decision Analysis.
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11.1. Materials Descriptions
11.1.1 Nano Green mastic remover

Nano Green mastic remover is bio based and biodegradable
food stocks, principally corn, grains, soybeans, and
potatoes. Its cleaning ability is as effective as many
detergents. The purpose of mastic remover is to remove
9.29 m2 of mastic under vinyl or similar flooring. The flow
diagram below shows the major elements of the production
of Nano Fig. 2. Energy is used in the production of Nano
Green to mix the product. All materials are transported by
diesel truck approximately 805 km to the factory, and to the
building sites afterwards. Around 0.002 m3 of the mastic
remover is required to eradicate 18.6 m2 of mastic under the
flooring material. It is expected that Nano Green is applied
twice to eliminate mastic over a period of 50 years [31].
11.1.2 Been-e-doo mastic remover 111
Produced from soybeans, BEAN-e-doo is a chief remover
intended to diminish any mastic cement on solid surfaces.
It is perfect for use in working spaces like schools, healing
facilities, post offices, and other open spots without
disturbances. It has under 3% VOC's, Light Yellow, low
viscosity liquid, low dissipation rates, PH = 6.65, Specific
gravity less than 1, mild odor, non-Flammable, simple tidy
up and workers saver, removes up to 92.9 sq. meters (1000
sq. ft.) per 5 gallons [32].
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Figure. 2. Nano Green System Boundaries 4
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Figure. 3. Screen shot of the BEES interface showing the
analysis parameters chosen
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Figure. 4. Selection of the alternatives

3. RESULTS AND DISCUSSION

Ilustrated below are the outcomes of the comparative
analysis of sustainability performance of Nano Green and
Bean-e-doo mastic removers

111.1. Summary analysis

From figures 5,6, and 7; it is noticed that Nano Green mastic
remover is more economic and environmentally efficient
compared to Bean-e-doo. The economic present value (PV)
of Nano Green mastic remover is almost half of the
corresponding value of Bean-e-doo. Furthermore, the
hazardous environmental effects of the Nano Green mastic
remover are very limited and equal to almost 18% Pts/unit
compared to Bean-e-doo.

Score

Figure. 5. Economic performance

Figure. 6. Environmental performance

P
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Figure. 7. Overall performance
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111.2. Life cycle stage graphs

Figures 8,9,10,11,12, and 13 show that Green mastic
remover is very environmentally preferred in all its life
cycle phases from raw materials, manufacturing,
transportation, use, and disposal. Nano Green mastic
remover generally has less adverse impacts that vary
between (1% to 30%) compared to Bean-e-doo as illustrated
and indicated in brackets as follows: Environmental
performance (19%), fusil fuel depletion (1%), indoor air
quality (30%), water intake (7%), human health cancer
(27%), and finally human health none-cancer (2.8%).
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111.3. Environmental flow analysis

Figures 14,15, and 16 exemplify that Green mastic remover
is a very good environmentally friendly option. The global
warming impacts resulted from Green Mastic remover
records only (-7.4632 gCo2/unit) compared to 1265.4648
gCo2 for Bean-e-doo. Furthermore, it has limited adverse
environmental impacts compared to Bean-e-doo as
illustrated above and indicated between brackets:
acidification (3.9%), and eutrophication (6.3%).
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Figure. 15. Acidification
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Figure. 16. Eutrophication
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Figure. 17. Embodied energy by fuel renewal

111.4. Embodied energy analysis

Figures 17, and 18 prove that Green mastic remover has a
very low quantity of embodied energy compared to Bean-
e-doo. Embodied energy consumption from renewable or
non-renewable energy sources in the production and
processing of Nano Green mastic remover is very limited
and falls to around 1.7% compared to Bea-e-doo.
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Figure. 18. Embodied energy by fuel usage

Results prove that Nano Green mastic remover has less
environmental impacts and less initial and future economic
costs compared to Bean-e-doo mastic remover. It may be
rational to justify the lower environmental impacts of bio-
based materials compared to chemically produced one. Bio-
based matter is a portion of a series in the ecosystem. It
absorbs carbon dioxide from the atmosphere during its
growth phase, in photosynthesis, and reduces its
concentration in the atmosphere. It also re-releases carbon
dioxide in the atmosphere during plant breathing, and when
being consumed or converted into organic waste. So that,
they are considered neutral for their climate impacts.
Therefore, we note that the negative environmental impacts
of Nano-Green mastic remover within the results of this
paper, in respect to life cycle analysis- fossil fuel depletion,

indoor air quality, water intake, human health, global
warming, acidification, eutrophication, and embodied
energy- came far less than the equivalent impacts of the
chemically based mastic remover.

In terms of economics, bio-based material is often
produced from organic waste, which is naturally available
at low or no cost as agricultural products such as cane,
wheat, rice, potatoes and other crops. Thus, its costs in its
initial and later stages are less expensive than chemically
manufactured materials, which require financial
investments, technology, more skilled and trained workers,
factories, transport, and environmental treatments if any.
These factors raise the economic cost of producing such
materials, and thus raise their prices compared to bio-based
products.

Though, it’s significant to recognize that bio-based
materials can result in substantial adverse environmental
effects. As biomass production requires the use of
fertilizers, and sometimes pesticides, which emit harmful
gases. Fertilizers are produced from fossil fuels, there is
also an impact related to the change of land use pattern to
produce more biomass which competes with the lands
assigned for food production. Therefore, bio-based
materials cannot be considered of better than others on the
absolute. Each case should be studied separately through
the whole life cycle of the material to be considered more
environmentally friendly or not than others.

4. CONCLUSION

The linkage between bio-based and Nano materials on one
hand, and sustainable or green maintenance on the other
hand is clearly identified. Consequently, incorporating bio-
based and Nano materials into building industry might
reduce downsides of using fossil fuel-based maintenance
materials and enhance our environmental and economic
conditions.

RECOMMENDATION

Advanced researches on bio-based materials and Nano
technology should be encouraged in research institutions
and manufacturing organizations to seek more sustainable
communities. More improvement should be directed to add
more alternatives of materials, considering the variations of
different tools and production methods and extraction in
different countries.
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