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Abstract: Nanotechnology is widely being used in the baiitvironment for its advantages in many improved
engineering properties of the nano materials. Namsulating materials open up new possibilities for
ecologically oriented sustainable infrastructureveli@pment. The most widely used nano material ifit bu
environment is for the purpose of insulation to ioye the energy efficiency namely in the buildireysd
dwellings. Nanotechnology has now provided an ¢iffecand affordable means to increase energy effy in
pre-existing buildings as well as new constructipnincreasing thermal resistance. The major adgentd
nano insulation materials is its benefit of transiut coatings which increase the thermal enveldpebwilding
without reducing the square footage. The intrinmioperty of nano insulating material is it can Ippleed to
windows to reduce heat transfer from solar radmtoe it its thermal resistant property and thedhacent
property allows diffusing of day light. The nanitating material has significant advantage in caty the
operational energy aspects of buildings due teadtsable insulating properties.

This paper examines applicable nanotechnology bpesdlicts that can improve the sustainable devedopm
and overall competitiveness of the building industrhe areas of applying nano insulating matendbuilding
industry will be mainly focused on the building efape. The paper also examines the potential adgastof
using nanotechnology based insulating materiakfucing the life cycle energy, reduction of matesisage
and enhancing the useable life span. The paper ialsEstigates the operational energy by simulation
methodology and compares the reduction of operali@mergy consumption.
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1. Introduction

The construction and operation of buildings is oesible for significant environmental impacts,
predominately through resource consumption, wastelyction and greenhouse gas emissions.
Building insulation will be one of the main focuseghere the demand for more energy efficient
buildings is expected to grow significantly in comiyears. One of the main problems related to
energy consumption in buildings is created by wiieating and summer cooling. The presence of
glass surfaces and the insulating capacity of tiierccladding is the main reasons for heat loss and
gain within the building envelope (Scalisi, 200@)sulation is the most effective way to improve the
energy efficiency of a home. Insulation of the bty envelope helps keep heat in during the winter
and keep solar heat away during summer to improsental comfort while saving energy. Insulation
materials which are used for building insulatioaliie mineral wool, cellulose batting, foam plastic
and newly emerged materials like nonomaterial.

Numerous strategies have been adopted in an attennpiprove the operational energy efficiencies
with relates building maintenance and to reducesrgreouse gas emissions. Emerging fields like
nanotechnology delivers outstanding insulation nite for more efficient, less toxic and
environmental friendly insulation. Current applioas are in the forms of paints, coatings, thimél

or as solid materials. Nansulate® coating is a&nqtad insulation technology that incorporates a
nanocomposite called Hydro-NM-Oxide, a product ahatechnology. It's an excellent insulator due
to its low thermal conductivity and the nonomateused. It can be directly applied to the existing
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buildings without incurring any post-constructiotddéion with conventional insulating, thus creates
tremendous energy saving with existing buildingsstTresults for Nansulate® from independent
laboratory shows that thermal flow through the vgaittion coated with Nansulate® was reduced by
34.80% and thermal resistance (1/U) of the waltiseccoated with Nansulate® was increased by
28.98% (Test Method:UNI EN I1SO 8990:1999 - simtmASTM C236) (www.nansulate.com).

To reduce life cycle environmental impacts of bidgs, their service life should be extended as much
as possible (Ayet al. 2007). The durability of the structure plays amportant role. Application of
nanomaterials in to the building envelope will assn lengthening the service life of building
materials, thus reducing the carbon footprint. T$tisdy aims to study the impact on operational
energy consumption of the building with the apglma of Nansulate, an insulation product of
nanotechnology with compared to conventional cedlalinsulation.

2. Methodology

A multi-residential building has been used as aecatidy to assess the operational energy
performance of prefabricated steel constructions §action outlines the case study building thag wa

analysed and the methods used to assess the opatahergy requirements associated with both
conventional concrete and prefabricated steel naetgin approaches for this building.

2.1. Case study building

This study involved an assessment of the operdtienargy associated with a multi-residential
building, for two varying construction approachesprefabricated modular steel structure and a
conventional concrete structure, used for compargiurposes. The building modelled has a gross
floor area of 3,943 fwith a total of 63 apartments consisting of 58&kirstorey and five double-
storey apartments. The first six floors of the dmdj each consist of 9 single-storey apartments
(Figure 1) and the seventh floor consists of fangle-storey and five double-storey apartments. The
floor area of the single-storey and double-storpgrments is 63 and 118 nrespectively. The
ground floor consists of seven tenancies togethtr @ther utilities. The ground floor and the sub-
structure were not considered in this study. Thtailde of the external/internal walls and the
floor/ceiling panels are for each scenario by eletnggiven in Figure 2.

e T e B B | | i =

Fig. 1. Standard floor plan for single-storey apartméRrt§A 2009
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Fig. 2. Details of the main material used in the buildiogprefabricated steel and concrete structural
scenarios, by element

2.2 Operational energy analysis

The operational energy associated with the casdy dhwilding was calculated using TRNSYS
simulation software. Based on the characteristicthe building as well as assumed heating and
cooling schedules, TRNSYS was used to simulat¢hitrenal behaviour of the building.
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The simulation was performed using the most reaem@ther data for Melbourne, Australia published
by the Australian Bureau of Meteorology The simolatwas performed on an hourly basis for a
period of one year maintaining a steady temperatange of 20-26 degrees Celsius within the
building. The detailed occupational schedules aashgywere not considered in this study. The
simulation was carried out with and without the s.dlate application on the exterior wall, ceilinglan
floor of the building.

The COP (Coefficient of Performance) values of GQR,;= 3.0 and CORing= 2.2 Were used in
converting the heating and cooling load outputeiftbe TRNSYS simulation to energy requirements
in kKWh.

3. Results and Discussion

This section presents the results and discussigheobperational energy analysis of the case study
building for both prefabricated steel and concostestruction approaches.

3.1 Operational energy analysis

This section details the annual operational engmguirements associated with the case study
building for both concrete and prefabricated steelstruction types.

The TRNSYS simulation performed to determine therafional energy required for each Zone to
maintain a temperature between 2626 The TRNSYS simulation output on temperature rabris
illustrated in Figure 3.

b (. e

Solar Rcltion (Kb}

Temperatures ('C)

Fig. 3: TRANSYS out put on temperature control betwee&C vs ambient temperature of
Melbourne weather

The simulated monthly distribution patterns of h&ataind cooling loads for a period of one year is
given in Figure 4 and 5, without and with nansulagilation respectively. All the data was based on
Melbourne’s weather data. The heating and cooliragl Ipatterns behave similarly for both concrete
and prefabricated steel construction types.
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Fig. 4: Heating and cooling load distribution patterntioe case study building- without Nansulate
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Fig. 5: Heating and cooling load distribution patterntioe case study building- with Nansulate

outside

The application of Nansulate in to the exterior tbé building shows a saving in the energy
consumption through reducing heating and coolirapléo As of figure 4, the heating and cooling
loads fluctuate between +100 to -200 without thpliagtion of Nansulate. With the application of
Nansulate this range reduces up to +80 to -130@srsin figure 5.

The annual operational energy for the building dyemdicates that for Melbourne the heating energy
requirements are much greater than energy requitsniier cooling (by at least 180 per cent). There
is also a significant difference in operational rggerequirements between the concrete and

prefabricated steel construction types.

Table 1: Annual operational energy requirements for steel and concrete structural scenarios by

square metre of floor area (NLA = 3943n1)

Structure

Annual operational energy

Annual operational energy

(KWh/n) (GJ/nt)
type
Heating Cooling Total Heating Cooling Total
Steel 40.0 12.5 52.5 0.14 0.05 0.19
Concrete 36.8 8.7 45.5 0.13 0.03 0.16
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The total operational energy for heating and caplialculated was 45.5 and 52.5 kWfm for
concrete and prefabricated steel respectivelydtapl The difference shown in operational energy du
to the difference in the thermal mass of the twostaiction materials selected. Steel having a high
heat storage capacity but it also has a very hitgh of thermal conductivity which means that heat i
absorbed and released too quickly for any meanirtgrmal mass efficiency. Concrete with their
high heat capacity and density but moderate thecmaductivity offers a good balance and therefore
concrete requires a lower operational energy.

3.2 Insulation with Nansulate

With the application of Nansulate, it is clearlyogls that the annual operational energy required for
the building is less compared to the cellulose laign. It is evident that presence of Nansulate
without cellulose gives the best energy consumpmillustrated in Table 2.

Table 2: Operational Energy consumed comparison with respect to different insulation options

Operational Energy over a year

Insulation Onti Steel Concrete
nsuiation ©ptions Heating Cooling Total Heating Cooling Total
(kWh/mzyr)
Base with 100mm Cellulose 40.0 12.5 52.5 36.8 8.7 455
Base w/o 100mm Cellulose 42.2 12.6 54.8 36.9 5.9 42.8
Nansulate Inside with cellulose 37.4 11.5 48.9 35.8 7.7 43.4
Nansulate Inside no cellulose 39.5 12.2 51.6 36.1 6.7 42.8
Nansulate Outside with cellulose 36.3 10.3 46.6 34.8 6.6 41.4
Nansulate Outside no cellulose 36.6 8.9 45.5 34.7 50 39.6
60
50
40 - B Steel without Ingulation

Steel with Insulation using Cellulose

30

Steel with Insulation using Cellulose
20 - andNansulate

B Steel with Insulation using
Nansulate

Operational Energy (KWh -"mzyl')

10 -

Heating Cooling Total

Fig. 6: Operational energy over one year for steel.
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Fig. 7: Operational energy over one year for concrete.

The results in Figure 6 & 7 indicate that the agadion of Nansulate in the exterior of the building
results a significant operational energy reducttompared to conventional insulation material like
cellulose resulting saving of 7.47% in operatioeakrgy consumption. The removal of cellulose
insulation result a saving of 5.9% of the totabfl@area of the building when Nansulate is applaed t
the building. The Nansulate insulation coating whpplied to the exterior of the walls, it will besk
hazardous to the occupants of the building.

4. Conclusion

The study has considered two forms of construct@na multi-residential building, conventional
concrete construction and prefabricated steel oactgin. The results have shown a significant
difference in the operational energy requiremesteaiated with the two construction types due to
their specific thermal masses. This study has éuréssessed an operational energy savings of 7.47%
with the application of insulation material Nandalaa product of nanotechnology. With the results
obtained from the operational energy analysis tino@RANSYS, it was shown that Nansulate
provides an effective insulation for both constiwct methods used against the conventional
insulation material cellulose. As the Nansulatetiogarequires a space of few mm’s the results show
a saving of 5.9% of the total floor area as a m@gteent for cellulose.

Further research need to be carried out to deterrttie impact of thermal mass of concrete on
cellulose insulation especially with regards toragienal energy required for cooling. The insulatio
properties of cellulose, high heat capacity and enaid thermal conductivity of concrete needs to be
further evaluated on its impact on energy requioeaooling of buildings.

As a super insulation product Nansulate providembzoed performance qualities of thermal
insulation and corrosion prevention which lead to environmentally safe, water-based coating
formulation. Nansulate is a product of nanotechgwyldhat reduces the operational energy
consumption of the buildings to a considerably. S htis quite evident that nanotechnology hold a
promising results in building insulation applicatsoand the products are yet to come.
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