
- 295 - 

2
nd

 International Conference on Energy Systems and Technologies 

18 – 21 Feb. 2013, Cairo, Egypt 

 

 

NANO SMART HOME 

AN INTERDISCIPLINARY COLLABORATION FOR A 

BETTER QUALITY OF THE BUILT ENVIRONMENT 
 

Basma Husien, Ghada Hamdi, Menna Agha and  

Mona B. Mohamed 

 

NanoTech Research Centre, Dreamland, wahat road, 6Th October, Egypt. 

 

The article summarizes a collaboration between a Nano-scientist, a Mechatronics engineer 

and an architect is taking place under the umbrella of NanoTech Research Center, Giza, 

Egypt, to try producing the next generation of smart homes, where self-sustained functions 

take place. The purpose of NanoSmartHome is to manifest the way of these advantages are 

being applied and transformed into a product that we live in and has a direct impact in our 

daily lives. mainly the target is to make it as environmentally efficient as possible in Egypt, 

as well as ultra-low maintenance.  

 

INTRODUCTION 

 

Imagine a self sustained home, where you don’t pay for electricity or water; a home that 

cleans itself and, imagine windows that can control the heat going in and out of the space, and 

air conditioning systems that function for free. These features are not a dream any more. Now 

that nanoscience is developing in a high speed to benefit humanity and increase the quality of 

life on earth; nanomaterials will add a new form of intelligence to our built environment 

starting by making our smart home ideas even smarter. Nanotechnology, a science that works 

on the molecular scale is set to transform the way we build. Nanotechnology revolution is 

bringing dramatic improvements in building performance, energy efficiency, environmental 

sensing, and sustainability, leading the way to greener buildings. what nanotechnology can 

offer the built environment is a wide range of functions and possibilities, varies between 

saving and producing energy to helping with water desalination and water purification, to 

reducing the cost and increasing the efficiency of devices we use every day at home; that will 

render these devices and luxury features feasible and attainable in a fewer cost. In this project 

a collaboration between a Nano-scientist, a Mechatronics engineer and an architect is taking 

place under the umbrella of Nanotech Research Centre; the first nanotechnology centre in 

Egypt and the middle east, to try constructing the next generation of smart homes, choosing a 

villa in the Egyptian north shore as a case study for we believe smart design cannot be done 

without a thorough consideration of the location. The purpose of NanoSmartHome is to 

manifest the way of these advantages are being applied and transformed into a product that we 
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live in and has a direct impact in our daily lives. Mainly the target is to make it as 

environmentally efficient as possible in Egypt, as well as ultra-low maintenance. 

 

 

 

Figure 1. Schematic diagram depicts the Nano Smart Home system 

 

 

NANOMATERIALS PROPOSE A WHOLE NEW FRONTIER FOR 

NANOSMARTHOME 
 

At the nanoscale, materials will behave in many different ways as we are able to more 

precisely control their properties. The following is an overview of the system features that 

can be included in our NanoSmartHome System: 

  

Seawater Nano-desalination Unit 
 

Fresh water is essential to our life and is a serious feedstock among diversity of key 

industries including pharmaceuticals, food and electronics. The world is facing alarming 

challenges in filling the gap between rising demands of clean water and the available 

supplies of freshwater. In fact, water supplies are diminishing because of serious population 

growth, prolonged droughts, more firm health-based regulations, and increasing demands 

from a variety of users. Actually, 3% is only all the available fresh water on our planet, 

seawater is the most abundant available source of drinking water and water for industrial 

use in many regions. Currently, emerging technologies aims towards development of novel 

methods to desalinate water for human use. Handling water shortage issues with desalting 

of sea water and salty water is common in the desert nations of the Middle East and the 

Mediterranean. More than 90% of Egypt is desert and most of the Egyptian population is 

concentrated in the Nile Valley. The fast rising development in Egypt has required big 

movements of investments and people from the Nile Valley towards the east, with the 

fantastic Red Sea and Sinai coastal zones, and also towards the Western Desert that has 

gifted brackish groundwater potentialities. In both cases, clean water supply is essential and 
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desalination is a reasonable choice that can fill the wide gap between the available 

capacities and the increasing demands. The expenditure of desalination, either using 

membrane or thermal methods is really coasty. Today, progresses in nanoscale science and 

engineering are providing extraordinary opportunities to develop more cost effective and 

environmentally acceptable water purification processes.
 
[1] 

Developments in nanotechnology field propose that many of the current problems 

involving water quality could be greatly solved using for instance, nanocatalysts, 

nanosorbents, and bioactive nanoparticles. These materials are aim towards reducing the 

concentrations of toxic compounds to lower levels and can assist in the realization of water 

quality standards. 

In our smart home system we proposed having a seawater desalination unit based on 

nanotechnology using state to the art nanomaterials and processes for treatment of seawater 

contaminated by toxic metal ions, organic and inorganic solutes, bacteria and viruses. 

Nanotech Research Center proposed a new methodology which combines solar desalination 

and nanotechnology based on producing low cost nanocomposite to enhance the rate of 

solar thermal water desalination.
 
[2] These novel nanomaterials absorb light strongly and 

convert it efficiently into heat energy. The idea behind this new methodology is adding this 

new nanocomposite to salty sea water in simple solar still setup, which is directed always to 

the sun light. This would increase dramatically the rate of water evaporization, the water 

vapour could be condensate, then collected and used as a pure water source. The novel 

nanocomposite is a heterostructure between Plasmonic Nanomaterial which has very strong 

light absorption in the visible region and Graphene sheets.  Graphene Also has very strong 

absorption all over the sun spectrum especially in the near IR region and as well it is the 

most thermal conductive material ever been known. 

In addition, it is important to mention that silver and gold nanoparticles have excellent 

Antibacterial Effect. This means that the obtained water is pure and clean not only from salt 

and impurities but also from all bacteria and microorganism. [2] 

 

ENERGY SAVING AND PRODUCTION 

 

1- Solar Energy Capture 

 

Photovoltaic technology has been categorized into three important generations, which 

mark step shifts in the materials and manufacturing techniques used to make the cells. The 

first generation of solar cells uses very high quality crystalline silicon. These are very 

expensive to manufacture, and have a fairly low theoretical efficiency limit of around 33%. 

The second generation PV cells use thin film technologies with different semiconducting 

materials such as cadmium Selenide (CdSe) and copper indium gallium Selenide (CIGS). 

These materials can extensively reduce processing costs, and promise much higher 

theoretical efficiencies than silicon-based PV materials. And, the third generation PV is 

include quantum dots, nanostructured semiconductors, and amorphous silicon all of which 

are developing or in the development phases. [3] 

Nanostructures can offer efficient solar cells to be made from cheaper, more 

conventional materials, like silicon and titanium dioxide. A further current area of research 

is into flexible energyAcapturing and converting coatings based on nanotechnologies, that 

can be applied to the exterior surfaces of buildings and which, with the simultaneous 

application of modern battery technologies, enable the building itself to act as its own 

“power station”. [4] 

In our system we suggest using a plasmonic nanomaterials [plasmonic enhanced PV] 

these nanoplasmonic materials targets plasmonic enhancement of various solar cell 
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technologies, Si solar cells, multi-layered Si solar cells, organic solar cells, dye sensitized 

solar cells and III-V quantum dot solar cells. These materials “Absorbers’’ aims to collect 

appreciable quantities of light, leading to much greater flexibility in cell structure and 

design and with great extent cost diminishing. 

 

2- Design Solar PV System: 
 

Photovoltaic (PV) power systems convert sunlight directly into electricity. A 

residential PV power system enables a homeowner to generate some or all of their daily 

electrical energy demand on their own roof, exchanging daytime excess power for future 

energy needs (i.e. nighttime usage). The house remains connected to the electric utility at 

all times, so any power needed above what the solar system can produce is simply drawn 

from the utility. PV systems can also include battery backup or uninterruptible power 

supply (UPS) capability to operate selected circuits in the residence for hours or days 

during a utility outage. [4] 

 

 

 

Figure 2. Typical System Components 

 

PV Array: A PV Array is made up of PV modules, which are environmentally-sealed 

collections of PV Cells the devices that convert sunlight to electricity. The most common 

PV module that is 5-to-25 square feet in size and weighs  about 3-4 lbs./ft Often sets of four 

or more smaller modules are framed or attached together by struts in what is called a panel. 

This panel is typically around 20-35 square feet in area for ease of handling on a roof. This 

allows some assembly and wiring functions to be done on the ground if called for by the 

installation instructions. 

 

Balance of System equipment (BOS): BOS includes mounting systems and wiring 

systems used to integrate the solar modules into the structural and electrical systems of the 

home. The wiring systems include disconnects for the dc and ac sides of the inverter, 

ground-fault protection, and overcurrent protection for the solar modules. Most systems 

include a combiner board of some kind since most modules require fusing for each module 
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source circuit. Some inverters include this fusing and combining function within the 

inverter enclosure. 

 

The Inverter: The inverter should be capable of coping with the power surges caused when 

starting certain appliances, especially those incorporating high-power. The minimum surge 

rating will be roughly twice that of the continual wattage the system is calculated at. 

 

Metering: This includes meters to provide indication of system performance. Some meters 

can indicate home energy usage. 

 

The Batteries: Batteries are rated by the amount of current they can supply over a period of 

hours i.e. in ampere hours (Ah). The design should ensure enough Ampere-hour capacity to 

take account of any bad weather periods. An additional one-fifth capacity is thought to be 

sufficient to cover this eventuality. 

 

Other components: Utility switch (depending on local utility. 

Figure 3. Grid-Interacive PV system. 

 

Grid-Interactive PV System w/o Battery Backup methodology 

The case study of this project is located in the Egyption north shore. The most common 

household appliances were listed together with their power ratings, and then conducted to 

establish the number of hours the different appliances were most likely to be kept on.  

 

Charge Utilization Table 
The following charge utilization table was used to keep track of each appliance to be 

powered by the system and the amount of time it will be in use. 
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Table 1: Charge utilization Table 

 

Appliance Power 

Rating 

(W) 

Number 

of usage 

hrs per 

Week 

(h) 

Watt-

hours 

per 

Week 

(Wh) 

CD/ DVD player 35 35 1225 

Fan 40 28 1120 

Kettle 1000 7 7000 

Desktop Computer / Laptop 170 12 2040 

Hair Drier 1000 3 3000 

Iron 1000 7 7000 

Microwave 1000 7 7000 

Refrigerator 150 70 10500 

Toaster 900 3 2700 

Colour T.V. 150 35 5250 

20 HB LEDs 11 56 12320*2 

Stove 2000 16 32000 

Satellite dish Decoder 30 35 1050 

TOTAL WATTAGE PER WEEK  72885  

AVERAGE WATTAGE PER DAY  10412  

 

 

The batteries required should be 200AH, and should be wired in such a way that they 

supply 24 Volts to the inverter with a rating of 2035 AH. Therefore 16 200AH, 12 Volts 

connected in a series/parallel connection are required. 
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Table 2: Summary of Specific System Components 

 

Component Quantity/ Rating 

Solar Array Size 9 

Charge Controller Size 60 Amp 

Inverter Size 13.5 kW 

Battery Load 200 Ah 

Total Battery Amp-Hr 1627 Ah 

Battery Bank Size 16 

 

 

NANOSOLAR WATER HEATER 

 

Solar energy water systems generally composed of solar thermal collectors, a fluid 

system to move the heat from the collector to its point of usage. The system may use 

electricity for pumping the fluid, and have a reservoir or tank for heat storage and 

subsequent use. The systems may be used to heat water for a wide variety of uses, including 

home, business and industrial uses. 

By applying nanotechnology, collector surface can be painted with certain modified 

paint to improve the thermal efficiency of the solar collector; this is done by electrical or 

chemical processes. Coatings are characterized by two optical properties: i) Solar 

Absorbance which represents the most fraction of incident solar radiation absorbed by the 

surface; and ii)Thermal Emittance, which is the  magnitude of energy lost from the 

collector surface due to the emission of thermal Infra  Red (IR) radiation. Since more than 

20 years, many international and experiments were devoted in reducing the emittance of the 

collector while maintain the absorptance as high as possible by modifying the absorber 

coating characteristics. There are two types of solar coatings or paints known as selective 

and non-selective coatings. Non-selective coatings have high as well as high (e.g., ordinary 

black paints with a = 0.90-0.95 and e = 0.85-0.9). Selective coatings have a high and low 

(graphene with a ≈ 0.90 and e < 0.5) so they are more attractive for use in solar collector 
 

LIGHT PIPES 

 

This is fascinating application of nano-materials; for it can transport light even 

sunlight through plastic pipes all over the house without any loss in energy,   the composite 

is a polymer in polymer nano-composite light. It is a plastic nanoparticle inside another 

plastic particle. Light, but nothing gets chucked out sideways.  A light pipe system is a 

simple day lighting device that allows the natural daylight to enter into interior spaces or 

underground spaces where access to windows or skylights is restricted. The use of a light 

pipe system can enhance luminance without the use of artificial lighting and thus would 

reduce energy consumption significantly. [6] 
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NANO-PAINTS 

 

Nanoparticle‐ containing paints have become a major application area for 

nanomaterials. They are able to change color, self clean and be anti-bacterial. Nanoscale 

titanium dioxide has been used for many years as a pigment in paints to offer better optical 

and covering properties and,  more recently, a diversity of specialist paints have been 

appearing on the market that use nanomaterials to provide a variety of useful 

characteristics. Examples include: 

- The use of nanosilver to produce antibacterial paints; 

- The use of nanosilica in paints that can help regulate room temperature and prevent heat 

loss; 

- The incorporation of ceramic nanoparticles to produce paints that are highly scratch‐ 

resistant; 

- Nanosilica‐ based anti‐ graffiti paints that prevent the graffiti layer sticking to the surface 

to be protected. 

 

ANTI‐CORROSION COATINGS 

Anti‐corrosion coatings are of importance where metals have to be protected in harsh 

environments, e.g. in offshore construction. There are many types of both metallic, e.g. 

galvanised, or painted, e.g. fusion‐ bonded epoxy‐ based, polypropylene‐based, and 

anti‐corrosion coatings. Novel painted or sprayed products increasingly incorporate 

nanotechnology such as an inorganic nanoparticle matrix to provide a robust and durable 

surface. 

COATINGS FOR WOOD 

Wood -unlike metals and concrete- is a biological material that presents its own set of 

characteristics and challenges in protection. It is, for example, heterogeneous, porous, 

biodegradable, sensitive to UV radiation and hygroscopic. Novel wood coatings and 

protection products may therefore incorporate a variety of nanomaterials to improve 

protection, e.g. Aluminium oxide (hardness, abrasion‐   and scratch resistance), iron oxide 

(UV protection), silver (antimicrobial), titanium dioxide (UV protection, anti‐ microbial), 

zinc oxide (UV protection, anti‐ microbial) and silica (hardness, abrasion‐   and scratch‐ 

resistance, and waterproofing).  

SELF-CLEANING GLASSES 

Nanotechnology has been applied in a number of ways to produce surfaces that are 

self‐ cleaning. In general, titanium dioxide has become the material of selection for self-

cleaning windows, and hydrophilic self-cleaning surfaces, because of its favorable physical 

and chemical properties. Not only it is highly efficient at photocatalysing dirts in sunlight 

and reaching the superhydrophilic state, it is also non-toxic, chemically inert in the absence 

of light, inexpensive, relatively easy to handle and deposit into thin films and is an 

established household chemical that is used as a pigment in cosmetics and paint and as a 

food additive. 
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NANO TROMBE WALL 

 

A  Trombe wall simply put is a very thick, south-facing wall (or North facing wall if 

in the Southern Hemisphere), which is painted with graphene and made of a material that 

absorbs a lot of heat. A pane of glass or plastic glazing, installed a few inches in front of the 

wall, helps hold in the heat. The wall heats up slowly during the day. Then as it cools 

gradually during the night, it gives off its heat inside the building. Trombe walls are a great 

'passive' (as in no mechanical parts) way of providing heat to a room or space. They are 

often easily built from readily available materials and very reliable. [7]  

 

Figure 4. Trombe wall schematic. 

 

Design and Construction 

 

A typical unvented Trombe wall consists of a 4- to 16-in (10- to 41-cm)-thick, south 

facing masonry wall with a dark, heat-absorbing material on the exterior surface and faced 

with a single or double layer of glass, Fig. 4. The glass is placed from ¾ to 2 in. (2 to 5cm) 

from the masonry wall to create a small airspace. Heat from sunlight passing through the 

glass is absorbed by the dark surface, stored in the wall, and conducted slowly inward 

through the masonry. High transmission nano-glass maximizes solar gains to the masonry 

wall applying a selective surface to a Trombe wall improves its performance by reducing 

the amount of infrared energy radiated back through the glass. The selective surface 

consists of a sheet of metal foil glued to the outside surface of the wall. It absorbs almost all 

the radiation in the visible portion of the solar spectrum and emits very little in the infrared 

range. High absorbency turns the light into heat at the wall's surface, and low emittance 

prevents the heat from radiating back towards the glass.[5]The  Architects can use Trombe 

walls in conjunction with windows, eaves, and other  building design elements to balance 

solar heat delivery. Strategically placed windows allow the sun's heat and light to enter a 

building during the day to help heat the building with direct solar gains. At the same time, 

the Trombe wall absorbs and stores heat for evening use. Properly sized roof overhangs 

shade the Trombe wall during the summer when the sun is high in the sky. [8] 
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