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ABSTRACT 

Reduction in carbon dioxide emission in the environment will be achieved if the amount of consumed fossil fuels is reduced. In this case 

study, the relation between the carbon dioxide emissions is considered with the required amount of heating load in one residential 

building. The effect of applying nano paint on exterior walls of a building on the reduction of the carbon dioxide emission is paid 

attention as a novel view point to the nano paint. This is illustrated that façade coverage of the residential building complex with nano 

paint can be introduced as a novel, promising, cost-effective technique to reduce residential CO2 emission about 57.97 ton/year. 
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1. INTRODUCTION 

 CO2 emissions have been announced as one of the 

environmental issues for more than ten years[1- 10].. As we know, 

hydrocarbon combustion releases CO2 emissions On the other 

hand, fossil fuels have been the main on demand stocks of 

providing energy for the past years and will be for many years in 

the future [10], [11]. Natural gas is widely consumed in 

commercial, industrial, residential and transportation sectors [10], 

[11].  

 According to the EIA reports, the main sources of CO2 

emissions have been transportation, industrial, residential and 

commercial sectors, respectively from 2010 to 2016 [12]. This is 

predicted that CO2 emissions from natural gas will be 1513 MMT 

in 2018 [12], [13]. The natural gas CO2 emissions were after 

electricity CO2 emissions during 2000 to 2016 in U.S. US carbon 

dioxide emissions related to the residential was averagely 300 

MMT at the first quarter during 2010 to 2016 [12], [13].  

 Residential space heating is provided by natural gas 

combustion during winter. This increases the demand for natural 

gas import, predominately in Iran during these times [14], [15]. In 

Iran, residential sector holds 40% of CO2 emissions which were 

reported 510, 560, 570, 590 and 605 MMT in 2008, 2009, 2010, 

2011 and 2012, respectively [12-13]. As the best of our 

knowledge, survey about the reduction of residential CO2 

emissions is directly concerned with the environmental 

engineering and air pollution management .  

1.1 Multi-functional paint.  

 Paint has been applied to make a good appearance for the 

material besides of protection against corrosion and erosion, for 

many years. Nowadays, paint industries focus on new paints with 

multifunctional characteristics such as anti-fungi, anti-bacterial, 

insulation, fire resisted and water resisted while improving the 

main properties of paints [16], [17], [18]. These achievements 

have been investigated by addition of nanostructures in the paint 

which have shown acceptable results. Nanostructures in the paint 

make a nanoporous media after drying which traps air inside it and 

prevents heat conduction and convection while it making a softer 

and more uniform coverage on the surface than the paint without 

nanostructures. 

 In this study, the effect of nano paint on the exterior walls, 

façade, of a residential building is investigated on the reduction of 

CO2 emission for the first time. Also, the historical data of the 

consumed gas was provided for eight years. 

 

2. MATERIAL AND METHOD 

                                                           

                                                                       

Iran. The building was constructed on 2006 and there were not 

applied any insulation in the structure of the building. The 

building exterior walls were mainly made of cement blocks and 

were painted by acrylic paint containing nano structures on 2014. 

Some characteristics of the applied paint are shown in Table 1.  

 The central heating system is based on hot water circulation 

provided by natural gas combustion in a boiler. Electricity was not 

used for heating in this building complex. The direct relation 

between declining in the amount of ambient temperature and the 

amount of gas consumption is obvious. According to the Shiraz 

climatic conditions, the maximum amount of required heating is 

reported on January, February and March when the ambient 

temperature is at the lowest amount among the other seasons [14], 
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[15]. So, in this study, the first quarter of the year is considered to 

evaluate the effect of nano painted façade on the amount of gas 

consumption in the residential building.  

 Figure 1 shows the temperature gradient in the building 

wall which is composed of dense plaster, gypsum board, concrete 

block respectively from inside to the outside of the building. 

Although in the temperature profile, the resistance of inside air 

film and outside air film is presented. The comfort temperature 

inside the building is assumed 25 °C and the lowest and highest 

amount of outside temperature is -2 °C and 37 °C in winter and 

summer, respectively. OPAQUE 3.0 BETA is applied to resume 

the wall of building considering the weather data file of Shiraz.  

 To do this, based on the historical data from the reported 

gas bills of Shiraz gas company the analysis was done. The 

volume of consumed gas has been considered during the first 

quarter for years before painting and years after that. The CO2 

emissions related to the gas combustion is calculated. The 

emissions are compared before coverage of building façade and 

after that, and then the results are assessed. 

2.1 CO2 emission calculation. 

 According to the definitions of CO2 emission in IPCC 2006 

guidelines there are three tiers to calculate this amount [19]. Tier 1 

is used in this study to obtain the allocation of residential space 

heating in the case study. In this method, the combustion 

conditions are not important and assume that the complete 

combustion is done. Equation 1 and 2 shows the relation between 

the consumed natural gas which is mainly for space heating and 

CO2 emissions (CE) [19]. 

CE=FC×NCV×CEF     (1) 

CEF=CC×COF×M_CO2/M_C=56100            (2) 

Where:  

CE: CO2 emission, kg 

CEF: CO2 emission factor, kg/Tj 

FC: The amount of consumed gas, kg 

NCV: Net calorific value of gas, Tj/kg 

CC: Carbon amount in the gas 

COF: Carbon oxidation factor =1 

 

Table 1. Paint characteristics 

Water-based Acrylic Insulation Coating 

Appearance Thermal 

conductivity 

W/m.℃ 

pH  Permeability 

(perms) 

Volatile 

organic 

compounds 

(VOCs) kg/ 

m3 

Liquid White 0.075  6-8 0.0138 at 23 ℃ 142  

 

 

Figure 1. Temperature profile in building wall section which is simulated 

by OPAQUE 3.0.

 

3. RESULTS AND DISCUSSION 

Historical data of consumed gas volume by the 

residences of the building complex are shown in Figure 2. Six 

years before the painting and two years after that from 2008 to 

2016. The data for consumed gas o     4      ’                

because exterior walls were painted on 2014.  

 

Figure 2. The amount of gas consumption during the first quarter. 

 

Figure 3. Average temperature of the ambient.  

 

 According to the data, the irregular changes with 

fluctuation can be seen on each month. Also, the lower amounts of 
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gas consumption are obtained on 2015 and 2016 compared with 

those are obtained on 2008 to 2013. So, this is questionable if the 

lower amounts of consumed gas in 2015 and 2016 are achievable 

normally or these are since of the nano coverage of façade. The 

amount of required gas for space heating is dependent on the 

ambient temperature difference with inside temperature,             25 

°C, directly. 

Figure 4. Residential CO2 emissions for the case study. 

The average ambient temperature (AAT) of Shiraz 

according to the Fars Bureau of Meteorology are found during 

2008 to 2013 and also the average temperature during 2015 and 

2016. Figure 3 shows the recorded values. According to Figure 3, 

the AAT for 2015 and 2016 is about 5% and 9% lower than that is 

for 2008 to 2013 on February and March, respectively. 

The AAT on January is approximately the same before 

painting, 6.58 °C, and after that, 6.5 °C. Due to the temperature 

data, after the painting , the higher amount of gas is required for 

heating of the inside building to reach 25 °C for the first quarter. 

However, the historical data shows the reverse conclusion and the 

lower amount of consumed gas is reported after the painting of the 

building façade. This can prove the positive role of nano paint on 

the reduction of the consumed gas for heating. 

Figure 4 shows the amount of carbon dioxide emissions 

from the residential sector of the studied building. Obviously, the 

lower amount of burning gas for space heating the lower carbon 

dioxide emission is expected. According to the results, the average 

of CO2 emissions during the considered investigation (2008 to 

2016) are 109969.4, 10549.8 and 99971.28 on January, February 

and March, respectively. 

For better analysis these amounts are set as the criteria 

and the CO2 emissions after painting with nano paint are 

compared with them for the first quarter. Standard deviation of 

CO2 emission (SDCOE) from the average values are calculated 

according to Equation 3 and Figure 5 shows the results. 

SDCOE = (value of COE -average of COE)/ average of COE 

Figure 5. SDCOE for the case study. 

For three months in the first quarter, the standard 

deviation from the average of CO2 emission during 2008 to 2016 

is presented in Figure 5. The positive data from zero value shows 

that the CO2 emission is higher than average on that month and the 

negative data shows the lower CO2 emission than the average 

amount of that on the related month.  

 Figure 5 indicates on the residential CO2 emission 

reduction of about 22%, 20% and 10% on 2015 and 17%, 27% 

and 13% on 2016 for January, February and March, respectively. 

This is illustrated on the positive effect of nano paint on the 

reduction of CO2 emission.  

 

4. CONCLUSION 

 Many people wonder a useful and feasible cost-effective 

technique to protect their environment. The purpose of this 

investigation is to present a new viewpoint of application of   

nanotechnology and paint industry on environmental protection. 

For this, one residential building is considered which nano paint 

was applied on the facade. The historical data of the consumed gas 

for the years before painting and after painting are compared, at 

the first quarter. The CO2 emissions related to the consumed gas 

for heating are calculated and compared. Finally, the results show 

the reduction in the amount of consumed gas and in the CO2 

emission after painting of façade with nano paint. 

 Nano paint with the low thermal conductivity can be as an 

insulator; however, the paint thickness is not comparable with that 

for other commercial insulators. Moisture evaporation from facade 

cools the exterior surface of the building and increases the fuel 

demand for space heating after raining. Nano paint coverage also 

making uniform texture on the surface and prevents moisture 

penetration on the façade. So, it prevents temperature reduction of 

the building exterior surface. These can be two main reasons 

which help in CO2 reduction after coverage of façade with nano 

paint. 

 Other than the role of nano paint in the reduction of CO2 

emission at the heating days, the authors are interested in the role 

of nano paint in energy saving of the building after nano painting 

the façade. Also, the effect of nano paint will be considered on the 

CO2 emission on cooling days. 

 Finally, the results show that applying nano paint on the 

facade can be a feasible choice for the residential and also 

commercial building to reduce the CO2 emission while providing 

suitable cost effective façade for the buildings of the towns. 
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