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Abstract 

In this study, dynamic transient model (Exact model) rather than annual heating and cooling degree-days method (crude and approximate one) has 

been applied to calculate the annual heating and cooling demands in optimization process. Concrete and Expanded polystyrene (EPS) considered as 
the main wall and insulation material respectively. One dimensional transient heat transfer problem for multilayer walls has been solved to obtain 

temperature distribution within the wall. In order to determine the optimum thickness, which minimizes the total cost of insulation and energy 

dissipation, economic analysis was carried out for the lifetime of 25 years. Both heating and cooling loads are taken into account in the optimization 
process. Time lag and Decrement factor are also calculated for the un-insulated and insulated wall. Environmental aspect of energy consumption 

including fuel consumption and pollutant emission are also investigated. Yearly total fuel consumption and pollutant emission are obtained for a wall 

with optimum insulation thickness and results have been compared with un-insulated wall. The findings revealed that application of insulation 
materials in optimum thickness will lessen the total heating and cooling demands significantly. It is also shown that by using the insulation in 

buildings, yearly fuel consumption and pollutant emission decreased considerably. 
Keywords: 
thermal and environmental optimization, insulation thickness  

 

1- Introduction 
Building sector (residential and commercial) is one of the most 

important parts of energy consumption in each country. 

Increasing demand for energy in the recent years is a result of 

the population, urbanization, migration to larger cities and 

improvement of living standards. Finding ways for energy 

conservation in the building sector is an increasingly important 

issue. Energy loss from the building envelope is one of the 

main sources of energy dissipation in buildings and 

implementing of insulations in walls is an important option to 

reduce the energy consumption in buildings. Finding proper 

materials and design of building envelope and considering the 

location and orientation of its component, is an efficient means 

to reduce the annual heating and cooling load and consequently 

the need for energy. 
It is obvious that larger insulation thickness will cause higher 

energy saving. However, increasing in insulation thickness will 

increase the investment cost linearly. Therefore, it is necessary 

that thermal and economic analysis considered simultaneously, 

obtaining the optimum insulation thickness. It is important that 

insulation (type and thickness) must be selected based on both 

energy consumption and cost of insulations [1]. 

In Iran the building sector’s share of energy consumption is 

near to 37% of total yearly consumed energy (Ministry of 

Energy 2013). Emission of Carbon Dioxide (CO2), Sulfur 

Dioxide (SO2) and the other pollutant gases is the most 

important matter regarding with the energy consumption in 

buildings especially in large cities. During recent years, levels 

of pollution gases in Tehran have increased hazardously. Based 

on report of Ministry of Energy [2], the building sector 

(residential, commercial and public) share of emission of 

greenhouse gases is 25.6 percent. Subsidy reform law which 

was passed in Iranian Parliament on January 5, 2010, is 

planning toward free market energy prices in the next few years. 

Considering this plan much attention must be put on the 

conservation of energy, and applying thermal insulation 

material is one of those. In Iran, natural gas in usually used for 

heating purpose, while electricity is used for cooling one. In 

2012, the largest share of electricity was generated by steam 

power plants accounts for 36.1 percent while combined cycle 

power plant, gas turbine power plant and hydropower plant 

account for 31.7, 26.5 and 4.9 percent respectively. In 2012, the 

average efficiency of power plants was 37.2 percent, also it has 

been reported that approximately 31.6 percent of generated 

electricity goes to buildings sector. It has to be mentioned that 

this consumption consists of lighting, household device and 

cooling demands. Natural gas was the dominant fuel in power 

plants of Iran in 2012, accounting for 63.4% of primarily 

energy demand, followed by 24.4% and 11.9% of Mazut (Fuel 

oil) and Diesel oil respectively. The last two consumed fuels 

produced large amount of NOx and SO2. In the winter, power 

plants are forced to consume Mazut and Diesel oil instead of 

natural gas due to high heating demand of buildings [2]. 

Therefore, energy consumption in buildings indirectly results in 

emission of large amount of dangerous pollutant gases . 
Reliable Estimation of heating and cooling load is also an 

important issue concerning optimization of insulation thickness. 

A simple and crude model for estimation of heating and cooling 

load under static condition is known as degree-day or degree-

hour method which is based on either ambient air temperature 

or sol-air temperature. Dynamic time-dependent model is an 

accurate model to determine heat loss or gain from the 

composite walls, which has been used in models proposed by 

several authors [3]. It should be noted that optimal insulation 

thickness can be obtained based on only cooling loads or only 

heating loads and also both heating and cooling loads 

simultaneously. 
There is no reference in the literature that considers thermal and 

economic insulation optimization in Iran. Also local weather 

data and dynamic transient method have not been considered 

previously for Iran. Moreover, environmental effects are also 

important issue discussed here, which bring about serious 

problems in society. The main objective of this study is 

investigation of optimal insulation thicknesses in a climate of 

Tehran based on the present price of insulation materials and 

energy. Conventional wall structure and materials (Concrete 

Block) in Tehran are considered here. Expanded polystyrene 

(EPS) is used as insulations. In this study, dynamic model for 

estimation of cooling and heating loads is applied. Thermal and 

economic optimization process is based on the cooling and 

heating loads simultaneously. Finally, environmental effects of 

consumption of energy in buildings including yearly fuel 

consumption and pollution were considered. 

Conventional walls and roofs in Tehran have been considered 

in this study. The walls and roofs consist of 2cm of cement 

plaster at the outer layer, 2cm of gypsum in the inner surface 

and 20 cm of concrete. The most conventional insulation 
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materials, expanded polystyrene (EPS) is used as insulation in 

this study. A schematic of structure of wall and roof is 

presented in Figure 1(a). A schematic of an ordinary multi-

layer wall is shown in Figure 1(b). Thermo-physical properties 

and length of each layer are showed in this figure. The outside 

layer of the wall is exposed to periodic ambient temperature 

and solar radiation and the inside layer of the wall is exposed to 

convection resulting from constant air temperature inside the 

building. A complete set of mathematical equations can be 

found in the paper published by the same authors [4]. 

 

 
Fig. 1 (a) Schematic of Conventional Wall’s Layer and Materials, (b) 

Multilayer Wall and Boundary Condition on it 

Environmental aspects of using insulation are also important 

issue. Increasing insulation thickness reduces heat loss and 

hence brings down fuel consumption and subsequent air 

pollution. As mentioned before, natural gas is usually 

consumed for heating purpose while for cooling season 

electricity is used. The general chemical formula of combustion 

for fuel is given by [5]: 
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X and Y are constant which are calculating from the oxygen 

balance and given as the following equation: 
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In the general equation of combustion of fuels (equation 1), 

NOx and CO emissions are neglected. Two dangerous 

combustion product of the fuel, i.e. CO2 and SO2, resulting from 

the burning of 1kg of fuel are needed to be estimated, this can 

be done using following expressions [6]: 

     
    
 

   
   
  

      (3) 

     
    
 

                 (4) 

M is fuel mole weight and can be calculated as follows: 

                             
(5) 

The total emissions of     and     can be calculated using 

the fuel consumption (  ) as follows: 
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Yearly fuel consumption regarding yearly heating and cooling 

demand obtained as follows: 
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In the above equation    is the average power plants efficiency 

which is considered constant. Here in this study    is taken 

equal 37.2 percent; as mentioned in introduction, which is the 

average efficiency of the power plants in Iran (Ministry of 

Energy , 2013). In Iran direct fuel consumption in power plants 

for the purpose of residential heating or cooling (not lightning) 

usually is in the summer cooling. In the summer power plants 

consume natural gas as a fuel. However, during the heating 

season, due to lack of enough natural gas sources for the 

purpose of residential heating, power plants are required to 

consume Mazut and Diesel oil instead, which of course 

increase the pollution and release hazardous gases. This part is 

indirect fuel consumption (in heating season), and it accounts 

for large portion of pollution. In this paper indirect emission is 

neglected for simplicity and only natural gas is assumed as a 

fuel in power plants. Natural gas is a composed primarily of 

methane, but may also contain ethane, propane and heavier 

hydrocarbons. Small quantities of nitrogen, oxygen, carbon 

dioxide, sulfur compounds, and water may also be founded in 

natural gas. For simplicity in this study a general formula for 

natural gas has been used (C1.05H4O0.034N0.022) [6]. 

Numerical procedure can be found in the paper published by 

the same authors [4]. 
 

2- Results and Discussions 
This study focuses on the thermal, economic and environmental 

optimization of the insulation thickness of conventional wall 

structure located in Tehran, Capital of Iran (which has the 

geographical coordinate of 35°41'39'' N and 51°25'17'' E ). All 

vertical wall orientations (south, west, east and north) and 

horizontal wall were investigated. The actual outdoor air 

temperature was obtained by averaging recorded 

meteorological date, over the period of 2006-2012 [7] 

The data pertain to a representative day of each month during a 

year. Two hourly outdoor air temperatures, January and July 21, 

resulting from the averaging over the aforementioned period 

are shown in figure 2. The daily transmission load is obtained 

through the integration of inside heat flux over the day, and the 

yearly transmission load is the sum of the total daily 

transmission load over a year.  

Figure 3 a and b, shows hourly incident solar radiation in all 

wall orientations and roof in two representative days of the 

summer and winter, July 21 and January 21 respectively. As it 

is expected, the maximum values of the incident radiation take 

place at different times for each orientation. East and west-

facing walls received the same radiation. Yearly heating and 

cooling transmission loads for south oriented wall versus 

insulation thickness are presented in Figure 4. First of all, it is 

obvious that heating load is the dominant need for Tehran. As 

the insulation thickness increases, the yearly transmission load 

will decrease. It is seen that in comparison with the un-

insulated wall, the wall with 15 cm of insulation material will 

decrease the heating and cooling load approximately by one of 

eighth. 

Figure 5 a and b show the variation of time lag and decrement 

factor in all walls’ orientations and horizontal wall (roof) versus 

insulation thickness. From these two figures it is apparent that 

the orientation of the wall has a strong effect on the time lag 

a 
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and decrement factor. Increasing the insulation thickness 

decreases the rate of change of time lag and decrement factor. It 

is also notable that east-facing wall has the highest time lag and 

lowest decrement factor among all wall’s orientations and 

horizontal wall. 

  

 

 

 
Fig. 3 Hourly Incidents Solar Radiation on Horizontal and All Vertical 
Walls Orientation in Representative Days of (A) July (Summer Season) 

and (B) January (Winter Season) 

 
Fig. 4 Variation of Yearly Transmission Load with Insulation 

Thickness in South Oriented Wall 

Financial analysis was carried out to find the optimum 

insulation thickness. The necessary parameters used in the 

financial analysis are presented in Table 1. Insulation cost 

increases linearly with increase in insulation thickness, while 

energy cost decreases. There must be a point that the total cost, 

i.e. insulation cost and energy cost, reaches its minimum. 

Figure 6 shows costs diagrams versus insulation thickness for 

horizontal wall. Other wall directions have the same trend, so it 

is not presented here. It is seen that approximately the optimum 

thickness of 6.89cm, 5.6cm, 6.2cm, 6.24cm and 6cm was 

obtained for horizontal, south, west, east and north-facing wall, 

respectively. The south - facing wall has the lowest optimum 

insulation thickness and the horizontal wall has the highest one. 

Optimum insulation thickness, energy saving in the life time 

(per square meter), the payback period for different walls’ 

orientations and roof are tabulated in Table 2. Energy cost in 

Iran is much lower than the average global price. Followed by 

the Iran subsidy reform law mentioned in introduction section, 

it is predictable that energy cost in Iran will be increased in the 

next few years, therefore the optimum insulation thickness and 

energy saving will be increased. Total heating and cooling 

transmission load are obtained in the optimum insulation 

thickness for all wall orientations and horizontal wall. Figure 7 

shows the percentage ratio of yearly transmission loads 

(heating and cooling) for the optimum insulation thickness and 

un-insulated wall. Firstly, percentage ratios of cooling and 

heating have approximately the same value, in the other hand 

insulation decrease the cooling and heating loads similarly. It is 

also realized that the south - facing wall has the highest 

percentage ratio of yearly heating and cooling transmission 

load while the horizontal wall has the lowest percentage ratio 

among all wall orientations. This implies that utilization of 

insulation on the south-facing wall has a smaller effect on the 

yearly transmission load compared with the other wall 

orientations.  

Yearly fuel consumption and CO2 emission per square meter of 

different wall’s orientation versus insulation thickness are 

presented in figure 8 (a) and (b) respectively. Increasing the 

insulation thickness, decrease fuel consumption and CO2 

emission. At first, these two values decrease faster, while this 

trend doesn’t continue for thicker insulation. In the other hand, 

the thicker the insulation is, the less the sensitive to increasing 

insulation. In table 3 yearly fuel consumption and CO2 

emission are presented for wall with optimum insulation 

thickness and without insulation. It is seen that that these two 

values decrease considerably in the wall with optimum 

insulation thickness in comparison with uninsulated wall. At 

the optimum insulation thickness yearly fuel consumption is 

less than 25 percent of that of uninsulated wall. The same 

statement is true for yearly CO2 emission. 

3- Conclusion 

In this paper optimal insulation thicknesses, based on heating 

and cooling demands, for conventional walls in Tehran are 

obtained using accurate dynamic model. Among all wall 

orientations, it was found that horizontal wall has the highest 

optimum insulation thickness and south-facing wall has the 

lowest optimum thickness. Environmental analysis reveals that 

considerable decrease in yearly fuel consumption and CO2 

emission could be achieved in optimum insulation thickness. 

Finally, the results showed that increase in the energy cost in 

Iran will make utilization of insulation more reasonable. 
 

Fig. 2 Average Outdoor Air Temperature in Representative Days of 

Summer and Winter ( July 21 and January 21) 

a 
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Fig. 5 Time Lag (a) and Decrement Factor (b) for All Walls’ 

Orientations and Horizontal Wall 

 

 
Fig. 6 Cost Diagram Versus Insulation Thickness for Horizontal Wall  

 
Fig. 7 Percentage of Yearly Cooling and Heating Transmission Load 

for All Orientation of Wall and Horizontal Wall 

 

Table 1 Parameters Used in Financial Analysis  

Inflation rate (g) 20% Cg ($/kWh) 0.04 
Interest rate (i) 22% Heating value (Hu J/m3) 35.948×106 

Life Time (n) 25 COP 3 

Cel ($/kWh) 0.027 ηs, Cins ($/m3) 0.65, 66 

 
Table 2 Optimum Insulation Thickness, Payback Period and Energy 
Saving Per Each Square Meter of Insulation in All Wall Orientation 

Wall’s Orientation Hor South West East North 
Optimum thickness 6.9 5.6 6.2 6.2 6.0 

Energy saving (USD/m2) 18.4 12.1 15 15 13.7 

Payback period (years) 4.2 5 4.6 4.6 4.8 

 
 

 

 

Fig. 8 Yearly Fuel Consumption and (b) Yearly CO2 Emission Per 

Square Meter of Different Wall’s Orientation Versus Insulation 
Thickness  

 

Table 3 Fuel Consumption and CO2 Emission in Wall with Optimum 
Insulation Thickness and Without Insulation (second and first line 

respectively) 

Wall’s Orientation Hor South West East North 
Yearly Fuel Consumption 

(kg/m2) 

16.3 

3.2 

12.0 

2.8 

13.9 

3 

13.9 

3 

12.5 

2.8 

      

Yearly CO2 Emission 

(kg/m2) 

43.1 

8.4 

31.7 

7.4 

36.7 

7.9 

36.7 

7.9 

33.2 

7.3 
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