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Thermal, Economical and Environmental Optimization of Insulation Thickness
in Residential Building’s Wall
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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) was
applied to calculate the annual heating and cooling loads in order to optimize the insulation wall thickness. Concrete and Expanded polystyrene (EPS)
were considered as the main wall and insulation material respectively. One dimensional transient heat transfer problem for multilayer walls was
solved to obtain the temperature distribution within the wall. In order to determine the optimum thickness, which minimizes the total cost of
insulation and energy dissipation, the 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 aspects
of energy consumption including fuel consumption and pollutant emissions are also investigated. Annual total fuel consumption and pollutant
emissions were obtained for a wall with optimum insulation thickness and the results were compared with an un-insulated wall. The results
demonstrated that the application of insulation materials in the optimum thickness decreases the total heating and cooling demands significantly. It is
also found that using the insulation in buildings decreases annual fuel consumption and pollutant emissions considerably.

Keywords: thermal and environmental optimization, insulation thickness, time lag and decrement factor
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Fig. 1 (a) Schematic of Conventional Wall’s Layer and Materials, (b)
Multilayer Wall and Boundary Condition on it
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Table 2 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 Nort

h
Yearly Fuel 16.3 12.0 13.9 13.9 125
Consumption (kg/m2) 3.2 2.8 3 3 2.8
Yearly CO, Emission 43.1 31.7 36.7 36.7 33.2
(kg/m?) 8.4 7.4 7.9 7.9 7.3
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Table 1 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 18.4 12.1 15 15 13.7
(USD/m2)

Payback period (years) 42 5 4.6 4.6 4.8
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