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ABSTRACT

The current study used degree-day method to determine the optimum insulation thickness 
for different insulation materials. Some of the commonly used insulation materials available 
in the market are considered in the study. Materials used in the study are, fiberglass rigid, 
urethane rigid, fiberglass urethane, perlite, and extruded polystyrene. The cooling degree days 
were calculated using the base temperature varies from 18ºC to 26ºC for the four major cities 
like Mumbai, New Delhi, Kolkata, and Chennai of India. The study aims to analyze the effect 
of the number of cooling degree days and base temperature on insulation thickness and also 
determine the variation of annual cooling cost with the insulation thickness. The result shows 
that the optimum insulation thickness varies with the cooling degree days and is also influ-
enced by the electricity rate and the cost of insulation material. Based on the result, it is found 
that optimum insulation thickness is affected by the thermal conductivity of the material, 
base temperature, CDD, material cost, and fuel cost. The result shows best suitable insulation 
materials for Delhi, Mumbai, Kolkata, and Chennai are urethane rigid, fiberglass urethane, 
urethane rigid, and fiberglass rigid respectively. The optimum insulation thicknesses vary be-
tween 1 and 12 cm for the different base temperatures and cities. Annual cooling cost per m2 
is calculated for the base temperature 21 ºC and 24 ºC, and the result shows that fiberglass 
urethane has the lowest annual cooling cost for different cities. Energy-saving varies with the 
thickness of the insulating materials apply on the wall. In addition with the help of insulation, 
energy can be saved up to 80% and achieve energy-efficient buildings.
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INTRODUCTION

Industrial development, the rapid growth in the world 
population, and the continuous increase of various global 
social welfare have led to a surge in the demand for energy 

all over the world in recent years. In this regard, Building 
Sector consumes the largest energy across other sectors. 
In the world, the building sector consumes 36% of total 
energy use and 40% of the total CO2 emission [1] (Global 
report 2018 UN). There are many tools to reduce energy 
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consumption through the building like optimization of 
building parameters [2]. Apart from these techniques, a 
very simple way to reduce energy consumption is by using 
insulation. Insulation techniques are used for the last so 
many years to reduce heat transfer from the buildings. In 
the complex structure, optimization techniques become 
more complex, and the equation complexity increases and 
to solve them software is required. A complicated struc-
ture can be defined as one that has complex geometries or 
one that requires sophisticated structural analysis meth-
ods and theories (such as multi-physics modeling, coupled 
FEM and SPH modeling analysis, and nonlinear geometri-
cal analysis). Furthermore, due to the complexity of their 
structural type, big-scale complex structures, such as the 
large station complex in Kyoto Train Station, large-scale sta-
diums, and airport terminals, can be classified as complex 
structures. Insulation is still an important and major tool 
for the external wall of buildings which improves building 
energy performance. The quality of insulating materials 
depends on their flexibility, adaptability, and workability to 
the regional, national, and even local buildings. In literature 
generally, the degree hour or degree days method is used 
to evaluate the cooling and heating loads of the buildings 
because the method is easy and quite simple [3, 4]. In [5] 
a review of the literature was conducted to determine the 
appropriate thickness of thermal insulation material and its 
impact on energy consumption in a building envelope. The 
idea of thermal insulation is that adequate insulation instal-
lation using energy-efficient materials reduces heat loss or 
gain, resulting in lower energy costs [6].

Thermal insulation properties and performance of 
insulation materials can be improved by investigating their 
transient thermal behaviour [7, 8]. There are several the-
oretical and experimental studies on transient thermal 
behavior and flow characteristics in pipes surrounded by 
insulations in buildings. In [9-11] investigate the character-
istics of pressure drop and methods of improvement of heat 
transfer in 3D and twisted tape geometrical pipes, analysis 
of flow field and thermal performance [12-14], pressure 
drop characteristic [15-17], and heat transfer enhancement 
in 3D pipes [14, 18-20].

As the influence of climate change grows daily, its 
impacts are seen on all humans. Irregular variations in cli-
mate conditions, whether measured in heating or cooling 
degree days, impact the environment [21-22]. Saint Akadiri 
et al. [23] considers the cooling degree days, heating degree 
days, ecological footprint, for analysis of their effects on 
Environment Degradation. Cooling and heating degree day 
may affect by the location of the building. Climate change 
affects the number of degree days requirement for cooling 
and heating in a building. Spinoni et al. [24] investigate the 
cooling degree day and heating degree day for the differ-
ent locations in Europe. Temperature variation in the out-
door environment directly affects energy utilization for the 
heating and cooling in the buildings [25], as many works 
have outlined [26, 27] building’s energy consumption is 

affected by the change in the environment temperature. For 
example [28, 29] the effect of climate changes and energy 
demand was investigated by degree days method on the 
Swiss building and the effect of change in climate on the 
energy performance of building for the city Rome, they 
found that heating conduction reduced up to 21% and 18% 
in residential and office building respectively. 

Ramon et al. [30] analyzed the heating and cooling 
degree day for the different periods, they found a 27 % 
decrease in HDD for the period of 1976- 2004 and 2070-
2098. From the above literature, it has been found that 
changes in degree days because of the climate conditions, 
therefore in this paper degree days have been evaluated for 
the different weather of India. Energy demand for buildings 
varies with the climate and hence required optimal insula-
tion for saving energy. The base temperature is the main 
parameter for the calculation of degree days, with the help 
of degree days cooling and heating energy requirement in 
the building has been evaluated. D’Amico et al. [31] demon-
strates the application of the degree-day method for the cal-
culation of the heating, ventilation, and air condition load 
of the building and identifies the relationship between heat-
ing energy performance and heating degree day. Variation 
in the degree days changes the heating and cooling energy 
requirement in the building, therefore for the specific 
degree days an optimum thickness of insulation materials 
is required to save heat loss from the external wall of the 
building. Therefore in this paper, for the different degree 
days, optimum insulation thickness has been evaluated,

In many works of literature, different characteristics of 
building insulation are studied. For example, Mohsen and 
Akash [32] works on energy-saving measured for different 
insulation materials like wool, rock, and polystyrene with 
air gap and they found 77% energy saving by polystyrene 
material. They apply polystyrene material on the wall and 
roof. Jaber [33] found that by using the viable insulation 
material to ceiling and wall, heating load for space could be 
reduced up to 50%. Al-Sallal [34] compared the two insula-
tion materials fiberglass and polystyrene for cold and warm 
climates. They investigate the payback period in their study 
and found that the payback period is shorter in a warm cli-
mate as compared to a cold climate. Comakli and Yuksel 
[35] determine the optimum insulation thickness for the 
coldest cities in Türkiye. They found that energy saving up 
to 12.13 $/m2 for the building wall over a lifetime of ten 
years. Bolatturk [36] determines the optimum insulation 
thickness for the different zones of Türkiye by consider-
ing various fuels like LPG, fuel oil, coal, and natural gas. 
Bademlioglu et al. [37] determine the optimum insulation 
thickness for the vertical wall of the building facing differ-
ent orientations by considering the solar radiation. They 
calculated the optimum insulation thickness on a vertical 
wall facing north, east, west, and south is 5.11, 6.68, 4.95, 
and 4.65 cm respectively. Cay and Gurel [38] determine 
the optimum insulation thickness using the payback, and 
energy saving for the different climate regions in four cities 
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of Türkiye. Kurekci [39] determine the optimum insula-
tion thickness reimbursement period using the cooling and 
heating degree day method and also investigate life cycle 
cost analysis for 81 territories of Türkiye by considering 
four distinct fuels and five distinct insulation material. 
Dombayci [40] determine the optimum insulation thick-
ness by considering two different insulation material for 
territories located in four different climate zone of Türkiye 
(Table 1).

The energy demand in India is continuously increas-
ing, and growing at an average of 3.6 percent per year over 
the last 30 years due to exponential population increase 
and improved living standards [41]. India is the world’s 
sixth-largest energy consumer, accounting for 3.4 percent 
of worldwide energy consumption. Industrial, building 
(residential/commercial), transportation, and agriculture 
account for the majority of total energy usage. The con-
struction sector consumes approximately 30% of total 
energy consumption and is growing at an annual rate of 
8% [42]. Space heating and space cooling in the building 
consumes the most energy of all utilities, and it continues 
to rise as living standards rise and information technology 
advances at an exponential rate. The energy usage for space 
heating-cooling and the heat transfer rate is reduced when 
the building envelope is properly insulated.

Insulation materials are chosen depending on their 
heat conductivity and cost. An increase in the insulation 

thickness will reduce the amount of energy required for 
space heating and cooling, but the installation cost and cost 
of insulation increases, necessitating an optimum thick-
ness to minimize the investment cost. Over the life of the 
building, there should be an optimal insulation thickness 
that decreases the energy cost of space heating–cooling 
and investment cost. For many years, people have been 
using insulating materials to minimize heat transmission in 
buildings. The growing need for space heating and cool-
ing, as well as energy conservation concerns and rigorous 
environmental regulations, has prompted a reconsideration 
of the problem of thermal insulation. Even though India’s 
energy usage is substantially lower than the global average, 
Indian buildings waste a large amount of energy due to a 
lack of energy-efficient methods. Commercial and residen-
tial establishments with installed air-conditioning systems 
in almost all of the country’s six climatic zones lack the use 
of energy-efficient equipment and basic practices such as 
wall insulation, roof insulation due to a lack of awareness of 
energy conservation needs and poor purchasing capacity.

It is found from the literature review that majority of 
the research articles considered the case of cold countries 
like Türkiye and Italy, and only a few research scholars have 
addressed the case of region with mixed climatic condi-
tion, like India.Indian Climate is different from the other 
country which is divided into various climate zones. In the 
earlier work, optimum insulation thickness is found to be 

Table 1. The summary results of the previous studies related to thermal insulation thickness

Paper Method City/Place Optimum thickness Insulation material
Bolatturk [36] LCC Four cities in Türkiye 

(totally 16 cities)
Thickness varies from 0.019 to 
0.172 m depending on cities 
and fuel types.

Polystyrene

Comakli and Yuksel [35] LCC Türkiye (Erzurum,
Kars, Erzincan)

Thickness obtained 0.085 m, 
0.105 m,  0.107 m

Styrofoam

Dombayci et al. [40] LCC Denizli/Türkiy 0.032-0.138 m for rock Wool.
0.076-0.259 m for EPS.

rock wool, Expanded
polystyrene

Kaynakli [6] - Türkiye (Bursa) Thickness varies between 0.053 
and 0.124 m depending on fuel 
types

rock wool (for basement)
Polystyrene (for external 
walls), fiberglass (for 
ceiling)

Bademlioglu et al. [37] LCC Türkiye 0.0689 m and 0.0558 m extruded polystyrene 
(XPS)

Cay and Gurel [38] LCC
Türkiye

thicknesses varies between 
0.045 and 0.195 m

extruded polystyrene

Shanmuga Sundaram [44] LCC India 0.232–0.108m in Trichy
0.226–0.105m in Chennai,
0.216–0.100m in Hyderabad,
0.204–0.094m in Trivandrum,
and 0.244–0.114m in Kurnool

Foamed PVC 
Foamed polyurethane 
Expanded polystyrene
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varying between 2 cm to 14 cm for the cold climate like 
Türkiye and Italy for the different insulation materials. For 
the case of India, energy saving was calculated for the dif-
ferent base temperatures [43] and did not focus on insula-
tion thickness and in [43] optimum insulation thickness is 
calculated only for polystyrene and polyurethane insulation 
material for the five cities of South India. As comparing the 
study with [43] and [44], this study is an effective analysis 
of cooling degree day and base temperature on insulation 
thickness and annual cooling cost whereas [43] and [44] 
look into the problem of energy saving for different base 
temperatures and finding optimal thickness of the insulat-
ing material (polystyrene, polyurethane) for the external 
wall of the building. . To the best of the knowledge of the 
authors the existing literature lacks the analysis at different 
base temperature, and this forms the motivation for the cur-
rent study. The present work specifically takes into account 
the cases of four major cities, namely Mumbai, Chennai, 
Kolkata, and New Delhi, having different climates. 

The present study undertakes four different cities of 
India, namely Mumbai, Kolkata, New Delhi, and Chennai. 
Optimum insulation thickness was calculated using the 
cooling degree method; firstly degree day was determined 
for the four cities of India. The cooling degree day was cal-
culated for different base temperatures that vary from 18 
degrees Celsius to 26 degrees Celsius. The insulation thick-
ness was calculated for five different insulation materials. 
i.e, extruded polystyrene, urethane rigid, fiberglass rigid, 
perlite, fiberglass urethane. The study aims to analyze the 
effect of cooling degree day’s value and base temperature 
on optimum insulation thickness and find the relationship 
between base temperature and cooling degree days. The 
study also investigates the effect of insulation thickness on 
the annual cooling cost required for the building.

The main objective of the work is to analyze the impact 
of CDD and base temperature on the insulation thickness 
in different climate conditions and secondly to evaluate the 
optimum insulation thickness for different climate zones 
by considering the factors like electricity rate, cop, mate-
rial cost, thermal conductivity, solid burnt clay brick wall, 
insulation cost, etc. further, the study is also aimed at iden-
tifying the best material and its thickness for suitable the 
different climate zones of India, followed by identifying the 
best insulation material according to the annual cooling 
cost and its corresponding base temperature.

METROLOGICAL DATA

India (20.5937° N, 78.9629° E) is a vast country having 
different types of climate in its different parts. These dif-
ferences in the climate are because of the location of India. 
India is located near the equator therefore India comes in 
warmth country. And the temperature in summer is very 
high. India has four types of climatic regions, tropical wet, 
tropical dry, subtropical humid climate, and mountain 
climate. There are three seasons in India winter summer 
and rainy season. The average temperature in winter is 
about 10-15 degree Celsius and in summer is 30-35 ºC and 
sometimes more than 40 ºC due to heat waves from Africa. 
Delhi is the capital of India located at Latitude 28.7041 and 
Longitude 77.1025. The summer season of Delhi is very 
hot, temperatures rise to 45ºC, and the average temperature 
in the summer is about 35-40ºC. The relative humidity is 
about 45% in May and the average temperature is 33ºC. The 
average temperature in June is 34ºC and relative humidity 
is 55% (Table 2).

Methodology
Degree days are now an important climatic parameter 

used in the calculation of heating load and cooling load 
from the building. The degree days are the sum of the tem-
perature differences between base temperature and average 
outdoor temperature. The base temperature is considered 
as the reference temperature on which degree days are 
calculated. The heating system will provide the heat till 
the outdoor temperature is lower than the base tempera-
ture and in the case of the cooling system, they continue 
to supply cooling air if the outdoor temperature is higher 
than the base temperature. The base temperatures for the 
four cities are taken from 18 ºC to 26 ºC. The total numbers 
of degree-days are calculated as the sum of the number of 
degree-days for cooling and the number of degree-days for 
heating, which are calculated using the equations:

Table 2. Geographical location of the cities (India Meteorological Department (IMD))

City Latitude Longitude Temperature Range 
(Min-Max)

New Delhi 28.7041° N 77.1025° E 6 ºC - 45 ºC
Mumbai 19.0760° N 72.8777° E 13 ºC - 35 ºC
Chennai 13.0827° N 80.2707° E 15 ºC - 42 ºC
Kolkata 22.5726° N 88.3639° E 11 ºC – 41 ºC
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Where N represents the number of days in heating and 
cooling.

Tbase is the reference temperature known as base tem-
perature and Ti represents the mean of daily temperature. 
The positive subscript indicates only positive values are 
taken into consideration [45]. The cooling degree days 
were calculated using the CDD equation for the four cities 
Mumbai, New Delhi, Kolkata, and Chennai are represented 
in Figure 1.

Thermal transmittance: thermal transmittance charac-
terizes the thermal performance of the building envelope. 
Limiting the value of U (W/m2K for the building envelop 
helps in reducing the heat transfer from the building. 

Thereby reducing the energy required for the building and 
improving thermal comfort. 

Model of External Wall for Building Structure
Generally in external wall structures clay brick, con-

crete with steel reinforced iron bars, stones, and solid con-
crete blocks are used. The structure of the building’s wall 
depends on the weather of the country. For warm or hot 
climates only bricks with thin layers of plaster are used 
and in a cold environment, the composite wall having 
layers of different material is used. The composite wall 
consists of layers of material, in which insulation material 
layers are in the middle of the brick layer and have a thin 
layer of plaster inside and outside of the wall. In the study, 
consider the warm climate and the structure of the wall 
having 1.25 cm plaster inside, 17 cm solid burnt clay brick, 
and 3 cm plaster outside. Solid burnt clay brick has a den-
sity of 1920 kg/m3, and the thermal conductivity is varied 
between 0.81 to 0.98 W/mk. the specific heat capacity of 
the AAC block is 0.79 kJ/kg K. Plaster used in the wall 
is cement plaster having a thermal conductivity of 0.721 
W/mk. In the wall structure, insulation material applies 
between the surfaces of the wall. 

Fiberglass urethane is typically formed by poly-addition 
reactions of isocyanates with polyols. They are also called 
Polyurethanes (PU) and are excellent thermal insulating 
materials. They are widely used in refrigerators, hot water 
tanks, for insulation and sealing in complex cavities, etc. 
They are closed and gas filling agents are entrapped within 
the cavities (Table 3).

Figure 1. Cooling degree days vs different base temperatures for four cities of India. (obtained using CDD equation).

Figure 2. Schematic diagram of sandwich wall and insula-
tion layer.
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Glass fiber is one of the types of rigid polyurethane 
foams (RPUFs) fillers and they are analyzed based on 
kinetics, mechanical and thermal properties. They 
increase mechanical strength but reduce thermal insula-
tion due to the high thermal conductivity and therefore 
to keep the thermal at the same level it is preferred to 
combine the glass fiber with silica because it increases the 
mechanical strength without compromising with insulat-
ing properties (Table 4).

Figure 3. Flow process chart.

Table 4. Characteristic and application of insulation material [47]

Insulation Material Characteristic Application 
Glass fiber water-absorbent, non-combustible, Good workability, 

low compression resistance
Pipe covering board, blanket, wall

Glass fiber General-purpose material many facing available Pipe covering board
Mineral fiber low compression resistance, water-absorbent, Good 

workability, non-combustible
Pipe covering board, blanket

perlite poor Abrasion resistance, Good workability, special 
packaging required to protect the material from 
corrosion inhibitors

Pipe and wall covering board

Extruded polystyrene excellent workability, Lightweight, combustible although 
some are treated for fire retardancy

Board and blanket

Table 3. Insulation material cost and thermal conductivity [46]

Type of Insulation Thermal 
conductivity kins 
(W/ m ºK)

Cost of 
insulation 
(₹/m3)

Fiberglass urethane 0.021 15408
Fiberglass rigid 0.033 21888
Urethane rigid 0.024 18864
perlite 0.054 7056
Extruded polystyrene 0.029 10800
Source: market survey (2020-2021) 
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Heat Losses Through External Wall
Heat losses from the wall, ceiling, window, and roof are 

depending on the temperature gradient between outside 
and inside. We find the optimum wall thickness by consid-
ering the energy loss from the building’s external wall only.

Heat transfer from the external wall per unit area is, [46]

  (1)

Boundary conditions;
At x = 0, To = outside mean daily temperature
At x = 21.25 + Xopt
Tb = 18ºC (its value varies from 18 ºC to 26 ºC for the 

different case)
Where U - overall heat transfer coefficient,
Tb - base temperature and
To - outside mean daily temperature.
From equation 2, the annual heat loss per unit area from 

the external wall can be calculated [46],

  (2)

The total annual energy [35] requirement is calculated 
using equation 3, 

   (3)

The overall heat transfer coefficient [46] for an external 
wall of a building that contains a layer of different material 
is calculated using equation 4,

   (4)

Where Ri is the inside air film thermal resistance,
Ro is the outside air film thermal resistance, 
Rwall is the total thermal resistance of the sandwich wall 

material.
Rinsulation is the thermal resistance which is calculated 

using equation (5) [46],

   (5)

x - thickness 
k - thermal conductivity of the material.
The annual cooling load is then given by [36],

  (6)

The annual cooling cost per unit area [36] is determined 
by

   (7)

Cf – electricity rate,
LHV – lower heating value,
The cost of insulation is given by 

  (8)

The total cost of cooling can be calculated for the insu-
lated building in present rupees is given by equation 9,

   (9)

By minimizing equation 9 using the differentiation 
method, the optimum insulation thickness xopt [36] is 
obtained as 

  (10)

RESULTS AND DISCUSSION

Thermal comfort and corresponding cost savings are 
achieved by reducing heat transfer from the ceiling and 
external walls to the surrounding by providing better insu-
lation. For saving more energy, more money needs to spend 
to add an extra thickness of insulation. Heat transfer from 
the wall is reduced by applying insulation material. For bet-
ter performance, Insulation should apply to the inside por-
tion of the wall. As the thickness of the insulation material 
increases the heat transfer from the wall decreases.

Wood or brick constructs walls have lower heat conduc-
tivity than metal and glass, considering thermal perspec-
tive. Since buildings are occupied by walls and the overall 
building heat gain or loss is directly affected by thermal 
insulation. Insulation is an important factor because it can 
affect the flow of heat in the building structure and the 
energy-saving depends on the type of insulating material 
and the place of insulating material in the wall. Therefore, 
it should be installed near the location to achieve the best 
output. In the earlier work, optimum insulation thickness 
based on HDD is found to be varying between 2 cm to 14 
cm for the cold climate like Türkiye and Italy for the dif-
ferent insulation materials. And after applying optimum 
thickness of insulation material on the building wall in 
these countries, energy consumption reduces to a great 
extent and energy can be saved up to 80%, which enhances 
the building energy performance. In this study, for the case 
of four climatic zones, the insulation thickness based on 
CDD varies between 1 cm to 11 cm for the different based 
temperatures and different insulation materials.

As shown in Table 5, as the base temperature increases, 
the number of degree days decreases which implies that a 
less number of days is required for cooling in a year. Hence, 
decreasing the consumption of energy in the building. Tables 
5−8 show that the required optimum insulation thick-
ness for higher degree days is more as compared to lower 
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degree days and also show that optimum insulation thick-
ness decreases with the decrease in the degree day. Figures 
4−7 shows that the optimum insulation thickness decreases 
with the increase in base temperature for different materials 
and different cities. The figure shows that among the five 
materials perlite required the highest optimum insulation 
thickness for the different cities. As the number of degree 
days decreases, the requirement of insulation thickness for 
the insulation on the wall also decreases, which reduces the 
cost of installation. A degree day is an environmental factor, 
depending on the weather of the city.

As shown from Figures 4−7, we can say that the higher 
the thermal conductivity, the more the thickness of the 
insulation material required. Resistance has an inverse 

relationship with thermal conductivity therefore for 
increasing the resistance, thickness has to be increased to 
minimize the heat transfer from the wall. As Table 5 shows 
that perlite has a higher thermal conductivity as compared 
to other materials, hence higher optimum insulation thick-
ness is required.

The insulation in the building is a very important crite-
rion to reduce the energy consumption which used in the 
structure. In the case of Delhi, it has a dry and hot climate. As 
shown in Table 5, as the base temperature inside the building 
increases, the required number of days for cooling decreases. 
In many buildings the base temperature is not constant it 
may vary with the temperature required for occupants. when 
the base temperature is 18 ºC, the building must go through 

Figure 7. Optimum Insulation thickness vs base tempera-
ture for Kolkata.

Figure 5. Optimum insulation thickness vs base Mumbai.Figure 4. Optimum insulation thickness vs base tempera-
ture temperature for for Delhi.

Figure 6. Optimum Insulation thickness vs base tempera-
ture for Chennai.
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urethane rigid insulation material which shows minimum 
optimum thickness among the five different insulation mate-
rials. For the case of Delhi, the higher the base temperature, 
the lower the optimum insulation thickness. As per stan-
dard, 24 ºC base temperature is the comfort temperature, 
at 24 ºC base temperature inside the building the optimum 
insulation thickness for extended polystyrene, fiberglass ure-
thane, fiberglass rigid, Urethane rigid, and perlite are 0.0349, 
0.0247, 0.0233, 0.0230, and 0.0577m.

In the case of Mumbai, the climate of Mumbai is very 
humidify which means a lot of moisture is present in the 
air. Insulation applied to the building structure is based on 
thermal conductivity and insulation material. As shown in 
Table 6, the cooling degree days are very high as compared 
to Delhi but as the climate of Mumbai is not too hot there-
fore base temperature can be taken more than 22 ºC.

As shown in Table 6, as the base temperature decreases 
the cooling degree days requirement for cooling will 
decrease, as the cooling degree days decrease the opti-
mum insulation thickness for the insulation material also 
decreases. The best material for applying on structure based 
on minimum optimum thickness at 24 ºC base temperature 
is urethane rigid. The thermal conductivity of fiberglass and 
urethane rigid is is 0.021 and 0.024 W/mK, So for choosing 
the best material for the insulation of building structure 
is urethane rigid based on the thickness of insulation, but 
based on cost and thermal conductivity fiberglass urethane 
is recommended for the insulation in the building struc-
ture because there is very little difference in the optimum 
insulation thickness of urethane rigid and fiberglass rigid. 
At 24 ºC base temperature inside the building the optimum 
insulation thickness for extended polystyrene, fiberglass 

Table 7. Optimum insulation thickness for Chennai city

City Base (T in ºC) CDD Optimum thickness in meter

Extruded 
polystyrene

Fiberglass 
rigid

Urethane 
rigid

perlite Fiberglass 
urethane

Chennai 18 4213 0.0533 0.0371 0.0433 0.0888 0.0379
20 3493 0.0479 0.0331 0.0376 0.0797 0.0340
22 2773 0.0419 0.0286 0.0312 0.0695 0.0297
24 2055 0.0351 0.0234 0.0242 0.0580 0.0249
26 1372 0.02736 0.0176 0.0158 0.0449 0.0194

Table 6. Optimum Insulation thickness for Mumbai city

City Base (T in ºC) CDD Optimum thickness in meter

Extruded 
polystyrene

Fiberglass 
rigid

Urethane 
rigid

perlite Fiberglass 
urethane

Mumbai 18 3299 0.0644 0.0454 0.0433 0.1075 0.0458
20 2582 0.0561 0.0393 0.0376 0.0936 0.0399
22 1874 0.0468 0.0322 0.0312 0.0777 0.0332
24 1234 0.0366 0.0246 0.0242 0.06056 0.0260
26 646 0.02449 0.0155 0.0158 0.0401 0.0173

Table 5. Optimum Insulation thickness for the New Delhi city

City Base (T in ºC) CDD Optimum thickness in meter

Extruded 
polystyrene

Fiberglass 
rigid

Urethane 
rigid

perlite Fiberglass 
urethane

New Delhi 18 3045 0.0520 0.0361 0.0348 0.086 0.0369
20 2496 0.0464 0.0319 0.0309 0.0771 0.0329
22 1995 0.0407 0.0277 0.0270 0.0675 0.0289
24 1541 0.0349 0.0233 0.0230 0.0577 0.0247
26 1110 0.0285 0.0185 0.0186 0.0469 0.020
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urethane, fiberglass rigid, Urethane rigid, and perlite are 
0.0366, 0.0260, 0.0246, 0.0242, and 0.06056m.

For the city Chennai located in the south part of India. 
The degree day requirement for cooling at a base tem-
perature of 18 ºC is 4213 as shown in Table 7. The degree 

day requirement for cooling for the whole year is more as 
compared to Delhi and Mumbai as shown in Table 7. Table 
7 shows that the perlite material has a large optimal insu-
lation thickness as compared to other materials. It shows 
high Optimum insulation thickness as compared to other 

Table 8. Optimum insulation thickness for Kolkata city

City Base (T in ºC) CDD Optimum thickness in meter

Extruded 
polystyrene

Fiberglass 
rigid

Urethane 
rigid

perlite Fiberglass 
urethane

Kolkata 18 3384 0.0512 0.0355 0.0342 0.0851 0.0363
20 2709 0.0450 0.0309 0.0299 0.0747 0.0319
22 2086 0.0386 0.0261 0.0255 0.0639 0.0274
24 1521 0.0319 0.0211 0.0209 0.0526 0.0226
26 1004 0.0245 0.0156 0.0159 0.0402 0.0174

  
(a) (b) 

 
(c) (d) 

Figure 8. Insulation thickness vs annual cooling cost per m2 for different Cities of India at 24 ºC base temperature. (a) 
Kolkata (b) Delhi (c) Chennai (d) Mumbai
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materials because the thermal conductivity is very high. 
The higher the thermal connectivity higher the heat trans-
fer from the building structure. For the case of Chennai, the 
best insulation material to apply to the building structure is 
fiberglass rigid.

For the case of Kolkata, the degree-day requirement for 
cooling for the base temperature 18 ºC is 3384. The degree 
day requirement for Kolkata is between Mumbai and 
Chennai, the optimum insulation thickness decreases with 
the increase of base temperature a shown in Table 8. The 
best insulation material to apply to the building structure is 
urethane rigid for the case of Kolkata.

From the analysis, it is found that optimum insulation 
thickness is influenced by cooling degree day and base 
temperature. And the base temperature is an important 

parameter in the evaluation of degree days; the base tem-
perature has a significant effect on the cooling degree day 
through which days required for cooling are affected.

The annual cooling cost for different insulation materials 
is calculated at 21 ºC and 24 ºC base temperature as shown in 
Figures 8 and 9. Figure 8 shows that as the insulation thick-
ness increases the annual cooling cost decrease for different 
materials and cities. From Figures 8 and 9, it is found that 
fiberglass urethane insulation material has the least annual 
cooling cost as compared to other insulation materials for 
different cities in India. As the base temperature changes, 
the annual cooling cost varies. The annual cooling cost 
required for the different insulation materials at 24 ºC base 
temperature is lower as compared to 21 ºC base temperature 
as shown in Figures 8 and 9. Therefore, we conclude that a 

 

 (a)  (b)

 

 (c) (d)

Figure 9. Insulation thickness vs annual cooling cost per m2 for different Cities of India at 21 ºC base temperature. (a) 
Kolkata (b) Delhi (c) Chennai (d) Mumbai.
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higher base temperature will decrease the annual cooling 
cost for the building. For the case of different cities in India, 
it is recommended that among the five materials considered 
in the study, fiberglass urethane has a low annual cooling cost 
and the cooling requirement of the building should be con-
sidered at 24 degrees Celsius base temperature to achieve an 
optimal and economical building.

Figure 9 shows that as the insulation thickness increases, 
the annual cooling cost per m2 decreases. By increasing the 
insulation thickness resistance offered by the wall increases 
which reduces the heat transfer rate from the wall, hence 
reducing the annual cooling cost per m2. Annual cooling 
cost depends on the thermal conductivity of the material, 
the higher the thermal conductivity of the material higher 
the annual cooling cost. As from Figure 9, perlite material 
has a higher annual cooling cost per m2 and fiberglass ure-
thane has a low annual cooling cost per m2 as compared 
to other materials in the different cities of India. Optimum 
insulation thickness is also depending on the cost of the 
material and fuel cost. Different state has different fuel 
cost or electricity tariff rate which influence the optimum 
insulation thickness. Based on analysis it found that opti-
mum insulation thickness is affected by thermal conduc-
tivity, base temperature, CDD, material cost, and fuel cost. 
For the constant base temperature and cooling degree day, 
optimum insulation thickness is influenced by the thermal 
conductivity, material cost, and fuel cost.

CONCLUSION

One of the most important needs for building energy 
conservation in India is the reduction of energy usage for 
cooling. Optimum insulation thickness is a function of mul-
tiple factors like degree day, electricity cost, and insulation 
cost, etc. The numerical results revealed how the optimum 
insulation thickness varies with the climatic condition. When 
the temperature of the environment is high, the requirement 
for cooling increases. The electricity cost for one unit differs 
from city to city. Therefore optimum insulation thickness 
varies among the city. The optimum insulation thickness is 
also dependent on the price of the material and fuel cost. In 
this study, we investigate the influence of base temperature 
and CDD on insulation thickness for the hot climate of India. 
The results show that the best suitable insulation material for 
applying insulation on the external wall at 24 ºC for the cit-
ies like Delhi, Mumbai, Kolkata, and Chennai are urethane 
rigid, fiberglass urethane, urethane rigid, and fiberglass rigid 
respectively, and their corresponding optimum insulation 
thickness are 0.0270, 0.0260, 0.0209, and, 0.0234 m. Among 
the five insulation materials, perlite has a higher thermal 
conductivity as compared to other materials, hence higher 
optimum insulation thickness is required for all cities. Based 
on the result, perlite material has the highest annual cool-
ing cost compared to other materials and fiberglass urethane 
shows the lowest annual cooling cost among the five insula-
tion materials.

Different states have different fuel costs or electric-
ity tariff rates which influences the optimum insulation 
thickness. As the thickness of wall insulation increases the 
cooling requirement in the building reduces significantly. 
Hence, the electricity consumption for cooling the build-
ing reduces significantly. But as we increase the insulation 
thickness, the capital investment for installing the insula-
tion material is also increased. Therefore it is necessary to 
install insulation material with an optimum thickness for 
economical energy saving.

In future, various technologies for the development of 
thermal insulation applied to the building structure are the 
main research directions for the improvement of building 
energy performance. The major emphasis should be to 
enhance the insulation property of material without com-
promising with the inherent characteristics of that material. 
The limitation of this study lies in the non-consideration 
of the building envelope characteristics with the insulation 
material. In future, this study can be extended for analyzing 
the insulation efficiency and exergetic performance of dif-
ferent insulation materials.

NOMENCLATURES 

U Overall heat transfer coefficient (W m-2 K-1)
DD Degree days (ºC days)
K Thermal conductivity ( W m-1 K-1)
HDD Heating degree days
CDD Cooling degree days
Tb Base temperature (ºC)
Ti Mean daily temperature (ºC)
To Outside Mean daily temperature (ºC)
Cf Fuel cost in ₹/kWh.
Ci cost of insulation material (₹/m3)
x Insulation thickness (m)
COP Coefficient of performance
Ro Outside air film resistance
Ri inside air film resistance
Rw Resistance of wall 
Rt Total resistance 
LHV Lower heating value
PW Present worth
qa Heat transfer per unit area 
EA Annual energy
CA Annual cooling cost per unit area
Xopt Optimum insulation thickness (m)
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