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ABSTRACT:  
In this paper, energy saving in Mud house as compared to brick wall building is discussed by selecting a proper insulation 

material and different wall materials. Buildings made of mud bricks act as environmental friendly. The thermal insulation 

keeps the indoor temperature constant during summer and winter seasons. The mud house aims to save energy by providing 

a more stable temperature and reduces heat losses. Mud is a thermal mass that absorbs sun light and warms the building over 

the course of the day. The various parameters which are considered in the paper are orientation of walls, building exposed to 

sun, surface-volume ratio, wall materials, ventilation and shading. Sustainable construction is achieved using natural 

resources, such as mud to conserve the energy both during construction as well as for achieving thermal comfort inside the 

house. The effect of heating and cooling loads on energy consumption is determined. The annual heating and cooling load 

requirement can be obtained by Degree- Days (DD) method. Expended Polystyrene (EPS) and Rockwool (RW) are selected 

as insulation materials. In this paper the optimum insulation thickness for mud house and brick wall house was calculated. 

The calculation was carried out for four different energy sources i.e. coal, LPG, Natural Gas and Fuel Oil. This paper 

contributes to the promotion of mud house (passive) and low energy architecture towards a sustainable future. 

Results show that optimum insulation thickness varies between 0.578 cm to 6.18 cm , the energy saving per sq. meter varies 

between Rs. 28 to  1479  and payback periods varies between 2.196 to  6.99 years depending  on type of building wall, 

insulation material,  climatic condition and fuel cost 
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I. INTRODUCTION 

We know that the rate of Energy consumption will 

gradually increase due to population growth, rise in 

the standard of living and technological development. 

The sources of energy (Fuels) are limited. At the 

same time, the energy losses in building will take 

place through building envelope. In order to reduce 

heat losses, either use of insulation material in 

building or use of high thermal mass are the options 

for minimizing energy loss and keep the houses cool 

in summer and hot in winter. 

Various building materials, such as Extruded hollow 

brick, Concrete blocks, Sun dried mud-brick and 

fired red brick have been in use for construction work 

in India. This study focused mainly on energy saving 

of a traditional red brick structure and sun dried mud-

brick structure  by the application of thermal 

insulation.  

Indigenous material such as mud brick has been 

widely used in rural areas of India. Mud brick is 

environmentally friendly. It possesses high thermal 

capacity and acts as heat sink in extreme weather 

conditions. Straw which is an agricultural waste can 

also be used as a building material. Traditionally, it is 

mixed with clay or soil to produce mud brick. It also 

possesses good insulation properties. The energy 

requirement in a building can be reduced to minimum 

by the application of thermal mass of mud wall. 

Heat-gain modulation can be achieved by properly 

using the thermal mass of the building itself in order 

to absorb and store heat during the daytime hours and 

release it to the atmosphere after few hours. 

 Lack of insulation needs lower capital investment 

but larger life cycle energy cost. On the other hand, 

excessive insulation leads to lower life cycle energy 

but requires high capital investment. Optimum 

thickness is required for economy as well as energy 

conservation point of view. The annual heating and 

cooling requirement of building in certain climatic 

region can be calculated by Degree-Days (DD) 

method. Annual energy saving per square meter of 

external wall area is calculated as the differences 

between the costs of heating the insulated and un-

insulated building. At optimum insulation thickness, 

the total cost is minimum and energy saving is 

maximum. It is, therefore, recommended to apply the 

optimum insulation thickness for building walls.  

To fulfill the outline of the present paper, a literature 

review with scope of paper is given as follows. 

Coffman et al. [1] reported that the mud house 

construction have natural air conditioning effect 

because the rooms are cool during day time and 

warm during night time. The application of mud as 

wall material was investigated to control room air 

temperature for buildings by Duffin and Knowles [2]. 

The most common passive solar building architecture 

comprises of massive walls to reduce the temperature 

fluctuations inside a building. This is known as the 

thermal flywheel effect as mentioned by Duffin and 

Greg [3]. The popular mud-houses in Yemen city 

utilize this effect. The use of mud as building 

material is of great concerns not only for the people 

in hot developing countries, but also for those in cold 

industrialized countries in Europe and America. The 

engineers from developed countries have realized the 

special features of mud. The wider use of mud 

construction has a good reputation in dry and hot 

places because of its distinct advantages, e.g. the mud 

habitat suits different weather and geographical 

conditions as the temperature remains temperate 

throughout the year inside the mud building as 

explained by Eben [4]. Algifri et al. [5] compared the 

thermal behavior of adobe house with modern 

concrete house in Yemen and reported the potential 

of mud as construction material for energy saving in 

passive houses. The magic of adobe houses was 

investigated by Miller [6]. 

Earth as mud bricks, has been used in the 

construction of shelters for thousands of years, and 

approximately 30% of the world’s present population 

still live in earthen structures as reported by 

Cofirman et al. [7]. Earth is a cheap, environmental 

friendly and abundantly available building material. 

It has been used extensively for wall construction 

around the world, particularly in developing countries 

reported by Ren and Kagi [8]. Binici et al. [9] had 
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investigated the thermal isolation and mechanical 

properties of fiber reinforced mud bricks as wall 

materials. Stabilized mud blocks are made in India 

from soil, sand, cement/lime and water. Roofing 

systems using brick masonry vaults and domes were 

used extensively in India till the emergence of British 

rule. It has several advantages as compared to 

reinforced slab roofing as reported by Reddy [10]. An 

innovation in vault was developed by Reddy using a 

moving steel formwork (slip forming) which 

facilitates construction without excessive cost and 

time out run. Currently, centenary shaped vaults are 

being built due to their better performance. Both 

burnt bricks and stabilized mud blocks were used for 

building vaults and domes.  

Energy requirements  for production and processing 

of different building materials and the CO2 emissions 

and the  implications on environment have been 

studied by Buchanan and Honey [11], Suzki et al. 

[12], Oka et al. [13], and Debnath et al. [14] among 

others. These studies pertain to New Zealand, Japan 

and India. Indian construction industry is one of the 

largest in terms of employing manpower and volume 

of materials produced (cement, brick, steel and other 

materials). Construction sector in India is responsible 

for major input of energy resulting in the largest 

share of CO2 emissions (22%) into the atmosphere 

[15]. Apart from the office, commercial and 

industrial buildings, (>2x10
6
 residential buildings) 

are built annually, in India. Demand and supply gap 

for residential buildings is increasing every year (20 

million units in 1980 to 40 million units in 2000 [16].  

Majumdar [17] reports some conceptual ideas in 

reducing the energy use in buildings especially for 

heating, cooling, ventilation and lighting in different 

climatic zones of India. This study presents 41 case 

studies of buildings designed by various architects 

incorporating energy saving features in the design, 

without quantifying the energy savings/consumption 

in these buildings 

The energy saving of mud house structure was rarely 

reported and compared with another type of building 

(Red brick structure) in the literature. Hence the 

objective of this paper is to compare the energy 

saving for mud house and traditional red brick 

structure by the application of thermal insulation. 

 
Figure 1: Cross sectional view of side wall

II. BUILDING MATERIAL AND STRUCTURE 

OF BUILDING 

Mud house is made of the mixture of clay, mud, sand, 

water and binding materials such as rice husks or 

straw. The main ingredients for making cob are clay, 

sand and straw. Both burnt bricks and stabilized mud 

blocks were used for mud wall construction. 

Stabilized mud blocks are made in India from soil, 

sand, cement/ lime and water. Moulds of brick are 

filled with the right mix of wet mud. The mould is 

then removed and the brick dried in the sun. This is 

the most popular form of brick-making since it uses 

only solar energy, which is free. The building 

material for walls is mud and roof material is khapra. 

Brick is the common material used for the 

construction of external walls. To minimize the heat 

loss the insulation can be placed on the inside 

surface, outside surface or in between the wall. In this 

analysis, the insulation is placed on the outside 

surface of the wall cold region of India, the external 

wall insulation applications are generally made by the 

sandwiches wall types. The structure of the external 

wall of red brick construction is made by 3 cm 

internal plaster, different wall materials (brick or mud 

brick), insulation and 3 cm external plaster. In this 

paper, the calculations were carried out for a two 

different types of walls, which have been constructed 

with brick (18 cm) and mud wall (35 cm). The 

surfaces of the brick wall are insulated on the 

external side and plastered on both sides are as shown 

in Fig. 1. 

The structure of external wall of mud house room is 

made by 02 cm internal mud plaster, 35 cm mud 

brick and 03 cm outer plaster with insulation. Mud 

house with pitched roof structure building as shown 

in Fig. 2. 

 
Fig. 2 Mud house with pitched roof structure building 

II.1. Mathematical models for annual fuel 

consumptions: 

Heat loss from buildings occurs through surface of 

external wall, window, ceiling and air infiltration. In 
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this analysis, heating loss is observed only on the 

external wall surface. 

The heat loss per unit area of external wall is 

)( ba TTUQ −=                          (1) 

Where U is the overall heat transfer coefficient. Tb is 

the base temperature and Ta is mean air temperature. 

Annual heating loss per unit area from external wall 

in the terms of Degree-days is 

DDUQA 86400=                                                  (2) 

Where DD is the Degree- Days. The annual energy 

requirement is given by    

stwA nkxRDDE )(86400 +=                            (3) 

Where  

ηs is the efficiency of space heating system. and the 

annual fuel consumptions is  

stwfa nLHVkxRDDM .)(86400 +=                                    (4) 

Where LHV is lower heating value of fuel. 

II.2.Optimization of insulation thickness and energy 

saving: 

The life-cycle cost analysis (LCCA) is used in this 

analysis. It determines the cost analysis of a system. 

The total cost of heating over the life time of the 

insulation material which was taken as 8 years. Total 

heating cost is indicated together with life cycle (N) 

and presents worth factor (PWF). PWF can be 

calculated by using inflation rate g and interest rate i. 

Inflation and the interest rate are taken as 5 % and 4 

% respectively. 

The interest rate adapted for inflation rate r is given 

by  

If gi >  then, 

)1()( ggir +−=  

If gi <  then, 

)1()( iigr +−=  

And 
NN rrrPWF )1(1)1( +−+=  

If  gi =  then,  

 )1( iNPWF +=                                                   (5) 

The total heating cost of the insulated building is 

  xCPWFCC iAt +=                                              (6) 

The optimum insulation thickness is obtained by 

minimizing total heating cost of insulation building 

(Ct). So the derivative of Ct with respect to x is taken 

and equal to zero from which the optimum insulation 

thickness Xopt obtained. 

twsiUtopt RKnCHKPWFDDCX .).(94.293 5.0
−=   (7) 

Pay-Back Period(PP) is calculated by solving the 

equation (8)  
  

PPPP

sins rrrAC )1(1)1( +−+=                                 
(8) 

Where Cins/ As is the simple Pay-Back Period. Energy 

saving obtained during the lifetime of insulation 

material can be calculated as follow: 

 
instos CCE −=                                                        (9) 

III. PARAMETERS OF STUDY 

There are following parameters which are used for 

mud house constructions. 

(1) Orientation 

(2) Surface area to volume ratio 

(3) Ventilation 

(4) Building materials 

(5) Shading 

Orientation: The mud house has its longer side 

oriented along East-West axis. The two doors are 

placed in the southern side. The small void like 

opening is placed on the northern wall. The best 

orientation for least heat gain for rectangular built 

form with one side longer than other is the longer 

sides facing the East-South and North-West direction 

making an angle of about 40 degrees or 45 degrees 

with the East-West axis. 

Surface area to volume ratio: For minimum heat 

gain, the ratio of surface area to volume ratio is low. 

In composite climate the Surface area to volume 

ratio(S/V) should be as low as possible to minimize 

the heat gain. A vaulted roof would also increase the 

attic area, which can act as a thermal buffer and help 

in thermal insulation both during summer and winter. 

Ventilation: The portion through which cool air at 

night come in at the top portion of the roof and 

through which warm air can  go out by convective 

process has been blocked in this particular mud house 

due to rain water coming inside the mud house during 

rains. This causes lack of ventilation in summer and 

convective air flow at evening and night.  

Building materials: The building material for walls is 

mud and roof material is khapra. Cob is an earthen 

building material that is made of clay, sand, straw 

and water. Cob is a thermal mass that absorbs 

sunlight and warms the building over the course of 

the day. This is called passive solar heating and it 

will keep the inside of the building warm in the 

winter and cool in the summer. Unlike conventional 

homes which are constructed with synthetic, 

industrial-foamed material, mud homes are built 

almost entirely out of natural and clean materials. 

The choice of materials used in the construction of a 

building has a direct impact on the environment. As 

the energy consumption of a building depends mainly 

on the building construction and material. The 

material used for construction such as soil, sand, cow 

dung and others that are not energy intensive. 

Shading: The shading of curved roof    structure that 

dissipate more heat as compared to flat roof by 

convection and thermal radiation at night due to 

enlarge surface area.  

IV. METHOD FOR SELECTING THE MOST 

ECONOMIC INSULATION MATERIAL: 

An approach of selecting the most economic 

insulation material, using CA index which is 

calculated by multiplying the thermal conductivity 

(λins) with the insulation price per cubic meter (Ci) is 

developed. The lower the value of CA, the higher the 

economical efficiency of the insulation material since 

CA index of expanded polystyrene is less as 

compared to RW. Expanded polystyrene is the most 

economic among the two insulation materials. 

V. RESULTS AND DISCUSSION  

Insulation application is one of the most important 

methods to conserve energy in buildings. So 

choosing the appropriate insulation material and 

determining the optimum insulation thickness is very 

important for energy saving. The optimum thickness 

of two insulation materials (Expanded polystyrene 

and Rockwool) are calculated with outside insulated 

wall types building. The optimum insulation 

thickness for various wall structures is given in table 

1. Optimum insulation thickness between 0.0502 and 

0.0618 m for EPS and optimum insulation thickness 
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between 0.00578 and 0.0193  m for RW, depending 

on the type of wall construction. 
Table 1: OPTIMUM INSULATION THICKNESS FOR 

VARIOUS WALLS STRUCTURES 

 
Payback period (in year) ,Energy saving for different 

types of wall construction and for different types of 

insulating material are shown in table 2. 

Payback period (in year) for Brick Wall lies between 

2.196 to 4.67 and for Mud Brick lies between 3.238 

to 6.9913. 
TABLE 2: PAYBACK PERIOD AND ENERGY 

SAVING FOR DIFFERENT TYPE OF WALLS   

CONSTRUCTION IN INDIA 

 
Some typical wall structures for building in India and 

their thermal properties are shown in table 3. 
TABLE 3: WALL STRUCTURE AND THERMAL 

CHARACTERISTIC OF MATERIALS 

 
The optimum insulation thicknesses for the various 

wall types specified in table 1 were calculated by 

using equation (7) and the values of the parameter are 

shown in table 4.  
TABLE 4: PARAMETERS USED IN THE 

CALCULATION OF INSULATION- THICKNESS 

 

 
Fig. 2(a) Variation of total cost with insulation thickness 

for EPS insulation for wall constructed of Brick. 

 
Fig. 2(b) Variation of total cost with insulation thickness 

for EPS insulation for wall constructed of Mud brick. 

Fig. 2(a and b) shows the effect of insulation 

thickness on the total annual cost over the 8 year 

lifetime of a Brick and Mud wall in Gauhati (91.59 E 

, 26.11 N) , north east India. Insulation cost increases 

linearly with insulation thickness. On the other hand, 

energy cost as well as heat load decreases with 

increase of insulation thickness. Total cost of heating 

is the sum of fuel cost and insulation cost. There is a 

point above which the saving in total cost will not 

compensate for the extra cost of insulation material. 

So there must be an optimum insulation thickness at 

which the total cost is minimum. The results show 

that optimum insulation thickness is 0.0618 m for 

Brick wall while it is 0.05022 m for Mud , when EPS 

is selected as the insulation material. 

 
Fig. 3(a) Variation of total cost with insulation thickness 

for Rockwool(RW) insulation for wall constructed of 

Brick 

Fig. 3(a and b) shows the variation of fuel cost, 

insulation cost and total costs in accordance with 

insulation thickness for Brick and Mud wall, when 

Rockwool(RW) is selected as an insulation material. 

Total cost consists of two cost parameter, one is fuel 

cost and other is insulation cost. Heat loss through 

building walls will be decrease with increase of 

insulation thickness. But at the same time the cost of 

fuel will decrease. The initial investment will 
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increased due to insulation cost and installation cost. 

So there is a thickness value at which the total cost is 

minimum. That thickness is known as optimum 

insulation thickness. 

 
Fig. 3(b) Variation of total cost with insulation thickness 

for Rockwool (RW) insulation for wall constructed of 

Mud brick. 

From Fig. 3(a and b), it can be seen that total cost 

decreased up to optimum insulation thickness, and 

after that total cost is increased. At this thickness, 

increase in insulation cost is compensated by 

decrease of fuel cost. As a result, the optimum 

insulation thickness is 0.0193 m for Brick wall while 

it is 0.00578 m for Mud wall, when RW is selected as 

the insulation material.  

 
Fig. 4(a) Variation of energy saving versus insulation 

thickness for different types of wall and EPS is selected 

as an insulation material. 

 
Fig. 4(b) Variation of energy saving versus insulation 

thickness for different types of wall and RW is selected 

as an insulation material. 

Fig. 4(a and b) shows effect of insulation thickness 

on energy saving for different wall for different 

insulation materials (EPS and RW). The energy 

saving gets increased by increasing the insulation 

thickness up to optimum insulation thickness on 

building wall. And after that the energy saving 

decreased with increased insulation  thickness. From 

Fig. 4(a and b), it is seen that higher energy saving 

are obtained for wall type I (Brick). According to 

energy saving point of view, wall type I (Brick) is 

better as compared to wall type II (Mud brick) wall. 

From Fig. 4 (b), it can be concluded that lower value 

of energy saving is obtained for RW insulation, when 

external wall is constructed by Mud wall. Annual 

energy saving per square metre of  external wall area 

is difference between cost of  heating the insulated 

and un-insulated building. Very low value of energy 

saving is obtained in the case of mud external wall. It 

mean there is no need of insulation for mud house 

construction due to low thermal conductivity and 

high thermal mass. 

 
Fig. 5 (a) Effect of insulation thickness on energy saving 

for different fuel type and EPS as an insulation 

material- wall type I (Brick) 

 
Fig. 5 (b) Effect of insulation thickness on energy saving 

for different fuel type and EPS as an insulation 

material- wall type II (Mud brick). 

Fig. 5(a and b) shows effect of insulation thickness 

on energy saving for four different energy sources, 

when wall type I (Brick) and wall type II (Mud 

Brick) is considered respectively. From Fig. 5, it can 

be seen that as insulation thickness increases, energy 

saving increases and reaches its maximum value at 

optimum insulation thickness. And after that energy 

saving decreases. Lowest value of energy saving is 

obtained for natural gas for either type of wall 

material. But highest value of energy saving is 

obtained for LPG for Brick material and for Mud 

Brick material. As shown in fig 5 (a and b), the 

application of insulation thickness increases the 

energy saving up to optimum insulation thickness. 

Energy saving is more important for the expensive 

fuel. We know that energy saving is proportional to 

cost of fuel and climatic condition. The highest 

energy saving is obtained as 6985.73 Rs/m
2
 , when 

LPG is taken as fuel source for wall II (Mud brick). 

The variation in fuel consumption versus the 

insulation thickness for different wall material is 

shown in Fig. 6(a and b). From Fig. 6(a), it is seen 

that for coal, the use of optimum insulation thickness 

with insulation will reduce the amount of fuel by 

72.7%. The use of insulation material at its optimum 

thickness in external walls will reduce the fuel 

consumption through these sections of the buildings 

for any type of energy application. From Fig. 6(a and 
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b), it can be concluded that as insulation thickness 

increases, fuel consumption decrease. 

 
Fig. 6(a) Fuel consumption versus insulation thickness 

for different fuel types and EPS as an insulation 

material-wall type I (Brick). 

 
Fig. 6(b) Fuel consumption versus insulation thickness 

for different fuel types and EPS as an insulation 

material-wall type II (Mud Brick) 

But this decrease is more rapid at smaller values of 

insulation thickness. When insulation thickness is 

exceeding the optimal thickness then the decrease of 

fuel consumption is very less. It means after optimum 

insulation thickness, the increase of insulation 

thickness is not beneficial. The highest value of fuel 

consumption is obtained for coal fuel, whereas the 

lowest values of fuel consumption are obtained for 

LPG fuel. When the fossil fuel is considered, then 

pollution (due to emission of co2 and so2) will 

produce. So in this situation natural gas will be more 

acceptable and economic. 

VI. CONCLUSION  

In this paper, the optimum insulation thickness, 

payback period and annual energy saving are 

calculated for two different types of external walls, 

for two types of insulation material and four types of 

fuel in Gauhati(91.59 E,26.11 N) north east India. As 

seen from Fig. 5(a and b) that energy saving rate is 

highest for LPG fuel and lowest for Natural gas. 

Energy saving rate is proportional to climatic 

condition and fuel cost. It is seen from Fig. (2), 

choosing a thickness value apart from optimum 

thickness will increase the total cost. From economic 

point of view, optimum insulation thickness must be 

applied to the building. The most suitable fuel for all 

climate zones is natural gas. As a result, Rockwool 

(RW) has the lowest value of optimum insulation 

thickness of 0.578 cm, while Expanded polystyrene 

(EPS) has the highest value of optimum insulation 

thickness of 6.18 cm. 

Results show that optimum insulation thickness 

varies between 0.578 cm to 6.18 cm , the energy 

saving per sq. meter varies between Rs. 28 to  1479  

and payback periods varies between 2.196 to  6.99 

years depending  on type of building wall, insulation 

material,  climatic condition and fuel cost.    

Nomenclature:  
Q :  Heat loss per unit area  

U : Overall heat transfer Coefficient 

Tb  :  Base temperature  
 Ta  : Mean air temperature  

DD  :  Degree- Days 

EA  : Annual energy requirement  
Rtw : Thermal Resistance of Wall 

X : Thickness of Wall 

K : Thermal Conductivity 
 ηs : Efficiency of space heating system 

Mfa                   : Annual fuel consumptions 

LHV : lower heating value of Fuel. 
g                : inflation rate   

i                 : interest rate  

PWF : Present worth Factor  
N : Life Cycle                                                         

Ct : Total heating cost of the insulated building  

 Cins : Insulation Cost                                                    
Xopt :  Optimum Insulation Thickness 

HU. : Calorific value of fuel 

Cins/ As   : simple Pay-Back Period.  
Es : Energy saving  
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