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Abstract
The simulation study has been carried out for evaluation and performance of roof and wall insulation to be applied in building to assess its energy saving potential in air conditioned building and reduction in indoor air temperature to be achieved in unconditioned building during summer season. Heat conduction transfer functions or response factor methodology to predict the thermal history of multi layer slabs in the software TRNSYS [1], developed by Mitalas, Stephenson and Arseneault have been used for the calculation of transient heat transfer through walls and roof of building. The study has been undertaken for a period of one year for a single zone building in composite climate of India. Result of the study states that more than 29 % energy can be saved by treating a building with good insulation system.  
1. Introduction
Modern buildings in India consume about 25 to 30 percent of total energy generated. Although the present energy consumption per capita in India is a fraction of that of most developed nations, but with its projected growth, unless enough measures are taken, it may lead to acceleration of destruction of environment, leading to further global warming and climate change. Sustainable building may contribute towards cutting down energy consumption. The approach of developed nation to sustainability concentrates on energy conservation through high technology innovations, use of products and materials with lower embodied energy and green rating based on intent, which implies expert inputs and simulation. Indian construction industry will do better using quality thermal insulation apart from applying low cost technology innovations, using recycled materials and recognizing performance through easily measurable parameters.  
In this study a computer model TRNSYS; version 16, very versatile software has been used for thermal simulation study of the building. The study on thermal behavior has been undertaken for the building located at New Delhi which falls in the composite climatic zone of India. The solar radiation and climatic data of this station is available in the desired format i.e. TMY2 (New Typical Meteorological Year) as required in TRNSYS Software.   The important data elements which are being used as input in the software are hourly values of about 20 parameters. These parameters are, Extraterrestrial Horizontal Radiation, Extraterrestrial Direct Normal Radiation, Global Horizontal Radiation, Direct Normal Radiation, Diffuse Horizontal Radiation, Global Horizontal Illuminance, Direct Normal Illuminance, Diffuse Horizontal Illuminance, Zenith Luminance, Total Sky Cover, Opaque Sky Cover, Dry Bulb Temperature, Dew Point Temperature, Relative Humidity, Atmospheric Pressure, Wind Direction, Wind Speed, Horizontal Visibility, Precipitable Water and Aerosol Optical Depth.

2. Objective
The objective of this study is to estimate the building energy consumption and evaluation of indoor air temperature for using different type of thermal insulation on roof, wall, and roof and wall both. Energy simulation of eleven cases of building specifications has been carried out for hourly basis far all 8,760 hours in the year. The evaluation has been made in the form of hourly indoor temperature profile for non air condition building and for air conditioned building, space air conditioners of cooling capacity of 60kJ/hour has been considered for untreated case and cooling capacity of 40kJ/hour has been considered for treated cases. In this study no adjacent or internal wall is considered as all the four walls are external wall each made of non negligible mass. In the untreated case basic conventional construction material has been used. The walls are 0.230m thick brick plastered on both side with cement mortar of 0.013m thickness. The total thickness of each of four walls is 0.256m and its U-value is 2.376w/m2K. The solar absorption co-efficient of the walls is 0.6 on the front side and 0.6 on the back side. The convective heat transfer coefficient of wall are 11 kJ/hm2K on the front side (inside surface) hi and 64 kJ/hm2K on the back side (outside surface) ho.  Roof is 0.150m thick heavy reinforced concrete slab plastered inside with thickness of 0.013m. The total thickness of each of roof is 0.163m and its U-value is 4.023w/m2K. The solar absorption co-efficient of the roof is 0.6 on the front side and 0.6 on the back side. The floor of the building is made of marble stone of 0.025m thick laid over heavy concrete of 0.100m, and clay-soil of at least 0.100m thickness. The total thickness of the floor is 0.255m and its U-value is 3.290w/m2K. The treatment such as application of various layers of insulation material on roof using different insulation materials have been considered in various treated case. Applications of wall insulation along with roof insulation have also been considered. 
3. Methodology
A holistic approach to building design requires a methodology to estimate the performance of the proposed design and material in advance and in such a way that the interactions between different technical domains may be judiciously incorporated. Performance of different building and insulating materials are needed to be evaluated quantitatively for their thermal behaviors as if they are applied to actual building for a whole of the year covering most of the weather conditions that may the building will face.   Building performance [2] analysis is essential at the design stage in order to prevent the delivery of building with unacceptable performance characteristics. Based on the literature survey and our experience in the research and development in this area, some of the approaches for evaluation of performance of a design of building and building materials are tabulated below. The advantage and disadvantage of different methodologies are given in Table 1. Currently 16th version of TRNSYS is available at CBRI Roorkee. TRNSYS version 16 is capable of predicting hourly indoor temperature profile and also cooling/heating loads. This software is also capable of carrying thermal simulation of multi-zone building. Thence this software has been used for the evaluation of indoor air temperature and cooling load of a typical building with a view to evaluate the performance of difference type of roof and wall insulation.
Table 1.  Comparison of merit and demerit of different methodologies

________________________________________________________________________
Approach

Type

Advantage


Disadvantages

________________________________________________________________________
Experimental        Small scale          Reproductive experiment          Scale effects 

                             model study)        low cost 


modeling error
                             Full scale             Complex phenomenon              Time consuming

                                                          global analysis                          expensive
Analytical               Easy to use                              Large errors due            

                                                                                to  Mathematical                                                                                       

                                                                                simplification 
                            Numerical            Complex model                         Validation, model

                            (computer             fast calculation 


might be complex,
                            simulation)           compare different                      model

                                                         variants                                      approximately/error   
________________________________________________________________________
Currently 16th version of TRNSYS is available at CBRI Roorkee. TRNSYS version 16 is capable of predicting hourly indoor temperature profile and also cooling/heating loads. This software is also capable of carrying thermal simulation of multi-zone building. Thence this software has been used for the evaluation of indoor air temperature and cooling load of a typical building with a view to evaluate the performance of difference type of roof and wall insulation.
This software has in-built weather file containing detailed climatic data of many stations covering all over the world. The climatic data of more than 70 stations of India are also included in it. In this software heat conduction transfer functions or response factor methodology to predict the thermal history of multi layer slabs, developed by Mitalas, Stephenson and Arseneault have been used for the calculation of transient heat transfer through walls and roof of building. The long wave radiation exchange between the surfaces with in the zone and the convective heat flux from the inside surfaces to the one air are approximated using the star network proposed by Seem. A2- Band- Solar-Radiation-Window-Model and Window 4.1 program developed at LBL USA have been used for taking into account the effect of the heat transmission through windows.
4. Basic considerations
The indoor thermal environment depends on many factors such as outdoor climatic conditions, thermo- physical properties of materials used in the construction of building envelope. The building envelope consists of opaque roof and walls, transparent or translucent glazing and projections such as overhang and wing walls for shading of windows. The overall heat transmittance (U-value) of wall, roof and other component of building envelope is the most important parameter, which affects heat transmittance of any building interior from thermal viewpoint. The overall heat transmittance of any building element such as roof or wall is a function of thermal conductivity (k-value), thickness of different layers of material of which it is composed of, and convective heat transfer coefficient of inside and outside surface i.e. hi and ho. The external surface characteristics such as solar absorption, reflectance, emissivity of walls and roof, and transmittance of window elements determine the influence of the exposure of the building envelope to the building depends upon the orientation and form of the envelope whether it is square, rectangular or cylindrical.

The case under consideration is a single storey residential building having a big hall room. The dimension of the room selected is such that it is rectangular in shape with aspect ratio of the order of 3:2 and it is 15m long and 10m wide and 4m height located on ground floor with all the four vertical walls facing cardinal directions (North, East, South and West) and flat horizontal roof exposed to external environment. Each wall has window of 1.2 m height at a sill level of 0.9m above floor; the area of each window is 15% of the corresponding wall area. Windows have horizontal overhangs of 0.45m wide on their top. A suitable orientation helps in achieving better conditions indoors through reduction of solar heat ingress and enhancement of natural ventilation. Long axis of the building along East-West with windows of larger sizes facing north and south provides advantage of solar heat in winter minimizing it in summer.
Generally in a thermal zone of building walls are classified into four types viz.
1. External: The wall separating the zone from external ambient environment.

2. Adjacent: Wall separating different thermal zones.

3. Internal: Wall within a thermal zone under consideration.

4. Boundary: Wall within having known external boundary conditions.
Walls are generally made up of layers of various thicknesses of different materials.
There are three types of layers that may be defined
· Layers having non-negligible mass (massive layers)

· Layers to be treated as pure resistances 

· Active layers  
Table 2. Thermo-Physical properties of insulation product
	     Product
	Average Density

(kg/m3)
	Average K-value

(W/mK)
	Average K-value

(kJ/hmK)

	Elastopor board
	44.32
	0.0248
	0.1040

	Peripor board
	32.60
	0.0322
	0.1350

	Neopor board
	17.50
	0.0318
	0.1340

	Elastospray
	43.80
	0.0229
	0.0962

	Styropor
	19.23
	0.0346
	0.1450

	Thermocrete
	752.0
	0.2300
	0.9660


The most important factor for thermal simulation study of the building design will be the climatic condition outdoor. It is proposed to study the thermal behavior of the building as if it is located at New Delhi which falls in the composite climatic zone of India as per new climatic zone2. The solar radiation and climatic data of this station is available in the desired format i.e. TMY2 (New Typical Meteorological Year) as required in TRYNSIS Software.   The important data elements which are being used as input in the software are hourly values of about 20 parameters listed below. 
Extraterrestrial Horizontal Radiation, Extraterrestrial Direct Normal Radiation, Global Horizontal Radiation, Direct Normal Radiation, Diffuse Horizontal Radiation, Global Horizontal Illuminance, Direct Normal Illuminance, Diffuse Horizontal Illuminance, Zenith Luminance, Total Sky Cover, Opaque Sky Cover, Dry Bulb Temperature, Dew Point Temperature, Relative Humidity, Atmospheric Pressure, Wind Direction, Wind Speed, Horizontal Visibility, Precipitable Water and Aerosol Optical Depth etc.
4.1 Common optical and thermal characteristics of single glazed window 

Overall heat transfer coefficient U=  5.8W/m2K


     Solar  transmittance  g  =  0.855

Frame area is 15% of total window area.



  Frame U-value     = 2.27 W/m2K

Tilt of window from horizontal     = 90.0 Deg (Vertical)

                              Total height     = 1219.2mm

                              Total width      = 914.4mm

                             Glass height     = 1079.5mm

                             Glass width      = 774.7mm
5. Simulation study
The simulation program is a computer based program for the analysis of energy consumption in buildings. In the case under study no adjacent or internal wall is considered as all the four walls are external wall each made of non negligible mass. The untreated base case has conventional construction material used. The walls are 0.230m thick brick wall plastered on both side with cement mortar of 0.013m thickness. The solar absorption coefficients of the walls are 0.6 on the front side and 0.6 on the back side. The convective heat transfer coefficient hi, on the front side (inside surface) is 11 kJ/hm2K and ho on back side (outside surface) is 64 kJ/hm2K for both roof and wall. 
Roof consists of 0.150m thick heavy reinforced concrete slab plastered inside with thickness of 0.013m. The total thickness of each of roof is 0.163m and its U-value is 4.023w/m2K. The solar absorptances of the roof are 0.6 on the front side and 0.6 on the back side. The floor of the building is made of marble stone of 0.025m thick laid over heavy concrete of 0.100m, and clay-soil of at least 0.100m thickness. The total thickness of the floor is 0.255m and its U-value is 3.290w/m2K. The solar absorption coefficient of front side as well as back side is 0.6 and the convective heat transfer coefficients of floor for front side surface and back side are 11 kJ/hm2K. The treatment such as application of various layers of insulation material on roof as per recommended practice in India using different insulation materials have been considered in various treated case. Applications of wall insulation along with roof insulation have also been considered. All thermo-physical and construction parameters for different cases are tabulated below.

    Category A.  Conventional Construction (untreated)

Case 1.  Wall specification
	Layers
	Thickness 

L  (m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

C (KJ/KgK)
	Density

ρ (Kg/m3)

	Cement Plaster
	0.013
	1.07
	0.84
	2000

	Brick
	0.230
	0.85
	0.84
	1750

	Cement Plaster
	0.013
	1.07
	0.84
	2000


   Total thickness = 0.256 m, U-Value = 2.376 W/m2K
Roof specification
	Layers
	Thickness 

    L  (m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

C (KJ/KgK) 
	Density

ρ (Kg/m3)

	Cement plaster
	0.013
	1.07
	0.84
	2000

	Heavy reinforced concrete
	0.150
	1.89
	0.84
	2400


    Total thickness = 0.163 m, U-Value = 4.023 W/m2K
Floor specification
	Layers
	Thickness 

L(m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

 C (KJ/Kg K)
	Density

Ρ (Kg/m3)

	Marble
	0.025
	2.52
	0.84
	2550

	Heavy Concrete
	0.100
	1.46
	0.84
	2200

	Soil
	0.100
	1.29
	1.80
	1500


    Total thickness = 0.225 m, U-Value = 3.290 W/m2K
   Category B. Wall and Floor Specification: Same as Case1
Case 2. Roof treated with Elastopor insulation
Roof specification
	Layers
	Thickness 

L  (m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

C (KJ/KgK)
	Density

ρ (Kg/m3)

	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Elastopor
	0.050
	0.0249
	0.84
	44.32

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness = 0.316 m, U-Value = 0.425 W/m2K
Case 3. Roof treated with Peripor insulation
Roof specification
	Layers
	Thickness 

L  (m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

C (KJ/KgK)
	Density

ρ (Kg/m3)

	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Peripor
	0.050
	0.0324
	0.84
	32.60

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness = 0.316 m, U-Value = 0.511 W/m2K

Case 4. Roof treated with Neopor insulation
Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Neopor
	0.050
	0.0319
	0.84
	17.50

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness =  0.316 m, U-Value =  0.508 W/m2K
Case 5. Roof treated with Elastospray insulation
Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Elastospray
	0.050
	0.0231
	0.84
	43.8

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness = 0.316 m, U-Value = 0.401 W/m2K

Case 6. Roof treated with Styropor insulation
Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Styropor
	0.050
	0.0345
	0.84
	19.23

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness =  0.316 m, U-Value =  0.536 W/m2K
Category C. Floor Specification same as case 1
Wall treatment by applying EPS insulation inside of the room Wall specification
	Layers
	Thickness 

L  (m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

C (KJ/KgK)
	Density

ρ (Kg/m3)

	EPS
	0.050
	0.032
	0.84
	21.68

	Cement Plaster
	0.013
	1.07
	0.84
	2000

	Brick
	0.230
	0.85
	0.84
	1750

	Cement Plaster
	0.013
	1.07
	0.84
	2000


Total thickness = 0.306 m, U-Value = 0.545 W/m2K

Case 7.  Roof treated with Elastopor insulation
Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Elastopor
	0.050
	0.0249
	0.84
	44.32

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness =  0.316 m, U-Value =  0.425 W/m2K
Case 8. Roof treated with Peripor insulation
Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Peripor
	0.050
	0.0324
	0.84
	32.60

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness =  0.316 m, U-Value =  0.511 W/m2K
Case 9. Roof treated with Neopor insulation
Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Neopor
	0.050
	0.0319
	0.84
	17.50

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness =  0.316 m, U-Value =  0.508 W/m2K
Case 10.  Roof treated with Elastospray insulation
Roof specification
	Layers
	Thickness 

L  (m)
	Thermal conductivity 

 K (W/mK)
	Thermal capacity

C (KJ/KgK)
	Density

ρ (Kg/m3)

	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Elastospray
	0.050
	0.0231
	0.84
	43.8

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness = 0.316 m, U-Value = 0.401 W/m2K
Case 11. Roof treated with Styropor insulation

Roof specification
	Cement Plaster
	0.013
	1.070
	0.84
	2000

	Heavy Reinforced Concrete
	0.150
	1.890
	0.84
	2400

	Styropor
	0.050
	0.0345
	0.84
	19.23

	Thermocrete
	0.100
	0.230
	0.84
	752

	China Mosaic
	0.003
	1.030
	1.00
	2000


Total thickness =  0.316 m, U-Value =  0.536 W/m2K

In all eleven cases has been considered for simulation. The first case deals with untreated conventional construction, in second to sixth case roof  is treated with Elastopor insulation, Peripor insulation, Neopor insulation, Elastospray and Styropor insulation respectively with no wall treatment. The remaining cases from seventh to eleventh, the roof were treated with respective thermal insulation with wall treated by EPS insulation from inside of the room. 

The outputs are in the form of hourly indoor temperature profile after running the simulation for whole of the year covering all the seasons.  For air conditioned space air conditioners of cooling capacity of 60kJ/hour has been considered for untreated case and cooling capacity of 40kJ/hour has been considered for treated cases.
6. Conclusion 
From the study made above, following conclusion may be drawn.

The performance of a building when both roof and wall is treated gives better result than the treatment made only on roof of the building. The best result is obtained when a building roof is treated by Elastospray insulation and walls are treated with Expanded Polystyrene thermal insulation as the lowest minimum and maximum indoor air temperature are recorded in compare to other thermal insulation. The performance of a building is found same for roof treated by Elastopor insulation or by roof gravel and the walls treated by EPS. Similarly the behavior of the building is approximately the same if the roof is treated by either by Styropor or Pavor elastopor thermal insulation.

The study show that cooling load consumption in a building can be reduced by over 30 percent when the roof treated with Elastospray and wall treated with EPS thermal insulation. 
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Figure1.Outdoor air temperature and indoor air temperature of all the cases (11)

                        for whole of the year (8760 hours).
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