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ABSTRACT

The paper presents the development and study for energy efficient building design using solar passive techniques. Simple passive features such as optimum orientation, adequate shading of windows, shading of building envelope, roof and wall insulation, reflecting coating on exterior surfaces, application of reflective ceramic tiles over the roof, provision of cross ventilation have been incorporated in building design so as to temper the sun and effecting solar heat gains. Experimental study regarding the energy saving potential of EPF insulation on roof have revealed a decrease of 2-3 (C in indoor air temperature and saving of about 20 per cent electrical energy for air conditioning the space for required thermal comfort level. Windows have been designed following daylighting design criteria with double- glazing. Double-glazed windows not only improve thermal insulation but also curtail the direct solar gain. Two numbers of plans have been developed incorporating the passive features. Solar gadgets such as solar water heaters and photo- voltaic system are also incorporated to make direct use of solar energy to enhance the energy saving. 

INTRODUCTION 

There have been continued efforts towards the improvement of the quality of life since the beginning of the man moved into the permanent dwelling units. Safety and comfort have always been on the priority and he learned the art of living with the nature- The Passive Architecture- and skilled himself in designing the safe and comfortable buildings to beat the most sever climatic conditions and drawing maximum benefit from the nature. The advancement in the technology and advent of electrical energy kept the knowledge- base of solar – senses at side bays and gave much impetus to the use of electrical energy to achieve thermal and visual comfort indoors. Increased population, less availability of space and quest for more and more comfort further increased the dependence on electrical energy and consequently increased its consumption in building sector. Sufficiently large portion of the total energy produced in the country is used in building sector to provide appropriate thermal and visual comfort levels indoors. Due to prevailing energy crisis, interest in energy conservation in buildings by applying common solar sense and taking maximum advantage of climate and surrounding has regained much momentum. 

The challenge of the building industry for the coming time is to offer energy conserving homes that are affordable and attractive too. Energy conservation in buildings can be achieved to a great extent through the integration of land planning and adoption and incorporation of passive techniques and design features so that building envelope offers large thermal resistance during summer and allows appreciable heat entry in winter. Windows and other apertures need to be installed with glazing so as to let the light in but keep the heat out. Some of the passive devices and their energy saving potential as reported in the literature have been summarized by Chand and Kumar [1]. A strategic selection and incorporation of these passive systems result in considerable energy saving in buildings. The present paper deals with the development of design for an energy efficient residential building incorporating passive features at Roorkee a station in composite climatic zone.

The dominant feature of the composite climate is the changing hot-dry, warm-humid and cold seasons during the year with in between periods of temperate climate. The conditions are hot-dry during late April, May and June, warm-humid during July, August and early September, cold during December, January and February and temperate for rest of the year.  Characteristics of different climates have been described in climatic data Handbook [2]. Thus, in composite climatic zone, it is very difficult to arrive at a plan of a building which would be comfortable or near comfortable indoor environment and hence energy efficient in all the seasons. Hot summer season being the most discomfortable and energy consuming period has to be given more attention and passive systems that curtails solar radiation and insulate the building are needed to be adopted to achieve maximum energy savings. Also these passive features must not adversely affect the energy saving aspects during winter. In winter season the sun is more oblique and the walls receive more direct radiation.  

PRESENT STATUS OF ENERGY EFFICIENT BUILDINGS IN COUNTRY AND SURVEY

Only a few buildings have come up which have been designed incorporating passive features for energy conservation​ in the country. Most of these buildings are commercial complexes or institutional buildings. Only a few buildings are there in residential sector. These buildings belong to elite class people or energy conscious architects. Residential sector still needs a big bo​ost so that the energy consciousness becomes a prime theme among the general masses. A general survey of a residential building and some office buildings in Delhi reveals that some common passive features that have been applied are mainly shading of west wall, provision of verandahs, daylight design, roof and wall insulation and reflecting tiles on roof along with gadgets for solar energy utilization. Garden consisting of grass/vegetation and small trees has also been developed which provide shade and has changed the microclimate to some extent in nearby space. However, no quantitative feedback is available, but the residents feel comfort during summer by using simple cooling arrangements only. 

GENERAL REQUIREMENTS AND CONSIDERATIONS 

Most ideal condition for an energy efficient building is that of no cooling/heating device be required in summer/winter season for maintaining thermal comfort conditions indoor. This is very difficult to achieve by incorporating passive features only. Some kind of the electrical gadgets are required for heating or cooling and lighting the indoor space to achieve thermal comfort and visual comfort. The general requirements, therefore, are reduction in the hours of operation of cooling, heating and lighting gadgets, to obtain comfort conditions and reduction in indoor air temperatures during summer and take advantage of solar heat in winter. As mentioned earlier the energy requirement during summer for cooling the inner space is most significant, therefore, our focus shall be on incorporation of passive those features which curtail solar radiation and insulate the building to the extent that it would not affect the energy conservation​ during winter season. Basic approach, we envisage in evolving an energy- efficient design may be summarized in following three steps.

· Curtailment of solar radiation which are absorbed by exposed building elements i.e. minimize absorption of solar radiation by building envelope

· Improved insulation of roof and walls so as the heat gain due to conduction of heat to the interior is significantly reduced.

· An efficient technique for removal of the heat entered inside the room.

 The general considerations needed in designing energy efficient buildings are as follows:   

PLANING FOR SOLAR AC​CESS

Solar radiation is the main source of light and heat gain in a building. It is therefore required that the exposed area to the radiation be such that the total radiation be absorbed minimum. Solar radiation on different surfaces [3] suggests that building orientation be such that its longer axis be along E-W or the longer facades face towards north and south directions. Windows be fixed on these facades. The longer axis may deviate by an angle of 15( to take advantage of the prevailing wind direction for enhancing the ventilation. This is in accordance with the current practices being followed [4]. Design solar radiation for summer season​ for Roorkee falling on different surfaces of a building at 12:00 hrs and 14:00 hrs and also the maximum values  (peak value of the day) are given in Table-1a. It is evident from the data at 14:00 hrs, which is the time of maximum discomfort during the daytime in summer, that, after the roof, it is the west wall, which is exposed to maximums solar radiation and so needs maximum attention to be treated and shaded for energy effi​ciency. Similar data for winter has been given in Table -1b.  

TABLE-1a:  DESIGN RADIATION FOR ROORKEE (Summer)

	Sr. No.
	Surface
	Design Radiation

W/m2

	
	
	Max
	12p.m.
	2 p.m.

	1
	Horizontal Roof
	1020 (12hrs)
	1020
	914

	2
	West wall
	  685 (16hrs)
	91
	463

	3
	South wall
	  178 (12hrs)
	178
	121

	4
	North wall
	  234 (7/17hrs)
	91
	88

	5
	East wall
	   685 (8hrs)
	91
	88


TABLE-1b:  DESIGN RADIATION FOR ROORKEE (Winter)

	Sr. No.
	Surface
	Design Radiation

W/m2

	
	
	Max
	12p.m.
	2 p.m.

	1
	Horizontal Roof
	635 (12hrs)
	635
	518

	2
	West wall
	  491 (15hrs)
	83
	409

	3
	South wall
	  685 (12hrs)
	685
	607

	4
	North wall
	  83 (12hrs)
	83
	79

	5
	East wall
	   491(9hrs)
	83
	79


Aspect ratio, that is ratio of the length to breadth of a building is another important parameter from space planning and energy point of view. ​Preferred aspect ratios are 2:1 and 3:2.

 The heat enters a building in two ways

(1) Through building fabrics: This is due to absorption of solar radiation and then conduction to the indoor.  

(2) Direct penetration of solar radiation through windows and other openings. 

Strategies are to be followed to minimise the heat access in both these ways. 

Reduction in heat gain through the building fabric: Reduction of heat gain through the opaque parts of building may be understood through the heat flow relation under steady state condition given as

Q = ( AU (Tsa- Tmi) 


(1)

Where,  

Q is the heat flow rate

Tmi is the mean internal environmental temperature,

U is the overall heat transfer coefficient, 

A is the area of the surface of the building element and

Tsa = Ta + (( I - (IR) /ho is the mean sol-air temperature. 

Ta is the mean air temperature, 

(, (IR, and ho represent the absorption coefficient of the outer surface the term showing the radiative heat loss per unit area and the film transfer coefficient respectively. The summation is over all the surfaces and elements of the building envelope.

​​

​The term in the bracket in equation (1) represent the deriving heat potential. Heat flow rate Q may be curtailed by minimising both sol-air temperature (Tsa) and U-value. Reflective treatment on the surfaces, therefore, reduces the sol-air temperature and hence the deriving heat potential, as now more radiation are reflected and only a small amount of the radiation are absorbed consequently the surface temperature is considerably reduced. Absorption coefficient of most of the building elements like roof and walls lies between 0.7-0.8 i.e. they absorb 70 to 80 per cent of the radiation falling on them. Application of reflective coatings or a layer of glazed tiles on the upper surface reduces the absorption up to 0.3. The reduction in U-value may be achieved by insulating the building components so as the heat gain is reduced by conduction. For energy efficiency U- values less than 2.0 W/m2 (K have been recommended [5]. We have estimated the curtailment of radiation by reflection alone and also along with EPS insulation and the consequent decrease in the average indoor temperature over the commonly employed roof with mud fuska treatment in a room of size 5 m x 3m x 3m. The reflective treatment is the glazed tiles over the insulation. The results have been given in Table-2 & 3. It has been observed that a reduction of the order of 2(C in average indoor air temperature may be achieved only by the application of glazed tiles on the roof (or other reflective coatings). Glazed tiles together with EPS insulation may bring down the indoor air temperature by about 5(C.     

Recent experimental study at CBRI Roorkee on effect of EPS insulation on roof revealed that the indoor air temperatures are considerably lowered indicating the reduction in degree hours and hence the cooling load. Fig.1 shows the temperature profiles of the indoor air temperatures in a room treated with 5.0 cm thick EPS (Expanded Poly-Styrene) and a similar untreated room along with the out-side shade temperature. These experimental findings are in accordance with our estimations.  

Application of glazed tiles and insulation of roof by EPS are passive features, which considerably reduce heat gain and achieve energy efficiency in building. The increased cost of these treatments is marginal and regarded as the most cost effective investment in energy efficiency.  

TABLE-2:  REDUCTION IN SOL-AIR TEMPERATURE 

        DUE TO REFLECTION ALONE

Room dimensions
5m x 3m x 3m

Outdoor air temp. (Taken)  Ta   =  36(C

Indoor air temp.

Tmi = 32(C

Av. Solar radiation
I =
620 w/Sqm

	S. No.
	Surface
	Area

Sqm


	U

W/m2k
	A*U

W
	( (r)


	Tsa (C

(Tsa -Tmi)



	1
	Roof

Plaster+10cmRCC+5cm Mud 

Fuska+ 3.5cm Tiles


	15
	2.7
	40.5
	0.7 (0.3)


	51.9

(19.9)

	2
	Wall N

Plaster+23cm Brick+Plaster
	15
	2.1
	31.5
	
	

	3
	Wall S

Plaster+23cm Brick+Plaster
	15
	2.1
	31.5
	
	

	4
	Wall E

Plaster+23cm Brick+ Plaster
	9
	2.1
	18.9
	
	

	5
	Wall W

Plaster+23cm Brick+ Plaster
	9
	2.1
	18.9
	
	

	6
	Roof with reflecting tiles
	15
	2.7
	40.5
	0.3 (0.7)
	42.6

(10.6)

	7
	Roof with EPS + Glazed tiles
	15
	0.53
	7.95


	0.3 (0.7)
	42.6

(10.6)


                           (AU = 141.3 

For EPS Roof    (AU
= 108.75 

TABLE- 3: Reduction in heat gain through roof only


Q = ( AU (Tsa- Tmi) 




Tsa = Ta + (( I - (IR) /ho 



(IR = 85 w/m2 



h0 = 22 W/m2 (k



(AU = 141.3,
108.45

	S. NO.
	Type of Roof 
	Tsa 

(C
	Tsa - Tmi 

(C
	Heat gain Q

(W)
	Energy saving (Q(W)
	(Q/(AU

Reduction in temp.

	1


	Ord. Roof
	51.9
	19.9
	806
	
	

	2
	Roof (Reflective)
	42.6
	10.6
	429
	377
	2.0 to

2.65 (C

	3
	Roof   EPS

+Glazed tile
	42.6
	10.6
	84
	722
	4.7 to

6.6(C


Reduction in direct heat gain: Windows are the essential component of any building which provide external view and keep us contact with outside also the visible radiation provide daylight to illuminate interior. The infrared part associated with the radiation cause direct heat gain and thermal discomfort. Also, it may be mentioned that, the thermal insulation of window is very poor compared to the opaque fabric of the walls of building. Window, therefore, requires further insulation for reduction in conduction of the heat radiation. The heat transfer coefficient (U-value) of a single glazed glass window is ~ 5.2 W/m2 (C compared to U-value of 23 cm brick wall plastered both sides, which is 2.1 W/m2 (C. A double glazed window comprising of 4 mm glass with a gap of 1 cm has U-value ~ 2.33 W/m2 (C, has more thermal resistance, and is comparable to 23 cm wall section. Also less direct radiation penetrate due to decreased transmitivity. A double glazed unit is a better option from energy point of view.

The direct solar gain may further be curtailed by applying yet another passive feature of inward tilting of the glazing in window. Recent studies [6,7,8] reveal considerable reduction in direct transmitted radiation through windows by inward tilting the glazing. This can be achieved by flushing the upper and lower edges with outer and inner side of the wall respectively. The reduction is more significant for the windows facing E/W and NE/NW directions and increases with increase in the angle of tilt of glazing. A tilt of 12( can be easily provided in a 23 cm wall for a window of normal height of 1.2 m. The reduction in transmitted radiation is quite considerable at this angle. Higher tilt in windows may be achieved by dividing the aperture in windows of lesser height. Therefore, to achieve energy efficiency, windows in E/W or NE/NW facing walls be tilted. Tilt in N/S facing windows though reduce direct solar gain, but the amount of incident radiation is very small on these façade and may not effectively contribute to energy efficiency of the building. Windows in the walls facing N/S be placed in vertical position. It may be mentioned that the tilt in glazing does not affect the daylighting aspect. For further reduction in conduction gain, plastic frames or metallic frames with thermal break are required to be opted. 

Envelope Shading: The shading the building envelope is another proposition to reduce the heat gains through roof and walls. Shading obstructs incident radiation before they are absorbed. Verandahs and jalis are appropriate passive features, which help reduction in direct solar radiation on the walls. It would be better if a part of the building shades another part as the sun moves from E to S to W i.e. self- shading.  Facilities like W C and bathroom etc., if located west- ward shall shade the west wall completely and no solar gain from that side.

Daylight designing: It has been established that appropriate daylight design of window aperture in terms of the fenestration percent is a potential source of energy saving by way of minimizing the time of operation of lighting sources. For composite climatic region fenestration area of 15% of floor area is required for a double glazed unit to maintain required level of illumination in rooms. Required levels of illumination for different tasks to be performed are given in National Building Code [9]. 

Heat Removal: The heat, which has entered indoor becomes the part of its cooling load and required to be removed as quickly as possible. Enhanced ventilation is an effective approach. The ceiling of the lobby space has been raised and open-able windows have been provided above the roof level on the balcony space, so as to create a chimney like effect for enhancing the ventilation rate and hence enhance heat removal rate from the building. This ventilative cooling may be helpful in cooling the structure during nighttime. Desert cooler may be used to add comfort. Cooler of appropriate size may be installed on these windows in the balcony type space. 

Utilisation of solar energy: Installation of solar water heaters and PV systems are important requirement in an energy efficient house. Solar gadgets harness the solar energy for comfort and supplement electrical power, which may be used to operate low to medium power electrical appliances and also in lighting and fans. This direct saving in the electrical energy supplied curtails the budget for electricity consumption. Provisions, thus, for installing solar gadgets be made at the design stage. South facing, preferably sloppy, roof be made available for solar water heaters. The solar water heaters further shade the roof on which they are installed. South facing window in kitchens be planned and designed so as to utilize the solar radiation for solar cookers, driers and hot water etc. if required.

Increasing thermal inertia of the envelope: Heavy building envelope has high thermal storage capacity and controls the swings in the indoor temperature, delaying the hour of peak of the temperature. This may be because that the heat stored during daytime is easily radiated to sky. Massive entry gate and gallery, massive projections, parapets etc. are the different ways to enhance the thermal inertia of the structure.

Other strategies: Strategies like use of energy efficient light sources and luminaires, movable shading devices, use of venetian blinds, shading of walls by creepers, changing microclimate nearby by developing garden consisting of grass/vegetation and small trees with the provision of fountains etc help in energy conservation.        

CONCLUSION

Based on the above considerations, the following final techniques have been incorporated in evolving a design and plan of an energy efficient house in composite climatic region  

· Orientation: Longer axis E-W, 15( North of East. 

· Aspect ratio: 1:1.5 to 1:2
· Roof insulation: Expanded Polystyrene (EPS) 5 cm. thick.
· Glazed tiles on the roof: ~ 2.5 cm.
· 23 cm brick walls plastered both sides, U-VALUE-of walls 2.1 W/m2 (k
· West wall be shaded by W. C or other spaces
· Verandah and Jali on South facade 
· Interior Surface finish

· Roof ; Off-white

· Walls: Off-white

· Floor : Grey or light coloured
· Windows: designed as per daylighting norms 
· Fenestration 15% of floor area

· Double Glazed 

· 4mm Glass with 1cm air gap in between. U-value is about 2.33 W/m2 (k

· Plastic Frame or Metallic with thermal break.

· Inward inclined (​​12() if placed on E/W

· Improved insulation due to double glazing 

· Self shading

· Enhanced Ventilation through chimney like effect due to raised height of the ceiling of lobby space.

· Provision for utilization of solar energy through Solar Water Heaters.

· Addition of heavy mass in the building envelop. 

· Light coloured exterior finish: White wash, snowcem white/off-white 

· Use of Energy efficient lighting gadgets

Two plans have been prepared. Plans, sections and elevations developed are given in Figs. 2 (a, b, c, d) and 3(a, b, c, d). A saving of 30 per cent in energy budget is anticipated.
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