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Abstract.
The better life style of society evidently demands huge energy. The building, transportation and industries are major energy demand sectors where 39% energy is consumed by building sector [14]. The ventilation & HVAC load of building can be reduced by adopting the stack ventilation systems and integration techniques. There is immense opportunity for R&D particularly in the application for enhancement of ventilation and thermal conditioning. This paper communicates the method of reducing ventilation and cooling load of building by application of solar chimney and integrated approach in modern buildings.
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1. Introduction
The largest energy consumed by commercial and residential building apart from 33% industry and 28% transportation as shown in figure 1. The energy is consumed in lightning, heating, cooling, cooking, ventilation, washing, computer, and refrigerator, etc. whereas heating and lighting are the major energy contributors. The end use contribution by ventilation equipments in USA is 12% [10] but in India it is approximate 6% [16]. The ventilation energy consumption is not a less amount so small energy saving in this field will reduce the building energy load and help to save environment.
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Figure1. Energy demand scenario. [14]

It can be possible by build a solar chimney in south side of building. The cause of selection of south direction is that the building situated in north hemisphere. If wind flow is negligible i.e. in metropolitan cities due to cluster of buildings, window services are ineffective then ventilation can be enhanced through applying solar chimney technology and produce better environment conditions.

The better environmental condition means more satisfying work place and gives more productive workforce. The evidence of this statement is not found but differences were described by Paul and Taylor in 2008 [22]. They studied two different universities building and found HVAC retrofitted building was more thermally comfort but natural ventilated building was having better air quality. In this study thermally discomfort is the negative aspect in normal building but when we provide natural cooling (through EATH, adsorption, absorption and evaporative cooling) will give better satisfying condition. 
The energy consumption is less in green buildings as compared to conventional buildings. The reduction of energy demand in building sector is an important goal in current scenario and will be reviewed the architectural design of building. It has been used in urban planning from last few years. Okeil [2010] has given the more energy efficient building forms. He studied the various parameters responsible for increasing the winter solar exposure, reducing the urban heat mitigation by channel flow or through improved air flow for which promoting the green roofs [20].
This paper deals with the enhancement techniques of natural ventilation and performance improving integration techniques of solar chimney as RSC and ETHE integration.

2. Conventional solar chimney 
In a building air flows through an opening is due to (i) wind forces and (ii) thermal forces. When wind strikes on building it creates positive pressure on windward wall and negative pressure on leeward wall. If we provide window on both walls, due to pressure difference or so developed aero motive force, wind starts flowing from higher pressure region to lower pressure region and the space get ventilated. The rate of air flow increases with increase in window area and becomes optimum at 40% area of floor area. Further increase in window area, the increase in wind flow is insignificant. When wind speed is not sufficient to induce natural ventilation by wind forces, then wind flow may be induced by thermal forces based on the principle of stack effect.  
To counter this problem of ventilation due to thermal forces, solar chimney can be formulated in building. The schematic view of a simple solar chimney is shown in figure 2. The solar chimney is working on the principle of buoyancy or stack effect where air is heated by solar insolation. The solar chimney design is based on the fact that hot air rises up creates suction effect and that replaces room air by ambient air. The solar chimney mainly made of a black hollow thermal mass with opening at the top for exit the hot air and at bottom for entering the room air. The air is passed through the room and exit from the top of chimney. The chimney enhances the ventilation and reduces the temperature inside the room when damper operates at position (1). It can work as reverse for heating the room in cold region when damper operates at position (2) where chimney hot air can be circulated in room. The merits of solar chimneys are; there is no mechanical part, Low maintenance, No electrical power Consumption, No global warming, No Pollution and can be used for both heating and cooling. Only one drawback is to increases the cost of building.

[image: image2.emf]
Figure2. Solar chimney used in building ventilation.
The solar chimneys have attracted much interest in various investigations in past two decades. Bansal et al. [1993] analytically studied a solar chimney-assisted wind tower for natural ventilation in buildings. The expected effect of the solar chimney was shown to be extensive in inducing natural ventilation for low wind speeds. 
Gan and Riffat (1998) have investigated solar-assisted natural ventilation with heat-pipe heat recovery in naturally ventilated buildings using a CFD technique.
The natural ventilation and space conditioning enhancement methods for buildings have been proposed by Barrozi et al [3], Hirunlabh et al [9], Alfonso [1], Drori [5], Khedari et al [24], Ong [18] etc. The solar chimney have used for centuries particularly in Europe by Romans as well as Middle East and north east by Persians [8]. 
3. Solar chimney and roof solar collector integration
The roof integrator solar collector means solar collector would be situated at top of roof. It is different from trombe wall. Zhai et al. [30] suggested single pass and double pass roof solar collectors (RSC) for two modes operation as space heating and natural ventilation mode as shown in figure 3 (i) & (ii). 
As per the constructional feature of the single pass RSC is given by the numbering and detail in figure 3(i) where 1 & are damper, 3-glass cover, 4-absorber plate, 5-insulation plate, 6-air channel, 7&10-tuyere, 8-air duct and 9-fan. The damper 1 & 2 are used to operate the system in two different modes. The double pass RSC found 10% higher efficiency than the single pass RSC. 

[image: image3.emf]      [image: image4.emf]
(a)                                                                                 (b)

Figure3. (i) Structure of single pass roof solar collector (a) Space heating mode. (b) Natural ventilation mode. [Zhai et al. 2004]
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(c)                                                                          (d)
Figure3. (ii) Structure of double pass roof solar collector (a) Space heating mode. (b) Natural ventilation mode. 1—damper,2—damper, 3—damper, 4—glass cover, 5—absorber plate, 6—insulation plate, 7—damper, 8—tuyere, 9—tuyere, 10—fan, 11-tuyere, 12—air channel 1, 13—air channel 2, 14—air duct.[ Zhai et al. 2004].
The roof solar chimney incorporates the full collector area. RSC is insulated against the room when it operates in summer. There are many advantages of RSC as follows [Harris and Helwig 2007]
1. It is more aesthetical and pleasing than tower

2. Large collector area easily achieved

3. No additional tower needed

4. Less cost that tower

5. Easier to retrofit
Some of disadvantages of RSC are: it restricted the stack height, heat transfer between glass cover and air is higher than tower, higher pressure loss due to additional bends and incorporate of additional thermal mass is more difficult.
An integrated approach of trombe wall and RSC can be used to increase the performance of solar chimney or to increase the ventilation of building in summer and heating in winter. This approach is shown in figure 4, where damper position 1 and 2 are used for ventilation and space heating. This configuration gives better result than individual approaches of RSC and conventional solar chimney.
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Figure4. RSC and conventional solar chimney

4. Solar chimney and earth tunnel heat exchanger Integration

The soil temperature at the depth of 2-3 meter found stable and constant throughout the year and it is approximately equal to the average annual ambient air temperature. Sharan and Jadhav [2002] studied the soil temperature regimes of Ahmedabad India. The result of their work is that the depth below 3 meter is suitable for earth air tunnel or Earth tunnel heat exchanger (ETHE). The ETHE can be used in buildings for heating in winter and cooling in summer up to some extent that surely reduces the energy bill. A schematic diagram 5 is shown the earth tunnel heat exchanger. 
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(a)                                                                                                                            (b)

Figure5. Earth tunnel heat exchanger for conditioning of buildings. [Sharan and Jadhav 2003]
The ETHE is made of low cost mild steel pipe of moderate conductivity (45-65 W/m2 K) as shown in table 1, where rate of mild steel pipe is also compared with other pipes as per Indian market.
The sharan and Jadhav [2003] have experimentally analyzed the single pass ETHE system and found 3.3 COP in cooling mode and 3.8 COP in heating mode. The temperature of indoor air was reduced up to 14ºC from maximum hot temperature in May-June and warm up to 26ºC (annual average air temperature) in December-January. Sodha et al. [1985] have designed ETHE for a hospital in Mathura India having cooling capacity 512kWh and heating capacity 269 kWh at air velocity of 4.89m/s. The Singh [1994] optimized and analyzed the ETHE and found various parameters and constant required to design the system. 

Table 1. Thermal conductivity and cost of some important pipe materials
	S.No.
	Material
	Thermal Conductivity (W/m2 k) #
	Density

(kg/m3)

#
	Size (outer diameter for 2.5mm thickness)
	Mass of pipe

(kg/m)
	Approximate Cost per meter @

	
	
	
	
	
	
	Rs 
	USD

	1. 
	Aluminum 
	235
	2712
	4’’
	5.3
	1500
	29.34

	2. 
	Copper
	400
	8940
	4’’
	17.49
	5000
	97.83

	3. 
	Cast iron
	80
	7000
	4’’
	13.69
	1200
	23.48

	4. 
	Mild steel (black)
	61
	7850
	4’’
	15.39
	599
	11.72

	5. 
	Stainless steel
	14
	8000
	4’’
	15.65
	2500
	41.91

	6. 
	Wrought Iron
	102
	7850
	4’’
	15.39
	1400
	27.39


* using conversion values of Indian Rupees to USD from Monday, April 09, 2012(http://www.x-rates.com) @Rates as per Indian market Feb. 2012 and  # http://www.engineeringtoolbox.com
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Figure 6. ETHE and vertical solar chimney
Mathur and Bansal [2009] used evaporative cooling to enhance the performance of ETHE. The main advantages of the ETHE system is to conserve 1/3rd energy of conventional AC and 100% fresh air circulated in the building. The integrated approach of conventional solar chimney and earth air tunnel heat exchanger is shown in figure 6, where suction effect is generated by conventional solar chimney and the cooling effect generated by earth air tunnel and it gives better indoor air quality.

5. Solar chimney, RSC and ETHE integration
The individual approaches are described in above literature where individual system gives lower performance and air quality but integrated approach gives better air quality for individual summer and winter season. Two different integrated approaches can be coupled and the proposed system can run whole year which shown in figure 7.
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Figure 7. RSC, ETHE and vertical solar chimney
6. Conclusions
The green buildings are naturally ventilated with good quality air, thermally comfort energy efficient buildings. This review is presenting the major energy conservation criteria other than HVCs in buildings. The study have presented that the better environmental condition can be achieved by integrated approach of conventional solar chimney, RSC and ETHE. Present scenario is demanding group housing and energy where all these aspects must be included in design for better living standard via energy conservation. The government should make rule for adoption this approach in star rating of buildings to reduce energy demand and carbon emissions and it will be helpful for sustainable future. 
7. Future Scope
There is need to research in the field given below to improve performance of buildings towards the side of energy conservation and comfort living etc.
· There is a need to study the solar chimney with new alternate materials for low cost glazing, chimney structure and wall insulation for intended task.

· There is so need to study of various thermal energy storage options so as to make solar chimney work continuously rather than day time only.

· There is need to study the material selection, and underground work place thermal data collection for ETHE.

· There is need to study on implementation of vastu in architectural design. 
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