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Foreword
It is matter of great pleasure to introduce the report  on energy conservation submitted 
by the committee constituted by PWD, Rajasthan.This will surely go a long way in 
enabling us to focus attention on the important and current issues related 
to energy conservation in infrastructure development particularly for building sector in the 
State and to priorities them. 

Rajasthan has scarcity of water  &  conventional Electricity but have abundant availability of  Renewable energy. Wide gap in availability and demand gives an opportunity of energy efficiency in government buildings. Use of Energy Efficient electrical appliances, Star rated products, solar appliances not only relieved the burden of electrical load requirement of building but also mitigate environmental pollution and result in Green city.

Committee has been constituted following officers to suggest measures like Solar Energy, Earth Tunnel Cooling, LED Lighting etc. in Government buildings  being constructed by  state construction agencies  (PWD, RSRDC, RHB, AVL, JDA etc.) 
Sh. Birdhi Chand, Sh.G.C. Jangid, Superintending Engineer (Electrical), 

Sh. Subhash Arya, Sh. Girja Shankar, Executive Engineer (Electical) PWD 

Sh. D K Gupta, Sh.Manoj Kumar Goyal, Asstt. Engineer (Electrical )PWD
I acknowledge the efforts made by the committee members who have gone through the concept, design and recent trends of Natural Ventilation & Natural illumination,Earth Air tunnel, Solar service Water Heating & Energy efficient Electrical Systems, Optimum use of recycled  water for air cooling, Star Rated Electrical Products, etc and drafted this memorandum based on necessities of these systems for government buildings of the state to be addressed for implementation and enforcement.

I appreciate the efforts put by the members of committee and particularly the contribution of Shri Birdhi Chand, SE (Electrical) RREC  Jaipur, Member Secretary of the committee in coordinating deliberations of the committee. Last but not the least; I also acknowledge the suggestions imparted by the electrical engineers of PWD, that became contribution directly and indirectly to this memorandum.

Chief Engineer (Building)

PWD Rajasthan Jaipur
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PREFACE

                                           ENERGY DEMAND AND SUPPLY IN INDIA

On the energy demand and supply side, India is facing severe shortages. 70% of the total petroleum product demand is being met by imports, imposing a heavy burden on foreign exchange. Country is also facing Peak power and average energy shortages of 12% and 7% respectively. 

To provide power for all , additional capacity of 100,000 MW would be needed by 2012, requiring approximately Rs.8000 billion investment. Further, the per capita energy consumption in India is too low as compared to developed countries, which is just 4% of USA and 20% of the world average. The per capita consumption is targeted to grow to about 1000 kWh per year by 2012 , thus imposing extra demand on power system.

In a scenario where India tries to accelerate its development process and cope with increasing energy demands, conservation and energy efficiency measures are to play a central role in our energy policy. A national movement for energy conservation can significantly reduce the need for fresh investment in energy supply systems in coming years. It is imperative that all-out efforts are made to realize this potential. Energy conservation is an objective to which all the citizen in the country can contribute. Whether a household or a factory, a small shop or a large commercial building, a farmer or a office worker, every user and producer of energy can and must make this effort for his own benefit, as well as that of the nation.

There is a vast potential of energy conservation by implementing energy conservation (EC) measures in Government buildings. Day to day dependency on electrical gadgets and services of state like E-governance, E-Mitra, Rajiv Gandhi Rural Service Centers enhance the electrical load requirement in government building. Public Works Department is the main construction/ execution agency for buildings in government sector, so PWD can play a major role for implementation of EC measures in the state with help of in house qualified engineers/ architects. EC measures are not only reduced the electrical load requirements but also reduced the city building emission and consequently reduce the cause of global warming.

Rajasthan have abundant availability of solar energy. This god’s gift can be utilized for passive day lighting, solar electricity generation and solar heating. Technology innovation in construction sector now made available technology which provide passive control on heat transmission into the building and at same time allow the natural day lighting in building space. Retro Solar deflecting system can be utilized for glass façade building. Also Light Transmission through LIGHT PIPE provides opportunity of natural day lighting in parking areas, inaccessible areas of building. These two technologies are addressed in this report.

Our state has scarcity of water due to non availability of year flowing river. It is duty of citizen that water is judiciously used. During summer season water is abundantly used in desert coolers, evaporating cooling units, water chillers. Recycled water can be utilized for these purposes.  Rules can be made for use of recycled in these processes in government buildings.
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General Observations

Electricity scenario of Rajasthan is as given below:

Installed capacity (by 31.01.2009)


State 


:
3152 MW


Shared Projects
:
973 MW


Central Allocations
:
1854 MW


Total


:
5979 MW

Peak Demand (Jan 2009)
: 
6421 MW

Assured Peak Availability
: 
4484 MW

Peak Power Shortage
:
30%

Energy Term Shortage
:
10%

Electricity Consumption of Rajasthan (for year 2007-08 )

	S.No.
	Sector
	AVVNL
	JVVNL
	JoVVNL
	Total

	a
	b
	c (MU)
	d (MU)
	e (MU)
	f (MU)

	1
	Domestic
	1230.76
	1910.96
	1455.11
	4596.83

	2
	Non Domestic
	356.45
	779.83
	393.79
	1530.07

	3
	Agriculture
	2644.62
	2397.74
	3093.76
	8136.12

	4
	Industrial
	2902.85
	3493.35
	1484.67
	7880.87

	5
	Other
	176.05
	543.95
	921.92
	1641.92

	6
	Total
	7310.73
	9125.83
	7349.25
	23785.81


Electricity Consumption in Buildings (Domestic + Non Domestic)
: 6126.9 MU

Assume 10% consumption covers those government buildings which can be put under purview of EC measures and EC measures compliance provides 10% saving in consumption of those buildings, so 1% saving can be easily achievable by means of EC measures.  

Annual Saving Potential in Buildings (1% of Electricity Consumption)       : 61.3 MU

Annual Saving Potential in Buildings (@ Rs. 5/ kWh)


        : Rs 30.6 Crore

Hence EC measures compliance in government buildings has vast electricity saving potential in Rajasthan.

Natural Ventilation & EAT
It is observed that in new buildings air-conditioning and ventilation load contributed 30-40% of electrical load requirement of the building energy load. So, it became inevitable to adopt natural ventilation & Earth Air Tunnel system in modern building. It will not only save energy but also water and pollution in buildings. The Earth Tunnel Air Cooling System is a ‘COOL’ way to reduce carbon emissions. EAT system can be utilized as natural air-cooling system and fresh air requirement of air-conditioning system. Rajasthan have scarcity of water so EAT
The Earth Air Tunnel (EAT) systems utilized the heat-storing capacity of earth and the fact that the year round temperature four meter below the surface remains almost constant throughout the year. That makes it potentially useful in providing buildings with air-conditioning. Depending on the ambient temperature of the location, the EAT  system cab be used to provide both cooling during the summer and heating during water.

The amount of heat exchanged between the air and the surrounding soil is a function of the parameters like; surface area of the tunnel walls, length of the tunnel, inlet air temperature, velocity of air in the tunnel, material of the tunnel, surface conditions of the tunnel walls, and the depth of tunnel from ground surface. Therefore tunnels constructed at the depth of four meter below ground with appropriate design for good heat exchange between the tunnel and the air flowing in, can be used for heating and cooling of buildings depending on the season. The tunnels would be especially useful for large buildings with ample surrounding ground. The EAT  system can not be cost effective for small individual residential buildings.

Earth Air Tunnel is a tunnel for the passage of calculated amount of air for the purpose of Heating Ventilating and Air conditioning (HVAC) of a space using natural heat of the earth, four meter below earth surface. 

It is a well-established fact that the temperature of earth below some four meter remains constant throughout the year unless there is strong water movement below ground.  It is also evident from the old folklore, which says that the temperature of well water becomes warm in the winter and cold in the summer.  In fact the perception of warm water in the winter and cold water 1 the summer is due to the fact that the  water feels warmer in the winter because of low ambient temperature and it feels cooler in the summer because of the hot ambient temperature.  In fact the perception is like that because the water temperature remains constant through out the year. 

Because the ground temperature remains constant, any medium such as air if pumped in appropriate amount that allows sufficient contact time for the heat transfer to the medium attains the same temperature  as the ground temperature.  It is to be ensured here that the amount of pumped medium is such that sufficient  time is allowed for the heat transfer from the ground to the medium.  For all practical purpose we may assume ground to have been infinite heat capacity such that heat transfer to the air does not decrease the temperature  of the surrounding earth.  When this condition is met, the air attains the same temperature as the earth temperature. 
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The system consists of 75 meter long air tunnel of diameter 0.5 meter at a depth of four meter from the ground surface.  One end of the tunnel terminates on the fresh air intake above ground with 25um  filters on four sides of the intake grills while the other side terminates in the Air Handling Room located on the basement of Zero Energy Building in the Institute of Engineering, Tribuvan University at  Kathmandu, Nepal.  The Air Handling Unit used, is a conventional type of AHU, used in the comfort air conditioning application, but without cooling and heating coil, is used to draw the air through the tunnel via the AHU room.  Because of the need to dehumidify the air coming out of the tunnel, the tunnel outlet is not connected  directly to the AHU.  The air  is first into the AHU room where it was dehumidified with the help of portable dehumidifiers.  It is then distributed to the rooms through the system of normal GI duct and diffusers. 

The conventional air conditioning system uses return air duct to draw the air into the AHU where it is mixed with fresh air before passing the same through the conditioning coil.  The primary reason for doing that is to save energy.  However, because there is not reason to do that in case of EAT, the system has been designed for a single pass of air.  The air after picking up the heat load from the room or after releasing the heat into the room, depending on whether the system is used for cooling or heating is allowed to pas to solar chimney  through return air grills and GI ducts.  The solar chimney  has been built as an integral part of the building.  It faces south and absorbs solar energy.  The solar chimney warms the return air and increases the buoyancy of the air to a facilitate its exhaust through the roof outlet.  In order to further assist the movement of the air, wind driven ventilator has been installed at the top of the solar chimney at the terrace level.  Conventional exhaust blowers could be used to drive the state air out of the room after it completes its heat transfer.  However, because the system was installed in the Zero Energy House, which by definition, would have to generate as much  electrical energy through the installed photo voltaic array as it would drawn from the grid system in an yearly basis, the conventional exhaust blower was replaced by solar chimney a wind  driven roof extractor system.  The building has been provided with Building Energy Management System from Jhonson Controls to monitor dry bulb temperature, relative humidity, carbon dioxide sensor, and occupancy sensor at strategic locations and they were integrated with computerized data acquisition system.  Figure 2 shows the Zero Energy Building.

The study of the bacterial and fungal pollution of air at the intake and output point of the tunnel and at the room showed considerable decrease of air-borne  bacteria and fungi from the air intake to the air delivery point of the tunnel.  The microbial count further decreased at the supply grilles.  The study clearly shows that while on one hand the EAT system saves electricity thus saving on the emitted particulate, Sox, and NOx at the thermal power house while on the other also has an effect of drastically reducing air borne bacteria and fungi in indoor spaces. 

The study calculated the cost saving with  respect to conventional air  conditioning system and found it to have very substantial saving to the tune of 70 percent. 

EAT at Kar Bhawan, Jaipur 

The Earth Air Tunnel cooling system constructed at New Kar Bhawan, Jaipur is an unique concept for providing comfort air in a part of building as experimental basis in  area around 2200 Sqft. 

The tunnel air cooling system draws air, through an air through an air intake at the end of a 80 meter tunnel of diameter 0.7 meter, GI Pipe buried 4 meter below ground.

This pipe sucks the air from atmosphere, which passes through the tunnel which is atleast 10 to 15 degree C less than the atmospheric  temperature.  The AHU influx the air into conditioned  space from pipe which maintain comfortable temperature of 28 degree C even when it is above 40 degree C outside. 

This continuous flow of fresh air at constant temperature not only kills germs, but also makes it odorless.  The Earth Tunnel Air Cooling System is a  ‘COOL’ way to reduce carbon emissions. 
Benefits:
1. 
EAT  as Energy Saver with Enhanced Indoor Air Quality :

The performance of an EAT can be analytically predicted.  As such it is possible to design EAT Heating Ventilating and Air Conditioning System for large application such as public buildings, schools, hospitals, shopping complexes, and the like. EAT can be used as a negligible energy cost alternative at the cost of  some  compromise on the quality of comfort, and as energy saver for conventional system.  Irrespective of how it is used, the system pays back not only in terms of energy cost but also in terms of the enhanced indoor environment. 

2. 
EAT as an Effective Device for Helping Reduce the Green House Gases: 
By helping reduce the energy for the HVAC of large buildings, it indirectly helps reduce the GHG by eventual reduction of the emissions from thermal power plants. 

3.
EAT for One hundred  percent Fresh Air without and Re-circulation:

The use  of EAT allows the use of one hundred percent fresh air as against the part re-circulated air of the conventional HVAC system.  This facilitates better indoor air quality and less ppm of carbon dioxide and it especially very good for public buildings such as cinema, schools etc. 

4. 
EAT as a Cost Effective Device with Inherent ‘Cleaning’ Capability:

Although the cause of why and how EAT reduced both Bacteria and fungal load of the air is not clear and requires more extensive experiments with more microbiological inputs, the initial indication is very encouraging.  More controlled and elaborate testing are justified from the first results. 

          Recommendations for Earth Air tunnel :on the basis of the various case    

          studies the recommendations for the Earth Air tunnel are as follows:-

1) The depth should be  4 meters below the ground level for nearly constant ground temperature characteristics. Increasing the depth further may not meaningfully enhance the performance of the system.

2) The length of the tunnel should be limited between 60-70meters for optimum results.

3) The tunnel can be constructed using any type of  pipe ,concrete ,masonry etc, thickness of tunnel wall should be as less as possible for faster heat exchange. It should however be sufficient to bear the load of soil above it.

4) The pipe diameter should preferably be between 6” to 3”.. Pipes of lower diameter would require a larger flow velocity and more pressure to ensure same volumetric supply of cool air. Pipes of very large diameter would not be effective to the same extent as compared to smaller pipes. Lower size pipe can  also be used as a bundle  Adjacent pipes shall have minimum gap of 6 times of the diameter of each pipe.  

5) The pipe overlay ground should preferably be left loose or covered with lawn/foliage. Shade on the ground would be even better.

6) The blower should be used with Variable Frequency Drive(VFD) 
7) The earth tunnel can be coupled to the conventional systems for space conditioning both open loop (Evaporative cooling/AHU) and closed loop systems (compression/adsorption refrigerant based systems). The fresh air aupply to AHU should be passing through the tunnels for pre-cooling.

8) In case of space constraints the vertical air shaft as shown in fig(b) above can also be used. In dry ambient conditions, use of water mist/spray in the tower before supplying air to rooms/AHU is suggested.  

9) Other optional design elements of ‘EAT’ include input filter, condensate drain,  intermediate cleaning access, dehumidifiers etc..

10)  The Earth Air Tunnel requires very less maintenance.

11) It may be noted carefully that the outlet air from earth air tunnel during summer would normally not be at a temperature lower than 300C in Rajasthan. However, in situations when the ambient temperature crosses 450C, this gives acceptable comfort without use of energy. Design of the tunnel is dependent upon volume to be cooled, internal loads, building envelope details, and properties of soil. Copying of design should therefore be avoided or cautiously done.
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CIRCULAR

Sub:-Energy Conservation in existing Building/New Building Construction.


The following guidelines are given to achieve the efficient, optimal and saving in the electrical energy in all Government Buildings including those constructed for Board, Corporation and other bodies. 
1. Earth air tunnel, Rain water harvesting and grey water harvesting system should be used for large public buildings like School, Hospitals etc.

2. All traffic signal lights, Blinkers, should be based on LED only.

3. The Power requirement of Signage / Advertisement signage on Buildings and road should not exceed 5 Watts / Sq ft. for internally illuminated signage and 2.5 Watts / Sq ft. for externally illuminated signage.

4. No. of Electrical point should be kept minimum as per requirement.

5. Ornamental electrical poles should not be used for campus lighting, conventional type tubular poles should be used.  . 

6. Incandescent lamps and conventional choke should not be used. 

7. Defective incandescent lamps and chokes should be replaced by only compact fluorescent lamps (CFL) and electronic chokes which saves 35% energy. 

8. Campus / street lighting / façade lighting should be linear controlled switch arrangement. 

9. Solar water heating system  should be used in all Govt. buildings in place of electric water heaters. 

10. All new buildings to be constructed should incorporate energy building design concept, computer energy simulation software like e-QUEST, energy  plus etc. including renewable energy technologies. 

11. All Air Conditioners & Transformer should be 3 Star or more star labeled as per BEE in all Government Buildings. 

12. Metal halide / Induction lamps should be used in outdoor lighting in place of mercury / sodium  vapor lamp for high illumination level. 

13. Orientation of building should be such that maximum day light illumination is achieved in place of electric illumination. 

14. Power factor for electric supply should be kept near unity with the use of capacitor bank  ( APFC Panel )
15. Interior of building should have light color painted for effective day lighting. 

16. Roof-top  of building should have roof insulation / reflective tiles to bring down the temperature.
17. All electric points should be switched off when there is nobody in the room.

18. Everyone should avoid lights ON & FF frequently.  This affects the lifespan of the lamps. 

19. Exterior of building should have light color and western Wall should be preferably  with reflective color as dark color absorb more heat than light colors, leading to increased use of the AC’s. 
20. Meeting Hall / Conference hall and Staff rooms should have motion detector or occupancy sensors.
Natural Daylighting illumination, sky lighting in buildings
For green buildings, If glass façade is necessary for architectural look then it can be treated by passive means to achieve reduced air conditioned load and proper day lightings. So, if  design of proposed building is less than the standard then envelop trade off can be adopted as per ECBC.

Energy Efficient lighting System

All government buildings should be complied either perspective requirement for lighting as per ECBC 2007

· Interior lighting systems in buildings larger than 500 m2 (5,000 ft²) should be equipped with an automatic control device.

· All office areas less than 30 m2 (300 ft2) enclosed by walls or ceiling-height partitions, all meeting and conference rooms, all school classrooms, and all storage spaces should be equipped with occupancy sensors.

· Each space enclosed by ceiling-height partitions should have at least one control device to independently control the general lighting within the space.

· Luminaries in day lighted areas greater than 25 m2 (250 ft2) should be equipped with either a manual or automatic control device

· Lighting for all exterior applications not exempted in § 7.4 should be controlled by a photo sensor or astronomical time switch

The installed interior lighting power for a building should not exceed the interior lighting power density allowance (LPD W/m2)

Natural day lighting shall be optimally utilized in government buildings by providing windows especially north east walls, lighting shelves, attrium for daylight. All underground parking, corridor, low lux lighting required area and Day lighting inaccessible space of building shall use Light Transmission through Light Pipe technology for natural day lighting. Heat transmission through window can be minimised by passive techniques like window overhang, minimum window placement on south & west side, use of retro solar deflecting system & screen on glass facade, placement of cooridor on south side etc. 

Following sugestions are recommended during the designing of building for optimisesd natural daylight.

1. Windows are placed preferred on north & east side.

2. Attrium should be in multy storeyed building.

3. Tinted glass, overhang, blind control and retro solar deflecting system can be placed for glass windows on south/ west side wall.

4. Sky light shelves and glass bricks/ Acrilic transparent sheet for sky light.

Light Pipe technology
The light pipe channels or redirects sunlight or daylight from a light collector at the roof to a diffuser or emitter at a lower level through light pipes to the working plane. There are many light pipe options available. Day light is harvested through dome and travelled through sealed light pipes. This system provides economic day lighting for lux level required spaces. (Details are given in Appendix)

Retro Solar deflecting system 

This system cater dual purpose of enhanced natural day lighting and simultaneously blocking of transmission of  heat in glass facade building envelope for both glazed window and glass ceiling. The daylight deflecting system illuminates the room deep in its interior. It allows low sun light into the interior space and block the High Sun light and so reduced the heat in the space & allows diffused light of high Sun light. (Details are given in Appendix)

Optimum Use of Recycled Water

Rajasthan have scarcity of water. Water scarcity is both an engineering problem, and a social and political one. The public views access to clean water as a basic right, but regulating it effectively is often beyond the means of local, state and central governments. Evaporative air-cooling system is effectively used because of lower energy consumption and low relative humidity in hot climatic condition of Rajasthan, but evaporative air-cooling system require more water than air-conditioning system. Recycled water, wastage water from process, AC plants and storage rain water can be utilized in air cooling system. Uses of Cellulose Pad reduce the water requirement of evaporative air-cooling system in comparison to conventional Khas Pad. 

Recycled water can also be utilized for plantations, cleaning, car washing, toilet flushing, and cloth washing so that huge quantity of fresh water can be saved in buildings. Awareness can be developed among common man for storage of rain water and use of recycled water for above mentioned applications.

Energy Efficient Electrical System

Electrical system of government building should be properly designed and actual requirement of building. Over sized system leads to inefficient utilization of gadgets/ equipments and also involve higher capital investment. All transformers, motors, switchgears and cables should be not be designed more than 30% oversize to ensure optimum utilization of system. Following guidelines may be adopted for efficient system.

· Power transformers of the proper ratings and design must be selected to satisfy the minimum acceptable efficiency at their full load rating. Distribution transformer of the proper ratings and design must be selected to satisfy the minimum acceptable all day efficiency.

· All permanently wired poly phase motors of 0.375 kW or more serving the building and expected to operate more than 1,500 hours per year and all permanently wired poly phase motors of 50kW or more serving the building and expected to operate more than 500 hours per year shall have a minimum acceptable nominal full load motor efficiency not less than shown in Table 8.2.2 or the BIS for energy efficient motors.

· Motors of horsepower differing from those listed greater than that of the next listed kW motor.

· Motor nameplates shall list the nominal full-load motor efficiencies and the full-load power factor.

· All electricity supplies exceeding 100 A, 3 phase shall maintain their power factor between 0.98 lag and unity at the point of connection.

· Proper size Copper stranded conductor should be used in wiring.

· Screw less connectors should be used for termination.

· 3Star or more star rated equipment/ appliance should be used in government buildings

Star Rated Products

Government of India   has made mandatory the following items for use of only star rated items vide Gazette Notifications, Dated 6th July 2009 made. So, this requires that all government purchase and installation of these items in government building should be only for star rated items and accordingly Basic Schedule of Rates should be amended and not less than 3 STAR rated .

· Distribution Transformer (up to 200kVA), 

· Tubular Fluorescent lamp, 

· Room Air conditioners  

· House hold frost free Refrigerator

 Also BEE initiated the star labeling for following items, so during government purchase and installation in government buildings preference should be given to Star Labelled products viz refrigerator, transformers, air conditioners, motor pump sets storage water heaters, ceiling fans, fluorescent tube lights. 
Solar Water Heating System

All government buildings should be complied either perspective requirement for Service Hot Water requirements as per ECBC 2007 

· Residential facilities, hotels & hospitals with central system should 

          Have 
solar water heating of minimum 1/5 of design capacity. 
· Piping insulation should comply with § 5.2.4.1 of ECBC.

· Heated pools should be provided with a vapor retardant pool cover 

          on or at the water surface.

PWD may  initiate a programme for providing solar water heating systems in all the  Dak Bunglaw, circuit houses, hostels, Primary Health Centre & Community Health Centers, Orphanages, Deaf and Dumb Centers, Crèches, Old age homes, Bal Greh, Nari Niketans, Bal Niketans, Sports Hostels, Charitable Institutes and other Govt. controlled buildings. It will result in saving in energy bill, carbon emission and pollution, ultimately get the carbon credit. 

PWD may implement a scheme on popularizing the use of solar water heating systems with an objective to conserve electricity and other conventional fuels in water heating applications. Realizing the need of the hour, the State Govt. has also made the use of solar water heating systems mandatory in industries where hot water is required for processing, hospitals and Nursing Homes, Govt. Hospitals, Hotels, Motels and Banquet Halls, Jail barracks, Canteens, Housing Complexes set up by Group Housing Societies/Housing Boards, all Residential buildings built on a plot of size 500 sq.yds. and above falling within the limits of Municipal Committees/Corporations and Sectors, all Govt.buildings, Residential Schools, Educational college, Hostels, Technical/Educational Institutes, District Institute of Education and Training, Tourism Complexes and Universities etc. 

The cost of installation of solar water heating system ranges from Rs. 250/- per liter to Rs.170/- per liter depending upon the capacity of the system. The larger the size the less will be the cost of the system. A solar water heating system of 100 lpd capacity can save upto 2200 unit of electricity annually depending upon its use. Thousand no. of 100 lpd capacity systems contribute to 1 MW peak load shaving. In addition to this, a 100 lpd system also avoids emission of 1.5 tones of CO2 annually. The payback period of a solar water heating system is approx. 3 to 5 years. The solar water heating systems technology is a mature technology and has already established its market in the commercial sectors. However, the penetration of this technology is not to the desired level in the social sectors.

PWD may  initiate a programme for providing solar water heating systems in socially oriented schemes of the Govt. like working women hostels, all the Primary Health Centre & Community Health Centers, Orphanages, Deaf and Dumb Centers, Crèches, Old age homes, Bal Greh, Nari Niketans, Bal Niketans, Sports Hostels, Charitable Institutes and other Govt. controlled buildings or buildings run/ supported by Govt. 

INTROUCTION TO SOLAR WATER HEATING SYSTEM

Rajasthan is blessed with Solar Energy in abundance at no cost. The solar radiation incident on the surface of the earth can be conveniently utilized for the benefit of human society. One of the popular devices that harnesses the solar energy is solar water heating system (SWHS). Solar Water Heating is a Renewable Technology which can be used to meet the hot requirement in domestic, Commercial and Industrial Sector. A  solar water heater consists of a collector to collect solar energy and an insulated storage tank to store hot water. The solar energy incident on the absorber panel coated with selected coating transfers the heat to the riser pipes fitted underneath the absorber panel. The water passing through the risers get heated up and is delivered to the storage tank. The re-circulation of the same water through absorber panel in the collector raises the temperature to 80º C (Maximum) in a good sunny day. The total system with solar collector, storage tank and pipelines is called solar hot water system. Broadly, the solar water heating systems are of two categories. They are :closed loop system and open loop system. In the first one, heat exchangers are installed to protect the system from hard water obtained from bore wells or from freezing temperatures in the cold region. In the other type, either thermosyphon or forced circulation system, the water in the system is open to the atmosphere at one point or other. The thermosyphon systems are simple and relatively inexpensive. They are suitable for domestic and small institutional systems, provided the water is treated and potable in quality. The forced circulation systems employ electrical pumps to circulate the water through collectors and storage tanks.

The choice of system depends on heat requirement, weather conditions, heat transfer fluid quality, space availability, annual; solar radiation, etc. The SHW systems are economical, pollution free and easy for operation in warm countries like outs. Based on the collector system, solar water heaters can be of two types.

Flat Plate Collectors (FPC) based Solar Water Heaters (SWH)

The Solar radiation is absorbed by Flat Plate Collectors which consists of an insulated outer metallic box covered on the top with glass sheet. Inside there are blackened metallic absorber (selectively coated) sheets with built in channels or riser tubes to carry water. The absorber absorbs the solar radiation and transfers the heat to the flowing water. There are 83 BIS approved manufacturers of Solar Flat Plate Collectors.

Evacuated Tube Collectors (ETC) based Solar Water Heaters (SWH)

Evacuated Tube Collector is made of double layer borosilicate glass tubes evacuated for providing insulation. The outer wall of the inner tube is coated with selective absorbing material. This helps absorption of solar radiation and transfers the heat to the water which flows through the inner tube. There are 14 MNES approved ETC based solar water heating suppliers. However, this being a new technology, it is advised that before installing the ETC based system, the buyer should ensure proper specification and test reports of the system issued by the Ministry of Non-conventional Energy Sources, Govt. of India. Solar water heating is now a mature technology. Wide spread utilization of solar

water heater scan reduce a significant portion of the conventional energy being used for heating water in homes, factories and other commercial and institutional establishments. Internationally the market for solar water heaters has expanded significantly during the last decade.

Salient Features of Solar Water Heating Systems

· Solar Hot Water system turns cold water into hot water with the help of sun’s rays.

· Around 60 deg. – 80 deg. C temperature can be attained depending on solar radiation, weather conditions and solar collector system efficiency

· Hot water for homes, hostels, hotels, hospitals, restaurants, dairies, industries etc.

· Can be installed on roof-tops, building terrace and open ground where there is no shading, south orientation of collectors and over-head tank above SWH system

· SWH system generates hot water on clear sunny days (Maximum),partially clouded (moderate) but not in rainy or heavy overcast day

· Only soft and potable water can be used

· Stainless Steel is used for small tanks whereas Mild Steel tanks with anticorrosion coating inside are used for large tanks

· Solar water heaters (SWHs) of 100-300 liters capacity are suited for domestic application.

· Larger systems can be used in restaurants, guesthouses, hotels, hospitals, industries etc.

Space Requirement

Approx. 3 sq. meter shadow free South facing space is required for 100 lpd system having one collector.

Fuel Savings:

Depending upon the fuel replaced, the annual savings by a 100 LPD solar water heater are as under:

	            Fuel
	Calorific Value

( K Cal/Kg)
	   Efficiency (%)
	Fuel Saved

(KG/Annum)

	Firewood
	4708
	17.3
	2127



	Kerosene
	9122
	50.0
	380



	LPG
	10882
	60.0
	266



	Charcoal
	6940
	28.0
	891



	Diesel
	10004
	75.0
	231



	Electricity
	 
	90.0
	2230( KWH)


Avoided utility cost on generation:

The use of 1000 nos. of Solar water heating systems of 100 litres capacity each, can contribute to a peak load shaving of 1 MW, assuming that 50% of the Electrical Geysers, each of 2 KW capacity are in use during peak hours.

Environmental benefits:

A SWH of 100 litres capacity can prevent emission of 1.5. tones of carbon dioxide per year.

Life : 15-20 years

Approximate cost : Around Rs. 22000 for a 100 litres capacity SWH Rs. 140-170 per installed litre for higher capacity systems

Payback period: 2-3 years when electricity is replaced 4-5 years when furnace oil is replaced 6-7 years when coal is replaced

Though the initial investment for a solar water heater is high compared to available conventional alternatives, the return on investment has become increasingly attractive with the increase in prices of conventional energy. The pay back period depends on the site of installation, utilization pattern and fuel replaced.

ESTIMATES OF REQUIREMENT OF HOT WATER –SOME USEFUL THUMB RULES

	Application
	Typical Requirementof Hot Water at 60 C



	Household bathing using buckets
	10-20 liitres per person per bath



	Household bathing using shower
	20-30 Litres for 10 Minute bath



	Shaving, while a tap runs
	10-15 Litres



	Household bathing in bathtub ( one filling)
	75-100 Litres



	Wash basin (hand wash, brushing of teeth,

etc.)


	3-5 Litres per person per day

	Kitchen washing
	2-3 Litres per person per day

	Dish washer
	40-50 Litres per washer cycle



	Clothes washing machine
	7-110 Litres per Wash cycle



	Industrial Canteen
	3-5 Litres per worker per day



	Small unstarred hotels
	30-40 litres per occupant per day



	Starred hotels
	100-150 Litres per room per day



	Hospitals
	10-15 Litres per bed per day



	Multistoreyed apartments

1. for flats having one bedroom

2. for flats having two – three bedroom

3. for flats having three bedrooms or more


	Minimum 100 lpd per flat

Minimum  150 lpd per flat

More than 150 lpd depending upon the space available on the roof Capacity may be increased by 25%




Note: All the estimates are given for hot water at 60º C. This hot water has to be mixed with cold water to bring down its temperature to endurance limits. Mixing will also increase quantity of hot water actually required.

Recommendations for the installation of Solar Water Heating System in Govt. Buildings:

Vide Government of Rajasthan, Energy Department, Notification No.F.20 (6) Energy/98, dated 8th November, 2007( Flag ‘A’). Government has directed all concern to adopt the measures to achieve energy efficiency in buildings, as per clause (2) of this Notification. The use of the Solar water heating system became mandatory for the following categories of buildings, namely: -

(i) All Industrial buildings where hot water is required for processing.

(ii) All Private Hospitals and Nursing homes of 25 beds, and all Government Hospitals of 100 beds or more.

(iii) All Hotels and Resorts.

Solar water heating system has emerged as a cost effective and environment friendly option for water heating applications the world over. A solar water heating system of 100LPD capacity can save up to 2200 unit of electricity annually depending upon its use. The installation of 1000 No. of solar water heating systems of 100 LPD capacity contributes to peak load power saving of 1 MW, assuming 50% of Electrical Geysers, each of 2KW capacity are in use during peak hours  and at the same time  mitigates the problems of global warming & climate change. A 100 liter solar water heating system avoids emission of 1.5 tone CO2 annually.

Therefore the committee recommends that PWD & Government Construction agencies shall  made the use of solar water heating system mandatory provision  in their construction in  buildings where hot water is required. 
Training Institute for Electrical Engineers

Electrical design of new buildings and proper maintenance of existing electrical services need training programmes to keep engineers of PWD  fit to modern equipments, relays, design softwares for natural day lighting, Air-conditioning load simulation, Fire simulation of building for probable fire hazards. In addition new regulations like Energy Building Code design for building also need training programme. Following Government and Private Institutes are conducting courses for Electrical Engineers with certain fee and time schedules.

ECBC compliance for government and commercial building requires building simulation software training to engineers and architects. This requires state level Resource Centre to impart the training to government as well as non government engineers and professional. PWD can initiate the centre at ESTI and BEE/ RRECL can funded the Resource Centre. 

	Institute
	Place
	Course
	Cost & Duration
	Benefits

	Indian Institute of Information Technology 
	Hyderabad
	Intelligent and Green Building Design
	10000/- 

Seven day Course
	Computer software of Building Simulation for Day light, Air-conditioning Design, Energy efficient design, 

	Central Power Research Institute (CPRI)
	Bhopal
	HT Cable/ Breaker Testing


	
	Insulation testing

	Tata Energy Research Institute (TERI)
	New Delhi
	Energy management
	
	Energy Management

	NPTI (National Power Training Institute)


	Dadri, Nagpur, Faridabad
	Power Distribution & Protection
	
	Controls & Protection design for Power Distribution

	Power Management Institute (PMI)


	Noida, New Delhi
	Power Management
	
	Power Management  & Software’s for power analysis

	BEE (Bureau Of Energy Efficiency)
	New Delhi
	3 L Programme
	Payment as per Courses and Time Schedule
	Energy Efficiency for Building, Power generation, Cogeneration, Energy Building codes

	Blue star
	Thane, Mumbai
	Air-conditioning design, Controls, Testing & Commissioning of AC Equipments
	Payment as per Courses and Time Schedule
	AC softwares & Workshop training from design to commissioning

	Switchgear Training Centre (STC), Larsen & Turbo Limited
	Pune, 
	Low Voltage Switchgear, Maintenance, Electrical Design of switchgear Assembly, System & Equipment Earthing, Networking for Control & Automation, Building Power Distribution, Energy Management System  etc.
	Payment as per Courses and Time Schedule
	Selection, Installation, Preventive maintenance and testing procedures, LV Switchgear, APFC panel, Selection of power distribution & protection equipments

	
	Lucknow
	
	
	

	
	Coonoor
	
	
	

	ABB
	Jaipur
	Feeder Renovation Programme
	Payment as per Courses and Time Schedule
	FRP Programme, DOCWIN Software for HT & LV Distribution, Breaker Testing, Switchgear design and selection

	
	Nasik
	Switchgear & Protection, HT Protection & Switchgear, HT Breaker & Transformer, Package Substation
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RECOMMENDATIONS


FOR


 EC MESURES IN GOVERNMENT BUILDINGS


(EAT, Solar Water Heating System, Star Products, Energy Efficient lighting)








Use Electricity Judiciously





