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1. INTRODUCTION


Sustainable Technology leads to sustainable development. This aims to meet the needs of the present, without compromising the ability of future generations to meet their own needs, while preserving the environment. The United Nations had focussed on this as one of the eight millennium development goals. In this inaugural address, I will attempt to mention my views and concepts developed by me on the seminar themes mostly pertaining to civil engineering. Latest research findings on some disciplines will also be presented.

2. BUILDING AND CONSTRUCTION
Sustainable technologies use less energy and fewer limited resources. They do not deplete natural resources and they  do not directly or indirectly adversly effect the environment. It is also mentioned as green technology. In the case of “Building technology and construction technologies” the usual and frequently mentioned technologies relate to usage of energy efficiently produced materials, power saving building design, naturally controlled temperatures within the building, usage of solar thermal for heating needs, solar photovoltaic devices for power generation, renewable power storage, usage of energy efficient construction machinery etc. The renewable usage of water resources and sewerage disposal in the building and construction sector are not receiving adequate emphasis. With the result, gigantic water supply projects, storm water drains, sewerage disposal schemes are even now being planned and executed for the new colonies and industries in our towns and cities. All these big projects causing a huge burden on the exchequer, can be prevented and environmental degradation and pollution avoided if the following sustainable technologies are adopted.

3.  Firstly all the residential and non residential buildings in the new and existing colonies in towns and cities should be planned to fully utilize the water resources available in each compound. Except for a few districts in India all the other districts have average annual rainfall exceeding 650mm. The rainfall occurring in each building compound is more than adequate to meet the annual water needs if planned properly. Roof top water can be collected hygienically and stored in basement tanks and used throughout the year after minimum automatic chlorination. This practice is adopted in some countries in the world (e.g. Maldives, Pacific islands & hilly colonies etc). If government mandates this activity to be executed by all the building owners, there will be no necessity to execute costly water supply projects pumping water from long distances. For the successful implementation of this programme, government subsidies for meeting a part cost of construction and incentives like house tax concessions (e.g.as done in some areas in Bangalore) can also be considered. 

4.  Secondly, the rainfall run off occurring in the compounds of all buildings, open grounds, parks etc. will have to be collected into covered soak pits (as per designs given by the author in the book published  by the Engineering staff college of India). These soak pits are designed economically and the cost of the same will be about one fourth of the designs recommended by some governments . Filter beds comprising of sand, stone metal, and stones are not necessary , since the rainfall-runoff water need not be filtered for the purpose of recharging ground water table. The bowels of earth will filter the rain water (as done in the case of tanks & water bodies) and infiltrate as fresh water to recharge the ground water table. The increased water table levels resulting from the above would be able to meet the additional water requirements (over and above roof top water collected), if any, required for industries, public buildings, hotels etc. In the cases of very heavy spells of rainfall, say over 25mm per hour, the soak pits may not have adequate storing capacities, and then only the runoff water from the compounds can be permitted to enter on the roads. Run-off water from roads and excess coming out from compounds will have to be stored in designated ponds and tanks as given in the book by the author. Such a system will practically eliminate extensive storm water drainage system in towns and cities. Deficiency in this system is presently causing havoc in all the cities in India whenever rainfall exceeds 60mm/day. Philadelphia city in US had followed a similar system as stated above called “ Green technology ”  and brought down the cost of drainage system from $ 9 billion to $ 2 billion (Vide Time 3.10.2011). Apart from cost savings, the ecology of the entire city will get very much improved.
5.  Thirdly the exorbitant cost of sewerage pipelines and disposal works for towns & cities can be drastically cut down if the eco friendly technology developed by the author is adopted. The main principle in this technology is to isolate effluents coming from the toilets (from the sewage water coming out from bathrooms, wash basins, kitchens etc.) and treat the same separately within the building compound, ultimately resulting in good organic manure. Twin shallow chambers underground (with manhole cover and connecting vent pipe) will have to be constructed as per the author’s design, at a suitable place within the compound of the building. Each chamber will function as a dispersion trench cum sludge drying and digestion (by aerobic bacteria) and function similar to a borehole latrine pit. Only one pit will be used at a time. When one pit is filled up, say after a usage of about 6 months, the toilets effluent will be diverted to the second pit. Good organic manure will get formed in the first pit in a matter of one or two months. This can be safely and conveniently used for the kitchen garden & greenery within the compound. Apart from a financial advantage to the building occupant the major advantage is that pollution of streams & water bodies is totally avoided. It is of immense advantage to the governments since huge amounts need not be spent on sewerage distribution and disposal projects. Effluents coming out of bathrooms, kitchens etc. are only dirtied water and can be directly used for the greenery within the compound. In    addition to the above advantages, this system saves costly domestic water, presently being used for gardening. The above technologies were successfully designed & implemented by the author in some colonies of irrigation projects.

6.  TRANSPORTATION
In the field of sustainable transportation technologies, several concepts such as using mass transport (e.g. 
Buses, monorail, metro rail etc.) instead of individual vehicles, using cycles (avoiding pollution), adopting fuel saving technologies, using electric and solar powered vehicles etc., are all frequently mentioned by the experts and due publicity for the same is also given in the media. I will now present to you an idea which is not getting enough attention of the governments, People, leaders, planners and the public. This is the need to totally eliminate in the first place, transport of persons, for attending to their daily needs and duties for going to offices, factories, purchasing daily requirements etc., All these daily activities should be accomplished by walking or by cycling and there should be no usage of power or fuels for these purposes. Eliminating the very need for daily transport is the best method and this comes under the classification of demand management, a well recognized method. This is possible by building residential quarters, colonies, around the many offices, factories and public undertakings  in a manner of a satellite township followed in Singapore. Permissions to build factories, big officers should not be given unless they are accompanied by proposals to construct residential buildings for all the staff (including the managing director), centrally located infrastructure for common utilities and facilities such as shops, school, health centre etc.
              7.  WATER RESOURCES
In the sector of sustainable water resources management the usually mentioned aspects are related to recycling of water by industries, usage of water coming out of sewerage disposal and treatment plants, saving of water in all sectors including irrigation (which consumes nearly 85% of total water usage), construction of minor, medium and major irrigation projects to impound most of flood flows going to the sea. Government and public attention is already focussed on these issues and hence I would not deal with these issues. I would like to present to you a concept developed by the author on the most important issues of water resources management in catchments of the irrigation projects. This is called watershed management and there is total lack of awareness in the government and public on the water resources  development and the results that have to be obtained on land and water resources, after the watershed development works are completed. The following results were not obtained even in the successful 40 sheds out of sample of 1000 watersheds studied by independent organization (International Food Policy Research Institute ,Washington and Ecological Foundation, New Delhi).

-Main stream within the watershed should become semi perennial with base flows up to several months after the stopping of rains.

-Flood flows in the streams within watersheds should be clear or less turbid (muddy) similar to a stream coming from a well wooded forest, indicating that soil erosion is  not taking place.
-Ground water table levels should rise from the present 40 feet  to 80 feet depth to 3 feet below ground level and all the dug wells within the watershed should yield sufficient water even in summers of drought years.
-30to 35% of rainfed agricultural land should get water from ground water to support one light irrigated Rabi season crop as against the present less than 10%.
-The watershed area should be rendered drought proof. This means there should be enough ground water resources even in periods of drought years to support a rainfed 
Kharif season crop with life support irrigation; provide irrigation for garden crops throughout the year and meet the domestic water supply needs of population and animals.
   8. Success of line departmental activities cannot be cited as development due to
watershed development, since such successes can be achieved even in  non watershed  areas also. Unless real drought proofing occurs, it is not a measure of success of watershed development. The “four water concept” developed by the author gives all the five results mentioned above at a lower cost than the conventional costly practices (of constructing costly cement based works.). These details along with diagrams, photos and Ready Reckoner tables are brought out in the “four water concept book” of the author published by the Engineering Staff College of India.
9. LAND RESOURCES 
Optimization of benefits of Land resources is usually stressed upon while talking about management of this sector. The emphasis so far is on different type of land uses for various  purposes such as industries  ( in lesser agricultural  production zones) ,buildings,colonies and townships , grass lands , rainfed  agricultural lands , irrigated lands , forests , waste lands , common village lands etc. While all this is alright, the most important issue of ‘Soil Degradation’ is not receiving the required attention by either the governments or the public.Soil erosion on the planet is now taking place at an alarming rate and the tragedy about  this is that the adverse impact of this loss of land resource is not immediately felt. With the result, adequate steps are not undertaken to arrest this menace.When once the top soil is lost,it is lost forever and nature requires about 1000 years to build half-inch depth of top soil.Top soil,as everybody knows, supports all plant life, crops,trees etc. and the soil below  this is inert and not that fertile.Top soil erosion was almost nil or very meagre  for millions of years and the soil erosion started increasing gradually during the past 100 years and it has now reached alarming proportions.     About 25 billion tons of top soil is lost every year in the world and  soil loss in India is  about  6.5 billion tons  i.e about 26% of the world loss and that too in an area of  about 2.5 % of the world land area .   Since  top  soil loss in India is several times more than the world average , this problem needs immediate attention in our country. The only method to arrest soil loss is by implementing vegetative and structural activities pertaining to the  “four waters”   mentioned in the above para 9. Wherever these activities were implemented as mentioned in the book ,the soil loss was almost nil. 
10.     WASTE MANAGEMENT
 Liquid waste comes under the category of sewerage and is already dealt under para5  above. With regard to solid waste, the present technologies adopted in various cities and towns in India are:-
-landfills leading to environmental degradation, air pollution, ground water and surface runoff  water quality deterioration. This leads to health hazard and should be avoided. 
-Preparing compost manure out of organic waste after due separation from the total waste. This is better than the above since useful organic manure is obtained, though energy is not exploited.

-Digesting organic waste in bio gas digester .This is better than the above two since biogas (methane) energy as well as organic manure  are  both obtained.

-Incineration of organic waste, and using the heat energy for power production. This causes atmospheric pollution (emission of carbon dioxide, etc.) and organic manure advantage also is lost in this process.
-The best method was developed by Bhabha atomic energy department. This is an advanced and improved method of enhancing biogas production through temperature control and usage of specific bacteria. The organic manure coming would also be of superior quality. These plants are presently working in selected areas  in some cities (e.g. Ahmedabad, Delhi, etc).This technology will have to be spread all over the country in a short time.
11.      IRRIGATION MANAGEMENT
Avoiding  over irrigation, reducing wastage of irrigation water through better        participation of the stake holders and government controls; regulating releases of water as per  crop water requirements and better control of irrigation management are frequently stressed in the various platforms and discussions pertaining to this subject. A very important and significant factor is not receiving any attention of the government and the public. This is regarding the very purpose for which an irrigation project is financially sanctioned and executed. The purpose of an irrigation project is to grow additional food grains, pulses, oilseeds, fiber, etc, several times more than what was grown earlier under rainfed condition. Based on additional expected financial gains,a project is financially sanctioned after an economic evaluation is done. Only about of 50% of expected financial benefits are released in most of the irrigation projects constructed in India during the past two decades. This is due to five  major gaps in the irrigation sector (as identified by the author), and the same are given below. Unless these gaps are bridged and remedial actions taken through a high level of participation of stake holders, it will not be possible to realize the full benefits of the projects, and till that time, the expenditure incurred on them will have to be treated as nonremunerative  bordering on wastage. 
The gaps are :-

-Area gap:-Gap between actual area irrigated and potential irrigation.

-Financial gap:-Gap between year wise financial returns expected due to the project and actuals.

-Production gap:-Gap between the quantities of production as envisaged in the sanctioned project report and actuals.
-Soil fertility gap:-Gaps between fertility status of soils as expected in the sanctioned project report (stipulated by the soil corelator) and actually obtaining on the fields.
-Efficiency gaps:-water conveyance losses (efficiency) in canals and farm water utilization efficiency as stipulated in the sanctioned project report and the actual.

12.0   ENERGY

Sustainable technologies focuses on energy development without the usage of fossils fuels, which anyway get exhausted in the planet in a period of 50 years for oils and 150 years for coal. The emphasis is on reducing emission of carbon dioxide gases into atmosphere in order to arrest the global warming that is now taking place (due to green house effect). It is  estimated that the present carbon dioxide levels in atmosphere is 380ppm (October 2007) and this increase from the earlier 280ppm (pre industrial revolution) has caused global warming of sea water by 0.8 degrees centigrade to 1.0 degree centigrade. This has resulted in polar ice cap melting and also glacier melting on the land, significantly more than earlier. The sea level rise of about one cm due to this has already caused havoc in several low lying areas of the world. Even if the present rate of carbon dioxide emissions are reduced as mentioned below, it will reach 450ppm by 2050 (as per one forecast) and the seawater temperature would further rise by 2 degree centigrade to 4.8 degree centigrade causing more havoc on the planet. It was therefore decided in the various environmental meetings ( at Cancun,Mexico) that the present level of carbon dioxide emissions will have to be brought down from the 48 billion tonnes of carbon dioxide equivalent to 44 by 2020. Thus it appears there is no scope for any more carbon dioxide emission by new fossil fuel based thermal power stations in the world and even existing ones will have to be pruned,. The future scope of energy development     therefore appears to be in non thermal, such as hydro, nuclear, wind, wave, tidal, solar thermal, solar photo voltaic, bio energy. There are limitations to the extent hydro power can be expanded(due to the limitations of the land and water resources) and the growth of nuclear power is facing road blocks due to several environmental concerns and objections from the public who stay in those locations. The only scope of growth is  in the other sectors  mentioned above and therefore efforts will have to be made to develop them in order that all future large scale energy requirements may be obtained through those technologies. In order to facilitate this, huge amount for R&D in these sectors will have to be provided to improve the technologies and make them cost effective. Pilot projects will have to be executed at several locations ,adopting improved technologies related to nuclear(emphasis on fusion), wind, wave, tidal, solar thermal, solar photo voltaic, bio energy (using blue green algae) and others. Climate models apart from emphasizing the need for the above also predict increase  in frequency of droughts and in some areas and  increase in intensity of precipitation in certain other areas (e.g. Godavari and Krishna basins).
13 CONCLUSION
Sustainable technologies relating to buildings, construction, transportation, water resources, land resources, waste management, irrigation and energy are briefly covered above. Instead of dealing with the already well acquainted and known technologies, emphasis is given on the ideas developed by the author. It is not possible to deal in depth on any one  of the above sustainable technologies in an  inaugural address like this, and hence broad ideas are given with some limited details to facilitate understanding of the same. 
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