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Abstract

The world's population has been constantly increasing and so has the water

demand. However, global freshwater supplies are limited to a finite 2% of

the total available water. The main aims of this presentation are to

analyse global population trends, to identify the areas of major water use,

to propose ways and means of reducing consumption and to appraise the

potential for development of rainwater catchment systems in the next

millennium.

On analysis, it is noted that demand is largely dependent on the changing

requirements in the domestic, industrial and agricultural areas. Other

factors that influence water demand are the ease with which it is available

and its price. Population growths influence demand rates and, though

populations will increase, rate of growth will decrease. Worldwide water demand has

increased six fold between 1900 and 1995 though population has only doubled.

However, almost 70% of water demand is from the agricultural sector. 

Another phenomena that will have a great impact is the proliferation of

megacities, where urban populations will predominate. By 2025, the

population in these megacities is expected to double to 5 billion. That

means two thirds of the world's population will be living in megacities out

of which 90% will be in developing countries. 

With the prospect of an escalating water demand, the search for augmenting

supplies will be one of the major worries of humankind in the next millennium.

The finite volumes available have to be managed optimally and it should be

ensured that there is no friction between countries due to scarcity of water.

Water use has to be cut down with special emphasis on agricultural

practices. 

With the emergence of quite a few megacities, there should be large urban

populations and correspondingly rapid increases in water demand in the

industrial sector. These urban populations will be sprawled over the

megacities and are bound to encroach on catchment areas. As the urban poor

will be quite substantial, particularly in developing countries, the

catchment areas will be subjected to intense pollution. This will call for

adopting effective measures to curb pollution and, as practised in

water-scare Singapore, to extensively utilise urban catchments.

With high-intensity urban populations, there are bound to be large paved and

roof areas which are ideal for rainwater harvesting. Besides, medium-sized

catchments areas in educational institutions, airports, army camps, etc. can

be fruitfully utilised for developing individual schemes and the collected

water applied for potable and non-potable uses. These smaller schemes should,

preferably, be integrated with existing conventional water supply systems.

The harnessing of water in megacities and the surrounding urban areas by

utilising appropriate rainwater catchment systems should alleviate, to a

large extent, the future water demands.

INTRODUCTION
Only about 2.5% of the total water available in the world is freshwater out of which hardly 0.3% can be considered to be renewable (Shiklomanov, 1993). This limited resource has been exploited, from time immemorial, and water has been abstracted from surface runoffs, rivers, lakes, groundwater, man-made impoundments, etc. Water demand has always been known to escalate and humanity is bound to stretch the finite quantity that is available. The main objectives of this paper are to establish the relationship between population increases and water demands, to identify the areas in which these increases predominate and to find ways and means to optimise the available sources in the next millennium with emphasis on the use of rainwater catchment systems.

WATER DEMAND IN RELATION TO POPULATION

The total water demand in any location is the sum of the sectoral demands. The sectors will vary according to the location and activity, which, in turn, will largely influence the magnitudes and trends of demands. Domestic water demand plays a crucial role, as potable water of an acceptable quality is essential for the survival of humanity.

Historical data clearly establishes that, at both national and world levels, the major factor that directly affects the quantity of domestic demand is population. Figure 1 shows the rate of increase of water demand in relation to the population increases between the years 1950 and 2050 (Engleman & LeRoy, 1993). The higher the population, the greater will be the domestic demand. There is a gradual upward trend in the population increase but annual increases appear to be progressively decreasing. If medium fertility rates were maintained, the world would reach a population of 9.4 billion in the year 2050 (World Resources, 1998). 

URBAN POPULATION AND MEGACITIES

Urban migration

The world’s urban population is currently growing at 4 times the rate of the rural population (UN, 1997). The change in urban population is drastic as shown in Figure 2. The growth in urban areas, up to 2025, in developing countries (Asia and Africa) is very positive. However, projections indicate that growth rates in rural areas in developed countries have a definite downward trend whereas the growth rates are almost constant in urban areas of developed countries and rural areas of developing countries. 

Emergence of Megacities

This phenomena of urban growth wherein there is an influx of people from the rural to urban areas has lead to the emergence of megacities (ADB, 1993) that are generally referred to as large urban areas having extensively industrialised zones with populations greater than 8 million. 
Demographic patterns have indicated that in 1950 the only megacities in the world were London and New York. But, over a period of time, their numbers have increased considerably as shown in Table 1. (UN, 1997)
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Figure 1: Population and Water Demand variations
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Figure 2: Urban Growth Rates

Table 1: Emergence of Megacities

Year
Megacities (in countries)


Developing
Developed
Total

1995
17
6
23

2015
23
13
36

Between 1990 and 2025, the number of people living in urban areas is projected to double to more than 5 billion. This means that by then almost 2/3 of the world’s population will be living in such megacities. The most important statistic is that almost 90% of such increases will occur in developing countries (World Resources Report, 1996)

Problems in Megacities

When megacities grow, they will tend to expand and thus encroach into the adjacent hinterland. The social strata of the people who occupy these areas will vary. In developed countries, where such cities are appearing at a slower rate, the additional population will create an increased water demand, which has been met with by conventional and controlled means in the past. However, in developing countries, where such megacities are mushrooming at a rapid rate, the trends show that there is the ubiquitous presence of urban poor who have been actually migrating from rural areas to better themselves (Appan, 1998). Consequently, these megacities have a tendency to be inundated with an urban population that has access to very little potable water supply as well as suffering with poor sanitary facilities.

APPROACH TOWARDS COPING WITH RISING WATER DEMANDS 
With the inevitable escalating water demands, there is the need to optimise all systems that are related to the supply and demand of water. The approaches taken should be to improve technology and operational methods associated with water supply, managed water demand, augment existing sources and look for new sources. 

Technological developments have been progressing, resulting in improved reticulation systems, construction materials and modes of transfer, etc.
The management of water demand is another area that calls for extensive water conservation measures and exercising appropriate control over the supply and distribution systems to ensure minimal unaccounted for water.

The search for new sources has been primarily directed towards methods of desalination. These have included evaporation, reverse osmosis, etc. These techniques show great promise but have yet to reach the economic viability level of conventional water resources. 

One of the main methods for augmenting existing sources is the re-use of sewage effluent. The technology is still being developed but there are considerable constraints in terms of type of use to which the water can be utilised. Another method that is fast developing is rainwater catchment systems. With the inevitable expansion and growth of megacities, the situation involves large areas of urban catchment with a high density of population. Particularly in developing countries with a large number of urban poor, there is the need to establish simple and cheap systems that will meet basic requirements. The requirements can be met best with rainwater catchment systems that can be adapted to urban areas, be they in developing or developed countries. 

UTILIZATION OF RAINWATER IN MEGACITIES

In view of large increases in migration to urban areas and the emergence of megacities in the next millennium, it is imperative that supply systems should be evolved to cater for such a development. The two major sources that can best be utilised are:

· urban runoff in larger catchments and 
· the development of rainwater catchment systems

In the case of both these sources, large quantities of runoff are currently going to waste because of water pollution problems in urban runoff or the lack of understanding of the potential for developing smaller systems. The quality of the runoff being tapped is a major issue in both the systems as a consequence of which the choice has to be made whether it can be used for potable or non-potable uses. Particularly in the case of rainwater catchment systems, there is sufficient flexibility to utilise systems that will be adaptable to suit all socio-economic levels of the population including the urban poor.

Utilisation of urban runoff in larger catchments

One of the major factors influencing the collection of surface runoff in conventional systems is the quality of raw water. In the case of highly urbanised areas, there is a tendency for the large areas to be paved, which could result in a change in pattern of runoff hydrographs, as the infiltration is limited. The major issue is the level of pollution in such runoff. During storms or heavy rains, there will be a tendency for the initial flush of rain to pick up all the debris in an urban catchment. Urban runoff generally has poor quality and so this issue has to be handled two-fold. Primarily, the pollution- causing factors have to be controlled and secondly, the dry weather flow and the initial first flush have to be diverted and not collected.

To reduce the level of pollution in such catchment, a sequence of operations involving a number of parties, government, quasi-government and private, who are associated with the cleanliness of the catchment, have to organise themselves well. The different parties have to meet on a regular basis and maintain a high standard of cleanliness so that runoff quality is maintained. A typical system that is operational is the Bedok Reservoir Scheme in Singapore (Appan, 1997).

In any case, the runoff collection system should incorporate small drains within the collection channels so that the dry weather flow can be diverted. This aspect is very essential especially in tropical countries. Another system of collection that has to be incorporated is the diversion of the first flushes of storms. The storm generally has a tendency to pick up a lot of the debris and this will have to be diverted by suitably designed systems.

The storm waters so obtained are collected in ponds. It is preferable that such urban storm water collection systems be integrated with a conventional collection system and the raw waters mixed so that overall quality of the raw water will be easier to maintain. A typical example of such mixed water in the Bedok Scheme is given in Table 2 (Lee & Nazarudeen, 1996). The parametric values for most physico-chemical parameters appear to be comparable to those in a protected catchment (Nature Reserves Act, 1951).
Development of rainwater catchment systems

These are generally smaller systems, which can be adapted to suit developing and developed countries in both rural and urban catchments.

(a) In developing countries: The situation in developing countries is totally different from that in developed countries as the economic status of the people is of a lower order. Past experience indicates that a large exodus of rural folk to cities has led to problems associated with health, sanitation and a host of other issues like flood control or solid waste disposal (Appan, 1998b). While there is the critical need for provision of water to meet domestic and other demands, the major issues are the raising of finance and developing very simple and manageable systems and making sure that in case the basic requirements for establishing rainwater collection systems are not available, suitable arrangements should be made for provision of items like appropriate roofing material, gutters etc, so that basic water demands can be met with. The propagation of such systems varies from place to place and one has to take into consideration the socio-economic and cultural factors. Consequently, methodologies have been developed to suit countries like Thailand (Heyssen, 1983), Indonesia (Aristanti, 1983), Philippines (Lee and Appan 1991). In all these schemes, the system is largely paid for by the user who also becomes the owner who has to maintain the system.
Table 2: Comparison of Raw Water Qualities

Parameter
Bedok reservoir
Protected catchment

Colour (Hazen)
12
20

Turbidity (NTU)
2.
2.9

PH
7.4
6.3

Total Alkalinity (CaCO3)
43
7

TOC
2.9
3.1

Total solids
205
25

Chlorides
56
4

Ammonia N
< 0.02
< 0.03

Phosphorus
< 0.03
< 0.03

Iron
0.04
0.52

Cadmium
< 0.0005
< 0.0005

Chromium
< 0.005
< 0.005

Lead
< 0.001
< 0.001

Coliform/100mL
18
14

              Note: All parameters, except pH, in mg/L unless mentioned otherwise

Urban areas: These systems are located in either developing or developed countries and have smaller catchment areas of up to about 500 ha. It is possible to have working systems in which water is abstracted from both roof and land areas and it is used primarily for non-potable uses. Some typical examples are given below:

(i)
Public Institutions: In smaller catchments in schools, colleges, army camps, shopping complexes, bus terminals etc., there is normally sufficient roof and land to make the tapping of rainwater economically viable. In a case study involving a polytechnic (Appan, 1998a), the rainwater from the roofs and grounds are being successfully collected and treated. The collection and storage tanks are below ground level and were all constructed as an integral part of the whole project. The collected water is partly subjected to chemical treatment and the water used in the sports field. The untreated water used for irrigation and the annual savings in water currently amounts to S$74,000.00. A similar system has been proposed for the Nanyang Technological University in Singapore (Appan, 1998) wherein the monthly savings were computed to be S$ 18,400.00 which amounted to 12.4% of the average monthly expenditure for water. In another example involving a bus terminus cum washing centre, all the runoff was collected and the system integrated with an existing bus washing service. (Appan et al, 1988). The water quality obtained was of a high order and could be used with the existing supplied water for washing of buses. The present worth savings in this scheme amounted to s$215,000.00. 

(ii)
High-rise buildings in high- density urban areas: A working model was in existence from 1980 (Appan, 1982) and subsequent work has followed in a large housing estate consisting of multi-storey housing flats (Appan et al 1987, Appan et al 1997). In the 1997 study, an input/out model was used to compute the sizes of cisterns and to incorporate a dual mode system (DMS) to ensure that lack of rainwater did not hinder the non-potable use. Besides, the DMS ensured that there was no mixing of the potable and non-potable waters which is a breach of existing water supply regulations. The system involves the construction of a light sloping roof over the existing flat roofs and the overall cost of the water has been estimated to be S$1.00 against the current price of S$1.65 per m3 of treated water. The overall saving of water usage by adopting such systems is estimated to be about 4 to 6% of the total demand. 

(iii)
Collection of rainwater in industrial areas: Since even small scale planned industries have an area of about 2ha in Singapore, a proposal was put up to tap the water available from the roof and land area (Appan, 1989). The storage tank of 400 m3 was proposed to be kept underground with suitable arrangements for pumping. The water collected could be treated or used untreated according to needs. If water was not treated, 13% of potable water had to be supplemented and the annual savings worked out to be S$10,500.00

In another industry where there was some aquaculture and ornamental plants being bred, rainwater and runoff was successfully collected and used and recycled in the operations. In this case, the water authority had insisted on use of such water, as the quantum used for processing was excessive. The water collected was far too excessive and helped largely to dilute the water within the other water bodies in the system that were being subjected to high nutrient loads.

(iv)
The use of runoff in airports: In an existing project (Appan 1995, Appan 1993), the runway and rest of the area amounting to 530 ha in the Singapore Changi Airport have been fully utilised to obtain non-potable water that completely meets the requirements for non-potable uses like fire-fighting, washing of floors and toilet flushing in the airport. The scheme incorporates the provisions of two storage ponds to hold the runoff and the other to act as a buffer during the periods when the storm peaks coincide with incoming tide. Due to the proximity of the airport to the sea, there is the need for the buffer reservoir to hold a certain volume of overflowing runoff and incoming sea water during the worst condition of operation. One of the major problems encountered in this project is the quality of runoff, which could, at times, have higher oil and grease content. This has to be countered by good house-keeping and propagating the message in the airport that the runoff is being collected for further use. 

DISCUSSION AND CONCLUSION

Population increases lead to increased water demands. Population growths in the future appear to be concentrated in urban areas and particularly in the megacities in developing countries. The need for potable water is one of the many requirements that have to be met within these megacities that will have to cope with the influx of large populations from rural areas.

As almost 90% of the migration of population to megacites are expected to occur in developing countries, there is the need to look into simple systems for augmenting existing water supplies. Rainwater catchment systems appear to be one of the most appropriate abstraction systems that can be adapted in emerging megacities in both developing and developed countries.

The two major areas where runoff from megacities can be collected successfully are tapping of runoff in urban catchments in major water supply schemes and, secondly, utilising smaller catchments fruitfully to abstract runoff for non-potable uses. In both these systems, the quality of the raw water bears paramount importance as it has been shown that there can be wide variations depending on surface area, collection methods, location, etc. (Appan, 1999).

In the case of the larger urban storm water collection schemes, there is the need for maintaining large tracts of the urban catchment so as to ensure that pollution levels are under control. Besides, it is advisable to avoid the collection of the dry weather flows and also the first flushes during storms. It is also preferred that such systems should be integrated with conventional collection systems so that quality control of raw water becomes easier.

For the smaller rainwater catchment systems, the same principles of design will apply wherein suitable relationships are established between the rainfall (inputs) and withdrawal rate (output) and the storage (water tank). There are quite a few successful cases where such systems have been adapted for use in public institutions, industries, airports, etc.
In the next millennium, the migration of people to urban areas, in both developing and developed countries, is inevitable. And the challenge of meeting the water requirements can be largely met by an appropriate understanding, study and application of rainwater catchment systems. 
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