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WATER QUALITY ASPECTS
It has always been believed that rainwater is quite pure and can be imbibed without any treatment. While this belief is acceptable in many areas that are unpolluted, the fact remains that rainwater collected in many locations has some impurities. Particularly during the last three decades, alarms of acid rain have been raised that have not only proved to be harmful to aquatic life but have also warranted treatment of the collected water. 

a. Drinking Water Quality Standards: The WHO has published (1984) a set of guideline values for drinking water (See Table 1). While these values may be used as a reference level, the respective standards many countries are dictated by the availability of water. 

b. Sampling of collected water: Water sampling, of both rain and roof water, has been very scanty, particularly in developing countries. Except for a few isolated cases of high pH, rainwater is generally of a high order. However, in all collection systems, be they small roof water systems or major water abstraction systems, the quality of water reaching the cistern or impounding reservoir is largely influenced by the impurities that are collected either in the roofs or on the ground when surface runoff is collected. For appraising the quality of the collected water, the WHO guideline values will be used . Bacteriological parameters such as Faecal Coliform (F Coli) and Total Coliform (T Coli) have also been appraised and the ratio (Faecal Coliform/ Faecal streptococci) has also been determined. This ratio has been shown to indicate whether the sources of pollution are of human (FC/FS>1 to 4) or animal (FC/FS < 1) origin (Duktar, 1977).

  

	Table 1: WHO's Guidelines for Drinking Water


	Parameter
	Guideline value*
	Parameter
	Guideline value#

	Colour
	15
	Cadmium
	0.005

	Turbidity (NTU)
	5
	Chromium
	0.05

	pH
	6.5 - 8.5
	Cyanide
	0.1

	Hardness as CaCO3
	500
	Fluoride
	1.5

	Iron
	0.3
	Lead
	0.05

	Manganese
	0.3
	Mercury
	0.001

	Sulphate
	400
	Selenium
	0.01

	Total dissolved solids
	1000
	Zinc
	5.0

	Nitrate
	10
	F Coli/100mL 
	0

	Arsenic
	0.05
	T Coli/100mL
	0


	* Note: All units, except pH, in mg/L unless stated otherwise


i. Roof water: In a study covering the whole of Thailand, 1292 samples were collected over a period of four years mainly from water collected in clay jars which are used in abundance (Nantana, 1987). From the results, in terms of physico-chemical parameters, more than 83% of the samples were satisfactory except for 40% of the samples exceeding the allowable limits for Lead. In terms of Coli, more than 76% of the samples had values exceeding the guideline limits. 

In another investigation in Thailand (Wanpen, 1992), a series of tests was done in three locations in the dry area of Khon Kaen, 709 water samples were collected from tiled roofs and gutters, containers located in homes, jars and at the point of consumption. From the results (see Table 2), the three types of coli tests showed that only 10 to 67% of the samples lay within the guideline values. Samples collected from sources other than the container showed that 79 to 82 % of the contamination could have emanated from animal droppings. Besides, in all samples 2 to 20% and 4 to 26% of manganese and zinc respectively did not meet the guidelines.

	Table 2: Roof water Quality (Thailand)


	 
	Acceptable Quality
	FC/FS

	Sampling Locations
	Total Coli
	F Coli
	E Coli
	>4
	<1

	Roofs and gutters
	10%
	10%
	22%
	18%
	79%

	Tanks and jars
	35%
	30%
	47%
	17%
	82%

	In-house containers
	22%
	22%
	67%
	47%
	39%


In the Philippines, a simple study was carried out over a period of one year in three selected villages in the province of Capiz, where pilot roofwater collection projects were launched. Water samples, from 25 water cisterns that stored roofwater, were examined. 24% of the samples had a T Coli exceeding the guideline values (Personal Communication, 1986)

In a study in West Malaysia where the quality of rainwater and roof runoff was monitored (Yaziz et al, 1989), 72 water samples were collected from buildings having two types of roofs viz., galvanized iron and concrete tiles, were analyzed (see Table 3). The range of turbidity, lead and F Coli values far exceed the guideline values. The pH of the rainwater also has a tendency to lie towards the lower range of the guideline values.

	Table 3: Roof Water Quality (Average) in Malaysia 


	Parameter
	Galvanized iron
	Roof concrete tiles

	pH
	6.6 to 6.4
	5.6 to 6.9

	Turbidity (NTU)
	10 to 22
	24 to 56

	Total solids
	64 to 119
	116 to 204

	Suspended solids
	52 to 91
	95 to 153

	Dissolved solids
	13 to 28
	23 to 47

	Zinc
	2.94 to 4.97
	0.05 to 1.93

	Lead
	1.45 to 2.54
	1.02 to 2.71

	F Coli/100mL
	0 to 8
	0 to 13

	T Coli/100mL
	25 to 63
	41 to 75


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


ii. Rainwater: Field investigations in the western half of Singapore have also shown that during Jan 1974 to July 1983, the range of pH in 11 monitoring stations distributed throughout the land area, was 4.6 to 5.5 (Tan,1984). The results in a more recent exercise, extending for a period of 6 years from 1989 are shown in Table 4. The values appear to be acceptable in terms of all physico-chemical parameters except pH which is quite low. T Coli and F Coli values also exceed the guideline values. 

	Table 4: Rainwater Quality in Singapore


	Parameter
	Range of annual means

	Colour (Hazens)
	3.3 to 5.2

	Turbidity (NTU)
	1.6 to 2.9

	pH
	4.2 to 4.3

	Sulphate (mg/L)
	2.9 to 10.0

	Chloride (mg/L)
	1.0 to 1.5

	Total Dissolved Solids(mg/L)
	4.8 to 20.2

	NO3 as N (mg/L)
	0.3 to 0.6

	T Coli/100mL
	18 to 46

	F Coli /100mL
	2 to 6


iii. Storm water quality: In urban storm water collection systems, the primary goal is to avoid the collection of first flush whenever there is a storm. This is to avoid the very high pollution loads that are encountered during the initial phase of the storm. One of the few locations where such a system is being practiced is in the Sungei Seletar - Bedok Water Scheme in Singapore. In this scheme (Appan, 1997), almost half the catchment area is primarily urban area with high-rise buildings. There are a number storm water collection ponds in this urban area with suitable designs to divert dry weather flows and also first flushes of storms. Water impounded in the Bedok reservoir is of a high order though mixed with urban storm water (Lee & Nazarudeen, 1996). Its quality is comparable to that from conventional catchment (see Table 5) which is protected by law (Nature Reserves Act, 1951). 

	Table 5: Average raw water quality in Bedok reservoir 
Vs. Protected catchment 


	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


DISCUSSION AND CONCLUSIONS 
Economic aspects
The storage volume, which is related to the yield, has to be computed very accurately by one of the many methods. This is the most critical factor in the costing of any scheme and pricing of water. Hence, the choice of method of determination is very important.

When simple roof water collection systems are involved, the expenditure for the whole system bears paramount importance, albeit the overall running costs are low. This is because these systems are specifically used in developing countries where they have to be largely self-supporting and have to be sustained over a period of time. In this respect, it is worthwhile to note the major components in the financial models adopted in Thailand, Indonesia and Philippines. In all these schemes, materials and methods have been largely adjusted to suit the know-how, attitude, mentality, culture and economic status of the potential owner/user. The overall running costs of these schemes, though manpower-intensive, are generally very low.

The marginally larger schemes, which have been successfully implemented in airports, schools etc., are actually miniature projects. The savings effected in terms of non-potable usage and the cost of water has justified their existence. 

In urban areas, the uses of roof water collection systems are economically viable and can be fine-tuned to suit existing systems. The use of urban catchments may involve dealing with stringent control measures for urban catchment management. However, as the raw water quality can be compared with those in conventional catchments, they should be pursued particularly as their implementation also improves the cleanliness of urban areas.

Ultimately, with the emergence of mega cities, it is strongly recommended that smaller rainwater catchment systems be implemented in all possible sites and these schemes should be integrated with existing conventional schemes and operated optimally. 

Water quality aspects
In terms of physico-chemical parameters, the collected roof water, rainwater and urban storm water appear to exhibit quality levels that are reasonably comparable to WHO’s Guideline values. However, the low pH range can reflect the level of industrial activity at the sampling locations. High Lead values can be attributed to roofing material. Hence it can be recommended that in such roof water collection systems, roofing material should be seriously taken into consideration besides which, the quality of fossil fuels in industries has to defined or laws on air-pollution be promulgated and strictly adhered to.

There were quite a few samples which exceeded the WHO’s values in terms of T Coli and F Coli. Besides, the FC/FS ratios indicated that the source of pollution was largely of animal origin and could be the droppings of birds, rodents etc. The few cases of human contamination can be attributed perhaps to poor handing practices. The presence of different species of salmonella has also been reported (Wanpen 1987, Fujioka et al 1991). Hence, with frequent presence of F Coli and particularly Salmonella, there is the need to research its impact on human systems.

Currently quality control in roof water collection systems is limited to diverting of first flushes, rearing of fish within containers and occasional cleaning of cisterns. Boiling, despite its limitations, is the easiest and surest way to achieve disinfection but there is generally a reluctance to accept this practice as taste is affected. Alternately, simple methods of adding one of the halogens can be practiced. Chlorine in the form of household bleach has been successfully applied (Krishna, 1991). The cheapest UV system still appears to be prohibitive. However, as abundant sunlight has been shown to remove both the coli group and streptococci (Fujioka and Chinn 1987, Wanpen 1992), it is recommended that further research should be undertaken in this area.

The roof water qualities have varied widely for different reasons. Though there are standards for drinking water, it is imperative that some standards be set for such water when it is used for drinking in some developing countries or when it is used for non-potable uses.
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Rainwater Utilization Facilities and Equipment 
Klaus W. Koenig, Dipl.-Ing. 
Fachvereinigung Betriebs- und Regenwassernutzung e.V. 
Professional Association for Water Recycling and Rainwater Utilization (NGO/NPO), Germany 

Several hundred thousand rainwater utilization installations were installed during the nineties in Germany. The installation components have been continually improved and now rainwater utilization is generally recognized as an advanced, ecological and permanently safe operating system. Rainwater utilization has thus developed into an important strategy for effective rainwater management.

	Rainwater quality and areas of application 
Rainwater can be used

· in industry 

· in the public sector 

· in the household. 
	[image: image3.png]Iiustration 1







The savings of potable water through the use of rainwater amounts to about 50 % of household consumption. Household activities where potable water savings can be achieved through the utilization of rainwater include:

	
	-Toilet flushing
	33 %

	
	-Washing clothes
	13 %

	
	-Floor Cleaning
	2 %

	
	-Garden watering
	3%


The quality of the rainwater collected depends directly upon the collection facilities and installation techniques used. Installations that are competently designed, based on technical standards, supply rainwater that can be used for the applications named above without hesitation. Rainwater collected from such installations is, for example, usually of better quality than authorities demand for lakes used for swimming. [Hollaender 1996] 

Legal regulations and standards 
It is in the public interest to ensure that the potable water system is protected and secure from possible contamination arising from improper house-owners' installations, including the dangers of a return flow from the rainwater pipework. There are legally binding regulations for this contained within the German potable water legislation for this, and the General Conditions of Water Supply that, apart from purely garden water storage without refilling equipment, are to be maintained in all cases. The technical measures for this are defined in DIN 1988. Of especial importance are potable water feeds and the labelling of pipework and extraction points. 

The regulations in detail 
· No connection may be made between the rainwater system and the potable water system, not even temporarily! The connecting feed from the public potable water supply to the rainwater system may only be made in an open space of at least 20 mm, according to DIN 1988, part 4 ! 

· For clear identification of surface pipework, self-adhesive coloured tape with the words "no drinking water" or "rainwater" at short intervals, is to be attached. Where the pipework is under plaster, labels must be plastered in at every metre. 

· According to DIN 1988, part 2, extraction points for non-potable water (i.e. also for rainwater installations) are to be labelled with the words "no drinking water", or in picture form. 

	Recommendations 

Freely accessible extraction points should, despite the labelling, be secured with a socket key or a closable upper part to the valve, to prevent thirsty children from taking water. In addition taps for garden hoses can be installed at heights inaccessible to children. It is recommended that the rainwater utilization installation be checked for the safety and protection of the public potable water supply! A maintenance contract with the plumber or company carrying out the work increases the operational safety of the installation and relieves the operator from his obligation of care. DIN 1988 determines, in Appendix A, to Part 8, that the open outlet for the feed is to be inspected at least once annually. Among other safety items, the spacing of the inlet valve and the overflow is to be checked with a fully opened inlet. 
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German Standards for installation
The European neighbors of Germany have generally oriented themselves towards experience gained in Germany. The professional association for water recycling and rainwater utilization "fbr", as a non-profit-making and non-governmental organization with headquarters in Darmstadt, provides a vehicle for information exchange. The essential elements, which pertain to the installation and operation of rainwater collection and utilization, are discussed below based on German experience. 

Catchment areas and first flush 
Only roof areas should be connected for household use. The separation of the initial quantities of water from a rainfall is unnecessary according to investigations made in the area of the City of Stuttgart [Rott, Schlichtig 1994]. The Environmental Ministry of the German Land of Hessen also writes, in an information brochure, that a first flush is unnecessary for non-potable applications in the household; it is also not recommended because of the reduced amount of water collected. 

Filtering before the storage
Filtering before the storage cistern is necessary. The choice of the filtering system depends on the construction conditions. Low-maintenance filters with a good filter output and high water flow are preferred. 

In Germany it is no longer current practice to install fine filters in the pressure pipe following the storage cistern. Regular cleaning was often forgotten, especially in private houses, leading to disruptions in the system, pump defects and a deterioration of the water quality. 

The technical standard in Germany for fine filters in the storage inlet today is: 

· Full cross-sectional area throughout in the size of the inlet, so that the drains cannot be blocked if the filter is not cleaned. 

· Large filter capacity so that no back pressure occurs in heavy rainfalls, and cleaning does not have to take place more than 4 times per year. 

· Filter unit 0,2 - 0m,8 mm (200 - 800 my) 

Many filters of this type, when they have a separate outlet for dirt, reject the first flush as a side stream. Only when the fine mesh is completely saturated with water does it have the optimum permeability. But even with very heavy rainfalls, water is drained away when the permeability of the fine mesh is reached. The annual loss on average is about 10%. The mesh should be removed at least once a year and thoroughly cleaned. 

Illustration 3-6  Fine filters in the strage inlet.
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A second kind of filter that can be used works without loss, but also without self-cleaning. The dirt collects in front of the filter in a separate filter pit, or in the upper part of the cistern. This type of filter is usually used where high rainwater utilization requirements exist under low rainfall conditions.

Rainwater storage
Storage containers protected from daylight and placed in cool surroundings are generally adequate. Basement storage is most suitable for existing buildings; the market share in Germany is about 5 %. 

Rainwater storage can be achieved using a battery of individual 1000 liters plastic tanks. Their shape must be such that they can be transported through existing doorways. Stainless-steel tanks that are welded together are also used for large installations. 

Underground storage is mostly used for new buildings; the market share in Germany is about 95 %. 

The reasons for this: 

· The larger the volume, the more favorable in price is the prefabricated cisterns. They are installed directly from the delivery vehicle of the manufacturing company by crane into the excavation. 

· More and more buildings are built as low-energy houses. The installation of heating and cooling systems and energy conserving equipment, including insulation, often requires the use of available basement space. 

· The ground is a good protection for the collected water against frost and heat. 

· Apart from city centers, in most cases there is adequate space next to the house, e.g. below vehicle parking space. 
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Underground cisterns, even for large installations, are almost exclusively composed of prefabricated parts. About 65 % consist of concrete, 30 % of plastic, 5 % of steel. Underground cisterns must be adequately stable against earth pressure and the loads from machines and vehicles. They must also be secured to prevent buoyancy under high groundwater conditions. 

	Although storage of rainwater in the roof of a building could supply water without a pump and electrical energy, it is generally not standard practice for the following reasons: 

· High static loads arising from the water storage 

· High potential for damages due to storage leaks 

· Lower and different pressures at the extraction points 

· Danger of frost and heat with non-insulated roofs 

· Blocking valuable internal space with insulated roofs 

Storage in the roof is generally only recommended for sheds and barns.
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Water flow in the storage container
Water flow is also an important factor, which influences the quality of the cistern water. Some current approaches include:

· Calm rainwater inlet to avoid stirring up the sediment. 

· Suction of the rainwater from layers having the cleanest water, e.g. by means of a floating extraction filter. 

· Sloping overflow trap to drain away any possible floating matter and to protect from sewer gases. 

· Protection from vermin, e.g. rats. 
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Suction pipe
The suction pipe should be installed rising to the rainwater pump and below frost level.

Installation of equipment to increase pressure 

Requirements for the installation of equipment to increase pressure are: low noise generation, low maintenance, long life, corrosion resistance and low electricity consumption. Multistage rotary pumps - especially designed for rainwater utilization applications - fulfill the requirements the best by far. If compensating pressure tanks are necessary they should have a flow of water through them to avoid stagnation. With distances between the storage and the pressure-increasing installation of more than 20 meters, or a difference in height between the pump and the minimum water level of more than 6 meters, submersible motor pumps must be used. 

For more than 2 dwellings, in public buildings and in the industrial areas, hybrid systems are used. A submersible loading pump (1) fills a daily storage cistern (5), from there rotary pumps (7) produce the required pipe work pressure. For such applications the installation of a reserve pump is recommended. This back-up pump should incorporate an automatic control system with an acoustic alarm for faults. 
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Potable water feed 
The only permissible potable water emergency supply when rainwater is insufficient is the open feed type above the backflow level. This can be installed with the feed (11) arranged above a funnel (12). Alternatively a potable water feed module, that also takes over the installation controls, can be used. The amount of water feed should be less than the daily requirements to keep maximum storage volume empty for rain harvesting. 

Pipe work for rainwater 
In Germany, it is required that all service water pipe work and all tapping points should be clearly marked throughout. As noted previously, it is also recommended to use security against unauthorized use of the water. For durability non-corrosive materials should be used throughout the system. Suitable for the pipe work are polyethylene (PE), polypropylene (PP) or stainless steel. For low-noise flexible connections to the pump should be used. 

Storage overflow 
The storage overflow from rainwater installations should, wherever possible, be returned to the natural water circulation and seeped away. If this is not possible the overflow must be connected to the soil sewer. For rainwater storage cisterns there is only the danger of soiling through the backflow of soil water when the overflow lies below the lid of the sewer in the road. Protection against backflow is possible for outside storage cisterns through a backflow flap or a lifting installation with a submersible pump in the storage cistern controlled by the level. 

For internal storage cisterns this is not reasonable, because the backflow usually only occurs when a heavy rainfall fills the sewer system. With a closed backflow flap, an internal storage cistern could not empty and a backflow would build up in the inlet pipe with further rainfall, causing water damage through bursting pipes in the building. An internal storage cistern should therefore be avoided wherever it is impossible to drain above the critical height. 

Low maintenance and safe operation 
Most installation components only need to be checked or maintained once a year. Filters should be inspected about every three months. Regular cleaning of the storage cistern is unnecessary if fine filters are used in the inlet to the storage cistern. The sediment on the bottom of the storage cistern should only amount to a few millimeters per year. 

Approval 
The construction and operation of rainwater utilization installations cannot be refused as long as the relevant regulations are adhered to. A building approval is usually not necessary, although the local water supplier should be advised of the construction of an installation. 
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Economic efficiency 
For businesses that have a high demand for water, such as haulage contractors or market gardens, the conditions for the utilization of rainwater are favourable. Many of these firms have large roof areas and the extra costs for additional rainwater pipework, relative to the total building costs, are low because most of the necessary pipework can be installed inexpensively on the surface.

A complete installation for rainwater utilization in the household, according to the standards described above, together with the installation costs, is estimated to be about 5,000 US$. It should be noted however that information on economic efficiency is very site specific, making general estimates very difficult. According to the regional peripheral conditions (water and sewage prices, possible grants, waste water rates) the amortisation can range between 10 and 20 years. If designed and built properly, the principal investment in the system, e.g. for storage cistern and pipework, should have a life of many decades. The above-average rising prices for water make rainwater utilization more attractive from year to year! Increasing privatization of European water supplies indicate that this is likely to remain so. 

The usual storage size for individual houses in Germany with the best amortization is 3.5 cu.m. for basement storage and 6 cu.m. for underground storage. There is an additional saving for washing clothes: As rainwater is a very soft water there is also less washing powder needed.

Future technology
The technical development in this area is now sufficiently advanced that pressure-increasing installations and potable water feed, with all accessories for controlling the pump and valves, is offered as a plug-in module, as is the case for the storage tank with integrated filter, calm water inlet and sloping overflow trap with vermin protection. The design and installation costs have therefore become lower, with installation costs remaining generally stable. 

Economic efficiency for the community? 
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In Germany, the prices for potable water and wastewater are set by individual communities, according to actual expenditures. Where the water supply was extended in 1975 according to the forecasts for the year 2000, there is now excess capacity, with the inherent conflict of selling the largest possible quantities to amortize this public investment. Such communities generally do not support rainwater utilization! Communities that have now reached the limit of their supply capacity pay grants and support rainwater utilization. This occurs in the German Federal Lands of Saarland, Schleswig-Holstein, Hessen and Bremen, throughout their entire regions.

In new building areas the aim of effective rainwater utilization is that the requirement for central rainwater drainage can be avoided, and that inexpensive, small pipe dimensions are adequate. New storage development with buffer volume and delayed drainage can almost guarantee this. But how can this be implemented economically when it is unclear how many site owners will accept a subsidy program based on a free choice?

The government of the Land of Hessen has therefore empowered local communities to demand rainwater utilization in a new Building Regulation for the Land. This possibility of “fixing“ has now also been integrated into the new editions of the Building Regulations of the Lands of Baden-Wuerttemberg, Saarland, Bremen, Thueringen and Hamburg. A new era has begun - lower flow quantities can be achieved in water supply and housing area drainage, without a communal budget for subsidy payments. [Koenig 1999]

Experience in rainwater catchment
An example of this is a household with 4 persons in Germany with annual rainfall of 837 mm. How much roof surface must be available and how much storage volume is needed so that adequate rainwater is available for toilet flushing, washing clothes, floor cleaning and garden watering?

Calculation of requirements and storage size
With a daily requirement in the household of 128 litres of potable water per person per day and 50 % substitution through rainwater, there is a

· Daily requirement of rainwater per person of 
128 ÷ 2 = 64 litres 

· Weekly rainwater requirements for 4 persons: 
64 x 7 x 4 = 1792 litres 

· Usable volume of the rainwater storage as a 3 week supply: 
3 x 1792 = 5376 litres 
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Calculation of the necessary roof surface
Annual rainfall 837 mm means 837 litres per sq.m. horizontal projection surface per year

· Annual requirements (52 weeks): 1792 x 52 = 93,184 litres. 

· With 25 % extra for loss by vaporization and drifting and storage overflow: 
93,184 + 23,296 = 116,480 litres 

· Roof surface required (horizontal projection): 116,480 ÷ 837 = 139 sq.m. 

If filters with 10 % water loss are used, the surface must be 10 % larger.

The problem in cities
A rational utilization is hardly possible in cities with heavily built-up dwelling structures, and in high-rise flat developments. In these cases the relationship of a small collecting area to the high number of users is unfavorable. Normally in Germany, only the rainwater flowing off the roof is used for rainwater utilization. The annual quantity of rainwater is 837 mm on average. It is estimated that between 10 (with 6-litre-toilets) and 20 sq.m. of roof surface (horizontal projection) per person is needed for the toilet flushing. Another 5 (washing machines with low water-requirement) to 10 sq.m. is required for the other uses.

Possible measures to facilitate rainwater utilization in cities
· To install toilets with reduced requirement of 3 or 6 litres. 

· To collect rainwater from the roofs of neighbouring buildings, if it is not used by them. This was implemented by a tennis club in Marburg/Hessen [Koenig 1996, page 75] and in an automobile washing installation in Ueberlingen [Koenig 1998 a]. 

· To collect rainwater from roads and pathways with appropriate cleaning. 

· To supply only a part of the dwellings with the water collected, and thus to have a smaller, more efficiently used and favourably priced distribution network. 

All of these measures were incorporated in the following project in Berlin.

Berlin project achieves a new dimension!
In this project, the rainwater from all roof areas is disposed of through the public rainwater sewers of the Berlin Water Companies, as before (separate sewers). It is then transferred, together with the outflow from the streets, parking spaces and pathways, into a cistern. The cistern capacity is 160 cu.m. The water is treated in several simple stages and used for toilet flushing as well as for garden watering [Koenig 1998 b].

The Berlin Communal Dwelling Rainwater Utilization Project is supported by a 50% contribution from the Senate Administration for Buildings, Dwellings and Traffic in Berlin, Department of Ecological Town Planning, as a model project. The other half of the cost is borne by the owners (the Berlin Communal Dwelling Company “GSW“). The sanitary design and specialist construction supervision for the project is Sanitärsystemtechnik Berlin.
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The ecological effect
58% of the rainwater can be retained in the area. The estimated 90% of the pollutants in the initial flow are retained in the system and transferred through the cleaning process, out of the rainwater sewer and into the soil sewer, where they can be treated properly in a sewage plant. The savings in potable water through the utilization of rainwater amounts to about 2430 cu.m. per year, (based on a 10-year simulation). Accordingly the groundwater reservoirs of Berlin should be preserved by this amount. 

The project data 

	Commissioning (trial operation)
	May 1999
	Drained surfaces
	 

	Number of dwellings supplied with rainwater
	80
	Roofs, retention factor 1.3 mm 
	7,000 sq.m.

	(213 persons calculated at 35 litres per day)
	 
	Parking spaces(paved), ret. factor 3.5 mm 
	2,000 sq.m.

	Annual potable water saving
	2,430 cu.m
	Roads and paths (concrete), ret.factor 2.6 mm
	2,200 sq.m.

	Irrigated rented garden areas
	1,100 sq.m
	Buffer volume of cistern 
	160 cu.m.

	Rainfall utilization
	58 %
	Diameter of public rainwater sewer
	    400 mm

	(dependent on volume of cistern)
	 
	Utilizable volume of daily storage
	         6 cu.m


The special thing about this 
A scientific accompanying program of the Berlin Technical University is a part of the project and the complete treatment facilities, including the operating dials, are visible from a pathway through a “showcase window“ on the end wall of the ground floor. The experience gained from this project can help solve problems of capacity in potable water supplies, as well as drainage of dwelling areas, particularly in highly populated areas where the utilization of run-off from roof areas alone is inadequate. German Ministry of the Environment Delphi-study experts project that in future, in densely populated regions, priority will be given to the efficient use of collected run-off water. The experts predict that in Europe, an average of 15 % of the run-off water in densely populated regions will be collected separately from the sewage in 2010. In the same year, it is estimated that the percentage will reach the 24 % level in Germany [Ministry 1999].

Ueberlingen/ Germany, May 1999

Person
Klaus W. Koenig, Dipl.-Ing., born in 1956, works as a freelance architect in Ueberlingen, Lake Constance. He is on the Board of the professional Association for Industrial and Rainwater Utilization in Darmstadt, that is active throughout Germany, and holds regular seminars for training tradesmen, architects, specialist engineers and employees in public services. He is the author of three books on the subject, “Rainwater Utilization from A - Z“, “Guidelines for Rainwater Utilization for German Communities“ and “Rainwater in Architecture - Ecological Concepts.“ He has been a member of the German DIN-NAW V8 Committee for Standardizing Rainwater Utilization Installations since 1997. 
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1 Re-thinking of water policy in cities

(1) Autonomous water resources, not dependence on distant water resources
Until now, many cities of the world have had a policy based on the idea of drawing city water from a great distance; 100km or indeed several 100km away. Tokyo is no exception. On the basis that its water was insufficient, Tokyo has sought to build dams in its upper hinterland area. It is now true to say that for most of its piped water, Tokyo depends on dams in the Tone River water system. This is about 150 km distant from the center of the city. According to a water account drawn up by Tokyo Metropolitan Government this year, water resources is equivalent to 56 % of Tokyo’s annual average rainfall of 1405mm, and the greater part of this comes from the Tone River water system.

But this policy of increasing dependence on the upper streams of the water resource hinterland area is beginning to show signs of deadlock. In 1987 rain did not fall in the upper streams of the water supply area for a long time and the Kanto area was faced with a serious water shortage. Development of the upper streams of the Tone River water resource area had reached a limit, so Shunichi Suzuki, the governor of Tokyo, worked out the so called “Shinano River Watershed Concept”. This idea was to go outside the watershed area and draw water from the Shinano River into the Tone River. The governor of Niigata prefecture at the time, Takeo Kimi vehemently opposed this. He said, “Seeking water resources in another prefecture on the basis that ones own water is in short supply is too simplistic”. Building dams in the upper watershed means submerging many houses and fields and mountain woods beneath the water, and it means destroying the culture of hill country villagers that has been nurtured over a long period of time. It is not easy to win over people whose homes will disappear under the water. Because of this it takes a very long time to complete the construction of dam. Compensation that has to be paid to people from submerged areas, and compensation for the submerged land has a tendency to increase over time, and there is usually a resulting increase in the cost of construction. 

There is already no further opportunity for the development of large dams in the upper streams of the Tone River, Tokyo’s principal water resource, and development of dams already proposed is progressing slowly. In addition, dams that have already been constructed have been filling with silt over a long period of time, and there has been a tendency for the quantity of water effectively collected to be reduced. Tokyo must now change its approach and must no longer depend on the water resources of the upper watershed area. Tokyo must aim for independent water resources depending as much as possible on rainwater, ground water, and wastewater reclamation. It must also progress with water conservation.

Up to now Tokyo has only thought of rainwater as a nuisance, and of how it can be disposed of quickly through drains. It has virtually ignored how rainwater can be used as a resource. But the piped water consumed in Tokyo during one year which is about 2 billion cubic meters, is exceeded by the 2.5 billion cubic meters of rain that falls. This rain should be harnessed as a resource, and should be actively used. Reclaiming the city’s rainwater as a resource, and the importance of securing water by changing from “off-site” to “on-site” sources is a significant exercise which must be based on learning from Tokyo’s water resource policy up till the present time.

(2) Independent “life-points”, not dependent on a “life-line” for water supply
When the city increases the degree of its dependence on a distant water resource, and there is a long period without rainfall in the upstream dam sites, there is an immediate paralysis of the effective functioning of the city. The same thing can be said about reliance on a pipeline drawing water from a water resource area to the city. A city, which is totally reliant on a pipeline drawing water from a distant water resource, is very vulnerable in the face of a large-scale natural disaster.

The Hanshin Awaji great earthquake showed how this can happen in reality. Kobe City depends for most of its water resource on the distant Biwa Lake. Water is brought from there by a pipeline, but the earthquake destroyed the supply line. During the approximately one month until the pipeline was repaired, Kobe’s municipal functions were completely paralyzed. During the long period that water was cut off from pipes, well water from within the city served as an alternative source of water. The Kobe City building, where the Disaster Restoration Center was set up is an example. From the time when the building was constructed, the water supply system was divided into city water and well water, with toilets using well water. The huge earthquake did not damage the well water system, and the toilets continued to function.

The move “from life-line to life-points” must be reinforced. The lesson learned from the Kobe disaster is about this change in thinking. Numerous small-scale scattered water resources must be secured as “life-points” within the city. These can draw on rainwater and ground water, making the city strong in the face of water shortages and earthquakes.

(3) From the flow of rainwater to the storage of rainwater to restore regional water circulation
Due to a speed up in urbanization, a lot of the world’s large cities are facing problems with urban floods. For Tokyo, the central point of this problem is that the Tokyo regional water cycle is being destroyed. The cycle is made up of rain falling and over time seeping underground to become groundwater. A rich supply of underground water produces springs and the submerged flow of rivers. In 1991 the proportion of areas where rain did not permeate reached 81.8 %. An increase in the proportion of areas where water does not penetrate speeds up the flow of rainwater. Water then accumulates in drains and streams within a short time. Every time there is concentrated heavy rain, there is a flow back of sewage from drains, and medium and small sized rivers repeatedly flood. Without an overflow, the heavy rain often causes an outpouring of sewer water into rivers and streams, from countless sewer outlets and sewer pumping stations, and the quality of the city’s river water becomes tainted. In Tokyo, New York and elsewhere prevention of water tainting has become an important aspect of conserving the river water quality.

The concrete and asphalt structure of cities has tended to eliminate the regional water cycle, and reduce the amount of rainwater permeating underground. Of the 1405mm of rainwater falling on Tokyo annually, only about 360mm penetrates underground. As a result, the amount of ground water that flows into rivers and ponds via springs is thought to be no more than 30-100mm in the Tokyo central area. Because many city springs have dried up, the flow of city rivers, dependant on these springs as their water source has been reduced.

City construction that destroys the regional water cycle has various effects on the city environment. One is drying of the city. This happens because the springs dry up, rivers and watercourses are covered, and greenery is cut down. The average humidity at the center of the Tokyo in January has fallen by close to 20 % in the last 100 years.

Then there is the city’s heat pollution. Midsummer in Tokyo covered with concrete and asphalt is like a heated frying pan. In hot summer an asphalt road at midday reaches a temperature of over 60·C. The heat expelled from coolers further aggravates this. The number of tropical nights also rises with urbanization. The change in the city environment with the earth covered by concrete and asphalt has a profound impact on the ecology of the city. For example, the numbers of swallows in Tokyo has declined.

The destruction of the regional water circulation brought about by urban concrete and asphalt structures is the basic cause of significant problem, including urban flooding, tainting of the water quality in rivers caused by the overflow from drains when it rains, drying up of spring water, turning of the city into a heat island and its desiccation, and destruction of the city’s ecological environment.
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In order to achieve a comprehensive solution to this problem, a complete change in city structure must be brought about. The problem must be examined from the perspective of the regional water cycle. There is a need to look for a basic solution through the restoration of regional water circulation. According to generally accepted city planning practices, sewer facilities have been developed with the assumption that the coefficient of rainwater drained away will have to be increased. From the stand point of preserving the regional water circulation, it is better to retain rain water and to promote its permeation, by preserving natural ground and greenery, thereby limiting the increase in the coefficient of rainwater drained away.

2 A New Paradigm for Rainwater Utilization 

(1) Introducing Cycle Capacity
Until now water has been the limiting factor in development of cities. The scale of cities has been decided by water’s environmental capacity. Tokyo’s former source of water was from only one dam on an upper stream of the Tama River. With that alone, the present Tokyo could not have developed. In 1964, during Tokyo Olympics, Tokyo was affected by a serious drought, which provided the opportunity for Tokyo to shift its water supply from the Tama to the Tone River system. This broadening of the water resource hinterland removed a key limiting factor and accelerated Tokyo’s high-density development. However even this policy has reached a limit.

Because there is not enough water, Tokyo has built a number of dams on the upper streams of the Tone River. However every three or four years in the summer there is a water-shortage, partly due to the lack of rain falling in the upper streams of the water supply area. It would appear that Tokyo’s municipal policy of combining massive expansion, while neglecting the regional environmental capacity of water, is gradually reaching its limits.

There is a need to change the thinking behind Tokyo’s policy. Tokyo must stop further dependence on the upper streams of the watershed. It must make its water supply as independent as possible, basing it on rainwater and ground water resources close at hand. To do this the concept of environmental capacity must be introduced within Tokyo’s water resource policy. Also, plans must be made to limit the density of Tokyo and thus prevent further large growth in the water demand.

As previously noted, rain is part of the ground water cycle and supports the regional environment. Time is important for the restoration of the regional water cycle. Although the idea of environmental capacity has existed for some time, there has been a tendency to view it statically. However in thinking about sustainable development, one must consider time, and view environmental capacity from a dynamic perspective. “Cycle capacity” refers to the time that nature needs revive the water cycle. Although it is not referred to in this paper, the idea of cycle capacity is not limited to water problems; it can also be used in referring to natural resource problems and waste problems, as well as sustainable world environmental strategy.

Let us think of use of ground water from the point of view of cycle capacity. Rain seeps underground and over the time becomes shallow stratum ground water. Then over a very long period of time, it becomes deep stratum ground water. For sustainable use of ground water it is necessary to think in context of the storage capacity for ground water over time. If this is neglected and ground water is pumped too quickly, ground water will disappear within a short time. At present in Tokyo, in the region of the Tama, deep stratum ground water is being pumped up as a water resource for distribution through water pipes. If large quantities of water are pumped up from the deep stratum level, a squeeze down phenomenon takes place and shallow stratum ground water seeps into the low stratum ground water. For the most part, present use of deep stratum ground water utilizes some shallow stratum ground water. If the volume pumped up is increased further, the shallow stratum ground water will dry up, and the restoration of spring water will become difficult.

A lesson was learned about ignoring underground water cycle capacity and about rapid over pumping from what formerly occurred in the eastern part of Tokyo. In this area there was a serious sinking in the ground surface of 3 meters. In the future there should be a move from deep stratum ground water with a very long cycle time to shallow stratum ground water with a relatively short cycle time. There should also be a plan to use ground water in a manner that is consistent with the shallow stratum ground water cycle. At present, cities throughout the world are pumping up large quantities of deep stratum ground water because of its quality and its low cost. But the speedy consumption of this deep stratum ground water while overlooking its cycle capacity leads to ground water pollution and infiltration of seawater, as many cities have already experienced. This creates a situation that cannot be redeemed. There is a need now to rethink the use of ground water from the point of view of cycle capacity. This is a very important issue in relation to water strategies for sustainable development in cities.

(2) Controlling supply from the demand side
In addition to the concept of water cycle capacity there is another important strategy related to the supply and demand of water. Until now cities, in establishing their water supply plans, have taken as a preconception that the future demand for water will inevitably continue to increase. However the supply of water must be controlled from the demand side. Typically those employed in city water works departments have made excessive estimates of the demand for water and have built water works infrastructure based on continued excessive development of water resources and strategies to enlarge the area of water supply. Since these departments plan to recover the costs of development through water rates they have no option but to encourage citizens and enterprise consumers to use large quantities of piped water. When there is plenty of water in the resource area they encourage large-scale consumption; when there is a drought and they call upon consumers to save water, they often lack persuasion. Unfortunately the calls of water works departments to conserve water usually come to nothing. One occasionally hears that if water conservation is thoroughly carried out and is popularized, sales of piped water will decrease, hence their real inclination is against the popularization of conservation devices and the use of rainwater. The background to this dilemma is the exaggerated water supply and demand plan. This over-development of water resources encourages denser population and more consumption of water, which in turn calls for new water resource development, and so the vicious circle continues. Tokyo is a classic example of this.

As previously explained, originally in cities there was water cycle capacity. In the future if we aim for a city that takes into account of water cycle capacity, the water supply plan must include a change from coping with water supply without controlling demand, to coping with supply by controlling demand. Also it is important to foster a consciousness of water resource utilization self-control in citizens, based on supplying water from the regional watershed to the extent possible. If lifestyle based on the large scale consumption model of using as much water as one likes is not corrected, it will be difficult to bring about a sustainable development in cities. Beyond the popularization of devices to conserve water, if citizens themselves do not adopt a water conservation model, restrictions in water demand will not succeed. In connection with the move toward using rainwater, it is interesting that citizens who have come to use rainwater point to a change in thinking from their previous idea that rainwater is unpleasant and nuisance to the idea that rainwater is a blessing. Furthermore, when they turn their eyes to the distant upstream dams, they become more interested in the use of water and the idea of water close at hand.

The objectives for the supply of Japanese water determine that water should be supplied “purely”, “cheaply” and “plentifully”. But now, when the network of water distribution infrastructure has reached almost 100% it seems that the time has come for a change in policy. It is time for a fundamental reappraisal of water supply objectives within the context of water cycle capacity and control of demand.

3 What should be done?
Within context of the new paradigm described above, as cities plan for greater independence in the supply of water resources and the restoration of regional water circulation, practical themes such as the following should be considered. 

(1) Systemization
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First of all, the use of rainwater, conservation of water and reclamation of wastewater should be codified into ordinances and regulations, and systemized so that they can be incorporated into the fabric of society.

In 1982, Sumida City, located in the east of Tokyo, directed the Japanese Sumo Association to use rainwater at the Kokugikan National Sports Stadium. The implementation of this was seen as an opportunity, and almost all the public new facilities in the city are now using rainwater. At the community level, a unique rainwater utilization facility, “Rojison” has been set up by local residents. Rainwater utilization is now flourishing at both the public and private level.

Sumida City has been promoting rainwater utilization for 17 years. Over a two year period beginning in 1993, Sumida City carried out an analysis of the effectiveness of the spread in rainwater utilization in the city. The analysis concluded that the rainwater utilization had spread throughout the whole city, for the purposes of water conservation, flood control and disaster prevention. The effectiveness of “mini dams” was observed. Based on fixed requirements, it has been estimated that if the rainwater utilization spreads to 30 % of facilities within the city, the number of times that sewage is discharged into the river from existing sewage pumping stations would be cut in half; further more during drought or disaster conditions, water would not have to be brought from outside Sumida City for about one month in order to give the citizens of the city 11 liters of water each day.

In response to this, in March 1995, the city decided to implement “Rainwater Utilization Promotion Guidelines”. The gist of these guidelines is as follows: First, in the future construction of city facilities, rainwater utilization systems should be installed. Second, for large scale development, the developer should be directed and encouraged to use rainwater. Third, rainwater tank facilities for citizens should be subsidized. In the same year from October, the subsidization of rainwater tanks for citizens began. Thus far, 113 rainwater tanks have received subsidies and are set up. The combined holding volume of facilities using rainwater in Sumida City is now about 8000 m3 and rainwater mini dams are gradually spreading through the city. 

(2) Implementation policy
Various implementation policies must be devised to make rainwater utilization and other measures a part of the social system. Leadership is very important. Public administration must take the initiative and promote the concept of water resource independence and restoring the regional water cycle. Public administration must also support the efforts of citizens and make plans to implement these ideas as part of the social system. Specific consideration should be given to subsidizing facilities for rainwater utilization, devices for rainwater to seep underground, devices for water conservation and facilities for using reclaimed water.

Measure to rebate sewerage service charges should be examined. Local governments that subsidize rainwater tanks, besides Sumida City mentioned before, already number 25 throughout Japan. These include Takamatsu City, Fujisawa City, Kawaguchi City, Tama City and Katsushika City. In Germany one objective of subsidizing the use of rainwater is to conserve ground water. Hence they subsidize not only rainwater use facilities but also facilities for the permeation of rainwater underground. New York City subsidized water conserving toilets, and is having success in popularizing them. Regarding measures to rebate the sewerage service charges, in Germany, when rainwater is discharged into drains, drain fees are collected; but when rainwater is used, the local government rebates the sewerage service charge. Although such a system currently does not operate in Japan, it will be necessary to examine such approaches.

(3) Development of technology and the education of specialist technicians
Encouraging the development of technology and the development of human to support rainwater utilization is very important. It is also important to promote the development of cheap and efficient devices to conserve water, facilities to use rainwater and devices to promote the underground seepage of rainwater. Together with this is need to develop specialist technologists with a thorough grasp of these technologies and devices. At the present time the amount of water consumed in one flush of Japanese toilets is 12~13 liters, in Germany it is 6 liters and the target for the future is 4 liters. In the future the national government and local governments will have to appeal to manufacturers of product which dominate a great deal of the demand for water, such as toilets and washing machines, to improve the efficiency of their product. Superior products should be recognized by administrators, types fixed by rules and regulations, and a positive promotion carried out. The same thing can be said about rainwater utilization facilities and devices for seepage of drain water underground. Previously in Fukuoka City, using the unusual drought of 1978 as an opportunity, the City set up its “Outline measures relating to Fukuoka City water conservation model usage” and achieved success in popularizing the use of water conservation devices.

Also in Germany there is a group specializing in the use of rainwater called “fbr” composed of architects and others, who convene seminars aimed at developers from various parts of Germany. These seminars relate to the rainwater utilization. The energetic activities of this group also include design consultations for the general public about facilities for rainwater utilization. In Japan there is not yet this kind of activity by people in the industry. Nevertheless there is now an urgent need for the development of groups of technicians well versed in design construction and maintenance management in the fields of rainwater management, the underground seepage of rainwater, conservation of water and the cascading use of gray water, together with wastewater reclamation. 


(4) Development of networks
Finally, in order for this kind of social system to continue in a sustainable way, a network should be promoted made up from government administration, citizens, architects, plumbers and the representatives of equipment manufacturers. It is essential to combine the efforts of public servants, citizens and industry representatives involved in the fields of rainwater storage, seepage and use, conservation and wastewater reclamation. This is not only true in Japan but also in every region throughout the world. In order to bring about a sustainable development on a global scale, it is important to encourage regional interchanges and networking of these groups throughout the world. To do this, it will be necessary to plan for the creation of a structure to encourage common activities and the exchange of information amongst these groups internationally. Japan is carrying out advanced activities in the areas of rainwater utilization, the practical application of seepage of rainwater underground, and water conservation. In the future, Japan must make a positive international contribution in these areas. 
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