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1. Administration and financing of water services



1.1 Administration and management



According to the Act on Public Water and Sewage Works local authorities are responsible for providing water services. The Municipal Council determines the operating area of public waterworks and sewage works and they then take care of water services in that area. All municipal water and sewage works are public but also private water or sewage works can be accepted as public works. Usually the water services are included in the municipalities technical organization. 



There are more than 700 waterworks and 500 sewerage works each serving more than 200 people in Finland. Over 90 % of the total amount of water is supplied by municipal waterworks. There are a few limited liability water companies owned by the municipalities. They have their own organization separate from the municipal one. In rural areas there are more than 400 small waterworks, cooperatives and limited liability water companies owned by the users. Wastewater services are mainly publicly owned. In rural areas there are a few cooperatives. Industry and other water users, such as hospitals and army bases, also own and manage a few water and sewage works. 



There are also several forms of inter�municipal cooperation in water services. For instance, some wholesale companies owned by neighbouring communes abstract and treat water and sell it to the local public waterworks. They do not sell water directly to the consumers. There are also bilateral agree�ments on the buying and selling of water and discharging or receiving wastewater in case of centralized treatment. 



1.2 Costs and financing



Water services are highly capital�intensive: some 80�90 % of the total expenses are fixed, i.e. independent of water consumption. Extension and improvement of water services have necessitated considerable investment over the years. The peak of investment was reached in 1975, when a record number of wastewater treatment plants were constructed. In 1997, the total investment in water services was 1359 million FIM (equivalent to about 228 million euro) corresponding to some 260 FIM (44 euro) per capita. Of the total, 46 % was invested in the water supply, 38 % in sewerage systems and 16 % was invested in wastewater treatment plants. 



Most public waterworks are operated on a commercial, though non�profit�making, basis. The cost of services, both investments and operation costs, is presently covered by direct customer fees. Earlier local taxes were also used for financing the construction of water and sewage works. 
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Figure 1. Total investments in the public water services, 1970�1997. 



Even though waterworks seldom have problems with the availability of water, all the water sold is metered when entering the customers building. Usually the apartment houses have only one meter, but in some cases every household has its own meter. Both water and wastewater charges are based on water consumption. Most water and sewage works, except some large and middle�sized towns, also levy connection charges. The same is true for cooperatives and other associations. The most recent trend is that the waterworks are introducing also a fixed fee which is independent of consumption. 



At the beginning of 1998, the average price of water was about 6 FIM/m3 (equal to 1 euro), when increments caused by metering, fixed fees etc. are included. The average wastewater charge at that time was about 7 FIM/m3 (equal to 1.15 euro). Both charges presently include 22% value�added tax. 



In Finland the state gives some subsidies to the water services investments. This government support has now been directed mostly to investments in smaller municipalities, with higher subsidy percentages in the northern and eastern parts of the country, and to important inter�municipal systems. The present total share of all forms of government support to the water services is well under 10 % of the total yearly investments. No governmental subsidies are available for operation and maintenance. 



2. Coverage of water and sewerage services



Sanitary standards in homes in Finland are fairly high. Piped water is available in 97 %, and sewer system in 98 %, of Finnish households. 
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Figure 2. Population served by public waterworks, sewerage systems and wastewater

treatment plants, 1970�1997. 

�In 1997, about 87 % (4.5 million people) of the population of Finland were connected to the public water distribution network. The others take drinking water mainly from private wells. Public sewerage systems served about 4.0 million people, which accounted for 78 % of the total population. 



Due to long distances in sparsely populated areas and the abundance of water, the percentage figures of public water services coverage are rather low compared to many other European countries. However, the amount of inhabitants served by public water services has continuously increased in Finland. The coverage of public water services in densely populated areas is almost 100 %. 



3. Water abstraction and drinking water treatment for public water supply



3.1 Groundwater



The use of groundwater and artificial groundwater for the public water supply has continuously increased over the period for which comprehensive statistics are available (1970�1997). At the beginning of 1970s the share of groundwater was only 30 % but in 1997, slightly more than 57 % of total water abstraction by public water works was groundwater or artificial groundwater. Of the 1 560 separate water sources in the country nearly 1 500 are groundwater sources. The percentage of groundwater or artificial groundwater as raw water in public water utilities is foreseen to rise to about 70 % by the year 2010. 
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Figure 3. The use of surface water and groundwater as raw water in the public water

supply, 1970�1997. 



In the coastal areas the amount of available good�quality groundwater is often limited. To serve these areas, several water supply systems using artificial groundwater have been constructed. They account presently for about 8 % of the total water abstraction by public water utilities. 



Groundwater has typically a low alkalinity, the average pH being 6.5, but lower concentration of humic substances than surface water. Most waterworks, especially the small ones representing 35 % of the abstracted groundwater, deliver it untreated. If groundwater is treated, typical processes consist of pH�adjustment with lime or sodium hydroxide addition or with limestone filtration. Regionally, many water utilities have to remove iron and manganese. Pesticides and nitrates do not yet present a problem for the public water supply in Finland.The removal of iron and manganese usually includes aeration

and sand filtration or slow sand filtration alone. 



Groundwater is rarely disinfected. An increasing number of water utilities are introducing UV�disinfec�tion in the plants where seasonal variation of water quality occurs. However, there are only a few waterworks using groundwater or artificial groundwater that practice secondary disinfection with sodium hypochlorite. 



�3.2 Surface water



Surface water is used mainly in some larger cities. The number of surface water sources is only about 70, but they represent more than 43% of the distributed water. For instance, about one million people in the Helsinki metropolitan area use water from Lake Päijänne. The rock tunnel of 120 km in length brings the raw water to Helsinki water treatment plants.



The surface water is soft with low alkalinity. This raises the need for carbonation and hardness addition in some cases for pH and corrosion control. Low water temperature necessitates optimal design and operation of water treatment processes. 



The major challenge of treatment plants utilizing surface water is the removal of humic substances. The average concentration of total organic carbon in Finnish lakes is 15 mg/l. Most plants remove humic substances by conventional chemical treatment, which means that the treatment train consists of coagulation, sedimentation/flotation and sand filtration. Flotation is often performed instead of sedimentation, which is partly due to the long history of developing Finnish flotation technology. Coagulation is traditionally performed with aluminium sulphate, but an increasing number of plants are shifting towards the use of ferric salts. Practical experience at many waterworks has shown that higher removal of humic substances can be achieved with ferric coagulants. 



In the coastal areas surface water is taken mainly from rivers and small lakes and is thus subjected to high seasonal variation. In such cases the treatment process is often upgraded with some kind of combination of ozonation, activated carbon and slow sand filtration. Ozone is applied either as a pretreatment for algae control or as intermediate or post�ozonation for primary disinfection and taste and odour control. The importance of the efficient control of bluegreen algae blooms has increased during the past few years. 



Primary disinfection is mainly carried out at the final stage with chlorine or at the intermediate stage with ozone. Exceptionally, Helsinki Water has the largest UV�disinfection application in the world as an additional disinfection barrier between activated carbon filtration and chloramination. Prechlorinati�on is no longer practiced in any of the drinking water treatment plants. Secondary disinfection is normally performed either with chloramines or chlorine. Due to higher stability and lower trihalomet�hane formation in the distribution system chloramine has been an interesting alternative for the protection of microbilogical water quality in the distribution network. However, the doses used for

secondary disinfection are quite low (0.3�1.0 mg/l) resulting in low disinfectant residual

(0�0.2 mg/l) in the distribution system. 



3.3 The quality of drinking water



The local authorities monitor regularly the quality of drinking water and report the results to the regional health authorities. In order to improve the reporting required by the Drinking Water Council Directive, the data on water quality of the year 1996 were entered into a national drinking water quality register. The results, published as a report at the beginning of 1998, indicate that both the microbiologi�cal and chemical quality of the drinking water is good, on average. Problems that were detected are mostly caused by natural soil conditions, bad condition of the distribution network or pollution of the water source. These problems occur mainly at small treatment plants and they affect only a small fraction of the population connected to public water supply. 



4. Water distribution and sewerage networks



According to the most recent nationwide statistics (1997) the total length of water pipelines was about 76 000 km, excluding house connections. The length of water pipes per inhabitant was 17 metres. Almost 85 % of water pipes were made of plastic (PEH and PVC) and approximately 11 % of cast iron. Lead pipes have never been used in Finland. 



�In 1997, the total length of the public sewerage system (including sanitary, storm and combined sewers, excluding house connections) was about 37 000 km of which combined systems accounted for some 8 %. The length per inhabitant was about 9 metres. Of the total length of public sewers, 57 % were made of concrete and 41 % of plastic (PVC and PEH). 



During the 1990s the annual construction figures of new networks are about 2500 km of water pipes and 700 km of sewers in Finland. Almost all new pipelines are made of plastic pipes. The relative share of plastic pipes in water supply and sanitation in Finland is higher than in any other Western European country. This can be partly explained by the low population density and also the fact that domestic manufacturing and the development of plastic pipes has made them very cost�effective. 
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Figure 4. The lenght and material of water pipelines, 1970�1997. 
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Figure 5. The lenght and material of sewers, 1970�1997. 



Although the majority of water pipes and sewers were constructed in the 1960s or later, it is estimated that about 8 % of water pipes and some 15 % of sewers are in bad condition. Rehabilitation is needed for various reasons. 



Even though there are combined sewers for wastewater and storm water only in city centres, storm water and leakages account for nearly 40 % (ranging between 25 % and 80 %) of total sewage flow. Due to the improvements made in leakage control and rehabilitation methods, the total volume of storm water and leakages into the sewers has not substantially increased over the last fifteen years although the length of sewers has increased by almost 70 %. 

�5. Water consumption



Until the end of the 1980s the total annual water abstraction by public water works was increasing in Finland, when the waterworks had to meet the demand of a growing number of inhabitants covered by the public water services. However, since the beginning of the 1990s, the total water abstraction has been quite constant even though the number of inhabitants served by waterworks has continued to increase. 



In Finland the specific water consumption has been a key concept in planning future actions such as development of infrastructure, treatment plants or tariff structures. The specific water consumption is the total average daily water distribution divided by the number of persons connected to the distributi�on network. It includes domestic consumption, industrial consumption, so called general water consumption encompassing unaccounted system losses, leakages, water used for network maintenance as well as water for public services, such as fire fighting and irrigation of public parks. Over the last fifteen years the general water consumption, including leakages, has accounted for 15 to 20 % of the total consumption. 



In 1997, the specific water consumption was 252 litres/person/day. Throughout the 1990s specific water consumption has decreased by 10 %. The peak of specific water consumption (335 l/p/d) was attained as early as 1972.
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Figure 6. Development of the specific water consumption, 1970�1997. 



There are many reasons for the decrease in specific water consumption. In the early 1970s the new wastewater charge almost doubled the price of water. The worldwide energy crisis in the mid�1970s and later ecological thinking have changed consumers habits. In 1994, the imposition of the value�ad�ded tax (22 %) on water services resulted in an substantial increase in water price. 



Domestic water consumption has been reduced by effective house management and technological developments relating to plumbing and fittings, such as low�flow taps, toilets and shower�heads. In the 1980s household water consumption was about 160 l/person/day and in 1997 the corresponding figure was about 145 l/person/day. Household water consumption accounts for almost 60 % of the water distributed by public water works. Household water consumption varies according to the type and age of the building, for instance, and the way water consumption is metered and invoiced. In rental flats people generally use more water than people in single�family houses, which have meters and direct

invoicing. Water used by commercial, institutional and recreational facilities have accounted for almost 15 % of the total amount of water distributed by public waterworks. 



�The amount of water supplied by public waterworks to industries has decreased considerably. In the early 1970s industrial water consumption was 20 % of the total amount of water supplied by public water works. Since then, industries have implemented new, more efficient water processes and they are using their own water supply. In Finland large water�using industries such as pulp and paper mills have their own supply and they are not dependent on the public water supply but, textile or food and beverage industries, for instance, usually take their water from public networks. At present the industry is responsible for about 10 % of the total consumption of water distributed by public waterworks. 



6. Urban wastewater treatment



6.1 Short history



Wastewater treatment started in larger towns during the first decades of the 20th century. The first wastewater treatment plants were established in Helsinki in the 1910s. The first activated sludge plant for municipal wastewaters was constructed in the 1930s. Since then the activated sludge process has been developed for Finnish conditions. Removal of nutrients started in Finland in the 1970s. During the peak period of treatment plant construction in the early 1970s, simultaneous precipitation was introduced in activated sludge treatment plants. In the 1980s it became the most widely used process. In addition, several plants using only chemical precipitation were constructed in the 1970s, but all the presently remaining ones will be converted to utilize biological�chemical methods by the year 2005. 



In simultaneous precipitation the biological and chemical stages are carried out in the same basin, thus saving construction costs. The dominant chemical is ferrosulphate. Other methods are preprecipitation and postprecipitation, where phosphorus is precipitated before or after the biological treatment with aluminium or ferrous chemicals. 



6.2 Load and performance of treatment plants



In 1996, wastewater treatment plants treated wastewaters from four million people (78 % of the total population). Wastewaters are mainly collected by sanitary sewers (separate systems). Very few combined sewers are in use. For storm waters there is no separate treatment. However, during snow melting and rain storms, leakages may affect the operation of treatment plants. 



Practically all wastewaters receive effective treatment in Finland. In 1996, almost 90 % of the wastewaters received biological�chemical treatment and the rest of wastewaters were treated chemical�ly. Phosphorus removal was carried out on every treatment plant. Transformation of ammonia into nitrate (85�90 % reduction of ammonia nitrogen or mean yearly effluent concentration 4 mg/l) was carried out in 30 plants, serving 500,000 inhabitants. Denitrification (more than 60 % nitrogen reduction) was achieved in 18 plants serving 173,000 inhabitants. 
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Figure 7. Development of municipal wastewater treatment, 1970�1997. 

�During the 1980s and 1990s the amounts of organic matter and nitrogen in the influent have been fairly constant while the amount of phosphorus has decreased by 20 % since 1990. This decrease is a result of the widespread use of phosphate�free detergents instead of detergents containing phosphate. 



    	         BOD7		                   P		N

              _____________________________________________________________________

           1000kg/a     kg/p/a     mg/l      1000kg/a      kg/p/a     mg/l     1000kg/a     kg/p/a     mg/l 

__________________________________________________________________________________

Influent   110,00          28         212         3,700            0,9        7,2         20,900         5,2         57



Effluent    7,500          1,9         15            250             0,06       0,5        14,400         3,6         2,8



Reduction		   93% 		         93% 		             31% 

__________________________________________________________________________________



Table 1. Influent and effluent parameters of municipal wastewater, 1996. 



The performance of municipal wastewater treatment plants has continuously improved. By the year 1996 the average degree of organic matter (BOD7) removal and phosphorus removal has risen to 93 %. The reduction percentages are calculated including bypasses and overflows. These results, representing the normal functioning of Finnish wastewater treatment plants, are among the best in Europe. However, because the average degree of nitrogen removal has remained at the level of only 30 %, there still remains challenges enough for treatment specialists in the near future. 
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Figure 8. BOD7 loads before and after treatment in municipal sewage works, 1971�1997. 
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Figure 9. Phosphorus loads before and after treatment in municipal sewage works, 1971�1997. 
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Figure 10. Nitrogen loads before and after treatment in municipal sewage works, 1971�1997. 



These good achievements have resulted in a very substantial reduction of the environmental load caused by the municipal wastewaters. Since the early 1970s, the total load of organic matter (BOD) from public wastewater plants into lakes, rivers and sea areas has fallen by 82%, and the load of total phosphorus by 88%. 



6.3 Goals in the 2000's



Membership of the European Union and other international and bilateral agreements have affected and will continue to affect the requirements for waste water treatment in Finland. All regulations of the Council Directive concerning urban waste water treatment have been incorporated in Finnish legislation. The Finnish Government Resolution on the Water Protection Targets to 2005 reflects these demands together with national goals that are set by requirements of recipient waters. All recipient waters in Finland are sensitive but the sensitivity has not been defined according to the nutrient. 



Phosphorus is the main nutrient to cause eutrophication in the inland waters in Finland. According to Water Protection Targets to 2005 the total phosporus load from municipalities should be decreased by 35 % compared to the mean level in 1991�1995. Thus, the mean effluent phosphorus concentration should be around 0.35 mg/l in 2005 and the average reduction efficiency about 95%. It is also recommended that biological phosphorus removal should be developed and promoted to reduce chemical usage. At least 50% nitrogen removal should be reached at all plants serving more than 

10 000 PE in cases where nitrogen in the effluent contributes to euthrophication. 



7. Research and development

 

Research and development in the field of water services has a fairly long history in Finland. Several research institutions have traditionally concentrated on problems that have been important with respect to the domestic needs of water and sewage utilities. Later international cooperation also became more important. At present the main research institutions in this field are the Finnish Environment Institute, Geological Survey of Finland, National Public Health Institute, Finnish Centre for Radiation and Nuclear Safety, Helsinki University of Technology, Tampere University of Technology, University of Oulu and Åbo Akademi University.



Earlier studies of the predecessors of the Finnish Environment Institute included assessment of the groundwater and surface water quality. By the late 1950s, a comprehensive study was carried out on the quality of drinking water abstracted from private wells. Also removal of iron and manganese from groundwater, production of artificial groundwater and several other issues related to water treatment have been studied. 



�Biological, chemical and physical processes for wastewater treatment have been studied and developed for Finnish conditions. FEI has a well equipped research station for technical-scale process research on wastewater treatment. The finding of solutions for rural water and wastewater treatment and manage�ment has also been a key issue, Most of the R&D-projects have been conducted in cooperation with municipal water and sewage works and universities.



Today the focus in the field of water treatment is on artificial groundwater production. FEI participates in the EU-project called Artificial Recharge of Groundwater together with research institutions from Denmark, Sweden, Belgium, Germany, the Netherlands and Spain. In the future, the development of technology for small water works will be one important research issue. Removal of some harmful substances in the groundwater, like radon, fluoride and arsenic, still call for continued research efforts.  In addition, the development needs of the water works will also concentrate very much on the rehabilitation of networks and process equipment.



In 1997 the Technology Development Centre launched a three-year research program AWater Services 2001" with a total budget of 60 million FIM (10 million euro). The Finnish Water and Waste Water Works Association takes care of the coordinating the program. In the framework of this program the FEI is studying combined biological phosphorus and nitrogen removal from wastewater in cooperation with several sewage works. As the demand for phosphorus and nitrogen removal is tightened, more efficient treatment methods are needed. 



In the framework of  AWater Services 2001" FEI also has a project studying the eco-efficiency of water supply and wastewater treatment as well as a project developing onsite wastewater treatment methods and management systems for their construction, operation and maintenance. 
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