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Abstract: 

The water and wastewater transport systems faces severe challenges due to climate change, resource constrain 
and an aging infrastructure. In cold regions the challenges are also related to general conditions societies have in 
common, e.g. sparsely populated, depopulation, long distances between populated areas and difficulties with 
recruiting right competence, beside the influence of the harsh climate on the technical system. In Sweden, 
municipal water services are financed by fees paid by the water utility users in a specific municipality. This 
means that water utilities in sparsely populated cold regions with on-going depopulation have limited 
economical resources to operate and maintain the transport and treatment systems for water and wastewater. The 
objectives of this paper are to illustrate the challenges for managing the transport system by comparing 
benchmark values for municipalities in cold regions with the Swedish averages, suggest possible measures to 
meet the challenges and give examples of on-going research in Stormwater&Sewers related to these questions.  
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Introduction 
There is an on-going urbanisation all over the world, which also influences the living condi-
tions and services in cold regions due to an on-going depopulation. In these regions the popu-
lation is scattered with long distances between houses, villages and towns which once have 
influenced the design of the water and wastewater transport systems and now the operation 
and maintenance of these. The depopulation in these areas together with other challenges such 
as an aging infrastructure and climate change is challenging for the water utility services.  

In Sweden, the municipal water services nowadays are financed by fees, but when built, 
mainly during the 60-70ths, the systems were partly financed by government subsidies (Jo-
hansson, 1997). For cold regions with on-going depopulation and fewer water customers there 
are difficulties to maintain the services because of limited economic resources and difficulties 
with recruiting right competence. 

Based on the general circumstances in cold regions, the objectives of this paper are to illus-
trate the challenges for managing the water and wastewater transport system by comparing 
benchmark values for municipalities in cold regions with Swedish averages, suggest possible 
measures to meet the challenges and give examples of on-going research related to these 
questions. 
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Material and Methods 
On a yearly basis, the municipal water utilities report statistics to the data base VASS (Water 
Utilities’ Statistical System) managed by the Swedish Water and Wastewater Association 
(SWWA, 2016). The reporting to the system is optional but the data base is seen by many of 
the water utilities as an important tool for developing the system, services and fees and there-
fore is frequently used. 

In this study, the database VASS was used to calculate benchmark values to illustrate dif-
ferences in prerequisites to manage the water and wastewater transport systems. In Table 1 the 
calculated benchmark values are listed.  

Table 1 The calculated benchmark values related to management of water and wastewater systems. 

Calculated benchmark ratio Abbreviation  Unit 
Length of municipal water distribution pipes Water pipes m/connected person (m/pe) 
Length of municipal wastewater pipes WW pipes m/connected person (m/pe) 
No. of reservoirs & pressure pumps for water 
distribution  

Reserv. & press. 
Pumps 

 
No/1000 connected persons (No/1000 pe) 

No. of pumping stations for wastewater 
transport 

WW pumping 
stations 

 
No/1000 connected persons (No/1000 pe) 

No. of water purification plants Water plants No/1000 connected persons (No/1000 pe) 
No. of wastewater treatment plants WWTP No/1000 connected persons (No/1000 pe) 
Potable water losses Water losses (Produced water-Sold water)/Prod. water (%) 
Infiltration and inflow in sewers I/I  (Inflow WWTP–Sold water)/Sold water (%) 
Water supply pipe breaks Pipe breaks No/100 km pipes/year (No/100 km/y) 
No. of stops in sewers Sewer stops No/100 km Sewer pipes/year  

(No/100 km/y) 
Renewal of water and wastewater transport 
system (operation budget) 

Renewal transport 
system (OB) 

 
SEK/connected person/year (SEK/pe/y) 

Renewal of water and wastewater transport 
system (operation budget) 

Renewal transport 
system (OB) 

 
SEK/ km pipe/year (SEK/km/y) 

Renewal of water and wastewater transport 
system (investment budget) 

Renewal transport 
system (IB) 

 
SEK/connected person/year (SEK/pe/y) 

Renewal of water and wastewater transport 
system (investment budget) 

Renewal transport 
system (IB) 

 
SEK/ km pipe/year (SEK/km/y) 

 

All VASS reporting municipalities in the district Norrland except the five major county 
towns (61,100-120,800 inhabitants; SCB 2016a) were selected as one group for the analyses, 
called “Norrland district” in this study (Figure 1). The number of reporting Norrland munici-
palities was 23 out of 49 (47 %).  
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Figure 1 The twenty-three Norrland reporting municipalities to VASS were selected as one group for analyses 
of benchmark values for the water utilities (Wikimedia Commons, 2009). 

The average numbers of water utility users per municipality (water distribution and 
wastewater system) in the evaluated Norrland district as well as max and minimum values for 
the same parameters are seen in Table 2. 

Table 2 Average, maximum and minimum values for number of water utility users per municipality as well as 
the total number of water utility users in the evaluated Norrland district. 

 Average Max Min Total 
 (no. connected per-

sons/municipality*) 
(no. connected persons 
in municipal with high-

est population*) 

(no. connected persons 
in municipal with 

smallest population*) 

(no. con-
nected per-

sons*) 
Connected to 
water distribu-
tion system  

15662 59955 1168 
 

360219 

Connected to 
wastewater 
system 

14979 53090 1055 344510 

* Values based on the 23 Norrland municipalities, reporting statistics to VASS. 
 

Swedish averages for all calculated benchmark values were also determined for compari-
sons. The Swedish average ratios were based on data from all the VASS reporting municipali-
ties (238 out of 290 municipalities). 

Results and Discussion 

Benchmark values for municipal water and wastewater systems 
In Table 3 the benchmark values for components of the municipal water and wastewater sys-
tems calculated for the Norrland district and the Swedish average are summarised. For all ra-
tios, the variation is considerable in between the Norrland municipalities. However, all the 
average benchmark values are 2-4 times higher for the Norrland district compared to the 
Swedish average. 

https://upload.wikimedia.org/wikipedia/commons/3/31/Sverigekarta-Landsdelar%2C_namn_och_landskap.svg
https://upload.wikimedia.org/wikipedia/commons/3/31/Sverigekarta-Landsdelar%2C_namn_och_landskap.svg
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Table 3 Benchmark values for components of municipal water and wastewater systems calculated for the Norr-
land district in comparison with the average of Sweden. 

 Benchmark values 
 Norrland District  Sweden 
 Average Maximum Minimum  Average 
Water pipes (m/pe) 19.5 59 10  8,8 
WW pipes (m/pe) 16 55.0 7.2  7.0 
Reserv. & press. Pumps (No/1000 pe) 1.2 6.6 0.4  0.40 
WW pumping stations (No/1000 pe) 3.6 16 1.6  1.6 
Water plants (No/1000 pe) 0.75 7.7 0.065  0.17 
WWTP (No/1000 pe) 0.79 10 0.25  0.18 

 

The average pipe lengths in the Norrland district are 19.5 and 16 m/person for water distri-
bution and wastewater transport, respectively, compared to 8.8 and 7.0 m/person in Swedish, 
in average. Three municipalities reported pipe lengths to be more than 30 m/person for the 
water and wastewater transport, respectively. These three municipalities have been classified 
as sparsely-populated rural districts and one of these has also been categorised as a mountain 
tourist area (SCB 2016a). 

In Sweden there are 0.4 reservoirs and pressure pumps for the water distribution per 1000 
persons, in average. For the Norrland district, the corresponding ratio was determined to be 
1.2. Two municipalities have reported they are managing more than 30 water reservoirs and 
two municipalities reported to have 30 and 37 pressure pumping stations, respectively. For 
pumping the wastewater, the average number of pumping stations in Sweden is 1.6 stations 
per 1000 persons which can be compared with 3.6 in the Norrland district. Three municipali-
ties have each reported more than 135 pumping stations in their sewer transport systems. The 
most extreme municipality is managing 196 reservoirs, pressure pumping stations and pump-
ing stations for wastewater, in total, on a land area corresponding to 11860 km2 with a popula-
tion of about 10,000 persons. Adding the number of water and wastewater plants to the list, 
the water utility manage 215 small plants.  

Benchmark values related to function of municipal water and wastewater systems 
Benchmark values related to the function of the water and transport systems are compiled in 
Table 4. For the Norrland district, the reported average water loss along the distribution net-
work was determined to be about 34 %, and is higher compared to the Swedish average of 24 
%. This indicates that the transport system for the water supply has a lower technical status, or 
that the water and wastewater departments in the Norrland district do not invoice as large 
share of the produced water as the average Swedish municipality. 

Table 4 Benchmark values related to function of water and wastewater transport systems. 

 Benchmark values 
 Norrland District  Sweden 
 Average Maximum Minimum  Average 
Water losses (%) 34 69 9  24 
I/I (%) 103 239 8  107 
Pipe breaks (No/100 km) 5,7 15 1,2  6,2 
Sewer stops (No/100 km) 15 33 0  9,1 
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Along the sewer network the infiltration and inflow (I/I) is considerable, both in the Norr-
land district and in Sweden, in general, and no clear difference between the two groups of 
municipalities could be found. In average, the reported I/I is as large as the foul water flow in 
the sewers. In the reported statistics related to I/I, also storm water conveyed in combined 
sewers is included. In Sweden only 8 % of the sewer pipes are combined (SWWA, 2007) and 
has only minor influence on the Swedish I/I average. In the Norrland district, there are three 
municipalities with a substantial part of the sewer network being combined (more than 60 %). 
Looking into the detailed statistics, the reported I/I for these municipalities were in the range 
120-132 %. However, nine other municipalities with no or minor combined sewers, reported 
I/I in the same range or much higher. This clearly shows that the sewer system in Sweden has 
significant problems with I/I. This is in line with other Swedish observations (SOU, 2007), 
and the problems with I/I seem not to be more severe in the Norrland district compared to 
Sweden, in general. 

In the Norrland district and in Sweden in average, about 6 pipe breaks/100 km on the water 
distribution system were reported during 2014. Though severe cold weather periods during 
the winter in the Norrland district, stressing the pipe materials and increasing the risk of pipe 
damages (Yang et al., 2011), the regional weather conditions could not be correlated to the 
pipe breaks. However, the Norrland district is large with varying weather conditions, and in 
this analysis only one data from one year has been evaluated. Therefore, a deeper analysis is 
needed to show with certainty if the cold weather has an impact or not on the pipe breaks. 

Reported sewer stops varied a lot between the municipalities in the Norrland district with an 
average of 15 stops/100 km which is higher than the Swedish average of 9.1 stops/100 km. 
The sewer stop statistics were compared with population statistics from 1975 and 2014. The 
average population decrease in the Norrland district between 1975 and 2014 was 13 % com-
pared to the Swedish population increase of 19 % during the same period (SCB, 2016b). In 
some Norrland municipalities the population has decreased more than 30 % during the evalu-
ated period, but the sewer stops could not statistically be correlated to the depopulation and 
decreased self-cleansing conditions. Likely there are other reasons behind the problem with 
sewer stops, such as topography, sewer design and maybe the use of the sewage system. 

Sometimes it is argued that I/I could have a positive influence on the self-cleansing condi-
tions in the sewers. However, in this study there was no correlation at all between high I/I and 
few sewer stops. Neither, it could be seen that municipalities with high I/I flushed the pipes to 
a lesser extent than municipalities with lower I/I. 

Benchmark values related to maintenance and renewal of municipal water and wastewater 
systems 
In table 5, benchmark values related the costs for the maintenance and renewal of the water 
and the wastewater transport system, including reservoirs and pumping stations etc. are pre-
sented. It can be seen that measures for maintenance and renewal paid by the operational 
budget are higher in the Norrland district compared to the Swedish average, both calculated as 
SEK/km/year and SEK/person/year.  



6 
 

Table 5 Benchmark values related to maintenance and renewal of water and wastewater transport systems. 

 Benchmark values 
 Norrland District  Sweden 
 Average Maximum Minimum  Average 
Renewal transport system (OB) (SEK/pe/y) 134 389 0  82 
Renewal transport system (OB) (SEK/km/y) 4108 12964 0  1176 
Renewal transport system (IB) (SEK/pe/y) 331 1663 0  294 
Renewal transport system (IB) (SEK/km/y) 9286 34814 0  18770 

 

The evaluation of the costs related to maintenance and renewal of the system paid by the 
investment budget show different results compared to the measures paid by the operational 
budget. In average, about 9290 SEK/km/year was paid in the Norrland district compared to 
more than the double in Sweden in average (18770 SEK/km/year).  

These benchmark values show that maintenance and renewal measures accomplished as 
planned investments are more common in Sweden, in average compared to in the Norrland 
district but there the measures are likely more often carried out as activities connected to acute 
problems on the transport system. These values also indicate that aging and degradation of the 
transport system could be more pronounced in the Norrland district compared to the situation 
in Sweden, in average, since less economic resources has been put into the system for mainte-
nance and renewal (SEK/km). 

Fees for water and wastewater services 
Since the water and wastewater system is more extensive in the Norrland district compared to 
in Sweden in average, in relation to the number of connected persons, higher fees for water 
and wastewater services could be expected in the Norrland district. However, when looking 
into the statistics of fees, it can be seen that the average fee for the Norrland district is slightly 
lower than for the Swedish average, 6462 SEK/normal one-family house compared to 6504 
SEK/house (SWWA, 2016). 25 municipalities out 43 located in Norrland have a lower fee 
than the Swedish average and have the potential to increase the water and wastewater fees to 
be able to maintain and renew the transport system, as well as the treatment plants. However, 
a fee increase must be politically supported. The body of the water and wastewater organisa-
tion also need to be large enough to put the increased economical resources into practise and 
renewal activities. In a recent study (Thomasson, 2015), it was pointed out that small and av-
erage sized municipal water and wastewater departments have general problems with recruit-
ment and access to right competence. Further, these municipalities have high turnover among 
the staff and there seems also to be a lack of understanding and support from the political 
governance for issues related to water and wastewater related questions. Therefore, it is not 
straight-forward to increase the fees and achieve effects. Finally, with an on-going depopula-
tion in the range of 25-42 % during the last 40 years for 10 of the municipalities in the Norr-
land district, an increased fee will not result in that much increase in economical resources in 
relation to the needs for renewal. 

How to meet the challenges 
To be able to maintain the municipal water and wastewater services in the Norrland district in 
the future with global challenges such as climate change, resource constrain together with 
challenges related to the aging infrastructure and depopulation, organisational changes are 
likely needed. So far in the Norrland region, most of the municipalities are managing the wa-
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ter and wastewater services on their own. There are only nine municipalities out of 54 that are 
cooperating in inter-municipal water and wastewater utility companies. In a study evaluating 
different organisational forms for the Swedish water and sewage sector (Thomasson, 2013), it 
was concluded that inter-municipal co-operation seems to be the best solution to establish 
more stable organisations. However, it could also be verified in that study that initially inter-
municipal co-operation seemed to lead to increased cost due to increased level of ambition. 
Over time, as the ability to work across municipal boundaries was developed, economic gains 
and more efficient organisational solutions for operation could be achieved. In a recent inves-
tigation done at the request of the Region Västerbotten located in Norrland (Johansson, 2015), 
different inter-municipal co-operation alternatives for water and wastewater services were 
evaluated in a scenario analysis. The results showed that the benefits were much higher if an 
inter-municipal organisation was organised with a node consisting of a highly populated mu-
nicipality. The alternative, when the smallest neighbouring municipalities in the depopulating 
region were organised as an inter-municipal water company, gained smaller benefits. Reasons 
for that were for example limited economies of scale and long distances resulting in further 
negative effects. The conclusion from this investigation was that one large inter-municipal 
organisation for the whole county of Västerbotten was found to have the largest potential to 
meet the future challenges (Johansson, 2015). This is in–line with the organisational change 
for water and wastewater services in Scotland where the governmental Scottish Water was 
formed in 2002 and now provides water services across the whole state (Scottish Water, 
2003).  

Beside organisational changes, there may also be a need to change the financial system for 
water and wastewater services. Because of the combined negative effects of the depopulation 
and the aging system in the cold regions (and other depopulating areas), considerable eco-
nomic resources are needed in these regions to maintain future services. In Sweden, the cur-
rent law of public water services (SFS nr 2006:412) states that the water services should be 
paid by each water collective (=each municipality's water costumers), even if municipalities 
share a common inter-municipal water company. One way to finance the system maintenance 
in depopulating regions could be to change the law of public water services so that the cost 
could be equalised among all the municipalities, in the same manner as applied for the munic-
ipal taxes in Sweden. However, this system is controversy and therefore a strong political 
driver is necessary for implementation of such a system. 

Historically, the water and wastewater services have been operated and maintained by em-
ployees, often employed for decades. Documentation of the water and wastewater systems has 
often been incomplete and knowledge about the function of the system has in most cases been 
present in the minds of a few key employees (Mattsson et al., 2014). With a high turnover 
among the staff, this is not a sustainable solution. In the study of Mattsson et al. (2014) it was 
found that most of the studied municipalities, located in the Norrland district, had started to 
acknowledge these problems and steps were taken to document site-specific functional data 
using GIS systems. Even in one small, depopulating municipality a relatively extensive doc-
umentation system had been introduced. It was argued that this kind of systems were im-
portant to be able to work efficiently with operation and maintenance of the water and 
wastewater transport system. 
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Conclusions 
The calculated benchmark values clearly show that the municipalities in the Norrland district 
have more extensive systems for water supply and sewerage in relation to population, 2-4 
times higher values than the Swedish average. The reported water loss is higher in the Norr-
land district but the number of water supplying pipe breaks is in the same range in the Norr-
land district as in Sweden. The study showed that the problem with inflow and infiltration of 
water into the sewer system is of same magnitude in Norrland and in Sweden in general, 
about 100 %. Maintenance and renewal measures accomplished as planned investments are 
less prioritised in the Norrland district, and more pronounced aging and degradation of the 
transport system in this region is indicated. There is a potential to increase water and 
wastewater services fees in the Norrland district, but it is un-clear if a fee increase is possible 
and would result in system improvements since a fee increase needs support from politicians 
and there are difficulties with recruiting right competence. Organisational changes are likely 
necessary to maintain the services in the future and the financial system may also be changed. 
Even though the water utilities in the Norrland district are small, they would benefit from us-
ing management and documentation systems to be able to work more efficiently with the op-
eration and maintenance of the water and the wastewater transport system. 
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