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Sustainable development and Urban Water 
Management: Linking theory and practice of 

economic criteria 

In the aftermath of the report of the World Commission on Environment and 
Development (from hereon, WCED) and the United Nations Conference of 
Environment and Development (from hereon, UNCED), concerns have been 
raised whether the water infrastructure currently in use in cities is compatible 
with sustainable development (Otterpohl et al. 1997, Urban Water 1999). As in 
other sectors and policy areas, politicians and decision-makers have called on 
researchers to develop methodologies for sustainable development 
assessments. Consequently, researchers and professionals in the urban water 
sector have explored what sustainable development implies for the urban 
water sector.  
 
This dissertation analyses the potential for using economic criteria for 
assessment of urban water management in relation to sustainable 
development. Specifically, my focus is on the potential for using economic 
criteria and indicators to support decision-making at the municipal level in 
Sweden. This study focuses on three different municipal settings with diverse 
potentials for developing an urban water system that supports sustainable 
development. Before turning to the urban water challenges facing these cities, 
I need to analyse the basis of using economic criteria and indicators in 
sustainable development assessments. In this introductory chapter, I briefly 
present urban water management in Swedish municipalities and elaborate on 
how sustainable development as a policy concept has evolved. Thereafter, I 
present the general aim and research questions of the study.  

Urban water management 
In Swedish municipalities, urban water management has primarily been a 
public undertaking, carried out by municipal departments and public water 
and wastewater utilities (from hereon, water utilities) (Swedish Code of 
Statutes 1970:244, Tagesson 2002). The water infrastructure currently in use in 
urban areas was established in the end of the 19th century and has, since then, 
been extended and developed. Accordingly, Svedinger (1989) described the 
water infrastructure as a physically integrated part of an urban area. The water 
infrastructure is commonly composed of: centralised drinking water 
production and distribution through pipes, centralised wastewater treatment 
and conveyance through pipes and conveyance of stormwater through pipes 
(Isgård 1998, Urban Water 1999).  
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Over the years, society has allocated a substantial amount of natural as well as 
manufactured capital to water utilities in order to build up an infrastructure 
for provision of water supply, wastewater and stormwater services to urban 
areas. One property of the centralised, pipe-bound water infrastructure is low 
operating cost and high capital cost (Tagesson 2002). This measure does not 
include natural capital, which because is free does not show in the accounts of 
water utilities. Applying an ecological economics perspective shows that the 
centralised, pipe-bound manufactured water infrastructure is dependent on 
natural capital as a source for water supply, a sink for waste as well as a sink 
for the substances separated from the wastewater on land (Neumayer 1999, 
Ekins 2003). A shortage of any of these forms of natural capital, or other 
capital, potentially threatens the ability to generate urban water services in the 
long run at that particular location. The natural capital used in urban water 
management has been allocated through legal decisions. In recent decades, it 
has become more apparent that maintenance of the natural capital needs 
investment as well as co-operation with other sectors, making the current 
over-use explicit (Jansson et al. 1994). Consequently, it is frequently argued 
that changes in the water infrastructure are driven by environmental concerns, 
in particular the use of water as a sink for waste (Nilsson et al. 1995, Jeffrey et 
al. 1997).  
 
The relative inability to re-circulate nutrients contained in the wastewater also 
provides a challenge for urban water management in relation to sustainable 
development (Nilsson et al. 1995, Otterpohl et al. 1997, Lundin 1999, 
Hellström et al. 2000). Re-circulation of nutrients, however, is not only 
motivated by better management of scarce resources but also by their 
contribution to the reduction in eutrophication in the receiving waters 
(Hellström et al. 2000). Furthermore, today households use about 30 000 
chemicals, which provides a challenging task to decrease the environmental 
impact of the effluent in the centralised, pipe-bound water infrastructure on 
receiving waters as well as on land (Strandberg et al. 2001). The fractions of 
the wastewater contain different amounts of chemicals and nutrients. For 
instance, most nutrients are contained in urine whose chemical content is low 
whereas the opposite is true of water from kitchen sink, shower and laundry 
(Strandberg et al. 2001). In the existing water infrastructure, these fractions are 
mixed in the wastewater pipe. Consequently, researchers have explored the 
potential to disconnect or separate one or more flows from the rest of the 
wastewater as a means of improving the prospects of re-circulating nutrients 
to arable land (Otterpohl et al. 1997, Hellström et al. 2000).  
 
The availability of water in Swedish municipalities is generally good, even 
though it varies across municipalities (Boverket and Naturvårdsverket 2000) 
and there is generally excess water supply capacity due to too generous 
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assumptions of population and per capita water consumption growth in the 
1960s and 1970s (Isgård 1998). Consequently, the interest in demand 
management in urban water management in Sweden is low. Water utility 
managers determine the conditions for allocation of water services among 
users in urban areas in Sweden. The water rates selected need to comply with 
the principle of necessary costs in the water and wastewater act (Swedish 
Code of Statutes 1970:244) and the principle of equal treatment in the 
municipal act (Swedish Code of Statutes 1991:900), which is expressed as 
reasonable and fair water rates (Tagesson 2002).  
 
Approaching sustainable development has resulted in the creation of many 
research programmes, of which this dissertation is part of one. The aim of the 
research programme Sustainable Urban Water Management (from hereon, 
Urban Water) was to answer the general question of whether or not the 
existing urban water infrastructure is compatible with sustainable 
development (Urban Water 1999). In order to operationalise this general 
question, the Urban Water programme adopted a common conceptual 
framework consisting of users, technology and infrastructure and singled out 
five aspects of sustainable development: environmental and resource use, 
health and hygiene, and socio-cultural, economic and technical function 
(Urban Water 2002). This dissertation is the result of a sub-project within the 
Urban Water programme, for which the objective was to contribute to the 
development of economically efficient water and wastewater systems that 
comply with the guiding principles of the Urban Water programme and to 
develop economic and social indicators for various methods to treat urban 
wastewater.  

Sustainable development as an overall policy goal 
To further analyse the conditions for urban water management and 
sustainable development, the policy concept of sustainable development 
needs to be elaborated. The WCED noted that “the goals of economic and 
social development must be stated in terms of sustainability in all countries” 
(WCED 1987, p. 43), which was as an overall policy goal, that is, it involved 
all policy areas and activities. Sustainable development as a policy goal was re-
affirmed in the declaration and plan of action from the UNCED in Rio de 
Janeiro (United Nations 1992). The Swedish government has acted on this call 
and stated sustainable development as an overall policy goal (Government Bill 
2001/02:172). Today, sustainable development is firmly rooted as a policy 
goal in official government documents at the national level in Sweden. The 
Prime Minister’s Office is responsible for sustainable development in order 
for it to permeate the activities of all the ministries. 
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The WCED (1987, p. 43) defined development as sustainable if it “meets the 
needs of the present without compromising the ability of future generations 
to meet their own needs”, which is a definition frequently referred to in 
reports and assessments. This framing of sustainable development also serves 
as a rallying point, that is, a means for bringing different interests into the 
process to discuss the interaction between society and the natural 
environment (Owens 2003). Furthermore, the WCED’s framing of 
sustainable development is based on a hypothesis that social and economic 
development and environmental protection are linked and possible to achieve 
simultaneously, which is still the subject of heated debate (Paehlke 1999, 
Owens 2003, Selin and Linnér 2005). Hence, in most texts about sustainable 
development, attention is called to the many, sometimes conflicting or 
complimentary, positions on what sustainable development implies (Lélé and 
Norgaard 1996, Rijsberman and Van de Ven 1999, Owens 2003).  
 
As is the case with other broadly defined policy goals, there is a need to 
evaluate or assess changes over time in relation to the goal; sustainable 
development is no exception. The WCED (1987, p. 309) noted that 
monitoring systems at that point were “rudimentary and needed refinement 
and further development”. Also, chapter 40 in Agenda 21, the plan of action 
from the UNCED, underlined the need to identify and develop indicators for 
assessing sustainable development (United Nations 1992). In its strategy for 
sustainable development, the Swedish government calls for efficient economic 
and administrative measures and indicators for assessing sustainable 
development (Government Bill 2001/02:172). 
 
To assess a goal, the analyst needs to have an idea about what to assess 
(Worster 1993), which explains the need to operationalise or concretise what 
sustainable development implies in different contexts. Operational definitions 
of sustainable development and sustainable development indicators are seen 
as prerequisites of implementing sustainability concerns in practical policy 
decisions, that is, putting the overall policy goal of sustainable development 
into practice (Rennings and Wiggering 1997).  
 
In the WCED framing, as well as in many other sustainable development 
assessments, sustainable development is seen as consisting of ecological, 
economic and social dimensions. The bottom line is that these dimensions are 
inter-related and that they all are essential for development to be sustainable 
in the long run. Each dimension involve different aspects, for instance, the 
World Bank used economic growth, alleviation of poverty and sound 
environmental management in its first step to approaching sustainable 
development (Serageldin 1996). However it is defined, if the dimensions are to 
be integrated, it is essential that the economic dimension of sustainable 
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development be incorporated in sustainable development assessments. There 
are, however, different positions about what are the economic issues or 
aspects of sustainable development. Thus, one necessary task in order to 
analyse the potential for using economic assessment criteria of urban water 
management for sustainable development is to recapitulate and categorise the 
suggestions concerning economic aspects in general secondary literature about 
assessment of sustainable development. 
 
Another crucial task for this dissertation is to discern what sustainable 
development implies in an economic sense, that is, in economic theories of 
sustainable development. In economics research, the WCED’s call for 
maintenance of inter-generational equity has been embraced and analysed, 
primarily within the framework of capital theory (Stern 1997). The capital 
theory was designed to explain the contribution of different categories of 
capital, such as labour and machines, to economic growth and is referred to as 
growth accounting (Abramovitz 1989). The multiple capital model of the 
World Bank, which is used to assess the contribution of a project in terms of 
sustainable development, is one example of how capital theory is used for 
assessing sustainable development. The model is based on sustainable 
development defined as “to leave future generations as many opportunities as 
we ourselves have had, if not more” (Serageldin 1996, p. 3). The potential for 
future generations to enjoy their welfare is interpreted as a condition for non-
declining welfare or welfare potential. Within the capital theory framework, 
the debate has generated two end positions, which are grounded in pre-
analytic or paradigmatic differences (Daly 1994, Hediger 1999, Neumayer 
1999). At one end are proponents of weak sustainability. They argue that there 
is no need to maintain the aggregate level of natural capital in order to secure 
a non-declining aggregate capital stock at the aggregate level of the economy 
and at the present state of technology and institutions. They assume that it is 
relatively easy to substitute between natural and manufactured capital and, 
consequently, the criterion for development to be sustainable is a non-
declining aggregate capital stock. At the other end are the proponents of 
strong sustainable development who argue that, in addition to the aggregate 
capital stock criterion, the aggregate natural capital stock must not decline for 
development to be sustainable.  
 
There are also attempts in economic theory to apply sustainable development 
at levels other than the national or the aggregate economy, as for instance, in 
the World Bank multiple capital model for project appraisal (Serageldin 1996). 
Different levels of analysis and applications are recognised throughout the 
literature on assessment of sustainable development (Clayton and Radcliffe 
1996, Goodland and Daly 1996, Serageldin 1996, Loucks and Gladwell 1999). 
Central in all economic activity is the production and consumption of goods 
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and services. The production of goods and services is described by means of 
production theories, which have been related to sustainable development 
(Solow 1956, Georgescu-Roegen 1971, O’Hara 1997, van den Bergh 1997, 
Boulding 1992). 

Central terms  
The terms framework, criterion and indicator depict different elements in a 
sustainable development assessment process. The term framework is used as 
“a conceptual model that helps select and organise the issues that will define 
what should be measured by indicators” (Hardi et al. 1997, p. 61). There are 
several frameworks available for the assessment of sustainable development. 
Each framework contains an operationalisation or concretisation of what 
sustainable development implies. Researchers apply one or more frameworks 
to any level or sector. From each framework, criteria are derived, such as non-
declining inter-generational welfare or affordable water services. 
Consequently, criteria refer to specific elements or properties that should be 
sustained and thus included in the assessment. A criterion could also be seen 
as a demand to meet for the system being assessed (Sundberg et al. 2004). 
Indicator is used as a measure of a specific criterion and often many indicators 
are suggested for each criterion. One purpose of an indicator is to monitor 
temporal change. Researchers define the indicator concept as, for instance, a 
piece of information with wider significance than its immediate meaning 
contributing to a context for interpretation of data (Hardi et al. 1997, Bossel 
1998). In the same line of reasoning, every indicator should contribute with 
one part of the overall picture of the process or system being assessed (Kane 
1997). Sustainable development indicators should also serve as simplifying 
communication tools to facilitate political decision-making in support of 
sustainable development (Spangenberg 2002). 
 
Regardless of the position one takes in relation to sustainable development, it 
is important to critically analyse the content of the large number of 
definitions, criteria and indicators of sustainable development suggested in the 
literature, which are used to guide decision-making at various levels in society. 
Proposed definitions, criteria and indicators all concretise or operationalise 
what sustainable development means in a specific context. Are there common 
denominators among definitions, criteria and indicators? What criteria are 
developed for sustainable development in a specific context? Moreover, since 
many actors simultaneously try to put the policy goal of sustainable 
development into practice there is a need to investigate whether or not the 
operationalisations harmonise between the different actors. For instance, is a 
sectoral policy for sustainable development compatible with national policies, 
international agreements and activities in other sectors? 
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Aim and research questions  
The general aim of the dissertation is to analyse the potential for using economic 
criteria for assessment of urban water management in relation to sustainable development. 
The set of economic criteria developed is intended to support decision-
making when a Swedish municipality decides on strategic water issues.  
 
All assessments of sustainable development need to make the relationship 
between the object being assessed and sustainable development explicit in 
order to elucidate its assumptions of core problems, means, and goals, that is, 
its framework. This also enables an analysis of which kind of framework that 
gives the most appropriate representation of what sustainable development 
implies in an urban water context. Since there were several assessment 
frameworks available for identification and analysis in the urban water field, it 
is necessary to explore in what way economic aspects are related to sustainable 
development in these different frameworks. Are the criteria derived from a 
framework relevant to guide decision-making in the urban water field at the 
municipal level in Sweden? The frameworks need to be applied to the urban 
water context in order to identify the main problems facing sustainable 
development. Application at the sectoral level clearly illustrates the need to 
achieve a balance between the universal criteria, that is, criteria derived from 
general frameworks and disciplinary theories and international policy making, 
and the specific problems experienced by urban water managers and local 
decision-makers. Another issue is associated with the relationship between 
criteria and indicators. Does the application of an indicator provide sufficient 
information to assess whether the criterion is fulfilled or not? 
 
To make the general aim operational, the dissertation seeks to answer three 
specific sets of research questions: 

• Which economic criteria and indicators are used in: (a) general 
frameworks for the assessment of sustainable development; (b) 
economic theories used in sustainable development assessments; and 
(c) urban water assessments of sustainable development; 

• What goals do (a) the economic criteria reflect and (b) decision-makers 
express at the municipal and sector levels? Are the goals and criteria 
complementary or conflicting? 

• Provided that criteria and indicators are connected to different goals, 
what is the potential for using economic criteria for the assessment of 
urban water management in relation to sustainable development at the 
municipal level in Sweden? 

 
A distinction is made between general frameworks, economic theories and 
urban water assessments in relation to sustainable development. Since there is 
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no normal-science or hegemonic theory of sustainable development, I needed 
to explore what economic criteria and indicators were suggested in each of 
these three areas. This illustrates different contexts necessary for fulfilling the 
overall aim, relating to sustainable development such as assessment of all 
activities at the national level, assessment of sustainable development on the 
basis of economic theories and assessment of urban water management in 
relation to sustainable development.  

Outline of the dissertation 
The dissertation starts with a presentation of previous studies, the research 
approach of this dissertation as well as the method and material used in 
chapter 2. Thereafter, chapter 3 contains a presentation of the categorisation 
of general frameworks as well as economic theories for assessment of 
sustainable development according to their position on the level of analysis, 
goal of development and limits. Additionally, the economic criteria and 
indicators derived from these frameworks and theories will be presented. In 
chapter 4, the same methodology is followed for four groups of urban water 
assessments according to their principal use as technology comparison, 
sustainable water utility, sustainable water resource management, and 
economic sustainability and urban water management. In chapter 5, the results 
from chapters 3 and 4 are used to select a set of economic criteria and 
indicators for assessment of urban water management in relation to 
sustainable development. In chapter 6, the set of indicators is applied to three 
cases from Swedish municipalities depicting different changes in water 
infrastructure as well as socio-economic and hydrological contexts. In chapter 
7, the relevancy of the economic indicators, and the usefulness of the 
economic indicators in terms of data availability and validity are discussed. In 
chapter 8, conclusions are presented on the basis of the application of 
economic indicators, assessment of criteria and literature categorisations. 
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Approach, method and material 

In this chapter, I present previous studies on (a) elements of a framework for 
assessment of sustainable development; (b) properties of sustainable 
development indicators; and (c) assessment of sustainable urban water 
management. Thereafter, the research approach in this dissertation is 
presented, consisting of literature categorisations, selection of economic 
criteria and indicators and the application of the set of criteria and indicators 
in cases depicting different changes in water infrastructures as well as 
hydrological and socio-economic contexts. The method for doing this and the 
material used are presented in the concluding section of this chapter. 

Previous studies 

ELEMENTS OF A FRAMEWORK FOR ASSESSMENT OF SUSTAINABLE 
DEVELOPMENT 
Sustainable development studies is an emerging research field and progress 
has been made since Beckerman (1994) claimed a lack of clear-cut definition 
rendering sustainable development almost meaningless, without rigour and 
theoretical framework.  
 
The WCED (1987) used sustainable development as an overall goal for policy 
without explicitly spelling out its exact implications. In order to guide change 
towards sustainable development within a specific sector, however, the overall 
goal needs to be operationalised (Rennings and Wiggering 1997). Hence, it is 
not surprising that earlier studies of sustainable development mainly aimed at 
defining the concept (Stern 1997) and, therefore, contained a large number of 
definitions, which were compared (Pezzey 1992). Consequently, they are 
referred to as definitional studies, with the explicit or implicit objective of 
reaching a consensual definition of sustainable development (Dobson 1996).  
 
Definitional studies relate differently to sustainable development, for instance, 
Hansen (1996) pointed out that agricultural sustainability was used in several 
different ways as an ideology, a set of strategies, the ability to fulfil a set of 
goals, and the ability of a system to sustain. The two former uses were labelled 
goal-describing, that is, they were rooted in concerns about the negative 
impacts of current agricultural practices and used in this way, sustainability 
motivates alternative agricultural practises. The latter two are referred to as 
system-describing, underlining the agricultural system’s ability to respond to 
changes in physical, social and economic environments. Hansen (1996) argued 
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that a framework for assessment of sustainable development should be literal, 
system-oriented, predictive, stochastic, diagnostic and quantitative. Upham 
(2000) suggested a distinction between sustainability principles that mainly 
referred to an end-state or a transition. Principles referring to an end-state or 
ultimate goal are, for instance, substances produced by society cannot be 
permitted to systematically accumulate in the ecosphere (Azar et al. 1996). An 
example of a transition principle is that the harvest rate of renewable 
resources should not exceed their rate of renewal (Goodland and Daly 1996). 
Furthermore, Upham (2000) pointed out that definitions of sustainability 
inherently involve value judgements creating “a need to make these 
judgements explicit, particularly regarding environmental and other features to 
be sustained, and those to be lost to development” (Upham 2000, p. 188). 
Hence, any assessment of sustainable development needs to explicitly spell 
out these judgments. 
 
Dobson (1996) introduced a distinction between discursive and definitional 
approaches to sustainable development. Discursive studies stress the 
chronological or process perspective of the sustainable development concept 
whereas definitional studies focus on what sustainable development implies in 
a specific application. However, Dobson argued that neither definitional nor 
discursive approaches in the literature on sustainable development were 
sufficient to capture its broad contours (ibid). Therefore, he suggested a 
typological approach, claimed to capture the essence of discursive as well as 
definitional studies (ibid). The typological approach does not aim at finding 
one definition of sustainable development but, rather, to reflect the spectrum 
of definitions in a structured manner in order to systematise its basic 
elements.  
 
The Bellagio principles described the basic elements of and conditions for 
assessing sustainable development (Hardi and Zdan 1997). They were the 
outcome of a process involving researchers and measurement practitioners 
aiming to review progress in the area of sustainable development indicators 
(ibid). The participants agreed that the principles needed to include the whole 
assessment process, that is, both issues related to the analytical framework and 
the selection and interpretation of indicators. The first five of ten principles 
suggest that assessment of sustainable development should:  

• be guided by a clear vision of sustainable development and goals;  
• include a review of the whole system and the well-being of social, 

ecological and economic sub-systems;  
• consider equity and disparity within the current population and 

between present and future generations;  
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• adopt a time horizon that spans both human and ecosystem time scales, 
define spatial scales of study large enough to include local as well as 
long distance effects;  

• include an explicit set of categories or an organising framework that 
links vision and goals to indicators and assessment criteria as well as a 
limited number of key issues for analysis and of indicators to provide a 
clear signal of progress (Hardi and Zdan 1997). 

 
The United Nations Commission on Sustainable Development (from hereon, 
UNCSD) first used a driving force–state–response framework and four 
dimensions of sustainable development – ecological, economic, social and 
institutional - to identify and test a set of sustainable development indicators 
at the national level (UNCSD 2001). For each dimension, goals were 
formulated: advance social and institutional development, maintain ecological 
integrity and ensure economic prosperity and the selection of criteria was 
made by means of a comprehensive process involving United Nations (from 
hereon, UN) agencies, researchers, non-governmental organisations and 
national governments (ibid). The experiences showed that the driving force–
state–response framework was neither suitable for identification of economic, 
social nor institutional criteria of sustainable development nor for reflection of 
the interaction between the dimensions. Instead, a thematic framework was 
suggested in which nation states select criteria and indicators from a common 
framework and add specific criteria and indicators that are relevant in the 
specific context (UNCSD 2001). The change of frameworks illustrates that a 
framework is not always appropriate in a specific application.  
 
The positions of the prospects of and desirability of reaching a single 
undisputed definition of sustainable development differ. Some authors 
stressed the inherent subjectivity in sustainable development as a goal for 
policy (Lélé and Norgaard 1996) because it involves questions about what is a 
good life (Giddings et al. 2002) and, thus, the frameworks need to be able to 
reflect this subjectivity (Rijsberman and van de Ven 1999, 2000). 
Consequently, Giddings et al. (2002) argued that there was no common 
philosophy of sustainable development. Instead people and organisations 
incorporate existing worldviews in their understanding of sustainable 
development. Thus “[W]hen examining an interpretation of sustainable 
development it is important to bear in mind the philosophy underlying the 
proponent’s point of view” (Giddings et al. 2002, p. 188). Lélé and Norgaard 
(1996) and Morse et al. (2001) stressed that any sustainable development 
definition risks being biased towards a dominating perspective. As a policy 
goal, sustainable development inherently touches upon unresolved questions 
such as sustainable for how long, at what level, for whom, under what 
conditions and of what (Luke 1995, Dobson 1996). Consequently, Dobson 
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(1996) claimed that any theory of sustainable development must be able to 
answer Luke’s questions, regardless of their specific answers. The need to 
address the dimensions of sustainable development in an integrated manner 
was also noted by Linnér (2003), who argued that the framing of sustainable 
development as a global policy goal should be reflected in assessments at any 
level. Further, he noted that the present trend towards prefix- and suffix 
sustainability reflects a fragmentation in implementation, which should be 
replaced by more integrated assessments of sustainable development.  

PROPERTIES OF SUSTAINABLE DEVELOPMENT INDICATORS 
Some authors point out that the compromise between data availability and 
decision-makers need for information creates a link between researchers and 
politicians (Boisvert et al. 1998). The impact of any indicator is dependent on 
it being used by decision-makers, thus, the ability to adapt the indicator to the 
needs of decision-makers is, in their opinion, crucial and affects all its other 
characteristics (ibid). Moreover, Hardi and Zdan (1997) and Spangenberg 
(2002) suggest that sustainable development indicators should be easy to 
understand and limited in number in order to be used by decision-makers and 
Morse et al. (2001) underlined that “SIs [sustainability indicators] are primarily 
a product of development intervention rather than a desire to understand, and 
as a result carry with them the desired characteristics, from the donor 
perspective, of efficiency and accountability” (p. 1). Also, Hardi and Zdan 
(1997) pointed out that lack of data might imply a need to collect more data. 
Collecting data, however, is costly and time-consuming. They also argued that 
the data availability property should not be too decisive. The OECD (2003) 
noted that data quality varied significantly between individual indicators, in 
particular social response indicators. Consequently, one dilemma for 
sustainable development indicators is the balance between data availability and 
the assessment of criteria for which data is necessary.  
 
Representativeness or validity was also an important property for measuring 
which means to measure what one intends to measure (Kane 1997, Boisvert et 
al. 1998, Bossel 1998, Spangenberg 2002). This involves a decision about what 
should be sustained (Costanza and Patten 1995, Dobson 1996), which is 
inherently subjective and involves value judgements even though the 
indicators were derived from analytical frameworks. Worster (1993) 
emphasised that sustainable development assessments primarily deal with 
directions of change rather than achieving a specific end-state. This involves 
the assessment of the degree of fulfilment of a criterion, which is non-trivial 
because views on both reference values (“endpoint”) and direction (“change”) 
differ between actors. Moreover, Kane (1997) and Spangenberg (2002) argued 
that not only the indicator itself needs to be developed but also some kind of 
criteria by which to assess it.  
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Kane (1997) and Boisvert et al. (1998) suggested reference to scale as a 
property of sustainable development indicators. In general, indicators should 
be quantitative or measurable (Boisvert et al. 1998, OECD 2003). In relation 
to scope, Opshoor and Reijnders (1991) argued that sustainable development 
indicators differed from environmental indicators, which were supposed to 
measure environmental states or pressures. They argued that sustainable 
development indicators considered the interaction between environmental 
and socio-economic systems. Further, Faucheaux and O’Connor (1998) 
argued that sustainable development indicators should describe temporal 
change for key economic and ecological variables. Bossel (1998) suggested 
that indicators should predict the future state or characteristics of something, 
requiring information about the system’s characteristics as well as the system’s 
interactions with its surroundings. Costanza and Patten (1995) argued that 
both the internal workings and relationship to surroundings are complex and 
our understanding is, at best, limited.  

ASSESSMENT OF SUSTAINABLE URBAN WATER MANAGEMENT 
In order to analyse the potential for using economic criteria and indicators, I 
needed to consult how economic criteria were addressed in previous urban 
water studies. Thise has been studied by, among others, Rijsberman and van 
de Ven (1999, 2000), Nilsson et al. (1995), Lundin (1999), Balkema et al. 
(1998), Kallis and Coccosis (2000), and Starkl and Brunner (2004). In these 
studies, researchers have applied different general frameworks and disciplinary 
theories to select criteria for assessment of urban water management in 
relation to sustainable development.  
 
Rijsberman and van de Ven (1999, 2000) concluded that there is no consensus 
about which assessment criteria to use as well as about which general 
framework or disciplinary theory the criteria should be derived from. 
Moreover, they argued that urban water assessments often reflect one 
perception of value. Therefore, they suggested that urban water management 
needs frameworks that are more able to reflect more than one perception of 
value for assessment of sustainable development. They discerned the needs of 
the present and future generations, quality of life, carrying capacity of 
supporting ecosystems and maintaining the environmental integrity as main 
elements of sustainable development but suggested no assessment criteria.  
 
Nilsson et al. (1995) applied the sustainable development record framework to 
a wastewater treatment plant in a Swedish municipality. Effectiveness, thrift 
and resource margin were derived as main assessment criteria and for each 
assessment criteria they identified a number of indicators that reflected the 
most limiting resources in their specific application (ibid).    
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Lundin (1999) developed a comprehensive set of environmental and technical 
indicators for a water utility in a municipality in a high-income country in the 
West by exploring the prospects for using indicators derived from: sustainable 
development records (Nilsson et al. 1995), pressure-state-response models 
(UNCSD 2005), environmental footprint (Wackernagel and Rees 1996), socio-
ecological indicators (Azar et al. 1996) as well as basic orientors for viable 
system performance (Bossel 1998, 1999). Lundin (1999) concluded that all 
frameworks studied was useful for identification of environmental indicators 
for assessment of a water utility’s activities in relation to sustainable 
development and suggested a set of 21 environmental sustainable 
development indicators.    
 
Kallis and Coccossis (2000) applied sustainable development records (Nilsson 
and Bergström 1995), pressure-state-response framework (OECD 2003) and 
theme framework (e.g. UNCSD 2001) to water supply activities in a 
municipality in a high-income country in the West in order to identify a 
comprehensive set of indicators for assessment in relation to sustainable 
development. Furthermore, they referred to policy goals for water, as 
formulated by the UN in Agenda 21 and the European Union (from hereon, 
EU) 5th framework programme for the environment, arriving at seven 
sustainability goals for urban water planning. Two of these goals were 
affordable drinking water of an acceptable quality to all as well as equitable access to 
resources and services and equitable participation in related costs and benefits. A large 
number of indicators were tested in five cities out of which 30 core indicators 
were selected. The indicators were divided into: service, water quality, 
capacity/supply, efficiency/conservation, environmental impact and social 
categories (ibid). Data availability was a decisive factor for selection of an 
indicator; if data was not collected at the time, the indicator was excluded. The 
economic indicators suggested were: the cost of water and percentage of 
recovery from charges, affordability, intra-urban and geographical equity as 
well as Gross National Product (from hereon, GNP) and economic growth.  
 
Balkema et al. (1998, 2002) and Balkema (1998) surveyed the use of indicators 
in technology comparisons for wastewater treatment plants in relation to 
sustainable development. The survey claimed to cover the whole range of 
sustainable development aspects. The study did not relate the criteria and 
indicators to any general framework; instead the approach was more 
empirical, reporting criteria and indicators that were used in 15 urban water 
assessments. They concluded that total cost was used as an economic 
criterion, when the economic dimension was included (ibid). They also 
suggested a framework, which proposed compatibility with natural, economic, 
social and technical environments as main assessment criteria relating the 
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technical arrangement to sustainable development (Balkema et al. 1998). They 
also suggested life cycle costs, cost-efficiency, labour, and cost-recovery as 
economic indicators for measurement of the degree of fulfilment of the 
economic criterion (ibid).1  
 
Starkl and Brunner (2004) observed that total cost was used as the economic 
criterion in practical urban water decision-making whereas researchers 
suggested more elaborate sets of economic and other assessment criteria. 
They explained the discrepancy between theory and practise by practitioners 
emphasising feasibility rather than sustainability. 

CONCLUSIONS FROM PREVIOUS STUDIES 
There were many general frameworks available from which economic criteria 
for assessment of sustainable development could be derived. Therefore, I 
need to categorise the general frameworks in order to arrive at a more 
comprehensive conception of what the economic dimension of sustainable 
development implies. In addition, disciplinary economic theories were also 
used to derive assessment criteria for sustainable development and, therefore, 
would be important to include in the categorisation to better reflect the variety 
of economic assessment criteria. The choice of analytical framework affects 
the assessment criteria and thus the categorisation needs to include the scope 
of the general frameworks and economic theories as well as the economic 
criteria that were derived from them. Furthermore, in line with Thompson, 
Luke, Dobson and Rijsberman and van de Ven, I conclude that assessments 
of sustainable development need to be able to reflect different perceptions of 
value as well as dynamic socio-economic and environmental surroundings.  
 
In regard to assessment of sustainable development, I conclude that the urban 
water studies that were presented are too limited in scope to suffice as an 
analytical framework in this dissertation. The studies focus on selected details 
of sustainable development and the link between analytical framework and 
practical applications is only vaguely spelled out. They did not suggest any 
comprehensive set of economic criteria and indicators for assessment of 
urban water management in relation to sustainable development, nor did they 
reflect multiple perspectives of value. Moreover, a categorisation of economic 
criteria used in urban water assessments is necessary in order to arrive at a set 
of criteria to apply at the municipal level in Sweden as well as to better balance 
the universal with the context-specific.  
 

                                           
1 They used affordability instead of cost-recovery and cost-effectiveness instead of cost-
efficiency. Here, I use the same terminology as in chapter 4 and forth in order not to 
confuse the reader.  

 21



One general problem with sustainable development indicators is that it is 
impossible to agree on one complete list of criteria or indicators. Stakeholders 
emphasise different aspects of the object that is assessed and interpretation as 
well as relevance of the indicator also differs across stakeholders. Hence, it is 
not a straightforward matter to agree on the extent to which a certain criterion 
is fulfilled. Thorough understanding of the local context is needed. This, too, 
stresses the inherent need to balance the universal and context-specific in 
assessments of sustainable development (WCED 1987). Lack of adequate data 
is probably the rule rather than the exception, underlining the risk of using the 
data availability criterion in too strict a manner (Hansen 1996). Validity is 
important for assessment of the criteria and a more explicit connection 
between the goals of sustainable development and the assessment criteria and 
indicators used is needed (UNCSD 2001). For my purpose, I have chosen to 
discuss the usefulness of indicators in terms of data availability and validity.  

Research approach 
Each of the general frameworks and disciplinary theories presented contain 
operationalisations of what sustainable development implies, captured by the 
set of assessment criteria. Consequently, I need to systematise the economic 
criteria that were derived from general frameworks, economic theories and 
urban water assessments in order to enable a discussion about which 
economic criteria to use in assessments of urban water management in 
relation to sustainable development. A research approach is suggested to 
enable an analysis of the general aim of this dissertation consisting of three 
elements:  

(1) a categorisation of frameworks, economic criteria and indicators at a 
more universal level (general frameworks and economic theories) as 
well as at a more context-specific level (urban water assessments);  

(2) a derivation of a set of economic criteria and indicators for assessment 
of urban water management in relation to sustainable development, 
which forms the analytical framework for this dissertation; and 

(3) an application of the indicators in three cases depicting changes in 
water infrastructure at different levels in Swedish municipalities in order 
to enable an assessment of the set of criteria.  

ANALYTICAL CATEGORIES  
In the previous studies section, Luke (1995) and Dobson (1996) argued that 
frameworks for assessment of sustainable development must reflect a number 
of critical questions such as of what and for whom.  
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Sustainable development theories focus on different levels of policy 
implementation such as a global, regional, local, urban scale or on particular 
sectors, etc. Consequently, as a starting point, assessments of sustainable 
development must refer to a level of analysis in order to make their analytical 
capacity explicit. In specific applications, there will always be tension between 
the universal focus and the context-specific elements of sustainable 
development (WCED 1987). The level of analysis category points to the scope 
as well as scale of the various assessments as well as analysing the emphasis 
between sustainable development and particular sustainabilities.  
 
Sustainable development is a policy concept and as such, involves policy 
objectives. Assessments of sustainable development, implicitly or explicitly, 
must relate to policy goals attached to the framing of sustainable 
development. For instance, the WCED (1987) explicitly formulates several 
normative positions such as more economic growth is compatible with better 
protection of the environment and overriding priority should be given to meet 
the needs of the world’s poor. Consequently, the goal of development category 
involves inter- and intra-generational equity, which were key elements in the 
WCED framing of sustainable development (Rijsberman and van de Ven 
1999). Inter-generational equity involves the distribution between generations 
whereas intra-generational equity focuses on the distribution within the 
present population. Even though the WCED is dominant and influences most 
theories analysed in the dissertation, the goal of development varied in the 
general frameworks, economic theories and urban water assessments that 
were categorised. Consequently, the general frameworks, economic theories 
and urban water assessments were categorised according to their views – 
whether explicit or implicit – on inter- and intra-generational equity.  
 
Assessments of sustainable development also need to address the fundamental 
conditions for achieving the goals of development. The limits category 
involves the potential contribution to the goal of development as well as the 
potential limitations on achieving it. Hence, the limits category also addresses 
the development aspect of the sustainable development hypothesis. Moreover, 
assessments of sustainable development generally lack explicit consideration 
of the interaction between the different dimensions of sustainable 
development (UNCSD 2001, Swanson et al. 2004). Economic theory has an 
explicit goal to generate welfare resulting in a built-in positive direction 
towards economic growth and towards accumulation of capital. The debate 
on limits to economic growth reveals different positions as regards the 
possibility of substituting manufactured for natural capital at the level of the 
economy (Stern 1997) as well as in sectoral applications (Dubourg 1997).  
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On the basis of an extensive study of sustainable development literature in 
different fields, I have selected (1) level of analysis; (2) goal of development; and (3) 
limits analytical categories depicting different key issues any framework for 
assessment of sustainable development needs relate to. 

Method and material 
The choice of methodology and theoretical approach used in the two 
literature categorisations needs to be compared to a more traditional 
approach, which would have built more clearly on the selection of one 
theoretical framework for identification of assessment criteria of sustainable 
development as a point of departure and, then, a derivation of economic 
criteria based on that particular framework. One disadvantage of not 
specifically using one framework or theory for assessment of sustainable 
development is that an existing coherent theory may help explain phenomena, 
which the analyst would be unable to discern without the theory. Accordingly, 
the theory helps structure the world into important and unimportant 
elements. By only having one perspective to consider, the basis for the 
analysis might be explicit and coherent. However, I argue that assessment of 
sustainable development needs to reflect, at least, environmental, economic 
and social perspectives. There are many different economic aspects depending 
on the type of activity, which level in a system, and what it hopes to achieve. 
Consequently, the analytical framework in this dissertation needs to take into 
account a diversity of aspects corresponding to a more multi-faceted 
representation of the economic dimension of sustainable development. 

SELECTION OF GENERAL FRAMEWORKS AND ECONOMIC THEORIES 
In this dissertation, one essential piece of knowledge for the analysis was what 
analysts regarded as economic assessment criteria in general frameworks. 
Accordingly, the texts that described the general frameworks referred to in the 
previous studies section were collected. Following a snowball methodology 
similar to (Dobson 1996), the reading of the texts pointed to further 
frameworks, such as different applications of capital theory, sustainable 
technologies, etc. As a result, the material consisted of a large number of texts, 
elaborating general frameworks, from which assessment criteria could be 
derived. The following general frameworks for assessment of sustainable 
development were identified: pressure-state-response framework as used by 
the UNCSD in 1996 (UNCSD 2005), environmental footprint (Wackernagel 
and Rees 1996), socio-ecological indicators (Azar et al. 1996), basic orientors 
for viable system performance (Bossel 1998), prism of sustainability 
(Robinson and Tinker 1996, Valentin and Spangenberg 2000) and thematic 
frameworks (UNCSD 2001), linked human-ecosystem well being (Hardi et al. 
1997) and holistic frameworks (Giddings et al. 2002). 
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A number of theories originating in economics are used for identification of 
assessment criteria for sustainable development (Hardi et al. 1997, Becker 
1997). Since the dissertation focuses on economic criteria and indicators, I 
needed to specifically look for assessments that addressed the economic 
dimension of sustainable development. Accordingly, material about capital 
theory approaches to sustainable development, input-output models and 
sustainable development records frameworks was collected. In these texts, 
references were made to other texts suggesting economic assessment criteria, 
such as sustainable technologies, sustainable resource management, 
sustainability gaps, and different kinds of hierarchical frameworks. Further, I 
read through a selection of articles in the Ecological Economics journal and a 
special sustainability edition of the journal Land Economics, 73(4). The 
following economic theories depicting different aspects of sustainable 
development were identified: sustainable technologies (O’Hara 1997), 
economics based input-output models (Hinterberger et al. 1997), sustainability 
gap (Ekins 2001), capital theory approaches to sustainable development (Stern 
1997), hierarchical frameworks (Norton and Toman 1997), sustainable 
development records (Nilsson and Bergström 1995), and sustainable resource 
management or yield (Becker 1997, Bell and Morse 1999). 
 
A sufficient number of general frameworks and economic theories for 
assessment of sustainable development should be selected in order to illustrate 
the diversity whereas the presentation should be easy to grasp, that is, not 
contain too many general frameworks and economic theories. Therefore, four 
general frameworks and five economic theories were selected, which overlap 
and are not exclusive in terms of the economic criteria derived. The 
classification is elaborated from other scholars’ categories in addition to my 
own.  
 
The general frameworks and economic theories used for elaborating an 
analytical framework for this study were selected on the basis that they should 
reflect a variety of: levels of application, main disciplinary origin as well as 
relation between the universal and the context-specific. Therefore, thematic 
framework, system framework, prism of sustainability and holistic framework 
were selected. The pressure-state-response framework was excluded because 
the UNCSD (2001) found it hard to apply on socio-economic and 
institutional issues. Environmental footprints and socio-economic indicators 
did not explicitly consider economic aspects and linked human-ecosystem 
well-being framework was similar to a system or prism of sustainability 
framework. Therefore, these frameworks were not included in the analysis.  
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In addition to level of application and relation between the universal and the 
context-specific, the economic theories should also reflect the diversity of 
roles analyses in assessments of sustainable development. Consequently, 
capital theory approaches to sustainable development, sustainable technology, 
sustainable resource management, sustainability gap and hierarchical 
frameworks were selected. The sustainable development records and input-
output frameworks were not selected because they were similar to sustainable 
technologies, of which they could be sub-categories. 

SELECTION AND GROUPING OF URBAN WATER ASSESSMENTS 
The discussions spurred by sustainable development concerns have resulted in 
a lot of discussions, many meetings and numerous texts within the urban 
water field. To name a few, in 1997 a whole issue of the scientific journal 
Water Science and Technology concerned “Sustainable sanitation” and in 2002, the 
International Water Association (from hereon, IWA) – a society for urban 
water professionals – hosted a Leading Edge Conference on Sustainability in 
the water sector (IWA 2002). In relation to development, the role of water has 
been underlined in high-level international policy debates at for instance the 
Stockholm Conference, in Mar de Plata, in Agenda 21 as well as in the Dublin 
Statement. This has resulted in literature on sustainable water resource 
management (Gleick 1998, Loucks and Gladwell 1999). 
 
To find the relevant urban water assessments, the texts reviewed by Balkema 
et al. (1998) was collected, following a snowball methodology (Dobson 1996). 
In these assessments, the main perspective was from the water utility, which 
was explained by its occurrence in a journal edited by the IWA. Since this 
project is a part of the Urban Water programme involving an extensive 
network of researchers, other researchers were consulted, including the 
programme co-ordinator and the programme director, about articles on urban 
water assessments. I then obtained Lundin (1999), which contained more 
urban water assessments in the reference list. I also obtained other articles and 
conference papers, such as Nilsson et al. (1995). The assessments still focussed 
mainly on the water utility.  
 
To collect articles on urban water and sustainable development in refereed 
journals, I also searched the ScienceDirect/Elsewier database in 2001 and the 
Linköping University and national library catalogue. Together with some of 
the articles in Balkema et al (1998) and Lundin (1999), numerous articles in 
two special editions of the journal Water Science and Technology appeared. The 
literature search contained combinations of the following key words: 
sustainable urban water management, urban water, and sustainable 
development or sustainability. Still, most of the assessments found were 
performed from the perspective of the water utility.  
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From the perspective of this analysis, the embeddedness and contextualisation 
of urban water management for sustainable development has entailed a need 
to widen the scope as regards which aspects to include when deciding about 
how to manage urban water or water resources in practice. The urban water 
literature on sustainable development also expresses a criticism of and a will to 
improve present decision-making within the urban water field (Nilsson et al. 
1995, Chen and Beck 1997, Balkema et al. 1998, Hellström et al. 2000, Kallis 
and Coccossis 2000, Ashley and Hopkinson 2002). Moreover, definitions of 
urban water management for sustainable development always include water 
resources (Loucks and Gladwell 1999, Lundin 1999). Accordingly, I searched 
the literature for sustainable water resource management and related concepts. 
Consequently, a number of texts that mainly addressed what sustainable 
development implied for the management of water resources were found 
(Baan 1994, Gleick 1998, Loucks and Gladwell 1999). 
 
Moreover, the WCED framing of sustainable development suggests a 
dependent relationship between socio-economic development and 
environmental protection, emphasising the need not to address anything in 
isolation. Therefore, in order to investigate economic aspects of urban water 
management, a look into economics theories is necessary. Consequently, I 
turned to the economics field and made a literature search with the following 
key words in the ScienceDirect/Elsewier database in 2002: economics and 
sustainable development / sustainability, sustainability indicator. In this way, I 
found a number of texts that addressed what different economic theories and 
criteria might imply for urban water management in relation to sustainable 
development.  
 
Subsequently, new texts addressing urban water management for sustainable 
development have been published. To get updated about on-going work on 
assessment of sustainable urban water management, I participated at the IWA 
World Water Conference in Berlin 2001 and the IWA first Leading Edge 
Conference on Sustainability in the water sector in Venice 2002. I also 
obtained new articles from researchers in the Urban Water programme. 
 
Some of the articles found did not contain any assessment criteria or only 
evaluated one technology in terms of sustainable development. These were 
excluded from the categorisation. In total, the selection consisted of 25 
articles containing assessments of urban water management in relation to 
sustainable development.  
 
In order to facilitate the presentation of the urban water assessments, the 
material was divided according to principal use into technology comparison, 
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sustainable water utility, sustainable water resource management, and 
economic sustainability and urban water management. The grouping was 
mainly a consequence of the journal in which the articles were found. The 
different principal uses have different positions as regards to the analytical 
categories as well as in terms of the economic criteria that are derived. The 
grouping is presented in table 4.1, p. 64. 

METHODOLOGY FOLLOWED IN LITERATURE CATEGORISATIONS 
The texts were read numerous times following the same methodology in the 
categorisation of general frameworks and economic theories on the one hand 
and urban water assessments on the other. Each literature categorisation 
contains four parts:  

(1) presentation of the general frameworks and economic theories and 
principal uses of urban water assessments; 

(2) categorisation of general frameworks, economic theories and urban 
water assessments according to their views as regards the level of analysis, 
goal of development and limits analytical categories;  

(3) systematisation of economic criteria in terms of what, why and how to 
measure; 

(4) concluding section.  
 
The results from the categorisations of general frameworks and economic 
theories are presented in chapter 3 and from the urban water assessments, in 
chapter 4. 
 
The analytical categories mainly address the relationship between sustainable 
development as a policy goal and the framework for assessment. 
Consequently, in addition to its views on the analytical categories, I present 
economic criteria derived from general frameworks, economic theories and 
urban water assessments. In this way, I explore different concretisations of 
what is relevant for assessing the economic dimension of sustainable 
development. In the analysis, the texts were grouped according to their views 
on, for instance, how intra-generational equity is addressed.  
 
Moreover, I present in what way the different economic criteria derived from 
frameworks and theories are supposed to be measured. This is needed in 
order to bridge the gap between theoretically derived criteria and assessment 
in a specific context. This captures the sustainable development indicator 
issue and for each one I recall how to define it, why it is relevant for 
sustainable development as well as suggestions on how to measure it.  
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SELECTION OF CASES 
The three cases depict different changes in water infrastructures as well as 
different socio-economic and hydrological contexts. The cases are named 
Uppsala, Ringdansen and Surahammar after the names of the respective 
geographical areas in which the changes took place. Each case involves a 
decision to change a part of the water infrastructure. In table 2.1, the change 
in water infrastructure facing the decision-maker as well as the major actors 
and number of households affected by the change are presented. 
 
Table 2.1. The change in water infrastructure, the major actors and where the change took 
place?  
 Ringdansen Uppsala Surahammar 
What Introduction of 

volumetric billing for 
water services. 

Increase water supply 
capacity and drinking 
water quality. 

Kitchen waste disposers to 
increase use of wastewater 
infrastructure. 

Who Housing company, 
tenants, municipality. 

Water utility and 
municipality. 

Public multi-utility, 
regional solid waste utility, 
municipality, property 
owners. 

Where A residential apartment 
area, about 1 500 people 
in Norrköping. 

Uppsala urban area, 
about 150 000 people 

Surahammar urban area, 
about 6 800 people. 

 
As mentioned above, the purpose of this dissertation is to analyse the 
potential for using economic criteria for assessment of urban water 
management in relation to sustainable development. One reason for choosing 
these three changes of water infrastructure is that they as a group cover the 
water supply and wastewater infrastructure at both property and utility level. 
No case addressed the stormwater infrastructure. However, I did apply the 
indicators on a change in stormwater infrastructure in Augustenborg, Malmö. 
Because of time limits, the application was not as thorough as for the three 
cases reported here and due to that I chose not to include it in the 
dissertation. The result was, however, similar as in the cases analysed in the 
dissertation. Uppsala and Surahammar infiltrates surface water into boulder 
ridges for water supply, which is referred to as artificially infiltrated 
groundwater. This was used in 134 waterworks in Sweden covering about a 
fourth of the population (Swedish Water 1998). Norrköping, of which 
Ringdansen is a part, used surface water for its water supply. Surface 
waterworks were found in 197 municipalities supplying about half the 
population in Sweden with water (Swedish Water 1998). The wastewater 
infrastructures in Uppsala and Norrköping have both been equipped with 
additional nitrogen removal, which is not the case in Surahammar.  
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Moreover, in terms of population and economic growth, Uppsala represents a 
growing city with a comparatively well-educated population (Statistics Sweden 
2003a). In terms of representativeness, a growing population is found in 
municipalities in the proximity of the three major cities and in university cities 
(Statistics Sweden 2003b). About one fourth of the Swedish municipalities 
grew at the same rate as Uppsala in 1997-2003 (Statistics Sweden 2003b).  In 
Norrköping, population was constant in 1997-2003. In a quarter of the 
municipalities in Sweden population was unchanged in 1997-2003. The 
populations in Uppsala and Norrköping exceeded 100 000 and they were the 
fourth and eight in terms of population in 2003 (ibid). Surahammar presents 
the opposite of Uppsala, being an industrial town (Surahammar municipality 
1990). The population decreased by 5,5% in 1997-2003 and the changed 
population augmented the average age of the population in Surahammar 
(Statistics Sweden 2003a, b). The population of Surahammar was 10 200 (SCB 
2003b). In half of the Swedish municipalities population decreased in 1997-
2003 and in 175 of 289 municipalities the population was lower than 20 000 
people (ibid). In Uppsala and Surahammar, the change in water infrastructure 
affects the whole urban area, although each property owner decides to install 
kitchen waste disposers in Surahammar. In Ringdansen, the change in water 
infrastructure affects a residential area covering just a fraction of the whole 
urban area. Moreover, Ringdansen is a socially vulnerable area, where there 
are comparatively many large families (Norrköping Statistics Office 2004), 
low-income families (MOSAIC 2001), immigrants and single parents with 
children (Norrköping Statistics Office 2003a, d). The number of socially 
vulnerable areas in Sweden has increased the last decade and they are most 
common in larger cities (Integration Agency 2004). In Uppsala and 
Surahammar, the average income was significantly higher than in Ringdansen.  
 
In terms of water supply infrastructure and population, Uppsala was similar to 
Västerås, Örebro, Umeå and Luleå. Norrköping was similar to Borås. 
Although similar in size to many municipalities, Surahammar the water supply 
infrastructure in Surahammar differed from most of the smaller municipalities 
due to the use of artificially infiltrated groundwater. Consequently, the 
selection of cases enables an analysis of the potential for using economic 
criteria in urban water assessments since it covers a variety of socio-economic 
situations, which would be relatively more relevant in a country where the 
water is relatively abundant. Furthermore, using three cases makes it possible 
to discuss the usefulness of the set of economic criteria and indicators.  
 
In the Ringdansen case, the potential for using water rates to control water 
consumption clearly illustrates one aspect in which efficiency, conservation 
and equity are integrated. Accordingly, water consumption and expense is 
compared before and after implementation of volumetric billing at building as 
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well as apartment level. Moreover, the Ringdansen case exemplifies the 
potentially conflicting roles of different actors in an urban area such as the 
water utility, municipal departments, property owners, apartment owners, etc. 
Particularly, the low average income and high vulnerability of many 
households in relation to the full volumetric water rate makes Ringdansen 
extremely suitable for exploring the limits between the economic and social 
dimensions of sustainable development.  
 
The Uppsala case depicts a growing municipality (in terms of population), 
which raises concern about the “limits” for the use of water as a source for 
supply and a sink for waste as well as on land as a sink for waste. In Uppsala, 
the anticipated higher future water demand is balanced by a larger supply of 
water. The change in water supply infrastructure is also motivated by the 
relative inability to use the sludge from the wastewater treatment processes. 
Hence, a flaw of the present wastewater treatment system justifies the change 
in water supply infrastructure. The Uppsala case enables an analysis of the 
ability of changes in the use of natural capital that have been allocated to the 
generation of water services.  
 
The Surahammar case illustrates a small municipality with a stagnant, even 
decreasing, ageing population, which is very common in a Swedish context 
(Statistics Sweden 2003b). Here, the water infrastructure was designed and 
constructed decades ago on the basis of what later was shown to be too 
optimistic water demand and population projections (Isgård 1998). 
Consequently, in these municipalities the manufactured water infrastructure is 
too large. Stagnant population and unclear prospects for employment also 
raises a concern about the future ability to pay for water services affecting the 
water utility’s ability to collect revenues from users.  
 
In the cases, indicators connected to each economic criterion were applied. 
The application of indicators is discussed in terms of data availability and 
validity in order to analyse if they were useful for assessment of the economic 
criteria as well as of urban water management in relation to sustainable 
development.  
 
A large number of calculations were made in order to obtain results of the 
indicators. In Ringdansen, the statistical methods are described in Hjerpe 
(2005). In Uppsala and Surahammar, the calculations are described for each 
indicator.  

COLLECTION OF MATERIAL IN THE CASES  
As the cases involve changes in different parts of the water infrastructure, the 
collection of material differs from case to case. In all cases, however, the 
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material mostly consisted of secondary material and to a lesser extent of 
primary material.  
 
Material about the water infrastructure was collected from administrative 
departments at utility, municipal and county levels. Environmental reports 
from 1997-2000 (Surahammar public multi utility 1998, 1999, 2000, 2001) and 
1994 and 2003 (Uppsala Sanitation Office 1995, 2004a) produced by the water 
departments and utilities were collected. The environmental reports contained 
information about limits for using the water resource as a sink for waste, 
technical capacity and structure of the manufactured water infrastructure as 
well as the current total generation of water services. In the Ringdansen case, 
data on technical capacity, water-, and nutrient-flows were obtained directly 
from the water utility (Borgs Waterworks 2005, Sydkraft 2005a, b) and from 
Norrköping municipality (1989a, b).  
 
Material about the environmental state as well as political goals of water 
supply sources and receiving watercourses was obtained from reports 
produced by Water quality associations (in Swedish, Vattenvårdsförbund) or 
County Administrative Boards (in Swedish, Länsstyrelser). Water quality 
associations monitor the water quality in the catchment area although 
university departments and consultancies carry out the actual measurements. 
The Uppsala boulder ridge and Lake Ekoln belong to Lake Mälaren 
catchment and Lake Glan, Motala Ström and Bråviken belong to the Motala 
Ström catchment. In Surahammar, the Strömsholm boulder ridge and the 
Kolbäcksån belong to the Kolbäcksån catchment area, which is a part of Lake 
Mälaren catchment. The Motala Ström (Fejes et al. 2002) and Lake Mälaren 
(Wallin 2000) reports covered almost 40 years of water quality monitoring 
data whereas the Kolbäcksån report considered the situation in 2000 and 2001 
(Sonesten et al. 2001, Sonesten and Goedkoop 2002). Material about 
environmental objectives for the respective watercourses was obtained from 
Östergötland, Uppsala and Västmanland County Administrative Boards. Data 
about the use of water as a source for supply was obtained from general plans 
(Uppsala municipality 2003, Surahammar municipality 1990, Norrköping 
municipality 2003b). Data were also needed on the abstraction limits of the 
water resource, which was expressed in the legal permits. These data were 
obtained from Uppsala Sanitation Office (2004a, b, c, d, e), and from personal 
communication with representatives of the water utilities in Norrköping 
(Borgs waterworks 2005, Sydkraft 2005a, b). In Surahammar I did not collect 
that data but concluded that present level of abstraction was significantly 
lower than in 1980.  
 
Population, employment, and income data were collected from official 
databases of Statistics Sweden and stored in EXCEL-files. In Ringdansen, 
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population data from selected years were collected from studies and from 
1990 and forth from the Norrköping Statistics Office (2004). Population 
projections were collected from municipal (Norrköping municipality 2004, 
Uppsala municipality 2004) or regional (Västmanland County Administrative 
Board 2004) administrative offices. Employment data were collected from 
Statistics Sweden (2003c). There were several income measures available but 
total income measure for 1991-2003 (in Swedish, sammanräknad 
förvärvsinkomst) was chosen because it includes income from employment, 
social transfers as well as capital (Statistics Sweden 2003d). Total income data 
in 1998-2003 for different socio-economic categories such as single parents 
and single pensioners were obtained to assess affordability. In Ringdansen, 
total income was not available directly from Statistics Sweden. Therefore, total 
income data from 1998-1999 (Norrköping Statistics Office 2003f) were 
extrapolated linearly to 2003. Typical house A refers to the classification of 
Swedish Water and is a detached house in which 150 m3 of water is annually 
used (Swedish Water 2005a)  
 
In the Ringdansen case, I contacted the housing company (Hyresbostäder i 
Norrköping AB) owning the apartments, which were equipped with meters 
for hot- and cold-water, heating and electricity. A representative responsible 
for monitoring and data collection provided monthly hot and cold water, 
heating and electricity consumption data for all the apartments equipped with 
water meters (Hyresbostäder 2004). In order to explain why the metering 
project was performed, I collected written documentation from Norrköping 
municipality and Hyresbostäder. Cost-recovery, water rate, water 
consumption, water, nitrogen, phosphorus and organic matter flow data were 
collected from the water utility (Borgs waterworks 2005, Sydkraft 2005a and 
b). 
 
In the Uppsala case, the Urban Water programme compared different 
technical arrangements for handling wastewater. For this purpose, a project 
group was formed consisting of researchers, representatives of the Sanitation 
Office, politicians and different stakeholders. The Uppsala project provided 
access to data about the existing technical structure and contacts with a 
representative of the Sanitation Office. I compiled a list of material related to 
the change in water infrastructure, which was sent to me by mail. This 
information included the application to the Environmental Court (Uppsala 
Sanitation Office 2004b-e) as well as and pre-studies (Uppsala Sanitation 
Office 1999). Cost-recovery data was obtained from the Uppsala Sanitation 
Office (1990) and the Uppsala Sanitation Board (2004a, 2005).   
 
In the Surahammar case, the Urban Water programme also compared 
different technical arrangements for handling wastewater and a similar project 
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group to the one in Uppsala was formed. Data on the wastewater system in 
Surahammar and on the introduction of kitchen waste disposers were 
obtained through study-visits and from communication with representatives 
of the water and wastewater utility, some of which is reported in Kärrman et 
al. (2005). Four research reports also provided background information on the 
effects of introduction of kitchen waste disposers (Nilsson et al. 1990, 
Karlberg and Norin 1999, Kärrman et al. 2001, Storbjörk and Söderberg 
2003). 
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- 3 - 
 

Economic criteria and indicators of sustainable 
development 

In the introduction, I argue that general frameworks as well as economic 
theories for assessment of sustainable development provide essential 
knowledge to enable an analysis of the potential for using economic criteria to 
support urban water decision-making. There are several general frameworks 
and economic theories for assessment of sustainable development available 
and it was, accordingly, necessary to categorise them in terms of their scope 
and explanatory power as well as the economic criteria and indicators that 
could be derived from them. Consequently, this chapter contains a:  
(1) presentation of the of general frameworks and economic theories for 

assessment of sustainable development;  
(2) categorisation of the general frameworks and economic theories according 

to level of analysis, goal of development, and limits; and  
(3) presentation of economic criteria that were derived from general 

frameworks and economic theories in terms of what they mean, why they 
are relevant for sustainable development and how to they are supposed to 
be measured. 

Overview of general frameworks and economic theories  
The general frameworks and economic theories for assessment of sustainable 
development that were categorised are found in table 3.1. Practical 
assessments of sustainable development commonly refer to more than one 
general framework and theory. Hence, the general frameworks and theories 
are not exclusive categories; they influence each other and sometimes overlap. 
Since my purpose with the categorisation of general frameworks and 
economic theories is to reflect a variety of views in relation to the analytical 
categories as well as economic criteria derived, such an overlap is not 
problematic. Those familiar with these general frameworks and economic 
theories might proceed directly to section 3.2.  
 
Table 3.1. General frameworks and economic theories categorised. 
General frameworks Economic theories 
Thematic framework Capital theory approach 
System framework Sustainable technology 
Prism of sustainability Sustainable resource management 
Holistic framework Sustainability gap 
 Hierarchical framework 
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GENERAL FRAMEWORKS FOR ASSESSMENT OF SUSTAINABLE DEVELOPMENT 
The first general framework is labelled thematic framework for assessment of 
sustainable development. Thematic frameworks often depart from a defintiion 
of sustainable development as to balance ecological, economic and social 
goals (fig. 3.1). Several themes are selected as well as indicators that measure 
the degree of fulfilment of the theme. There are many assessments based on 
thematic frameworks available (UNCSD 2001, Sachs 1999) that have been 
applied at national and other levels. The most widespread and well-known 
thematic assessment is the attempt of the UNCSD to assess sustainable 
development at national level (UNCSD 2001). 
 

Social Ecological 

Economic 

Figure 3.1. The three-circle representation of sustainable development defined as 
balancing ecological, economic and social goals (Giddings et al. 2002). 
 
The second general framework, system framework, is based on system theory. 
System theory has frequently been used to assess sustainable development 
(Clayton and Radcliffe 1996, Hardi et al. 1997, Becker 1997, Bossel 1998). A 
system framework for assessment of sustainable development refers to 
theories focussing on what is needed for a system to sustain in its 
surroundings (Bossel 1998), including concepts as viability, vigour and health 
(Costanza 1992, Costanza and Patten 1995, Perrings 1997). The viability of 
the system is primary while disciplinary aspects are secondary and only 
included in the assessment if they are relevant to sustain the system. 
Moreover, a system framework stresses the interaction between the different 
elements that constitute the system. Bossel (1998) suggested a general 
framework based on basic orientors of system viability, which apply in the 
case of systems that work in a dynamic environment. He applied the following 
basic orientors on an infrastructure system: existence, effectiveness, freedom 
of action, security, adaptability, coexistence and psychological needs.  
 
The third general framework selected - prism of sustainability (fig. 3.2) - could be 
a subcategory of the system framework category. The prism of sustainability 
framework is based on a systematic representation of sustainable development 
defined as maintaining the ability of a number of subsystems to fulfil 
normative goals or imperatives (Robinson and Tinker 1996, Valentin and 
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Spangenberg 2000). For instance, sustainable development is formulated as 
the reconciliation of ecological, economic and social imperatives (Robinson 
and Tinker 1996) or as a vision consisting of environmental, economic, social 
and institutional imperatives (Valentin and Spangenberg 2000). Approaching 
sustainable development implies improvement of all subsystems and the 
purpose of the prism of sustainability is to guide the identification of criteria 
for assessment of sustainable development. The prism of sustainability 
category includes theories that suggest a single framework, where 
environmental, economic and social goals are placed.  

Economic 
imperative 

Social 
imperative 

Institutional 
imperative 

Ecological 
imperative 

Figure 3.2. The prism of sustainability (Valentin and Spangenberg 2000). 
 
The fourth general framework, which I have labelled holistic frameworks, 
consists of frameworks referring to sustainable development as inherently 
global and holistic. Giddings et al. (2002) argued that all subsystems are 
fractured, multi-layered as well as referring to different spatial levels and, 
consequently, there was no reason for them to be of equal size as in fig. 3.1. 
The separation into subsystems, Giddings et al (2002) observed, risks 
assuming trade offs between them. Therefore, assessments of sustainable 
development should evolve from the overall aim of sustainable development 
without explicitly pointing out which aspects or disciplinary claims to include 
in the assessment. 

ECONOMIC THEORIES FOR ASSESSMENT OF SUSTAINABLE DEVELOPMENT 
The first economic theory for assessment of sustainable development was 
capital theory approach, which describes the generation of welfare in society as 
determined by a flow of goods and services from an aggregate capital stock 
(Stern 1997). The bottom line of capital theory approaches is that society 
should live on the interest of its aggregate capital endowment. Capital consists 
of manufactured, natural, social and human assets that provide a flow of 
useful goods and services (Goodland and Daly 1996). Consequently, the 
ability to generate welfare in the future should not decline. To fulfil this 
condition, society should only count the flow of goods and services after 
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compensation has been made for the inputs used for their generation. The 
main focus of capital theory approaches is to formulate the conditions for 
development to be sustainable, which involves the size and composition of 
the capital stock (Stern 1997, Hediger 1999, 2000). 
 
In the second economic theory for assessment of sustainable development, 
which I have labelled sustainable technology, I have grouped approaches that 
focus on a production process in relation to sustainable development (van den 
Bergh 1997, O’Hara 1997). Production is a very central economic aspect and 
the number of production processes in society is uncountable and very 
heterogeneous. In its simplest form, the theory is applied at the aggregate 
level, that is, on all production processes in an area. The production process is 
described as a combination of labour and manufactured capital combined by 
employing available technologies (Solow 1956). Production factors considered 
scarce, or that limited the generation of output, were included. In the 1970s 
the representation was extended to include natural resources and waste (Stern 
1997). This type of representation has been criticised for neither explicitly 
considering time nor to adequately reflect the different contributions made by 
the various objects needed for production (Georgescu-Roegen 1971). 
Georgescu-Roegen described the production process as flows of input being 
transformed to output and waste by the services of funds. Funds are largely 
unchanged during the relevant production time. The distinction between 
funds and flows has inspired studies exploring what constitutes a sustainable 
production process (van den Bergh 1997, Gowdy and O’Hara 1997, O’Hara 
1997). At the level of a production process, the focus is on formulating 
conditions for when a process would be judged sustainable. The fund-flow 
perspective makes explicit that the production process is dependent on its 
surroundings as a source of inputs, a sink for waste as well as for maintenance 
of its funds. The surroundings also serve as a market for its outputs. 
 
The third economic theory for assessment of sustainable development is 
found within natural resource management, and is thus labelled sustainable 
resource management. Worster (1993) and Kane (1997) point to the sustained or 
sustainable yield concept as one predecessor of sustainable development. 
Sustainable yields have been used in forestry (Worster 1993, Hediger 1999), 
fishery (Bell and Morse 1999) and watershed and groundwater management 
(Loucks and Gladwell 1999). Sustainable yield focuses on the maintenance of 
the ability of the resource to deliver a flow of goods or services in physical or 
monetary terms over time. Usually, the analysts have focussed on a flow of 
goods that are used as input in a production process, that is, towards the 
economy. If the resource has been too heavily modified to maintain that flow 
of goods, the effect on other flows of goods or services from the resource 
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might be detrimental (Ekins 2003). Consequently, the rest of the world is 
relevant for maintenance of the environmental resource. 
 
In the fourth economic theory for assessment of sustainable development – 
the sustainability gap - the present level of economy–natural environment 
interaction is argued to be unsustainable (Ekins 2001). Based on a conception 
of what constitutes environmental sustainability, seven principles of ecological 
sustainability that should be fulfilled were suggested: stable climate, ozone 
layer, biodiversity, pollution emissions, utilisation of resources, precautionary 
principle, and preservation of landscapes and elements of human made 
environments (Ekins 2001). The present environmental state is compared to 
the environmental standards in order to estimate the physical sustainability 
gap. Thereafter, the measures and cost needed to close the physical 
sustainability gap are estimated. Accordingly, the monetary sustainability gap is 
an estimate of the potential cost of reaching a pre-specified level of 
environmental quality at one point in time. Application of sustainability gap 
theory is similar to a cost-effectiveness analysis.  
 
The fifth theory, labelled hierarchical framework, includes a cluster of theories, 
which emphasise that economic theories might be excellent in achieving 
efficiency whereas they do not contain any institutions for sufficiency or scale; 
accordingly, the use of economic theory should be constrained. The theories 
emphasise that there are different hierarchies of values, all of which are 
relevant for sustainable development (Gowdy and O’Hara 1997, Kane 1997, 
Köhn 1997). Gowdy and O’Hara’s (1997) hierarchy consists of three levels; 
the environment, the economy and society. The integrity of the environmental 
and social media surrounding the market economy should be maintained. The 
rules of organisation differ and might be in conflict. Consequently, all levels 
should be addressed separately. Traditional economics theory only refers to its 
own layer of activity (Gowdy and O’Hara 1997). Not all decisions about how 
society should use its assets need to be relevant for sustainable development. 
Therefore, Norton and Toman (1997) suggested a two-tiered approach to 
assessing sustainable development. Different decision rules apply depending 
on the foreseeable consequences of the decision. The crux is to decide 
whether or not the decision needs a more pluralistic evaluation process, which 
is determined by the degree of irreversibility and differing views of how to 
value the change. If the decision involves a high degree of pluralistic values 
and irreversibility, it should be based on a safe minimum standards approach 
(Norton and Toman 1997). If not, traditional economic analysis would be 
sufficient. Moreover, Toman (1999) argued that a pluralistic approach is 
needed to evaluate options rather than several disciplinary evaluations because 
no mechanistic rule is sufficient to assess sustainable development.  
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Level of analysis 

LEVEL OF ANALYSIS IN GENERAL FRAMEWORKS  
The general frameworks that I analyse in the dissertation differed with respect 
to whether a division into different subsystems was necessary or not. In 
thematic and prism of sustainability frameworks, sustainable development was 
divided into different themes or subsystems. For each theme, or subsystem, 
one or more particular sustainability criteria were formulated. Sustainable 
development, at the overall level, was expressed as simultaneous fulfilment of 
all subsystem criteria (Bossel 1998, 1999, Sachs 1999). The particular 
sustainabilities were conceived of as criteria to be fulfilled for development to 
be sustainable (Sachs 1999). Development is multi-dimensional, making it 
necessary to include sustainability criteria to be met for each element of 
development (Bossel 1998, Sachs 1999), such as physical, cultural, material, 
ecological, economic, psychological, ethical and social criteria (Bossel 1998). 
 
In general frameworks emphasising the parts or subsystems of sustainable 
development, the overall level is generally left out, sometimes with reference 
to it being impossible to grasp at the moment (Goodland 1995). Proponents 
of division into particular sustainabilities argue that each dimension of 
sustainability is kept separate to facilitate its definition (Goodland 1995, 
Goodland and Daly 1996, Paehlke 1999, Hueting and Reijnders 2004). This 
was clearly expressed as ”The three types of sustainability – social, 
environmental and economic – are clearest when kept separate … While there 
is some overlap among the three, and certainly linkages, the three are best 
disaggregated and addressed separately by different disciplines” (Goodland 
and Daly 1996, p. 1002). Similarly, ecological, economic and social aspects 
should be considered “integrated while keeping them analytically distinct” 
(Paehlke 1999, p. 244). He views the idea of sustainable development as 
involving an inevitable connection between environment, economy and 
society. The separate dimensions, however, can be identified separately as 
environmental, economic and social sustainability but they should be 
considered integrated in public policy. Here, the emphasis is, clearly, at the 
level of subsystems but the subsystem definitions might later lead to a general 
framework for assessment of sustainable development.  
 
The thematic framework incorporates several aspects of sustainable 
development. In the UNCSD case, the selection of criteria was based on a 
process including several researchers and decision-makers (UNCSD 2001). At 
first, all themes were applied in a driving force-state-response framework, 
which was later found inadequate for assessment of the institutional and social 
aspects of sustainable development, leading to the rejection of the framework. 
This example illustrates that the choice of aspects to include in a thematic 
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framework is subjective and based on relevance for decision-makers and other 
researchers making the selection. This makes it problematic to use thematic 
assessments outside its original application because the priorities of and 
problems facing decision-makers and researchers differ. 
 
In thematic as well as prism of sustainability frameworks, researches agreed that 
economic criteria are essential to include in an assessment of sustainable 
development. The specific formulation of economic criteria differs. The 
ecological, economic and social dimensions are fundamental in thematic and 
prism frameworks (Goodland 1995, Goodland and Daly 1996, Robinson and 
Tinker 1996) and lead Hardi et al. (1997) to conclude that they must be 
incorporated in any assessment of sustainable development. These three 
dimensions are included in assessments using more categories (Bossel 1998, 
Sachs 1999, Spangenberg 2002). The basis of prism frameworks is that 
interactions among ecological, economic and social dimensions are extensive 
and cannot be usefully addressed in isolation (Robinson and Tinker 1996). 
Consequently, the prism of sustainability framework incorporates the overall 
level a bit more explicitly (Robinson and Tinker 1996, Valentin and 
Spangenberg 2000, Spangenberg 2002). Reconciliation of goals formulated for 
each subsystem should be the focus of sustainable development studies and 
interactions between subsystems are primary for assessment of sustainable 
development (Robinson and Tinker 1996).  
 
A common feature of thematic, system, and prism of sustainability frameworks is 
that dividing sustainable development into several subcategories is not 
problematic but a necessity in order to enable an assessment of sustainable 
development. Making use of these frameworks implies that it is possible and 
necessary to develop criteria, standards or objectives for subsystems. Then, 
assessment at the overall level is carried out on the basis of results of 
subsystem assessments.  
 
In a system framework, Bossel (1998) identified both the viability of the 
infrastructure itself and its contribution to the viability of the community. 
System frameworks could be applied at any level or activity. Representation of 
the object as an open subsystem highlights the dependence on the 
surroundings, but it also separates it from the rest of the world. A system 
framework aims for maintenance of certain functions or elements over time, 
measured by basic orientors of system viability (Bossel 1998) or system 
viability or vigour (Costanza 1992). Moreover, an assessment based on a 
system framework needs a definition of the system, including a description of 
how the elements of the system interact. In applications of a system 
framework, what is inside the system and some of the links to the 
surroundings are often specified in great detail. The effect of everything 
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outside the system boundary is an ever-present problem for the systems 
analyst. Since assessment of sustainable development involves long time 
perspectives, wide scope and reference to effects taking place at different 
geographic scales, the contexts are constantly changing. Consequently, system 
boundaries would have to be scrutinised continuously in applications of 
system frameworks for assessment of sustainable development (Jeffrey et al. 
1997). 
 
In the holistic framework, researchers emphasise the overall level even more 
but regard the role of subsystem sustainabilities as more secondary (Eichler 
1999, Reboratti 1999, Giddings et al. 2002). Eichler (1999) and Reboratti 
(1999) use sustainable development as a global concept, which should never 
be ignored. The overall level is seen as primary because otherwise it risks 
getting lost (Eichler 1999). Similarly, Giddings et al. (2002) argues that 
separating reality into several subsystems when assessing sustainable 
development is risky because each subsystem is fractured, multi-layered as 
well as referring to different spatial levels. Sustainable development involves 
all dimensions of development, making it necessary for objectives of sectoral 
sustainability to refer both to other sectors and the overall level (Reboratti 
1999). To separate subsystems from the whole risks approaching sustainable 
development issues in a compartmentalised manner (Giddings et al. 2002). A 
sectoral sustainability approach could divert attention from asking questions 
that are important to get to the core of the sustainable development idea. 
Instead, human activity and wellbeing are embedded in the environment to 
explicitly recognise their interconnectedness (Giddings et al. 2002). The 
boundary between the environment and human activity is blurred and material 
and energy continuously is exchanged between them. In assessments based on 
a holistic framework, there were no explicit formulations of economic criteria 
for sustainable development. Economic aspects are not specified because the 
overall level defines which aspects to include in the assessment. Moreover, 
criteria are not prescriptive, that is, they are not specified in advance but on a 
case-by-case basis. 
 
Common to all the general frameworks is that they have been applied at 
different spatial levels, such as a nation or a city. 

LEVEL OF ANALYSIS IN ECONOMIC THEORIES 
The economic theories for assessment of sustainable development all focus 
on particular aspects of sustainable development. In capital theory approaches, 
researchers have operationalised sustainable development as an 
intergenerational constraint on welfare (Chichilnisky 1997, Pezzey 1997). This 
explains why capital theory approaches have been criticised for only relating 
to the economic subsystem, not to sustainable development (Gowdy and 
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O’Hara 1995, 1997, O’Hara 1997, Stern 1997, Gowdy 1999). This criticism 
also claims that traditional economic theory refers to elements as production 
factors, highlighting their use in production processes and to create value. 
Their value for other subsystems or aspects of welfare is, however, not 
addressed. Consequently, it is fair to conclude that capital theory approaches 
focus on economic sustainability rather than on economic aspects for 
assessment of sustainable development. Strong and critical variants of capital 
theory implies that natural capital should be maintained, on aggregate or of 
individual stocks. 
 
In sustainable technology theory, the level of analysis is the production process 
and the overall goal is to continue to deliver a flow of goods and services 
(O’Hara 1997). Georgescu-Roegen (1971) also addressed the fundamental 
distinction between the object studied and “its other”. This resembles a 
system framework in that it separates the production process from “its other”. 
The production process needs to be related to “its other” for assessment of 
sustainable development, highlighting the external sustainable development 
concern. Economic representations of production only incorporate the rest of 
the world in terms of their use in the generation of goods and services. The 
demand for the goods and services is often not explicitly addressed, which 
clearly limits the applicability of such theories for assessment of sustainable 
development.  
 
The sustainable resource management theory describes a flow of goods and services 
from an environmental fund. To be sustainable the fund should not be 
degraded, underlining its potential to be maintained. However, if the objective 
is to maintain the economic value of the flow, the contribution of the flow to 
other production processes, that is, in relation to the economy is emphasised. 
The demand for the flow of goods and services is commonly not taken into 
account. Further, the focus on one flow of goods or services risks 
downplaying other uses of the same environmental fund, explaining the critics 
that argue for inclusion of a wider array of stakeholders in decision-making to 
identify multiple values provided by the environmental fund (Lélé and 
Norgaard 1996). 
 
Sustainability gaps theory looks at the cost at one point in time to achieve 
environmental sustainability at the overall or national level (Ekins 2001). 
Hence, economic theory is used to achieve a goal defined in ecological terms. 
It contains no reference to the economic dimension of sustainable 
development. In emphasising the cost aspect, it provides one relationship 
between the aggregate economy and the aggregate natural environment. It 
estimates the magnitude of the output society needs to invest in defensive 
measures to close the sustainability gap. Monitoring the sustainability gap over 
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time could give a rough indication of the ability for society to achieve a certain 
level of environmental quality. Even though the sustainability gap theory only 
looks at the potential to achieve the environmental sustainability standard, it 
points to a mechanism of change. It assumes that it is possible to transform 
economic activities in a more environmentally sustainable direction.  
 
Hierarchical frameworks are based on the conception that sustainable 
development involves different scales. The economic system refers mainly to 
one scale, which must be related to processes taking place at other scales. 
Consequently, criteria and indicators should consider the interaction between 
the different levels in the hierarchy. Norton and Toman (1997) notes that 
each project could potentially be relevant in relation to sustainable 
development. This is an empirical matter that should be judged from case to 
case. If the change implies irreversibility and differing ways on how to value 
the change, a more comprehensive sustainable development assessment based 
on a safe minimum standards approach is needed. In terms of economic 
aspects of sustainable development, the hierarchical frameworks constrain the 
use of economic theory for assessment of sustainable development through 
the irreversibility and multiple values criteria. 

Goal of development 
There is one major reason why goal of development is relevant to analyse the 
potential for using economic assessment criteria of urban water management 
in relation to sustainable development. Economic theories generally treat 
growth and distribution as two separate social objectives. Economic theory 
deals with growth, that is, the size of the cake whereas distribution is usually 
considered a social goal. The separateness of economic growth and 
distribution is, however, disputed. Equity between (inter) and within (intra) 
generations captures the growth versus distribution distinction. Inter- and 
intra-generational equity both were essential parts of the WCED framing of 
sustainable development as an overall goal for policy (Rijsberman and vad de 
Ven 1999). Consequently, it was necessary to analyse in what way general 
frameworks and economic theories referred to inter- and intra-generational 
equity and I categorised the general frameworks and economic theories 
according to their views as regards these two matters:  

• Do general frameworks or economic theories explicitly address inter- 
and intra-generational equity (growth and distribution)? In physical or 
economic terms?  

• Do the general frameworks and economic theories consider inter- and 
intra-generational welfare connected or separated? 
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GOAL OF DEVELOPMENT IN GENERAL FRAMEWORKS 
Within the general frameworks, I found three different positions with regard 
to explicit consideration of inter- and intra-generational welfare. The view as 
regards the relationship between inter- and intra-generational equity was also 
studied.  
  
In thematic frameworks (Sachs 1999, UNCSD 2001), economic growth or 
production of output was an economic theme whereas intra-generational 
equity was a social theme. Consequently, economic growth and distribution 
were explicitly addressed although they were treated separately, referring to 
different goals. 
 
In prism of sustainability frameworks, references to economic growth and 
distribution were more disparate because they depended on the normative 
goals formulated for each subsystem by the analyst. The normative goal for 
the economic subsystem could be either growth-oriented (Sachs 1999, 
Valentin and Spangenberg 2000) or distribution-oriented (Robinson and 
Tinker 1996). Robinson and Tinker (1996) formulated the goal for the 
economic subsystem in non-growth terms. The view of economic growth and 
distribution was not always made explicit in the prism of sustainability 
frameworks. Furthermore, the relationship between economic growth and 
distribution was not clear (Valentin and Spangenberg 2000) or prescriptive 
(Robinson and Tinker 1996).  
 
A system framework generally considers inter-generational equity indirectly 
through maintenance of system viability, that is, the ability of the system to 
sustain. System frameworks could be applied to the economic dimension or 
any other particular dimension of sustainable development or at any spatial 
level. For instance, the basic orientor of effectiveness suggests that the 
services provided should be assessed from the perspective of society, that is, 
relatively to other economic sectors. The basic orientor of existence 
emphasised that the infrastructure should relate to human existence, which 
contains a notion of a social minimum (Bossel 1998). 
 
A holistic framework, where sustainable development is not divided into 
several categories or subsystems, only considers economic growth and 
distribution relevant in terms of their contribution to sustainable 
development. This means they are neither explicitly nor prescriptively 
addressed. Nor is the relationship between economic growth and distribution 
made explicit. Consequently, in a holistic framework, inter- and intra-
generational equity do not need to be addressed and they are not à priori 
considered as separate or related issues, at least not in prescriptive terms.  
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GOAL OF DEVELOPMENT IN ECONOMIC THEORIES 
In the economic theories categorised, the goal of development was defined in 
terms of welfare, which in the present dominating economic paradigm seems 
self-evident. However, there were many different expressions of constraints in 
the economic theories surveyed. Consequently, the conditions for increased 
capacity to generate welfare in the future did not only emphasise and 
increased flow of goods and services.  
 
Capital theory approaches usually refer to the WCED (1987) definition as 
“development that meets the needs of the present generation without 
compromising the ability for future generations to meet their needs” (p. 43). 
Most economic studies, Stern (1997) argued, then investigate what the inter-
generational equity criterion implies whereas intra-generational equity is left 
outside the analysis; this was also observed in the capital theory literature 
surveyed. Inter-generational welfare was formulated in economic growth 
terms as non-decreasing output (Solow 1993). If output, which is valued in 
monetary terms, stays the same or increases over time, development is 
sustainable. Solow (1993) and Pezzey (1997) argued that, at the level of the 
aggregate economy and with present economy-natural environment 
interaction, the substitutability between different categories of capital is high 
enough not to explicitly maintain certain categories of capital. Consequently, 
the size of the aggregate capital stock is important as it determines the ability 
to generate output whereas its composition does not matter. This formulation 
is similar to definitions of economic growth, meaning that if the economy 
grows then the economy is also sustainable. A similar formulation of inter-
generational equity was as non-declining human welfare, which was 
determined by a function of utility over time, which permits short-term 
declines of the aggregate capital stock (Pezzey 1997). Accordingly, the goal of 
development is compatible with quantitative economic growth.  
 
A more conditional view on quantitative growth in capital theory approaches 
focuses on the maintenance of the life opportunities of a typical person in 
society (Howarth 1997). A bequest package, consisting of different forms of 
capital, giving future generations the same or better opportunities to generate 
welfare than the present generation has had, is passed on between generations 
(ibid). The package needs to include varying forms of capital hence its 
composition is as important as its size. Consequently, not only quantitative 
increase in the aggregate capital stock contributes to sustainable development; 
the different forms of capital of the bequest package need also be maintained.  
 
A stricter inter-generational equity criterion was formulated as welfare should 
be non-declining provided that aggregate throughput does not increase (Daly 
1974, 1994). Consequently, in aggregate terms, the present use of natural 
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capital should not increase, implying that there is no room for quantitative 
increases of the economic system. However, the natural resources could be 
used more efficiently to generate more valuable goods and services. Hence, it 
is possible to substitute between different kinds of natural capital. The goal of 
development in the critical natural capital version of capital theory is 
maintenance of both welfare and the specific stocks of the critical natural 
capital.  
 
Most capital theory approaches did not explicitly address intra-generational 
equity (Pezzey 1992, 1997, Solow 1993). However, I found different views on 
intra-generational equity. Intra-generational equity was referred to indirectly as 
development that should not lead to more unequal distribution of income, 
meaning that the present distribution of income constitutes a lower limit or 
baseline (Stern 1997). Other capital theory approaches addressed intra-
generational equity more explicitly, such as sustainable development being 
viewed as a “unifying principle of justice between contemporaries and 
between present and future generations” (Howarth 1997, p. 569) and, hence, 
that all members of a community should have equal opportunities. 
Consequently, if the life opportunities enjoyed by a typical person do not 
decrease over time, development would be sustainable (ibid). One condition 
would be that the members of a community should, hence, enjoy equal 
opportunity to the benefits of society’s aggregate capital stock, in his 
interpretation of justice. This does not mean that the present income 
distribution needs to change. In contrast, critics of capital theory view 
sustainability as a distributive aim for maintenance of environmental capacities 
over time and, consequently, for a fair distribution of environmental resources 
between generations (Jacobs 1997, Martinez-Alier 1999). Jacobs (1997) notes 
that equity also involves reference to other countries or regions within the 
present generation. Here, it is argued, the market’s incorporation of equity as 
part of consumer’s preferences misunderstands the meaning of equity and 
fairness. These are described as logically separate from private concerns for 
other people’s welfare. Hence, intra-generational concerns involve more than 
just economic issues. Martinez-Alier (1999) argues that access to resources is 
important to include in an assessment. 
 
Sustainable technology theory departs from the goal for maintenance or 
maximisation of the flow of goods and services from the production process. 
Consequently, the goal of development is to maintain a quantitative growth of 
the flow of goods and services. Intra-generational equity is not considered, 
because the demand for the products, and hence their allocation, is external to 
sustainable technology theory.  
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Sustainable resource management theory focuses on maintenance of the flow of 
goods and services from an environmental fund, which is passed on to future 
generations. The flow of goods and services could be measured in physical 
and monetary terms. Quantitative growth of the flow of goods and services 
needs to be related to scale and addressed on a case-by-case basis. Intra-
generational equity is not explicit in sustainable resource management and, 
consequently, there is no relationship between inter- and intra-generational 
welfare criteria. Lélé and Norgaard (1996) criticised the focus on one goods or 
service for being too biased towards a dominating actor and thus missing the 
perspectives of less powerful interests. Hence, modification of a resource 
might change the present distribution of goods and services of the resource, a 
so-called ecological distribution conflict (Martinez-Alier 1999). Consequently, 
not only the magnitude of the costs and benefit but their distribution should 
be included in the analysis (Gleick 1998, Loucks and Gladwell 1999).  
 
The sustainability gap theory focuses on the maximisation of welfare subject to 
environmental sustainability standards. Quantitative growth is permitted as 
long as it does not break these standards. Consequently, the environmental 
sustainability standards specify the parts of the natural capital stock that needs 
to be passed on to future generations, which is similar to the notion of critical 
forms of natural capital in capital theory. The present level of economy-
natural environment interaction breaks the sustainability standards and, hence, 
a reduction of specific activities would be needed, meaning that part of the 
economic growth being channelled into the maintenance of environmental 
sustainability standards (Ekins 2001). There was no consideration of intra-
generational welfare in the sustainability gap theory. 
 
A hierarchical framework implies stricter criteria on inter-generational equity 
and hold that welfare cannot increase at any price. If the change being 
assessed involves multiple values and a high degree of irreversibility more 
thorough analysis is needed for assessment in relation to sustainable 
development. For those decisions that are relevant for sustainable 
development, both inter- and intra-generational equity effects must be 
addressed. The provision of safe-minimum standards and the application of 
the precautionary principle clearly show that environmental assets should be 
passed on to future generations, implying that economic growth might be 
constrained in order not to risk the capacity to generate welfare for future 
generations. 

Limits 
All assessments of sustainable development need to consider the general 
question of what limits the attainment of the goal of development, which 
highlights the fact that subsystems interact. In the analysis of the general 
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frameworks and economic theories in terms of limits, I have categorised the 
frameworks according to their views regarding: 
• How subsystems relate to another? 
• Does the general framework or economic theory contain any prescription 

of limits? 

LIMITS IN GENERAL FRAMEWORKS 
The assessment criteria in a thematic framework were selected through an 
inclusive peer-review process instead of from the application of a general 
framework. Consequently, relevance for analysts or decision-makers 
determines their selection. The relationship or hierarchy between themes and 
sub-themes was not made explicit. The lack of explicitness in thematic 
frameworks has been criticised by those arguing that interactions between 
sub-themes are extensive (UNCSD 2001, Swanson et al. 2004) and 
fundamental for assessment of sustainable development (Eichler 1999, 
Giddings et al. 2002). In thematic frameworks, this means that decision-
makers define limits in practise because in theory themes are given the same 
weight. 
 
In prism of sustainability frameworks, analysis argued that no subsystem is given 
fundamental primacy over the others (Robinson and Tinker 1996, Valentin 
and Spangenberg 2000). They stress this by using the concept prime system, 
that is, a self-organising, complex and non-linear system that undergoes a 
degree of globalisation (ibid). A self-organising prime system operates, at least 
partially, according to internally developed principles, about which knowledge 
are insufficient and, consequently, the ability to control the prime systems is 
limited. Sustainable development in the prism of sustainability framework is 
defined as maintaining the self-organising capability of all prime systems, 
which requires investments into all prime systems (Robinson and Tinker 1996, 
Valentin and Spangenberg 2000). Once the analyst has defined the 
imperatives, all prime systems are given similar weight for assessment of 
sustainable development, that is, they are equally important. The imperatives, 
however, contain hierarchical representations of the prime systems, such as 
the economic imperative of Robinson and Tinker (1996) giving priotity to the 
distributive aspect over economic growth. In a prism of sustainability 
framework, all prime systems potentially limit sustainable development. The 
maintenance mechanisms of the prime systems are essential for assessing 
limits of and potential for substitution. In conclusion, the analyst chooses 
imperatives after which the system is assessed in relative terms.   
 
Another line of criticism points out that in thematic frameworks, sustainable 
development is presented as symmetrically interconnected circles or as 
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separate phenomena (Eichler 1999, Giddings et al. 2002), which also is 
fundamental in a hierarchical framework (Köhn 1997, Norton and Toman 
1997). The lack of explicit hierarchy among themes, gives ecological, 
economic and social goals similar status in practice, which Eichler (1999) and 
Giddings et al. (2002) argued to be a poor reflection of reality. This criticism, I 
argue also goes for the prism of sustainability framework. Consequently, the 
critics argued that assessment of sustainable development must depart from a 
hierarchical representation of reality (Köhn 1997, Eichler 1999, Giddings et al. 
2002). The hierarchy between subsystems is determined by the specific 
application and the overall aim rather than by reference to specific theories or 
frameworks. The hierarchy should be explicit in the analysis, that is, what is 
preferred over what and why is it so? Limits in a holistic framework explicitly 
refer to sustainable development, not to particular sustainabilities. The 
fragmentation and fuzziness of society–natural environment interaction 
emphasises that limits differ and needs to be made explicit in practical 
applications. Since the practical application is essential in holistic frameworks, 
the limits are more specific instead of relating to general principles. 

LIMITS IN ECONOMIC THEORIES 
In economic theories, the limits category was mainly discussed as the ability to 
substitute manufactured for natural capital. Consequently, natural capital 
elements are valued in relation to the economy. However, limits could also be 
social, economic, institutional, etc.  
 
In capital theory approaches, the so-called weak, strong and critical major 
positions have emerged, depending on assumptions of the ability to substitute 
manufactured for natural capital (Stern 1997, Neumayer 1999).2 They share 
the same goal of development, that is, non-declining welfare between 
generations.  
 
Proponents of weak sustainability argue that only the size of the aggregate 
capital stock limits the ability to generate welfare in the future, not its 
composition. For this to hold true, it must be relatively easy to substitute 
between the different forms of capital (Solow 1993, Pezzey 1992, 1997). Weak 
sustainability representation of the world is supported by, inter alia, technical 
change exceeding the rate of increasing scarcity of natural resources, if it is 
relatively easy to substitute within a capital category and if it is possible to 
substitute even at the extremes (Neumayer 1999). At current level of 
economy–natural environment interaction, Solow (1993) argued that empirical 
evidence suggests that technological change exceed the rate of increased 

                                           
2 Dobson (1996) argued that neither weak nor strong sustainability is useful for guiding 
decisions because they are too stylised. 
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scarcity presented by the natural environment. If the objective is maintenance 
of society’s ability to generate economic output, then the ability to substitute 
between natural and manufactured capital is probably high, since there is 
ample opportunity for transforming natural capital into manufactured capital. 
Furthermore, natural resources could be measured in physical and economic 
terms. Baumol (1986) and Hediger (1999) argued that economic inventories of 
natural resources could increase monotonically even though the physical 
stocks decrease. Here, the role of a new technology to create more output 
from fewer resources is crucial. Weaker perceptions of sustainability include 
the capacity of the natural environment to generate non-consumptive and 
public goods services in the aggregate capital stock (Pezzey 1997) but they still 
presume that it is possible to compensate for losses between different forms 
of capital (Dobson 1996). Howarth (1997) also pointed out that objects in the 
natural environment not used today could be utilised, implying that the natural 
capital stock could be enhanced thus permitting physical growth of economic 
output. 
 

Strong sustainability proponents argue that the present level of utilisation of 
natural capital either is not sustainable or close to becoming unsustainable 
(Daly 1994, Goodland and Daly 1996). Daly (1994) argued that in several 
practical applications manufactured capital no longer limits output; instead, 
the capacity of the natural environment limits the flow of goods and services. 
For instance, in the fishing industry, it is often no longer boats or fishermen 
but the capacity to breed fish that limits the catch. In such instances, a strategy 
of investing in the most limiting factor implies to invest in the capacity to 
breed fish, to decrease the demand for fish or to make fishing less detrimental 
to the fish stock. Consequently, relative scarcity is dynamic and must be 
addressed in assessments of sustainable development. Strong sustainability 
proponents suggest maintenance of the aggregate stock of natural capital in 
addition to the non-declining aggregate capital stock criterion. The pre-
analytic vision of ecological economics, presenting the economic system as an 
open dynamic subsystem of the global ecosystem is based on a strong 
sustainability perspective (Costanza and Daly 1992, Folke et al. 1994). 
Furthermore, Costanza and Daly (1992) and Daly (1994) argued that natural 
capital contributes uniquely to welfare and economic processes as well as that 
manufactured and natural capital are generally complements rather than 
substitutes. Consequently, proponents of strong sustainability argue that 
changes leading to natural capital decline could not be compensated by an 
increased manufactured capital stock. However, they do not distinguish 
between different kinds of natural capital, instead, natural capital is a 
homogenous category. The Cambridge controversy over capital concluded 
that manufactured capital was too heterogeneous a category to be usefully 
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valued (Marcuzzo 2003), which is even more relevant for natural capital 
(England 1998, 2000).  
 
Proponents of the critical natural capital perspective recognise that not all 
kinds of natural capital are essential for the maintenance of inter-generational 
welfare criterion. Those elements that are essential are referred to as critical 
natural capital (De Groot et al. 2003, Ekins 2003). Consequently, the stocks of 
critical natural capital should be maintained at or above some minimum level, 
which potentially limits the ability to substitute manufactured for natural 
capital (Noël and O’Connor 1998). Maintaining the stock of the critical forms 
of natural capital is an additional assessment criterion of sustainable 
development. However, several parameters are suggested to determine the 
degree of criticality of natural capital, but they generally involve functions and 
processes that relate to the function of the global climate and the basis for 
human and other life on the Earth. Critical environmental functions are 
primary to other functions and processes derived from natural and 
manufactured capital (Noël and O’Connor 1998, De Groot et al. 2003, Ekins 
2003). However, functions are not critical per se, criticality depends on the 
context (Ekins 2003). 
 
Sustainable technology theory emphasises the production process. In such 
representations, every feature is mainly incorporated on the basis of it being a 
generator of output. The neoclassical aggregate production function is not 
very useful in specific applications because it does not discriminate between 
elements in terms of their function in the transformation process. To assess 
limits at the level of a production process, a more functional representation of 
the production process is needed. Georgescu-Roegen (1971) distinguished 
between funds and flows in a production process and argued that a recipe was 
more than a list of ingredients. For him, it was clear that funds could not 
substitute for input flows at the level of a production process. However, it 
was possible to substitute between different forms of input flows and fund 
services, respectively. At the level of the economy, this description is not so 
straightforward due to objects being used as both funds and inputs, such as a 
car being an output for a car factory and a fund for a transport company. The 
description of stocks and flows on the one hand and funds and services on 
the other also stress the temporal dimension. In a production process, input 
flows could be used in any amount, whereas the production of output is 
limited by the services from funds, which have a time constraint. Each fund 
could be used up to a certain limit, for instance, a machine can run 24 hours 
per day. The maintenance of funds is referred to as sustaining services, which 
are often overlooked when a production process is discussed in terms of 
sustainable development (O’Hara 1997). Thus, in practical applications, the 
funds and sustaining services need to be identified. In conclusion, input flows 
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as well as sustaining services are potential threats to sustainable development 
at the level of a production process. 
 
Earlier, sustainable resource management theory often aimed at finding one 
sustainable level over time. Ekins (2003) concludes that often one type of 
environmental function - a source, a sink, for life support, and for human 
health and welfare - has dominated over other functions. Too much emphasis 
on one function in a changing environment might provide a potential for 
increasing welfare. For instance, a river, which has been over-used as a sink 
for waste, has limited usefulness for recreation, habitat and fishing purposes. 
If the use of the river as a sink for waste decreases, its value for recreation, 
habitat, source and life-support might more than compensate for its lower 
value as a sink for waste. Moreover, the dynamic nature of ecosystems stresses 
that the capacity to generate the flow of goods and services must continuously 
be balanced with its use or extraction (Thompson 1997). In a continuously 
changing environment, what is the appropriate management strategy changes 
over time. Thompson (1997) argued that that successful management of the 
use of natural resources is characterised by availability of many management 
options and strategies. Here, the limits were ecological, such as the input rule 
for renewable resources stating that harvest rate of a renewable resource 
should not exceed its regenerative capacity, that is, fund-use is the ideal 
(Goodland and Daly 1996). Moreover, natural capital is always multi-
functional, that is, it performs a variety of functions at the same time. In terms 
of limits, this is important because it implies that there are probably many 
different ecological limits, at least one for each good or service. Increasing the 
flow of one goods or service could break the limits of other goods and 
services and, hence, affect total welfare negatively.  
 
The sustainability gap theory defines pre-specified levels of environmental 
quality, which means that the present utilisation of the natural environment as 
a source of material and a sink for waste hinders the environment’s functions 
for life-support and habitat and needs re-direction (Ekins 2001). The 
environmental sustainability standards limit the utilisation of the natural 
environment in different forms, similar to critical natural capital. Moreover, 
the monetary sustainability gap takes the costs of achieving the environmental 
sustainability standards into consideration. Consequently, it is possible to 
substitute between environmental quality and economic growth in terms of 
using money to remedy environmental damage or to compensate for re-
direction of economic activity. This suggests that it is possible to compensate 
or trade off between the environment and the economy but that the 
compensation is one-way, that is, to utilise less natural capital through 
employment of more manufactured capital or via use of less scarce forms of 
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natural capital. The environmental standards were given similar weight (Ekins 
2003).  
 
The multiple values criterion in the hierachical framework, emphasises that the 
effects of the change in the present distribution of goods and services also 
potentially limits development, which is clearly an inter-generational equity 
concern. Hierarchical representations hold that the integrity of each layer must 
be maintained, clearly limiting the potential for development. All levels have 
limits, stressing ecological, economic, social and other limits, which are 
determined empirically. The two-tiered framework in Norton and Toman 
(1996) is mainly used in project appraisal. Consequently, the contribution of 
the specific activity in relation to present levels needs to be assessed. Here, the 
project is assessed on the basis its effects on activities or processes taking 
place at other levels of the hierarchy. All levels have limits, stressing 
ecological, economic, social and other limits, which are determined 
empirically. For instance, if a project involves a high degree of irreversibility, 
that is, if it is hard to restore the point of origin, a more thorough assessment 
is needed, bringing in precaution in policy making. Hence, the irreversible 
object is potentially more valuable for preservation than for satisfying current 
human needs and wants, which gives the irreversible objects an inherent value 
(Dobson 1996). A high degree of multiple values also carry the same potential 
to decide not to go through with the project, thus introducing social limits in 
the assessment process.  

Economic criteria for assessment of sustainable development  
I present the economic criteria that were derived from general frameworks 
and economic theories. To structure the analysis, the following questions were 
posed: 

• What is the definition of this economic criterion?  
• Why is this economic criterion relevant for sustainable development?  
• How is the economic criterion measured, that is, the indicator? 

ECONOMIC CRITERIA IN GENERAL FRAMEWORKS 
In thematic frameworks, the economic dimension was one of several dimensions. 
Goals for the economic dimension were expressed as to ensure economic 
prosperity (UNCSD 2001) and “efficiency of economic systems … to ensure 
continuous socially equitable, quantitative and qualitative progress” (Sachs 
1999, p. 31). The goals of the economic dimension were further divided into 
several economic sub-themes (Choucri 1999, Sachs 1999, UNCSD 2001).  
 
Production was selected as an economic criterion in all thematic assessments I 
came across. Production pattern was suggested as an economic sub-theme 
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(UNCSD 2001, Choucri 1999, Sachs 1999). The production sub-theme was 
further divided into material consumption, energy use, waste generation and 
management and transportation (UNCSD 2001), describing a selection of 
elements in a production process; not their function. Efficiency was the 
reason why these sub-themes were essential for assessment of sustainable 
development. The more efficient the production process is in terms of the 
most limiting factor, the more value it generates or the less of the scarce 
resource needs to be used. Flexibility, that is, the ability to change the 
production process is another argument, which emphasised the viability or 
sustenance of the production process in a dynamic world (Sachs 1999). The 
indicators of the four production sub-themes were quantitative, physical and 
aggregated (UNCSD 2001). However, in specific applications more specific 
indicators could be selected. Not surprisingly, consumption, the other side of 
the economic coin, is also suggested as an economic criterion for assessment 
of sustainable development (Choucri 1999, UNCSD 2001). However, the 
consumption criterion was not as elaborated as the production criterion was.  
 
The next economic criterion in thematic frameworks deals with the structure 
of the economy (Sachs 1999, UNCSD 2001). Economic structure involves 
economic performance, trade and financial status (UNCSD 2001) and 
balanced inter-sectoral economic development as well as sovereign insertion 
in the international economy (Sachs 1999). These criteria are justified by 
traditional economic theory, which promotes higher economic value of goods 
and services, higher percentage of investments, lower debts and better access 
to markets to mitigate local scarcity. The suggested measures include 
economic indicators such as GNP per capita, investment share in GNP, 
balance of trade in goods and services and debt to GNP ratio. Other 
economic criteria in thematic frameworks were food security and a fair degree 
of autonomy in research (Sachs 1999).   
 
In the prism of sustainability framework, imperatives for the economic prime 
system were to improve competitiveness involving both formal and informal 
economy (Spangenberg 2002) and to ensure and maintain adequate material 
standards of living for all people (Robinson and Tinker 1996). I argue that 
Spangenberg (2002) emphasised the economic viability criterion and that 
Robinson and Tinker (1996) specified the economic imperative in relation to 
the basic needs of people.  
 
In a system framework, the ability to sustain certain elements, processes or a 
certain structure of the system is essential (Clayton and Radcliffe 1996, Hardi 
et al. 1997, Bossel 1998). Bossel (1998) applied the basic orientors to an 
infrastructure and suggested a wide range of economic criteria: sufficient 
funds for operating and maintenance, balance between cost and benefits of 
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the services provided, sufficient financial reserves, ability to adapt to much 
higher input prices, contribution to society as well as to the economic system, 
efficient and effective use of resources, and obtaining inputs of material, 
energy and resources. 
 

As was noted in the proceeding chapter, a holistic framework, such as Giddings 
et al. (2002), is not prescriptive in terms of which economic aspects are needed 
for assessment of sustainable development. Consequently, no economic 
criteria are formulated, particularly not in economics terms. However, 
identification of material and energy exchange between the natural 
environment and society is explicitly mentioned as relevant for assessment of 
sustainable development. In a holistic framework, the overall level determines 
activities at lower levels, which means that every assessment needs to discover 
its own criteria.  

ECONOMIC CRITERIA IN ECONOMIC THEORIES 
One economic criterion derived from the capital theory approach was non-
declining inter-generational welfare, which was justified with reference to the 
WCED (1987) definition. This criterion was defined as “maintenance of capital” 
(Goodland and Daly 1996, p. 1003), which they referred to as economic 
sustainability. Capital theorists agree on the necessity of the non-declining inter-
generational welfare criterion but they disagree about its sufficiency (Stern 
1997). Accordingly, all capital theory approaches imply a need to maintain the 
aggregate capital stock. In contrast, different conclusions were reached as 
regards what the non-declining inter-generational welfare criterion implies for 
the composition of the aggregate capital stock. Hence, supplementary 
indicators were needed for assessment of the non-declining inter-generational 
welfare criterion.  
 
Proponents of weak sustainability argue that only the size of the aggregate 
capital stock in society matters for maintenance of inter-generational welfare, 
not its composition. Consequently, at present there is no need to prioritise 
some kinds of capital and not others. Only the aggregate capital stock limits 
inter-generational welfare. The suggested indicator of weak sustainability is 
genuine savings, which shows how the aggregate capital stock changes over 
time (El Serafy 1997, Neumayer 1999).  
 
Strong sustainability proponents argue that, in addition to the maintenance of 
the aggregate capital stock criterion, the aggregate natural capital stock should 
be maintained (Daly 1994, Goodland and Daly 1996). Maintenance of the 
aggregate natural capital stock is, however, very hard to assess and problems 
arise in terms of identification and valuation of different types of natural 
capital (England 1998). The natural environment simultaneously fulfils a 
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variety of functions such as a source, a sink, for habitat and scenery as well as 
for life support (De Groot et al. 2003). Aggregation of these disparate 
functions presents the analyst with a tremendous task. In the Cambridge 
controversy, Joan Robinson argued that it was impossible to value 
manufactured capital in order to estimate the value of the aggregate 
manufactured capital stock, because relative prices change all the time and the 
heterogeneous ways in which all objects are used to generate output 
(Marcuzzo 2003). Representing all the ways in which the natural environment 
contributes to generation of output or welfare would be even harder. 
Therefore, England (1998, 2000) explored whether economists should 
continue to value the natural capital stock itself or if efforts should be made to 
develop new measures of macroeconomic performance. Due to the valuation 
and aggregation problems, he argued that the focus should be on the flow of 
goods and services and the change in quantity of some forms of natural 
capital (ibid). Hence, he suggested modifications of GNP, such as the Index 
of Sustainable Economic Welfare (Daly and Cobb 1994) as indicators of the 
non-decreasing inter-generational welfare criterion.  
 
Proponents of the critical natural capital approach need first identify the 
critical types of natural capital and then select minimum levels for the critical 
natural capital stocks. Consequently, they face the same identification and 
aggregation problems as the strong sustainability proponents. De Groot et al. 
(2003) suggested threat and importance as indicators of the degree of 
criticality, which could be used to identify critical forms of natural capital. 
Threat emphasises the changes in the quality and quantity of the remaining 
natural capital and importance emphasise that the natural capital is essential 
for maintenance of itself, life-support functions or benefits in society.  
 
To be sustainable, a technology or production process should be able to 
continue to deliver its goods and services, which in turn contributes to welfare 
in society. There were, however, more criteria derived from the sustainable 
technology theory. The inability to substitute funds for flows within the 
production process and vice versa means that both obtaining inputs and 
maintenance of funds must be fulfilled for a production process to be 
sustainable. Obtaining inputs and maintenance of funds might need marketed 
as well as non-marketed elements, which the assessment process needs to 
reflect. The maintenance of fund criterion needs to address all environmental 
functions (De Groot et al. 2003).  
 
Sustainable resource management theory points to the need for maintenance of the 
flow of goods and services from the natural resource, a flow, which then 
contributes to economic, and other processes. This theory also describes the 
natural resource as a fund or a capital asset, implying that present extraction 
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should not disable the capacity to deliver a similar flow of goods and services 
in the future. This is measured physically as non-declining quality of the 
environmental fund, for instance, non-increasing concentrations of substances 
in a lake.  
 
The sustainability gap theory aims at bringing economic activities in line, or at 
least to compare present environmental states with standards. The suggested 
physical sustainability gap concerns how far away from politically agreed 
targets or scientifically defined limits the present environmental state is. The 
monetary sustainability gap indicator is calculated from least-cost technologies 
to achieve the environmental standard. Monitoring physical and monetary 
sustainability gaps would give a rough indication of the ability to achieve the 
environmental standard. 
 
Hierarchical frameworks facilitate the decision of whether a change is relevant 
for sustainable development or not based on a conception that not all changes 
are relevant for sustainable development. Irreversibility and multiple values 
are suggested as indicators of when a more thorough assessment process is 
needed. Indicators need to cover interaction between the levels in the 
hierarchy as well as the internal working within each hierarchy. 

Conclusions from the categorisation 
The categorisation clearly shows that there is no consensus, either in terms of 
the economic criteria for assessment of sustainable development or as level of 
analysis, goal of development and limits. However, the categorisation of general 
frameworks and economic theories revealed essential elements to be included 
in any assessment of sustainable development and, consequently, economic 
criteria that are potentially relevant for in urban water assessments. 
 
The level of analysis category showed that all applications of general frameworks 
or economic theories need to relate to the global overall level (scale) and to 
sustainable development (scope). The economic theories contained differing 
views on the implications of the inter-generational welfare criterion as well as 
the role of economic theory and analysis in assessments of sustainable 
development. This emphasises that interaction with other dimensions of 
sustainable development might become more integrated in the theories in the 
future. Capital theory assessment was useful as an indicator of the capacity to 
generate output in the future, which is one economic aspect of sustainable 
development. In general frameworks, economic criteria might be analytically 
separate but they are considered together with other criteria in decision-
making. The span was wide, from thematic frameworks considering traditional 
economic goals, criteria and indicators to holistic frameworks and Robinson 
and Tinker’s application of prism of sustainability, which did not take the goals 
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of traditional economic theories for granted. Hierarchical frameworks limited 
the use of economic theory to decisions that not are irreversible and 
dominated by one or a few perceptions of value. Sustainability gap theory 
estimates the costs to achieve a pre-specified level of environmental quality, 
which uses economic theory for allocation, not for determination of scale.  
 
Most general frameworks and economic theories either were designed for or 
could be applied at other levels than the global, such as a system, a production 
process, an environmental fund or a project. The object being assessed was 
dependent on the surroundings in the form of inter alia environmental and 
manufactured funds and input flows. There was agreement in the texts studied 
about the difficulty of assessing the contribution of a project or a marginal 
change in relation to sustainable development regardless of the level. Capital 
theory is usually applied for assessment at the national and aggregate economy 
level. Therefore, it cannot uncritically be transferred to local and regional 
applications due to the possibility to trade, which mitigates the effects of local 
or regional scarcities. A system framework, however, might be applied at 
different levels, but at other than the global level the system must always relate 
to other systems and the global level. 
 
All assessments of sustainable development contain a representation of its goal 
of development. Most general frameworks that were categorised referred to 
economic growth as one of several explicit goals of development. However, 
the economic goals were defined differently in terms of output or welfare. 
Furthermore, all general frameworks and economic theories treated inter- and 
intra-generational equity as separate phenomena. For instance, in the thematic 
and prism of sustainability frameworks, inter-generational equity was an 
economic and intra-generational equity a social criterion. In the economic 
theories studied, distribution was not considered, except implicit or en passant 
as not leading to more unequal distribution of income. This is a potential flaw, 
since more integration of dimensions is what the sustainable development 
hypothesis suggests.  
 
In terms of limits, the categorisation shows that an assessment of sustainable 
development should not assume equally important subsystems. Nor should 
the relationship between subsystems be static and defined à priori outside the 
analysis. Instead, the relationship between subsystems changes all the time and 
is, to a large extent, context-specific. Hence, application of any general 
framework or economic theory to a specific activity must be able to balance 
theoretically derived criteria with criteria based on empirical observations. 
However, the limits to achieving the goal of development differ substantially 
between the proponents of weak and strong sustainability. Obtaining inputs as 
well as maintenance of funds might limit the output of a production process 
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or system. Commonly, the general frameworks either describe limits in an 
absolute sense or as solely determined by decision-makers. There is no room 
for negotiations. The potential for development differed between the general 
frameworks and economic theories that were categorised. Proponents of weak 
sustainability underline the possibility of new discoveries and better resource-
efficiency, paving the way for a dynamic representation of the capital stock 
(Baumol 1986, Kraev 2002). Conceived in this way, there is no lower material 
limit for producing one “unit” of welfare. Capital theory also contends that if 
the natural environment could be used to generate welfare, it should also be used 
to generate welfare, provided that the externalities are insignificant. However, 
there was no guarantee that technical change would not increase the demand 
for scarce natural resources or that the new technology and consumption of 
the output would increase the demand on the natural environment as a sink 
for waste.  
 
The most explicitly formulated interaction between subsystems in the general 
frameworks and economic theories surveyed, was the ability to substitute 
manufactured for natural capital in capital theory approaches. One 
contribution of economics to the sustainable development discussion is the 
substitutability hypothesis, which has been associated with so-called weak 
sustainability. The hypothesis suggests that, at the level of the aggregate 
economy, decrease in one form of capital might be substituted for increase in 
another form of capital. Based on one’s presumption of the possibilities of 
substituting social capital for natural capital, different criteria for sustainable 
development apply. If a capital theoretical approach is used, then the degree 
of substitutability among different categories of capital becomes important. If, 
on the one hand, a high degree of substitutability among categories is 
assumed, then the composition of the capital stock is of secondary 
importance. If, on the other, some elements of the capital stock contribute 
uniquely to welfare, then the capital stock must contain a certain amount of 
this form of capital, which is assigned the status as critical natural capital. The 
notion critical could clearly be generalised to other forms of capital. 
Consequently, the degree of criticality determines how strict criteria are 
needed in sustainable development assessments. It results in prioritising one 
form of capital over another, which is important when it comes to how to 
assess a change. The criticality issue highlights a fundamental economic 
problem, namely, to assess the relative scarcity between different categories of 
capital. Criticality is not just interesting at one point in time; the overall 
criticality trend also sheds light on potential future limits. Ekins (2003) argued 
that importance and threat were important aspects and Norton and Toman 
(1997) suggested irreversibility as indicators for criticality.  
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Maintaining production in various ways was identified as an economic 
criterion in general frameworks as well as economic theories. The most 
elaborate description was found in sustainable technology theory, underlining 
the need to adequately describe the production process from input to welfare 
in order to identify limits. Internally, there was a need for a list of ingredients 
but also a recipe to better represent the function of inputs that are 
transformed into output. Externally, no production process is isolated from 
the rest of the world. The degree of isolation, however, varies considerably 
between production processes. Consequently, sustaining services, that is, the 
maintenance of funds, might potentially limit the production of output. 
Moreover, at the level of a production process, the broad categories of natural 
and other forms of capital as well as the present state of technology gets more 
concrete. In conclusion, I argue that an assessment of sustainable 
development should include a functional description of production as 
transformation of inputs through the use of funds. 
 
Moreover, general frameworks and economic theories did not explicitly 
include decision-makers and users. The choice of economic theories might 
explain the exclusion. Microeconomics and business administration theories 
might have included references to human actors. The absence of decision-
makers and actors in the general frameworks was more surprising. 
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- 4 - 
 

Economic criteria and indicators in urban water 
assessments 

In this chapter, I will categorise assessments of urban water management in 
relation to sustainable development according to their views on level of analysis, 
goal of development and limits as well as the economic criteria and indicators for 
assessment that were used in these assessments. The chapter contains a: (1) 
presentation of the assessments of urban water management for sustainable 
development; (2) categorisation of these assessments based on the analytical 
categories; and (3) presentation of the economic criteria that are suggested in 
the respective assessments in terms of what they mean, why they are relevant 
for sustainable development and how to they are supposed to be measured. 

Overview of urban water assessments 
The assessments of urban water management in relation to sustainable 
development examined in this dissertation do not refer to a single general 
framework or disciplinary theory. In contrast, assessments contain criteria 
derived from more than of these. Hence, characterising each text with merely 
one specific framework would not be correct. In order to facilitate this 
presentation and to better reflect the variety of ways in which economic 
aspects are related to urban water management for sustainable development, I 
distinguish four urban water assessments on the basis of their principal use. 
The assessments are not mutually exclusive as they sometimes overlap. 
However, I argue that the four principal uses are possible to discern in the 
texts categorised. This analytical distinction serves to identify four 
characteristics that were frequent in urban water assessments. Consequently, 
the assessments were divided into: technology comparison, sustainable water utility, 
sustainable water resource management, and economic sustainability and urban water 
management (table 4.1). The assessments all share the common purpose, explicit 
or implicit, of facilitating decision-making. In each urban water assessment, I 
argue that there is a major problem in relation to sustainable development for 
which a solution is suggested (table 4.2, p. 66). Those familiar with the urban 
water assessments may proceed directly to section 4.2. 
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Table 4.1. Urban water assessments that were categorised.  
Principal use References 
Technology comparison Chen and Beck (1997), Krebs and Larsen (1997), Balkema et 

al. (1998), Ashley et al. (1999), Hellström et al. (2000), 
Balkema et al. (2002), Foxon et al. (2002), Urban Water 
(2002), Sundberg et al. (2004). 

Sustainable water utility Nilsson et al. (1995), Bradley and Daigger (1999), Lundin 
(1999), Kallis and Coccossis (2000). 

Sustainable water resource 
management  

Baan (1994), Merrett (1997), Gleick (1998), Loucks and 
Gladwell (1999).  

Economic sustainability 
and urban water 
management  

Dubourg and Pearce (1996), Dubourg (1997), Noël and 
O’Connor (1998), Braden and van Ierland (1999), Dalhuisen 
et al. (1999), Getzner (1999), Klawitter and Meran (2001), 
Rogers et al. (2002). 

 
In the urban water literature that was categorised, technology comparison was the 
most commonly principal use (Balkema et al. 1998, Ashley et al. 1999, 
Hellström et al. 2000, Foxon et al. 2002, Sundberg et al. 2004). Technology 
comparisons could be described as a step-wise process to help select the most 
sustainable technical arrangement from a set of options in order to guide 
change in water infrastructure in a more sustainable direction (Foxon et al. 
2002). Technology comparisons have been used to assess the whole technical 
arrangement (Urban Water 2002) or a part of it, such as wastewater treatment 
options (Balkema et al. 1998) or stormwater management (Krebs and Larsen 
1997, Sundberg et al. 2004). The main problem was whether the current 
technical arrangement is the most sustainable alternative. Consequently, 
different technical arrangements are specified, which are compared in terms of 
their score on a wide array of pre-selected sustainability criteria. 
 
Calls for sustainable development in urban water management are commonly 
made when a municipality is about to decide on strategic water issues. 
Consequently, there was a need to consider time and the local hydrological, 
environmental, socio-economic and institutional contexts more specifically in 
the assessment process. This leads to assessments of sustainable water utility 
and sustainable water resource management.  
 
The sustainable water utility assessment is specifically targeted at the level of the 
water utility and, hence, has been described as a tool for managers of the 
water utility (Lundin 1999). The main focus was to assess a technical 
arrangement in relation to sustainable development over time (Nilsson et al. 
1995, Lundin 1999) or comparisons, in relative terms, between cities (Kallis 
and Coccossis 2000). Accordingly, in this use there was an explicit actor - the 
manager of the water utility. As in technology comparisons, the main problem 
in a sustainable water utility assessment was whether the current operation of 
the water infrastructure or the capacity to generate water services was 
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maintained over time. Consequently, the focus was on the temporal 
dimension, that is, what is needed to maintain the capacity to satisfy the 
demand for water services in society in the long run instead of comparing 
different technical arrangements. The assessment of compares the current 
situation with other points in time or other places in light of a number of pre-
specified sustainability criteria. The assessment might be used to justify 
changes in water infrastructure through identification of the most limiting 
among the sustainability criteria.  
 
Both technology comparisons and sustainable water utility assessments 
approach sustainable development in a relative sense. A technology 
comparison compares the indicator results between several technical 
arrangements and a sustainable water utility assessment compares the 
indicator results for the same water infrastructure at several points in time or 
between urban areas. Consequently, these assessments generate knowledge 
such as technology A uses less non-renewable fuels or cost more money than 
technology B.  
 
The water resource is, of course, an essential element in definitions of 
sustainable urban water management (Merrett 1997, Loucks and Gladwell 
1999, Lundin 1999). The evolution of the EU Water Framework Directive 
illustrates the political concern that water resources are or risk becoming over-
used (Official Journal of the European Communities 2000). In contrast to 
technology comparison and sustainable water utility assessments, which 
mainly stress the perspective of the water utility, sustainable water resource 
management aims at including all competing claims on the water resource. 
The water infrastructure depends on the water resources as both a source of 
supply and a sink for waste, which potentially limit urban water management 
in relation to sustainable development. The sustainable water resource management 
assessments include Baan (1994), Merrett (1997), Gleick (1998) and Loucks 
and Gladwell (1999). Here, the main problem is whether current utilisation of 
the water resource can be maintained in the long run, stressing both inclusion 
of all uses of the water resource and the allocation among alternative uses. 
The scale is commonly operationalised as non-declining quantity and quality 
(Gleick 1998). Moreover, the assessment also involves allocating the resource 
in order to maximise the benefit to society. Once chosen, the sustainable 
water resource management assessment implies maintenance of the water 
resource, limiting the substitutability between other water resources or other 
forms of capital on the chosen spatial scale. These main problems underline 
(1) on what spatial scale the resource management criteria should apply, that 
is, how strict is the ability to substitute between different water resources; (2) 
how do we compare the benefit of urban water services to other benefits such 
as in agriculture or maintenance of ecosystem?  
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There were also texts applying economic theories in order to derive economic 
criteria for assessment of urban water management in relation to sustainable 
development, these are referred to as economic sustainability and urban water 
management assessments. What these texts have in common is their framing of 
sustainable development in terms of socio-economic development, that is the 
ability to maintain the level of water services or benefit to society (Braden and 
van Ierland 1999, Dalhuisen et al. 1999). In these texts, the choice and use of 
water rates are important when it comes to balancing supply and demand 
(Dalhuisen et al. 1999, Klawitter and Meran 2001). Researchers have also 
explicitly applied capital theory for assessments of water supply management 
(Dubourg and Pearce 1996, Dubourg 1997, Noël and O’Connor 1998) or 
water resource management (Getzner 1999) in relation to sustainable 
development. Four main problems were identified: was marginal cost equal to 
marginal value, was the capacity to generate water services maintained, were 
other forms of welfare substitutable for water capital and water services, and 
does current allocation of water services maximise the benefit to society. The 
solutions include the design of water rates, maintenance of the water capital 
stock, assessment of the degree of criticality and re-allocation of water 
services. 
 
Table 4.2. Main problem and solution in the urban water assessments.  
Principal use Main “problem(s)” Solution 
Technology 
comparison 

Is the current technical 
arrangement the most 
sustainable alternative?  

Comparison of different technical 
arrangements in terms of a number of 
pre-selected sustainability criteria. 

Sustainable 
water utility 

Is the current operation of the 
water infrastructure or the 
capacity to generate water 
services maintained over time?

Assessment of how a number of pre-
specified sustainability criteria change over 
time to identify potential for 
improvement. 

Sustainable 
water 
resource 
management 

Is the water resource over-
used?  
Does current allocation 
maximise benefit to society? 

Assess change in water resource quality. 
Operationalisation of scale for all its uses.  
Assess benefits of water uses. Re-
allocation of water resource to increase 
the benefit. 

Economic 
sustainability 
and urban 
water 
management  

Does the marginal water cost 
equal marginal value?  
Is the capacity to generate 
water services in the future 
maintained? 
Are other forms of capital and 
welfare substitutable for water 
capital and water services?  
Does current allocation of 
water capital and services 
maximise benefit to society? 

Design water rate to balance marginal cost 
and value. 
Maintain the water capital stock over time. 
 
 
Assess the degree of criticality in different 
parts of the water infrastructure. 
 
Re-allocation of water services to increase 
the benefit. 
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Level of analysis 
The level of analysis category explores how urban water assessments relate to 
sustainable development in practice, involving how the “urban water system” 
relates to its surroundings and the scope of the criteria.  
 
In technology comparisons, researchers described the relation to sustainable 
development differently. Sustainable development was referred to by means 
of general frameworks or policy goals. Balkema et al. (1998) related the urban 
water system to sustainable development as compliance with environmental, 
economic, social and technical surroundings. This resembled the prism of 
sustainability framework and, hence, is dependent on normative formulations 
of what the compliance implies. Hellström et al. (2000) referred to sustainable 
development by means of several general frameworks and disciplinary 
theories, such as the urban water sector’s contribution to major environmental 
problems and guiding principles describing a sustainable state of 
environment-society interaction (Azar et al. 1996). Ashley et al. (1999) referred 
to sustainable development as contribution towards the goals of 
environmental sustainability, economic growth and social equity as in a 
thematic framework. Sundberg et al. (2004) referred to sustainable 
development was through derivation of criteria based on basic orientors for 
assessment of system viability (Bossel 1998). In contrast to these, Foxon et al. 
(2002) related to sustainable development as compliance with or contribution 
to sustainable development principles developed by the United Kingdom 
government. Hence, they do not explicitly apply any general framework. 
Instead, the assessment of sustainable development is interpreted as 
compliance with politically derived criteria. 
 
In sustainable water utility assessments, there were different references to 
sustainable development and, hence, no general framework dominated. 
Nilsson et al. (1995) applied the sustainable development records framework 
to a wastewater treatment plant, which underlines the ability of the water 
utility to continue to generate water services. In this way, the relationship with 
both the resource base, which is an operationalisation of the environment, 
and with society, which is concretised by the water services, was taken into 
account. Further, Kallis and Coccossis (2000) used a combination of 
frameworks (sustainable development records, pressure-state-response) and 
policy goals (the UN and the EU) to derive seven goals for sustainable water 
planning. Moreover, Lundin (1999) made an analysis of what several general 
frameworks for assessment of sustainable development implied for urban 
water management. Her definition of sustainable urban water management 
underlined water infrastructure, water services and water resources elements 
and her set of environmental criteria was derived from a combination of 
several general frameworks. Further, Bradley and Daigger (1999) applied 
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several environmental, socio-economic and institutional criteria at the level of 
the water utility for assessment in relation to sustainable development, 
resembling a thematic framework.  
  
In the sustainable water resource management assessments, researchers relate to 
sustainable development in two senses (Gleick 1998, Loucks and Gladwell 
1999). The water resource must not be over-utilised, which is a scale issue that 
was operationalised both quantitatively and qualitatively, resembling criteria 
for environmental sustainability (Costanza and Daly 1992, Daly 1994). 
Further, the allocation of the water resource as a source for supply and a sink 
for waste highlights its value to society. This stressed that economic efficiency 
must be balanced with social equity. Gleick (1998) also argued that the 
valuation process should be more inclusive, in order to incorporate more 
heterogeneous perspectives of value, at least not just one. Loucks and 
Gladwell (1999) used several environmental, socio-economic and institutional 
criteria to assess the contribution of a project in relation to sustainable 
development, which is similar to a thematic framework.   
 
In the economic sustainability and urban water management texts, the contribution to 
welfare is central. These researchers related urban water management 
primarily to economic sustainability. Proponents of sustainable pricing 
focussed on the need to balance supply and demand for water services 
(Dalhuisen et al. 1999, Klawitter and Meran 2001). Consequently, sustainable 
pricing assessments need data on both cost and benefits of water services 
(Braden and van Ierland 1999). Moreover, Braden and van Ierland (1999), 
Dalhuisen et al. (1999) and Klawitter and Meran (2001) recognised that other 
goals than economic efficiency was also needed for urban water management 
to develop in a more sustainable direction. These goals, however, are 
determined outside the assessment process, indicating that decision-makers or 
analysts implicitly considered them to be decisive. Water rates and other 
economic instruments are then used as tools for achieving the sustainability 
goals (Braden and van Ierland 1999, Dalhuisen et al. 1999, Klawitter and 
Meran 2001). Used in this way, sustainable pricing resembles the sustainability 
gap theory. Applying capital theory on urban water management result in 
different criteria for maintenance of inter-generational equity within the urban 
water sector (Dubourg 1997, Noël and O’Connor 1998, Getzner 1999). 
Dubourg (1997) emphasised the relationship between the urban water sector 
and the rest of the economy, in terms of whether it would be possible to 
substitute capital or welfare in other parts of the economy for urban water 
capital or welfare. This clearly illustrates the different conceptions of scale in 
the water resource management and applications of capital theory. Capital 
theory applications refer to its economic value as the only legitimate reason 
for maintenance of the water resource. In contrast, once selected, water 
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resource management aims for maintenance of the water resource regardless 
of its value for society.  

Goal of development 
The goal of development analytical category underlines the fact that urban 
water assessments need to consider the benefit to society. Here, the way the 
urban water assessments relate to inter- and intra-generational equity is 
categorised. Inter-generational equity relates urban water management to the 
capacity for maintenance of the value or physical level of water services in the 
future. The intra-generational issue concerns how the assessment refers to 
distribution of water services and water expense within the present generation. 
Consequently, the presentation covers how the assessments: (1) relate to inter-
generational equity in physical or economic terms, or both, making the 
potential conflict between use now or in the future explicit; (2) relate to intra-
generational equity physically or economically, or both, making the principles 
for allocation in the current generation explicit; (3) consider any relationship 
between inter- and intra-generational equity. 
 
Most technology comparison assessments do not explicitly consider inter-
generational equity. Generally, the physical amount of water services to be 
delivered by the water infrastructure is pre-specified and, hence, determined 
outside the assessment (Balkema et al. 1998, Hellström et al. 2000). Further, 
inter-generational equity is not included in value terms. However, the amount 
of water services could also be determined inside the assessment in physical as 
well as economic terms (Foxon et al. 2002). Intra-generational equity was also 
referred to in several ways, such as explicitly in economic terms as user 
affordability (Balkema et al. 1998, Foxon et al. 2002) or not at all in economic 
terms, by referring to water as a human right (Hellström et al. 2000). The 
potential conflict between inter- and intra-generational equity is approached 
explicitly as an economic issue, that is, in terms of user affordability (Foxon et 
al. 2002). In conclusion, not all technology comparisons made the goal of 
development category (inter- and intra-generational equity) explicit. It was 
generally addressed in economic terms but also contained a notion of a 
minimum of water services as a human right. Accordingly, it is reasonable to 
assume that the goal is to at least fulfil the basic needs for water and sanitation 
before fulfilling wants.  
 
In the sustainable water utility category, the implicit goal of development is 
maintenance of the ability to generate water services in the future. The 
amount of water services was determined inside the model in order to balance 
the supply and demand for water services (Nilsson et al. 1995). This means 
that inter-generational equity is considered in physical as well as economic 
terms. Further, Kallis and Coccossis (2000) mainly focussed on the 
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maintenance of the physical amount of water services over time. It is 
reasonable to assume that this reflects the different situations in terms of 
water stress.3 Kallis and Coccosis (2000) included intra-generational equity 
both physically and economically whereas Nilsson et al. (1995) did not refer to 
any principles for intra-generational equity. In conclusion, sustainable water 
utility assessments are explicit about the inter-generational aspect of goal of 
development. The focus on the water utility involves a formulation of inter-
generational equity in order to balance the level of water services with its value 
to society. What this implied physically, however, differed significantly. Intra-
generational equity also varied from being excluded to explicit criteria of intra-
generational equity both economically and physically. 
 
The sustainable water resource management assessments contained references to 
both physical and economic aspects of inter- as well as intra-generational 
equity (Gleick 1998, Loucks and Gladwell 1999). Economically, it was 
expressed as the magnitude of costs being as important as its distribution. The 
main focus of maintaining the water resource over time is an explicit 
formulation of inter-generational equity in physical terms. The economic 
aspect of inter-generational equity was captured by the allocation of the water 
resources to maximise its economic value to society within the physical limits. 
Intra-generational aspects were expressed as social and environmental minima 
of water services (Gleick 1998) or as a consideration of how the costs and 
benefits of a change are distributed among the people concerned (Loucks and 
Gladwell 1999). Gleick (1998) argues that one important result of an inclusive 
assessment process is identification of different perceptions of value, which 
was not addressed in technology comparisons and sustainable water utility 
assessments.  
 
In the economic sustainability and urban water management assessments, the goal of 
development differed in water pricing approaches and applications of capital 
theory. In water pricing approaches, the determination of the physical size of 
water services is mainly based on economic considerations. However, 
environmental and social considerations might also affect the amount of water 
services (Dalhuisen et al. 1999, Klawitter and Meran 2001), illustrating that 
decision makers select the goals or criteria to be used in the assessment 
process. In order to be sustainable, the value of water services must be 
maintained. In capital theory applications, inter-generational aspects are either 
incorporated physically or economically (Dubourg 1997, Getzner 1999). 
Physically, this means maintenance of water capital and economically 
maintenance of the economic value of water services. Sustainable pricing 
approaches considered intra-generational equity mainly as a social issue, 
                                           
3 A municipality with 11 000 inhabitants in Sweden (Nilsson et al. 1995) compared to Tel 
Aviv, Sevilla, Athens, London and Amsterdam (Kallis and Coccossis 2000).  
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incorporated by the equity goal (Dalhuisen et al. 1999, Klawitter and Meran 
2001), which was exogenously determined. Neither did capital theory 
applications contain any reference to intra-generational equity (Dubourg 1997, 
Getzner 1999). However, Dubourg (1997) noted that current consumption of 
water services in the United Kingdom exceeds what would be needed for 
survival, indicating a potential to save. Consumption exceeding the social 
minimum justifies water services being allocated on the basis of their value to 
society. Sustainable pricing approaches explicitly addressed the potential 
conflict between different sustainability goals in order to balance these goals, 
but were not prescriptive, that is, the analyst did not decide which criterion 
had priority over the other. Another point, stressed in economic sustainability 
and urban water management assessments, was that the supply of water 
services should be balanced with their value to society. The argument is that 
if, at present level of consumption, the value of water services differs from the 
marginal costs for water services, the allocation is not efficient. Hence, the 
value in society would be higher if the level of services or the marginal price 
was altered. This, too, illustrates that potentially too much or too few 
resources are allocated to the generation of water services. If too many 
resources are used, these could be used elsewhere to generate more welfare. 
The efficiency concern is justified by the ability to devote more resources to 
environmental preservation if less resource is needed to fulfil the needs in 
society.  

Limits 
The different assessments were analysed in terms of their perceptions of limits 
for achieving the goal of development. Were the criteria prescriptive or was 
their relationship determined outside the assessment? Scarcity or degree of 
criticality is a very tangible way in which urban water management relates to 
sustainable development. In the literature, this question was discussed in 
terms of whether or not the water resource is a critical form of natural capital 
(Dubourg and Pearce 1996, Dubourg 1997, Chen and Beck 1997, Noël and 
O’Connor 1998). 
 
In technology comparison assessments, the hierarchy between the different 
sustainability criteria was not explicit. Consequently, once the criteria have 
been selected, they were given similar weight and all of them could indicate 
unsustainability. However, the specific definition of the criteria might imply 
that one subsystem is given prominence over another. In the technology 
comparisons, there was no specification of where the different criteria become 
“decisive” in relation to sustainable development. The interpretation of the 
degree of fulfilment of the criteria is left to decision-makers. Some criteria are 
potentially conflicting, for instance, obtaining specific inputs and minimisation 
of total cost (Balkema et al. 1998). Here, too, decision-makers make that trade 
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off. In technology comparisons, there were neither expressions of 
substitutability nor systematic description of the water infrastructure as a 
production process. However, there were propositions of the use of resources 
such as gravel (Hellström et al. 2000), fossil fuels (Hellström et al. 2000) that 
was selected on the basis of their perceived scarcity in urban water 
management as well as at the level of society. No technical comparison 
explicitly addressed criticality of natural capital. Implicitly, the criteria 
measuring the environmental state in the receiving water indicate the threat 
aspect of criticality. 
 
In sustainable water utility, (Nilsson et al. 1995, p. 1) argued that, from an 
ecological economics perspective, “we are now leaving the paradigm that 
perceived society as independent of the environment for the emerging 
paradigm of a society embedded in the environment”. This resulted in a call 
for stronger representations of sustainability in the urban water field, which 
implies non-declining capacity of the water resource as a source for supply 
and a sink for waste. This pre-analytic vision (Daly 1994) clearly limited the 
ability to substitute natural for manufactured capital. Consequently, resource 
availability and efficiency were identified as potential limits to the ability to 
generate water services in the future (Nilsson et al. 1995). These criteria are 
identified from a description of the services the system should provide as well 
as how different resources are used in the generation process. The 
thematically grouped criteria of Bradley and Daigger (1999) did not contain 
any relationship between the ecological, economic, social and institutional 
subsystems (Bradley and Daigger 1999). Since Lundin (1999) focussed on the 
environmental dimension of sustainable development, the limits were 
expressed in ecological terms. The application at the level of the water utility 
made both its surroundings and the water infrastructure more specific, 
meaning that limits are more concrete than criteria derived from general 
assessment frameworks and disciplinary theories. 
  
Limits and substitution was not clearly specified in the sustainable water resource 
management approach. Strict minimum criteria for social and environmental 
needs were formulated, which means that social and environmental minima 
must be achieved before any allocation to other uses is justified (Gleick 1998). 
Further, Gleick (1998) stressed the subjective nature in determining exactly 
the amount of water services a person is entitled to as well as how much water 
that is needed for maintaining environmental functions. Consequently, in each 
application we must consider whether or not these minimum requirements are 
fulfilled before allocation on the basis of ability to pay, that is, environmental 
and social needs have priority to other uses. Environmental criteria for 
maintenance of the quantity and quality of the water resource also limit its use, 
which is more compatible with a strong sustainability perspective. None of 
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the assessments explicitly stated in which way different criteria were 
connected to another and weighting was generally left to decision-makers. 
Still, there were several potential conflicts between environmental, economic, 
social and other criteria. All criteria carried the potential for limiting the use of 
the water resource, but the assessment offered no help for their interpretation, 
that is, when they became “decisive” in relation to sustainable development. 
 
In economic sustainability and urban water management, there were different 
suggestions as regards limits and substitution. In sustainable pricing 
approaches, the relationship between economic and non-economic changes 
that affected the demand for water services was essential and indicated limits 
of a social nature, emphasising the users’ ability to pay (Dalhuisen et al. 1999). 
Analysing the relationship between the demand for water services and change 
in water rates introduces a potential to substitute between money and water 
capital in consumption, such as water metering causing lower consumption of 
water. Non-economic demand measures imply more manufactured capital, 
such as installation of low-flush toilets, for less water capital as a source. Here, 
it is possible to increase water supply, achieve more efficient production or 
consumption or decrease demand. In capital theory applications, the different 
categories of the aggregate stock were interpreted in terms of their usefulness 
to society, that is, as generators of output or welfare. This rules out any limits 
in terms of intrinsic value to nature. However, Dubourg (1997) argued that 
the crucial question is whether or not water capital is critical for achieving 
sustainability. If water capital was critical, a sectoral sustainability policy would 
be justified, based on maintenance of both the aggregate and water capital 
stocks. Dubourg (1997) concluded that fresh water was not a critical form of 
natural capital in the United Kingdom because the critical level of water use, 
that is, for meeting basic human needs, would be considerably lower than 
current water use as well as freshwater capital being relatively abundant. 
Consequently, sustainable urban water management only implied full-cost 
pricing and that rents from depletion of water resources should be invested in 
available substitutes whereas there was no reason to maintain the stock of 
freshwater resources (Dubourg 1997). At the other end, Chen and Beck 
(1997) argued that water was a critical natural capital because it is non-
substitutable in its life-support functions for humans and the natural 
environment. Following this argument, they suggested sector-specific basic 
criteria for urban water management in relation to sustainable development: 
(1) no decline in the stock of fresh water; (2) no accumulation of persistent 
pollutants in water environment; and (3) distortion of the hydrological cycle 
should not disrupt natural cycles of other materials (Chen and Beck 1997). 
Similarly, Noël and O’Connor (1998) argued that freshwater resources were a 
critical natural capital because of their roles in life-support functions, their 
geographic demarcation in a catchment area as well as the high cost of 
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importing water from other catchment areas. In the literature surveyed most 
suggestions assumed water capital to be critical, which was used to justify 
maintenance of the water capital stock regardless of the change in the 
manufactured water capital stock (Chen and Beck 1997, Noël and O’Connor 
1998). At the specific level this implies rather strict a criterion, since it 
precludes compensation by other forms of capital and from natural capital 
stocks elsewhere. Neumayer (1999) pointed out that the analysis should show 
whether or not strong sustainability criteria would be needed. In order to do 
this, the assessment must include strong criteria à priori.  
 
The ability to incorporate more than one perception of value is one 
conclusion. One-dimensional approaches are severely criticised for their 
incompatibility with pluralistic values (Rijsberman and van de Ven 1999, 
2000). In the literature, multi-criteria approaches were suggested in order to 
integrate various sustainability criteria (Balkema et al. 1998, Ashley et al. 1999, 
Söderberg and Kain 2002, Söderberg and Kärrman 2003). There was, 
however, a distinction between approaches that aimed to reduce or aggregate 
many different aspects relevant for sustainable development into one aspect, 
such as to their economic value to society (Braden and van Ierland 1999) and 
those keeping criteria separated. Another strategy for avoiding weighting is to 
see it as a part of the decision-making process, where society expresses its 
preferences. Together with legitimacy concerns, this explains the use of multi-
criteria techniques in close co-operation with local water professionals, 
decision-makers and other stakeholders (Foxon et al. 2002, Söderberg and 
Kain 2002, Söderberg and Kärrman 2003). Consequently, local actors, 
together with researchers, select assessment criteria as well as discuss their 
interpretation of the level of fulfilment of a criterion. This enables several 
acors and other stakeholder to participate in the assessment, not only in the 
interpretation of results from the application of pre-selected criteria.   

Conclusions from the categorisation 
The categorisation of urban water assessments revealed a number of issues, 
which are important for identification of economic assessment criteria of 
urban water management in relation to sustainable development.  

LEVEL OF ANALYSIS 
All definitions of sustainable development in the urban water field (Braden 
and van Ierland 1999, Loucks and Gladwell 1999, Lundin 1999) describe 
urban water management as a subsystem of society and the natural 
environment, where the water resource is an operationalisation of the natural 
environment. This is clearly a hierarchical representation. It is almost 
impossible not to think of this representation as what’s inside and what’s 
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outside the boundaries of the “urban water system”. Furthermore, in the 
literature surveyed, the urban water infrastructure was usually represented as 
an interface between the natural environment and society. Integrity of the 
natural environment and the ability to meet the needs in society are also key 
features in the WCED (1987) framing of sustainable development. 
Consequently, three elements were included in all urban water assessments: 
water resources, water services and water infrastructure. 
 
The water resource element stressed that urban water management is 
dependent on different kinds of natural capital, all of which have the potential 
to make urban water management unsustainable. For instance, the 
regenerative capacity of the water resource (Hellström et al. 2000), the 
assimilative capacity of the receiving water (Chen and Beck 1997) or land 
(Hellström et al. 2000), the availability of natural resources as input material in 
production process. Also, the dependence of different types of natural capital 
ties the water utilities to other users of the same water resources. This is 
especially clear in the use of water as a sink for waste, which will be common 
when implementing the EU Water Framework Directive.  
 
The water services element highlights the contribution to society, which up 
until now has mainly included provision of drinking water, transport and 
treatment of wastewater and stormwater management. In the literature 
categorised, calls to incorporate recycling of nutrients, maintenance of other 
environmental services, and recreational water services were increasingly 
vocal. Moreover, the water services generated must satisfy the needs in society 
in order for urban water management to be assessed as sustainable. There was 
no clear-cut expression of these critical social limits of water services, but this, 
would need assessment on the basis of each kind of water service. 
Furthermore, the economic sustainability and urban water management 
assessments pointed out that demand for water services is a variable and 
dynamic parameter, affected by decisions taken inside as well as outside the 
scope of the water utility. Consequently, the benefits of urban water services 
need to be more integrated in urban water assessments in order to better 
balance supply with demand. If this is not done, there is a risk that the level of 
water services produced is too high or too low.  
 
The water infrastructure element points to the parts of society’s aggregate 
capital that have been allocated to generate water services in urban areas. The 
main categories are natural and manufactured capital, which needs to be 
analysed separately in order to assess the degree of criticality. The water 
infrastructure needs to be maintained in order to continue to deliver water 
services, which implies investment in the different forms of natural and social 
capital. Sustainable water pricing and applications of capital theory suggest 
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incorporation of a more comprehensive description of the welfare generating 
process rather than the fragmented representations previously suggested 
(Nilsson et al. (1995) is an exception). This is relevant in order to identify 
potentially limiting factors for the capacity to continue to generate water 
services. 
 
The urban water assessments, however, do not contain any information about 
how the water resource and water services elements were linked. 
Consequently, nothing prevents the assessment process from addressing water 
resource, water infrastructure and water service elements separately in terms 
of goal specification, criteria identification and selection, data collection, 
criteria interpretation and decision-making. One main challenge for urban 
water assessments is therefore to integrate these elements in order not to 
exclude important aspects. For instance, if the demand for water services was 
determined outside the urban water assessment, the potential for change 
would be under-estimated. This includes pre-specified and static assumptions 
of the use of water services and exclusion of other uses of the water 
resources. Moreover, decisions taken outside the scope of the water utility 
affect the demand for water services in society, that is, installation of more 
water-efficient appliances at building level, location of industries and 
consumption of chemicals. Besides this, as a policy goal sustainable 
development involves the integration of different aspects in decision-making. 
In conclusion, an urban water assessment, especially the selection of criteria 
and indicators, needs to stress the interaction between the water resources, 
water services and water infrastructure elements. 
 
The level of analysis category in urban water assessments was mainly sectoral, 
which highlights the relationship between other sectors. None of the urban 
water assessments contained criteria for the water resource, the water 
infrastructure and water services elements as well as for the interactions 
between these elements.  

GOAL OF DEVELOPMENT  
The general impression was that inter-generational equity was, explicitly or 
implicitly, included in all urban water assessments, reflecting the benefit 
dimension of urban water services. The criterion was, however, applied at 
different levels, such as at the technical arrangement operated by the water 
utility, the water services, the water resource, etc. Maintaining the capacity to 
generate water services for society in the future involves different criteria 
depending on the local hydrological and socio-economic context. 
Consequently, an urban water assessment needs to be more explicit about 
what should be maintained for future generations and on what grounds this is 
justified. In the urban water assessments, intra-generational equity was mainly 
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considered to be a social issue without explicit connection to inter-
generational equity. Intra-generational equity was also commonly considered 
in economic rather than social terms, such as water expense not exceeding a 
certain percentage of total income. Social and ecological minima were taken 
into consideration, indicating a hierarchical allocation of water services. First 
the ecological and social minima should be satisfied, then allocation of water 
services based on ability and willingness to pay. To conclude, intra-
generational equity must be included and needs to reflect provision of social 
and environmental minima of water. Access to services is as important as 
affordability and distribution of the costs of a change in water infrastructure.  
 
The goal of development in general frameworks and economic theories on the 
one hand and urban water assessments was not very different. In urban water 
and economic sustainability assessments, intra-generational equity was 
referred to as a social issue, which is similar to the economic theories for 
assessment of sustainable development, which were categorised in chapter 3. 
The interaction between inter- and intra-generational equity was not addressed 
specifically, except in Gleick (1998) arguing that distribution is as important as 
total cost when assessing the effects of a change.  

LIMITS 
Ecological limits were most frequently referred to in urban water assessments. 
Most suggestions were based on a perception that there was a limit, below 
which the natural environment is not harmed. If the water resource is used 
over this limit, the quality of the resource deteriorates and water management 
is unsustainable (Loucks and Gladwell 1999). Consequently, it does not matter 
why this limit is exceeded, that is, for whatever purpose the water was used, 
this would always be unsustainable. It would be impossible to balance the 
water resource with water service elements above this limit and, vice versa, in 
case of utilisation below the limit, the implicit recommendation would be to 
use the water resource to generate welfare. Consequently, the sustainable 
water resource management theory leaves no room for trade off and 
negotiation. In real decision situations, there is a grey-shaded area, which will 
be disputed from environmental and socio-economic viewpoints. Water 
resource limits are hard to operationalise because natural variability, 
environmental change and dynamic socio-economic characteristics make the 
capacity to generate water services change all the time. Moreover, it is not 
clear at what spatial level the water resource should be maintained. What is the 
most limiting environmental factor would also differ between places and over 
time. This explains the present focus on the flow of nitrogen, phosphorus and 
oxygen consuming substances (Nilsson et al. 1995, Lundin 1999, Hellström et 
al. 2000) in Swedish urban water assessments.  
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The degree of criticality was only addressed in capital theory assessments. 
Therefore, I argue that a set of economic criteria and indicators should 
include a criticality criterion. Urban water assessment should not assume 
substitutability between different elements in the welfare generating process à 
priori, but the situation at hand should justify strong, weak or critical 
sustainability criteria (Neumayer 1999). Consequently, identification of critical 
natural and other forms of capital is needed such as de Groot’s et al. (2003) 
division of importance and threat as parameters of scarcity and irreversibility 
in Norton and Toman’s (1997) two-tier framework.  
 
In a sectoral application at local level, the broad notions natural and social 
capital might be too general. I argue that manufactured and natural capital are 
very broad categories that contain enormous amounts of objects that 
contribute to the generation of welfare in a myriad of ways. For application in 
an urban water assessment, more specific operationalisations would be 
needed, such as was found in sustainable technology theory and technology 
comparisons. Moreover, being a sector of the economy makes it possible to 
trade off between sectors as well as with other places, which mitigates scarcity.  
 
In the literature categorised, how the water resource and water services 
elements are related was not always addressed. It was argued that the goals of 
human health and environmental integrity are interconnected but not 
interchangeable, demonstrating that they relate to one another but also that 
they cannot substitute for another (Butler and Parkinson 1997). Other 
researchers assume different weight depending on the situation at hand, 
anthropogenic boundary conditions are used to stress that a minimum level of 
urban water services must always be provided, otherwise the integrity of the 
natural environment will never be taken into account (Larsen and Gujer 
1997). Hence, the current human demand is more important than the integrity 
of the water resource in times and places suffering from severe water scarcity. 
In contrast, Chen and Beck (1997) argued that the life-support and habitat 
functions of the water resource determine the capacity to generate water 
services in the first place. Consequently, water resources are critical to 
sustainable development at a specific place.  
 
Without explicitly addressing the potential for trade off between water 
resources and water services as well as between natural and manufactured 
capital, it is not possible to assess the potential for change from the present 
level of utilisation. This would be important where sustainable development 
involves mitigation of over-utilisation of environmental capital. In practise, 
there must be compromises between the different elements in the urban water 
assessments but none of them should be given priority before the analysis 
begins. Non-substitutability is true for the water resource in toto but it does not 
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reflect all possible natural environment–society situations. However, 
employing marginal analysis is the cornerstone of traditional economic 
analysis (Hediger 2000). In urban water assessments in high-income countries, 
already water resources and manufactured capital have been allocated to the 
generation of water services. Therefore, marginal analysis is clearly relevant 
since it reflects the situation facing urban water decision-makers.   

Economic criteria in urban water assessments  
So forth the categorisation has mainly referred to issues related to the 
assessment frameworks in order to determine their scope in relation to 
sustainable development. Here, the urban water assessments will be analysed 
in terms of the economic criteria used. For each urban water assessment, the 
economic criteria used are presented with decreasing frequency, that is, the 
most common aspect first and so forth. I tried not to group the economic 
criteria into too wide categories so as to maintain the diversity. A comparison 
between economic aspects in the urban water assessments concludes this 
section. 

ECONOMIC CRITERIA IN TECHNOLOGY COMPARISONS 
Needless to say, cost was essential in technology comparisons. However, cost 
was given different status and was differently in the various assessments. In 
several texts, cost is one of a number of economic criteria (Balkema 1998, 
Balkema et al. 2002, Foxon et al. 2002), in some cases the only economic 
criterion (Hellström et al. 2000). Some assessments did not specifically address 
cost (Ashley et al. 1999, Bradley and Daigger 1999), but cost was needed as 
one component in order to measure other economic criteria such as cost-
efficiency, cost-recovery and affordability. There were, however, different 
suggestions as to what the cost should include but generally, the whole life-
cycle cost (Balkema 1998, Balkema et al. 2002, Foxon et al. 2002) was preferred 
to total cost (Hellström et al. 2000), the former also included decommission of 
the water infrastructure. The life cycle cost includes the cost of constructing, 
operating, maintaining and decommissioning as well as extracting resources. 
The analysts were, however, not clear about extent to which the cost measure 
should include so called environmental and social externalities. Neither is the 
problem of how to estimate the total cost of the whole water infrastructure 
addressed, which might be explained by the relatively narrow system 
definition in technology comparisons. Balkema (1998) and Balkema et al. 
(1998) suggested to measure the life cycle total cost as the Net Present Value, 
which means that all costs are discounted to one point in time. Two economic 
criteria connected to cost – efficiency and affordability – were also suggested 
in most technology comparisons.  
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Efficiency was formulated a bit differently and also different indicators were 
used (Balkema 1998, Ashley et al. 1999, Bradley and Daigger 1999, Balkema et 
al. 2002, Foxon et al. 2002). Efficiency expressed a concern about the 
relationship between inputs and outputs of the generation process. Changes 
that enable more output from the same amount of input or less input with 
maintained output were viewed as improvements in relation to sustainable 
development, which captured the dematerialisation idea. The different 
formulations of efficiency included resource accounting measures such as the 
energy to cost ratio and weak or strong sustainability in monetary terms 
(Ashley et al. 1999) and cost-effectiveness (rather cost-efficiency) measured as 
performance relative to costs (Balkema 1998, Balkema et al. 2002).  
 
Affordability was also formulated differently, resulting in different indicators 
being used (Balkema 1998, Balkema et al. 1998, 2002, Foxon et al. 2002). The 
affordability criterion was commonly applied at the user level, emphasising 
that the users should both be able and willing to pay for the present level of 
water services. This related the affordability criterion to both the users 
expense for water services and their income (Foxon et al. 2002). Moreover, 
Ashley et al. (1999) viewed equity as one of three economic criteria, which I 
interpret as a call for affordability. Foxon et al. (2002) used the percentage of 
household budget for lowest income households as an indicator of 
affordability. Balkema et al. (1998) suggested appropriate and effective 
technology compatible with the economic environment as the economic 
criterion, which related to user affordability. Ashley et al. (1999) mentioned a 
monetary measure but suggested no specific indicator. Further, Balkema 
(1998) suggested users’ willingness to pay for improved sanitation, which is 
one part of the affordability question. Balkema (1998) and Balkema et al. 
(1998, 2002) applied affordability at the level of the water utility, water 
manager or decision-maker within the governmental sphere, which was 
measured by the relation between cost and budget (GNP) or just as the 
magnitude of total cost. This measure I refer to as cost-recovery (see below).  
 
In addition to the above-mentioned economic criteria, economic growth or 
development, benefits of water services, labour, and fiscal and financial 
considerations were also suggested.  
 
In terms of the link to economic growth or development, Ashley et al. (1999) stressed 
the contribution of urban water services to various activities in society. 
Growth was seen as one of three economic aspects and was measured as 
green GNP (Ashley et al. 1999). This involves identification and estimation of 
the costs and benefits of various technical arrangements. Benefit of water services, 
which is related to economic development, was captured by the willingness to 
pay criterion (Balkema 1998, Foxon et al. 2002). Economic valuation methods 
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such as contingent valuation4 were employed to estimate the users’ willingness 
to pay for improved sanitation, water services, environmental benefits, safety, 
health, and other attributes. The indicators, thus, were expressed as cost per 
unit of service, environmental benefit, etc. (Foxon et al. 2002).  
 
The water infrastructure requires a wide variety of inputs for its construction, 
operation and maintenance. Labour was considered an economic aspect 
(Balkema 1998, Balkema et al. 1998, 2002), which needed specific 
consideration. They suggested the number of employees needed for operation 
and maintenance as an indicator. Moreover, Balkema et al. (1998) suggested o 
monitor the cost of labour, land, material, and equipment separately in the 
estimate of the life cycle cost.  
 
I use fiscal and financial considerations as a rest category. Foxon et al. (2002) 
suggested financial risk exposure and emphasised the connection to capital 
markets and the risk of loss associated with investments. The financial risk 
exposure pointed to the ability to finance investments and the risks associated 
with constructing too large an infrastructure. Import and foreign exchange 
requirements (Balkema et al. 1998) illustrated the issue of obtaining inputs 
needed for operation and maintenance during a crisis. Furthermore, Foxon et 
al. (2002) used flexibility of technical system, which was considered to be a 
technical criterion, addressing the ratio between current and designed flows in 
the existing water infrastructure. 

ECONOMIC CRITERIA IN SUSTAINABLE WATER UTILITY ASSESSMENTS 
Unfortunately, one assessment (Lundin 1999) dealt with environmental and 
technical criteria and one applied Bossel’s basic orientors on stormwater 
management (Sundberg et al. 2004). This result in Nilsson et al. (1995), Kallis 
and Coccossis (2000), Bradley and Daigger (1999) are included in the category.  
 
All sustainable water utility approaches found suggested cost-recovery for the 
water utility as an economic criterion. Cost-recovery was subdivided into 
ability to finance operation and maintenance as well as ability to attract capital 
for necessary investments and was measured as the percentage of recovery 
from charges (Kallis and Coccossis 2000). However, Nilsson et al. (1995) did 
not explicitly mention cost-recovery but their effectiveness criterion included 
the revenue from users that cover the costs of all inputs needed to run the 
water utility. They also stress that running the water utility involved more than 
just financial resources. Specific inputs and water resources need to be 
monitored separately due to their scarcity, which was illustrated by the 
resource margin criterion (Nilsson et al. 1995). In their assessment of a 
                                           
4 See for instance Hanley and Spash (1993). 
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wastewater treatment plant in a Swedish municipality, the use of a water 
resource as a sink for waste became essential. This was operationalised by: 
phosphorus (performance in relation to permit), organic matter (BOD7, 
performance in relation to permit), and chemicals (monetary value of sludge 
in relation to the costs of chemicals). 
 
Nilsson et al. (1995) and Kallis and Coccossis (2000) identified efficiency as an 
important criterion in sustainable water utility assessments. Thrift was used as 
a main criterion, measured for sewage water, chemicals, capital and labour 
(Nilsson et al. 1995). Each measure was a ratio, such as between the number 
of people and amount of wastewater (ibid). Efficiency was one of the main 
categories in Kallis and Coccossis (2000) and the following indicators were 
suggested: percentage of unaccounted-for water in relation to leakage, and 
water conservation incentive, measured as monthly water expense for 30 m3 
per month divided by monthly water expense for 12 m3 per month. This also 
involved metering of water consumption, through its impact on the ability to 
use volumetric rates to control the consumption of water services. Also, cost-
efficiency was suggested as one of two economic criteria, subdivided into 
cost-efficient distribution and use of resources as well as effect of cost burden 
on local economy (Bradley and Daigger 1999). Cost-efficient distribution of 
resources was measured by the ratio of costs to level of treatment to the 
number of gallons used that actually require that level of treatment. Cost-
efficient use of resources was measured by the gradient of the rate structure to 
promote water conservation (ibid). 
 
Affordability at the level of the user is suggested as a sustainability goal (Kallis 
and Coccossis 2000), measured by the monthly cost for 250 m3 water per year 
as percentage of average (or low) monthly disposable income. Further, one 
assessment did not mention affordability explicitly, but the effect of cost 
burden on local economy captured affordability of users (Bradley and Daigger 
1999). Effects on income distribution, which they considered to be a social 
issue, also related to affordability. Other indicators of affordability were ratio 
of average cost to median household income (Bradley and Daigger 1999), 
effectiveness of rate structure to accommodate public health needs of poverty 
stricken users (Bradley and Daigger 1999), and number of water supply shut-
offs (Bradley and Daigger 1999). Kallis and Coccossis (2000) also suggested 
the number of voluntary shut off, which indicates the limits of affordability, 
manifested by households being shut off from the water infrastructure.  
 
Bradley and Daigger (1999) referred to the benefit of water services or 
economic development as economic water use, that is, total water use in the 
service area in all economic sectors in relation to GNP in the service area. 
Nilsson et al. (1995) pointed to satisfy the demands for water in society. 
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Bradley and Daigger (1999) divided the economic development criterion into: 
effective use of water resources and infrastructure for economic prosperity, 
ability to foster stable economic base, and effect of local water resource use 
on others’ economies. The indicators used were the number of businesses 
using recycled water and amount of water available downstream. 
 
Moreover, the resource and technical capacity criterion addressed the ratio 
between the current and expected demand for water services in the future, 
thus, identifying whether the water infrastructure would need modification or 
not, which clearly estimates the need for investment (Kallis and Coccossis 
2000). Another criterion emphasised the difference between municipalities in 
the service area in terms of disposable income and water use (ibid).   

ECONOMIC CRITERIA IN SUSTAINABLE WATER RESOURCE MANAGEMENT   
The foremost economic criterion in sustainable water resource management 
assessments was contribution to economic development (Baan 1994, Gleick 1998, 
Loucks and Gladwell 1999). The economic development criterion was defined 
differently in the assessments, for instance as to identify the present value of 
economic costs and benefits of alternative allocations of the use of the water 
resource (Loucks and Gladwell 1999). Baan (1994) suggested socio-economic 
aspects and impacts on economic growth as one of five main criteria and 
Gleick (1998) referred to the contribution to economic development as to 
prioritise competing interests and to make decisions about the future use of 
the water resource. The assessment of the contribution to economic 
development criterion required an inventory of benefits, estimation of the 
economic value of the damage to the environment, which indicate the use of 
economic methods for estimation of benefits or willingness to pay (Loucks 
and Gladwell 1999). Consequently, the total cost and benefit from different 
resource allocation regimes would need to be estimated to guide decision-
making. 
 
Affordability was expressed as cost or income distribution in sustainable water 
resource assessments. Not only the magnitude of the costs and benefits were 
relevant but also the cost, benefit as well as water resource distribution within 
the population (Baan 1994, Loucks and Gladwell 1999) and Baan (1994) used 
the effects on income distribution from the changed resource allocation as a 
sub-criterion. Moreover, criteria for environmental and social minimum water 
use were suggested and should be fulfilled before economic allocation of 
water could start (Gleick 1998). This illustrated the tension in using pricing to 
allocate water resources and water services. 
 
Cost-recovery was described as absolutely essential to maintain the water 
resource system and the level of services (Loucks and Gladwell 1999). They 
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suggested flexibility and sustainability of the water infrastructure as one of five 
main criteria. The sub-criterion of feasibility in socio-economic structure used 
by Baan (1994) also related to cost-recovery. He also suggested opportunities 
for a phased development, multi-functional use and rehabilitation of the 
original situation (irreversibilities) as technical criterion. 

ECONOMIC CRITERIA IN ECONOMIC SUSTAINABILITY AND URBAN WATER 
MANAGEMENT  
In economic sustainability and urban water management, the economic 
criteria were derived from different economic theories. Therefore, it contained 
a wider spectrum than the other assessments. I found general applications of 
environmental economics theories on urban water management (Braden and 
van Ierland 1999), water pricing for sustainable development (Dalhuisen et al. 
1999, Klawitter and Meran 2001), and capital theory applications on urban 
water management (Dubourg and Pearce 1996, Dubourg 1997, Getzner 
1999). 
 
In general applications of environmental economics, analysts argued that 
urban water management needed to become more sustainable through more 
application of environmental economic principles such as creating institutions 
that internalise the externalities, water rates based on value to society rather 
than cost of supply, etc. (Braden and van Ierland 1999).  
 
In water pricing for sustainable development approaches, Dalhuisen et al. 
(1999) argued that more wise use of water rates and economic instruments 
would enable urban water management to become more sustainable. The role 
of water rates and economic instruments in achieving sustainable 
development in the urban water field was expressed as: water pricing for 
sustainable development (Dalhuisen et al. 1999) or sustainable water use 
(Braden and van Ierland 1999), or sustainable water pricing (Klawitter and 
Meran 2001). Under the sustainable pricing heading, different criteria have 
been formulated.  
 
One such criterion was cost-recovery (Braden and van Ierland 1999, Dalhuisen et 
al. 1999, Klawitter and Meran 2001, Rogers et al. 2002). Cost-recovery was 
important due to the capital-intensive supply structure (Braden and van 
Ierland) and should include economic costs as well as environmental 
externalities (Braden and van Ierland 1999, Klawitter and Meran 2001) or full 
water costs (Dalhuisen et al 1999, Rogers et al. 2002). These formulations of 
cost-recovery, hence, implied that water rates would need to be based on use 
and environmental value rather than cost of supply (Braden and van Ierland 
1999).  
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Efficiency was another criterion (Dalhuisen et al. 1999, Klawitter and Meran 
2001) of sustainable water pricing. Dalhuisen et al. (1999) distinguished 
between allocative, technical and dynamic efficiency, which should all foster 
competition. Allocative efficiency linked inputs to production of water 
services in line with society’s preferences, that is, effectiveness. Technical 
efficiency related inputs to production in line with the output of water 
services, that is, efficiency as used in the technology comparisons and water 
utility assessments. Dynamic efficiency emphasised the ability to innovate 
within the urban water field. Allocative efficiency illustrated the ability to use 
price instruments to influence the users’ demand for water services. Dalhuisen 
et al. (1999) suggested incentives for efficient use and investment in 
technology as objectives for a water tariff system. The need to use prices to 
manage demand in order to achieve optimal use of the water resource is 
argues by Klawitter and Meran (2001). Another criterion related to the water 
rate was administrative feasibility (Dalhuisen et al. 1999, Klawitter and Meran 
2001).  
 
Moreover, Braden and van Ierland (1999) and Dalhuisen et al. (1999) argued 
that operation and infrastructure aspects should be separated, which meant that 
network ownership and operation of water infrastructure should be separated 
(Dalhuisen et al. 1999). Further, the water rate should be separated into a share 
of the water infrastructure part and an increasing block tariff for the 
volumetric part (Braden and van Ierland 1999).  
 
Capital theory was also applied to derive economic criteria of urban water 
management for sustainable development (Dubourg and Pearce 1996, 
Dubourg 1997, Getzner 1999). Urban water management for sustainable 
development also involved consideration of whether water resources were 
critical or not (Dubourg 1997 and Getzner 1999). The central question to 
Dubourg (1997) was whether the substitution possibilities between the urban 
water sector and the rest of the economy were limited. If they were limited, a 
sectoral policy for sustainable development would be justified, with a non-
declining stock of water resources as one criterion for sustainable 
development. If it was relatively easy to substitute, or if water was not scarce, 
a sectoral sustainability policy would not be justified. In such cases, Dubourg 
(1997) argued that full cost pricing and the ability to invest the rents gained 
from depletion of water resources in available substitutes would suffice as 
criteria. Getzner (1999) questioned why water managers favour physical 
constraints and indicators more consistent with a strong sustainability 
perspective even in a country where water was relatively abundant (Austria). 
He concluded that decision-makers regarded genuine savings as too “trivial”.  
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Conclusions of economic criteria 
The categorisation resulted in many different economic criteria being 
suggested in the various urban water assessments. Moreover, there were 
several indicators available for each economic criterion. Consequently, any 
urban water assessment needs to be able to reflect the diversity of criteria and 
indicators, which supports Rijsberman and van de Ven’s (1999) conclusion. In 
the assessments categorised, inclusion of more than one perspective of value 
was the exception rather than the rule. In technology comparisons and 
sustainable water utility assessments, economic criteria are explicitly derived 
from the perspective of the manager of the water utility whereas user and 
other perspectives are downplayed. 
 
The following five economic criteria were used in all four urban water 
assessments: total cost, benefits, efficiency, cost-recovery and user 
affordability (from hereon, affordability). However, the exact specification was 
slightly different.  
 
The total cost criterion does not come as a surprise because it is already used to 
guide investment decisions in the urban water field. However, total cost is 
interesting to discuss in terms of data availability and what to include in the 
calculation of the cost. Benefits of water services are even more interesting 
because they are hard to estimate and there is no consensus on what services 
to include. Since there is no market for urban water services, prices only reveal 
a conservative estimate of their true value for society. Benefit estimation in 
urban water management has not attracted a lot of attention because the costs 
of water are generally low, which might result in considerable water use with 
low or insignificant value. Accordingly, the knowledge about the benefits of 
water services is insufficient, at least in terms of their benefit to society and 
therefore nobody knows the potential for increased benefits by changing the 
present level of consumption. Efficiency is goal-oriented and is relevant because 
all production processes could improve, which implies an identification of the 
most limiting factor in the specific application. 
 
Cost-recovery means the ability to recover the costs needed to operate and 
maintain the water infrastructure and mainly relates to the water utility. The 
cost measure might include environmental and social costs, as do the 
theoretically derived criteria. Revenues from users and government funding 
are the only sources of revenue for the water utility.  
 
Affordability is used in an economic sense, measured as not too high a 
proportion of household disposable income spent on urban water services. 
Notions of a social minimum of water services as well as the limits of 
affordability were also found.  

 86 



 
Effectiveness involved the allocation of the water resource, including all uses, 
that is, balancing costs and benefits at the level of the water resource or 
society. This criterion was used in sustainable water resource management and 
in the allocative efficiency criterion (Dalhuisen et al. 1999).  
  
Maintenance of the water infrastructure was the implicit goals of the technology 
comparison and sustainable water utility assessments. It was not explicitly 
addressed in water resource management applications, which was explained by 
its focus on the water resource, the urban water infrastructure. The concept of 
water resource systems, however, captures this aspect for the whole water 
resource system (Loucks and Gladwell 1999).    
 
Potential for development and degree of criticality make the substitution between 
categories of capital explicit, which is one kind of interaction between 
subsystems. This is potentially valuable for assessments because it suggests 
that all water resources might not need to be maintained at all points in time. 
Potential for development also relates the current and expected level of 
consumption in the future to the water resources and manufactured water 
infrastructure capacities.  
    
The role of water rates and water pricing was only mentioned in relation to 
economic applications. Water rates might, however, be an important part of 
an urban water assessment because it makes demand for water services a 
parameter in the assessment process. Water rates are also important for 
application of the cost-recovery and affordability criteria. 
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- 5 - 
 

Selecting a set of economic criteria and indicators 

In this chapter, the conclusions from the categorisations of general 
frameworks and economic theories (chapter 3) as well as urban water 
assessments (chapter 4) will be combined to outline a set of economic criteria 
and indicators for assessment of urban water management in relation to 
sustainable development. The set of economic criteria and indicators need to 
relate to level of analysis, goal of development and limits. The chapter starts with a 
discussion of the relevancy of the analytical categories as a support for 
strategic urban water decision-making. Thereafter, indicators are suggested for 
each economic criterion.  

Level of analysis in an urban water assessment 
The categorisations of general frameworks and urban water assessments of 
sustainable development in chapters 3 and 4 stressed the need to make the 
relationship between the urban water system and sustainable development 
more explicit. Accordingly, the level of analysis in an urban water assessment 
needs to explicitly address the urban water system and its links with activities 
that occur both in other sectors and at an overall level. The system boundaries 
of an urban water assessment should include the use of water as a source for 
supply and as a sink for waste, the manufactured water infrastructure, the 
benefits of water services as well as the actors affecting the water 
infrastructure and demand for water services. This results in a wider system 
definition than in the technology comparisons and sustainable water utility 
assessments categorised in chapter 4.  
 
Rijsberman and van de Ven (1999) argued that most urban water assessments 
were unable to reflect different conceptions of value. This was also found in 
the urban water assessments categorised. In urban water assessments, user, 
water utility and society levels were identified. At these levels costs need to be 
balanced with benefits. In the urban water assessments studied, I observed 
that one actor’s perspective often dominated over the others, such as the 
water utility’s perspective in the technical comparisons and sustainable water 
utility assessments. Economic theories are made from the perspective of 
society, underlining the need to allocate scarce resources between sectors in 
order to maximise the value for society. Consequently, I suggest three 
different cost-benefit balances as economic criteria in order to better respond 
to the need not to make one perspective too dominant. The affordability, 
cost-recovery and effectiveness criteria make, at least, society, water utility and 
user perspectives explicit in the urban water assessment. Indicators for each of 
the economic criteria are presented on page 93 and forth. 
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Economic theories emphasise that an urban water assessment needs to 
include parameters affecting the demand for water services more explicitly. If 
not, the assessment risks missing the benefit of water services in the urban 
area. Further, excluding demand parameters risks underestimating the 
potential to change the demand for water services and the consequent use of 
water as a source for supply and as a sink for waste. Economic theories and 
urban water management for economic sustainability point to the need to 
include the role of water pricing in urban water assessments. 

Goal of development in an urban water assessment 
All frameworks for assessment of sustainable development implicitly or 
explicitly contain goal(s) of development. In the categorisation, I specifically 
analysed how researchers have operationalised intra- and inter-generational 
equity. Intra-generational equity was commonly considered to be part of the 
social dimension of sustainable development whereas inter-generational equity 
was considered to be an economic or a general sustainable development issue. 
This meant that the assessments did not make the potential conflict between 
inter- and intra-generational equity criteria explicit and, thus, there was no 
mechanism for trade off between these criteria. In urban water assessments as 
well as in my set of economic criteria, the affordability criterion concretises 
the economic implication for users. The choice of water rate leads to a 
distribution of costs as well as water services in the urban area, which 
underlines the fact that inter- and intra-generational equity are not isolated. 
This clearly shows a dependent relationship between intra- and inter-
generational aspects in urban water assessments. 
 
Based on the categorisation of general frameworks and economic theories, I 
argue that a more thorough representation of the generation of welfare from 
the production process would be reasonable to include in an assessment of 
sustainable development. Consequently, an urban water assessment needs to 
include parameters affecting the demand for water services. In technology 
comparison assessments, most researchers assumed that the selection of 
technology determined water service consumption, which meant that there 
were no measures to change water consumption included in these 
assessments. In the economic sustainability and urban water management, 
sustainable water utility and sustainable water resource management studies, 
analysts argue that water rates should to a larger extent be based on its value 
to society instead on historical provision cost. In order to estimate the 
benefits of water services, users need to be included in the assessment 
process. Proponents of water pricing also suggested that demand management 
measures potentially increased the economic value to society. If water were 
used more efficiently, then the water saved could be used to generate welfare 
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elsewhere, as residential water for new tenants, ecosystem use, industrial or 
agricultural purposes, etc. 
 
In general frameworks and urban water assessments, the development aspect 
was not always concretised. The lack of development criteria was surprising 
since it was a key issue in the WCED (1987) framing of sustainable 
development. Consequently, I introduce the development potential as an 
economic criterion that aims at relating the present level of water services to 
different concretisations of limits, such as technical capacity and the future 
demand for water services. The development potential criterion should not 
prescribe a certain level of utilisation or favourable direction for the 
consumption of water services for development to be sustainable. For 
instance, decreasing water consumption should not be regarded as an 
improvement per se. Development potential relates to projections of future 
population and economic growth, which are determined by general socio-
economic trends. The water utility needs to respond to these changes. In the 
analysis, the compatibility of the population and economic growth trends5 at 
the level of the municipality is compared with the capacity of the water 
resource and manufactured water infrastructure to deliver that amount of 
water services.  

Limits in an urban water assessment 
In the literature categorisations, I noted a general lack of making the 
interactions between economic, environmental and social criteria explicit. The 
limits category aims to concretise the limits for achieving the goal(s) of 
development. I agree with Jeffrey et al. (1997), who claimed that discovering 
the most limiting or the potentially limiting factors is an essential part of 
urban water decision-making in relation to sustainable development.  
 
Identification of the limits for generation of water services would need a more 
thorough representation of the production aspect of water services. In urban 
water assessments, I found no coherent representation of water services as a 
production process, even though the work of Nilsson et al. (1995) contained 
an embryo of such a representation. In contrast, the production-related 
criteria used were fragmented and based on, for instance, availability of inputs 
or general principles for the use of renewable and non-renewable resources. 
Consequently, there were lists of ingredients, but no recipes. General 
frameworks for the assessment of sustainable development lacked 
consideration of the more functional aspects of production. Here, as in the 
urban water assessments, the list of ingredients contained material, energy and 
labour inputs, which enables assessment of different efficiency and 

                                           
5 According to projections and as expressed in municipal policy documents.  
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productivity measures. The economic theories for assessment of sustainable 
development, which were categorised in this dissertation, explicitly addressed 
the production aspect. The capacity to generate welfare was the goal of 
development for which the capacity to maintain production was a condition. I 
use the water infrastructure concept to depict the production process in urban 
water management. Accordingly, I chose maintenance of the water 
infrastructure as an economic criterion in urban water assessments. There 
were various suggestions about how to assess the maintenance of the 
infrastructure criterion. The distinction between funds and flows identified 
both inputs and funds as potential limits for the generation of water services, 
resulting in two indicators: obtaining inputs and maintenance of funds. Both 
these indicators make the relationship between the water infrastructure and 
the rest of society explicit. Both input flows and funds could be further 
divided into natural, manufactured and labour categories. These indicators are 
particularly relevant, where there is an existing water infrastructure having a 
certain technical capacity and allocation of water resource and manufactured 
capital. If the funds are utilised below current capacity to regenerate, the 
capacity to produce water services is maintained. If it is possible to obtain all 
input material needed to generate the water services, the water infrastructure 
is maintained.  
 
In the capital theory approach to sustainable development, criticality was 
emphasised. Criticality relates to the use of water resources and I conclude 
that assessments of sustainable development should not assume a certain 
degree of criticality; rather, criticality should be assessed empirically. Dubourg 
(1997) claimed that water services, especially on the water services side, could 
be modified without major implications on welfare or the ability to meet basic 
needs. This suggested that users could relatively easy substitute water services 
for other services at the present level of use. In technology comparisons, 
sustainable water utility and sustainable water resource management studies, 
no suggestions as regards criticality criteria were found.6 The suggestions, at 
best, contained a list of different resources. Accordingly, I argue that an urban 
water assessment needs consider the ability to substitute between different 
elements in the production as well as consumption of water services. 
Economic theories of sustainable development suggested importance, threat 
and irreversibility as indicators for criticality.  
 
Limits to achieve the goal of development could be of social origin. Most 
urban water assessments and definitions of sustainable development within 
the urban water field contained a notion of a social minimum of water 
services, justified by basic needs or social right arguments. Provision of a 
                                           
6 Measures related to the quantity and quality of water resources, however, assess one 
aspect of threat. 
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social minimum limits the amount of water services that could be allocated on 
the basis of their economic value. Consequently, an urban water assessment 
should not contain too prescriptive a formulation on the principle for 
allocation of water services, which is and operationalisation of intra-
generational equity. This is relevant for assessment of the affordability 
criterion; does the change in water infrastructure lead to provision of a social 
minimum? 

The set of economic criteria and indicators for urban water 
assessments 
I select maintenance of the water infrastructure, affordability, cost-recovery 
effectiveness and development potential as main economic criteria for 
assessment of urban water management in relation to sustainable 
development. For each main criterion, one or more indicators were suggested 
(table 5.1) such as criticality, obtaining inputs, maintenance of funds and 
efficiency for the maintenance of the water infrastructure criterion. The 
economic criteria were also related to the analytical categories (table 5.2, p. 
97), which was especially relevant because I argue that all sustainable 
development assessments need to relate to these analytical categories.  
 
Table 5.1. My set of economic criteria and indicators. 
Economic Criterion Suggested indicator(s) 
Maintenance of the  Criticality, change in importance, threat, irreversibility. 
water infrastructure Maintenance of funds  
 Obtaining inputs  
 Efficiency in use of current water infrastructure 
Affordability Water expense-total income ratio. 
Cost-recovery Revenue-cost balance. 
Effectiveness Relationship to goals at user, water utility, municipal and national 

level. 
Balancing costs and benefits at the level of society. 

Development potential Potential for using water rates to control the use of the water 
resource as a supply source, a sink for waste and the use of land as a 
sink for waste. 

 Expected water demand-water infrastructure capacity ratio. 

THE MAINTENANCE OF THE WATER INFRASTRUCTURE CRITERION 
The maintenance of the water infrastructure criterion relates to both society 
and the natural environment in a very direct sense. I selected the following 
indicators: criticality, obtaining inputs, maintenance of funds and efficiency. 
All the maintenance of the water infrastructure indicators mainly focus on the 
inter-generational aspect of welfare. 
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Criticality captures the trends of the use of funds over time. The raison d’être of 
the manufactured parts of the water infrastructure is to enhance the capacity 
to use water resources both as a source for supply and as a sink for waste. 
Ideally, in the long run, the need for manufactured capital should not increase 
resulting in less need for inputs and funds for transformation of raw water 
abstracted from the water supply source into drinking water or of wastewater 
before ending up in the receiving water. We also need to consider the present 
level of utilisation of water resources as a source for supply and a sink for 
waste. If the water resource is over-used at present, then more manufactured 
capital is needed in order to reduce the use of the water resource, for instance, 
the installation of more water-efficient appliances or additional wastewater 
treatment capacity. This highlights the need for the maintenance of the water 
infrastructure criterion to include assessment of the degree of criticality in 
order to determine whether the aggregate water infrastructure should be 
maintained or whether the natural and manufactured funds of the water 
infrastructure should be maintained separately. Criticality clearly relates the 
water infrastructure to the limits category. The EU Water Framework 
Directive introduces a minimum level, or a goal to achieve, for water quality 
depending on the situation at hand. The bottom line here is that below the 
limit, the water resource must be maintained and enhanced, that is, it is not 
possible to compensate with accumulation of manufactured capital. 
 
Obtaining inputs and maintenance of funds are necessary for the generation of 
water services and also concretise the physical limits of the production 
process. Most inputs are obtained on the market, where ability to pay 
determines competitiveness. As long as users are able to pay for the necessary 
costs to operate and maintain the water infrastructure, obtaining resources 
does not limit the generation of water services. However, in economic 
sustainability and urban water management it was frequently argued that 
environmental and resource costs should be internalised into the cost facing 
the water utility. The physical measure focuses on the ability to substitute any 
input of material in its role in the production process. The maintenance of 
funds indicator clearly illustrates that the water infrastructure is related to 
water resources in many ways as well as to society as a generator of skilled 
labour and for production of capital equipment. The assessment involves the 
water utility’s ability to control the sustaining services.  
 
Efficiency concerns the relationship between inputs and outputs, which implies 
doing things in the right way. If the water infrastructure is used more 
efficiently, resources could be used to generate welfare elsewhere in society. 
Efficiency is a goal-related concept, which requires an identification of 
parameters for its assessment. Depending on the most limiting factor, this 
could be cost-efficiency, energy efficiency or nitrogen-efficiency. I mainly use 
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efficiency narrowly, considering the use of the current water infrastructure in 
relation to the changes in water infrastructure that are assessed. In terms of 
level of analysis, the wider effectiveness and environmental criteria balance the 
narrow focus of the efficiency indicator. I consider the process of exploring 
the most limiting factors of the existing water infrastructure as an important 
aspect of an urban water assessment. Change in the water infrastructure might 
be better or worse in terms of the relative scarcity of inputs. For instance, if 
energy becomes scarcer this is worse for higher energy consuming water 
infrastructures. Identification of the most limiting factor is especially valid 
since relative scarcity changes over time and water infrastructures are very 
long-lived.  

AFFORDABILITY 
The affordability criterion concerns users’ ability to pay for water services and 
stresses the intra-generational aspect and the need for users to balance their 
benefit and cost. Ideally, the affordability criterion includes distribution of 
costs as well as access to water resources and services. Affordability is clearly 
related to the selection of water rates. Together with the cost-recovery and 
effectiveness criteria, affordability enables a more multi-faceted analysis of 
costs and benefits.  
 
There were several suggestions about how to measure affordability. 
Estimation of the ratio between water expense for a pre-specified user and the 
median, average or lower total income household in the urban area is the most 
common. The suggested indicator is applied to an average household, 
meaning that the inter-household variability in water consumption and 
income is not taken into direct consideration. Moreover, I suggest that the 
affordability criterion should be applied at a variety of households because it is 
the only criterion explicitly referring to households. The orientation to 
household income clearly illustrates how an urban water assessment relates to 
processes that are determined by general trends in society. Access to water 
services and resources is a more direct indicator of the social limits of 
affordability. Kallis and Coccosis (2000) suggest an indicator taking into 
account the number of voluntary shut-offs from the water infrastructure.  

COST-RECOVERY 
The cost-recovery criterion states that water utilities need to balance cost and 
benefit in the long run. This is clearly an inter-generational concern 
concretising the maintenance of the water infrastructure criterion at the level 
of the water utility. In terms of limits, cost-recovery relates the costs for 
running the water infrastructure to users ability to pay. The ability to collect 
revenue is mainly a function of household income and the size of the 
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manufactured water infrastructure, which illustrates one relationship between 
users and utility managers. This clearly relates the collection of revenues to the 
level of socio-economic development in the urban area. 

EFFECTIVENESS 
Effectiveness could be expressed as doing the right things. This corresponds 
to analysis at the society level, which in economics terms means allocating 
resources to their most valuable use. The effectiveness criterion highlights the 
relation between all demands for the water resource and all benefits generated 
by the use of the water services. From an economics viewpoint, all costs of 
water services should ideally equal their benefits in society, which is an 
expression of a goal of development. Effectiveness spells out all uses of the 
water resource, which relates urban use to other uses of the water resource 
such as agriculture and power generation. This clearly opens up the 
assessment to other benefits than water supply, wastewater and stormwater 
services. The effectiveness criterion also provides an opportunity for change 
in the current level of generation of water services in both scale and in scope. 
Substitution is possible between and within different users of the water 
resource, which suggests a not too strict a limit for the development potential 
of water services.  
 
The effectiveness criterion also addresses the need to identify goals at 
different levels, which are analysed in relation to the effects caused by the 
change in water infrastructure. Assessing the effectiveness criterion is not a 
straightforward process. Identification and estimation of the total cost and 
benefits associated with the current use of the water resource needs a lot of 
data. Traditionally, the benefit dimension has been largely neglected due to 
valuation problems. It involves identification of the total costs and benefits 
associated with the current use of the water resource. Further, in sustainable 
water resource management studies, analysts argued that the distribution of 
costs and benefits was as important as the cost magnitude. This complicates 
the prospects to aggregate costs and benefits that is commonplace in cost-
benefit analysis.  
 
The water utility is a natural monopolist, which explains why it must only 
cover the necessary costs for operating and maintenance of the water 
infrastructure. Consequently, the water rate will be determined by the 
historical costs of the water infrastructure not the future value to society. This, 
too, explains why the value of water is conservatively estimated as the 
accounted value of the water infrastructure or its cost of production. 
Accordingly, using current costs underestimates the value of water services. 
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DEVELOPMENT POTENTIAL 
Economic criteria for assessment of urban water management for sustainable 
development need to assess the development potential and not only the need for 
conservation of resources. This is especially relevant for assessments at the 
municipal level in Sweden, where the availability of water is generally good 
and where the capacity of the manufactured water infrastructure is often more 
than sufficient. In such places, there is certainly a potential for development, if 
there were any potential new water users. Relating the present situation to the 
capacity of the water resource would enable an assessment of the 
development potential. An urban water assessment should not always assume 
over-use of the water resource as a source for supply or as a sink for waste. 
 
The development potential criterion also underlines the ability to influence the 
demand for water services in society by means of economic and non-
economic demand management measures. However, the present level of 
knowledge of the distributive effects of different demand management 
measures is low (Renwick and Green 2000). Economic demand measures 
clearly have distributive implications that should be reflected in urban water 
assessments. The affordability criterion addresses distributive effects in the set 
of economic criteria chosen in this dissertation. Demand management focuses 
on using the current water infrastructure more efficiently in terms of getting 
more welfare from a specific amount of water service. The current level of use 
of water services and the current water rate should be balanced with the water 
utility’s objectives.  
 
Table 5.2. The set of economic criteria according to the level of analysis, goal of development, 
and limits categories. 
 Level of analysis Goal of development Limits 
Maintenance of 
the water 
infrastructure 
 

Market. 
Whole water 
infrastructure. 

Inter-generational. 
 

Regeneration?  
Availability? 
Criticality potentially limits the 
use of funds. 

Affordability Households. Intra-generational at 
user level (money). 

User income and willingness to 
pay. 

Cost-recovery Water utility. Inter-generational at 
water utility level. 

Infrastructure’s need for main-
tenance. Users ability to pay.  

Effectiveness Society, water 
resource, 
catchment area. 

Inter- and intra-
generational. 

Scale for use of the water 
resource. 
Substitution between sectors. 

Development 
potential 

Household 
income. 
Municipality or 
service area. 

Inter- and intra-
generational. 
Inter-generational. 

Substitutability within the urban 
area. 
What is the most limiting factor?
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Making use of the set of indicators and analytical categories  
The assessment process is described in a stylised fashion in figure 5.1. The 
process consists of four elements: a local context, indicators, economic criteria 
and decision and assessment. The local context for this study is the three 
changes in water infrastructure in Swedish municipalities. The indicators and 
criteria were the ones selected in this chapter (table 5.1).  

Indicators Local context Economic 
criteria

Decision and 
assessment 

 

Potential for water pricing
Future consumption-capacity ratio 

Relation to goals
Identification of costs and benefits

Change in revenue-cost 

Water expense-total income (%)

Criticality: importance, threat and 
irreversibility 
Maintenance of funds 
Obtaining inputs 
Efficiency 

Did the 
change 
contribute to 
sustainable 
development?

Development 
potential 

Maintenance 
of the water 
infrastructure

Effectiveness

Cost-recovery

Affordability

Kitchen waste 
disposer in a 
stagnant area 

Volumetric 
billing in a low-
income area 

Increased water 
supply in a 
growing area 

 
Figure 5.1. Application of economic criteria and indicators as a part of making a 
decision to invest in the water infrastructure. 
 
The decision and assessment element addresses the relationship between 
criteria and sustainable development as a goal for policy. So forth, the 
categorisations of literature have addressed the relationship between the 
economic criteria and sustainable development from a more general 
perspective. In addition, the results from the systematisation of economic 
criteria in urban water assessments, contain criteria selected on the basis of 
their relevance for the local context and in addressing general problems 
identified in urban water studies.   
 
The four elements in fig. 5.1 also depict how the analysis will proceed from 
hereon. In chapter 6, the economic indicators are applied at three changes in 
water infrastructure, thus, emphasising the transition from the local context to 
the indicator element. The application of indicators makes possible a 
discussion of their usefulness, which is done in terms of data availability and 
validity. This will be the subject of chapter 7. Based on the results of the 
application, I will discuss the degree of fulfilment of each criterion in section 
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8.2, which relates to both the local context and the contribution to sustainable 
development. Further, in chapter 8, I will discuss the potential for using 
economic criteria for assessment of urban water management in relation to 
sustainable development.  
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A tale of three cities: application of economic 
indicators in practise 

In this chapter, I will apply the economic indicators that were selected for 
assessment of urban water management in relation to sustainable 
development in three cases, depicting various situations facing urban water 
decision-makers. Each case is presented separately, beginning with a general 
overview of the cases, especially in terms of the situation and problem 
formulation leading to the decision to change the water infrastructure. 
Thereafter, the current water infrastructure is described, before my set of 
economic indicators is applied (table 5.1).  

Volumetric billing in a low-income area, Ringdansen in Norrköping 
Ringdansen residential area is situated on the urban fringe of Norrköping, 
approximately 170 km south of Stockholm. A major highway, residential 
areas, and the forest Vrinnevi surround the Ringdansen area. The municipal 
housing company, Hyresbostäder i Norrköping AB (from hereon, Housing 
Company), built the Ringdansen area at the end of the 1960s (Ketola 2000a). 
When completed, the Ringdansen area consisted of two approximately 200 m 
circular buildings named Guldringen and Silverringen (the Gold- and Silver 
Ring), containing about 1 750 apartments (Ketola 2000a) with a commercial 
and public service building in between. Up until 1999, Ringdansen had never 
been fully occupied (Ketola 2000a). The population varied between 3 000 and 
4 500 in 1974–1990 (ibid) and since then it has decreased to about 1 950 in 
1999 (Appendix I, table A.1), except for a temporary population increase due 
to an in-flux of refugees from Bosnia in 1994 (Ketola 2000a). In Norrköping, 
the population increased by 5% from 118 000 to 124 000 in 1968-2003 but 
the number of employed decreased by 5 000 in 1970-2003 (Appendix I, figs. 
A.1 and A.3). The prospects of creating new jobs are unclear, although the 
Norrköping Statistics Office estimates a population increase of 4 000 (3%) to 
128 000 in 2013 (Norrköping municipality 2004). The average personal 
income in Norrköping increased from SEK 152 000 to SEK 177 000 in 1991-
2002 (Appendix 1, fig. A.2). In Norrköping, low-income categories – students, 
pensioners, households living on welfare, migrants - were large compared with 
other Swedish municipalities and are projected to be large in the future 
(Norrköping municipality 2000, 2003a). 

THE DECISION TO INTRODUCE VOLUMETRIC BILLING 
Since its establishment, Ringdansen has been described as a problem area with 
high vacancy levels and low status (Norrköping municipality 1998a, Ketola 
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2000a). Increasing segregation was one reason for changing the physical 
environment in Ringdansen, for instance, the municipal director in 
Norrköping, Björn Johansson, noted increasing difference between residents 
in Ringdansen and other areas in Norrköping and claimed the situation to be 
“close to the concept ghetto ” (my translation, Norrköping municipality 
1998a). The significant differences are supported by data from the 
Norrköping Statistics Office, which verify lower income, higher percentage of 
immigrants, more single parents with children, unemployed, households 
receiving welfare benefits, etc. in Ringdansen compared to other areas in 
Norrköping in 1999-2002 (Norrköping Statistics Office 2003a-f). Over the 
years, the municipality of Norrköping and the Housing Company have 
attempted to improve the status of Ringdansen by means of various projects 
(Norrköping municipality 1998a, Ketola 2000a).  
 
In 1998, Norrköping municipality applied for a governmental grant from the 
Local Investment Programme for transformation into an ecologically 
sustainable society (Ministry of the Environment 1998). In March, 1998, the 
municipality of Norrköping received SEK 260 million for the so-called 
Ringdansen project (ibid). The general objective of the Ringdansen project 
was to create an architecturally attractive residential area that would become 
ecologically, economically, socially and culturally sustainable in the long run 
(Hyresbostäder 1999). The introduction of volumetric billing was one of 
several measures proposed in the Ringdansen project application 
(Hyresbostäder et al. 1998). Hyresbostäder (2003) claimed volumetric billing of 
utility services to be fair and that it would enhance resource conservation. 
One measure of the project was to demolish about 600 apartments to reduce 
the high vacancy level and to break up the rings into several sections 
(Hyresbostäder 1999, Krantz 2005). The use of harmful substances in society 
was identified as the main challenge for urban water management in relation 
to sustainable development (Hyresbostäder 1999).  
 
Consequently, the Ringdansen case provides an opportunity to analyse the 
consequences of volumetric billing for sustainable development in a low-
income area where the proportion of economically vulnerable households is 
high.  

SWEDISH EXPERIENCES OF VOLUMETRIC BILLING  
In Swedish apartments, as in most apartments in high-income countries in the 
West, water (and heating) consumption is not volumetrically billed. Housing 
companies commonly distribute the cost for water (and heating) on the basis 
of apartment size (Jones 1998, Berndtsson 1999). Consequently, tenants 
cannot affect their service expense by changing their consumption. 
Berndtsson (1999) argues that the lack of information and economic 
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incentives to conserve lead to a high degree of non-reflected use. This is 
supported by recent Swedish studies, which report higher water consumption 
in apartments than in detached houses where residents pay for the water used 
(Boverket 2002).  
 
In recent years, housing companies, housing co-operatives, tenants’ 
associations and contractors in the building industry have shown a growing 
interest in equipping apartments in blocks of flats with meters for water and 
heating. At the turn of the millennium, Berndtsson (pers. comm.) estimated 
that approximately 8 000 apartments in Sweden were equipped with meters 
for water, heating or both. With volumetric billing, housing companies or 
water utilities inform tenants about their consumption of utility services, 
expenses and rate. In theory, the enhanced information enables households to 
relate use to expense, which results in less or no use generating less benefit 
than the variable rate. Decreased service consumption and better balance 
between users’ benefit and expense for water services enhance resource 
conservation. Accordingly, it has been argued that introduction of volumetric 
billing would decrease hot water consumption by 15-35% (Värmemätnings-
utredningen 1983a, b, Berndtsson 1999, Boverket 2002). A lack of recent 
experience of volumetric billing of water in Sweden is noted, since the latest 
data were from 1978-1979 (Berndtsson 1999, Boverket 2002). The previous 
studies compared average consumption of hot water between buildings with 
and without volumetric billing (Värmemätningsutredningen 1983a, b, 
Berndtsson 1999, Boverket 2002). Consequently, they did not directly observe 
water consumption in the same household before and after introduction of 
volumetric billing. The effect of volumetric billing on cold water consumption 
and expense was not studied either (ibid). 
 
However, others argue that the effects of volumetric billing might not be that 
significant. One reason for this is that the water expense needs to reach a 
minimum level before it affects the consumption of water in the household 
(Renwick and Green 2000, Roth 2001). Ketola (2000b) reported that most 
researchers studying residential heating and electricity use support the too low 
total expense argument. If this is valid, introduction of volumetric billing will 
not affect water consumption in households whose water expense is lower 
than a certain amount of money. Moreover, the lack of substitutes for most 
water uses suggests that the introduction of volumetric billing would not 
affect household water consumption (Renwick and Green 2000). Further, 
households and industries frequently use water jointly with other inputs to 
generate other goods and services such as personal hygiene, cooking and 
washing clothes. The introduction of volumetric billing only affects a fraction 
of the total cost of clothing and personal hygiene services and, consequently, 
affects water consumption to a less or no extent (Renwick and Green 2000).  
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Other reasons than enhanced conservation and economic incentive reasons 
could explain housing companies’ interest in introducing volumetric billing. 
They could use volumetric billing to market the apartment to certain customer 
segments when implemented selectively (Berndtsson 1999). Then, housing 
companies signal to customers believed to prefer volumetric billing for 
financial or reasons of habit such as those formerly living in detached houses 
(ibid). In the Ringdansen case, volumetric billing was introduced selectively, 
that is, in only a part of the Norrköping urban area.  
 
Consequently, a study based on recent water consumption data could 
straighten out some of the unsolved questions concerning volumetric billing. 
To my knowledge, no longitudinal study has addressed how household water 
consumption and expense changes when volumetric billing is introduced in 
Swedish apartments. The Ringdansen case enables a longitudinal comparison 
of the consumption of hot and cold water in apartments before and after 
introduction of volumetric billing.7 Moreover, the opportunity to study the 
change in the water expense in all households makes possible an analysis of 
the distributive effects of volumetric billing. 

RINGDANSEN AND NORRKÖPING WATER INFRASTRUCTURE  
The basic elements of the water infrastructure in Norrköping are: Lake Glan, 
the Borgs waterworks, Slottshagen wastewater treatment plant, and Bråviken 
(fig. 6.1). The arrows symbolise abstraction for water supply and flow into the 
urban area. The sizes of the arrows are proportional to the average flow in 
1990-2003. The size of Borgs waterworks and Slottshagen wastewater 
treatment plant is proportional to their maximum capacity in terms of water 
flow. 

10.8-12.3

waterworks 

Motala Ström, 1100

Lake Glan 

 
Bråviken 

(the Baltic Sea) 

14.0-17.812.8-15.0

Slottshagen 

Borgs 

Norrköping urban 
area 

Figure 6.1. Annual water flow in million m3 (from hereon, Mm3),in water infrastructure 
in Norrköping. (Borgs waterworks 2005, Sydkraft 2005a).  
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The Borgs waterworks in Norrköping uses surface water from the Motala 
Ström (Norrköping municipality 1989a). Motala Ström runs through lakes 
Boren, Roxen and Glan and an agricultural district. Upstream urban areas, 
such as Linköping, Finspång and Skärblacka, as well as about 19 000 rural 
homes and 14 500 summer cottages use Motala Ström as a sink for waste 
(Löwgren 2003). Since the middle of the 1960s, the phosphorus concentration 
in Lake Glan has decreased while the nitrogen concentration increased (Fejes 
et al. 2002). The phosphorus concentration was approximately 35 µg per litre 
and nitrogen concentration 670 µg per litre on average in 1999-2003 
(Norrköping Statistics Office 2005a, b). Fejes et al. (2002) reported that 
environmental quality targets for phosphorus (15-25 µg per litre) and nitrogen 
(450-750 µg per litre) in Lake Glan were not met in 2001. The environmental 
goals formulated by the Östergötland County Administrative Board (2003) 
imply a 30% reduction (to 3 600 tons) of the anthropogenic waterborne load 
in coastal watercourses of nitrogen and 15% phosphorus reduction (to 320 
tons) from the 1995 level until 2010.  
 
In 1990-2003, the water utility abstracted, on average, 13.6 Mm3 water 
annually (12.8-15.0) from Motala Ström (Borgs waterworks 2005). The 
abstraction was less than one percent of the water flow in Motala Ström 
(Norrköping municipality 1989a). The water utility, Sydkraft, is allowed to 
divert 5.0 m3 per second (about 150 Mm3 per year) from Motala Ström 
(Sandberg pers. comm.). At present, 0.4 m3 per second is used in the 
waterworks and the rest for power generation (ibid). The processes at the 
Borgs waterworks transform surface water from the Motala Ström into 
drinking water. The annual technical capacity at Borgs was 20 Mm3 in 1989 
(Norrköping municipality 1989a) and 18-20 Mm3 in 2004 (Sandberg pers. 
comm.). At present, the capacity of slow sand filters limit the production at 
Borgs, especially in summer (Sandberg pers. comm.). In 1990-2003, on 
average 11.3 (10.8-12.3) Mm3 water per year was produced at Borgs 
(Appendix I, fig. A.4). Water production peaked in the 1970s and decreased 
through the 1980s. In 1990-1993, water production decreased from 11.7 to 
10.8 Mm3, and has since then levelled out at about 11 Mm3 per year, except 
for a temporary increase in 1994-1996 (Borgs waterworks 2005).   
 
The Bråviken, a part of the Baltic Sea, is used as a sink for waste. Since the 
middle of the 1960s, the nitrogen concentration decreased in Bråviken 
whereas the phosphorus concentration was unchanged throughout the period 
(Fejes et al. 2002). The environmental quality objective for nitrogen was met 
whereas the phosphorus objective was not (ibid).  
 
The Slottshagen wastewater treatment plant was built in 1956-1958 
(Norrköping municipality 1989b). The total load of organic matter (BOD7) 
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limits the size of Slottshagen at 200 000 person equivalents, corresponding to 
14 tons of BOD7 per day. Effluent standards at Slottshagen are strict, 
especially for nitrogen. In 2002, Slottshagen was equipped with additional 
nitrogen removal processes in order to fulfil the EU Wastewater Directive 
(Sydkraft 2005a). In 2003, the effluent was not permitted to contain more 
than 10 mg BOD7, 0.3 mg phosphorus, and 10 mg nitrogen per litre (Sydkraft 
2005a). In the two years the additional nitrogen removal have been in 
operation, the effluent contained 7.0-8.0 mg BOD7, 0.26-0.28 mg phosphorus 
and 8.8-9.4 mg nitrogen per litre (ibid). In 1990-2003, the wastewater flow 
varied from 14.0 to 17.8 Mm3 annually and in 2000-2004, the average annual 
wastewater flow was 15.6 Mm3 (ibid).  
 
The water infrastructure in Norrköping also requires natural capital as a sink 
on land. In 2001, half of the substances diverted from the wastewater was 
mixed with other substances and used for construction of parks, etc., just 
under half was used as filling material at a landfill taken out of commission 
and the rest in agriculture (Norberg 2002). 

RESULTS OF INTRODUCTION OF VOLUMETRIC BILLING 
The introduction of volumetric billing changed the water infrastructure at the 
level of the residential area (fig. 6.2). The Housing Company installed the 
apartments meters (Ms) as well as hard- and software for monitoring and 
collection of consumption data for billing. This means that the Housing 
Company uses more equipment, labour and administrative resources than 
before. The arrows are not proportional to water flow.  
 
The total cost of introduction of volumetric billing was estimated at SEK 20.9 
million, which corresponds to approximately SEK 22 900 per apartment 
(Engdahl pers. comm.). This cost estimate included meters, adaptation to the 
existing billing system, as well as the installation cost (ibid). The governmental 
grant was supposed to cover 30% or about SEK 6 million of the total cost 
(ibid). 
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Figure 6.2. Annual water flow in water infrastructure in Ringdansen after introduction 
of volumetric billing (2003), Mm3 (Hyresbostäder 2004).  

Water consumption 
Daily per capita consumption of hot and cold water in Ringdansen with and 
without volumetric billing is shown in table 6.1. The study is based on the 
results in two buildings in Guldringen, containing about 300 apartments. The 
measure only included apartment water consumption. Water is also used for 
communal and outdoor purposes such as watering lawns, washing clothes and 
cleaning of staircases. At the point of writing, communal water use has not yet 
been measured. However, the difference between total water use and the 
aggregated use in all apartments suggested that about 15% of the total water 
use was communal in Ringdansen in 2003-2004 (Engdahl pers. comm.).  
 
Boverket (2002) estimated water consumption in blocks of flats to be 
approximately 230 litres on average in Sweden, including communal water. 
Without volumetric billing, daily per capita water consumption was 157 and 
192 litres in two buildings studied. If 15% communal water use is assumed, 
this indicates slightly lower water consumption in Ringdansen than the 
national average for blocks of flats. With volumetric billing, daily per capita 
water consumption decreased by 20–30% to 129 and 137 litres, respectively. 
Interestingly, the introduction of volumetric billing resulted in more similar 
water consumption in the two buildings. The effect on household hot water 
consumption was more uneven between the buildings than consumption of 
cold water. The daily per capita hot water consumption was roughly the same, 
55 litres, in the two buildings with volumetric billing whereas the difference 
without billing exceeded 20%. Consumption of hot water was 11–21% lower 
in one building and 23–41% lower in the other than without volumetric 
billing. The size of the reduction in Ringdansen is consistent with results in 
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Värmemätningsutredningen (1983a, b), Berndtsson (1999) and Boverket 
(2002). Without volumetric billing, the consumption of cold water was 92 and 
110 litres, respectively. With volumetric billing a small difference in cold water 
consumption still remained (74 and 82 litres, respectively). The consumption 
of cold water decreased by roughly the same percentage as hot water 
consumption (14–25% and 16–34%, respectively). The reduction is of the 
same magnitude as in OECD (1999).  
 
Table 6.1. Daily per capita water consumption in Ringdansen with and without billing, 
litres (Hyresbostäder 2004, Hjerpe 2005). 
 Water consumption in building 1 Water consumption in building 2 
 Without With Reduction Without With Reduction 
Hot water 65 55 ± 4 11–21% 82 55 ± 7 23-41% 
Cold water 92 74 ± 4 14-25% 110 82 ± 9 16–34% 
Total 157 129 ± 8 13–23% 192 137 ± 16 21–37% 
 
Hjerpe (2005) reported that the half of the households with the highest water 
consumption changed their hot and cold water consumption with 
approximately 30%, on average, in both buildings studied. In contrast, the 
water consumption in the half of the households with the lowest water 
consumption before volumetric billing decreased by approximately 10% in 
building 1 and was unchanged in building 2. Consequently, it was the higher-
volume users that reduced the consumption of water when volumetric billing 
was introduced.  

Population 
The apartments in Ringdansen were renovated and available for rent in 
December, 2003. Three months later, 630 households had signed a volumetric 
billing agreement, and about three quarters of the approximately 900 
apartments were occupied, based on consumption of utility services in the 
apartments (Hyresbostäder 2004). The age composition in Ringdansen 
differed from Norrköping in 1995 and 2003, but the difference was less 
significant in 2003 (Norrköping Statistics Office 2004). In 2003, the 
proportion of the population in Ringdansen aged below 20 was higher and the 
proportions aged 50-65 and above 65 were lower than in Norrköping (ibid). 
The proportions of population after age from the time the tenants moved in 
to March, 2004, were calculated in the two buildings and showed: 

• increasing proportions of people aged above 65; 
• decreasing proportions of people aged below 20 due to decreasing 

proportions aged below 6; and 
• decreasing proportions of people aged 20-34 (Norrköping Statistics 

Office 2004).  
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Consequently, with volumetric billing, households with children tend to move 
from Ringdansen to a higher extent than households without children do. 
Among the people moving to Ringdansen, age categories 20-50 and above 65 
were more common (Norrköping Statistics Office 2004). These trends were 
identified from a very short time series and should, therefore, be interpreted 
with caution. However, the daily newspaper, Norrköpings Tidningar (from 
hereon, NT), noted that decreasing number of children was problematic for 
other public services areas in Ringdansen such as childcare and primary 
education (NT 20031105). 
 
The number of households that moved from Ringdansen or cancelled the 
billing agreement was recorded from the time the tenants moved in to March, 
2004 (Hyresbostäder 2004). In total, 299 apartments in the two buildings were 
included in the study (ibid). All apartments were occupied at some point in 
time during the studied period. Of the 299 households, 77 (one of four) of 
them did not reside in Ringdansen in March, 2004 (table 6.2). 
 
Table 6.2. Number of households that moved between January, 2002 and March, 2004 
(Hyresbostäder 2004, Hjerpe 2005). 
 Building 1 Building 2 Total 

 Total Moved Stayed Total Moved Stayed Total Moved Stayed
>10 20 14 6 87 24 63 107 38 69 
> 4 ≤10 34 9 26 80 18 62 114 27 88 
≤ 4 42 3 39 36 9 27 78 12 66 
Total 96 26 71 203 51 152 299 77 222 
 
In building 1, three of four households consuming above 10 m3 per month 
(333 litres per day) moved from Ringdansen during the period studied, two of 
them did not sign billing agreement and seven moved before May, 2003. In 
March, 2004, only six households consuming more than 10 m3 per month 
remained in the building. In building 2, the outcome was less marked. Here, 
about half of the households that moved consumed more than 10 m3 per 
month. In total, the number as well as proportion of higher-consumers 
decreased.   

Application of economic indicators in Ringdansen 

INDICATORS OF THE MAINTENANCE OF THE WATER INFRASTRUCTURE 
CRITERION 
Discussing the introduction of volumetric billing in terms of the criticality 
indicator involves an assessment of the current utilisation of water as a supply 
source and a sink for waste in relation to importance, threat and irreversibility. 
Hence, criticality was determined at a municipal or catchment level rather than 
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at building level and the change in water infrastructure in Ringdansen did not 
affect the degree of criticality of the water infrastructure in Norrköping. 
Importance was relevant in the Ringdansen case because there is no 
emergency source for water supply (NT 20040924, NT 20040925). The lack 
of a water supply substitute suggests that Motala Ström is very important.  
 
In terms of the obtaining inputs indicator, introduction of volumetric billing 
needs considerably more inputs of material than when water expense was 
included in the total rent and determined by apartment size. On the other 
hand, the decreased water consumption leads to a 20–30 % decrease in the 
need for chemicals and energy for transformation of raw water into drinking 
water as well as energy to heat water. The inputs required to operate the 
billing equipment are mainly electricity and computer software and labour.  
 
The maintenance of funds indicator is needed to interpret the changes induced by 
the introduction of volumetric billing in Ringdansen. The multi-utility has 
invested heavily in the maintenance of Bråviken as a sink for waste. A 
relatively large amount of manufactured capital is needed to meet the strict 
nitrogen limits for the use of water resources as a sink for waste. At present, 
environmental quality objectives are not met in the case of phosphorus in 
Bråviken, which suggest even stricter limits for phosphorus in Bråviken. The 
maintenance of Motala Ström (Lake Glan) as a supply source is presently 
achieved by the manufactured water infrastructure. However, more measures 
are needed to achieve a good ecological status.  
 
Volumetric billing results in more manufactured capital being employed for 
less water services, which is questionable from an efficiency viewpoint. 
However, with reference to the value of the water services, decreased water 
consumption after the introduction of volumetric billing suggests that the 
demand for water was satisfied more efficiently. The water distribution 
infrastructure was designed for more than three times the present population 
and a higher per capita consumption, suggesting that the water infrastructure 
is used less efficiently after introduction of billing. Moreover, the ability to 
detect failures in the water distribution network at building level has 
improved. This would not have been possible without meters in every 
apartment. The Housing Company found a handful of leaking toilets, badly 
insulated apartments and other technical failures during the period studied.8 

                                           
8 Leaking toilets increase consumption of cold water drastically by up to 100 m3 per month. 
The Housing Company does not cover the extra cost of a leaking toilet with reference to 
this being tenants responsibility. Before the Ringdansen project, the cost of leaking toilets 
was shared with all the Housing Company’s tenants.  
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WATER EXPENSE-TOTAL INCOME OF THE AFFORDABILITY CRITERION 
In this study, it has not been possible to apply the water expense-total income 
indicator at household level, which would have been desirable to capture the 
potential width between households. Such an application would have required 
water expense and total income data for each household. However, I could 
not obtain household income data due to the Housing Company’s concerns 
for tenants’ integrity and I therefore chose to use average income data instead 
of collecting primary income data from the households, which would have 
been both time-consuming and problematic from representativeness and 
validity viewpoints.   

Total income 
I obtained data on average total income in Ringdansen for 1998 and 1999 
(table 6.3). The average total income increased from SEK 69 800 to SEK 73 
600 in 1998-1999 and in both years, the average total income in Ringdansen 
was less than half the income in Norrköping and approximately 65% of the 
income in Navestad (Norrköping Statistics Office 2003f). I assumed the same 
difference of relative income increase between Ringdansen and Norrköping 
and extrapolated the total income in 1998-1999 to 2003 and obtained SEK 90 
800 (Statistics Sweden 2003d, Norrköping Statistics Office 2004). Income 
distribution data were collected for personal income in 1999-2000. Personal 
income was lower than SEK 100 000 in almost two thirds (65.8%), between 
SEK 100 000–200 000 in almost one third (31.3%) and between SEK 200 
000–300 000 in 3% of the population aged above 18 in Ringdansen (MOSAIC 
2001)9. The two former percentages were significantly higher than national 
and municipal averages (ibid) 
 

Table 6.3. Average annual total income in Ringdansen, Navestad and Norrköping, 1998-
1999, SEK (Norrköping Statistics Office 2003f). 
 Ringdansen Navestad Norrköping 
1998 69 800 112 500 158 000 
1999 73 600 116 900 165 000 
 
The total average income only increased marginally more than the average 
income in Norrköping in 1998-1999 although about 1 000 households moved 
from Ringdansen. Accordingly, the reported average total income is probably 
a good representation of the average income of the residents who remained in 
Ringdansen. Since 2000, the population in Ringdansen has been fairly 
constant, which suggests that many households with very low income lived in 
                                           
9 The database consists of data from Statistics Sweden’s databases. At the time the data 
were collected, it was possible to obtain income data for zip-code areas. Since Ringdansen 
consists of two zip codes, this enabled the collection of income distribution data for 1999-
2000. 
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Ringdansen in 2001-2004. Moreover, the two buildings studied are a part of 
Guldringen, in which most of the tenants lived in Ringdansen prior to the 
introduction of volumetric billing. Consequently, the total income data from 
1998-1999 represents them well.  
 
In conclusion, the income data collected suggest that incomes were 
considerably lower in Ringdansen compared to Norrköping and national 
averages in the period studied. Also, the proportion of people with an income 
below SEK 100 000 was very large.  

Water consumption and expense 
Household water consumption and expense in 2003 was calculated on the 
basis of monthly water consumption data and water rate (table 6.4). The 
household water expense without volumetric billing was calculated (a) based 
on the norms used by the Housing Company; and (b) on the basis of actual 
consumption in Ringdansen and apartment size.10 The latter illustrates what 
the water expense would have been if Ringdansen had borne its own cost of 
water services. Only households that signed volumetric billing agreement and 
that stayed in Ringdansen from the time they moved in (Oct, 2001-Feb, 2002) 
to March, 2004, in the two buildings were included (n = 63 in building 1 and n 
= 117 in building 2, Hjerpe 2005). The households in the two buildings were 
divided into quartiles (Q1-Q4) according to their water consumption in 2003. 
Consequently, Q1 contains the lower-volume users and Q4 the higher-volume 
users.  
 
Annual water consumption varied significantly between households, from just 
a few cubic meters to almost 500 m3 per apartment. Households in Q1 
consumed 30-37 m3 per year and households in Q4 consumed 212–249 m3. 
The large variation in water consumption between households was due to 
very low consumption in about 10% of the apartments. In a follow-up of 
high-volume users in Guldringen, the Housing Company found that 
household size varied from 1 to 8 people (Engdahl pers. comm.). This shows 
that high absolute apartment water consumption was no guarantee for high 
per capita water consumption.  
 

                                           
10 I assumed that the norms reflected what the water expense would have been before 
volumetric billing and if volumetric billing had not been introduced. The norms were: 0.40 
m3/m2/year of hot water and 1.0 m3/m2/year of cold water. 
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Table 6.4. Annual total water consumption and expense with and without volumetric 
billing in buildings 1 and 2 according to water consumption in 2003, m3 and SEK per 
apartment (Hyresbostäder 2004, Hjerpe 2005). 

 Building 1 Building 2 
  Consump

tion in 
2003 

Annual 
expense, 

with 

Annual 
expense, 
without 

Annual 
expense, 

norm 

 Consump 
tion in 
2003 

Annual 
expense, 

with 

Annual 
expense, 
without 

Annual 
expense, 

norm 
Min 15     1.4     
Q1 47 30 730 2 400 2 030 52 37 1 000 2 640 2 020 
Q2 81 65 1 640 2 890 2 450 95 71 1 890 3 000 2 290 
Q3 142 107 2 830 2 680 2 270 162 122 3 320 3 300 2 520 
Q4 650 

(374) 
239  

(212) 
6 570 

(5 890) 
3 610 3 060 490 249 6 780 4 000 3 060 

Total  108 
(100) 

2 890 
(2675) 

2 890 2 450  119 3 230 3 230 2 470 

 
In 2003, the rate for cold water was SEK 17.15 per m3 and for hot water SEK 
40.50 (Engdahl pers. comm.). With volumetric billing, Q1 households on 
average paid SEK 730–1 000 per year for hot and cold water whereas Q4 
households paid SEK 5 900–6 800. Annual water expense without volumetric 
billing and separation of Ringdansen from the rest of the apartment stock 
would have been approximately SEK 2 000 for the Q1 households and 
approximately SEK 3 000 for the Q4 households. If Ringdansen had been 
separated, the water expense would have been SEK 2 400-2 600 per year in 
the Q1 households. Consequently, the Q1 households paid 50% (SEK 1 000 
per year) less for water services with volumetric billing than without. In 
contrast, the Q4 households paid almost twice as much, SEK 3 000 per year, 
as they would have done according to the norm. Those who gained out-
numbered those who lost as follows:  

• half of the households (Q1 and Q2) gained from the introduction of 
volumetric billing; 

• a quarter of the households (Q3) faced slightly increased annual water 
expense (SEK 550–800) to about SEK 3 000; and 

• a quarter of the households (Q4) lost significantly, suggesting a 
potentially worse ability to pay for water services.  

 
Since the meters also recorded consumption of heating and electricity, the 
total service expense with and without volumetric billing according to norm 
was calculated in the same manner as for hot and cold water.11 Household 
electricity consumption was already billed according to consumption before 
the Ringdansen project. This implies no change for billing of electricity and, 
accordingly, no effect on household electricity consumption was found 
(Hjerpe 2005). However, the electricity expense is reported to better reflect 

                                           
11 The norm for heating was 91 kWh/m2/year. 
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the size of the total service expense facing the resident on the service bill. 
Household total service expense in quartiles without volumetric billing is 
presented in (figs. 6.3a, b). 
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Figures 6.3 a and b. Total service expense in 2003 with volumetric billing (R) and 
according to norm (N), divided into heating, electricity, hot and cold water expense in 
buildings 1 (n=63) and 2 (n=117) in quartiles according to total service expense, SEK 
per year (Hyresbostäder2004, Hjerpe 2005). 
 
The total annual service expense in building 1 and 2 was SEK 7 100 and 8 100 
with volumetric billing and would have been approximately SEK 7 500 and 7 
800 without volumetric billing. The ratio between expense in Q1 and Q4 was 
approximately 2 for heating, 6-7 for cold water and 8 for hot water. The Q1 
households paid SEK 3 400 per year for all the services with volumetric 
billing, which was half the amount it would have been without billing. Q4 
households paid about SEK 13 400 per year for all services, which was about 
30% more (SEK 3 000 per year) than with billing based on apartment size. 
Consequently, the introduction of volumetric billing resulted in more than 
doubled difference in total service expense between the Q4 and Q1 
households, meaning that the cost of volumetric billing was not evenly 
distributed. 
 
The annual heating expense without billing exceeded the heating expense with 
volumetric12 billing by at least SEK 500 in all quartiles. On average, the annual 
heating expense without billing (according to norm) was SEK 3 500 whereas 
the heating expense with volumetric billing was SEK 2 400–2 600. The 
Housing Company thus, overestimated heating consumption after the 
completion of the Ringdansen project. In contrast, the hot water norm was 
considerably lower than real hot water consumption, resulting in a hot water 
expense according to norm of SEK 1 200 per year in comparison with SEK 1 
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12 Volumetric is not the best label for variable consumption of heating. However, 
volumetric is used not to confuse the reader.  



700–1 800 per year with volumetric billing. The norm for cold water was 
about the same as the real consumption of cold water in Ringdansen.  
 
If the effects of the total service expense are included, the difference between 
lower- and higher service consumers was even more marked. In three quarters 
of the households in Ringdansen, total service expense decreased because the 
consumption of heating was lower than expected. The total service expense 
differed by almost SEK 10 000 per year between Q4 and Q1 households. 
Households with high total service expense were almost exclusively high 
consumers of hot water. High water expense also implied high electricity and 
high total service expense (Hjerpe 2005).  
 
The water expense-total income indicator for an average consumer was 
calculated with and without volumetric billing in 2003 (table 6.5). The 
situation without billing is calculated according to the Housing Company’s 
norm as well as if Ringdansen would have borne its own service costs and 
consumed as in the period without volumetric billing. The indicator is 
calculated for single (S) or two-income (T) households. In building 1, the 
water expense according to norm was the same as with volumetric billing 
whereas in the building 2 the norm was exceeded by 16%.  
 
Table 6.5. Water expense-income indicator in Ringdansen with and without billing as well 
as prior to the Ringdansen project, SEK per year (Norrköping Statistics Office 2003f, 
Hyresbostäder 2004). 
Building Water expense Water expense-total income ratio 

 Norm With Without Norm With Without 
1 2 620 2 750 3 310 S  2.9 

T  1.4 
3.0 
1.5 

3.7 
1.8 

2 2 790 3 230 4 520 S  3.1 
T  1.5 

3.6 
1.8 

5.0 
2.5 

 
I also calculated the water expense for different household sizes, assuming the 
same per capita consumption in all households (table 6.6). In single-income 
families, the ratio exceeded 1% for all household sizes. In households of four 
or more persons, the projected ratio exceeded 4.7 in single-income families 
and 2.3% in two-income families. The water expense-total income ratios 
suggest that affordability might be poor in many larger households whereas it 
would be relatively better in single-person households. This difference is also 
illustrated for the average expense-total income between Q1 and Q4 
households. In single-income families the ratio exceeds 3 in households 
consuming as much as Q3 and Q4 households and in two-income families the 
ratio exceeds 3 in households consuming as much as Q4 households. 
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Table 6.6. Water expense-income indicator in Ringdansen for selected household sizes and 
in quartiles (building 1) according to water consumption in 2003 (Norrköping Statistics 
Office 2003f, Hyresbostäder 2004).  
Size 1 income 2 incomes  1 income 2 incomes 

1 1.2 0.6 Q1 0.8 0.4 
2 2.3 1.2 Q2 1.8 0.9 
4 4.7 2.3 Q3 3.1 1.6 
6 7.0 3.5 Q4 7.3 3.6 
8 9.4 4.7    

 
The relatively low income in the majority of Ringdansen households and large 
household size together with the choice of full volumetric utility service rates 
created an as extreme as possible situation for studying household’s utility 
services expenses. The Social Welfare Office decided, in co-operation with the 
Housing Company and the Tenant Association (in Swedish, 
Hyresgästföreningen), to include a per capita water expense for an “average 
person” in the total apartment stock (Rolfart pers. comm.). The expense of 
SEK 44 for cold water and SEK 44 for hot water was calculated in 2003 and 
has been in use since then. This corresponds to SEK 1 056 on a yearly basis. 
The Social Welfare Office decided to cover all expenses for heating and 
electricity whereas households has to cover the water expense exceeding SEK 
88 per person and month themselves (Rolfart pers. comm.). In this way, an 
economic incentive was created for households receiving welfare to save 
water. 
 
At 2003 water rate, the water expense corresponded to a daily per capita cold 
water consumption of 87 litres and 37 litres of hot water, implying a 28% 
proportion of hot water to total water consumption. On the basis of real 
consumption, households in the two buildings studied, consumed 74 and 82 
litres of cold water on average, respectively, which was similar to the 
consumption covered by the Social Welfare Office. Households on average 
consumed 51 litres of hot water per person and day, which was approximately 
38% of the total water consumption. This was about 40% higher than the 
consumption covered by the Social Welfare Office. In a residential area in 
Huddinge the residential hot water proportion exceeded 40%, on average 
(Hjerpe 2005) and Boverket (2002) claimed that 35% of total water 
consumption is hot water in an average apartment. This was more in line with 
the real proportion of hot water in the buildings studied. 
 
In conclusion, the proportion of hot water was underestimated whereas the 
total water consumption and cold water consumption estimate came close to 
actual consumption. Since hot water was more expensive than cold water, the 
water expense for an “average person” was, consequently, under-estimated.    
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REVENUE-COST BALANCE OF THE COST-RECOVERY CRITERION 
The introduction of volumetric billing affected the cost-recovery of the 
Housing Company in three major ways: the investment and operation cost, 
changed service costs paid to the multi-utility and changed service revenues 
collected from users. To a lesser extent, better ability to detect leakages and 
badly insulated apartments also affected Housing Company’s cost. This, 
however, was not included as it was hard to quantify. The total investment 
cost of the Housing Company was SEK 14.6 million (SEK 16 000 per 
apartment) including government grant (table 6.7). The annual average capital 
cost varied between 590 000 and 1.2 million, for 20-25 years life expectancy 
and 0 and 6% interest rate.  
 
Table 6.7. Annual capital cost for volumetric billing in Ringdansen, SEK per year. 
Life expectancy Interest With government grant Without government grant 
25 years 0% 760 000 590 000 
 6% 1 040 000 1 490 000 
20 years 0% 950 000 730 000 
 6% 1 190 000 1 700 000 
 
I calculated the annual heating, hot and cold water consumption in m3 per m2 
in apartments before introduction of volumetric billing, assuming that the 
reduction over the year was the same as during the period studied, October-
March and January-March (table 6.8).13  
 
Table 6.8. Consumption of heating, hot and cold water with and without volumetric billing 
in buildings 1 and 2 and the service consumption norm, m3 per m2. 
 Building 1  Building 2 Housing Company 

 Without With Without With Norm 
Hot water 0.7 0.6 1.0 0.7 0.4 
Cold water 1.1 0.9 1.2 0.9 1.0 
Total 1.8 1.5 2.2 1.6 1.4 
Heating 74 63 82 67 91 
 
Water consumption was 1.8-2.2 m3 per m2 without volumetric billing (table 
6.8). This was 30–60% higher than the Housing Company’s norm (1.4 m3 per 
m2). The water consumption measure did not include installation of water-
saving appliances instituted as a part of the Ringdansen project, which would 
have made the difference even larger. Moreover, Krantz (2005) observed that 
tenants’ decreased service consumption before volumetric billing just by 
knowing that consumption was being metered. Hence, the recorded values 

                                           
13 The number of months the households resided in the same apartment before volumetric 
billing was introduced determined the number of months for which service consumption 
could be compared (Hjerpe 2005).  
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probably underestimated water consumption prior to the Ringdansen project. 
The average household size in Ringdansen was calculated at 2.1–2.2 
(Hyresbostäder 2004, Norrköping Statistics Office 2004), which was 
considerably higher than 1.65 in Norrköping 1990 (Statistics Sweden 2002). 
 
The cost and revenue change for the Housing Company when volumetric 
billing was introduced was calculated from service consumption data and rates 
(Hjerpe 2005). The costs and revenues were calculated based on the 
occupancy rate in December, 2003 as well as on what it would have been if all 
the apartments had been occupied (table 6.9). This calculation only assesses 
the effect of volumetric billing, which means that the reduced service 
consumption due to other measures is not included. Before the introduction 
of billing, the Housing Company included the cost of heating, hot and cold 
water in the rent. The Housing Company had heating consumption data for 
most of its buildings and water consumption data for those individual 
buildings equipped with meters. The Housing Company allocated the heating, 
hot and cold water cost on the basis of the average consumption in all its 
approximately 11 000 apartments. Consequently, the Housing Company 
recovered total service cost at the company level. Practised in this way, there 
was no mechanism ensuring cost-recovery at the building level. 
 
Table 6.9. Difference between service cost and revenue for the Housing Company with and 
without volumetric billing (Hyresbostäder 2004, Hjerpe 2005).   
 2003 occupancy All apartments occupied 
Costs for Housing Company  Building 1 Building 2 Building 1 Building 2
Cold water -180 000 -60 000 -275 000 -95 000
Hot water -185 000 -575 000 -285 000 -875 000
Heating -260 000 -355 000 -400 000 -545 000
Total cost change -625 000 - 990 000 -960 000 -1 520 000
Revenues for Housing Company  
Cold water -100 000 -65 000 -155 000 -95 000
Hot water 370 000 540 000 565 000 820 000
Heating -665 000 -570 000 -1 020 000 -870 000
Total revenue change -395 000 -95 000 -610 000 -145 000
Revenue-Cost 230 000 895 000 350 000 1 375 000

 
The Housing Company’s cost without volumetric billing was calculated using 
service consumption without billing (table 6.9). Although, the buildings did 
not differ in demographic terms (Norrköping Statistics Office 2004), both the 
consumption level and the change in service consumption differed between 
the two buildings. Consequently, the effects on the Housing Company’s cost 
and revenue also differed. The Housing Company’s cost was SEK 625 000 
and 990 000 lower with volumetric billing in the two buildings respectively, at 
the 2003 occupancy rate. If fully occupied, the Housing Company’s cost 
would have been SEK 960 000 or 1 520 000 lower with volumetric billing. 
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The Housing Company’s revenue was calculated based on its norms for 
service consumption. The norms reflected the Housing Company’s best guess 
and would thus have been used to determine the service revenues if 
volumetric billing had not been introduced. The revenue would have been 
SEK 395 000 and 95 000 lower with volumetric billing in the two buildings, at 
the 2003 occupancy rate. If fully occupied, the revenue would have been SEK 
610 000 and SEK 145 000 lower with volumetric billing. The net financial 
effect on the Housing Company’s service cost was obtained by subtracting the 
total revenue change from the total cost change. Consequently, the net 
financial effect was calculated to SEK 235 000 and SEK 890 000, respectively 
in the two buildings at the 2003 occupancy rate.  
 
The annual capital cost of volumetric billing was higher than the net service 
revenue and cost in building 1. In building 2, the annual capital cost and the 
net service revenue and cost were about the same magnitude, at the 2003 
occupancy rate, with government grant and 6% interest. If fully occupied, the 
net service revenue would have exceeded the annual capital cost of volumetric 
billing in building 2. 
 
In conclusion, cost-recovery improved compared with before the Ringdansen 
project started due the Housing Company being more able to balance service 
costs and with revenues. However, the annual capital cost of volumetric 
billing very likely exceeded the Housing Company’s net service cost and 
revenue, suggesting that full cost-recovery was not achieved. Accordingly, 
revenues from other sources had to cover the investment cost of volumetric 
billing. Moreover, the introduction of volumetric billing also implies that 
tenants in other residential areas no longer subsidise the cost of water 
consumption in Ringdansen. 

INDICATORS OF THE EFFECTIVENESS CRITERION 
The Housing Company described water as an essential resource in a relatively 
water-rich country. Consequently, it did not see water quantity as a major 
problem in relation to sustainable development. The Housing Company noted 
that the major objective in the water and wastewater field was to enable re-
circulation of nutrients, which is hindered by society’s use of toxic substances. 
Consequently, one objective in the water and wastewater field was to reduce 
the wastewater content of heavy metal and polluting substances by 50% 
(Hyresbostäder 1999). All six measures proposed in the water and wastewater 
area, however, mainly concerned the quantitative dimension of water use, 
such as installation of more water-efficient appliances and volumetric billing 
(ibid). 
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If there were many competing claims to usage of the water in Motala Ström, 
then the potential to increase abstraction for water supply would be limited. 
In Norrköping, only a small fraction of the flow in Motala Ström is used for 
water supply and the number of competing uses is small; a power plant uses 
the major water flow (Löwgren 2003).  
 
Effectiveness involves balancing benefits and costs of volumetric billing in 
Ringdansen from the perspective of society. Motala Ström was not used close 
to the abstraction permit. Further, currently the manufactured water supply 
infrastructure was used at approximately 60% of its maximum capacity. 
Volumetric billing did not result in any change in the amount and 
composition of harmful substances in the wastewater, suggesting that the use 
of water resources as a sink for waste remained unchanged. Neither technical 
nor environmental considerations limited the physical growth of the water 
infrastructure in Norrköping. Consequently, I argue that the variable cost of 
water supply and wastewater treatment better reflects the value to society of 
the water saved. This would be considerably lower than the volumetric rates 
used by the multi-utility (SEK 15.30 per m3) and the Housing Company (SEK 
17.15 per m3) (Hyresbostäder 2004, Sydkraft 2005b). Hence, the saving for the 
Housing Company exceeds the value for society of lower water consumption. 
Furthermore, the introduction of volumetric billing induced many households 
to stop using water for purposes with lower value than the volumetric water 
rate (SEK 17.15 and SEK 40.50, respectively). The cold water rate was higher 
than the cost to society, implying a loss. Also, the value to society of the 
energy for heating water saved must be included, which is probably better 
reflected by the variable energy cost.  
 
Hyresbostäder (2003) stated that paying for your own water use is fairer than 
paying for your neighbours’. The introduction of volumetric billing changed 
the allocation principle in Ringdansen from allocation mainly according to the 
household’s water demand or -use to allocation on the basis of ability and 
willingness to pay. In terms of making users pay for their own water 
consumption, implementation of volumetric billing was very effective. 
 
The population in Ringdansen dropped due to fewer apartments and less 
families with children after the introduction of volumetric billing. Adding 
decreased per capita water consumption suggests that the distribution network 
in Ringdansen is used less efficiently after the Ringdansen project. The 
maintenance cost of the network stays the same, suggesting a higher 
maintenance cost per capita. People moving to residential areas without 
volumetric billing will probably not change their water consumption, 
suggesting that the effects of selective implementation must include the 
unaffected water consumption in the households that move.  
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Stricter nitrogen regulations have brought down the nitrogen concentration in 
the effluent considerably, which since 2003 is in compliance with the EU 
Wastewater Directive (Sydkraft 2005a). The additional nitrogen removal 
implies compliance with the current environmental goals of the Östergötland 
County Administrative Board in terms of the total amount of nitrogen 
contained in the effluent from Slottshagen. 
 
In conclusion, the economic value of the saved water was significantly lower 
than the net effect of the Housing Company’s service cost and expense. This 
decreases the net benefit from reduced service consumption.  

INDICATORS TO ASSESS THE DEVELOPMENT POTENTIAL CRITERION 
The introduction of volumetric billing leads to higher water expenses 
compared with the situation prior to the Ringdansen project at the same time 
as the consumption of water decreases.  
 
In Norrköping, water consumption decreased by 0.04 Mm3 annually in 1990-
2003 while the population increased by 200 people per year (Appendix I, fig. 
A.4). This means that other measures, such as installation of more water-
efficient appliances, more than compensate for population growth. 
Consequently, the excess capacity of the water supply infrastructure increases, 
suggesting potentially good development potential, that is, there is room for 
more people and water-consuming activities in Norrköping. The amount of 
wastewater treated at Slottshagen in 1990-2003 was on average 15.7 Mm3 
annually with variation according to precipitation (Sydkraft 2005a). At present, 
the wastewater treatment plant is operated at 60% of maximum capacity in 
terms of water flow and approximately 75% in terms of the amount of 
organic matter treated at Slottshagen. The compliance with the environmental 
goals for phosphorus load is less clear. At present, however, this indicates that 
the natural and manufactured elements of the water infrastructure would be 
sufficient for the projected population increase until 2020.  
 
The slow population growth, unclear future employment and income status 
and excess capacity in the water infrastructure in Norrköping suggest an 
interest in maintenance of the existing water infrastructure because the scope 
for new investment would be small. The excess water supply capacity 
indicates a relatively low interest in demand management measures.  

Water infrastructure in a growing municipality, Uppsala 
Uppsala is situated about 70 km north of Stockholm. In Uppsala, the fourth 
largest municipality in Sweden in terms of population, population grew 
continuously from 124 500 to 180 500 in 1968-2003 (Appendix I, fig. A.1). 
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Since the 1970s, the underlying trend is faster growth in the number of 
employed in Uppsala than in other Swedish municipalities, which explains part 
of the population growth (Appendix I, fig. A.3). Both labour market and 
demographic projections in Uppsala contribute to a belief in continuous 
population growth until 2030 (Uppsala municipality 2003). Uppsala 
municipality (2004) projects population to be 232 000 in 2030. In 1991-2002, 
the average real income in Uppsala increased by 48% from SEK 130 000 to 
193 000 (Appendix I, fig. A.2); the major part of the increase took place from 
1995 and onwards. This was high according to Swedish standards (Statistics 
Sweden 2003d). 

THE DECISION TO INCREASE THE WATER SUPPLY INFRASTRUCTURE  
A growing population increases the demand for water services. In Uppsala, a 
municipal department, VA- och avfallskontoret (from hereon, Sanitation 
Office14) operates the water infrastructure and the Sanitation board orders 
water activities. The Uppsala Sanitation Office (1999) investigated whether the 
water supply infrastructure needed to change to meet the higher expected 
water demand. A growing demand for water services relates to sustainable 
development in terms of the ability to use the water resource as a supply 
source and a sink for waste as well as the ability of the manufactured water 
infrastructure to meet the expected higher demand in 2030. Hence, the 
Uppsala case provides an opportunity to analyse the role of the water 
infrastructure in terms of accommodating a larger population and higher level 
of economic activity than before.  
 
The water abstracted from the Uppsala boulder ridge contains too much lime. 
Lime is copper aggressive and, consequently, the copper content in the 
sewage sludge was more than twice the present limit value set by the SEPA 
for use in agriculture (Uppsala Sanitation Office 2004a). The high copper 
content limits the potential to re-use the sewage sludge. Consequently, the 
Uppsala Sanitation Office (1999) investigated four alternative ways of 
handling sludge and concluded that it was hard to find productive reuse at 
present. 
 
In 2003, a major water supply infrastructure change commenced, involving an 
increased ability to abstract water from the boulder ridge, the introduction of 
de-liming technology, and the construction of new water distribution mains 
(Uppsala Sanitation Board 2004a, Uppsala Sanitation Office 2003c). 
Consequently, the water supply infrastructure change relates to water quantity 
as well as quality (Uppsala Sanitation Office 1999). Increasing the capacity of 

                                           
14 Sanitation Office is used in the English translation on the website of Uppsala 
municipality (Uppsala municipality 2005).   
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the water supply infrastructure is considered necessary due to the projected 
population increase up to 2030, which would render the current manufactured 
water supply infrastructure insufficient (Uppsala Sanitation Office 2004d, e). 
The Uppsala Sanitation Office (1999) justified the introduction of centralised 
de-liming technology in the waterworks with the need to lower the copper 
concentration in the sewage sludge in order to enhance the prospects for its 
reuse. The construction of waterworks and distribution mains started in 2003 
and the Uppsala Sanitation Office (2003c) expects to commission them in 
2006. 

UPPSALA WATER INFRASTRUCTURE  
The major elements of the water infrastructure in Uppsala are Lake 
Tämnaren, River Fyris, infiltration areas, the Uppsala boulder ridge, well areas, 
the Kungsängen wastewater treatment plant and Lake Ekoln (fig. 6.4). The 
arrows symbolise abstraction for water supply and flow into the urban area. 
The sizes of the arrows are proportional to the average flow in 1990-2003. 
The size of Kungsängen wastewater treatment plant is proportional to their 
maximum capacity in terms of water flow.  
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Figure 6.4. Annual water flow in water infrastructure in Uppsala prior to the increased 
water supply, Mm3(Sanitation Office 2004a, d e).  
 
The Uppsala boulder ridge (in Swedish, Uppsalaåsen) contains groundwater, 
which is abstracted for water supply. Over the years, the Sanitation Office 
increased the abstraction rate from the boulder ridge, which lead to concerns 
about the falling groundwater table (Uppsala Sanitation Office 1999). In 1965, 
a court decision gave the water department the right to infiltrate surface water 
from the River Fyris into the boulder ridge (Uppsala Sanitation Office 2004d, 
e). In this way, the groundwater table is maintained at the 1950s level (Uppsala 
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municipality 2003). Today’s permission to abstract 35 Mm3 water per year was 
given by the Water Court in 1975 (Uppsala Sanitation Office 2004e).15 Over 
the years, the River Fyris was found insufficient for infiltration. Consequently, 
the Uppsala Sanitation Office applied for a permit to divert water from Lake 
Tämnaren to enhance the flow in the river. The Water Court approved the 
application and fixed the maximum and average abstraction from Lake 
Tämnaren at 31.5 Mm3 water per year (Uppsala Sanitation Office 2004d, e). 
The maximum and mean infiltration into the boulder ridge was also regulated. 
At the Vallskog and Tunåsen infiltration facilities, the Sanitation Office is 
allowed to infiltrate 9.4 Mm3 water and 12.6 Mm3 water, on a yearly average 
basis (Uppsala Sanitation Office 2004d, e). Consequently, the boulder ridge 
has been modified to increase its capacity to serve as a water supply source for 
Uppsala. The modification has connected the River Fyris with Lake Tämnaren 
and, further, increased the amount of surface water infiltrated into the boulder 
ridge. 
 
The manufactured water infrastructure in Uppsala begins before the boulder 
ridge with diversion of water from Lake Tämnaren and infiltration facilities at 
Vallskog and Tunåsen. Pumps abstract water from the boulder ridge in four 
well-areas (Uppsala Sanitation Office 2004d, e). In the 1990s, the Sanitation 
Office abstracted about 17-18 Mm3 water per year, half from Storvad, about 
40% from Galgbacken and Storgården and 10% from Sunnersta (Uppsala 
Sanitation Office 2004d, e). At present, the distribution capacity of 
Galgbacken waterworks is about 21 Mm3 water per year (Uppsala Sanitation 
Office 2004d, e). Consequently, Galgbacken could supply water to the whole 
urban area at present. Chlorine is added to the water at Galgbacken, 
Storgården and Sunnersta before distribution to users (Uppsala Sanitation 
Office 1999). At building level, some property owners have installed de-liming 
technology.  
 
Lake Ekoln, a part of Lake Mälaren, is used as a sink for waste. The nitrogen 
and phosphorus load in Lake Ekoln was the highest in the Lake Mälaren 
making mitigation of eutrophication the major environmental challenge 
(Uppsala County Administrative Board 2003). Despite the high nutrient load, 
the water quality in Lake Ekoln has improved since the 1970s due to inter alia 
investments in wastewater treatment (Uppsala County Administrative Board 
2003). According to the categories of the SEPA, phosphorus concentrations 
were high or very high and nitrogen concentrations high (Uppsala 
municipality 2003). Achieving the Uppland County Administrative Board 
(2003) regional environmental quality goal for nitrogen state 50% reduction of 

                                           
15 In 1966 the water department was permitted to abstract 17.7 Mm3 and in 1971 20 Mm3 
annually from the Uppsala boulder ridge (Uppsala Sanitation Office 2004d, e). 
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the total nitrogen load from wastewater treatment plants and 15% reduction 
of the phosphorus load until 2010 compared with 1995.  
 
The Kungsängen wastewater treatment plant is situated fairly centrally in the 
Uppsala urban area close to the River Fyris. Legal permits regulate the 
Sanitation Office’s use of Lake Ekoln as a sink for waste (Uppsala Sanitation 
Office 2004a). The total amount of organic matter (BOD7) treated at the 
Kungsängen wastewater treatment plant limits its size at 200 000 person 
equivalents, corresponding to 14 tons of BOD7 per day (Uppsala Sanitation 
Office 1995, 2004a). In 2003, legal permits also limited the content of organic 
matter (BOD7 ) to 10 mg, nitrogen to 15 mg and phosphorus to 0.3 mg per 
litre in the effluent from Kungsängen (Uppsala Sanitation Office 2004a). In 
2003, the effluent actually contained less than half the BOD7 and phosphorus 
concentration whereas the nitrogen concentration was just below the permit 
at 14 mg per litre (Uppsala Sanitation Office 2004a). The amount of organic 
substances treated was approximately 9 tons per day (Uppsala Sanitation 
Office 2004a), thus, in terms of organic matter, Kungsängen operated at two 
thirds of its maximum capacity. Kungsängen is designed for a maximum flow 
of 4 800 m3 water per hour limited by the capacity of the biological treatment 
step (Uppsala Sanitation Office 2004a). In 2003, the maximum water flow per 
month was 3 600 m3 per hour (Uppsala Sanitation Office 2004a), which 
corresponded to about three-quarters of the maximum flow.  
 
In terms of the use of land as a sink for waste, the sewage sludge is stored at 
Hovgården’s solid waste facility and is used in construction (Uppsala 
Sanitation Board 2003, 2004b). No sludge is used in agriculture due to the 
elevated copper concentration (Uppsala Sanitation Office 2004a).  

RESULTS OF THE ENHANCED WATER SUPPLY INFRASTRUCTURE 
Uppsala municipality decided to increase the water supply infrastructure to 
meet the higher expected demand for water (Uppsala Sanitation Board 2004a). 
The change in water infrastructure involves the construction of two new 
waterworks, Gränby and Bäcklösa, and a major change in Galgbacken (fig. 
6.5). The production capacity of each new waterworks will be 12 Mm3 per 
year and the distribution capacity 16–19 Mm3 annually (Uppsala Sanitation 
Office 2004d, e). The new waterworks will replace the Storgården and 
Sunnersta waterworks. Furthermore, the water distribution mains will be 
extended to improve the capacity to withstand production failures. When the 
change is completed, three independent waterworks will serve Uppsala. Two 
waterworks are believed sufficient to supply the whole municipality until at 
least 2030 (Uppsala Sanitation Office 2004d, e).  
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Figure 6.5. Estimated annual water flow in water infrastructure in Uppsala after 
increased water supply, Mm3 (Uppsala municipality 2004d, e, River Fyris 2005). 
 
The new waterworks at Bäcklösa and Gränby will be equipped with water de-
liming technology (Uppsala Sanitation Office 2003c). In 11 meters tall 
columns (Ø 2,2 meters), the water will be led through a mix of lime and sand, 
and calciumhydroxide will be added to the water to raise its pH (ibid).  
 
If more water-saving appliances continues to be introduced, captured by 5% 
lower per capita consumption, and if population grows as expected, water 
consumption in 2030 would be 22-23 Mm3 per year. This would require 
almost 50% more water being infiltrated into the boulder ridge. The projected 
water consumption in 2030 would also increase the wastewater flow to about 
25-26 Mm3 per year, which Kungsängen wastewater treatment plant would 
have sufficient capacity to handle, calculated as a yearly average. However, the 
wastewater load varies over the year due to precipitation. In 2030, the capacity 
would only be sufficient if the same ratio between yearly average and monthly 
maximum wastewater flow is maintained. However, the 25-year period 
enables further disconnection and investment in the detention of stormwater 
flows. The increased population would also imply 3-3.5 more tons of BOD7 
per day to treat at Kungsängen.  
 
The Uppsala Sanitation Office (2004d, e) estimated the total cost of the 
change in water infrastructure to SEK 400 million, in 1998 prices, and half 
that cost, SEK 200 million, will finance the construction of the centralised de-
liming technology. The operating costs will increase by SEK 2.5 million as a 
result of more staff, chemicals and energy (ibid). The construction cost of the 
waterworks was estimated at SEK 75 million and the cost of the water 
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distribution mains at SEK 45 million (ibid). The cost of increasing the 
capacity to abstract water from the boulder ridge was projected at SEK 45 
million (ibid). 

Application of economic indicators in Uppsala 

INDICATORS OF THE MAINTENANCE OF THE WATER INFRASTRUCTURE 
CRITERION 
The criticality indicator relates to importance, threat and irreversibility. The 
Uppsala Sanitation Office (1999) and Uppland County Administrative Board 
(2003) concluded that surface water from Lake Ekoln was the only available 
substitute for the boulder ridge because of the large quantity of water needed. 
However, they emphasised that Lake Ekoln would be less suitable for water 
supply than the water in the boulder ridge. Constructing a surface waterworks 
and redirecting part of the water supply mains would be very expensive 
(Uppsala Sanitation Office 1999). This clearly illustrates the importance of 
maintaining the boulder ridge as a water supply source. The importance factor 
also relates to society, or to meet human needs (Ekins 2003). The more 
people living in the urban area, the more important is the water resource. The 
driving force behind the change in water infrastructure in Uppsala was a 
desire to increase both population and economic activity, as a result of which 
importance of the boulder ridge for society will be higher in the future.  
 
Threat relates both to activities the Sanitation Office can affect and external 
activities. In 1999, the Uppsala Sanitation Office reported increasing 
concentration of humus, pesticide and petroleum residuals in River Fyris and 
Lake Ekoln. At that point, no such substances were detected in the water in 
the Uppsala boulder ridge, only residuals of a pesticide that was banned in the 
1980s (Uppsala Sanitation Office 1999). However, Uppsala municipality 
(2003) reported low concentrations of pesticide residuals as well as rests of 
petroleum products in the water in the boulder ridge. Moreover, the Uppsala 
Sanitation Office (1999) and Uppsala municipality (2003) observed that the 
content of organic matter in the water abstracted from the boulder ridge was 
increasing. External processes such as traffic, air pollution and other land use 
activities affect the amount of substances ending up in the boulder ridge 
(Uppsala Sanitation Office 1999). Parts of Uppsala are built on the infiltration 
surface of the boulder ridge (ibid). The Uppsala Sanitation Office has dealt 
with external threat by declaring the Uppsala boulder ridge a water protection 
area (Uppsala Sanitation Office 2004c). The use of water protection areas and 
treatment before infiltration illustrates that the water infrastructure is not 
isolated from other activities in society. The result of both measures is to 
enhance the isolation of the water infrastructure from other activities in order 
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to maintain the boulder ridge as a water supply source. In terms of the 
obtaining inputs indicator, the centralised de-liming technology uses energy and 
calciumhydroxide. This replaces the use of energy and chemicals of in-
building de-liming technologies.  
 
The change in water infrastructure relates to the maintenance of funds indicator in 
terms of the use of water as a supply source and a sink for waste as well as on 
the use of land as a sink for waste. The legal abstraction permit sets an upper 
limit for the abstraction of water from the boulder ridge. Legal permits also 
regulate the amount of water that may be abstracted from and infiltrated into 
the Uppsala boulder ridge. These permits are concretions of the 
environmental capital that has been allocated to the water infrastructure in 
Uppsala. Once completed, the capacity of the manufactured water 
infrastructure will be close to, or above, the legal permit for abstracting water 
from the boulder ridge. The abstraction rate in the boulder ridge exceeds the 
recharge rate, and has done so for decades. The enhanced infiltration, I argue, 
results in a more flow-like use of the boulder ridge. The increased amount of 
substances in the water running through the boulder ridge suggests that the 
boulder ridge is currently not maintained as an environmental fund. 
Accordingly, investment in additional treatment before infiltration or after 
abstraction, such as filtration at the waterworks, might be needed (Uppsala 
Sanitation Office 1999). The maintenance of funds indicator also relates to Lake 
Ekoln because it is used as a sink for waste. This shows a potential for conflict 
between current environmental limits, which permit the total load of nitrogen 
and phosphorus in the effluent to increase as long as the effluent 
concentration limits are not exceeded. The environmental goals for the 
receiving water, however, imply a 15% reduction of the phosphorus load and 
50% reduction of the nitrogen load from wastewater treatment plants in 2010 
compared with the 1995 level. Consequently, the water flow to Kungsängen 
might increase but if the nitrogen concentration in the effluent would stay the 
same, this means that the total amount of nitrogen in the effluent from 
Kungsängen would increase. However, according to one of the operational 
goals of the Uppsala Sanitation Board (2003, 2004b), the total amount of 
nutrients contained in the effluent from Kungsängen should not increase. 
 
Investment in de-liming technology is expected to improve the potential for 
reuse of the wastewater sludge. Nevertheless, unsolved questions remain, for 
instance, the content of chemicals. Hence, the prospects of using the sludge 
on agricultural land would yet be unclear. I note that the de-liming technology 
might decrease the need for land as a sink for waste compared with today’s 
water infrastructure. This depends on the ability to use the sludge in 
agriculture, soil production, construction or incineration after de-liming is 
introduced. All these options involve investment. The landfill ban on organic 
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matter implies a condition for the use of land as a sink for waste, which the 
urban water infrastructure has to meet. 
 
In terms of the efficiency indicator, the centralised de-liming technology will 
reduce the need for in-building de-liming technologies. In comparison to in-
building de-liming, centralised de-liming technology would be more energy 
efficient, use less chemicals and generate a rest product that could be re-used. 
The Uppsala Sanitation Office (1999) and the Uppsala Sanitation Board 
(2004b) claimed that the future use of the boulder ridge was relatively more 
efficient than today because more water will be abstracted in its southern part. 
In a more general sense, the larger expected population in the future will 
improve the efficiency in the use of the part of the water infrastructure 
operated by the Sanitation Office. Moreover, the present level of water 
consumption is about half the permitted abstraction level and current capacity 
to abstract, chlorinate and distribute also exceeds present water consumption. 
Consequently, neither legal abstraction permits nor technical capacity limit 
water supply in Uppsala. The Uppsala Sanitation Office (1999) identified 
pump capacity as the limiting factor for abstraction of water from the boulder 
ridge as well as the amount of water available for infiltration.  
 
In conclusion, expected higher water demand in the future requires more 
infiltration into the boulder ridge, which means that the potential threat of the 
boulder ridge will increase. Accordingly, I conclude that in the future, the 
boulder ridge will be used less as a fund, compared with before the change in 
water infrastructure. 

WATER-EXPENSE-TOTAL INCOME OF THE AFFORDABILITY CRITERION 
To finance the change in water infrastructure, the Uppsala Sanitation Office 
(1999) projects that the water rate needs to increase by SEK 2–3 per m3, 
corresponding to SEK 300-450 annually for a typical household (150 m3). The 
Uppsala Sanitation Board (2003) projects a water rate increase in 2004-2007. 
The annual water expense after the change in water infrastructure would then 
increase to SEK 2 490–2 640 from SEK 2 190 in 2003 (Uppsala Sanitation 
Office 2004f, g).  
 
The water expense-total income indicator was calculated for four socio-
economic categories and for a typical household before and after the change 
in water infrastructure, which is presented in table 6.10. The comparison only 
reveals the effect of the investment cost, since I kept income constant at the 
2003 level.  
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Table 6.10. Water expense-total income ratio in Uppsala before and after the change in 
water infrastructure for selected socio-economic categories (Uppsala Sanitation Office 1999, 
2004f, Statistics Sweden 2003d). 
 Before After
Pensioner couple 0.5 0.6 
Single woman pensioner 0.8 1.0 
Married couple16 0.7 0.8 
Single woman with children 0.9 1.1 
Typical household 1.0 1.2 
 
The water expense-total income ratio will increase slightly due to the 
investment and operating cost. However, the increase was small and will easily 
be counteracted by increased income in 2003-2006. The increase in water rate 
will bring the water expense-total income ratio back to the level it was at a 
couple of years earlier. Moreover, the change in water infrastructure will 
reduce the operating costs for property owners having invested in de-liming 
technology (Uppsala Sanitation Office 1999). The annual operation cost of 
de-liming technology, though not very expensive to buy, was about SEK 1 
000 (ibid). Consequently, in such buildings the total water expense will 
decrease after the change in water infrastructure has taken place. 

THE REVENUE-COST BALANCE INDICATOR OF THE COST-RECOVERY 
CRITERION 
One objective of the water rate in Uppsala is to achieve full cost-recovery 
even when demand decreases but also to create a strong incentive to conserve 
resources, achieve a correct allocation between user categories and be simple 
to administer (Uppsala Sanitation Office 1990). The level of cost-recovery 
exceeded 100% in 1991–2002 (Uppsala Sanitation Office 1990, Swedish 
Water 1997, 2002). The water rate stayed the same in 2000–2004 (Uppsala 
Sanitation Board 2004b), suggests good cost-recovery. In 2003, the revenue 
exceeded the costs for the Sanitation Office, the revenue was SEK 192.8 
million and the cost SEK 161.2 million, corresponding to about 120% cost-
recovery (Uppsala Sanitation Board 2004a).  
 
Investment in additional nitrogen removal made from 1999 and onwards, as 
well as the change in water infrastructure studied here, will determine the cost 
trend the previous and coming years (Uppsala Sanitation Board 2003, 2004a). 
These investments will increase the capital debt of the Uppsala Sanitation 
Office from SEK 427 million to SEK 1 023 million (projected) in 2002-2007 
(Uppsala Sanitation Board 2004b). The projected increase in capital dept and 
operation cost means that total annual cost will increase from SEK 162 

                                           
16 Also includes couples living together without being married. 
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million to SEK 246 million in 2002-2007 (ibid). The cost was projected to 
exceed revenue from 2005 and in the future and as a result, an increase of the 
water rate is planned (ibid). This reaffirms the Uppsala Sanitation Office’s 
(1999) requirement of 100% cost-recovery. Hence, cost-recovery was high 
and will be unaffected by the change in water infrastructure. The Uppsala 
Sanitation Board decided to finance the investment in water infrastructure 
through increased user fees. 

INDICATORS OF THE EFFECTIVENESS CRITERION 
Uppsala municipality (2004) projected a continuous population and economic 
growth up to 2030. The decision to increase the capacity in the water supply 
infrastructure is well in line with these aspirations. In this section, I discuss 
whether the increased population is compatible with compliance of local 
environmental goals. One of the operational goals of the Uppsala Sanitation 
Office is that the total amount of nitrogen in the effluent should not increase. 
No reference year was given for this target, suggesting that it is assessed on a 
year-to-year basis. The Uppsala County Administrative Board (2003) has 
formulated the implications of national environmental quality objectives for 
Lake Ekoln. By 2010, the total load of nitrogen and phosphorus from 
wastewater treatment should decrease by 50 and 15%, respectively, compared 
with the load in 1995. In 1992-1994, about 480 tons of nitrogen and 3.9 tons 
of phosphorus were contained the in effluent from Kungsängen. In 2001-
2003, the average amount of nitrogen treated at Kungsängen was about 780 
tons and 140 tons of phosphorus and the effluent contained 250 tons of 
nitrogen and 2.4 tons of phosphorus (Uppsala Sanitation Office 2004a). 
Assuming the amount of nitrogen treated at Kungsängen is linearly correlated 
with population, results in 270 tons of nitrogen in the effluent in 2010. 
Consequently, additional nitrogen removal would be needed in order to fulfil 
the goal related to nitrogen in 2010. The current rate of nitrogen reduction is 
limited by the availability of organic carbon, making it possible to reduce more 
nitrogen at a cost of SEK 20 per kilo (Olshammar et al. 2003). Consequently, 
at present, environmental targets do not limit population growth. 
 
The Uppsala municipality (2003) identifies the maintenance of the boulder 
ridge as water supply source. The change in water infrastructure does, 
however, increase the ability to abstract water almost threefold, implying that 
there will be a large excess capacity in the water supply infrastructure. The 
third waterworks will not be commissioned until earliest in 2015, which 
reduces the excess capacity a bit. The large excess capacity represents a 
deterioration from an efficiency viewpoint. Moreover, this implies that water 
supply capacity will not limit future population growth. The Kungsängen 
wastewater treatment plant is presently utilised at 75% of its maximum 
capacity, implying that more people are possible without investment in 
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additional capacity. Lower concentrations of copper (and zinc) in the sludge 
make it possible to use the sludge in agriculture. However, at present there is a 
moratorium on sludge due to, among other things, concerns about harmful 
substances contained in the sludge. It was, therefore, hard to assess the 
possibilities for reusing the sludge in Uppsala.  

INDICATORS OF THE DEVELOPMENT POTENTIAL CRITERION 
In the studies of alternative water supply alternatives (Uppsala Sanitation 
Office 1999) and in the application to the Environmental Court (Uppsala 
Sanitation Office 2004d, e), I found that expected water demand was 
projected on the basis of assumptions of population increase and constant per 
capita water consumption until 2030.  
 
Total water consumption and population in Uppsala in 1990-2003 as well as 
the expected population and water consumption is presented in fig. 6.6. In 
1990–2003, total water consumption in Uppsala followed no significant trend; 
in fact there was a small decrease (Uppsala Sanitation Office 1999, 2004d, e). 
At the same time, the population increased by about 20 000 people (15%), 
resulting in continuously decreasing per capita water consumption. More 
widespread use of water-efficient appliances explained part of the decreased 
per capita water consumption.  
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Figure 6.6. Annual water production and population in 1990-2030 in Uppsala. Left y-
axis Mm3 water and right y-axis 1 000 inhabitants (Statistics Sweden 2003b, Uppsala 
municipality 2004, Uppsala Sanitation Office 2004a). 
 
The amount of wastewater treated at Kungsängen and population in Uppsala 
1976-2003 are presented in fig. 6.7. In 1976-2003, the population increased by 
approximately 40% whereas the average annual amount of wastewater treated 
at Kungsängen decreased by 18% from 23.5 Mm3 in 1976–1980 to 19.3 Mm3 
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in 1999–2003 (Uppsala Sanitation Office 2004a). The variation between years 
was high because of variation in precipitation.  
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Figure 6.7. Annual amount of wastewater treated at Kungsängen and population in 
1976-2003 in Uppsala, left y-axis Mm3 wastewater and right y-axis 1 000 inhabitants 
(Statistics Sweden 2003b, Uppsala municipality 2004, Uppsala Sanitation Office 
2004a). 
 
Since the 1990s, the decreased amount of wastewater treated at Kungsängen 
could not be explained by installation of more water-efficient appliances. 
During this period, the Sanitation Office disconnected stormwater pipes from 
the wastewater mains, which partly explained the decreased amount of 
wastewater treated at Kungsängen. This illustrates that the Uppsala Sanitation 
Office was able to bring the existing water infrastructure more in line with the 
most limiting factor at present, implying both readiness and ability to adapt it 
depending on the circumstances. Consequently, the existing water 
infrastructure is not static.  

Water rate 
The water rate currently in force in Uppsala implies that the marginal water 
price decreases slowly by volume, in 2003 the average cost decreased from 
SEK 15.6 (100 m3) to SEK 14.0 (200 m3). The water rate currently in force in 
Uppsala implies that households pay a minimum water fee corresponding to 
60 m3 consumption annually. Above that consumption, the water rate is 
completely variable and decreases gradually by volume. The Uppsala 
Sanitation Office (1990) noted that the water rate currently in force results in 
a stronger incentive for users to save water as well as a better reflection of the 
decreasing marginal cost of delivering water to users than what would have 
been the case if a combination of fixed and volumetric rates had been used. 
The economic incentive to save water in Uppsala is maximised because most 
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users’ water consume exceeds 60 m3 and, consequently, they face a full 
volumetric rate.  
 
The proportion of the population with metered water consumption was 48% 
in 1990 (Statistics Sweden 2002). The rest of the population could not directly 
affect their water expense by changing their consumption of water services. 
The proportion of the population in Uppsala living in detached houses has 
increased since 1990. Accordingly, changing the water rate today would not 
change the economic incentive to save water for about half the population in 
Uppsala.  
 
The total household water expense in Uppsala was less than 1% of the 
average total income of households living in detached houses, suggesting that 
water expense might be too low a proportion of household income to induce 
any change in consumption.  

Water infrastructure in a stagnant municipality with ageing people, 
Surahammar 
Surahammar is situated about 130 km northwest of Stockholm. It is an 
industrial town with a few dominating employers (Kärrman et al. 2005). The 
number of jobs decreased from almost 6 000 to 4 700 in 1989-2002 
(Appendix I, fig. A.3) and the prospects for creating jobs in the future are 
unclear. Population decreased by 5% from 10 850 to 10 200 in 1968-2003 
(Appendix I, fig. A.1) and since 2002 population has levelled out (Statistics 
Sweden 2003b). However, Surahammar underwent a demographic shift in 
1968–2003 from relatively many families with children and few old people to 
very few young people and many old people (Statistics Sweden 2003b). In 
2002, the most significant demographic characteristics in Surahammar were a 
small proportion aged 20–29 and a large proportion aged above 65 (Statistics 
Sweden 2003b). The Västmanland County Administrative Board (2004) 
projects constant population until 2020. The proportion of people aged above 
65 will increase further, reaching 25% of the population in 2020 (ibid).  

THE DECISION TO INTRODUCE KITCHEN WASTE DISPOSERS 
It is reasonable to expect that the demand for water services in the future will 
decrease due to the stagnant and ageing population. The manufactured water 
infrastructure is long-lived, and the prospects of affecting its capital costs are 
small. This raises questions about the water utility’s ability to collect enough 
revenue from users in the future. 
 
The kitchen waste disposer was invented in the United States in the 1920s, 
where almost half the population use them (Kärrman et al. 2001). In Sweden, 
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Kärrman et al. (2001) estimated that less than 1% of the Swedish population 
used kitchen waste disposers and the SEPA takes a critical stance towards 
their use due to environmental and wastewater infrastructure concerns (ibid). 
Kärrman et al. (2001) also claimed that the position of the SEPA would not 
change unless new evidence demonstrates environmental and resource 
advantages in comparison to other source separating techniques.  
 
The Surahammar KommunalTeknik AB (from hereon, public multi-utility) is 
a multi-utility providing water, wastewater and stormwater as well as energy, 
electricity and solid waste services in the Surahammar urban area. 
Notwithstanding of the position of the SEPA, the public multi-utility decided 
to encourage installation of kitchen waste disposers in blocks of flats and 
detached houses (Storbjörk and Söderberg 2003). A disposer enables the user 
to divert a part of the kitchen waste from the solid waste bin to the 
wastewater pipe, thus, increasing the transport of nutrients, organic 
compounds and water to the wastewater treatment plant. In Surahammar, the 
Haga wastewater treatment plant was equipped with a biogas plant, where the 
kitchen waste is turned into biogas (Kärrman et al. 2005). This has resulted in 
more efficient use of the wastewater infrastructure operated by the public 
multi-utility (Storbjörk and Söderberg 2003).  
 
The number of kitchen waste disposers increased successively from 30 to 
about 1 500 in 1997-2002, resulting in one in every second household in the 
Surahammar urban area (Storbjörk and Söderberg 2003). Proponents claimed 
that their use enables the energy in the kitchen waste to be utilised and that 
transport through the wastewater pipes requires less fossil fuel than transport 
by truck (ibid). 
 
A stagnant and ageing population in Surahammar will use less water in the 
future. The unclear prospects for employment and income suggest that the 
manufactured water infrastructure’s need for maintenance, which required 
revenue from users, might be critical in relation to sustainable development. 
In such a situation, the public multi-utility operates a too large an 
infrastructure that will continue to expand in per capita terms in the future. In 
the Surahammar case, the economic indicator set is applied to a change in 
water infrastructure, which aims at reducing the excess capacity in the existing 
water infrastructure. Furthermore, the change in water infrastructure also 
demonstrates how introduction of a technique physically connects the solid 
waste and water infrastructures. 
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SURAHAMMAR WATER INFRASTRUCTURE 
The main elements of the water infrastructure in Surahammar are Strömsholm 
boulder ridge, Rävnäs and Färmansbo waterworks, Haga wastewater 
treatment plant and Kolbäcksån (fig. 6.8, Surahammar municipality 1990). 
 
The public multi-utility pumps water from the Strömsholm boulder ridge at 
Rävnäs and Färmansbo. Annual water consumption varied between 1.04 and 
1.19 Mm3 in 1997–2000 (Surahammar public multi-utility 1998, 1999, 2000, 
2001). The water quality is good, resulting in chlorination as the sole treatment 
before the water is distributed to users (Thunström pers. comm.). Three 
quarters of the water abstracted from the boulder ridge is natural whereas one 
quarter is infiltrated surface water (Kärrman et al. 2005). Västmanland County 
Administrative Board (2002) estimated the capacity to abstract water at 
Rävnäs to approximately 4 Mm3 per year. Futher, there is an emergency water 
supply source capable of supplying Surahammar (Surahammar municipality 
manuscript). 
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Figure 6.8. Annual water flow in the water infrastructure in Surahammar before the 
introduction of kitchen waste disposers, Mm3(Surahammar public multi-utility 1998-
2001, Västmanland County Administrative Board 2002, Kärrman et al. 2005). 
 
The Haga wastewater treatment plant uses Kolbäcksån, which flows into Lake 
Mälaren and Lake Östersjön, as a sink for waste (Surahammar municipality 
1990). On behalf of the Kolbäcksån Water quality association, Sonesten et al. 
(2001) observed that nitrogen from wastewater treatment plants contributed 
more to the total nitrogen load in Lake Mälaren than phosphorus from 
wastewater treatment. Further, they identified a high metal content in 
sediments and water, explained by mining activities that ceased many years 
ago. The metal content in Lake Östersjön was among the lowest in the 
catchment area (ibid).  
 
Haga wastewater treatment plant is equipped with a biogas reactor. Effluent 
standards and permits for Haga regulate the use of water as a sink for waste. 
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The Västmanland County Administrative Board granted the permission in 
1999 (Surahammar public multi-utility 2001). A total amount of organic 
matter of 10 000 person equivalents (BOD7), corresponding to 700 kg per 
day, limits the size of Haga wastewater treatment plant (ibid). The effluent 
from Haga wastewater treatment plant may not contain more than 10 mg 
BOD7 and 0.5 mg phosphorus per litre whereas there is no limit for nitrogen 
(Surahammar public multi-utility 1998-2001). In 2000, the effluent from Haga 
contained 5 mg BOD7, 0.26 mg phosphorus and 20.9 mg nitrogen per litre 
(Surahammar public multi-utility 2001). The annual amount of wastewater 
treated at Haga varied between 1.6 to 2.0 Mm3 in 1997-2000 (Surahammar 
public multi-utility 1998-2001). The annual maximum flow was 2.3 Mm3 
(Surahammar public multi-utility 2001). 

RESULTS OF INSTALLATION OF KITCHEN WASTE DISPOSERS 
Introduction of kitchen waste disposers in Surahammar implies more use of 
manufactured capital at the property level (fig. 6.9). Since the water 
infrastructure was already equipped with a biogas reactor, no significant 
investment was needed in the parts operated by the public multi-utility. 
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Figure 6.9. Water flow in water infrastructure in Surahammar after introduction of 
kitchen waste disposers, Mm3(Surahammar public multi-utility 1998-2002). 
 
Kitchen waste disposers result in more organic matter, nitrogen and 
phosphorus being transported to the wastewater treatment plant (Nilsson et al. 
1990). The amount of wastewater treated at Haga increased from 8 600 
person equivalents to 9 500 in 1987-2000 (Surahammar municipality 1990, 
Surahammar public multi-utility 2001). However, Karlberg and Norin (1999) 
were not able to detect higher content of organic matter, nitrogen or 
phosphorus in the effluent from Haga wastewater treatment plant after the 
disposers had been installed. Effluent data from environmental reports in 
1999 and 2001 support their conclusion (Surahammar public multi-utility 
2000, 2001). Karlberg and Norin (1999) observed that the production of 
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biogas increased in line with theoretically derived estimates. The combination 
of increased production of biogas without an increased content of nutrients in 
the effluent from Haga, suggests that the installation of kitchen waste 
disposers in Surahammar was beneficial from an environmental point of view 
(Kärrman et al. 2001). The results of Kärrman et al. (2001) indicate that the 
amount of metals reaching the Haga wastewater treatment plant will increase 
as will the amount of metals reaching Kolbäcksån.  
 
Nilsson et al. (1990) observed that daily per capita water consumption 
decreased from 183 to 170 litres when kitchen waste disposers were 
introduced and that households used 3 litres of water per grinding, in total 7.2 
litres per household and day. In their study, however, the conclusion was that 
the introduction of kitchen waste disposers did not affect of water 
consumption. For Surahammar, this conclusion implies that population 
change and installation of more water-efficient appliances would be more 
important determinants of water consumption.  
 
Property owners buy and install kitchen waste disposers, which constitute the 
major investment of the change in water infrastructure in Surahammar. A 
representative of the public multi-utility estimated the investment and 
installation cost at SEK 2 650 and SEK 1 000, respectively and the operating 
cost at SEK 70 per year (Thunström pers. comm.). The installation of kitchen 
waste disposers increased household electricity consumption by 2.2 kWh per 
year (Nilsson et al. 1990, 300 W disposer) or 4.4 kWh (Kärrman et al. 2001, 
600 W disposer). Kärrman et al (2001) reported the annual maintenance cost 
for kitchen waste disposers to be SEK 20, based on a Swedish study from the 
middle of the 1990s. Consequently, the introduction of kitchen waste disposer 
results in a small increase in the users’ operating cost and investment cost. 
 
The increased flow of organic matter and nutrients also increased the 
operating cost at the wastewater treatment plant (Nilsson et al. 1990) whereas 
the cost of water treatment would be unaffected. A consequence of the 
change in water infrastructure is increased production of biogas, which is used 
as a substitute for fossil fuel. Based on the results from these studies, the 
introduction of kitchen waste disposers would result in very small increase in 
operation cost for the public multi-utility in Surahammar. 
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Application of economic indicators in Surahammar 

INDICATORS OF THE MAINTENANCE OF THE WATER INFRASTRUCTURE 
CRITERION 
Traffic and other external activities as well as infiltration of water into the 
Strömsholm boulder ridge threaten the maintenance of the Surahammar 
boulder ridge as a water supply source. Installation of kitchen waste disposers 
did not add to the threat. A stagnant population indicated unchanged 
importance. Consequently, the criticality indicator is unaffected by the change 
in water infrastructure in Surahammar. In terms of the obtaining inputs 
indicator, the introduction of kitchen waste disposers resulted in higher 
electricity consumption and a slightly higher expense for maintenance of the 
kitchen waste disposer.  
 
In terms of the maintenance of funds indicator, the Strömsholm boulder ridge 
was used in a relatively fund-like manner. At present levels of water 
consumption, there is large excess capacity in the manufactured water supply 
infrastructure. Surahammar municipality (1990) identified high manganese 
content as the only quality-related problem except, of course, the effects of 
pollution from external sources. In 2001, however, Surahammar municipality 
(manuscript) reported increasing concentrations of chloride caused by a major 
road on the Strömsholm boulder ridge. The capacity of Kolbäcksån as a sink 
for waste has been maintained. Hence, water as a sink for waste did not limit 
the physical growth of the water infrastructure in Surahammar. The 
manufactured and natural capital allocated for the generation of water services 
was more than sufficient. High concentrations of metals, however, were 
found in the water in the Kolbäcksån catchment area. Since utilisation of 
kitchen waste disposers increases the transport of metal to the wastewater 
system, this implies more metals in the receiving water. 
 
Introduction of kitchen waste disposers generates more sludge diverted from 
the wastewater treatment processes (Nilsson et al. 1990, Karlberg and Norin 
1999). This means increased demand for the use of natural capital as a sink on 
land. The sludge from Surahammar was used as filling material in Västerås. 
Existing capacity is sufficient for handling the higher volume of sludge. 
Keeping the substances contained in the sludge within the urban area suggests 
a low demand for land as a sink for waste. The manufactured water 
infrastructure should also be maintained. A high percentage of the total cost 
of the generation of water services was fixed, that is, it could not be 
influenced in the short run. This suggests a relatively unchanged maintenance 
cost as far as the manufactured water infrastructure is concerned. The public 
multi-utility had few measures to “down-size” the existing water 
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infrastructure. Revenue collected from users is needed to obtain the goods 
and labour needed to maintain the manufactured water infrastructure.  
 
More efficient use of the wastewater infrastructure was a reason for the 
implementation of kitchen waste disposers. Decreased per capita water 
consumption and a stagnant or decreasing population resulted in lower 
demand for both water and wastewater services. Consequently, the public 
multi-utility wanted to close the gap between current and designed flows 
(Storbjörk and Söderberg 2003). Thus, the higher flow of organic kitchen 
waste in the wastewater pipes resulted in more efficient use of the wastewater 
pipes, the treatment plant and the biogas plant. The large number of kitchen 
waste disposers, one per apartment, used 2.4 times per day (Nilsson et al. 
1990), was, however, not very efficient at the building level. These efficiency 
effects need to be balanced with each other. The efficiency of the use of the 
water supply infrastructure has not been affected by the introduction of 
kitchen waste disposers. 

WATER EXPENSE-TOTAL INCOME OF THE AFFORDABILITY CRITERION 
The public multi-utility did not change the water rate when the kitchen waste 
disposers were introduced. Instead, it changed the solid waste rate in 1997 
(Storbjörk and Söderberg 2003). Hence, the water expense paid to the public 
multi-utility was unaffected by introduction of kitchen waste disposers.  
 
In Surahammar, the water expense trend over time could be relevant when 
assessing the ability to maintain the manufactured water infrastructure. In 
1997-2003, the public multi-utility did not change the water rate, only the level 
of the rate (Swedish Water 1997, 2002). The public multi-utility used a 
combination of fixed (32%) and variable water rate (Surahammar public 
multi-utility 2002). Table 6.11 shows the water expense-total income ratio for 
four socio-economic categories as well as for a typical household (150 m3) in 
1997 and 2003. The average water consumption in 1997 was used in all socio-
economic categories (Swedish Water 1997). In practise, water consumption 
differs between categories and it decreased in 1997-2003.   
 
Table 6.11. Water expense-total income ratio in Surahammar in 1997-2003, selected 
socio-economic categories (Swedish Water 1997, 2003, Statistics Sweden 2003b). 
 1997 2003
Pensioner couple 1.0 1.1 
Single woman pensioner 2.0 2.1 
Married couple17 1.0 1.2 
Single woman with children 1.6* 1.8 
Typical house A 1.7 1.8 
                                           
17 Also includes couples living together without being married. 
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In 1997-2003, the water expense-total income ratio increased in a typical 
household from 1.7 to 1.8% of the total income. This illustrates that 
demographic trends affect affordability in a stagnant area such as 
Surahammar. The water expense was SEK 2 670 in 1997 and SEK 3 780 in 
2002 (Swedish Water 1997, 2002). The ratio exceeded 2% for single women 
pensioners living in detached houses. The water expense in apartments in 
blocks of flats is lower and consequently the indicator was less suitable for 
assessment of the affordability criterion in the case of single women 
pensioners and other apartment households.  
 
The changed solid waste rate enabled households to choose between kitchen 
waste disposer and 130 litre bin, home compost and a 130 litre bin, and a dual 
bin, that is a bin for organic waste plus a 130 litre bin (Surahammar public 
multi-utility 2000). The annual total expense for water and solid waste was 
about the same for the kitchen waste disposer and the home compost options 
whereas the total expense for the dual bin option was about SEK 1 500 more 
expensive (table 6.12). In order to encourage the installation of kitchen waste 
disposers, the public multi-utility helped users finance the investment and 
installation cost of the kitchen waste disposer (Thunström pers. comm.). 
Users paid SEK 600 annually over 8 years for the kitchen waste disposer plus 
installation (about SEK 1000) and operating cost (SEK 30–70) (Thunström 
pers. comm.), which in total is about SEK 800 per year. The kitchen waste 
disposer option, hence, was cheaper for the user than the dual bin option even 
when investment, installation and operating costs were included. The solid 
waste rate of 1997 thus created a strong incentive for users not to choose the 
dual bin option. 
 
Table 6.12. Total expense for water and solid waste in Surahammar in a typical house A 
in 2002 (Surahammar municipality 2000, Swedish Water 2002). 
 Disposer and 

130 l bin 
Home compost 
and 130 l bin

Dual bin 

Solid waste expense 1 650 1 500 3 100 
Water expense 3 780 3 780 3 780 
Total expense 5 430 5 280 6 880 

REVENUE-COST BALANCE OF THE COST-RECOVERY CRITERION  
In Surahammar, cost-recovery fell from 100% in 1997 to 98% in 2002 and 
onwards (Swedish Water 1997, 2002, 2003). The annual cost of the public 
multi-utility did not increase significantly when kitchen waste disposers were 
introduced. The major change in water infrastructure was the installation of 
kitchen waste disposers, the cost of which faced the property owners.  
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INDICATORS OF THE EFFECTIVENESS CRITERION 
In Surahammar, the stagnant and ageing population is cause for concern. 
Population projections suggest a stagnant population until 2020 consisting of 
almost 25% over the age of 65 at the end of the period. The nitrogen and 
phosphorus concentrations in the receiving water were low and the amount of 
nutrients contained in the effluent from Haga wastewater treatment complied 
with effluent limits (Surahammar public multi-utility 2001, Kärrman et al. 
2005, Västmanland County Administrative Board 2005), suggesting that 
environmental concerns would not be the most significant factor for changes 
in water infrastructure in the future.  

INDICATORS OF THE DEVELOPMENT POTENTIAL CRITERION 
The water rate has increased significantly, contributing to a stronger economic 
incentive to save water, augmenting the effect of a decreasing population and 
installation of more water-efficient appliances at the building level. The public 
multi-utility can only affect property owners indirectly by changing the water 
rate so that it provides weaker economic incentive to reduce water 
consumption, that is, by lowering the variable water rate. Further, almost 75% 
of the population lived in detached houses in 1990, which indicates a relatively 
good potential for using the water rate to control water consumption in the 
future (Statistics Sweden 2002). 
 
The current water consumption as well as amount of incoming wastewater at 
the Haga wastewater treatment plant were lower than the maximum water 
resource and manufactured infrastructure capacity, suggesting a large potential 
for development. Consequently, water is available for other uses in the future. 
In terms of organic matter, the load increased as a result of the installation of 
kitchen waste disposers. Nevertheless, in 2000 the annual load of organic 
matter was 222 tons compared to the annual capacity of 255 tons 
(Surahammar public multi-utility 2001). The difference between water 
consumption and incoming water at the Haga wastewater treatment plant 
suggests a large potential for reduction.  
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- 7 - 
 

Usefulness of the economic indicators 

In chapter 6, I applied the economic indicators to three decisions to change 
the water infrastructure in Swedish urban areas. In this chapter, I discuss 
whether the application of the economic indicators generated useful results, 
which is done in terms of data availability and validity. This discussion enables 
an analysis of the potential for using the criteria and indicators as support in 
making decision on water investments in Swedish urban areas. Data 
availability and validity for the indicators are presented, grouped into the five 
economic criteria: maintenance of the water infrastructure, affordability, cost-
recovery, effectiveness and development potential.  

Indicators of the maintenance of the water infrastructure criterion 
As was stated in chapter 5, assessment of the maintenance of the water 
infrastructure criterion involves application of the obtaining inputs, 
maintenance of funds, criticality, and efficiency indicators. I did not apply the 
maintenance of fund indicator on the use of land as a sink for waste, which 
limits the overall result of the assessment. Since the purpose here is to discuss 
the usefulness of the indicators, this is less significant.   

THE CRITICALITY INDICATOR 
The Uppsala case showed that enhanced future infiltration of water into the 
boulder ridge will increase the threat and will further modify the use of the 
boulder ridge as a water supply source. The application to the Environmental 
Court contained detailed studies of the environmental implications of the 
change in water infrastructure. Neither in the Ringdansen nor in the 
Surahammar case was the threat of the water resource affected by the changes 
in water infrastructure. Importance, defined as criticality in relation to society, 
was high in the Uppsala case because there is no practically available substitute 
for the boulder ridge and because population growth results in more people 
becoming dependent on the boulder ridge for water supply in the future. The 
importance in the Surahammar case is unaffected or decreases due to the 
change in water infrastructure and a substitute for the water supply source is 
available. The Ringdansen case illustrates that the introduction of volumetric 
billing did not affect importance, which is determined by the population trend 
at municipal level and the lack of substitute for Motala Ström as a water 
supply source. The changes in water infrastructure studied, only identified the 
enhanced use of the boulder ridge in Uppsala as an irreversible interference. 
However, the cases showed that the cost to maintain the manufactured water 
infrastructure needed to be recovered regardless of its utilisation, which means 
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that the manufactured water infrastructure is irreversible in an economic 
sense18. 
 
The criticality indicator included the change in threat, importance and 
irreversibility, which needs a lot of data about the environmental states of the 
water supply source and receiving water, population trend and projection as 
well as assessment of the potential to restore the “original” environmental 
state. The three cases studied showed that the direction of the criticality 
indicator was easily obtained from the application of the threat, importance 
and irreversibility concepts.  

THE OBTAINING INPUTS INDICATOR 
In none of the cases, the changes in water infrastructure lead to a relatively 
less favourable position in terms of obtaining inputs. Inputs are generally 
obtained on the market, suggesting that they would generally not be decisive 
in economic urban water assessments in Swedish municipalities. Relatively 
good ability to collect revenue from users and low total cost in relation to 
electricity and heating services makes the water utilities’ ability to obtain 
inputs relatively good. Also, this indicates a good readiness to accommodate 
increasing input prices. In the three cases, documentation of input use of 
material and energy was available and is easy for the investor or analyst to 
collect. The assessment of the obtaining inputs indicator also needs data about 
the ability to obtain inputs in the future, which is determined by the input 
reserves at global or market level. An unchanged ratio between current use 
and available reserves would indicate satisfaction of the obtaining input 
indicator. However, the combined effect of the prospects for new discoveries, 
more resource-efficient abstraction techniques and development of less scarce 
substitutes limits its validity for assessing the ability to obtaining inputs in the 
future.  

THE MAINTENANCE OF FUNDS INDICATOR 
In the Uppsala case, environmental indicators suggested that neither the water 
supply source nor the receiving watercourse were maintained as funds. In 
Uppsala, more manufactured capital will probably be needed to maintain the 
boulder ridge as a source for water supply, slowly transforming the boulder 
ridge into a waterworks, which is referred to as cultivation of natural capital in 
ecological economics theory (de Groot et al. 2003). The change in water 
infrastructure in Surahammar did not affect the maintenance of the water 
supply source as a fund and introduction of volumetric billing in Ringdansen 
resulted in a reduced need for Motala Ström as a water supply source. In the 

                                           
18 In economics theory this is referred to as a sunk cost.  
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future, achieving a good ecological status in Lake Glan will probably need 
more investment without affecting the ability to use Motala Ström as a water 
supply source. Consequently, over time, it seems as if the direction for change 
is towards decreasing difference between using artificial groundwater as in 
Uppsala and surface water as in Norrköping as a source for water supply. 
 
The ability to maintain the receiving watercourse also differs between the 
cases. The EU Water Framework Directive states that all watercourses should 
achieve, at least, a good ecological status, which results in a lower reference 
value to assess whether the watercourse is maintained as an environmental 
fund. In the Surahammar case, the public multi-utility maintained the water 
resource as a sink for waste through the period studied in terms of satisfying 
local environmental objectives. In the cases of Uppsala and Ringdansen, 
achieving environmental objectives and a good ecological status will need 
further reduction of the amount of nitrogen and phosphorus reaching the 
receiving watercourses, which requires co-operation with other users in order 
not to risk making investments that would have been more effective in other 
sectors. The introduction of volumetric billing did not affect the use of the 
receiving water as a sink for waste. In the Uppsala case, the increasing 
amounts of nutrients will require more advanced wastewater treatment in 
order not to increase the use of Lake Ekoln as a sink for waste. 
  
The cases showed that the maintenance of the manufactured water 
infrastructure requires skilled labour as well as inputs obtained on the market. 
Consequently, it is largely determined by the ability to collect revenue from 
users, which differed significantly between the growing and the stagnating 
urban area because it is mainly a function of economic activity. The cost-
recovery criterion addresses the ability to maintain the part of the water 
infrastructure operated by the water utility. The prospects of economic 
growth and of the attractiveness of Surahammar as a place to live for a skilled 
sanitation engineer were hard to assess. Full volumetric billing in Ringdansen, 
has led to a large variation in water and total service expense between 
households and in a need to maintain a significantly larger manufactured water 
infrastructure than in the rest of Norrköping, which result in higher capital 
maintenance costs. This indicates that the room for further expansion of the 
manufactured water infrastructure must be balanced with the affordability of 
tenants in Ringdansen. The Uppsala case showed that the ability to maintain 
the manufactured water infrastructure is good due to the high income, large 
population growth and relatively small manufactured water infrastructure per 
capita compared with Ringdansen. 
 
In conclusion, data on the environmental state of the source for water supply 
and receiving water were available. However, the operationalisation of the 
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maintenance of funds indicator is delicate. A relative measure is easier to use 
for assessing the implications of a change in water infrastructure. The 
implementation of the EU Water Framework Directive will require an 
assessment in terms of achieving a good ecological status.   

THE EFFICIENCY INDICATOR 
Application of the efficiency in the use of the current water infrastructure 
related inputs to outputs and gave differing results. In the Ringdansen case, 
the water infrastructure is used less efficiently after the introduction of 
volumetric billing because both population and water consumption decreased 
while size of the manufactured water infrastructure increased. This is the basic 
principle of a demand management measure. Better ability to detect system 
failure also contributes to more efficient use. In the Surahammar case, the 
introduction of kitchen waste disposers increases the manufactured water 
infrastructure at the building level and the transport of waste in the 
wastewater infrastructure. From the perspective of the public multi-utility, 
efficiency improves whereas at building level, a kitchen waste disposer used 
about 7 seconds per day is not a very efficient use of capital. Hence, the total 
effect on efficiency is unclear. In the Uppsala case, population growth 
improves the efficiency of centralised water and wastewater treatment and 
counteracts the effects of decreased per capita water consumption. Utilisation 
of water, which previously ended up in Lake Ekoln, suggests more efficient 
use of the boulder ridge. Centralised de-liming of water also seems to 
constitute more efficient use of the water infrastructure than in-building de-
liming technology. In all cases, decreasing per capita water consumption and 
smaller household sizes increased the gap between current and designed 
flows, leading to less efficient use of the manufactured water infrastructure. 
This trend represents an opportunity for the growing city, where population 
growth could be achieved without further extension of the water 
infrastructure. Hence, a more densely populated urban area is possible without 
extending the capacity of the pipes, which results in the existing water 
infrastructure being utilised more efficiently.  
 
In conclusion, data availability was good for both the input material used and 
the amount of water services generated. Consequently, it was possible to 
assess how the efficiency in use of the existing water infrastructure changed in 
the three cases. However, extending the scope from the manufactured water 
infrastructure operated by water utilities to the whole water infrastructure 
makes it less clear to assess the effects in terms of efficiency. In summary, 
data availability and validity for the four indicators used to assess the 
maintenance of the water infrastructure criterion is shown in table 7.1.  
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Table 7.1. Data availability and validity for indicators of the maintenance of the water 
infrastructure criterion. 
Indicators  Data availability Validity 
Criticality: threat, 
importance, and 
irreversibility. 

Discussed in more qualitative 
terms.  

Depends on assumptions of 
available technology.  

Obtaining inputs. Good.  The validity of measures of future 
reserves. Unclear relative prices in 
the future.  

Maintenance of 
funds.  

Requires a lot of environ-
mental data on water supply 
source and receiving water. 
Manufactured parts covered by 
cost-recovery.  

How is maintenance operationalised? 
Maintenance stresses necessity to co-
operate with other users of the fund. 
Allocation of funds involves the 
legal system. 

Efficiency in use 
of existing water 
infrastructure. 

Good for the change in input-
output ratio. 

A wider definition of water 
infrastructure makes it harder to 
assess how efficiency changed. 

The water expense-total income indicator of the affordability 
criterion 
The water expense-total income indicator was applied to the three changes in 
water infrastructure in order to assess affordability. The result differs between 
the cases. For average income higher-volume users in Ringdansen, the water 
expense-total income ratio increased to 3.8% in two-income families including 
both hot and cold water. This was considerably higher than without 
volumetric billing (1.7%). Lower-volume users, about half of the households 
included in the study, paid less than one percent of total income for hot and 
cold water. Consequently, volumetric billing distributes the cost burden very 
unevenly among residents indicating that the use of average values for the 
water expense-total income indicator does not adequately reflect affordability. 
In contrast to the Ringdansen case, the water expense increased in all the 
households in Uppsala but was counteracted by income increase. In the 
Surahammar case, the introduction of kitchen waste disposers did not affect 
the costs of the water utility and every household could choose whether or 
not to install a disposer.  
 
Population growth in Uppsala resulted in more people sharing the fixed cost 
of water services. Consequently, investments in additional nitrogen removal in 
the last ten years and now a major investment in water supply have been 
undertaken without affecting the water expense-total cost ratio. In contrast, in 
the Surahammar case, the water expense-total cost indicator increased without 
any major investment in the water infrastructure operated by the public multi-
utility. Water expense in Surahammar increased faster than in most other 
Swedish municipalities, from being one of the lowest in 1997 to being higher 
than the weighted average of water expenses in Swedish municipalities in 2003 

 147



(Swedish Water 2003). Consequently, a decreasing or stagnant population 
leads to higher water expense per capita for the people remaining. In 
conclusion, the ability to invest differs significantly between growing and 
stagnating urban areas, implying that socio-economic development is an 
important determinant for assessing the affordability criterion. 
  
The income level and change had a strong influence on the outcome of the 
water expense-total income ratio in all three cases. Higher income 
counteracted the effects of increased water expense. The relatively high total 
income, large income increase and moderate water expense resulted in 
approximately 1% of the total income of married couples spent on water 
services in Surahammar. For single women pensioners and single women with 
children living in detached houses the ratio was higher, indicating less ability 
to pay for water services. In Uppsala, with one of the lowest water rates in 
Sweden (Swedish Water 2003), relatively large income increase and more 
people sharing the fixed cost more than well counteracted the SEK 500 
increase in water expense in a typical household, bringing back the water 
expense-total income ratio to what it was some years earlier. The water 
expense-total income ratio was lower than 1% in all categories studied with 
the exception of single women with children after the change in water 
infrastructure. However, most single women with children live in apartments, 
meaning that the water expense in blocks of flats would be a better measure 
of their water expense. In Uppsala, the water expense in a typical apartment 
was about SEK 1 900 in 2003, which was about 30% lower than in a typical 
detached house (Swedish Water 2005a, b). In Ringdansen, significantly lower 
income aggravated the effect of increased water and total service expense for 
consumers using higher volumes. Here, increases in income did not 
compensate for the increased water and total services expense, resulting in a 
higher proportion of total income spent on water and heating services. The 
Uppsala Sanitation Office estimated water expense before and after the 
change in water infrastructure for a typical household. In Surahammar, the 
water rate was not affected by the introduction of kitchen water disposers, 
which explains why water expense was not assessed. The public multi-utility, 
however, offered financial assistance for the installation of kitchen waste 
disposers. In Ringdansen, I found that the Tenant Association was consulted 
and agreed on a minimum allowance based on the average consumption of 
water in the Housing Company’s apartments.  
 
The application of water expense-total income indicator requires data from 
Statistics Sweden or municipal statistics offices as well as data from water 
utilities or housing companies. In official statistics, income data is available as 
average income in a municipality or sub-area, such as Navestad. Consequently, 
water utilities are able to calculate the water expense-total income indicator 
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from average values or for typical low-income and high-volume users such as 
single parents. At household level, it was impossible to connect water expense 
to total income without asking the households directly. This would have been 
time consuming and expensive and would involve validity problems. The 
Ringdansen-Navestad data revealed that within a statistical sub-area, income 
could vary significantly. Moreover, in the Ringdansen case water expense 
varied significantly between households, demonstrating that estimates based 
on average income and water consumption resulted in very poor estimates of 
affordability due to the huge water expense variability between households. In 
households in areas without metering, housing companies could easily 
estimate water expense by dividing water cost by the total apartment area.  
 
In all three cases, the water expense paid to the water utility or housing 
company only reflects a part of the total change in expense for households. 
The total change in expense of other utility services, such as heating expense 
and heating of hot water in the Ringdansen case and solid waste expense in 
the Surahammar case, also affects household expense when the water 
infrastructures were changed. Similarly, the investment, installation and 
operating cost of kitchen waste disposers in the Surahammar case and the 
replacement of in-building de-liming technology in the Uppsala case also 
affects household total water expense. The effect of investment and operating 
costs could both increase and decrease the total expense when the water 
infrastructure was changed. Further, the water expense–total income indicator 
does not consider user benefits relating to the content of water services such 
as de-limed water and better security of deliverance in the Uppsala case. To 
estimate qualitative changes in services, Foxon et al. (2002) suggested 
estimation of users’ willingness to pay for environmental and other attributes 
of water services. Furthermore, the total income measure does not include the 
cost of living or total household expenses. The difference between total 
income and total expense would probably provide a more adequate 
representation of affordability or the amount of money available for 
consumption. For instance, housing costs vary significantly between Swedish 
municipalities (Hyresgästföreningen 2004), especially for people living in 
detached houses and tenant-owned apartments (Statistics Sweden 2005). 
 
The water expense-total income indicator did not directly assess the 
affordability breakpoint. The number of voluntary shut-offs (Kallis and 
Coccossis 2000) would be a more direct indicator of the limits to affordability. 
For instance, the water expense-total income indicator did not include the 
households that moved from Ringdansen for which affordability might, 
indeed, have been most critical. In the households that moved, about half had 
high total service expense (Hjerpe 2005). Although the reason for these 
specific households moves were unknown, Krantz (2005) reported that there 
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are households in Ringdansen planning to move (autumn, 2003) because of 
too high total service and housing expenses. The Ringdansen case 
demonstrated that the Social Insurance Office also provided households living 
on welfare with money according to the norm, thus providing a social 
minimum of water. The relevancy of providing a social minimum depends on 
decision-makers’ or analysts’ views of water as a human right or economic 
goods. If decision-makers attach great importance to water as a human right, 
as has been the case historically in Sweden, then provision of a social 
minimum of water would be very relevant to include in an urban water 
assessment. The migration effect was also relevant in the Surahammar case, 
where the relatively large income increase was explained partly by young 
people and the unemployed moved from Surahammar to other cities to a 
larger extent than employed and pensioners (Statistics Sweden 2003a, b, d). In 
contrast, young people move to Uppsala for higher education and at present 
the number of employed is rising. Consequently, in all the cases studied, 
migration affected the water expense-total income indicator.  
 
The water expense-total income indicator is hard to apply and assess in the 
three cases and both data availability and validity limit the ability to assess the 
affordability criterion. Using average values is clearly inadequate to reflect 
affordability. Table 7.2 shows data availability and validity for the water 
expense-total income indicator used to assess the affordability criterion. 
 
Table 7.2. Data availability and validity for the water expense-total income indicator of the 
affordability criterion. 
Indicator Data availability Validity 
Water expense-
total income. 

As average values for 
socio-economic 
categories good. For each 
household not available. 

Average values are inappropriate to reflect 
variation at household level, which is 
needed to assess affordability.  
Provision of a social minimum, what is 
included in the water expense, households 
that move and cost of living limit validity. 

The revenue-cost balance indicator of the cost-recovery criterion 
In all the cases studied, the revenue-cost balance was taken into consideration 
by the organisations that decided to change the water infrastructure. The 
outcome of the revenue-cost indicator differed between the three cases. In the 
Surahammar case, the change in water infrastructure only marginally affected 
the public multi-utility’s cost and revenue as a result of higher operating costs 
of wastewater treatment, biogas production and sludge handling as well as 
higher revenue from biogas. Here, the population trend determined the public 
multi-utility’s cost and revenue. In the Uppsala case, the investment will lead 
to higher capital as well as operating cost, which will be recovered through a 
small water rate increase, resulting in a balance between revenue and cost 
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throughout the period. Moreover, relatively high economic growth 
contributes to good ability to collect revenues from users. Due to current 
institutional rules, environmental costs cannot be included in the necessary 
cost of maintaining and operating the water infrastructure. This means that 
utilising the boulder ridge can be regarded as free or at least very cheap 
compared with surface water arrangements. In the Ringdansen case, the 
Housing Company’s costs and revenue were harder to calculate (tables 6.6 and 
6.8). On the cost side for the Housing Company is the investment and 
operating cost for volumetric billing, which was partly covered by the 
government grant and also the reduced cost of heating, hot and cold water. 
The effects on the revenue for the Housing Company include the increased 
revenues of hot and cold water but also decreased heating revenue. The result 
of my study suggests that the reduced service costs and increased service 
revenues did not cover the relatively high investment and operating cost of 
volumetric billing. However, the change in water infrastructure enabled the 
Housing Company to balance revenue and cost for utility services in 
Ringdansen.  
 
The cases showed that data were needed for the general trends of revenue and 
cost, in addition to the marginal change caused by the change in water 
infrastructure. If the ability to collect revenue was a function of household 
income and the number of households, Uppsala scored relatively well on 
both, Surahammar on household income, and Ringdansen on neither of these 
parameters. 
 
Documentation of cost and revenue data was clear in the Uppsala case 
(Sanitation Office and Board) and harder to find in the Surahammar (public 
multi-utility) and Ringdansen (Housing Company) cases. Historical cost and 
revenue data were not readily available, but needed to be constructed from 
data found in public and utility archives. When utilities change, as in 
Norrköping, data must be collected from different sources. In general, 
Swedish Water annually reports cost-recovery in most Swedish water utilities. 
The revenue and cost figures reported, however, only include the difference 
of cost and revenue in the water utility’s own accounts and it does not 
separate capital from operating and maintenance costs. Internal accounting 
principles (Tagesson 2002), historical cost (Renzetti 1999) and no or very low 
value of non-marketed elements of the water infrastructure affect the size of 
the current cost measure.  
 
In conclusion, cost-recovery is relevant in all cases. The effect of a demand 
management measure, such as volumetric billing, is harder to estimate than 
investment in more manufactured capital that does not directly affect per 
capita demand. The lack of monetary value of using the boulder ridge as a 
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water supply source makes an increased water supply look relatively cheap. 
Furthermore, the relatively low cost paid by the utility in Uppsala to increase 
water supply makes the relative cost of demand management high. Moreover, 
the water infrastructures currently in use are long-lived and need a lot of 
manufactured capital for their maintenance. This suggests that the water 
infrastructure is relatively dependent on economic development, that is, an 
expanding economy in the city over time. Relative economic recession, as in 
Surahammar, raises concerns about future maintenance. The relatively weak 
economy in Ringdansen, which up until the Ringdansen project started was 
partly subsidised by tenants in other parts of Norrköping, also indicate a 
relatively low ability to maintain the significantly bigger manufactured water 
infrastructure. In summary, data availability and validity of the revenue-cost 
balance indicator is reported in table 7.3. 
 
Table 7.3. Data availability and validity for the revenue-cost balance indicator of the cost-
recovery criterion. 
Indicator Data availability Validity 
Revenue-cost 
balance. 

Good. What costs are included in the measure? Effects 
of a change affecting demand for water services 
are difficult to estimate.   

Indicators of the effectiveness criterion 
Effectiveness relates the effects of the change in water infrastructure to 
objectives at different levels in society such as environmental goals applying to 
the water supply source and the receiving water, and for society as a whole. In 
order to assess effectiveness, these goals as well as to identify and estimate the 
costs and benefits of alternative uses of the elements that make up the water 
infrastructure need to be identified. Consequently, using the effectiveness 
criterion aims at balancing the costs and benefits of the change in water 
infrastructure at the level of society, that is, to include abstraction, 
environmental and social costs in the assessment.  
 
In all three cases, the decision to change the water infrastructure related to 
changes taking place outside the scope of the water utility. In the Ringdansen 
case, social and physical dimensions were emphasised in addition to 
perception of fairness based on willingness to pay. In the Surahammar case, 
there were unclear prospects for future economic growth and employment as 
well as a growing demand by an ageing population for publicly produced 
welfare services, which suggest that the maintenance cost of the manufactured 
water infrastructure might become a potential threat in terms of sustainable 
development in the future. In the Uppsala case, the effects of an increasing 
population for the maintenance of the water supply source and the receiving 
water as well as the use of land as a sink for waste are also a point of concern.  
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The overall objective of the Ringdansen project was to create a physical area 
that was ecologically, economically, socially and culturally sustainable in a 
residential area where a large proportion of the population was excluded from 
the labour market. The introduction of volumetric billing promoted resource 
conservation, which no actor considered important because of the excess 
capacity in the manufactured infrastructure and low competition for water in 
Motala Ström. The Housing Company viewed the decreased load of harmful 
substances as the main objective for the change in water infrastructure. The 
Östergötland County Administrative Board has formulated local 
environmental quality goals that apply to Lake Glan and Bråviken.  
 
In terms of being a sustainable physical area, I observed that about one 
quarter of the households moved from Ringdansen during the period studied, 
half of these either did not sign the volumetric billing agreement or cancelled 
the agreement when the effect of billing was fully felt. Diverging water 
expense and relatively many moves suggest that introduction of volumetric 
billing in a low-income area is questionable for social reasons. Furthermore, if 
the trend of fewer children continues, the demand for other public service 
areas such as childcare and primary education will also decrease, leading to 
less efficient use of other public infrastructures that are costly to change, such 
as schools. The strong incentive for low-income, higher-volume users of 
utility services to move to other areas as well as for lower-volume users, such 
as employed summer cottage owners, to move to Ringdansen may change the 
socio-economic composition of the population in the long term, probably 
resulting in higher average total income. Consequently, the relationship 
between the results of volumetric billing and the overall objective of the 
Ringdansen project appears to be weak. However, to assess the significance of 
the people moving from Ringdansen is not straightforward (see chapter 8). 
For achieving allocation of water on the basis of willingness to pay, 
introduction of volumetric billing was very effective. However, the full 
volumetric rate differs from the water rate used by the multi-utility, which 
reflects that a part of the benefits of water, such as wastewater and 
stormwater services, are collective, that is, all people in society benefit from 
them. The lack of fixed water rate in Ringdansen results in higher-volume 
users paying a very large proportion of the cost of the water infrastructure, 
which to a large extent is fixed. 
 
In terms of relationship to the environmental goals, introduction of 
volumetric billing is only weakly related because it does not affect the amount 
of substances households put in the wastewater pipes. Furthermore, in terms 
of reducing water consumption, volumetric billing would be most effective in 
urban areas where the existing water supply infrastructure is used close to 

 153



capacity (Jones 1998) and where it is costly to increase the water supply. This 
is not the case in any of the three cases studied in this dissertation. Moreover, 
from an effectiveness viewpoint, significantly increasing the size of the 
manufactured water infrastructure in a low-income area was questionable. 
 
The Ringdansen case clearly illustrates how decisions taken in the housing 
sector affect the demand for water services at utility or municipal level. One 
effect was to make the Housing Company more significant both in terms of 
the proportion of the total cost for operating and maintaining the water 
infrastructure and the billing of water services directly to the tenants. 
Moreover, to separate a high-consuming area from the rest of the apartment 
stock results in a lower average consumption of utility services and thus lower 
expense in the remaining apartments.  
 
In the Surahammar case, the effects of an ageing population as well as unclear 
future prospects for employment raises concern of the ability to pay for public 
services. Water utilities have the right to bill users, according to the 
wastewater law. Consequently, the ability to collect revenue is relatively better 
than for those public services financed by the income tax revenue. Inclusion 
of the solid waste rate shows that the total service expense for a household in 
Surahammar increased. The change in water infrastructure increases the flow 
of nutrients in the wastewater infrastructure, contributing to improved 
efficiency at the utility level. However, the introduction of kitchen waste 
disposers does not affect the consumption of water. Moreover, investments 
that increase the size of the total water infrastructure are questionable if there 
is concern about the maintenance of too large a water infrastructure.  
 
In the Uppsala case, the consequences of a growing population and economy 
for the use of water resources as water supply and a sink for waste are relevant 
for effectiveness. The municipality of Uppsala welcomes growing population 
and economic activity. The cost of increasing the water supply was low 
although the maintenance of the boulder ridge was already questionable prior 
to the change in water infrastructure. The use of Lake Ekoln as a sink for 
waste was also relevant in terms of effectiveness. The Uppsala County 
Administrative Board judged that national environmental goals would need a 
reduction of the total nitrogen and phosphorus load in Lake Ekoln by 2010 
and the Sanitation Office states that the total amount of nutrient to Lake 
Ekoln should not increase without reference to any specific year. As was 
shown in chapter 6, additional nitrogen reduction is needed in order to 
comply with the environmental goals in 2010. There were no goals for the 
period up to 2030, but they will probably not become less strict. This indicates 
that additional nitrogen reduction will be needed until 2030. Table 7.4 sums 
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up the results of the discussion of the data availability and validity of the 
indicators of the effectiveness criterion. 
 
Table 7.4. Data availability and validity of the indicators of the effectiveness criterion. 
Indicators Data availability Validity 
Relation to goals at different 
levels. 
Balancing costs and benefits 
at the level of society. 

Poor. Gets better through 
application of the EU 
Water Framework 
Directive. 

Takes time. Estimation of 
environmental costs and 
benefits is hard. 

Indicators of the development potential criterion 
Before the changes in water infrastructure were undertaken, manufactured 
capital limited the generation of water supply services not the allocation of 
natural capital such as the use of water resources as a supply source and a sink 
for waste. In the Uppsala and Surahammar cases, it was possible to abstract 
more water if investments in pumps were made, without needing to change 
the present legal permits; and in the Ringdansen case, more water could be 
abstracted from the Motala Ström than the Borgs waterworks can produce at 
present. After the change in water infrastructure in Uppsala, the boulder ridge 
would be utilised close to the capacity specified in the legal permit.  

THE POTENTIAL FOR USING WATER RATES INDICATOR 
The full volumetric water rate in force in Ringdansen maximises the economic 
incentive to conserve water. It also implies that higher-volume users bear the 
major cost of changes in water infrastructure at the municipal level. In 
Norrköping, the water utility uses a combination of fixed and volumetric rate 
and the major change in 2000-2004 has been to increase the fixed fee while 
the volumetric fee was unchanged (Sydkraft 2005b). Moreover, the 
distributive effect of the introduction of volumetric billing was significant, 
indicating a need to analyse these effects when introducing an economic 
demand management measure such as volumetric billing. In the Uppsala case, 
the water rate contains a minimum water expense but for consumption above 
60 m3 users face a full volumetric fee, which enhances the conservation 
incentive. In the Surahammar case, the water rate continuously increased in 
the period studied thus creating a gradually stronger incentive for users to save 
water. The public multi-utility uses a combination of fixed and volumetric 
water fee in Surahammar, which increased by 41% in 1997-200419. This was 
considerably higher than the income increase and the change in consumer 
price index. Consequently, the incentive to save water and to install more 

                                           
19 However, per capita water consumption decreased, which suggests that the average water 
expense increased less than 41%. Decreasing average household size also result in a less 
significant increase in many households.   
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water-efficient appliances increased, which is the opposite of what would have 
been expected. Lower water consumption and excess capacity suggests an 
interest in demand-increasing measures, such as to lower the variable water 
rate. However, due to the inelastic nature of water, a lower volumetric rate 
needs to be compensated by a higher fixed rate. In conclusion, the application 
in the cases illustrated that the volumetric water rate did not change as would 
have been expected. The volumetric rate increased in Surahammar and 
Ringdansen, where the water infrastructure was used far from capacity and it 
was small and constant (a small increase in the future) in Uppsala, where a 
need was felt to increase the size of the water supply infrastructure. The 
principle of necessary cost, which was codified in the Water and Wastewater 
Act, restricts the use of water pricing to control the use of water services 
because the total amount of revenue is not allowed to exceed the necessary 
cost.  

THE EXPECTED DEMAND-INFRASTRUCTURE CAPACITY INDICATOR 
In no case, the water utilities or the housing company explicitly studied the 
demand for water services. In the Uppsala case, the Sanitation Office 
projected total demand in the future based on the municipality’s population 
projection and constant per capita water demand. The projected total water 
demand implied that the present production capacity of the water 
infrastructure needed to increase to 2030. Overall trends in society affect 
population and per capita water consumption; consequently, decisions made 
by the water utility or municipality only partly determine population and water 
demand. The assumption of constant per capita water consumption was the 
opposite of the present trend. I projected water consumption to about 22 
Mm3 in 2030, which would result in a large excess supply capacity. The most 
limiting factor in terms of water flow will be the capacity of the biological 
treatment step at Kungsängen during heavy rainfall. In the Ringdansen case, 
the distribution system will have excess capacity in the future because it was 
designed for higher flows and population. At the level of the municipality, 
there is excess capacity in the water and wastewater network as well as in the 
waterworks. In the Surahammar case, the gap between current and designed 
capacity will continue to widen. However, the manufactured water supply 
infrastructure was low-cost, suggesting that the significance of the gap was not 
important from an economic perspective. However, further increases of the 
water rate will be required to maintain it in the future. Moreover, I argue that 
future water using appliances will be even more water- and energy-efficient 
because their development is driven by the needs in water and energy-scarce 
areas. As long as housing owners and housing companies face a volumetric 
water rate, which exceeds the marginal production cost. This is the case at 
present in most Swedish municipalities and results in a , they will continue to 
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install more water-efficient appliances because their cost is lower than the 
water expense paid to the water utility.  
 
In conclusion, the present institutional setting limits the scope for water 
pricing. At present, the volumetric water rate exceeds the marginal cost for 
producing water services. The Ringdansen case illustrated that it was possible 
to implement different water rates in the same municipality. The gap between 
future consumption and water infrastructure capacity widens in Surahammar 
and Norrköping. The change in water infrastructure in Uppsala widens the 
gap in the water supply infrastructure whereas the gap will gradually decrease 
in the wastewater infrastructure. Table 7.5 sums up the discussion of data 
availability and validity for the indicators of the development potential 
criterion. 
 
Table 7.5. Data availability and validity for the indicators of the development potential 
criterion. 
Development potential Data availability Validity 
Potential for using water rates 
to control the use of water as a 
supply source and a sink for 
waste. 

Poor.  Distributive effects of pricing 
could be significant. Substitution 
in consumption relevant not to 
under-estimate measures available 
for decision-makers.  

Expected demand-
infrastructure capacity ratio. 

Projections have 
been wrong.  

Indicates the need for major 
investments. Identification of the 
most limiting factors.  
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- 8 - 
 

The potential for using economic criteria 

What is the potential for using economic criteria for assessment of urban 
water management in relation to sustainable development? In this final 
chapter, I will elaborate on the main findings and conclusions drawn from the 
study. The analytical categories - level of analysis, goal of development and limits - are 
used to discuss the potential for using the economic criteria and indicators on 
the basis of the results from both the literature categorisations and the cases. 
The chapter starts with a recapitulation of the three research questions 
followed by a discussion on the usefulness of the economic indicators applied 
in the three cases. Next, follows a section about what makes an economic 
criterion become decisive. Thereafter, I will discuss the potential for using 
economic criteria for assessment of urban water management in relation to 
sustainable development in a general sense. A final section contains 
concluding remarks. Throughout this chapter, I will discuss the potentials for 
generalising the findings from the study of using indicators to assess changes 
in water infrastructures.  

Recapitulation of the research questions 
Three research questions were studied in this dissertation. The first research 
question sought to reflect the economic criteria and indicators used in the 
general frameworks, economic theories and urban water assessments by 
means of a categorisation. On the basis of the categorisation, I selected 
maintenance of the water infrastructure, affordability, cost-recovery, 
effectiveness and development potential as the main economic criteria for 
assessment of urban water management in relation to sustainable 
development (table 5.1). For each criterion, one or more indicators were 
suggested, which were used to enable an assessment of the degree of 
fulfilment of the criteria.  
 
The second research question addresses the expressions of the goal(s) of 
development in both the different texts categorised and by the decision-
makers and some stakeholders in the three cases. In particular, I explored the 
views on inter- and intra-generational equity expressed in the general 
frameworks, economic theories and urban water assessments as well as in the 
three cases. Moreover, in the cases I specifically addressed what goals the 
changes in water infrastructure were thought to achieve, which reflects what 
decision-makers’ view as the main challenges for urban water management in 
relation to sustainable development. 
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The third research question explored the potential for using the indicators to 
assess the degree of fulfilment of the economic criteria; and as a consequence, 
their ability to function in the decision-making process at the municipal level 
in Sweden. Accordingly, I applied the set of indicators to three decisions to 
change the water infrastructure, depicting different hydrological and socio-
economic contexts as well as population. Specifically, the usefulness of 
economic indicators was discussed in terms of data availability and validity.  

Theory and practice of economic criteria 
Economic criteria and indicators have been systematised for the general 
frameworks, economic theories and urban water assessments studied in this 
dissertation. On the basis of this systematisation, a set of economic criteria 
and indicators was selected (table 5.1) and applied to three changes in water 
infrastructure in Swedish municipalities. 

MAINTENANCE OF THE WATER INFRASTRUCTURE 
Production is the most basic economic assessment criterion in the general 
frameworks and economic theories studied. Sustainable technology theories suggest 
a more functional representation of the production process. Urban water 
assessments do not identify production explicitly as an economic criterion, 
except in Nilsson et al. (1995). However, technology comparisons and 
sustainable water utility assessments both have the explicit goal of maintaining 
the water infrastructure or the capacity to generate water services to be used in 
an urban area. The maintenance of the water infrastructure criterion applied, 
addresses the production aspect of urban water management. In order to 
better reflect the different functions of elements, for instance, input material 
and funds used to transform water from the water supply source into drinking 
water20, the maintenance of the water infrastructure criterion was measured by 
criticality, obtaining inputs, maintenance of funds and efficiency indicators.  
 
In the economic theories, the degree of criticality affects the weight given to 
the maintenance of funds indicator. Based on the suggestions in economic 
theories, I used importance, threat and irreversibility in this study as factors 
affecting the degree of criticality. The obtaining inputs indicator requires data 
on the use and cost of input material, which the water utilities have readily 
available but also data on available reserves. Using the maintenance of funds 
indicator requires data describing the environmental state in the water supply 
source and receiving watercourse. The implementation of the EU Water 
Framework Directive will result in more such data gradually becoming 
available, which will contribute to better data availability and potential for 
assessing the maintenance of the funds criterion in the future. Further, the 
                                           
20 The production process, of course, also includes wastewater and stormwater services.  
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cost-recovery criterion assesses the water utility’s ability to maintain the 
manufactured water infrastructure (see below). The efficiency indicator, which 
is measured as the output-input ratio, requires data that were easy to obtain. 
Assessing efficiency in relation to sustainable development also emphasise the 
need to make the goals more explicit.  
 
In conclusion, assessing the maintenance of the water infrastructure criterion 
requires a lot of data and its degree of fulfilment is not easy to assess. 
However, I argue that the four indicators chosen, applied together are more 
useful to guide changes in water infrastructures in relation to sustainable 
development than the more fragmented suggestions used in the urban water 
assessments studied.   

AFFORDABILITY 
In general frameworks, the effects on users were framed as a social issue, 
operationalised differently, for instance, as to ensure and maintain an adequate 
material standard of living for all people or as non-declining per capita 
income. The economic theories categorised in this dissertation are applied at the 
national level and to the aggregate economy as well as to a production 
process. No criterion explicitly addresses the effects on users or consumers. 
Indirectly, analysts contend that intra-generational equity implies that the 
current distribution of income should not become more unequal, which 
provides a relative measure for the effects on users’ costs and benefits. The 
urban water assessments categorised identify the balance of cost and benefit for 
users as well as their ability and willingness to pay as important issues to 
consider in terms of affordability. Most urban water assessments use the 
affordability criterion and thus several measures of affordability are suggested. 
In the set of criteria and indicators, I selected the water expense-total cost 
ratio as an indicator of the affordability criterion. 
   
From the cases I concluded that the result of the application of the water 
expense-total income indicator differed significantly between the three cases. 
The Ringdansen case demonstrates that average values did not represent the 
large water expense variation between households. Consequently, using 
average values for the water expense-total income indicator over-estimate the 
affordability of higher-volume users. However, data are available for average 
total income in different socio-economic categories and water utilities 
themselves have water consumption data. Consequently, it is relatively easy to 
use the water expense-total income indicator for an average person or for 
average persons in different socio-economic categories, such as single parents, 
pensioners, etc. The water expense-total income indicator differed as expected 
between the socio-economic categories considered, that is, the ratio was high 
for single parents and single pensioners. Moreover, the water expense-total 
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income indicator does not include households moving away from the area 
studied. From the cases, it is also clear that the water expense, measured as the 
amount of money paid to the water utility, does not include the investment in 
and operating costs of water meters, kitchen waste disposers and de-liming 
technology. This cost could be more significant than the changed water 
expense calculated on the basis of water rates. Further, total income does not 
consider the cost of living for the household, which varies significantly 
between the cases studied and between Swedish municipalities. The cost of 
living, and for housing in particular, is lower in stagnant municipalities, which 
counteract the effects of increasing water expenses.  
 
Using average values to assess the water expense-total income indicator 
cannot identify the limits of affordability. Average water consumption data are 
generally lacking for different socio-economic categories whereas total income 
data are available in official statistics. Consequently, the affordability criterion 
is hard to assess on the basis of the water expense-total income indicator 
chosen. A more direct measure of affordability would have been more useful, 
for instance, the water expense-total income indicator for households living 
on social welfare calculated on the basis of their real water consumption or 
the number of people moving due to too high water expense. However, as an 
indicator of affordability, the number of people moving would only be 
possible to apply after the water infrastructure has been changed.     

COST-RECOVERY 
The imperative to improve competitiveness in one prism of sustainability 
framework and the economic structure criterion found in the thematic 
framework emphasise that in order to sustain, the object being assessed 
should be financially viable. In a sustainable system framework, the existence 
criteria imply that the system needs to develop capacity to obtain the inputs of 
material necessary for it to be sustainable, which includes revenue to cover the 
monetary expenses of the inputs material but also financial reserves. In 
sustainable technology theory, the goal of maintaining production implies that 
the producer needs to balance costs and revenue; otherwise production 
cannot be maintained. Urban water assessments frequently suggest cost-recovery 
as an essential economic criterion. In the set of criteria and indicators, I 
selected the revenue-cost balance for the investor as an indicator of cost-
recovery. The revenue-cost balance emphasises that costs and benefits need to 
be balanced in the long run, which reflects the current policy that user fees 
should cover cost of water utilities. Hence, the criterion stipulates that the 
water utility needs to recover the monetary expense of operating and 
maintaining the existing water infrastructure as well as to finance investments. 
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In contrast to the other criteria, cost recovery is used as a criterion in all the 
cases studied. The investment and operating cost of the change in water 
infrastructure was roughly estimated and the Uppsala Sanitation Board 
concluded that the water rate had to be raised in order to collect the revenue 
necessary to cover the higher capital and operating cost of the water utility in 
the future. In the Ringdansen case, the investment cost of metering and billing 
was well documented whereas the operating cost was harder to discern. 
Further, the Housing Company also estimated the effect on revenue of 
metering and billing. In the Surahammar case, the change in water 
infrastructure had an insignificant effect on the public multi-utility’s cost and 
revenue.  
 
To summarise, investors considered the cost-recovery criterion relevant and 
estimates of investment and operating costs were available. However, the 
effect on revenue is less well documented, which might be explained by the 
relatively strong institutional protection of cost-benefit balance at the level of 
the water utility. The suggested indicator, that is, the revenue-cost balance, 
also requires data on the total cost and revenue for the water utility, which 
were available. However, the reported cost neither cover the parts of the 
water infrastructure not owned by the water utility nor the value of non-
marketed input material and natural capital as a water supply source and a sink 
for waste. The indicator is relatively easy to apply but assessing its degree of 
fulfilment is harder and requires data on the total cost of the water utility as 
well as on the future ability to collect revenue from users. The revenue-cost 
indicator is more precarious to apply to demand management measures, such 
as volumetric billing, because it requires an estimation of the revenues from 
the reduced consumption of water. 

EFFECTIVENESS 
Internalised externalities and the ability to change between sectors are 
addressed in economic theories, economic sustainability and urban water management and 
sustainable water resource management assessments. Assessing effectiveness is 
particularly relevant for assessments of sustainable development applied at 
other than the global, overall level. Identification and estimation of costs and 
benefits for all uses of the water supply source and receiving watercourse are 
needed to discuss the cost-benefit balance at the society level. Further, the 
effectiveness criterion explicitly addresses the relationship between goals 
defined at user, investor and other levels and the change in water 
infrastructure being assessed.  
 
In the cases, the application of the indicators for assessment of effectiveness 
was very useful. It related the change in water infrastructure to alternative uses 
of the water supply source and receiving water. The application, however, 
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requires a lot of detailed data, which are not available at present. Valuation 
problems limit the ability to compare between different uses of the water 
resources. Including the effectiveness criterion in the set of criteria and 
indicators relates the change in water infrastructure to different goals 
expressed by investors as well as municipal, regional and national agencies, 
which adds several perspectives to the assessment. In terms of balancing the 
costs and benefits of volumetric billing from the perspective of society, data 
were available in an economic analysis from 2003. The implementation of the 
EU Water Framework Directive, which includes such economic analyses, will 
contribute to making this kind of data more available in the future. This 
facilitates the use of the effectiveness criterion in urban water assessments. In 
the Uppsala case, the competition for the water in the River Fyris was sharper, 
which the need to divert water from Lake Tämnaren illustrates. No economic 
valuation of the use of the boulder ridge as a water supply source was 
performed. However, the lack of substitute for water supply suggests that the 
boulder ridge is relatively valuable for society. Using Lake Ekoln as water 
supply source would need a much larger manufactured water infrastructure 
than is used today. These points suggest a relatively higher economic value of 
the water abstracted and the boulder ridge in Uppsala than in Norrköping. In 
Surahammar, the competition for both the water supply source and the 
receiving watercourse as a sink for waste were low.  

DEVELOPMENT POTENTIAL 
The development potential criterion addresses the basic question of what 
limits welfare in urban water management today and in the future. The general 
frameworks categorised gave production a more prominent role than 
consumption and, generally, assessment criteria emphasise the limits of, rather 
than the potential for, development. The emphasis on environmental 
protection is common in assessments of sustainable development in high-
income countries. The economic theories studied focus on the production aspect 
and the value of the goods and services is used as a proxy for the welfare 
derived from consumption. Moreover, capital theory analysts contend that if a 
resource could be used it also should be used. This shows a built-in positive 
stance towards increasing production. Urban water assessments identify the 
amount and benefit of water services as economic issues. Analysts recognise 
that benefit estimations are hard to make but that they have the potential to 
reveal important issues for allocation of water services in an urban area as well 
as between different users of the water supply source and the receiving water. 
Consequently, welfare might be improved by changed allocation of the water 
resource. In the set of economic criteria and indicators, two indicators were 
selected to enable an assessment of the development potential criterion. The 
first indicator focuses on the potential for using water rates to control the use 
of water services and resources. The second indicator is the ratio between the 
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expected demand for water services and the capacity of the existing water 
infrastructure. 
 
In the cases, the potential for development was not addressed by water utilities 
and knowledge about the benefits of water services in Sweden was low and 
benefits were generally conservatively estimated on the basis of the aggregated 
revenue of the water utility. In the three cases, I have demonstrated that the 
correlation between population, on the one hand, and the demand for water 
services, on the other, is not as straightforward as one would have expected. 
Decisions taken at household, property, utility and municipal levels affect the 
demand for water services in an urban area with an existing water 
infrastructure. Consequently, the water utility only controls a fraction of these 
decisions but nevertheless has to respond to them. The potential for using 
water rates in the three cases differed but was generally low. One reason was 
the necessary cost principle contained in the Water and Wastewater Act, 
which does not allow water utilities to raise water rates above the necessary 
cost needed to operate and maintain the water infrastructure. In Surahammar, 
approximately 30% of the water expense was fixed whereas full volumetric 
rates were used in Uppsala and Ringdansen. In all cases an increase of the 
fixed rate would better reflect the cost-structure of the water utility. In the 
Ringdansen case, implementation of a partly fixed rate would also be a 
significantly better reflection of the collective nature of the benefits of 
stormwater and wastewater services in an apartment area. It would also 
distribute the costs of increased water rates at the municipal level more evenly 
between the tenants. The proportion of households with metered water 
consumption also differed. In Surahammar approximately 75% of the 
population lived in detached houses whereas in Uppsala and Norrköping it 
was about 50%. The introduction of volumetric billing increases the scope for 
using water rates. 
 
The expected demand-existing water infrastructure indicator also turned out 
differently in the three cases. Prior to the water infrastructure was changed in 
the Uppsala case the gap was small. When the modified water supply structure 
is commissioned the gap will, at first, be large and closing the gap requires 
significantly higher water demand in the future. In the Ringdansen and 
Surahammar cases, the indicator resulted in widening gaps both for the 
manufactured water supply and wastewater infrastructures. In the 
Surahammar case, the gap became smaller by the introduction of kitchen 
waste disposers. The capacity to generate water was much higher than 
consumption. However, the water supply infrastructure was small, which does 
not make the excess capacity that critical from an economic perspective. In 
the Ringdansen case, the gap widened for both the manufactured water supply 
and wastewater infrastructures. In all the urban areas studied, the decreasing 
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per capita water consumption and household size widen the gap between 
designed and current water flow in the water and wastewater network. This 
enables the urban area to become more densely populated in the future. The 
Uppsala case showed that the water utility reduced the amount of wastewater 
reaching Kungsängen through gradual disconnection of stormwater pipes 
from the wastewater network.  

When does an economic criterion become decisive?  
Assessing the degree of fulfilment of a criterion on the basis of the result from 
its application is clearly an essential part of a sustainable development 
assessment. As I showed in chapters 6 and 7, the outcome of the application 
of economic indicators varied between the three changes in water 
infrastructure. Here, all five criteria were assessed for the three changes in 
water infrastructure (fig. 8.1). I distinguish between three assessment levels. 
First, criteria assessed as potentially decisive are marked in black. Second, 
criteria assessed as unclear or indecisive are marked in grey. Third, criteria 
assessed as relatively well satisfied in relation to sustainable development are 
marked in white. Generally, the interpretation depends on both the absolute 
magnitude and relative change. The division into black, grey and white 
categories foremost illustrates changes in the absolute magnitude. In a relative 
sense, an improvement would be represented as a brighter colour and 
impairment by a darker. I also want to emphasise that the purpose of the 
assessment is mainly to illustrate its delicate nature and that all assessment 
could be challenged.  
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Figure 8.1. Interpretation of the degree of fulfilment of economic critera based on 
application of indicators in the three cases. 
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CRITERIA ASSESSED AS POTENTIALLY DECISIVE FOR SUSTAINABLE 
DEVELOPMENT 
The application of the water expense-total income indicator to volumetric 
billing in a low-income area shows that both the absolute magnitude and the 
relative change of the indicator were potential obstacles for achieving 
sustainable development. Hence, affordability worsened but it had already been 
poor prior to the Ringdansen project. Consequently, the low income in 
Ringdansen determined the result of the water expense-total income indicator, 
regardless of the water rate chosen. However, the full volumetric water rate 
presently used aggravated the affordability of higher-volume users. This 
illustrates that general socio-economic trends affect both the application of 
the indicator and the assessment of the criterion, which relates the urban 
water sector to the income trend in society. The results also suggest that once 
volumetric billing was introduced, affordability became a factor for 
households to consider when moving to or from Ringdansen. This means that 
higher-volume users tend to move to other areas and households that move 
to Ringdansen are likely to have relatively better affordability.  
 
I assessed the effectiveness criterion in the introduction of volumetric billing in a 
low-income area as a potential obstacle in relation to sustainable development. 
The reason was that the benefit to society of reduced water consumption was 
small in comparison to the metering and billing cost, both economically and 
socially, because there was little competition for the water and excess capacity 
in the manufactured water infrastructure. Moreover, future investments are 
needed to achieve a good ecological status in Lake Glan, which would 
increase the water expense in Ringdansen. This would, however, not affect the 
ability to use Motala Ström as a water supply source.   
 
I assessed the installation of kitchen water disposers in a stagnant municipality 
such as Surahammar as impairment in terms of effectiveness in a relative sense 
because more manufactured capital is employed for a marginally higher 
production of biogas. Moreover, the need to continuously raise the water rate 
makes the conservation incentive gradually stronger. This means that the 
incentive for property owners to install more water-efficient appliances gets 
stronger, contributing to even lower per capita water consumption. This also 
shows that the efficiency in the use of the current water infrastructure in 
Surahammar was low before the change took place and has continued to 
drop. Since the 1970s, industrial and, since the 1980s, residential water 
consumption has decreased whereas the maintenance cost has increased. 
Consequently, in a stagnant municipality, measures should be targeted at 
reducing the manufactured infrastructure’s need for maintenance in the future 
or at increasing the public multi-utility’s revenues.  
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CRITERIA ASSESSED AS UNCHANGED  
The installation of kitchen waste disposers did not affect the revenue and 
costs of the public multi-utility, which suggests an unchanged cost-recovery. 
However, cost-recovery worsened from a relatively good position. Cost-
recovery fell from 100 to 98% in the period studied, even though the water 
expense for an average user increased by 41% and the change in water 
infrastructure did not require further investment in the parts of the water 
infrastructure operated by the public multi-utility. This clearly illustrates that 
the scope for further investment is small in a stagnant municipality and that 
the collection of revenues might be limiting in the future. The ability to collect 
revenue would be more critical for public service areas such as education and 
health care, which are financed directly by income tax revenue. However, the 
ability to collect water revenue is better since payment is made directly to the 
public multi-utility, which has the right to bill property owners. I based the 
assessment of both the effectiveness and cost-recovery criteria on the 
expected inability to collect revenue in the future. The effectiveness and cost-
recovery criteria would have been assessed as unaffected or insignificant if the 
ability to collect revenue was not considered the most limiting factor. 
 
Application of the criticality indicator to the increased water supply in a 
growing municipality was assessed as a potential obstacle for sustainable 
development both relatively and absolutely. The reasons are the lack of 
substitutes for the water supply source, the larger population in the future and 
the increased throughput in the boulder ridge. I contend that the direction of 
the criticality indicator was relatively easy to assess, however, it was more 
difficult to determine at what level it becomes decisive in relation to 
sustainable development. Clearly, decision-makers in Uppsala did not view the 
present level of criticality to be decisive. My assessment of the criticality 
indicator suggests that more weight should be given to the maintenance of 
fund indicator. Trends of increasing concentrations of organic matter and 
petroleum residuals in the water running through the boulder ridge suggest 
that it is not properly maintained at present. However, as a water supply 
source, more manufactured capital could compensate for its decreased 
capacity. Employing more manufactured capital is not problematic in the 
growing municipality, where the ability to collect revenue for further 
investment is very good. I also assessed the efficiency indicator as an 
improvement in Uppsala, because the boulder ridge would be used more 
efficiently. Additionally, a growing population would result in a more efficient 
use of the existing distribution, conveyance and wastewater parts of the 
manufactured water infrastructure. The widening gap between designed and 
current flows in the pipes will enable the urban area to be more densely 
populated in the future, which, clearly, is an improvement in terms of 
efficiency. Consequently, I assessed the maintenance of the water infrastructure 
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criterion as unchanged in relation to sustainable development because of the 
good ability to invest in water supply technology.  
 
In the Ringdansen case, I assessed the degree of criticality of water supply 
sources and receiving watercourses to be unchanged. Efficiency was affected 
by, for instance, employment of more manufactured capital to generate less 
water, improved ability of the Housing Company to detect system failures and 
tenants fulfilling their water demand more efficiently. The introduction of 
volumetric billing neither affected the use of Bråviken as a sink for waste nor 
the use of Motala Ström as a water supply source. The ability to maintain the 
manufactured water infrastructure deteriorated due to the significant size of 
the investment and operating cost of volumetric billing. In conclusion, I 
assessed the maintenance of the water infrastructure criterion as unchanged or 
insignificant for urban water management in relation to sustainable 
development.  
 
In the Surahammar case, the application of the water expense-total cost 
indicator to the introduction of kitchen waste disposers indicated that the 
affordability criterion was unchanged. However, general population and cost 
trends gradually worsened affordability and the investment and operating cost 
also increased the total water expense. The user ability to pay was still high but 
if the total number of employed continues to decrease, affordability might 
become a problem in the future. Consequently, affordability was not a 
problem in the period studied, but it might become critical in the future if the 
present socio-economic trends continue.  
 
Assessing the effectiveness criterion in Uppsala shows the potential conflict 
between environmental protection and socio-economic development. 
Increased population will put greater pressure on both the water supply 
source and the receiving water as a sink for waste. However, the ability to 
finance investment in more manufactured water infrastructure is good. 
Consequently, the application shows that more manufactured capital could 
compensate for the increasing demand for water resources as a source for 
water supply and a sink for waste. This is more in line with the weak 
sustainability perspective. The effectiveness criterion was assessed as 
unchanged by the change in water infrastructure. 
 
The development potential criterion was hard to assess on the basis of the results 
from the application of the potential for water pricing and the expected water 
demand-existing water infrastructure capacity indicators. In both Surahammar 
and Ringdansen, the water infrastructures were under-utilised, implying that 
the present level of water consumption is not limited by environmental 
concerns. Rather, the level of socio-economic development limits the 
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generation of welfare from the water infrastructure and is a main obstacle in 
relation to sustainable development. Consequently, urban water managers 
must respond to this challenge. This illustrates that processes, which occurs 
outside the urban water system, affects the assessment. For instance, 
population and water consumption trends in Surahammar result in higher 
water rates, which encourage lower water consumption. Here, water rates 
might be used to stimulate water consumption. However, available studies 
suggest that water is relatively price-inelastic in Sweden, implying that 
lowering the variable price would result in lower total revenue. Hence, the 
fixed cost would need to increase even more. The Ringdansen case suggests 
that the ability of the housing company to use the water rate to control water 
consumption might be limited in the future, since it has already exceeded the 
social limits in some of the households that moved. Consequently, the ability 
to pay a higher future water rate will deteriorate in Ringdansen, especially if 
the full volumetric rate is maintained. In Uppsala, the water infrastructure 
under construction will enable a significantly higher level of economic activity, 
which clearly illustrates a large potential for development. Once constructed, 
the ability to abstract water from the boulder ridge will exceed present legal 
permits, suggesting that environmental factors will limit further increase of the 
water supply infrastructure. However, the excess capacity will be large at first 
and if the assumptions on population growth and per capita water 
consumption hold, the gap will gradually become smaller. At present, water 
rates are used to create the strongest possible incentive to save water. 
However, the water expense is low, suggesting that the economic incentive to 
save water is small. Moreover, about half of the population live in apartments, 
which means that the water rate cannot be used to affect their water 
consumption. 

CRITERIA ASSESSED RELATIVELY WELL SATISFIED  
In the Uppsala case, I assessed both the affordability and cost-recovery criteria as 
relatively well satisfied. Consequently, they are identified as potential sources 
for trade off in relation to other criteria. In this sense, these criteria might be 
viewed as reserves for achieving sustainable development. In terms of the 
affordability criterion, the high average income, large income increase and low 
water rate contribute to an unchanged water expense-total cost indicator in 
the period studied. Further, cost-recovery remained high but is unaffected 
when the water supply was increased, even though the capital and operating 
costs of the water infrastructure will increase by about 50% from 2002 to 
2007. Hence, income change and population growth more than compensate 
for the investment and operating cost. 
 
In Ringdansen, the cost-recovery criterion was much harder to assess because the 
effects on the Housing Company’s revenues and cost must be considered as 
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well as the ability to recover the investment and operation cost of metering 
and billing. In terms of balancing the cost and revenues for water services, the 
introduction of volumetric billing was clearly an improvement. In contrast, the 
gain from increased revenues and decreased cost could not cover the 
investment in and operating cost of metering. Consequently, volumetric 
billing in apartments could be implemented by housing companies selectively 
to improve cost-recovery in high-consuming buildings or areas. Finally, I 
assessed the cost-recovery criterion as a relative improvement, although from 
a very low level. The Housing Company viewed the low level of cost-recovery 
prior to the Ringdansen project as a potential obstacle in relation to 
sustainable development.  
 
In the Surahammar case, the change in water infrastructure did not affect 
criticality although the external threat seems to have increased over the last 
ten years. The application of the input-output indicator in the Surahammar 
case indicated an improvement in terms of efficiency. However, the kitchen 
waste disposers were not used very efficiently, indicating that in a more 
general sense the efficiency of this change in water infrastructure was harder 
to assess. Accordingly, I assessed the efficiency indicator as unchanged. I also 
contend that both the water supply source and the receiving water were 
maintained in terms of complying with legal permits and regional 
environmental goals. The ability to maintain the manufactured water 
infrastructure deteriorated, which is indicated by the cost-recovery indicator. 
All in all, I assess the maintenance of the water infrastructure criterion in 
Surahammar as being relatively well satisfied in the period studied.   

Conclusions for sustainable development assessments: the proof of 
the pudding is in the eating   
The analytical categories point to essential elements that any theory of 
sustainable development need relate to. Following Hegel’s reasoning of an 
object in contrast to “its other”, Georgescu-Roegen (1971, p. 212) 
distinguished between a partial process and its boundary, when studying the 
economics of production. My first general conclusion is that a sustainable 
development assessment helps the activity being studied in exploring “its 
other”, in my case, the urban water sector. That is, to gradually become more 
aware of its dependency on and exchange of information, matter and value 
with “its other”. In particular, the assessment needs to consider what exchange 
to look for and how to evaluate this interaction. Assessment of an indicator 
would clearly be impossible without continuously relating the universal with 
the context-specific, which is in line with the suggestions given by Worster 
(1993) and Bossel (1998). Generally, the frameworks did not include the role 
of actors and other stakeholders in the assessment. This is clearly essential in 
order to better incorporate multiple values (Rijsberman and van de Ven 1999). 
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Consequently, there was a need to specify who should take part in the 
sustainable development assessment, as Luke (1995) pointed out. Accordingly, 
my second general conclusion is that sustainable development assessments 
need to spell out which actors are brought into the different stages of the 
assessment and decision-making process (fig. 5.1, p. 98). These conclusions 
are elaborated below. 

BALANCING UNIVERSAL AND CONTEXT SPECIFIC …  
On the basis of the categorisations of general frameworks, economic theories 
and urban water assessments, the study finds an obvious need to balance 
criteria derived from theories on the one hand with local decision-makers’ and 
stakeholders’ formulations of problems on the other. This clearly brings the 
local hydrological and socio-economic conditions into the assessment. In 
economic theories, the local context is generally not made explicit and, hence, 
theoretically derived criteria dominate the problems experienced in practice. 
Knowledge about the local context is necessary in order to interpret the 
results from the application of criteria derived from general frameworks, 
disciplinary theories or other urban water assessments. The categorisations of 
literature and the applications of indicators suggest that knowledge about the 
local context, global situation and the circumstances under which the criterion 
was developed is needed to enable an application and interpretation of it. For 
instance, volumetric billing creates a strong incentive to save water in low-
income areas such as Ringdansen. However, in Ringdansen there is no reason 
to decrease water consumption for water infrastructure reasons. This shows 
that a theoretically derived criterion such as a conservation incentive might 
lack relevance when it meets a local context in which the incentive to save 
water is weak. Large excess capacity of water supply and, in terms of water 
flow, wastewater infrastructure in Surahammar also suggests a weak incentive 
to save water. In Uppsala, the current water infrastructure as well as the future 
water supply infrastructure, will be more than sufficient to meet the demand 
for water. Based on this, I conclude that the incentive to save water is weak 
and the prospects for demand management to reduce consumption are small 
in most municipalities in Sweden. The assessment of the degree of fulfilment 
of the economic criteria presented in fig. 8.1 clearly demonstrated that all 
interpretations need reference to other geographical scales, general socio-
economic and hydrological trends as well as environmental and other policy 
objectives. In relation to sustainable development assessments, for instance, 
this suggests relatively less weight being given to conservation of resources, 
which seems to be in line with public reasoning in Sweden.21  
 

                                           
21 There are, however, other reasons such as affordability, effectiveness or efficiency that 
may motivate measures to reduce water consumption.   
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In conclusion, the criteria derived from theories are only potentially limiting 
or relevant; it becomes possible to explore whether a criterion was decisive or 
not when confronted by the hydrological, water infrastructure, socio-
economic and policy contexts. Changes in water infrastructure are carried out 
to achieve goals that are defined outside the immediate scope of the water 
utility or housing company. Moreover, any interpretation of indicators needs 
knowledge from other domains. Consequently, sustainable development 
assessments need both theoretical and practical knowledge. The application of 
the indicators and the discussion about how to assess the degree of fulfilment 
of the five criteria clearly demonstrated that a wide range of knowledge is 
needed, which is not codified by the indicator. In this light, the assessment 
becomes an exploration of “its others” emphasising the need to integrate the 
dimensions of sustainable development and thus becoming more aware of 
what this means.  

… BRINGS ACTORS INTO THE ASSESSMENT PROCESS 
Both general frameworks and urban water assessments called for inclusion of 
decision-makers and stakeholders in the sustainable development assessment. 
In particular, the urban water assessments underline the need to involve actors 
and decision-makers, suggesting that the more concrete the assessment, the 
more the need for information about the specific location. In economic theories 
and economic sustainability and urban water management assessments, the goals of 
development are also formulated outside the assessment, implying that 
decision-makers may still affect the assessment through determination of the 
goals to be achieved. In the cases, the decisions in Uppsala and Surahammar 
were mainly taken from the perspective of the water utilities or municipalities 
and in Ringdansen tenants could not affect the implementation of volumetric 
billing even though the Tenants’ Association accepted the water rate. 
Moreover, the application of affordability, cost-recovery and effectiveness 
criteria and indicators, introduces more than one level at which costs and 
benefits should be balanced. This expands the number of economic 
perspectives in the assessment. However, the cases showed that neither users 
nor water resource stakeholders are homogeneous categories, suggesting that 
exploring “its other” should not be reduced to application of pre-specified 
actor-oriented criteria. Consequently, bringing actors and other stakeholders 
into the assessment is an important challenge, suggesting that it is important 
to become more aware of who are included in the “its”, that is, that actors and 
other stakeholders are an essential when assessing urban water management in 
relation to sustainable development.   
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LEVEL OF ANALYSIS 
On the basis of the categorisations of literature and the application of 
economic indicators, the level of analysis category shows that a sustainable 
development assessment needs to (1) relate to the overall level (scale); (2) 
make the interaction between subsystems and criteria explicit, in particular for 
the economic dimension; and (3) spell out the role of economic theory and 
criteria.  

Assessments need to relate to the overall level  
In general frameworks, sustainable development assessments relate to different 
overall spatial levels such as the global or national. Economic theories generally 
relate to national or other levels whereas the main scale in urban water 
assessments is the catchment area. In the cases, it is clear that the changes in 
water infrastructure are driven by processes at other levels than the catchment 
area or the urban water sector, such as implementation of national and EU 
environmental objectives and planning at the municipal level. Moreover, 
assessment of economic indicators needed knowledge from many different 
areas outside the urban water context.  
 
In general frameworks, the dimensions of sustainable development are generally 
approached in a compartmentalised manner. Economic theories relate to the 
economy or economic system and elements are valued on the basis of their 
economic value. In urban water assessments, researchers regard the water 
infrastructure as a subsystem of society and the natural environment, making 
the relationship to the catchment area and the benefits of water services in the 
urban area explicit. This view also infers that both water services and water 
resources should be included in the urban water assessment, bringing actors 
other than water utilities into the assessment. In the cases, it is clear that the 
changes in water infrastructure are driven by changes mainly taking place 
outside the urban water sector. The Uppsala case emphasised the problems 
experienced when the economy grows, the Ringdansen and Surahammar cases 
when it stagnates.  
 
Consequently, the relationship to the global level and sustainable development 
are relevant for urban water assessment, implying that change in water 
infrastructure cannot be explained without consideration of social, 
environmental and economic trends. Knowledge about the overall levels is, 
indeed, necessary to assess changes at local or sectoral levels. This, too, 
supports the hypothesis of a dependent relationship between socio-economic 
development and protection of the environment in the urban water field. This 
brings us to the need for assessments to address the interaction of criteria.  
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Assessments need to more explicitly address the interaction between criteria 
The WCED framing of sustainable development is based on the hypothesis of 
a dependent relationship between socio-economic development and 
environmental protection. Consequently, any sustainable development 
assessment needs to reflect the relationship between dimensions or, as in the 
terminology used, between criteria. The crucial point is how to make 
integration possible in the assessment process. In most general frameworks and 
economic theories, the interaction between criteria is not clear. All criteria are 
equally weighted, once formulated, such as in systems, prisms of sustainability 
and thematic frameworks, whereas weighting and trade off is left to decision-
makers. However, proponents of strong sustainability and sustainability gaps 
give ecological criteria more weight than economic and social criteria. In 
critical sustainability assessments and hierarchical frameworks weights are the 
result of a screening of importance, threat, irreversibility or other parameters, 
implying that the interaction between criteria is not prescriptive. The 
interaction between dimensions is even more complex in urban water assessments 
because interaction both within the urban water assessment criteria and 
between other sectors and “its other” in terms of scale and scope is needed. 
Here, too, weighting is generally left to decision-makers, even though multi-
criteria techniques are widely used to generate more knowledge about how 
different actors weight criteria.   
 
In all categories of literature, different viewpoints are expressed in terms of 
the hierarchy and, hence, the potential trade offs between criteria. Depending 
on challenges presented by local and general trends, however, different 
hierarchies between criteria are justified. For instance, if competition is high 
for the water resource and environmental funds are not maintained, stronger 
sustainability criteria would seem justified. This is, however, not the case in all 
places and points in time. In the cases, social and environmental concerns limit 
the current utilisation of water services. Socio-economic development limits 
the generation of welfare from the water infrastructure in Ringdansen and 
Surahammar. The change in water infrastructure in Uppsala increases the 
capacity to generate water services, removing a physical limit, which would lie 
far ahead in the future. 
 
The set of economic indicators I applied contains no weighting between 
criteria. Rather, an application should consider all five criteria in order to 
reveal the economic issues that could be potentially decisive for sustainable 
development. The criticality criterion clearly shows that the relationship 
between criteria is not fixed but part of exploring the relationship to “its 
other”. Assessing the development potential criterion is based on the 
assumption that the current level of water services should not be taken for 
granted everywhere. In a dynamic socio-economic and natural environment, 
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this might shift over time. For instance, in 1970, who would have thought that 
per capita water consumption would be lower thirty years ahead? Moreover, 
the affordability, cost-recovery and effectiveness criteria are also related since 
they depend on the cost of the water infrastructure and the water rate 
determined by the water utility. The set of economic indicators I applied 
relates to other dimensions and is therefore dependent on other criteria doing 
the same.   

Assessments need to clarify the role of economic theory and criteria 
The different categories of literature and the practical cases revealed that 
economic goals, theories, analyses and criteria are very disparate, in particular 
as regards degree of separateness from the rest of the sustainable development 
assessment.  
 
The role of economic theory varies in general frameworks from having a separate 
dimension with goals expressed in its own discipline to having a more 
instrumental role in cost estimation for defensive measures and several equally 
weighted criteria as in a system framework. In economic theories, economic 
analysis is, accordingly, essential for assessing the non-declining inter-
generational welfare criterion, which is viewed as an operationalisation of the 
WCED framing of sustainable development. Moreover, weak sustainability 
proponents suggest that allocation is more important than scale, legitimating 
allocation on the basis of economic value. However, the sustainability gap 
theory and the hierarchical framework as well as critical and strong versions of 
capital theory clearly limit the use of economic theory to determinate scale 
and allocation in sustainable development assessments. In these theories, the 
role of economic analysis is that of a cost-effectiveness analysis or cost and 
benefit estimation without aggregation. From the theories available, analysts 
derive many suggestions for economic assessment criteria. In urban water 
assessments, the role of economic analysis is instrumental, such as cost 
estimation, except, of course, in economic sustainability and urban water 
management assessments, where analysts argue that pricing is an essential 
measure when internalising externalities and to move in a more sustainable 
direction. From the literature categorisation, it is clear that there are many 
economic criteria available for assessment of urban water management in 
relation to sustainable development. In the cases, economic analysis only 
consists of a documentation of how the investments affected the investor’s 
capital and operational costs. Benefit estimation, distributive effects, etc. were 
not addressed, even though, as in Ringdansen, the introduction of volumetric 
billing had a significant distributive effect. This is in line with Starkl and 
Brunner (2004) and Palme et al. (2005) who noted the gap between 
theoretically derived economic criteria and the total cost criterion used in 
practise.  

 176 



GOAL OF DEVELOPMENT  
The general frameworks and urban water assessments commonly expressed several 
independent goals, out of which the economic was one. The economic theories 
studied expressed goals in relation to the economic system or they were 
externally defined. In the cases, goals were defined at several levels, mainly 
originating outside the urban water system, such as population and economic 
development as well as water conservation. This means that there are several 
goals of development. Consequently, considering the disparity of goals, I 
argue that the prospects of reaching consensus about the desirability of a 
change in water infrastructure is small, meaning that trade offs will be an 
inherent part of the assessment process. Moreover, since assessment is closely 
connected to the goals to be achieved, setting of goals should be included in 
the assessment process, as the Bellagio principles contend.  
 
Further, the object being assessed must be related to its “other”, which is an 
open-ended process, which balances more theoretical propositions with local 
conditions and more or less explicitly formulated preferences of decision-
makers. Any assessment needs to bring actors and other stakeholders 
together, without giving any of them priority over others prior to the 
assessment process. The identification and in-corporation of actors and other 
stakeholders is equally important in the whole assessment process, that is, in 
goal-setting, selection of criteria and indicators, interpretation of results and 
decision-making. 
  
On the basis of the results from literature categorisations and application of 
indicators in the cases, the following issues for sustainable development 
assessments are emphasised by the goal of development category: (1) 
addressing inter-generational equity; (2) addressing intra-generational equity; 
(3) addressing the relationship between inter- and intra-generational equity; 
and (4) enabling the incorporation of multiple values (goals of development). 

Addressing inter-generational equity 
Response to inter-generational equity addresses what should be preserved for 
future generations. General frameworks and economic theories agree on maintenance 
of inter-generational equity as a benefit to society, regardless of the level of 
application. However, there is no agreement on what this goal implies in 
practice and it is operationalised differently as maintenance of aggregate 
capital stock, capacity to generate services, etc. The contribution of the urban 
water sector to social welfare in terms of criticality was only determined 
empirically in economic theories and economic sustainability and urban water 
management assessments. Other approaches generally assume that the 
contribution of water services is unique and could not be replaced by other 
types of welfare, which goes more in line with stronger representations of 
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sustainability. This is more in line with ethical reasons for preservation of a 
water resource than being solely justified by its contribution to current and 
future human welfare. In urban water assessments inter-generational equity is 
operationalised as the maintenance of the capacity to generate water services, 
the water infrastructure, the water resources or the economic value of water 
services for future generations. In the cases, I applied the obtaining inputs, 
maintenance of funds, criticality and efficiency indicators to assess whether 
the water infrastructure was maintained. In the Uppsala case, more natural 
and manufactured capital is employed to increase the ability to generate water 
services in the future. In terms of criticality, the threat to and importance of 
the boulder ridge increases, which imply impairment. More pre- and post-
treatment of the water suggests that gradually more manufactured capital will 
be needed to compensate for natural capital deterioration. In conclusion, the 
cost-recovery criterion suggests a good ability to maintain the manufactured 
water infrastructure and to invest in additional manufactured capital. The 
environmental funds are maintained in Surahammar where the effects of an 
ageing population and unclear prospects for economic development in the 
future points at the ability to collect revenue as the main challenge for 
maintenance of the manufactured water infrastructure in the future. 
Therefore, any change that increases the total manufactured water 
infrastructure, such as the installation of kitchen waste disposers, is 
questionable. Present population and socio-economic development trends in 
Sweden result in many smaller municipalities facing the same challenge as 
Surahammar. In the Ringdansen case, the installation of water meters and 
billing increase the size of the manufactured water infrastructure in a low-
income area, which indicates a potential obstacle for achieving sustainable 
development.  

Addressing intra-generational equity 
In general frameworks and economic theories, analysts refer to distribution as a social 
issue. In terms of intra-generational equity, several urban water assessments 
consider notions of social and ecological minima of water, although it is 
generally contended that, at present water rates and consumption, the social 
minimum of water services is fulfilled in cities in high-income countries. In 
water resource management for sustainable development, analysts state that 
distribution of costs and benefits is as important as the magnitude of the costs 
and benefits. Moreover, urban water assessments suggest income and access 
to resources as criteria for intra-generational equity as well as an indicator that 
directly measures the limit of intra-generational equity at household level. I 
applied the water-expense-total income indicator in the cases to assess the 
affordability criterion. The application suggests that variation at household 
level is significant and that neither the water bill nor total income directly 
measures affordability. Moreover, a long-lived water infrastructure keeps 
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demand for maintenance on a relatively high level, which means that the 
major part of the total cost is fixed. In the cases, a higher proportion of the 
revenue was collected by volumetric rates than the fixed cost proportion. In 
the Uppsala and Surahammar cases, the water rates resulted in about 30% of 
the water expense being fixed for an average consumer whereas in 
Ringdansen water expense was only determined by volume. The introduction 
of full volumetric billing in Ringdansen resulted in a change in the 
operationalisation of intra-generational equity. The change from allocation 
based on the demand in the household and payment according to the average 
consumption in all apartments to allocation based on willingness and ability to 
pay. The lack of a fixed rate contributes to very varied water expense between 
households and to costs being borne very unevenly. A social minimum is, 
however, provided by the Social Welfare Office, corresponding to about 123 
litres per person and day. However, this was based on average consumption in 
all the Housing Company’s apartments, not just for households residing in 
Ringdansen. The low estimated hot water consumption, 37 litres per person 
and day, implies that the water expense in large households with an average 
consumption exceeds the allowance from the Social Welfare Office.  

Relationship between inter- and intra-generational equity  
In general frameworks, economic theories and urban water assessments, analysts address 
inter- and intra-generational equity separately. In the cases, it is clear that the 
choice of water rate determines allocation, suggesting a dependent 
relationship between inter- and intra-generational equity in urban water 
assessments. Moreover, once operational, the water infrastructure enables 
production of a certain amount of water services. The choice of water rates 
affects the total production of water services as well as the distribution of 
services between users. However, it is generally contended that at present 
water rates and consumption levels, water services are price-inelastic, that is, 
consumption changes less than the change in price (Dalhuisen et al. 1999, 
Höglund 2000). Volumetric billing in Ringdansen shifted both the total 
consumption and the distribution of cost between the households. Higher-
volume users reduced water consumption the most and also faced 
considerably higher water expense. For instance, the average water expense 
increased by SEK 3 000 per year for a quarter of the households. For a 
number of these households, water consumption became significantly more 
price-elastic, suggesting that the effects of further water rate increases might 
even be regressive. 

Ability to incorporate multiple values 
One economic aspect in relation to sustainable development is balancing cost 
and benefit, which may be applied at different levels. Generally, the general 
frameworks and economic theories do not address multiple perspectives of value or 
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actors, and the economic viability, economic structure and maintenance of 
aggregate capital stock criteria express this at the society level. Actors and 
other stakeholders are generally invisible and benefits and costs are 
aggregated. In the urban water assessments user, water utility and society 
perspectives are suggested. Generally an assessment departs from the 
perspective of the water utility, sometimes including users as an aggregated 
category. Further, analysts emphasise balancing water resource with water 
service goals but in what way this should be achieved is not clear. In this 
dissertation, the application of affordability, cost-recovery and effectiveness 
criteria in the cases explicitly introduced more than one level for which the 
effects of cost and benefits were addressed. The application of these criteria 
reveals that each criterion is relevant for assessment of urban water 
management in relation to sustainable development. The effectiveness and 
affordability criteria, however, need a lot of data, which are costly to collect. 
Economic analysis of water uses in the catchment area is needed in the EU 
WFD, which could be used as a starting point. In the cases, the outcome of 
these three criteria is not the same. In the Ringdansen case, cost-recovery 
improves whereas volumetric billing is neither effective nor does it improve 
affordability. In the Uppsala case, both affordability and cost-recovery are 
good whereas maintenance of infrastructure and effectiveness are unclear, due 
to the increased use of the boulder ridge for water supply. The application of 
the water expense-total income indicator at the household level in Ringdansen 
demonstrates that the user category is not homogeneous, which suggests, 
rather, that to assess the effects on users’ affordability requires an application 
of the criterion for different categories of users, in particular higher-volume, 
low-income users.   

LIMITS 
In terms of limits, two aspects are crucial for sustainable development 
assessments: (1) a dynamic relationship between subsystems; and (2) balance 
between limits in both theory and practice.  

Dynamic relationship between subsystems 
In the general frameworks and economic theories, the relationship and importance of 
subsystems differs and varies over time. Consequently, sustainable 
development assessments should not be prescriptive in terms of the 
relationship between subsystems. In urban water assessments, ecological limits are 
the most elaborated. Many analysts assume that strong sustainability criteria 
should apply to the water supply source and the receiving water used as a sink 
for waste. Criticality and substitutability are generally not addressed, except in 
the case of the economic sustainability and urban water management assessments. 
Moreover, in urban water assessments, the operationalisation of limits is generally 
more concrete and related to the water resource and water infrastructure. The 
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application of indicators in the cases also reveals different and more specific 
limits. The consequences of the change in water infrastructure are clearly 
relevant for ecological limits, manifested as a more flow-like use of the 
boulder ridge and the need to improve water quality in Lake Ekoln, whereas 
social and economic factors are not limiting in Uppsala. However, the current 
water infrastructure will be more than sufficient for the next 20 years or so in 
terms of water flow. In contrast, environmental limits are not relevant in 
Surahammar where, instead, lack of employment and a stagnant population 
limit the generation of welfare from water services. In Ringdansen, volumetric 
billing is not relevant for environmental limits. Instead, limits have social and 
economic origins. Lack of employment and low household income limit the 
welfare derived from water services. Consequently, Surahammar and 
Ringdansen need more socio-economic development whereas Uppsala is 
approaching its environmental limits.  

Limits in theory and in practice 
In most economic theories, substitutability and criticality point to the ability to 
substitute between subsystems, sectors and categories of capital. Limits are 
generally not explicit in urban water assessments, instead, evaluating trade offs are 
left to decision-makers, that is, external to the sustainable development 
assessment. The assessment of the different criteria in section 8.3 illustrated 
that it is difficult to determine when a criterion becomes decisive in relation to 
sustainable development. This needs knowledge about both the general trends 
and the local context. When the water infrastructures are changed, more 
manufactured capital is added whereas the use of water as a supply source and 
receiving water as a sink for waste increases, is unchanged or decreases. 
Consequently, the relationship between the natural and manufactured 
categories of capital is not the same in any of the three cases. Over time, the 
general trend has been to employ more manufactured capital to substitute for 
less natural capital in the form of water supply source as well as receiving 
water as a sink for waste. This suggests that the level of utilisation before was 
not sustainable. This trend is likely to continue, which is especially relevant in 
the Uppsala and Ringdansen cases. Moreover, assessing the significance of 
people moving from Ringdansen and Surahammar is problematic; is it socially 
sustainable even though people have to move? Assessing the ability to use the 
Uppsala boulder ridge as a water supply source in the future is also difficult. 
Consequently, sustainable development assessments should make the scope 
for trade off more explicit. In terms of the potential for using economic 
criteria, this implies more explicit “limits” and instructions for interpretation 
of the degree of fulfilment of criteria (Worster 1993).   
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Conclusions 
What can be concluded regarding the potential for using economic criteria 
and indicators for assessment of urban water management in relation to 
sustainable development? The following five conclusions summarise the 
dissertation:  
 
Firstly, many different economic criteria were suggested in the general 
frameworks, economic theories and urban water assessments studied. The 
economic criteria and indicators suggested both over-lapped and emphasised 
divergent specific key issues as crucial for assessment of sustainable 
development, economic sustainability and sustainable urban water 
management, respectively. All perspectives were useful to consider for 
selection of a set of economic criteria and indicators, which were more able to 
represent a multi-faceted economic dimension. This shows that specific 
assessments need a broad theoretical background when assessing sustainable 
development effects or processes. A similar selection process could easily be 
adapted for identification and selection of economic criteria for assessments 
of other public service and infrastructure areas as well as for environmental or 
social criteria.  
 
Secondly, related to the first point, a sustainable development assessment 
should address the different dimensions in an integrated manner. Accordingly, 
when assessing sustainable development in different sectors and at specific 
levels, the assessment should explicitly address how the set of criteria relates 
to the integrated sustainable development policy objectives at the local, 
national and global levels. This might be to ask for a lot from the specific 
assessments and might pose a challenge to involve new competences in the 
assessments. Nevertheless, it appears as minimum requirement on the 
assessments, at least, to include an item in the assessments, which considers 
the relationship to between the specific and the overall level.  My set of 
criteria addressed the link between the economic and social dimensions by 
means of the user-related affordability criterion as well as in the assessment of 
the cost-recovery and effectiveness criteria, which required assumptions of the 
expected level of socio-economic development in the future. The link 
between the economic and ecological dimension was more explicit in the 
assessment of the maintenance of the water infrastructure criterion. 
Moreover, it is symptomatic that the city with the fastest economic growth, 
the last decades as well as the prospects, scores relatively well in the 
application of indicators. This suggests that achieving sustainable 
development requires investment, which is relatively more available in a 
“richer” municipality. This outcome parallels the discussion between the 
ability to achieve sustainable development in high- and low-income countries 
at the global level. 
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Thirdly, the indicators were generally possible to apply to the three changes in 
water infrastructure in Sweden. It was, however, much more precarious to 
assess the criterion on the basis of the results from the application. In order to 
use the criteria in a sustainable development assessment, data were required 
from various sources outside the urban water system. This means becoming 
more aware of “ its others”, that is, relating issue areas affected by changes in 
water infrastructure. The assessment of a criterion involves specification of 
the limit for sustainable development, that is, a lack of satisfying a criterion 
becomes decisive for the outcome of the decision to change the water 
infrastructure. Further, assessment of a criterion involves valuations, which 
are inherently subjective. This justifies the participation of actors and other 
stakeholders in the assessment. 
 
Fourthly, a sustainable development assessment should more explicitly 
address the intended goals, which relates to both the more universal or 
domestic goals and the specific local and sectoral objectives that the changes 
in water infrastructure is expected to achieve. The study found that the goals 
were generally defined outside the urban water system. An important 
conclusion from this study is the crucial, but often overlooked, need to make 
the goals of a sustainable development process explicit. Since the goals are 
essential for assessing the results of the change towards sustainable 
development, they, too, should be addressed. The inclusion of goals also 
raises the issue of including actors and other stakeholders in the assessment. 
 
So fifthly, change in water infrastructure is driven by local perceptions of 
problems. One or several actors and other stakeholders may or may not share 
the perception of the problem. The problem perceived may be more or less in 
line with goals defined in other sectors, such as environmental goals and goals 
of socio-economic development. The measures studied affected the flows of 
water, substances and money differently, which illustrates an ability to adapt 
the existing water infrastructure more in line with what is perceived as the 
most limiting factor at present. However, this also implies that no measure is 
can be applied to all contexts. Assessments need to consider different 
stakeholder goals and attached problems. 
 
These points brings this dissertation to a conclusion but also shows that there 
are many challenges for identification and development of economic criteria 
that could be useful in assessments of sustainable development. In that 
respect, this dissertation has pointed at the need to link an activity, such as a 
change in water infrastructure, to “its others”. More of this work will clearly 
lead to a deeper and more balanced understanding of a measure’s contribution 
towards sustainable development as an overall goal for policy. Consequently, 
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there is a potential to improve sustainable development assessments if the 
scope of the economic criteria and indicators used is broader, in terms of 
relating to at least the economic, ecological and social dimensions of 
sustainable development as well as to the global scale. 
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Appendix I: Population, income and employment trends in 
Norrköping, Uppsala and Surahammar. 
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Figure A.1. Population in Uppsala, Norrköping and Surahammar in 1968-2003. 
Surahammar population data are magnified by a factor of 10 (Statistics Sweden 2003b). 
 
 
Table A.1. Population in Ringdansen, Guld- and Silverringen, selected years 1990–2003 
(Norrköping Statistics Office 2004). 
 1990 1993 1996 2000 2001 2002 2003 
Ringdansen 3241 2320 2754 1517 1390 1132 1269 
Guldringen 1647 1640 1454 - 568 782 776 
Silverringen 1594 1180 1300 - 822 350 603 
 
 
Table A.2. Proportion of population after age categories in Ringdansen and Norrköping 
selected years 1990–2003, % (Norrköping Statistics Office 2004). 

2003 Norrköping Age category 1990 1995 2000 
Guld Silver 1995 2003

0-6 13,8 15,3 10,7 7,9 6,9 9,5 7,2 
7-15 12,3 13,2 14,1 16,6 10,3 10,3 11,8
16-19 7,6 5,8 5,1 6,9 4,8 4,8 4,8 
0-19 33,7 34,3 29,9 31,5 22,1 24,6 23,8
20-34 27,9 27,1 21,1 21,1 19,5 20,9 19,7
35-49 18,5 18,4 19,4 16,6 16,8 20,4 20,1
50-64 11,0 10,5 15,6 15,9 19,1 16,4 19,4
>65 9,0 9,7 14,1 14,9 22,2 17,8 17,1
Total 3 241 2 823 1 517 776 476 123,8’ 124,0’
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Figure A.2. Average total income in families >20 years in Uppsala, Norrköping and 
Surahammar in 1991–2002, in 2002 prices, SEK 1 000/year (Statistics Sweden 
2003d). 
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Figure A.3. Number of employed in Uppsala, Norrköping and Surahammar in 1985-
2002. Surahammar employed data are magnified by a factor of 10 (Statistics Sweden 
2003c). 

0

2

4

6

8

10

12

14

16

1960 1990 1993 1996 1999 2002

Mm3/year

0

40 000

80 000

120 000

People

Water production
Population

Figure A.4. Annual water production at Borgs waterworks (Mm3) and population in 
Norrköping, selected years (Borgs waterworks 2005, Statistics Sweden 2003b  
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