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Summary  
 
As long as people have lived in cities, they have arranged for provision of water and 
sanitation services through collective efforts. Water and sanitation technologies with roots 
in ancient societies in Asia and the Mediterranean have been adapted and refined over 
thousands of years and transferred from place to place. Human history is full of examples of 
how urban water systems have been established and expanded, sometimes over centuries, 
and with time, faced stagnation and decline. The modern and centralised piped water and 
sanitation systems that spread during the ‘sanitary revolution’ of the 19th century developed 
in a specific physical and social context, but are also products of thousands of years of 
technological and social change. As the world is now undergoing an urban transformation of 
historical proportions, it is necessary to look at earlier transformative shifts, and change 
theories, to understand how we can better meet the challenges of sustainable development 
up ahead. 

 
This background paper seeks to inform and inspire the UN Habitat 2014 Global Report on the 
State of Water and Sanitation in the World’s Cities, which is taking a forward-looking 
perspective up to 2050, by looking at the history and change of urban water and sanitation. 
It provides examples from the last two thousand years, spanning from ancient Rome to 
colonial Jakarta, and it suggests a general theoretic framework on how urban water and 
sanitation systems change, drawing on fields like Science and Technology Studies, history 
and economics. The background paper outlines a simplified model of change for urban water 
and sanitation systems: 

 
First; urban WSS systems are put together for a human purpose. How this purpose is 
defined depend on who is allowed to influence, which ultimately depends on governance 
structure and how power is divided among the users and the system-builders. Users have 
two main ways of influencing the purpose of systems; by the long and the short route of 
accountability. There can locally be many different purposes with urban water and sanitation 
systems, some which will inherently be in conflict with each other while others combine thus 
enabling co-production of goods.  
 
Second; urban WSS systems change through recombination. Recombination can concern 
organisations, institutions as well technology, and can be done either by keeping the system 
architecture intact (called ‘internal replacement’) or by adding components and sub-systems 
(‘structural deepening’). In this recombination process, options and solutions may be 
available from other places, and other periods in time. When a system develops through 
structural deepening its complexity increases and its ability to adapt decreases. 
 
Third; urban WSS networks conform to the dynamics of Large Technical Systems. A 
networked system is not the only form for urban WSS provision, but it is the form which has 
emerged as the dominant technology. Urban WSS networks develop through establishment, 
expansion and maturity stages, they face expansion challenges of bottleneck character 
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(called ‘reverse salients’), and they develop momentum and resistance to change as they 
advance towards maturity. Failure to address reverse salients, or failure to adapt to 
significantly changing contexts, can lead to stagnation and decline. 
 
Fourth; urban WSS systems are socially defined. Water and sanitation in cities form a 
domain where values, ideas, knowledge, power and people matter as much as the 
technology and the physical environment. These systems develop in specific social (and 
physical) contexts and become part of political structures and contestations. When the social 
context changes through social change or through transfer, the new social context must be 
matched in the technological setup.  
 
This paper concludes that the period up to 2050 is a very short time seen in the context of 
thousands of years of gradual development of urban water and sanitation systems. Large 
technical systems which have developed over long time generally develop resistance to 
change. However, while one should not expect a replacement of the dominant WSS 
technology altogether, the period may be sufficiently long to initiate a transformative shift in 
relation to certain purposes. In particular, increased equity in access should be within reach 
as technological, organisational and institutional solutions are already available for 
recombination. To accomplish this, there must first be consensus on the purpose of the 
changes required, at global and local levels. Secondly, governments, donors and utilities 
must allow and promote innovation through recombination of existing solutions. Third, 
there must be stronger incentives to address the ‘reverse salient’ of poverty and informality 
by adapting service provision to the realities of poor people and to create local spaces for 
innovation. Fourth, to enable change, to increase accountability and unlock investment 
potentials, local processes of social capital formation and trust-building needs to be 
supported. History shows that this transformative shift can be accomplished. History also 
demonstrates that no blueprint solutions exist, and that socio-technological change 
processes depends on a genuine will for change. 
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1 Setting the stage  
 
1.1 Background 

The United Nations Programme for Human Settlements, UN-Habitat, as part of its mandate 
to promote global efforts for better, more sustainable and just cities, periodically releases a 
flagship publication on “The State of Water and Sanitation in the World’s Cities”. This is a 
recurrent publication published every three to four years, taking stock of the situation of 
these basic services in urban places all over the world, and providing analysis and inspiration 
for development-oriented communities at global as well as local levels.  
 
In 2006, the second edition of the Water and Sanitation in the World’s Cities bore the 
subtitle “Meeting Development Goals in Small Urban Centres”. As the subtitle indicates, it 
thematically focused on the provision of water and sanitation in secondary urban centres 
around the globe, and challenges and opportunities in these fast-growing human 
settlements. The 2010 report dealt with management of Solid Waste and Bio-solids in Urban 
centers, including key policy and investment issues that must be addressed in order to 
sustainably meet the Millennium Development Goals. The 2014 report applies a long-term 
perspective at the provision of water and sanitation services in urban centres. The title of 
this year’s issue is “The Global Report on the State of Water and Sanitation in the Worlds 
Cities 2014 – Looking ahead to 2050”.  The report will make a bold attempt at painting 
different scenarios for development of water and sanitation in cities for the coming 
generation, from 2015 up to 2050. It comes at a juncture in time when the global community 
is looking back at the achievements made since the Millennium Declaration in 2000, as well 
as agreeing on new development targets for the period beyond 2015.  
 
Cities have a large role to play in the context of sustainable development of this planet. As 
confirmed by Heads of State in the final declaration from the Rio summit on Sustainable 
Development in 2012: 
 

“We recognize that, if they are well planned and developed, including through 
integrated planning and management approaches, cities can promote economically, 
socially and environmentally sustainable societies.”1 

 
With more than half of the population currently living in cities, and with approximately 
another 70 Million people added in the cities of the World every year, clearly, what happens 
in cities will be of crucial importance for the entire humanity2.  
 
 

                                                      
1
 United Nations (2012), ”The Future We Want”, 19 June 2012, A/CONF.216/L.1., Article 134. 

2
 Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population 

Prospects: The 2010 Revision and World Urbanization Prospects: The 2011 Revision. 
http://esa.un.org/unpd/wup/index.htm 
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In its report to the Secretary General of the United Nations, the High-Level Panel of Eminent 
Persons on the Post-2015 Development Agenda, concluded that:  
 

“Cities are where the battle for sustainable development will be won or lost.”3  
 
The High-Level Panel further talks about five “transformative shifts” that are necessary to set 
the world on the path to sustainable development: 
 

I. Leave No One Behind 
II. Put sustainable development at the core 

III. Transform economies for jobs and inclusive growth 
IV. Build peace and effective, open and accountable public institutions.  
V. Forge a new global partnership 

 
In setting out this course, the High Level Panel stated the need to accomplish: “*…+ a 
paradigm shift, a profound structural transformation that will overcome the obstacles to 
sustained prosperity.”4 The two first ‘transformative shifts’ above relate directly to cities and 
their systems for providing services. The principle of “Leave no one behind” implies that we 
need to ensure that inequality is reduced, and cities particularly in low-income countries 
show stark inequalities in access to water and sanitation services5. The second shift needed – 
“Put sustainable development at the core” – relates to consumption patterns and lifestyles, 
as well as the inability of most Water and sanitation systems to reduce, re-use and recycle 
finite resources like water and nutrients. While water shortage is already a reality in many 
parts of the world, the scientific community has warned that the essential nutrient 
phosphorous may become a scarce resource, due to wastage in the agriculture, food and 
wastewater systems6. An outlook to 2050 in the UN Habitat Global Report is thus called for  
given the long-term challenges the world is facing at this point in time. 
 
To build realistic scenarios and to make assumptions on the feasibility of such large-scale 
and profound transformative shifts is a daunting task, naturally associated with much 
uncertainty. In order to accomplish this feat, it has been thought wise to place these 
projections of the future in a longer context, to calibrate these scenarios against change 
processes these systems have already undergone.   
 

                                                      
3
 United Nations, “A new global partnership: Eradicate Poverty and Transform Economies through Sustainable 

Development”, High Level Panel (HLP) report, UN New York, 2013, page 17. 
4
 ibid, page 7. 

5
 Water Aid (2011) ‘Off-track, off-target: Why investment in water, sanitation and hygiene is not reaching those who need it 

most, Water Aid UK; http://www.ohchr.org/EN/Issues/WaterAndSanitation/SRWater/Pages/Post2015.aspx; UNICEF and 
WHO (2012a), Report of the Second Consultation on Post-2015 Monitoring of Drinking-Water, Sanitation and Hygiene The 
Hague, 3-5 December 2012, http://www.wssinfo.org/. 
6
Rockström, J. et al (2009). Planetary boundaries:exploring the safe operating space for humanity. Ecology and Society 

14(2): 32. [online] URL: http://www.ecologyandsociety.org/vol14/iss2/art32/; Stephen R Carpenter and Elena M Bennett 
(2011), “Reconsideration of the planetary boundary for phosphorus”, Environ. Res. Lett. 6 (2011) 014009 (12pp). 

http://www.ecologyandsociety.org/vol14/iss2/art32/
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The purpose of this background paper is to provide inspiration and scientific background to 
the process of charting possible ways forward for Water and Sanitation in the World’s cities, 
by means of looking back at its history7. How have these systems changed, and what 
transformative shifts of water and sanitation have humans initiated in cities throughout 
history? While it is often argued that we should learn from history, we also know that history 
does not repeat itself, each context in space and time having its unique features. Is there 
then a way to understand, on a more general level, how these technologies change in 
relation to changes in society; a theory of change that could be useful as we chart a way 
forward beyond 2015? This paper will try to conjure up some of these ambitions although, 
as the famous physics scientist Niels Bohr once said: “It is difficult to make predictions, 
especially about the future”. 
 
This background paper is divided into four main sections structured as follows. In the 
remainder of this first introductory section, I take a quick look at the current status of urban 
water and sanitation in the world. In the next section I invite the reader along for a journey 
through space and time to look at past approaches to urban water and sanitation. Section 
three is devoted to theories of technological change and how technical systems relate to its 
surrounding social environment, where I bring the historic examples into the theoretical 
framework. In the last section, I suggest some (speculative) conclusions on what we can 
expect when it comes to urban WSS change and transformation up ahead. 
 
1.2 Brief overview of water and sanitation in today’s cities  

There has been considerable progress since the millennium in access to water, and according 
to the WHO/UNICEF Joint Monitoring Programme (JMP), the overall global MDG target on 
water has already been met. In 2010, 89% of the entire world’s population had access to an 
‘improved water supply’; basically meaning either piped water, a borehole, or protected 
springs or wells. The regional differences are large, with sub-Saharan Africa having the least 
access (see figure 1 below). When it comes to urban-rural differences, the world’s city 
populations have a better access to water from modern piped systems than those living in 
rural areas. 80% of the urban population had access to piped water, compared to only 37% 
outside the cities. However, the improvements since 1990 are greater in rural areas than in 
cities, where service provision shows a stagnating performance. In the world’s cities, there is 
actually more people using unimproved water today than in 19908. This is a sign of the 
inability of urban water provision systems to cope with the dramatic increase in urban 
populations in the South. 
 
The mega-cities of the South have attracted much attention when discussing the challenges 
of providing services. The great size and complex structures of cities like Lagos, Dhaka or 
Mumbai pose intriguing problems for planners, policy-makers and engineers to solve. 
However, more than half of the world’s urban population live in cities of less than half a 

                                                      
7
 See Terms of Reference for development of this Background Paper in Appendix 1. 

8
 UNICEF and WHO (2012b), Progress on drinking water and sanitation, 2012 update, UNICEF and WHO.  



 
Reflections on past approaches and policies for water and sanitation in cities: transformative shifts and future perspectives 

David Nilsson 

Background Paper for UN Habitat Global WSS Report 2014 

2014-04-16  

 
9 
 

million, cities generally attracting much less publicity and attention. Growth rates of 
medium-sized cities in the South is also much higher than in the mega-cities9.  
 

 
Figure 1. Access to safe drinking water in the world. From UNICEF and WHO (2012b). 

 
 
There is also a growing acceptance that coverage figures can be highly misleading for the 
situation in urban areas. As pointed out by leading urban development expert David 
Satterthwaite, aggregated figures risk turning into “nonsense statistics” because they do not 
adequately measure and reflect the poverty aspects and development contexts of urban 
areas in the South10. As recently shown in a case study on Nairobi, Kenya, although only a 
negligible fraction of the population uses unimproved water sources in Nairobi, there are 
huge differences among the consumers regarding the access, quality, consumption and cost 
(see figure 2)11. 
 
Inequality in services in cities in low- and middle income countries has come into focus as 
the global community is preparing itself for post-2015 development goals. The working 
group led by UNICEF/WHO which recommended targets and indicators for the High-Level 
Panel, stressed that closing the inequality gap was a fundamental consideration for the 
period after 2015: “Targets should call for progressive reduction in inequalities between rich 
and poor, urban and rural, slums and formal urban settlements, and disadvantaged groups 
and the general population.”12 As mentioned above, this is echoed in the High Level Panel’s 
call to ‘Leave No One Behind’.  

                                                      
9
 UN-Habitat (2007), State of the World’s Cities Report 2006/07, UN-Habitat, Nairobi. 

10
 Satterwhaite, D. (2003), “The Millennium Development Goals and urban poverty reduction: great expectations and 

nonsense statistics”, Environment and Urbanization 2003:15, pp179-190.  
11

 UN Habitat/GWOPA and IFRA (2013) “Access to Water in Nairobi: mapping the inequities beyond the statistics”, UN 
Habitat, GWOPA and IFRA report, http://access-to-water-in-nairobi.gwopa.org/. 
12

 UNICEF and WHO (2012a).  
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Fig 2. The spatial differentiation of the cost of water within Nairobi. Green shades indicate 

direct access to the piped supply and unit costs below 100 shilling per cubic meter. Red colour 
indicates purchases from small scale suppliers, with costs per cubic meter over 800 shillings. 

Source: UN-Habitat/GWOPA and IFRA (2013). 
 
 
 
  



 
Reflections on past approaches and policies for water and sanitation in cities: transformative shifts and future perspectives 

David Nilsson 

Background Paper for UN Habitat Global WSS Report 2014 

2014-04-16  

 
11 

 

2 Change through two thousand years  
 
In this section I provide an exposé of cases of urban water and sanitation systems and 
change processes, spanning from ancient times to the post-modern, from Europe, the 
Americas, Africa and Asia. I wish to demonstrate the long and arduous process humanity has 
gone through to arrive at where we are today, and to outline continuities as well as changes 
in urban water and sanitation. By looking back on how urban water and sanitation has 
changed, it will be easier to also assess future ability of these systems to change and adapt. 
The section is divided into three sub-sections, each drawing examples from three different 
eras: pre-modern; modern; and the colonial era. 
 
2.1 Pre-modern systems 

Archaeology has shown us that people have built infrastructure for urban water and 
sanitation more or less as long as there have been cities. Findings in the ground tell us of 
urban water and sanitation installations in early city civilisations in the Indus Valley, over 
four thousand years ago. The ancient Mediterranean cultures, like the Minoan, Mycenae and 
Greek cultures, built advanced urban infrastructures for water and sanitation from around 
1700 BC, which were adopted, further developed and up-scaled by the Romans14. Ancient 
Rome’s Cloaca Maxima remained the envy of many 19th century city engineers in Europe 
(see below), as Roman water engineering were long considered an ideal15. The case of 
Constantinople will serve as an opener to look at Roman water technology and change.  
 

Constantinople, 330 – 1200 
Constantinople was founded in A.D. 330, a new urban hub in the Roman Empire as it was 
shifting its centre of gravity eastwards16. The city grew rapidly to become the largest city in 
the world in the late antiquity. In the year 1204, Constantinople held as much as 400,000 
inhabitants. But the expanding city faced one critical problem: water supply. In Roman 
culture, an abundant access to water was considered necessary, and Constantinople is 
located on a ridge with no major rivers or springs. 
 
If there was one thing Roman water engineers knew how to do, it was water bulk supply 
over great distances. As the city expanded westwards, higher grounds were being 
inhabitated. The water supply to Roman cities depended on gravity and it was necessary to 
develop sources at a high elevation in the Tracian mountains. In AD 373 the new Tracian 
supply was completed and comprised of no less than 268 km of aqueducts. It was later 
extended to the impressive length of 451 km. In addition about 150 cisterns of varying size 
were constructed in the city. In constructing and managing its water supply, Constantinople 
borrowed engineering skills Roman water law and organisation from West Rome. This 

                                                      
14

 Mays L W (2010), Ancient Water Technologies, Springer, London.   
16

 This case based on: Crow, J (2012) “Ruling the waters: managing the water supply of Constantinople”, AD 330–1204, 
Water History (2012) 4:35–55. 
16

 This case based on: Crow, J (2012) “Ruling the waters: managing the water supply of Constantinople”, AD 330–1204, 
Water History (2012) 4:35–55. 
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included a public office function for overseeing the water supply known as logothetes ton 
hydaton, as well as a public work force for its upkeep and maintenance, the hydrophylacae. 
 
The water supply was mainly meant for public purposes. It supplied the palace, public 
fountains and the public baths. The citizens of Constantinople were allowed to take the 
water from the public fountains for free. Larger villas that had a private connection were 
charged a fee and while there was no metering, the consumption through private 
connections was controlled by means of the size of the pipe diameter of the connection, 
ranging from 3 to ½ inch. The costs for maintaining and expanding the system appears to 
have been mostly been covered by various taxes. To discourage individuals from diverting 
the city’s water for private use, for example for agricultural purposes, stern regulations with 
severe fines were enacted.  
 
The supply of water from a great distance, however, made the city vulnerable. In the 6th 
century Constantinople faced problems of droughts, and the system was then further 
expanded. The famous Basilica Cistern, a large underground storage cistern was completed 
in 542 AD. However, the vulnerability of the Tracian system was felt on several occasions 
when water supply was disrupted by invading armies. The system was maintained in its 
principal functions for almost 700 years but in the 12th century, the system was deemed to 
be beyond repair. By this time the Byzantine power had dwindled and the economic and 
political power base of Constantinople made it difficult to uphold this advanced, vulnerable 
and relatively costly infrastructure. The teeming population thenceforth had to rely on more 
local supplies, under increasing scarcity, and increasing social tensions. 
 

Near East, 63 BC – AD 636 
While staying within the Roman Empire, our focus will now shift from Constantinople to the 
‘Near East’; what is today Turkey, Syria, Lebanon, Jordan, Israel and Palestine 17. Here we see 
yet another way that Roman water technology spread, not by means of constructing entirely 
new Roman cities, but by transfer of technology. As the Roman influence and control over 
these areas increased, so did the transfer of urban water and sanitation technology from 
Rome to the imperial cities in its provinces.  
 
In this region water is generally scarce, and storage of water was essential for urban supply 
as well for agriculture. From the third century AD a Roman type of ‘stepped dam’ - a surface 
dam with terraced downstream walls - was introduced and can now be found in a large 
number of places. Surface dams were already in use in water supply, and the ‘stepped’ dam 
constituted a simple modification, an improvement of already locally existing dam 
technology. But other technologies like lead pipes, fountains and water displays, latrines and 
bathhouses had a much more mixed success in its transfer. 
 

                                                      
17

 Based on: Kamash, Z (2012), “An exploration of the relationship between shifting power, changing behaviour and new 
water technologies in the Roman Near East”, Water History (2012) 4:79–93. 
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Fig 3. Interior of the Basilica Cistern built in the 6th century in Constantinople, today’s 

Istanbul. Photo by David Nilsson. 
  
 
The use of lead pipes was well established in Rome and one of its main purposes was that it 
enabled in-house plumbing (from the latin name of lead: plumbum). Plumbing was not 
possible with the ceramic material pipes in use in the Near East in the early Roman period. 
But lead as pipe material only came to spread in those towns which were under large Roman 
cultural and political influence, especially Beirut, Antioch and the Roman model town of 
Caesarea. Likewise, public fountains are almost non-existent in the Near East during the 
Roman period, contrary to many other Roman regions. This has been attributed to the arid 
conditions and a local tradition to conserve water. In private houses, water displays and 
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fountains are found in some cities, and again in those cities that had a Roman cultural 
inclination.  
 
The transfer of flush latrines and public baths as technologies for sanitation and hygiene 
were much slower than in the rest of the Roman Empire. Water-flushed latrines gained 
acceptance in fewer places and in fewer numbers than elsewhere. A case in point here is 
that Herod’s palace had installed latrines facilities that normally would have been equipped 
with Roman water flush technology. But it appears it was replaced it with a dry system, 
where excreta was carried away manually, much as in any conventional bucket latrine. 
According to Kamash (2010) the failure of the Roman flush latrine to spread in the Near East 
may have to do with local institutional and cultural practice; Jewish law forbids the disposal 
of excreta in water bodies. Thus, even in Herod’s palace, it appears users found it 
unacceptable to violate Jewish code which demanded the burial of excreta in the fields19. 
Public baths initially spread slowly, arguably also depending on cultural practices and a 
tradition that forbade showing oneself naked in public. But eventually baths became very 
popular throughout the region, not only in the ‘Romanised’ cities. Bathhouse technology was 
adapted to local conditions, with a more diverse type of water supply indicating a lower 
water use - reflecting lower water availability - than elsewhere in the Roman Empire. The 
Roman public baths would eventually outlive the Roman Empire in the region. The Romans 
were, however, not the only ones who could build sophisticated urban water infrastructure 
in the first centuries A.D.  
 
 Maya: Palenque, 100 – 800 AD 
In present-day Mexico, the settlement of Palenque developed as a town of the Classic Maya 
culture from around 100 AD20 and grew substantially in the 7th and 8th centuries. At its peak 
it would hold a population of about 6,000 people, and boasting 1,500 structures such as 
residential houses, palaces, plazas and temples and other monumental public works. The 
topography of the site is complicated from a drainage point of view, with many streams 
dissecting the landscape posing an additional challenge for building the urban 
conglomeration of Palenque on its confined plateau. It has been argued that the irregular 
terrain prompted the builders of the city to “reshape the existing landscape to maintain 
visual order in the overall layout of the city”. 21 Palenque boasts an elaborate and advanced 
system of covered waterways, aqueducts and tunnels for keeping the city well-watered as 
well as well drained. Without doubt, the Maya culture possessed considerable hydraulic 
engineering skills, and investment in the city’s urban water infrastructure was significant. 
 
The Classic Maya culture started a rapid decline from end of the 9th century. There is no 
scientific consensus on the explanation for the decline. In recent times, a theory of massive 

                                                      
19

 The prohibition of excreta disposal in water is also mentioned in: Richard Laster, Rabbi David Aronovsky, and Dan Livney 
(2009) “Water in the Jewish legal tradition”, in J. Dellapenna  and J. Gupta, The Evolution of the Law and Politics of Water, 
Springer, p53-66. 
20

 French K D, C J Duffy and G Bhatt (2013), “The urban hydrology and hydraulic engineering at the classic maya site of 
Palenque”, Water History (2013) 5:43–69. 
21

 George Andrews (1975) cited in French et al. 
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drought has gained popularity as an explanation for the decline, although this theory has 
also been called into question of late22. But scientists have shown that the hydraulic 
structures at Palenque were built such that they could cope both with regular flooding and 
drought. Based on hydrologic simulations it has been suggested that drought could not have 
been a likely explanation for the abandonment of Palenque. Thanks to the urban water 
infrastructure, the city dwellers should have had sufficient access to water throughout the 
drought periods23. 
 
 York and Coventry, 14th – 15th century 
The last pre-modern case is taken from yet another continent and period in time. It concerns 
how cities in medieval England struggled to deal with water pollution and looks at York and 
Coventry, two of the larger urban settlements in England in the late medieval period24.  
 
In the end of the 14th century, York was the second largest city in England with around 
11,000 inhabitants. The river Ouse was a critical resource for the development of the town, 
as it offered transport possibilities as well as water for all kinds of uses by the inhabitants. 
The river was also the main recipient for the urban waste. The river thus both provided the 
town with water as well as carried its waste products away. However convenient this must 
have appeared to its first inhabitants, in it also lay an inherent threat. The dumping of 
wastes into the river threatened the quality of the water. In particular waste from urban 
crafts like tanning and butcheries polluted the river, making downstream use of the river 
water for consumption and food preparation hazardous. Although bacteriology and modern 
public health science would not develop for another five hundred years, people trusted their 
noses. Inhabitants complained about the stench and filth in the water and from the late 14th 
century, the council of York had to intervene repeatedly. The council passed an order in 
1371 barring disposal of slaughter offal in the river. The problem persisted and in 1372 the 
King intervened, prompted by persistent complaints, forcing the council to tighten the 
regulation of waste disposal to the river by means of orders, inspection and fines. To find a 
more long-term solution the city managers also promoted other disposal methods. On-land 
alternative disposal sites were offered to the butchers, and the re-use of the butchers’ offal 
as fertilizer in the surrounding fields was made mandatory. 
 
The town of Coventry, with a population of around 6,000 in the 1500s, had a similar problem 
of uncontrolled dumping of waste in the Sherbourne river. The Sherbourne was a shallow 
river, unfit for navigation, but provided water supply and important drainage function for 
carrying waste from the city. The shallowness of the river also made it vulnerable to 
dumping of all kinds of waste; through silting, weed growth and water course obstruction 
the river became more prone to flooding. There was thus an inherent conflict in dumping 
waste into the river as its capacity to transport these wastes away was reduced over time. In 
1421, the town council noted that the river had been “stoppyd of his course” by “filthe, 
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dong, and stonys” which caused flooding. The same year, the Coventry mayor forbade the 
dumping of dung from stables or other filth into the river. Butchers were instructed to dump 
their waste in designated places away from the river. From 1424 a council official, the 
common sergeant, was mandated to make weekly inspections along the river to detect 
offenders, and from 1426 assisted by four river overseers. In addition, property owners along 
the rivers were ordered to assist from time to time in cleaning up the river, to remove 
wastes and obstructions.  
 
Hence, the cities of York and Coventry dealt with their environmental pollution problems by 
means of regulation and by instilling changed practices already in the 14th and 15th centuries. 
These are methods that we still use today to address contemporary environmental 
problems. 
 
2.2 The Modern “Sanitary City” 

From the early 1800s, Europe’s cities would undergo a huge transformation in size, physical 
form, economic and social life, and in the urban technology domain. The socio-technical 
transformation we know as the industrial revolution changed the logic of production, 
enabled new resource flows and paved the way for a modern life of wealth and mass 
consumption that is so familiar to us in the North today25. At the start of the 19th century, 
however (as Niels Bohr mused), it could not have been easy to predict this development, nor 
to guess that within six generations virtually all urban residents would enjoy clean tap water 
and the comfort of an in-house flush toilet, a luxury then only available to the Royals. An 
account of the advent of the modern sanitary city can easily be perceived as deterministic; 
that this development had to happen and there was no other way. This is of course a false 
notion; there were a good number of ways that the urban water and sanitation could have 
developed. In reading the case studies below, it is important to remember that there are 
hundreds and thousands of other stories that could be told, and also about those 
development paths which were not followed. But let us start in the town where it is often 
said this transformation started: in London. 
 

‘Flushing out’ London 
During its establishment as a Roman town, the city builders had laid clay pipes that lead 
water into public baths and they had built a drainage system. By the medieval period not 
much of this remained and the city relied on water carriers and vendors. In the 13th century 
some rudimentary pipes were laid that collected spring water and lead it to water points and 
workshops, the latter paying a fee while households could use water for free26. 
 
Over the following centuries, small-scale piped ‘proto-systems’ were being established by 
private entrepreneurs. A larger piped supply – drawing spring water a distance of 60 
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kilometers into the city – was begun already in 1613 and the number of private water 
enterprises kept growing over the years. The development of water supply in London 
followed much of the liberal laissez-faire attitude of the times, with mostly private 
involvement. However, a much trickier collective problem would soon face London. From 
the 1820s, growing attention was paid to the quality of the Thames – by then a heavily 
polluted river27. 
 
Sewers had been in place for a long time in London. A parliamentary bill was passed already 
in 1531 regulating the standards and use of London sewers. However, these sewers were not 
intended for household waste water, only for drainage. The increased water consumption, 
and the increasing use of the water closet, created large problem as most household waste 
water went into cesspools under the houses, which created local nuisance as well as 
pollution as they drained into the river Thames. The ban on releasing household waste water 
to the sewers was lifted in 1815 and the increasing discharge from WCs into the Thames 
turned the river “into a great cesspool instead of each person having its own”, in the words 
of Thomas Cubitt, a leading figure for public works in London28. 
 
From the 1830s it was dawning on the Londoners that the city and its inhabitants were not 
just victims of pollution, but they were agents as well. Discussions among civic leaders, 
politicians, business people, land owners and the press raised the awareness of the London 
public: something had to be done. Londoners complained of finding ‘leeches’ as well as 
‘small jumping animals that look like shrimps’ in their drinking water, which was described as 
‘an oily cream’ and leaving a ‘fetid black deposit’29. Adding to the stench and sanitary 
nuisances, over the coming years London would be hit by cholera in outbreaks in 1832, 1848, 
1853, and 186630. 
 
Before the discovery of bacteria, it was believed that cholera and other contagious diseases 
were transmitted through odours in the air; the miasma theory. Public health and disease 
was in the early 1800s seen as a moral problem but with the growing understanding of 
contagious processes in the mid 1800s, it became more of a social problem31. Social issues, 
poverty and public health were intensely debated in this period. Edwin Chadwick was a 
barrister and social reformer who had been working with the introduction of the Poor Laws 
of 1834. His 1842 “Report on the sanitary conditions of the labouring population of Great 
Britain”, would come to have a huge impact32. Chadwick propagated to “flush out the city” 
by means of giving as many as possible access to water and flush toilets. By 1851, London 
held around two million inhabitants whose wastes, together with that of their 100,000 or so 
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horses, drained straight into the Thames. This created great nuisances especially with the 
tidal motion of the river. Around 270 tons of sewage from London’s 71 main sewer outlets 
streamed daily into the Thames33.  
 
But how to coordinate the building of a comprehensive sewer network when the various 
administrative responsibilities of London were divided on no less three hundred different 
bodies, governed by around 250 different pieces of legislation?34 Who was responsible? 
After a series of coordination attempts and commissions, a new body to coordinate and 
enable the investments were created in 1855; the Metropolitan Board of Works. The Board 
started off on a grand plan. The main drainage was to solve the waste and hygiene problem 
of London by intercepting all the sewers flowing to the Thames and carrying them to a 
disposal point that was sufficiently far downstream. The project also included the building of 
the Thames embankment to control flood risks. However, they were soon stalled in technical 
and financial quarrels. The main bone of contention was how to balance the huge costs 
involved against the need for a safe – and thus remote and costly -disposal point for the 
wastewater35. 
 
Parliament debated the proposed project in June 1858, just as the stink from the Thames 
outside the windows reached a horrifying peak. Members of Parliament, now themselves 
exposed to the ‘dangerous’ odours, quickly passed a law giving the Board of Works more or 
less free hands to go ahead. With little doubt, this close-hand experience of ‘The Great 
Stink’, sped up the negotiations around this mega-project for a new main drainage of 
London36.  
 
The drainage system was built in the following decade, and the entire project with the 
Thames embankment was concluded in 1874, almost twenty years after the Board of Works 
was created. The issue of the disposal remained a difficult problem. Sewage irrigation was 
considered, since this was practiced in many smaller towns in Britain around this time, and 
by the 1880s, over British 80 towns practiced sewage irrigation. The use of sewage for 
agriculture were investigated in the 1860s but eventually, a disposal of sewage into the 
Thames further downstream was selected, due to practical and economical difficulties with 
the irrigation proposals. Thus, the intercepted sewage would be carried through large brick 
tunnels 14 miles downstream, before released into the Thames again37. 
 
Historian Christopher Hamlin has underscored that there were many forces that contributed 
to the establishment of modern water and sanitation in British towns, and not just the public 
health objectives. Fire fighting purposes and the need of water to the city’s industries were 
extremely important to decision-makers in this period38. As we shall see, these objectives 
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were very important also in other cities, in Europe as well as in the USA. Furthermore, the 
rise and success of the sanitary movement in England should not be regarded as a simple 
positivist process where engineering skills and science were sufficient to set this process in 
motion. As pointed out by Szreter and Woolcock (2002): 
 

“British water engineers and public health doctors technically knew how to 
construct a sanitary environment for a city at least as early as the 1840s, but it 
took a religiously-infused moral movement to provide the collective will.”  

 
They further argue that a key aspect of the sanitary movement in 19th century Britain was 
the ability of the civil society to form the social capital needed for collective action, and that 
this took place through the emergence of prominent civic leaders - like Joseph Chamberlain 
and Edwin Chadwick – who were able to mediate and create links between different classes 
in society39. 
 
 Paris: ‘Imperial Rome of our time’ 
In the French capital Paris, ideas about how to improve the water supply had been discussed 
back in the 1600s, but in the mid-1700 these ideas were explored using a more systematic 
and scientific approach. The King entrusted the Academy of Sciences to study water 
provision, who also initiated much experimental activity in the late 1700s. Competitions and 
studies promoted new knowledge and innovations for the proto-systems: between 1770 and 
1775 nine studies were undertaken by the Academy on urban water supply. Although this 
experimental stage was an important preparatory phase, most of the proposals developed in 
this period came to naught, due to lack of finance and political will40. The first private water 
supply company in Paris was put in operation in 1781, by a group of private capitalists. The 
company used steam pumps to lift the water from the Seine, and the water was sold to 
subscribers. Initially, the competition from the traditional water bearers was strong41. 
Technology for purification of water for human use was known from late 1700s and private 
water entrepreneur in Paris treated water via sand filtration as early as 1771. The practice of 
adding ground charcoal to clean drinking water begun from around 180042. 
 
If England had its industrial revolution, France had its social and political revolution. Water 
had been a resource preserved for the upper classes; a ‘feudal right’ visualised in the private 
water pipes connecting a few houses owned by the nobility of Paris. The Revolution of 1789 
precipitated expectations about this precious resource also being accessed by the common 
man in the city43. However, private suppliers would continue to dominate water provision 
henceforth in Paris. In the early period, there were two main competing technologies for 
piped distribution in city in France: 
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1) line technology; gravity-fed pipes connected to monumental fountains with a constant 
flow of water. They were easy and cheap to build, but conveyed relatively small amounts of 
water to a few distribution points. 
 
2) networks; a reticulation of pipes that was able to supply larger quantities to many more 
customers at many points of use. They were also more technically complicated and more 
expensive to build and operate.  
 
The network model started dominating from mid 1800, in step with increased demand and 
flows.  Per capita demand for Paris was set at 7-20 litres per capita per day (lpcd) by various 
calculations in 1760. In 1846, the design demand had risen to well above 100 lpcd44.  
 
In Paris, just like in London, the Water Closets were gaining in popularity during the 1800s. 
Louis XV had water closets installed at his Versailles Palace in 1770 but it took until around 
1840 until the WC was a commonly used technology in people’s homes45. Around the mid 
1800s it was therefore also critical to expand the sewer systems of Paris, to cater for the 
increasing waste water discharges from people’s homes. Paris had sewers already in the 
medieval period, most built as open sewers. The first covered sewer built in 1370. The Paris 
authorities gradually covered the sewers to get rid of the stench and nuisances.  By 1663 the 
Paris sewers totaled 10 km of which one quarter were covered sewers. The system was 
minimally expanded over the coming century, so that by the revolution in 1789, there was 
26 km of sewers46. 
 
At the turn of 1800, sewers were neglected and generally regarded as a dangerous 
underworld, a shadow-land of the surface, as aptly described by Victor Hugo in Les 
Miserables. Gradually this would change. An inspector of sanitation “Inspecteur Général de 
la Salubrité” for Paris was appointed in 1805, who tried to revive and renovate the sewers to 
recreate some of the grandeur of the Roman Empire’s sewer systems, however with limited 
success. There was a clear association of the cleansing of the sewer underworld with moral 
values, and the removal of threats to the social fabric and revolutionary upheaval. As the 
Inspecteur M. Bruneseau put it: “the cleanliness of the city is the image of the purity of the 
morals of its inhabitants”47.  From the early 1800s, the Paris authorities put in place 
systematic maintenance and cleaning of the sewers, by means of a small designated work 
force. These ‘sewermen’ manually removed silt and solid waste from inside the sewers with 
their rabots,  two-meter long rakes48.  
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In 1832, Paris was hit by a devastating cholera outbreak  - same year as London - killing some 
20,000 people.  This sparked a debate about sanitation and public health. Also in France the 
miasmatic theory was in favour, why leading experts at the time in Paris recommended an 
expansion of the sewer system to remove ‘filth and odour’. Edwin Chadwick, the leader of 
the sanitary movement in England, was also influential in France and Paris. He met several 
times with the French emperor Napoleon III. Chadwick is to have told the Emperor that he 
found Paris “fair above, Sire, but foul below”49. 
 
Around 1850, Paris had one million inhabitants50. From this time and on Paris embarked on a 
huge renovation and re-organisation of the urban space, under the leadership of George 
Hausmann, Prefect of the Seine. Hausmann proposed major expansions and upgrades of 
water and sanitation systems to transform Paris to “the Imperial Rome of our time”. Up to 
1870 the sewer system grew from a total length of 143 kms to 773 kms. By 1911, the total 
length was 1214 kms51. 
 

 
 

Fig. 4. The length of the sewer system of Paris, in kilometers. Source: Reid (1991). 
 
The disposal issue in Paris warrants an in-depth discussion. The Seine river was heavily 
polluted, with stenching black water, and with large gas bubbles – some up to one meter in 
diameter - oozing from the decaying material at the bottom. Scientists, debaters and civic 
leader of this time, such as Chadwick, Justus Liebig, Victor Hugo and Pierre Leroux, all argued 
that the best solution for disposal of wastewater was re-use for irrigation. By this procedure, 
valuable fertilizers would not be lost from food production chain. A harmonious balance or 
‘circulus’ between city and the surrounding rural land would be established, with clean water 
and food going from the surroundings into the city, and fertilizer going back to the farms.  
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A large sewage irrigation farm was established by the two engineers Mille and Durand-Claye, 
at Gennevilliers outside Paris in 1870-71. By showing great success not only in generating 
first-grade vegetables but also in cleaning the sewage water by filtration through the ground, 
they were able to convince political leaders in Paris that this was a good disposal solution. 
Not only did it provide desired technical functions, it also allowed a large production of 
vegetables near the city, thus contributing to the food security of Paris (with the food 
shortage under the Franco-Prussian war of 1870-71 fresh in the minds of people). The 
irrigated area expanded from 128 acres in 1872 to 1,940 acres by 189652. The success of 
sewage irrigation in Paris also spread to other places, including to Berlin, which adopted a 
system similar to that of Gennevilliers in 1878. Around the turn of the century, Berlin had 
around 17,000 acres of sewage irrigated fields53. By 1948, Paris had had no less than 4,487 
hectares under sewage irrigation, producing 10% of the vegetables sold in the main city 
market. But as the city grew, the fields for wastewater irrigation around Paris diminished; it 
was not an economical use of the land when more land was taken over for housing in the 
suburbs. Irrigation of sewage would gradually be replaced with chemical and biological 
treatment. Sewage farm irrigation was nevertheless retained well into the post-industrial 
age, with around 2,000 hectares still remaining in the 1980s54.  
 

The ideas travel: New York, Berlin and beyond  
London and Paris were the two largest cities in Europe, therefore it is not surprising that 
they were the first to develop modern networks for water and sanitation services. But they 
were certainly not alone in facing these problems of the urban environment, as illustrated by 
the British poet Coleridge after his visit to the German city of Köln in 1828: 
 

“In Köln, a town of monks and bones 
I Counted two and seventy stenches 
all well defined and several stinks! 
Ye Nymphs that reign o’er sewers and sinks 
The River Rhine, it is well known 
Doth wash your city of Cologne 
But tell me, Nymphs, what power divine 
Shall henceforth wash the River Rhine?”55 

 
Good ideas travel, and as mentioned, influential people like Edwin Chadwick travelled to 
Paris to contribute his ideas and experience. These ideas also spread to USA. New York City 
Inspector John Griscom performed a study on the working class conditions in New York 
already in 1845, three years after the study of Chadwick, with whom Griscom had 
corresponded56.  
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In many America cities small ‘proto-systems’ had been built already in the 1830s. The water 
supply of Philadelphia opened in 1834 and was to be a model for others. The first major 
water works in New York - the Croton Aqueduct – was completed in 184257. From then on 
the city’s managers had to deal with an almost constant expansion of the supplies, up until 
1960s. The original Croton supply was expanded and augmented in the 19th century. 
Already in 1885 legislation was passed to protect the Catskills mountains watershed, across 
the Hudson river, as a future possible water source for city. The much larger Catskills supply 
was developed from 1906 and cost in total 180 MUSD to construct (equalling over 2 BUSD in 
2012 value). The history of New York water supply seemed to be one of continuous 
expansion; securing ever increasing amounts of water and appropriating an ever larger 
water-shed. However, the New York water supply faced a major crisis in the 1970s when 
operations and quality deteriorated and financial problems beset the city council. In early 
1990, the utility turned to securing the water quality of its sources in the Catskills by 
introducing ‘watershed management’ trying to influence the human activities in the water 
shed area not by control alone but more by voluntary action and community interaction58. 
 
Table 1. The expansion of public water works in United States. Source: Melosi (2000), page 
74. 

Year Number of waterworks Urban population (*1000) 

1830 45 1,127 

1840 65 1,845 

1850 84 3,544 

1860 137 6,216 

1870 244 9,902 

1880 599 14,130 

 
Moving back to the 1800s, where the US urban water systems were expanded rapidly and 
gradually formed city-wide networks (see table above)59.  The rapid expansion of water 
works in the United States can be attributed to the fear of epidemics but also the need to 
reduce vulnerability to urban fires60. From the beginning, most of the waterworks were 
private utilities, but by 1880 the share had been reduced to around 50% as municipalities 
took over more and more. The systems required large capital investments and with 
innovations in municipal financing – municipal debt such as bonds – and property taxes, 
municipalities found it easier to finance and operate these large undertakings. The public 
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good nature of water for fire-fighting and complicated contracting issues also led the 
municipalities to take charge61. 
 
Development of sewer systems, however, went much slower than water supply. It was 
generally much more difficult to make consumers and tax payers pay for sewer services, 
compared to water supplies where the commercial risk was much smaller. Privies and 
cesspools combined with open drains was the norm in US cities into the second half of the 
1800s. Even where sewers were existent, landlords - especially in low-income housing areas 
- resisted connection because of the cost, since connection to the sewers was not 
compulsory. But by 1880 around one third of all urban households had a water closet, and 
the cesspools were filling up too quickly. The spread of the water closet created increased 
nuisances and sanitation problems in many cities which forced the construction of sewers. 
One of the first large-scale sewer systems was begun in Brooklyn, 1857. In this work, and in 
most other American cities, technologies were adopted from England. The Brooklyn sewer 
borrowed much of its form and function - an intercepting system along the river- from the 
London main drainage under construction at the time. Chicago followed in 1859, and 
Providence (1869), Cincinatti (1870), New Haven (1872), Boston (1876) and many more62. In 
1870 around half of the urban population were connected to sewers, and by 1920 the figure 
was 87%.  The number of people with sewer connection had then grown ten-fold from 4.5 
million to 47.5 million63.  
 
Just like in Europe, public health concerns was an important driving force for the 
construction of sewers given the prevailing miasma theory; that disease was spread through 
the air by “poisonous air” and “sewer gas”. The main purpose of the sewer system was to 
collect wastewater and transport it out of town. However, from the end of the 1800s, after 
the acceptance of the germ theory, also treatment issues came into focus. The 
bacteriological theory, combined with increased disputes between upstream and 
downstream users of water, led to an increased focus on treatment of the waste water64.  
Sewage farming was one of the treatment methods tried. It had already been used in 
England, Germany, France and China, Korea and Japan. In the USA, it was first tried by 
Pullman municipality, Illinois in 1881 (167). Sewage farming mainly spread in the western 
drier parts of USA, and by 1890 there were plants in Los Angeles, Colorado Springs, and 
Santa Rosa. But in most other places in US it was not adopted due to claims of health risks. In 
most other US towns, treatment technologies were imported mainly from UK; 
predominantly sand bed filtration, sometimes combined with chemical coagulants, and 
biological treatment65. 
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To round off our journey through the historical landscape of modern urban water and 
sanitation, I will offer a few glimpses of the reverberations of the sanitary ideas and 
technologies in two other countries in Europe: Germany and Sweden.  
 
Up to around 1880, development of urban WSS systems in Germany was relatively modest. 
In the decades before this, the ‘system builders’ were mainly preoccupied with questions of 
technology, and the challenge of securing necessary finance. Regarding the technology, 
there two issues that created considerable debate:  
 

i. whether WCs should be allowed to connect to the sewers or not, and;  
ii. what disposal method to use: sewage farming or discharge into rivers.  

 
Before the turn of the century, the WCs would be victorious and were allowed throughout 
Germany, but sewage farming was more context-specific. In some places it was favoured 
and remained in use well into the 20th century.  
 
In Berlin around mid-1800, it was not seen as a viable option for the municipality to 
construct a water supply on its own due to financing problems. The head of Berlin 
administration, Hinckeldey, had tried in vain to find German investors, but the British were 
much more forthcoming. Hence, the first urban water supply was built by two British 
entrepreneurs in 1852 under a 30 year concession. But it turned out that the interest from 
the consumers in Berlin was very small. One year after the inauguration in 1856, the 
company had only secured 341 costumers. Five years later, 2,349 connections were in place 
but many households remained cold to the idea of a water connection, due to scepticism 
about the water quality and reluctance to pay. In 1873, the City of Berlin acquired the 
company from the private concessionaries. Also in Munich the local government utilised 
British expertise. After a cholera outbreak in 1874, the British engineer J Gordon was 
contracted to build a drainage and sewerage system for the town. WCs were allowed to 
connect to the new sewer system only after several years of heated debate. Ten years later, 
the city itself took over the management and expansion of the system as it felt it had built 
the necessary skills and capacity66. 
 
In the Swedish capital of Stockholm, there was also municipal resistance against the WC. 
Connecting the Water Closet to municipal sewers was not permitted in Stockholm until 
190967. Swedish towns were relatively late in adopting the practices of the modern sanitary 
town, with Stockholm inaugurating its piped water supply in 186168. In another of Sweden’s 
largest towns at that time, Norrköping, a public water supply was built in the 1870s after 
decades of discussions among the city’s businessmen and politicians. The city had been 
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ravaged by fire twice in the 1820s, leaving one third of the roughly 10,000 inhabitants 
homeless, and cholera killed over 800 people in 1853. While the public health argument was 
important in the 1872 decision to build a municipal water and sewerage system, fire 
prevention, industrial needs and private comfort were at least as important. Only after 
heated debates and activism was it decided to extend some water supply to the poor 
suburbs where the workers lived. The local – and national - debates about sanitation, 
cleanliness and who should have access to the system had a distinct tone of moral 
imperatives and class struggle. Clearly, the sanitary ideas of Edwin Chadwick and his likes 
were important sources of inspiration, but one should be careful not to over-emphasise the 
altruistic motives, at least not in Norrköping69. 
 
2.3 Exporting Modernity to colonial cities 

Modern ideas and practices regarding how to manage water and sanitation in the rapidly-
growing industrial cities spread throughout Europe and US during the 19th century. But as 
Europe expanded its imperial influence over the southern hemisphere, so did also the reach 
of its technologies. Northern technology was in itself a prerequisite for conquest of distant 
continents, not only weapons technology but also steamboats, the telegraph and medicine. 
Without the discovery of anti-malarial treatment with quinine in the late 1800s, colonisation 
in tropical Africa – then known as ‘the white man’s grave’ - would have been impossible70. 
European technology also had symbolic value within the imperial order, showcasing the 
colonisers’ superiority and creating legitimacy of the occupation as it contributed ‘progress’ 
and ‘civilisation’71. Technological transfer to the colonies became a way of demonstrating 
power while at the same time creating small enclaves of European ideals, technologies and 
ways of life for the ruling (white) élites in the cities72. Below, I will give some examples of 
how European-style water and sanitation systems were transferred to and constructed in 
the colonies of UK, France and the Netherlands, and what this meant for subsequent 
development after decolonisation in the mid-1900s. 
 
 Batavia (Jakarta) in the Dutch East Indies  
The City of Batavia in the Dutch East Indies – now Jakarta - was founded in 161973. The city 
experienced high rates of mortality and until the mid-1800s the European population 
typically relocated away from the city core, which was found unhealthy. In 1873, a first 
water infrastructure was built by the colonial government consisting of a number of artesian 
wells connected to communal water points for fetching of water. This first system supplied 
approx 8,000 European residents with water, provided for free. The colonial government 
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took a central role in this early development phase of water supply in Jakarta. While the 
system of artesian wells was expanded and remained the main supply until around 1920, the 
local Indonesian population was denied access to the water. Thus, racial structures of 
control were coded into the infrastructure, as the artesian wells supply was only located in 
the European settlement areas. This could be seen as a way for the colonial government to 
manifest the superiority of the Europeans: the ‘natives’ who were using unclean river water 
were seen as ‘backwards’ while the European elites were ‘civilised’ and modern. 
 
From 1900 to 1920, the government developed a new supply of piped spring water. It 
brought water from springs 53 km from the city and was designed to cater for 90% of the 
European population at a calculated demand of 140 lpcd. The ambition was to put in place a 
modern, scientifically advanced system, with European standards for the European 
population. During this period the Dutch government had adoped an “Ethical Policy” in the 
colonies, meaning that the colonisers felt they had a responsibility for ‘native development’. 
The new water supply provided the so called kampong settlements where the Indonesian 
population lived with water from hydrants starting from 1922. By 1925, when the 
government had already secured in-house connections to the European population, the 
kampong supply was expanded. The Government thus ensured that a certain hierarchy in 
the service provision was retained. They also started charging for the water in the kampongs 
which had initially been free. The unit price for water in the kampongs was twice that 
charged the European piped connected, and the demand design per capita was not 
surprisingly much lower in the kampong. In the late 1920s some households in the kampong 
were offered connections, but this also led to gentrification. By 1930, 100% of the European 
households were connected to the piped water supply, while 5% of the mixed and 
Indonesian population had a connection.  
 
After WWII Indonesia became independent. A new water supply to Jakarta was opened in 
1957 using surface water. Despite investment in increased production of water supply, very 
little was done about the inequalities in the distribution network. In the former European 
quarters of Jakarta the old ruling class was replaced by a new urban élite while the low-
income areas still had poor access through the limited distribution network. The structural 
inequalities would thus remain. In the post-independence period much investment was 
concentrated to a few areas mainly for showcasing and the demonstration of progress. After 
1965, the so called ‘New Order’ regime focused on economic growth, but continued the 
water policies of the past; emphasising development in controlled formal spaces of 
modernity while leaving the informal low-income areas. According to World Bank surveys in 
the 1970s the kampongs housed 80% of Jakarta’s population, and comprised 65% of its land 
area, but 90% of its residents did not have access to piped water supply.  
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Accra in the British Goald Coast (Ghana) 
In 1877, Accra was designated the capital of the British Gold Coast Colony as it was seen as a 
relatively healthy place for Europeans to live75. A first rudimentary water infrastructure was 
constructed in 1888; an open surface dam known as Victoria reservoir or Akimbo tank. The 
reservoir supplemented with wells and rainwater harvesting from the roofs of buildings 
were the main water sources in Accra for decades.  
 
In 1908 Accra was hit by bubonic plague. A sanitation expert from UK was called in – 
Professor Simpson – who concluded that the Akimbo tank was not more than “a muddy 
pool”. The Professor urged the colonial government to put in place sanitation, a safe water 
supply and measures for city planning. This resulted in the opening of the Weija water works 
in 1914; the first public piped water system in Ghana. The Weija supply took its water from 
the Densu River, northwest of Accra. British expertise had been brought in for the 
construction of the water works which was financed by the colonial government. 
Waterborne disease was now greatly reduced. Most people collected water at stand-pipes 
for free, while those who could afford paid for an in-house connection.  
 
The demand for water rose along with population increase, and expansion of system was 
needed in the 1930s. At this time, world economic crisis made the financing trickier. A water 
rate of 2.5% on rateable value of properties was introduced in the Water Ordinance of 1934. 
This was seen as unfair in the eyes of the public, having previously been promised water for 
free. The water rate sparked protests by rate-payers, the local élites including the traditional 
African chiefs, who organised mass-meetings and wrote petitions the King in England. The 
colonial government, however, did not sway, arguing that the rate was in the public interest 
and that public health would otherwise be endangered. According to the colonial 
government, a general water rate would also be beneficial to the poor. It can be mentioned 
here that the introduction of a water rate by the colonial government in Benin City, Nigeria 
in 1937 was met with almost exactly the same kind of fierce resistance from the local élites. 
In the Nigeria case, it has been argued that this civil resistance laid the groundwork for later 
independence struggles76.  
 
In the British Gold Coast, the consumers had been divided up according to race during the 
colonial period, where Africans were allowed less water than Europeans. After 
independence 1957, providing water for all was a political priority for the new government. 
Financing the expansion however turned problematic as there was little understanding of 
the need to pay for the services among large groups of consumers. Clearly, access to a 
modern and safe water supply was associated with progress and the showcasing of the 
success of the new-born African state. One of the Members of Parliament in independent 
Ghana in 1962, when complaining over the system of uncovered drains in the cities, put it 
very clear: 
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“These people advise the construction of 19th century drains which are not 
covered whereas they know that in this 20th century covered drains are the 
fashion…Why should we in modern Ghana be contended with nineteen century 
drains?”77 

 
Unfortunately, the ideals of modernisation and progress expressed by the leaders of the 
young Ghana are yet to be fulfilled for most of the 3.3 million people in today’s Accra 
metropolitan area, where up to 60% live in informal areas. 
 
 Kampala in Uganda 
Another of Britain’s colonial conquests was Uganda, then known as ‘the pearl of Africa’79. 
Kampala, which today is the capital of the whole of Uganda, was a divided town during the 
colonial period, where one part was administered by the British Protectorate Government 
and the other part was under the King of Buganda. In the first decades of the 1900’s, water 
was provided through means of rainwater harvesting, groundwater and springs. Manually 
emptied latrines were used for removal of faeces. The Protectorate Government decided to 
build a piped water supply taking water from the Lake Victoria, some 10 km away (see fig 5 
below). The main argument for constructing the new piped supply was the health risk 
associated with the old and unsafe water supply. The piped water supply opened in 1930 
and the idea was to supply water to all customers in Kampala, non-Africans as well as 
Africans, using standpipes, and in-house connections in the European areas. The customers – 
even those drawing water from the standpipes - had to pay for the full cost of the water 
supply, making it difficult to attract customers initially. However, consumption kept going up 
and from 1938 the water supplied recovered all its own costs including capital charges.  
 
Already when constructing the water supply, the colonial government wanted to improve 
city planning and sanitation, and to transform Kampala to a modern city. As expressed by 
Governor Gowers in 1929: 
 

“…much remains to be done if Kampala is to extend on the lines of a modern 
township and if the health of its inhabitants is to be reasonably safeguarded.”80 

 
A new sewerage system was subsequently constructed in 1936-40 on the pretext of 
sanitising the city in accordance with modern ideals, and to cater for the wastewater from 
the houses. In the case of the sewerage system, costs were not recovered directly from the 
users, but subsidised from other revenue sources of the Government. These capital-
intensive systems - of which the sewerage and drainage system made up 80% of the capital 
cost - also increased the recurrent operational and capital cost for water and sanitation 
services with a factor ten from 1929 to 1939. 
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The conception and design of the systems was made by a handful of colonial decision-
makers and engineers without much formal consultation with the users. Officers and experts 
from other places within the British Empire were engaged through the global network 
offered by the Colonial Office in UK. The designs also drew to a large extent on practice and 
norms from UK. The practice of both drawing on expertise and knowledge from Britain, as 
well as comparing with the norm in ‘good old England’, has been noted in other colonial 
contexts, like for instance when bringing sanitary measures to Bombay, India, in the mid-
1800s81. 
 

Fig 5. Map showing the water supply to Kampala as proposed in 1927 
Source: PM dated 4 April 1927, Enclosed in despatch from Governor Gower dated 7 October 

1927. UK National Archives, file CO 536/145/3. UK Crown Copyright. 
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As mentioned, water and sanitation services were seen as services with large public health 
benefits to be provided in the public interest, yet on a cost recovery basis. But these systems 
were designed for the needs and preferences of the economically strong minority groups - 
the Europeans but also the Asiatic community - and the cost for the systems did not match 
the income level for Africans. Service provision thus became racially segregated. The ideals 
and norms transferred from UK prompted a large-scale development and once the network 
for water supply was in place, the increased water consumption prompted development of a 
sewerage and drainage network. After the establishment of the large-scale, capital intensive 
systems in Kampala, the public administration of Kampala would carry a vastly increased 
recurrent cost for a long time. The segregated regime of the service provision in Kampala 
under colonial rule created an imprint which has not rubbed away in the post-colonial 
period. Focus has remained on serving the middle- and upper class customers in Kampala, 
and only in the 2000s have there been any successful attempts at expanding services to low-
income areas83. 
 
 Saint-Louis-du-Senegal 
Finally, we shall also have a glimpse at how another colonising power acted in terms of 
urban water and sanitation in their occupied territories85. Saint-Louis, a colonial port 
settlement in the French colony of Senegal, relied on rain water and river water, which was 
considered unsafe during certain times of the year. The city experienced several epidemics; 
it was attacked by yellow fewer in 1867, then by cholera in 1868 and again in 1869. The 1868 
epidemic killed around 1,200 people, most of them Africans and 92 in the colonial European 
population. In the 1869 cholera outbreak, even the French Governor himself died in the 
epidemic.  
 
In the 1860s, the local colonial authority devised a scheme to pump clean water from the 
river at an intake point further upstream, where the water quality was less polluted. But due 
to incapability to secure finances, it took until 1886 to complete it, and only after the 
colonial government and the municipality had been allowed to take up a loan for the 
investment. The network installed was, however, incomplete and it only covered part of the 
town. The peri-urban villages where most of the Africans were located were supplied with a 
few public fountains.  
 
The introduction of the piped water supply did not effectively put an end to cholera 
epidemics. Another outbreak ravaged the town in 1893, during which around one thousand 
people in the town’s African population died, but only four Europeans. Interestingly, the 
French medical officer in the colonial administration concluded that the reason for Africans 
being much harder hit was the unsanitary habits and the culture of the local population. He 
failed to connect the high mortality to the limited access to the safe piped water in the 
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African quarters, where people still relied to a very large extent on unsafe water from the 
river. A racial attitude to services using cultural explanations of poor health ultimately lead 
to a segregation of services, even though Saint-Louis was much less segregated than for 
example Dakar, where a segregationist planning based on the concept of the ‘cordon 
sanitaire’ was much more vigorously enforced86. As indicated in the other colonial cases 
presented above, the service segregation of city dwellers based on race was common also in 
British and Dutch colonies.  
 
As a concluding remark on this section discussing the transfer of the modern urban water 
and sanitation systems to colonial settlements, it can be noted that some of the 
segregationist policies established during colonialism appear to still influence the provision 
of services in current-day post-colonial cities. A living proof of the persistence of colonial 
ideals is the design demand for water consumption in Nairobi, Kenya, which still follows a 
segregationist policy much on the lines established during British rule (see figure 6 below). In 
the formally established design demand norms, the engineers between the 1910s and up to 
independence in 1963 differentiated between Africans, Asians and Europeans. Thereafter, 
the main difference – although not an unimportant one – is the replacement of ‘Africans’ 
with ‘squatters’ or ‘low-income’ when differentiating between the consumer groups. 
Although the race element is nominally banished, the segregation of services itself persists 
well up to present days87. 
 

 
Fig. 6. The per capita design norms for water in Nairobi, Kenya. Up to independence in 1963, 

the norms were segregated according to race, thereafter according to income group.  
Source: Nilsson D (2013). 
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3 Water and Sanitation in Cities: how do they change? 
 
3.1 Development and change 

What do we mean when we say that a system or a technology ‘develops’? In our every-day 
use of the term ‘development’ we associate it with some kind of change over time, and it 
clearly has a connotation of changing for the better; an improvement of the performance 
and characteristics of the subject studied. In the case of water and sanitation systems, 
development has often, as demonstrated in several of the cases presented above, been 
associated with ideals of ‘modernisation’ or ‘progress’, where introduction or development 
of technology has had a symbolic value of societal advancement88. However, as indicated by 
the historical cases, systems do not always change for the better. Furthermore, in general 
policy discourses on global development the mechanisms of the change processes 
themselves are seldom afforded much analysis or afterthought. What makes a system for 
urban water and sanitation services - consisting of thousands of components, bits and pieces 
of knowledge, crowds of people in utilities, users and other stakeholders welded together 
through intricate linkages - to move in one direction or the other? And under what 
circumstances are these systems unable to change; under what conditions do they stagnate 
or become redundant? These are the questions that occupy scholars in the fields of Science 
and Technology Studies (STS), Innovation Theory as well as in History of Technology. While 
these mechanisms may seem far too academic to deal with in policy or in on-the-ground 
community work, in fact they will set the limits for what is possible to achieve. In the 
following, I will make an attempt to outline some theories on how technology changes, the 
conditions and dynamics of these change processes for urban WSS in particularly, and how 
these theories can be made use of in trying to meet the next generation of global 
development goals. 
 
3.2 Technology and how it evolves  

In order to understand how WSS technology changes, it will be useful to know what we 
mean by ‘technology’. The economist and technology thinker W. Brian Arthur offers a 
definition of technology in its wider sense as:  
 

 a means for a human purpose;  

 an assemblage of practices and components, and;  

 a collection of devices and engineering practices available to a culture.”89 
 
Does this tell us something that we did not already know intuitively? Firstly, it tells us that all 
technology must have a purpose – it does not exist on its own. Humans use the technology 
that to enable them to fulfil their goals. Clearly, this relates back to the ambitions in 
development discourses alluded to in the preceding section; we want to accomplish better 
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living conditions and technology can be a means for fulfilling this objective. But it also 
indicates that technology developed for one purpose does not necessarily have to be ideal 
for fulfilling other purposes (re-purposing). The closed sewerage systems in 18th century 
Europe were designed to fulfil the purpose of quickly transporting sewage and its odours 
away from city populations as it was believed that disease was transmitted via these odours 
through the air. This purpose may be less importance today when we know more about 
disease patterns, as well have other ways of protection against and treatment of disease. 
Sometimes purposes combine; the need of the Maya engineers to protect Palenque against 
floods and droughts could – in theory at least – have coincided with the desire to “maintain 
visual order”. Reducing the risk for urban fire in European and US cities also aligned well with 
the purposes of supplying industries and people in towns with piped water and these 
coinciding purposes brought interest groups together. There can also be conflicting 
purposes. The convenient disposal of water in the rivers Sherbourne and Ouse in medieval 
England negatively affected other purposes of the river, such as drinking and navigation 
purposes. The Metropolitan Board of Works wanted to discharge the effluent as far away as 
possible from London, but this increased the difficulties for financing. Chadwick and others 
also felt that disposing of sewage in rivers was a waste of valuable fertilizers. We also saw 
that urban water and sanitation have political purposes. The application of ‘modern’ 
technologies typically had inherent symbolic values – in places as diverse as Paris, Jakarta 
and Accra – as physical manifestations of social progress. WSS infrastructures were used to 
legitimise local power structures in colonial settings, but also in the industrial town of 
Norrköping in Sweden. The purpose of water and sanitation systems is thus a multi-faceted 
subject, stretching far beyond the ‘simple’ purpose of providing the city with water and 
taking care of its waste products.  
 
Secondly, the understanding of technology as an “assemblage” is crucial. Technology 
consists of combinations of ideas and of physical artefacts or ‘things’. These artefacts 
together make up systems, and urban water and sanitation systems are made up of physical 
components like ditches, gutters, pipes, pumps and valves. These artefacts also embody 
knowledge on materials, construction, health etc. This notion of technology is crucial 
because it allows us to clearly see a key mechanism for technology change: namely through 
re-combination. As underscored by one of the real giants in innovation theory, Joseph 
Schumpeter, recombination of already existing practices and artefacts is mainly how 
innovation and technological change takes place90.  
 
The third notion of technology outlined above tells us that technology also includes all 
practices and artefacts that are “available” to a society, i.e. that are known but which are not 
necessarily in use at any given time. This offers re-combination and adaptation possibilities 
with solutions and “best practice” transferred from other places and from other times. The 
history of urban water and sanitation is overflowing [sic] with examples of re-combination, 
from the adaptation of early Greek technology by the early Romans, the replacement of the 
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linear system with the reticulated network in Paris in the 1800s, the vacillation between 
sewage irrigation and river disposal, and so on. As will be further discussed, recombination is 
still one of the main mechanisms for the innovation activity taking place in low-income 
countries. Furthermore, transfer of technology has been particularly important for urban 
water and sanitation. The spreading of ideas and technology in the Roman Empire, or the 
sanitary ideals marching across Europe and US, are textbook examples of such technology 
transfer. Europe’s colonial domination over the South in the 20th century set in motion a vast 
technology transfer, as European technologies now became “available” for cultures in the 
South. However, the process of local adaptation and re-combination had its difficulties as 
will be further discussed below.  
 
But why then do technologies change? At a macro level, the purpose-orientation of 
technology could offer a simple explanation; whenever a new need is defined then science 
and technology will more or less automatically step in to ‘fix it’. Such a linear model of 
development could on the other hand be contrasted with a technology deterministic 
approach; that new needs arise as technology opens up new possibilities91. Who knew that 
they really needed a smart-phone, or the home spa jacuzzi, until they were invented? To 
unpack why technology changes it could therefore be more fruitful to ask how it changes. 
 
The key ingredients outlined above (purpose, combination and re-combination) instinctively 
direct our attention to evolutionary theory. In nature, the selective pressure from the 
environment and the possibilities of genetic recombination enables change and adaptation 
of living organisms. Similarly, pressure from human needs and the physical environment 
together with recombination of ideas and things make technology evolve.92 Historian George 
Basalla described this evolutionary process as one where many small changes and 
recombinations in technology realm open up possibilities or ‘doors that can be entered’. 
Whether we enter or not is a matter of choice depending on needs, costs, performance 
etc93. So when cost-efficient industrial manufacturing of clay and iron pipes was 
technologically possible in the 18th century, a door opened up for people in Europe’s towns 
to enter through, for the creation of the ‘piped city’. And as Szreter and Woolcock pointed 
out, technological capability was not enough to set the sanitary reforms in Europe in motion, 
nor did Norrköping put in place a water supply until 50 years after the devastating fire 
despite the technology being available. Just because the technology was ‘available’ to cities 
in Northern Europe did not in itself lead to technological change. 
  
Before we look more in detail at theories on change in urban infrastructure, let us return to 
W. Brian Arthur and his change theory, and in particular his suggestion that all technology is 
essentially an ‘assemblage’. 
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When we talk about technology we often talk of it as distinct ‘technologies’; space 
technology, railways technology, information and communication technology, water supply 
technology and so on. Arthur calls these groups “technological domains”.  Each of these 
domains have a purpose (or set of purposes) or utilities; functions that can efficiently be 
performed within that domain. In analogy with Basalla’s door that can be entered when 
needs so calls for, Arthur calls the domain “a world that can be entered, for what can be 
achieved there”94. A domain contains a huge set of artefacts and practices, and they are 
populated by people with specialised skills concerning its practices and artefacts. The ‘urban 
water and sanitation domain’ is thus populated by civil engineers, public health experts, 
water treatment specialists, technicians, surveyors, meter readers and many more. It is 
crucial to see the knowledge and expertise as an integral part of the domain as the physical 
artefacts and the system depend on knowledge. Typically domains evolve over long periods 
of time and in a step-by-step fashion rather than through revolutionary change. To be more 
precise, Arthur identifies two distinct processes by which technological domains do change: 
by “internal replacement”, and; by “structural deepening”.95 
 
Internal replacement is simply about changing a component within the domain, to increase 
the overall performance in one way or the other.  For instance; steam-powered pumps being 
replaced by electrical pumps within the urban water and sanitation domain. The electrical 
pump has the same function as its predecessor driven by steam, but it is more reliable, has a 
higher efficiency and generates less noise etc.  
 
However, when the system is required to perform differently in a certain aspect, 
recombination through internal replacement is seldom sufficient. That is where the domain 
evolves by means of structural deepening. This basically means that new components or 
sub-structures are added. The shifting from a system of public fountains (the line system) to 
in-house connections (networks) in colonial Jakarta and Paris is an example of structural 
deepening. When it was realised around the turn of the century that sewage disposal 
created huge downstream problems through the release of biodegradable material, waste 
water treatment facilities were added that reduced the oxygen depleting substances in the 
discharge. Later, when the focus shifted to reducing the release of nutrients (Phosphorous 
and Nitrogen), more advanced treatment technologies were added. These are also examples 
of how the domain of urban water and sanitation developed through structural deepening; 
by adding new pieces of knowledge and technology to the existing. 
 
The difference between these two processes is very important in a long-term change 
perspective. While the first process leaves the system more or less structurally intact, the 
latter process makes the system more complex. As a domain evolves, there is a tendency to 
solve more and more problems and to perfect its performance by means of structural 
deepening, so that a well established or ‘mature’ technology tends to become, with time, 
very complex. And complexity negatively affects its ability to adapt and change. The domain 
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becomes “locked-in” or “path dependent”; choices and additions made in the past create 
boundaries for the domain’s future evolution.96 Although domains develop slowly and 
become more complex with time, new domains do emerge. Sometimes this happens swiftly, 
as a radical and sudden change. At least, so it would seem to the contemporary spectator. 
The rapid rise of the mobile phone domain as well as the car industry are generally seen as 
examples if revolutionary change, but it is important to note that they evolved out of 
previous domains (radio/telephone, carriages) .  
 
With this remark on slowly changing domains, it will be prudent to now have a look at a 
theory for urban infrastructure dynamics. Or more precisely; is there a pattern for how 
urban water and sanitation systems change and how is it linked to social change?  
 
3.3 Urban water and sanitation as a socio-technical system 

The more generic description offered above demonstrated that technology and its domains 
do not exist just as devices and things; they are also linked to knowledge, practices, and 
people. When studying change of technological systems in an urban setting, it is therefore 
necessary to also look at how the surrounding urban society changes. This close 
interconnectedness between the technology and its social environment has led many 
scholars to talk about “socio-technical systems”.97 In a ground-breaking study of 
electrification in European and North-American cities in the 19th century, historian Thomas 
P. Hughes looked at how these systems evolved as socio-technical systems98. Hughes 
proposed that socio-technical systems are made up by three layers, essentially: 
 

 technology itself (e.g. artefacts, infrastructure) 

 organisation (e.g. engineers, decision-makers, consumers) 

 institutions (e.g. laws, rules, standards) 
 
What defines a technology’s dynamics is the interplay between and within these layers. 
Technical personnel are needed to build and operate the systems, and consumers use the 
systems and pay for them either directly or through taxes, and without these no 
technological system will survive. Likewise, if the institutional framework does not enable 
technology or organisational forms to operate or finance a system, it is equally obvious they 
will not succeed. Hughes proposed a generic model for how “Large Technical Systems” like 
electricity networks evolve over time. He distinguishes three distinct phases in the 
development of large technical systems: 
 
1. Establishment. This first stage is characterised by uncertainty and minimal growth. 
Different setups of the system are tried and the technology is unreliable. Typically, financing 
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is a problem due to lack of consumer demand and the uncertainty of technology and 
institutions. 
  
2. Expansion. In the following stage of ‘expansion’ the system grows quickly. In this stage, a 
successful mix of technology, organisation and institutions has been found and demand is 
increasing. From this phase onwards, the technology is also readily transferred to other 
places and contexts. 
 
3. Maturity. Growth levels off in pace with saturation of consumer demand and the system 
becomes increasingly difficult to change. In the maturity stage, competition between actors 
increases and the system is economised. At this stage the system can also experience 
‘stagnation’ where expansion virtually comes to a halt, and subsequently, decline follows. 
 
An important feature of the system’s growth trajectory, said Hughes, is that large technical 
systems have a tendency to acquire ‘momentum’, making it more and more adverse to 
radical change. This analogy comes from mechanics describing a body in motion: once the 
object has picked up speed, it will require a larger external impulse to change direction. The 
proposition of momentum is also in line with how we saw Brian Arthur describe change in 
technological domains; that they become, with time, less adaptable to change due to 
increased complexity and path dependency. 
 
Another key concept in the theory of Large Technical Systems is that from time to time 
during the expansion phase, system growth is held back by a single problem encountered, as 
with a bottleneck. This hindrance for further expansion is called a “reverse salient” (a term 
borrowed from military tactics). In electricity supply one such reverse salient was how to 
transfer electricity over large distances without too much voltage loss. Typically, once a 
reverse salient has been identified, scientists and engineers will concentrate their efforts on 
finding a solution for the specific problem, to enable the continued expansion. 
 
How applicable is this model of large technical systems for studying urban water and 
sanitation? Some historians have called into question the applicability of LTS-theory in urban 
water and sanitation because these systems are said to be predominantly local in nature99. 
But many cities are part of large - sometimes international - basin or water transfer systems, 
and vice versa; the electricity networks that Hughes built his LTS theory on were also initially 
entirely local. The LTS has successfully been applied to a diverse set of urban infrastructure 
services, such as gas distribution, bicycle transport, and water supply100. If we now look at 
our historic cases through the lens of LTS theory, it appears to fit quite nicely. Without a well 
balanced matching of technology, organisation and institutions it is difficult to imagine how 
the large-scale supply of Constantinople could have been built and maintained for seven 
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centuries. It also appears that it rather rapidly went through the establishment phase (in 30 
years or so) to an extended expansion phase over something like two centuries. The system 
then reached maturity and eventually went into decline and dysfunction as the sheer 
physical reach of the Tracian aqueduct traversed a greater area than what could be 
politically controlled. Decisions in the past came to restrict “what could be achieved” within 
this domain and the momentum of the great aqueduct system reduced its adaptability. We 
could say, from this account, that as a result of its inability to adapt to changing geopolitical 
realities, the Tracian system was replaced with a less grandiose system, better adapted and 
using local sources.  
 
The medieval York and Coventry cases underscore that it is possible to pursue a 
technological purpose without actually installing much physical technology. The city 
administrations attacked the problem of urban water pollution almost solely by means of 
changes in organisation (the river inspectors) and institutions (the local bylaws, including 
fines for offenders). We also see that almost everywhere in Europe and the US, the 
establishment phase for urban water and sanitation followed the prescribed pattern of small 
proto-systems, technological uncertainty and financing problems. A case in point is that of 
Berlin; introduction was delayed by technological ambivalence regarding WCs and sewage 
disposal as well as inability to attract investors. Once these hurdles had been overcome, the 
expansion phase caught on. Throughout the North, the urban water and sanitation systems 
have now come far into their maturity stages. Components are added from time to time, 
such as more efficient removal of nutrients in sewage treatment, and the systems have 
picked up momentum and are difficult to change.  
 
In the South, it is much more difficult to assess where these systems are in relation to the 
stages of an LTS. Obviously in the establishment phase, which often took place during the 
colonial period, proto-systems were built and subsequently networks were put in place, 
which were gradually expanded. Initially, systems faced uncertainty not least regarding the 
financing aspects, illustrated in the cases from Accra and Saint-Louis-du-Senegal. But the 
expansion phase came to a halt in the post-independence period, as the capital intensive 
systems were too expensive for the majority of its customers. A rapid expansion to universal 
coverage, as the Kenyan government boldly declared in the year 1970, did not materialise. 
The momentum of the urban system imported from the North dictated a focus on high- and 
middle income earners in planned urban areas, and not an expansion to the informal areas. 
Indeed, it is possible to talk of poverty and informality as a ‘reverse salient’ of the urban 
water and sanitation systems in the South; a bottleneck holding back any major expansion of 
services101.  
 
Unless this reverse salient is overcome by means of innovation and adaptation, the LTS 
theory suggests that large scale systems in the South may start to decline. Deteriorating 
performance of urban service systems, noted for example in sub-Saharan Africa in the thirty 
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years following independence, could be an indication of such decline102. The inability to 
meet demand and the consumer preferences of Africa’s growing low-income city 
populations has led to the rise of alternative service provision models based on small-scale 
private providers103. An alternative – and perhaps more optimistic - explanation than 
stagnation and decline could be that these systems have ‘regressed’ back to an 
establishment phase. Again, we see uncertainties regarding technological solutions and 
financing, just like when these systems were once introduced. Moreover, one must 
remember that in many of today’s small and medium-sized cities in the South the process of 
technology transfer started rather late, sometimes after decolonisation. It is reasonable to 
assume that these places never even got to the expansion stage but has remained in the 
establishment phase. 
 
3.4 Social dimension of water and sanitation technology 

Finally, before we have a full palette of how urban socio-technical systems develop, I will 
need to discuss the social aspects of technology. Brian Arthur underscored that technology 
has a human purpose, and that technology domains are populated by experts, practitioners, 
engineers etc. Hughes underscores the role of social organisation and particularly stresses 
the importance of the “system-builder”. The system builders are those individuals, interest 
groups or organisations that take a lead in the establishment phase and who ensure that 
when a reverse salient is encountered, attention is devoted to solve this particular problem.  
 
Urban water and sanitation services through large-scale systems are collective goods, and 
these networks are what economists call ‘natural monopolies’, forcing consumer to express 
their preferences through a collective social negotiation rather than a simple market 
exchange105. The consumers also have a direct relationship to the supplier, but each 
individual’s ability to influence is limited with its main negotiation power being to “opt 
out”106. In Berlin, the consumers responded by not connecting to the network as long as it 
did not match their preferences.  
 
Consumers can also influence through coordinated actions and political bargaining. As we 
saw in the case of 19th century England, civic leaders who could bridge different class 
interests and link together different forms of social capital were crucial for this negotiation 
process. In Nigeria and Ghana, the consumers expressed their preferences through civil 
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protests and petitions. In the World Development Report 2004, the World Bank called these 
two distinct ways of influencing and expressing consumer preference “the long and short 
route of accountability”. While consumers still have a direct contact with providers through 
a service contract (short route), consumers can also influence through lobbying, voting and 
negotiating with the state, who in turn has some type of agreement with the provider (long 
route)107. See figure 7 below.   
 

 
Fig. 7. The Long and the Short route of Accountability. Source: World Bank 2003, World 

Development Report 2004: Making services work for the poor. World Bank, Washington DC. 
 
Urban service provision is hence intricately linked with its political context. Historians and 
political ecologists, who have explored this fusion with political processes and social 
interaction, stress that water and sanitation must not be seen as ‘simply technology’, but 
indeed, one more social arena of power contestation108. This is important to bear in mind 
when understanding socio-technical change, recalling what historian of technology Langdon 
Winner said already in 1980: 
 

“Those who have not recognized the ways in which technologies are shaped by 
social and economic forces have not gotten very far.“109 

 
In a study of how urban water supply developed over time in Kenya, my colleague Dr 
Nyangeri Nyanchaga and I found that post-independence changes in the socio-technical 
system for urban water were linked to struggles for political power and control110. Political 
objectives and power struggles are, using Arthur’s terms, ‘human purposes’ just like any 
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other. Evidently, it matters a great deal who is in control and how the governance system 
balances power as seen through the histories of Jakarta, Accra, Benin City and Kampala. 
 
One last aspect of the social dimensions needs to be brought up: that which relates to 
transfer of technology. When a large technical system enters the expansion phase, it is now 
possible to transfer to other places, where physical and social contexts so allow. Once a few 
large cities like London and Paris had paved the way in the early 1800s and reduced 
uncertainty of technology, organisation (including finance), and institutions it was much 
easier for the technology to spread throughout Europe, the USA and also to the European 
colonies abroad. This transfer process depended on engineers and experts that brought 
technology with them. Edwin Chadwick travelled to Paris, and corresponded with the City 
Inspector of New York. Professor Simpson, who made the proposals for sanitation of Accra in 
1908 also made similar investigations in British East Africa in 1913-1914111. The town 
planning and sewerage experts employed in Kampala had done similar work in Lagos and 
India112. The successful transfer from one place to another depended on these “social 
carriers of technology”, as they were called in a classic study by Charles Edquist and Olle 
Edqvist113. But there had also to be consumers and decision-makers in the new places who 
expressed a demand for the new ideas. If the technology transferred was not placed in an 
enabling social context (institutions, consumer preferences, cultural acceptance), it was 
doomed to failure. Edquist and Edqvist’s study was concerned with technology transfer from 
the industrial world to the developing world in the 1970s, but these social carriers were just 
as important in the Roman Empire, where lead pipes and flush latrines met with a highly 
mixed acceptance. As the Roman Near East case study shows, those technologies that 
aligned well with local culture, practice and pre-existing ‘domains’ were more likely to 
succeed. 
 
3.5 A simple theory of change? 

Below I will try to condense the previous foray into theoretic landscapes down to a few 
simple theses that could be used as a generic framework for understanding how urban water 
and sanitation change.  
 
First; urban WSS systems are put together for a human purpose. How this purpose is 
defined depend on who is allowed to influence, which ultimately depends on governance 
structure and how power is divided among the users and the system-builders. Users have 
two main ways of influencing the purpose of systems; by the long and the short route of 
accountability. There can locally be many different purposes with urban water and sanitation 
systems, some which will inherently be in conflict with each other while others combine thus 
enabling co-production of goods.  
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Second; urban WSS systems change through recombination. Recombination can concern 
organisations, institutions as well technology, and can be done either by keeping the system 
architecture intact (internal replacement) or by adding components and sub-systems 
(structural deepening). In this recombination process, options and solutions may be available 
from other places, from other domains, and other periods in time. Where the system 
develops to addresses additional purposes through structural deepening, the system’s 
complexity increases and its ability to adapt decreases. 
 
Third; urban WSS networks conform to the dynamics of Large Technical Systems. A 
networked system is not the only form for urban WSS provision, but it is the form which has 
emerged as the dominant technology. Urban WSS networks develop through establishment, 
expansion and maturity stages, they face expansion challenges of bottleneck character 
(reverse salients), and they develop momentum and resistance to change as they advance 
towards maturity. Failure to address reverse salients, or failure to adapt to significantly 
changing contexts, can lead to stagnation and decline. 
 
Fourth; urban WSS systems are socially defined. Water and sanitation in cities form a 
domain where values, ideas, knowledge, power and people matter as much as the 
technology and the physical environment. These systems develop in specific social (and 
physical) contexts and become part of political structures and contestations. When the social 
context changes through social change or through transfer, the new social context must be 
matched in the technological setup.  
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4 Managing a transformative shift to 2050  
 
4.1 Assessing change: past and future 

In this paper I have reflected on the history of urban water and sanitation over a period of 
two thousand years. Few, if any, other technological domains have undergone so little 
change in the same period. Technologies in use in cities today differ remarkably little in 
principle from those applied by the Romans, although materials and power sources have 
changed, as well as the structural deepening seen in e.g. treatment technology. Seen in this 
longer context, the thirty-five years up to 2050 seem like hardly worth a note in the margins 
of history books. The historically grounded slow change of the domain for urban WSS, and 
the momentum accumulated in urban networks in the North, indicate that any radical 
change to the way we provide water and sanitation in cities is not to be expected in the 
course of only one generation.  
 
On the other hand. Never before has the global social transformation been as rapid. Every 
year, another 70 million people are added to the world’s cities and the urban landscape is 
transforming in the South. The global economic and political order is slowly tipping in favour 
of the emerging economies in the South and the East. This drastically shifting social context 
may well be a precursor to a transformation of urban technology of vast proportions. 
Today’s system-builders have access not only to vastly more advanced technologies than 
one hundred years ago. They are also armed with a digitally powered capacity to process 
information and access knowledge that would have been mind-boggling to the previous 
generation of system-builders. Their potential access to “available” components for 
recombination is enlarged accordingly. So while it is necessary to be aware of the in-built 
momentum and path dependencies in existing system, these characteristics must not be 
taken as a cue for apathy or defeatism, especially not in the global South where urban 
service systems have gained much less momentum. From this perspective, thirty-five years 
can be just enough time to set urban water and sanitation systems on a new course and 
making a push for a “transformative shift”. 
 
 
4.2 How we can make a transformative shift happen 

Purpose of the transformative shift 
If the global community commits itself to initiate a transformative shift of urban water and 
sanitation, the very first thing to do is to address my first ‘change thesis’: that all technology 
has a purpose. The global community has to be very clear on what this shift is really about.  
What is the purpose, or rather the purposes, of urban water and sanitation systems? 
Where are the conflicts between the different purposes, and whose interests are at stake? 
And what is it that needs to change in the current systems? Quite obviously, the prime 
purpose(s) of these systems will differ from place to place and the global community should 
be cautious not to be overtly prescriptive, as we have seen that the purpose and 
configuration of urban WSS systems is a local negotiated process.  
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The global community could for example decide to support local processes that contribute 
to the transformative shifts outlined by the High-Level Panel, such as reducing inequalities 
(“Leave no one behind”) and recycling of finite resources like water and Phosphorous (“Put 
sustainable development at the core”). The problem of phosphorous scarcity is potentially a 
huge systemic future problem, but one which is not likely to become critical within a thirty-
five years period. In the following I will therefore discuss a transformative shift for reducing 
the already present problem of service inequalities, and apply the simple change model 
outlined above to discuss what would facilitate such a change up to 2050. 
 

Recombination 
One thing is clear. If the systems need to change, that change is going to take place through 
recombination. For the purpose of reducing inequalities in the South, there is already a vast 
array of examples, pilot cases, feasibility studies, as well as well documented traditional 
practices and past solutions. Local experimenting and innovation has led to successful 
solutions in countless urban areas in the South. There are many examples where large scale 
infrastructure has been combined with small-scale solutions at the consumers’ end, resulting 
in affordable hybrids. Such hybrid solutions span from the laying of simple sewerage 
networks in informal areas in Karachi’s Orangi project, to organisational innovations like the 
Delegated Management Model for water provision in slums in Kisumu, Kenya114. The success 
of pre-paid metering in some of South Africa’s urban low-income areas is now spreading 
rapidly to Uganda, Zambia and other places in Africa115. New hybrid ‘semi-decentralised’ 
solutions have been promoted as more sustainable and adapted solutions for fast-growing 
areas in not-so-poor places as well, such as in China116. There is thus today clearly no 
shortage of alternative artefacts, sub-systems and practices available for recombination. But 
to paraphrase Szreter and Wollcock’s description of England just before the dawn of the 
sanitary revolution, there is “lack of collective will” to implement these new recombinations 
at system- and city-level.  
 
 Expansion or decline: tackling the reverse salient of informality and poverty 
Cities in the South already face the reverse salient of poverty and informality. In short, 
systems are not expanding because they were designed to solve problems in the 
industrialising North and have failed to adapt to contexts in the South. If innovation and 
technological search is not directed at these hurdles, networks in the urban South are likely 
to continue to serve a small and relatively rich minority until the larger population groups 
have raised their income levels to early industrial Europe levels, which may take several 
generations. It is worth to note that average income levels in England in 1820 exceeded 
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average incomes in sub-Saharan Africa in 2001117. In a more extreme scenario, these systems 
will decline and be replaced with small-scale solutions altogether. It is therefore encouraging 
that so much experimentation and innovation activity is taking place to address service 
provision for the poor. However, it is far from always the managers of the water and 
sanitation systems that initiate pro-poor change. In many cities, there are simply no 
incentives for the operators to change the provision system toward reduced inequality118. A 
critical task for the global community is to help local authorities and utility managers to 
create spaces for local innovation and recombination, and to make sure there are incentives 
for change through regulatory and commercial incentives and public ethics. 

 
Social capital building 

Solutions to reduce inequalities are already available, and they span from institutional and 
organisational models to technological components, practices and sub-systems but the will 
to recombine urban water and sanitation systems for equality is lacking. As demonstrated 
throughout the history of urban WSS, these systems fuse with local and global power 
landscapes. To alter these landscapes requires the building of social capital, and in particular 
the kind of capital that links different classes and mediates between competing interests. 
There is evidence that where efforts to build such social capital are half-hearted, change 
does not happen. But where genuine efforts are made by civil society leaders and authorities 
to work together for common purposes, chances are much better for a lasting change which 
improves service for marginalised people119. The transformative shift in 19th century Europe 
came about when different interest groups negotiated collective bargains where property 
owners, industrialists, workers and politicians each had something to gain from change. This 
kind of ‘co-production’ of goods can also gain from careful facilitation from external 
development actors (e.g. the UN, large international NGOs and donors) who pay genuine 
attention to needs and preferences in the local community120. Donors should therefore be 
cognisant of their own motives, so that objectives of aid disbursement and lending to 
conventional large-scale solutions, or an exaggerated confidence in technologies of the 
North, do not obscure the objective of transformative change121. Furthermore, the creation 
of social capital in local settings may facilitate the unlocking of physical capital for 
investments. This will be extremely important in low- and middle income countries that have 
embarked upon devolution of financial responsibilities such as in Kenya122. While devolution 
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makes the ‘long route of accountability’ a great deal shorter, accountability is still contingent 
upon trust and the existence of vertical links in the social capital formation. 
 
So, this is the bottom line: The transformative change required up to 2050 for setting the 
world’s cities on a path to sustainability requires a large impetus, as these systems have 
evolved over many centuries and are notoriously slow to change. Many different purposes 
can be agreed on and several kinds of shifts may be required, but it must all be part of a 
social negotiation process. There is no ‘super technology’ to fix it all. But at least for the 
problem of global inequality, humankind does not need a new super technology. Most of the 
building blocks are already there. But the question is: can we mobilise the collective will for 
change? 
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APPENDIX 1: Terms of Reference 
 

 
 

UNITED NATIONS HUMAN SETTLEMENTS PROGRAMME (UN-HABITAT) 
 

Terms of Reference 
 

PROJECT TITLE: Preparation of background paper for UHABITAT State of Water and Sanitation in the 
Worlds Cities: A forward looking perspective to 2050 

REGION:  Global 
TITLE: Consultant 
DURATION: 1 Month 
START DATE: As soon as possible 

 
1. Introduction  

As the United Nations organization for Sustainable Human Settlements, and the focal point for the 
implementation of the Habitat Agenda, UN-Habitat has the responsibility of supporting member states in their 
efforts to achieve related international goals and targets set to improve the situation.  
 
In relation to water and sanitation sector, UN-Habitat, through its current programmes and activities, has 
demonstrated the following core competencies: 

 Normative work, focussing on standards and priority setting, monitoring and evaluation and capacity 
building; 

 Political mobilization and political awareness-raising through advocacy and value-based education; 

 Partnership building at local level bringing cities and communities together; 

 Demonstration and piloting of new and innovative approaches to urban water management e.g. 
water demand management, water quality management, pro-poor governance through community 
participation etc. 

 
Following the mandate of the 19

th
 Governing Council, resolution 19/6, UN-Habitat has made Water and 

Sanitation in World’s Cities a recurrent publication to be published every three years.  
 
In 2003, UN-Habitat published the first edition titled Water and Sanitation in the World’s Cities: Local Action for 
Global Goals. The report sets out in details the scale of economic performance, showing the potential gains of 
remedial action; it analyses the proximate underlying causes of poor provision and identifies information gaps 
affecting resource allocation. It outlines the consequences of further deterioration and explains how resources 
and institutional capacities – public, private and community – can be used to deliver proper services through 
integrated water resource management. 
 
The first edition highlighted four main issues:-  

1. The under-estimation by most sources of the number of urban dwellers who have inadequate 
provision for water and sanitation and the very serious health consequences this brings for hundreds 
of millions of peoples; 

2. The inadequacies in the attention given by governments and international agencies to this, although 
there are many examples of innovation and ingenuity from around the world which suggest that the 
barriers to improved provision are not so much technical or financial but institutional and political; 
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3. The need for improved provision for water, sanitation and drainage to be rooted in the specifics of 
each locality, including the needs and priorities of its citizens and its ecology; 

4. The need to focus of pro-poor urban water governance 
 
The second report published in 2006, Water and Sanitation in the World’s Cities: Meeting Development Goals in 
Small Urban Centres examined the provision of water and sanitation in secondary urban centres around the 
globe.  
 
The third report published in 2010, Water and Sanitation in the World’s Cities: Solid Waste Management in the 
World’s Cities focused on the Management of Solid Waste and Bio-solids in Urban centers, including key policy 
and investment issues that must be addressed in order to sustainably meet the Millennium Development 
Goals.  
 
The topic for every report is selected by UN-Habitat and partners and is designed to address a topical issue and 
synthesize current thinking for presentation in a clear, concise and unbiased way. The publications are used by 
a wide variety of sector professionals and are frequently cited in the literature. The publication is usually a mix 
of reviews of best practice, current policy thinking and guidance and new and emerging issues and how 
management approaches should be aligned.  
 

2. The assignment 
For the 2014 publication, a forward looking perspective will be taken. Current statistics on urban trends and 
research on the way the world is urbanizing has indicated that planning for infrastructure in the future is a 
critical issue. There will be a need to understand what the future will look like for urban areas of all sizes. 
Understanding how human settlements make the transition from small villages to towns and cities is critical to 
the way we design basic service provision, taking into account key issues such as water quality and climate 
change which will impact on service provision. The publication will make suggestions about the issues we 
should be thinking about now to ensure that the rural agglomerations of today don’t become the slums of 
tomorrow. 
 
The drafting of the publication will be supported through information collected from (i) a review of the 
literature; (ii) a scenario building exercise; (iii) various thematic papers. The latter will be contracted to an 
appropriate organization/individual and is the objective of this terms of reference.  
 

2.1 Objectives 
To assist UN-Habitat in the preparation of the 2014 Global Report on “State of water and sanitation in the 
World Cities: A forward looking perspective to 2050” by the drafting a background paper in the specific 
thematic area of: Reflection on past approaches and policies for water and sanitation in cities and their impact 
on future perspectives. 
 

2.2 Scope of the assignment 
The successful candidate will be expected to undertake the following; 

 Undertake a desktop review of all relevant literatures background papers  in relation to the thematic 
area 

 Produce a first draft of the thematic paper for further discussion and approval by UN-HABITAT 

 Comply with all terms and conditions as outlined in this terms of reference and other legal contractual 
requirements of the United Nations. 

3. Input from UN-HABITAT 

 Facilitates any contacts as may be necessary during the contract period 

 General coordination and strategic direction of the entire contract period 

 Make available all the payments in a timely manner as outlined in this agreement  
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4. Expert profile 
4.1 Education 

Candidates to be considered for this assignment should preferably have advanced degree from a recognised 
University in any of these disciplines; Sanitation Engineering, Environmental sciences or Social Science. 

4.2 Experience 
The successful candidate should have at least 10 years of active involvement in water and sanitation with focus 
on cities and urban centres. Demonstrated experience on policies relating to water and sanitation in cities and 
urban areas will be an advantage. 

4.3 Language 
English and French are the working languages of the UN Secretariat.  For this assignment, fluency in English 
both oral and written is required; knowledge of other UN languages may be additional advantage.  

5. Reporting 
The consultant will report directly to Dr. Graham Alabaster; Unit Leader, Urban Waste Management Unit, 
Urban Basic Services Branch of the UN-HABITAT on email: alabaster.unhabitat@unog.ch and Robert Goodwin, 
Unit Leader, Water and Sanitation Unit, Urban Basic Services Branch, Email: Robert.goodwin@unhabitat.org 
with copies to Harrison Kwach, National Programmes Officer, Urban Basic Services Branch of the UN-HABITAT 
on email: harrison.kwach@unhabitat.org. 

6. Timing and delivery of outputs 
The successful candidate is expected to undertake desktop review, develop and submit a detailed work-plan for 
approval to UN-HABITAT within the first 7 days of signing the contract and subsequent progress and final 
reports as per the work plan. The consultancy will last 22 days unless otherwise terminated or amended as per 
UN-HABITAT contract regulations. 

7. Terms of Contract 
The successful candidate will be remunerated on delivery of outputs as follows: 

 

Timeline 2014 Output Instalments % 

18
th

 March  Submission and approval of  detailed work 
plan  

30% 

25th March 1
st

 draft available 50% 

31
st

 March Final Draft Manuscript available 20% 
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