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SUMMARY  

The problem to secure safe water supply, good sanitation and a good watercourse and marine 
environment status has become increasingly complex and at the same time more and more 
important to meet. It has been recognized, that an integrated approach must be used to meet not 
only technical and scientific aspects, but the role should also be included of factors such as 
economics, acceptability, capacity building, and efficient management in the overall view. 
Integrated approach efforts need to be introduced at different levels, i.e. among the population as 
well as at municipal, regional (county administrative board, county council, water authority) 
national and international (EU, global) levels. An important goal is that various activities should 
follow similar objectives.   
One important factor in this respect is the Brundtland report in which the concept of 
sustainability was highlighted and universally accepted, even though similar ideas had been put 
forward earlier. Based on the concept of sustainability a common policy has been developed 
from Agenda 21 at the local level to globally formulated Millennium targets. Independently of the 
country, general consensus seems to exist on overall goals for water and sanitation. However, 
there is a big difference in the way the goals have been implemented in different countries 
depending on priorities to other areas of concern as political systems, economic conditions, and 
the degree of capacity building. The experience developed in Sweden and in large parts of the 
Western world has been judged to be of great value to be transferred to other countries with a 
lower development or lower standards of water and sewerage systems. For this reason, several 
global and regional agreements are presented, and two regions (the Baltic Sea and the MENA 
regions) were chosen to assess similarities and differences between them. Obvious differences are 
the relatively abundant supply of water in the Baltic region, while the MENA region is one of the 
world's poorest regions with regard to water availability. Major differences also exist between 
countries within each region. Among the similarities is the need to achieve similar demands on 
the quality of discharged wastewater in the long run. The Baltic Sea Action Plan controls the 
stringent requirements of wastewater quality in the Baltic region, and in the MENA region the 
growing interest in wastewater reuse for irrigation, industrial use and also for reuse as clean water 
is the guiding factor. 
On the national level Sweden and Iraq have been selected for description and discussion and                        
at local  level Växjö in Sweden and the cities of Baghdad and Erbil in Iraq and the Kurdistan 
region of Iraq, respectively. While Växjö municipality has been able to follow a path in line with 
achieving sustainability the situation of cities in Iraq and Kurdistan are entirely different due to 
failed investments and maintenance of infrastructure for a long time as well as the effects of war. 
This is discussed in detail and the actions needed to restore and improve the infrastructure are 
described. 
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SAMMANFATTNING 

Problematiken kring att ordna en säker vattenförsörjning, god sanitet och god status för 
recipienter och för marin miljö har blivit alltmer komplex och samtidigt alltmer viktig att 
tillgodose. Det har härvid insetts att integrerade synsätt måste användas för att tillgodose inte 
bara tekniska och naturvetenskapliga aspekter utan även rollen av faktorer, som ekonomi, 
acceptans, kapacitetsuppbyggnad, och effektiv förvaltning bör också innefattas i helheten.   
Insatser i det integrerade synsättet behöver införas på olika nivåer dvs. hos befolkningen samt på 
kommunala, regionala (länsstyrelser, landsting, vattenmyndigheter) nationella och internationella 
(EU, globalt) nivåer. Det är ett viktigt mål att de olika insatserna följer likartad målsättning. En 
viktig faktor har härvid varit Brundtlandrapporten där uthållighetsbegreppet lyftes fram och blev 
allmänt accepterat även om liknande tankegångar framförts tidigare. Utifrån uthållighetsbegreppet 
har en gemensam policy kunnat utvecklas från Agenda 21 på lokal nivå till de globalt formulerade 
milleniemålen. 
Oberoende av land förefaller det att finnas en allmän samsyn på övergripande mål för vatten och 
sanitet. Däremot är det en stor skillnad i hur målen har implementerats i olika länder beroende på 
prioriteringar gentemot andra angelägna områden, politiska system, ekonomiska förutsättningar, 
grad av kapacitetsuppbyggnad etc. De erfarenheter som byggts upp i Sverige och i en hel del av 
västvärlden har bedömts kunna av stort värde att överföra till andra länder med lägre utbyggnad 
eller standard för va - anläggningar.  
Av detta skäl redovisas olika globala och regionala överenskommelser samt   
utvaldes två regioner (Östersjöregionen och MENA - regionen) för att bedöma likheter och 
olikheter. Uppenbara olikheter är den relativt rikliga tillgången på vatten i Östersjöregionen 
medan MENA - regionen är en av världens vatten knappaste regioner. Stora skillnader föreligger 
mellan olika länder inom respektive region. Likheter finns att man behöver nå liknande krav på 
kvaliteten på utsläppt avloppsvatten på sikt. I Östersjöregionen styr långtgående krav enligt Baltic 
Sea Action Plan avloppsvattenkvalitet och i MENA - regionen styr det allt större intresset för 
återanvändning av avloppsvatten för bevattning, industrianvändning och även för återanvändning 
som ren vatten.  
På nationell nivå har valts att beskriva och diskutera Sverige och Irak och på lokal nivå har valts 
Växjö i Sverige och städerna Bagdad och Erbil i Irak respektive Kurdistan region i Irak.  Medan 
Växjö kommun har kunnat följa en utveckling i linje med att nå uthållighet är situationen för 
städer i Irak och Kurdistan en helt annan beroende på försummad investering och underhåll av 
infrastruktur sedan en lång tid och effekter av krigshandlingar. Detta diskuteras utförligt och de 
åtgärder som krävs för att återställa och förbättra infrastrukturen beskrivs. 
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ABSTRACT 

The pressure on water resources in the world is constantly increasing due to urbanization, 
growing population, rising living standards and the needs of agriculture. Therefore, the demand 
for sufficient quantities of good quality water for different purposes increases. Overuse of water 
sources and water pollution further reduce possibilities for water supply. 
For many of the Middle East and North Africa (MENA) region countries the situation also lacks 
local capacity and experience to deal with the problems. 
Water management and technologies are developed on many levels from local and regional 
handling to national policies and specific agreements in a large river basin or a region with several 
countries involved. Agreements must then be formulated by large international organizations like 
the European Union (EU) or globally. Policies must be in harmony with the different levels and 
conditions existing in different regions. 
Two regions were used as a general basis for the work: The Baltic Sea region and the MENA 
region. In the Baltic Sea region special studies were performed related to the EU and to Swedish 
policies and practice. For the MENA region the focus was on Iraq. On a local level, the 
municipality of Växjö in the middle of Southern Sweden was evaluated as an example and in Iraq 
the capital city of Baghdad. The special problems in the Kurdistan region of Iraq were also 
studied, especially in relation to the city of Erbil.  
The intention was to describe the actual situation in the two regions, the two countries and the 
chosen examples on the local level. The differences between the two regions are described and 
the conditions that have contributed to these differences. An evaluation has been made of 
possibilities of knowledge transfer and also of some of the difficulties in the transfer. 
EU countries like Sweden can contribute with experiences of how to build up water supply and 
sanitation systems, capacity building and training in existing plants. Technologies used for the 
reuse of wastewater with focus on oxidation, adsorption and membranes technologies which are 
developing in some of the MENA countries, because of water scarcity there, are examples of 
cooperation as new requirements on nutrient removal, resistant bacteria and pharmaceutical 
substances lead to the same goal like that of wastewater reuse to in principle possessing drinking 
water quality. The implementation of actions to solve water quality problems (such as BSAP) will 
create a lot of technical skill in many areas in Sweden. Other aspects of knowledge transfer that 
need to be improved are capacity building and financing methods. 

Key words: Baltic Sea, Iraq, Kurdistan, MENA region, Sweden, water management, 
knowledge transfer. 

1 INTRODUCTION 

1.1 Background 
Water scarcity is a large problem which has 
increased during the last six decades in many 
parts of the world.  In 1950 less than 20 
million inhabitants experienced water 
shortage in 12 countries, while by 1990 it was 
experienced by 300 million inhabitants in 26 
countries (Abu-Zaied, 1996). This problem is 
expected to face 65% of the world 
population by 2050 according to forecast 

indications and most of them will be in the 
developing countries (Milburn, 1996). 
 A major challenge facing most of the 
developing countries is the gap between the 
limited water and growing demand, 
continued deterioration of water quality and 
the poor operational performance of water 
agencies. The United Nations declared 2005-
2015 the International Decade for Action 
‘Water for Life’ realizing that achieving the 
millennium development targets for water 
and sanitation has wide-ranging benefits 
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including yielding greater socio-economic 
return  (UNICEF, 2009).  
Generally the European continent faces no 
water shortage or extreme water problems 
such as droughts and floods like those faced 
by some countries in the Middle East and 
Africa. But due to more detailed inspection it 
is becoming clear that the European water 
quality is far from satisfactory. The main 
reason is that engineers traditionally did not 
address environmental protection principles 
to the same depth that is required at present. 
The design of many projects was based on 
technical and economic conditions without 
consideration of the long-term impacts on 
ecology and humans (Kiely, 1996).  
Around 60% of the industrial and urban 
centers in Europe overexploit their aquifers. 
This must also be the case in many other 
region of the world (Korkman et al., 1996).  
It is estimated that some 10 million km2 of 
ground water of the territory of Europe is 
polluted by point sources from industry, 
housing, traffic, military activities and landfill 
sites (Stanner et al., 1995). In the developing 
countries the risk of groundwater 
contamination from pit latrines is greater 
than generally assumed (Stockholm Water 
Symposium, 1996). In MENA Region, 
irrigated agriculture is the dominant user of 
water (Perry and Bucknall, 2009) causing the 
depletion of aquifer because of over-
pumping and lowering of water table and 
thus scarcity arise.  
The Water Framework Directive (WFD 
2000) which is a single piece of framework 
legislation with many aims, has been the 
operational tool for setting the objectives for 
future water protection in Europe. European 
water policy aims at achieving good water 
status for all water by 2015. It aims to ensure 
that clean water can be kept clean and 
polluted water clean again (European 
Commission, 2002). Despite major efforts 
over three decades, the state of the Baltic Sea 
and North Sea environment is still alarmingly 
poor. Therefore, an action plan for the 
marine environment was suggested by the 
Swedish government to be developed in 2006 
by the Swedish Environmental Protection 
Agency (Naturvårdsverket) and 15 other 

agencies. The Action Plan consists of 30 
practicable measures and contains 
information about who is responsible for and 
can decide to implement the measures. 
Measures 1 and 2 of the action plan aim to 
reduce the emission of eutrophying 
substances to sensitive areas of discharges, 
leaching and seepage (Naturvårdsverket, 
2006). 
An infrastructure for water supply and 
sanitation has successively been built-up in 
Sweden during the last century. This means 
that there is a large amount of experience of 
design, operation and maintenance of 
different systems.  
Two regions are used as a general basis for 
the work of this thesis: The Baltic Sea region 
and the MENA region. On a national level 
the water policies and practice in Sweden and 
Iraq are described and discussed.  On a local 
level, the municipality of Växjö in the middle 
of Southern Sweden was evaluated as an 
example and in Iraq the capital city of 
Baghdad. The special problems in the 
Kurdistan region of Iraq were also studied, 
especially in relation to the city of Erbil. The 
differences between the two regions, two 
countries and two cities are highlighted and 
the conditions that have contributed to these 
differences. 

1.2 Objectives 

1.2.1 General objectives  
The general objective was to study the actual 
situation in the two regions, the Baltic Sea 
and MENA regions, related to water 
management, water treatment and policies of 
water and wastewater handling. In addition, 
special focus was given to: 
1. The evaluation of future scenarios for 

integrated water management in the 
Baltic and MENA regions 

2. The evaluation of the possibilities of 
knowledge transfer and also some of 
the transfer difficulties. 

1.2.2 Specific objectives  
Specific objectives were formulated as: 
1. To show how different principles have 

Been put into practice 
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2. To illustrate the differences between the 
Regions 

3. To contribute to describing Sweden's 
opportunities, constraints, previous 
progress and future plans as well as 
Swedish efforts to achieve a sustainable  
development within environmental 
protection, water and wastewater 
technology and administration. 

4. To contribute to describing the 
cooperation in progress both 
internationally and between the Baltic Sea 
Region countries. 

5. To contribute to describing how 
international legislation could be       
implemented on a local level. 

6. To create a picture of the development 
process in scale and time in Sweden to be 
used by MENA region countries as a basis 
for comparison.  

1.3 Motivation 
Due to the 2008 International Panel on 
Climate Change (IPCC) report the average 
rainfall worldwide is anticipated to increase 
marginally, over the next century, but for the 
MENA region the picture is quite different. 
The key IPCC messages for MENA are the 
high incidence of reduced flows; declines in 
rainfall; higher temperatures. These changes 
will create a new and more difficult context 
for water management as more competition 
and conflict among countries, sectors, 
communities, and individuals over water will 
be experienced in the future (Jagannathan et 
al, 2009a) Under these circumstances, policy-
makers will be forced to strengthen policy 
instruments and will need to know what is 
working in existing programs and policies.  
Environmental problems are independent of 
geographic boundaries. Problems related to 
the contamination of surface water, 
groundwater, soil and air can naturally spread 
throughout a wide range of space and cause 
similar problems to those in the sources. 
Good wastewater management is lacking in 
many urban areas in which six billion people 
– two-thirds of humanity – will be living by 
the year 2050 (UN-HABITAT, 2009). This 

will result in creating very dangerous 
environments where diseases thrive. This 
problem is then exported to downstream 
communities and much far beyond what we 
expect as a dangerous distance. The policy 
makers are forced to feel responsibility while 
applying measures and policies and thus need 
to know about what is working in existing 
programs and policies. This will be possible 
through viewing the most important strategic 
decisions concerning the overall development 
of the water and wastewater sector in 
developed countries like Sweden and through 
experience and knowledge transfer. 
Inspiration and exchange in knowledge and 
practice have taken place ever since the 
middle of the 19th century (Juuti et al, 2009). 
New methods for knowledge transfer need to 
be introduced. 
The stress of water shortage will increase as 
the regional average of annual renewable 
water per capita is dropping continuously. 
The current trends are definitely not 
sustained especially in developing countries 
and will get worse if efforts from all around 
the world do not change them and begin to 
implement a sustainable solution to these 
everlasting problems. This will be possible if 
the knowledge of networks of international 
and national experts is utilized and tailored to 
the developing countries’ conditions. 
Last but not least, the comparison between 
two regions – the MENA and Baltic Sea 
regions – with many remarkable differences 
in the development level of infrastructure 
and of water and wastewater services will 
very probably increase the knowledge and 
understanding of the development processes 
in the developed countries and may probably 
serve as a model for the development of 
better systems, than those which at present 
exist in the developing countries. 

2 METHODS 

The methods used to compare environmental 
strategies from a local to a global scale are 
mainly based on literature studies and the 
gathering and use of unpublished data, 
especially from Växjö Municipality and the 
Kurdistan region. Data for the Kurdistan 
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region was obtained during three travels to 
Iraq followed by many contacts afterwards 
through e-mail. 
To achieve the objectives the study has been 
founded on four key elements which work as 
supportive pillars: 
1. The first pillar is the principles of 

environment protection to achieve 
sustainable development. They are based 
on environmental laws and legislation, 
international conventions and 
agreements, human rights and 
sustainability principles and described 
under paragraph “Global perspectives” 

2. The second pillar is exemplifying the 
possibilities for achieving environmental 
objectives for two regions, the Baltic Sea 
region and the MENA region, based on 
global perspectives. This part is described 
in the chapter “Short description of two 
large regions: the Baltic Sea Region and 
the MENA region”.  

3. The third pillar is the implementation of 
environmental strategies exemplified for 
two countries: Sweden in the Baltic Sea 
region and Iraq in the MENA region. 
Both mistakes and successful handling 
are described in the chapter “Water 
management and infrastructure in 
Sweden and Iraq” and also in two 
published appended papers: Paper 4, 
“Water management and technology in 
Swedish municipalities. Assessment of 
possibilities of exchange and transfer of 
experiences”, and Paper 1, “Water and 
wastewater situation in Iraq – problems 
and possibilities for counter measures.” 
Further descriptions are to be found in 
Paper 2, “Cost Effective Water Supply 
and Sanitation”.   

4. The  fourth pillar consists of two case 
studies on a regional or local scale to 
evaluate the practical implementation in 
Sweden (Växjö in the middle of South 
Sweden) and Iraq (Baghdad and the city 
of Erbil  in the Iraqi Kurdistan region ), 
respectively. The regional or local 
implementation is described in the 
chapter “Local management in Växjö, 
Baghdad, Kurdistan and Erbil” and also 

in two published papers, Paper 4, Water 
management and technology in Swedish 
municipalities. Assessment of possibilities 
of exchange and transfer of experiences 
and Paper 3, Future Water Supply of 
Växjö Municipality – Evaluation of 
different alternatives.  

3 GLOBAL PERSPECTIVES 

3.1 Introduction 
Environmentalism is one of the most 
significant “movements” of the second half 
of the twentieth century. The movement was 
essentially led by the United States and some 
northern European countries (Kiely, 1996). 
There are water distribution problems and 
water shortages in United State and Canada 
despite the fact that both countries have 8% 
and 9%, respectively, of the world’s fresh 
water (Simon, 2003). Generally the European 
continent faces no water shortage or extreme 
water problems such as droughts and floods, 
but the problem of groundwater for the next 
generation is more concerned with ecological 
quality than with drinking water quantity.The 
water quality in Denmark, for example, is 
deteriorating to such an extent that the 
government has been forced to change its 
strategy for the protection of ground water 
(Korkman et al, 1996). The pressure on water 
resources in the world is constantly 
increasing due to fast-growing cities, 
agriculture, and industry.  The combined 
effects of population growth, increased water 
use per person and increased pollution have 
begun to claim still more water than even 
abundant resources can provide (Jehl, 2003).   
Facing future water scarcity will lead to future 
food scarcity. The depletion of aquifers 
because of over-pumping will reduce the 
water available for irrigation in many societies 
including those in China and India, where 
nearly 40 percent of the world’s population 
live (Brown, 2003).  
Environmental ethical questions are often 
neglected in the design of engineering 
projects. The opening in Eastern Turkey of 
the largest series of dams in the world for 
energy and irrigation is an example of such 
an environmental ethical question. The loss 
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of water to adjacent nations, Syria and Iraq is 
an issue of transnational water rights. The 
dilemma for engineers involved in the design 
of such a project is not only a political one; it 
is also ecological and ethical. Ethics requests 
that the environmental engineers put aside 
nationalist views for the greater long-term 
benefit of the global population and for 
ecology. Environmental ethics for engineers 
is almost non-existent in current engineering 
courses (Kiely, 1996). 

3.2 Examples of water and 
wastewater problems 

Many severe water and wastewater problems 
have been documented for a long time and 
led to both a better understanding and to 
actions like building infrastructure with water 
and wastewater treatment and administration 
for the management. Many examples can be 
given of severe problems that are often cited 
in relation to public health and odor 
problems (NSFC, 2010) (Table 1).  
Other severe problems in water supply and 
sanitation are related to natural disasters 
ranging from tsunamis, earth quakes and 
flooding to war actions as in Iraq. The Indian 
Ocean earthquake causing a tsunami in 2004 
led to the death of more than 230,000 people 
and in the recent earthquake in Haiti more 
than 200,000 people died (BBC, 2010). Heavy 
monsoon rains caused flooding in 
Bangladesh, with effects on Dhaka and other 
districts. The death toll was at least 800 
people and affected nationwide 36 million 
people (about 25% of the population), a great 
many of whom were made homeless. During 
the emergency, access to potable water and 
sanitation facilities was diminished, as 
thousands of tube wells and latrines were 
affected (Saifullah, 2009). However, even 
today the lack of infrastructure in many cities 
leads to high risks for public health and the 
destruction of the environment. This will be 
exemplified by two cases. 

Orangi in Karachi, Pakistan 

In the squatter settlement of Orangi in 
Karachi live about 1 million inhabitants. 
People had no sewer system until 1980s and 
had to empty bucket latrines into the narrow 
alleys. The community has built - in a special 
self-help programme- its own sewers. A small 
septic tank is placed between the toilet and 
the sewer to reduce the entry of solids into 
the pipe. The wastewater is carried to local 
rivers and is discharged untreated. This 
community action has created major 
improvements in the immediate 
environment, but pollution problems in the 
receiving river seem certain to occur very 
soon (Butler et al., 2004).  
Jakarta, Indonesia: 

The island of Java is the most densely 
populated part of the world with its110 
million inhabitants within an area of 127, 000  
km2.The largest city in the island is Jakarta 
with 10 million inhabitants. Jakarta has no 
urban drainage system. All daily produced 
wastewater, which amounts to about 700,000 
m3, goes directly into dikes, canals and rivers. 
Just a small proportion is pre-treated by 
septic tanks. The area is prone to the seasonal 
flooding of streets, commercial properties 
and homes. In response, existing drains have 
been improved in some locations with 
conveyance of the storm water directly to the 
sea. Sewers and storage pilot schemes have 
been constructed, but the financial resources 
are very limited (Varis et al., 1997). 

3.3 Counteractions by Building Sewer 
Systems 

Counteractions such as building up 
infrastructure and improved treatment 
technologies have to a high extent reduced 
problems related to public health issues and 
also improved the water quality in recipients. 
Some early developments are shown in  
Table 2. 
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3.4 Counteraction by Development of 
Policy Document, Agreements 
and Declarations 

To improve the situation for increasing water 
supply and improving sanitation and marine 
environment in order to achieve sustainable 
development and protect the ozone layer 
many important policy documents and 
declarations have been written and 
agreements have been made, as exemplified 
in Appendix 1. 
Many of the policy documents, agreements, 
protocols and declarations have focused on 
the marine environment, either globally like 
that of the United Nations specialized agency 
IMO (the International Maritime 
Organization) and London Law of the Sea 
Declaration or on a certain catchment area, 
as the adoption of the Mediterranean Action 
Plan (MAP), followed by the Barcelona 
Convention, the Convention on the 
Protection of the Marine Environment of the 
Baltic Sea Area with the Helsinki commission 
(HELCOM) as the governing body, 
Convention on the Protection of the Black 

Sea against Pollution, and the Baltic Sea 
Action Plan (BSAP). Protocols and 
declarations have also been focused on the 
ozone layer, like the Montreal protocol on 
substances that deplete the ozone layer, or on 
green house gases, like the Kyoto Protocol as  
a supplement to the UNFCC (UN 
Framework Convention on Climate Change) 
and the recent Copenhagen Protocol. 
The Brundtland report from 1987 introduced 
the concept of sustainability and has been 
followed up by declarations like the Rio 
Declaration (2002) and the conference 
organized by the UN in Johannesburg in  
2002 (the World Summit on Sustainable 
Development, WSSD). 
In order to quantify different factors 
influencing sustainability, the use of 
environmental indicators has been suggested. 
In the book by OECD (the Organisation for 
Economic Co-operation and Development, 
2001) indicators are divided into 
Environmental Indicators (Climate change, 
Ozone layer depletion, Air quality, Waste, 
Water quality, Water resources, Forest 

Table 1. Wastewater and Disease, Historical Notes   (NSFC, 2010)  
Year Main effects Reference 
1817 A major epidemic cholera hit Calcutta, India, and then 

spread to other countries and to the U.S. and Canada in 
1832 

NSFC, 2010 

1854 A London physician, Dr. John Snow, demonstrated that 
cholera deaths in an area of the city could be traced to a 
common water pump that was contaminated with sewage 
from a nearby house 

NSFC, 2010 

1859 The British Parliament was suspended during the summer 
because of the stench coming from the Thames (the year 
before has been called “the year of the great stink”) 

NSFC, 2010 

1955 Water containing sewage was blamed to have caused an 
epidemic in Delhi, and it is estimated that 1 million people 
were infected 

NSFC, 2010 

1993 An outbreak of cryptosporidiosis in Milwaukee, Wisconsin, 
USA, claimed 104 lives and infected more than 400,000 
people 

NSFC, 2010 

2007 Cholera outbreak was detected in August 2007 in the 
northern Iraqi city of Kirkuk . It then spread to the Erbil, 
Dohuk, Tikrit, Mosul, Basra, Wasit, Baghdad and Anbar 
provinces with 24 reported deaths. The hardest-hit 
provinces were Kirkuk with 2,309, and Sulaimaniyah with 
870.  

IRIN Middle East/Iraq: Kurdistan bracoing 
In 7 may 2008.  
http://www.irinnews.org 
2010-02-05 

2008 In the Zimbabwean cholera outbreak, which is still 
continuing, it is estimated that 96,591 people in the 
country have been infected, with 4,201 reported deaths 
 

WHO 2010 
http://www.who.int/csr/don/2008_ 
12_02/en/index.html 
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resources, Fish resources, and Biodiversity) 
and Socio-Economic Indicators (GDP and 
population, Consumption, Energy, 
Transport, Agriculture, and Expenditure). 
The multi-disciplinary aspect of water 
resources management was recognized at the 
Dublin conference in 1992 by using the 
concept of IWRM (Integrated Water 
Resources Management) to ensure the co-
ordinated development and management of 
water, land, and related resources by 
maximizing economic and social welfare 
without compromising the sustainability of 
vital environmental systems. Global Water 
Partnership (GWP), created to foster IWRM, 
was established in 1996. It is an international  
network open to all organizations involved in 
water resources management. A similar broad 
approach is taken in the National Water 
Resource Strategy for South Africa report 
(NWRS) with the aim of protecting, 
developing, conserving, managing, and 
controlling the water resources of South 
Africa (Department of Water Affair & 
Forestry, 2004).  
A strong connection exists between 
settlements and water resources and 
sanitation. In 1976 the UN organized a 
Conference on Human Settlements in 
Vancouver, Canada. It was stated that nearly 
two-thirds of the population do not have 
reasonable access to safe and ample water 
supply. Some recommendations were to 
“adopt programmes with realistic standards 
for quality and quantity to provide water for 
urban and rural areas by 1990”, “if possible 
reduce inequities in service and access to 

water as well as over-consumption and waste 
of water supply”, “promote the efficient use 
and reuse of water by recycling, desalination 
or other means taking into account the 
environmental impact”, and “take measures 
to protect water supply sources from 
pollution”. 
UN-HABITAT is the UN’s human 
settlement program, and the European 
Commission signed in February 2006 a 
Memorandum of Understanding with UN-
HABITAT to develop the research 
relationship between the two organizations. 
The Millennium Declaration of the UN has 
also recognized the need to combat social 
deprivation and assist the world’s urban 
poor.  
Several documents are related to capacity 
building, like the UN conference in Mar del 
Plata, Argentina in 1977 and the ICLEI 
organization established in 1991 as an 
international association of local, national and 
regional local government organizations with 
the aims to provide technical consulting, 
training and information service for capacity 
building and support to local governments. 
Attempts have been made to enhance the 
knowledge of multilateral environmental 
agreements with the focus on interlinkages 
and the development of practical tools to 
foster synergetic implementation. An 
example is the International Conference on 
Inter-Linkages arranged by the United 
Nations University in 1999. 
Many of the policy documents, agreements 
and declarations emphasize the importance 

Table 2. Examples of developments of sewer systems 1800-1900 in the western world 
Year   Counteractions Reference 
1800´s    The developments of sewerage began in London to solve 

public health problems created by 
unsanitary conditions 

(NSFC, 2010)  

1842 Lay-out of the sewerage system of Hamburg, Germany    (NSFC, 2010) 
1850s Design of first comprehensive sewage system in  

Chicago 
(NSFC, 2010) 

1863     Start of investments in the sanitary infrastructure in Gdansk, 
Poland 

(Kowalik, 2010) 

1866 Sewer system in Stockholm, Sweden (Juuti et al., 2009) 
1880   Sewer system in Helsinki, Finland (Juuti et al., 2009) 
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of water supply and sanitation, as exemplified 
below:  
• The UN Conference in Mar del Plata, 

Argentina, proposed in 1977 that the 
1981-90 period should be called the 
“International Water and Sanitation 
Decade” to increase the interest in water 
supply and sanitation at national and 
international levels 

• The Conference Report from the UN 
World Summit on Sustainable 
Development (Johannesburg, South 
Africa, 1992) noted the agreement to 
halve by 2015 the proportion of people 
who are unable to reach or to afford safe 
drinking water and the proportion of 
people who do not have access to 
sanitation. However, Biswas (2007) notes 
“that half of the period to 2015 has 
passed and that it now appears that the 
goals will not be met in several parts of 
the world, and  that there are no 
indications that an accelerated  attention 
to the achievements of these targets 
during the second half of the period is 
likely to take place”. 

• The issue of access to safe water supply 
was made one of the explicit Millennium 
Development Goals (MDGs), but access 
to sanitation could not become a primary 
goal chiefly because certain major 
developed countries did not support this 
approach. According to 2004 data 2,612 
million people did not have access to 
sanitation, compared to 1,069 million 
people who did not have access to 
improved drinking water sources (WHO 
& UNICEF, 2006) 

• The United Nations in November 2002 
established a committee (CESCR) to 
oversee the implementation of the 
Covenant on Economic, Social, and 
Cultural Rights. The committee presented 
a document (General Comment No. 15) 
which concluded that water can be 
considered to be a “Human Right”. In a 
following conference in March 2003 in 
Kyoto the World Panel on Financing 
Water Infrastructure presented its report, 
where it was pointed out: “Tariffs will 

need to rise in many cases, but the 
flexible and imaginative use of targeted 
subsidies to the truly poor will be called 
for to make this cost recovery acceptable, 
affordable and also sustainable”. 

• The Thekwini Declaration in 2008 
estimated that every US$1 spent on 
sanitation can save US$9 for the 
economy and, in addition, sanitation 
actions should have direct beneficial 
impacts on public health, dignity, and the 
potential for increased attendance of girls 
at school. 

3.5 Counteractions based on 
Legislative instruments and 
Directives 

The US and European regions Levels of 
legislation, directives and agreements follow 
the same pattern in the USA and in Europe. 
Legislative instruments should clearly address 
the problems and help to protect the global 
environment and to obtain sustainability. On 
a global scale, many of the recommendations 
for environmental protection and 
sustainability are to be found in policy 
documents, agreements and conventions but 
are often not binding on a regional or 
national scale. 
In the United States the federal 
environmental regulations apply to all of the 
states. In the European Union, 
environmental legislation follows the same 
path, i.e. with the Commission of the 
European Union in Brussels setting Euro-
wide regulations that should be implemented 
on a national level. The local authorities 
should then fulfil the national requirements 
(Fig. 1). 
However, the major part of Asia, Africa, 
Central and South America have insignificant 
legislation, especially on a large regional scale. 
Today, many development projects funded 
by the World Bank, SIDA, and others in the 
less developed countries in as near 
compliance as possible with world 
environmental standards which are based on 
WHO and United Nation guidelines. 
EU decisions are binding for member states, 
unlike the decisions of those conventions 
which are recommendations.The EU 
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directives should thus be followed by all 
member states,which is logical as recipients 
are often shared between different member 
states, such as the Baltic Sea, the North Sea 
and the Mediterranean Sea. Some important 
water-related EU environmental directives 
are shown in Table 3.  
The European Environment Agency 
presented in 1995 an updated report on 
the environment, confirming the need for 
action to protect the quality as well as the 
quantity of Community waters which 
resulted in the EU Water Framework 
Directive (WFD 2000) with the aims of 
achieving good water status for all water by 
2015 (European Commission, 2002). 
Europe’s first marine directive, which deals 
with marine environmental issues, came 
into force in 2008 and was based on the 
EU Marine Strategy. The five main 
organizations for cooperation in European 
seas are HELCOM (the Helsinki 
Commission, which includes the Baltic 
Sea), OSPAR (the Oslo-Paris Commission, 
covering the North-East Atlantic), the EU, 
the IMO (the UN global maritime 
organization) and ICES (the International 
Council, covering the North Atlantic, 

including the North Sea and the Baltic 
Sea). In some of these organizations 
conventions have been developed. The 
marine conventions were initially focused 
on pollution. Gradually the work extended 
to include nature conservation issues and 
later also sustainable development 
(Naturvårdsverket, 2006a). 

4 REGIONAL AREAS – THE 

BALTIC SEA AND MENA 

REGIONS 

4.1 The Baltic Sea Region   
The Baltic Sea area consists of Russia and 
eight EU member states (Denmark, Estonia, 
Finland, Germany, Latvia, Lithuania, Poland, 
and Sweden).  

4.1.1 Regional co-operation and directives 
 The International cooperation on marine 
environmental issues is mainly based on the 
marine conventions 1) Convention for the 
Protection of the Marine Environment (the 
Helsinki Commission (HELCOM), and  
2) Convention for the Protection of the 
Marine Environment of the North-East 
Atlantic (OSPAR). The cooperation in the 
maritime area mainly takes place within the 

Global

• London Law of the Sea, 1962 
• Montreal Protocol, 1987/90 
• Stockholm Agreement, 1972 
• Rio Declaration, 1992 

US Federal 
USEPA 

US State 

County/city 

Europe 
EU, Brussel  

Country by country 

County/city 

Fig.1. Levels of environmental legislation and recommendations in the European 
Union and the United States (Source: Kiely 1996). 
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Table 4. Some proposed measures to diminish nitrogen and phosphorus discharges 

Reduced nitrogen emissions from air 
Catalyst purification in power plants/nitrogen reduction 
Catalyst purification for ships/nitrogen reduction 
Catalyst purification for trucks/nitrogen reduction 
Agricultural practice 
Reduced rearing of cattle, pigs and chicken 
Less use of fertilizers 
Amending the season for manure spreading to only nitrogen reduction   
Removal of phosphorus and nitrogen by plants 
Catch crops 
More wetlands 
Energy forest/nitrogen reduction 
Grass land/nitrogen reduction 
Other measures 
Improved sewage treatment at sewage treatment plants and individual sewage handling 
Phosphate-free detergents/phosphorus removal report 
Buffer zones/phosphorus  
 
International Maritime Organisation (IMO), 
which has produced several conventions for 
environmental protection. 
Within EU major influences on the eco-
development in the sea occur through the 
Common Agricultural Policy (CAP) and the 
Common Fisheries Policy (CFP). Several EU 
directives are also important for the 
environmental measures designed. Among 
the most important are the Water Framework 
Directive (WFD), the Art and Habitat 
Directive, the Birds Directive, the Nitrate 
Directive and the proposed chemicals 
legislation REACH. Recently, the European 
Commission presented a proposal for a 
marine strategy with a Marine Directive, 
which will play a large role in future 
developments. This approach supports an 
ecosystem-based and regional approach for a 
more effective protection of the marine 
environment in European sea areas.  
The purpose of the proposed Marine 
Framework Directive is to have achieved by 
2021 a good environmental status in the 
maritime regions defined in the directive. The 
Baltic and North Seas are such regions. Each 
member of the EU will, in cooperation with 
other riparian states, by the year 2018 have in 
place an action plan for its own water within 
the designated marine regions. Sweden is 
affected by two marine regions: the Baltic 
and the North Sea (Naturvårdsverket, 2009a). 
Within OSPAR and HELCOM, work to 

adapt the measurement and analysis activities 
etc. to the Water Framework Directive and 
Marine Directive is going on. The 
implementation of the EU Water Framework 
Directive is of significant importance, 
because around 80 % of the nutrient load is 
coming from land. The first action from the 
Framework Directive should be adopted in 
2009 and implemented in 2012.  
EU decisions are binding on member states, 
unlike the decisions of the Conventions, 
which are recommendations. According to 
the Marine Strategy, the EU’s marine areas 
should have achieved a good environmental 
status by 2021 (Lääne, 2001).   It is the same 
year for achieving the objectives of the Baltic 
Sea Action Plan (BSAP), whose action plans 
with about 150 measures should be started in 
2016. The EU Water Framework Directive 
states that lakes, rivers and coastal waters are 
to have a good ecological status by 2015.   

4.1.2 The Baltic Sea Action Plan (BSAP) 
The largest known negative impacts today on 
the Baltic Sea ecosystem are eutrophication 
and overfishing. Within these areas there are 
studies showing that action not only is 
necessary to maintain ecosystem services, but 
also economically viable. 
HELCOM´s action plan for the Baltic Sea 
(the Baltic Sea Action Plan, BSAP) was 
adopted in November 2007. The goal is that 
the Baltic Sea should be unaffected by 
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eutrophication, undisturbed by 
environmental toxins, have environmentally 
friendly shipping, and good conservation of 
biodiversity. The decision about BSAP also 
includes that HELCOM countries want the 
Baltic Sea as a pilot area to implement the 
EU Marine Directive (Naturvårdsverket, 
2006a). 
The time limits of the HELCOM action plan 
is illustrated in Figure 2 (Naturvårdsverket, 
2009a). 
It would be economically viable to stop 
eutrophication in the Baltic Sea, in 
accordance with the objectives of the Baltic 
Sea Action Plan, and even to promote 
measures and practices which reduce nutrient 
losses from farming, and address 
eutrophication. Calculation models and 
measurement studies indicate a gain in total 
for all countries of over two billion euros per 
year, although there are significant 
differences in outcome between the Baltic 
Sea Countries (Naturvårdsverket, 2009a). The 
calculation models point towards the need 
for the same policy instruments to improve 
cost efficiency and create more equal 
conditions in the Baltic countries. Among 
other things, having the same funds for 
financing the measures and an international 
trade with emission rights was discussed 
(Naturvårdsverket, 2008c). Several methods 
can be used to reduce nitrogen and/or 
phosphorus emissions (Table 4). These 

measures have different effects on the two 
nutrients that vary depending on the basin, 
and they involve different sectors in society.  

4.1.3 Examples of  measures and projects in 
the Baltic Sea area   

 The Baltic Sea Region has gained special 
attention as it will become the European 
Union’s first macro-region with its own 
tailor-made regional development strategy. 
Within the Baltic Sea Region Programme 24 
of the transnational cooperation projects 
between 2007 and 2013 started off in 2009. 
The programme will particularly support 
cooperation to coordinate existing efforts in 
order to improve the environmental 
conditions of the Baltic Sea as well as 
stimulating the growth and balanced 
development of the overall Baltic Sea Region. 
(Scherrer, 2009). Examples of Baltic Sea 
Region projects are shown in Appendix 2. 

4.2 The MENA Region 
The MENA region stands for Middle East 
and North Africa and covers a widespread 
region from Morocco in northwest Africa to 
Iran in southwest Asia and generally includes 
all of Middle East and North Africa as well as 
Israel but not Turkey.  

4.2.1 Background 
Before the mid-1970s water supply and 
sanitation issues in a vast majority of MENA 
region countries were not considered to be 
important social, economic, environmental, 

Fig. 2. Diagram of the time limits of the HELCOM action plan.  (Translation of Annika 
Rähl drawing) (Naturvårdsverket, 2009a) 
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Table 4. Some proposed measures to diminish nitrogen and phosphorus discharges 

Reduced nitrogen emissions from air 
Catalyst purification in power plants/nitrogen reduction 
Catalyst purification for ships/nitrogen reduction 
Catalyst purification for trucks/nitrogen reduction 
Agricultural practice 
Reduced rearing of cattle, pigs and chicken 
Less use of fertilizers 
Amending the season for manure spreading to only nitrogen reduction   
Removal of phosphorus and nitrogen by plants 
Catch crops 
More wetlands 
Energy forest/nitrogen reduction 
Grass land/nitrogen reduction 
Other measures 
Improved sewage treatment at sewage treatment plants and individual sewage handling 
Phosphate-free detergents/phosphorus removal report 
Buffer zones/phosphorus  

 
or political development issues, even though 
they had a strong negative impact on society 
in terms of human health, and on the social, 
environmental and overall quality of life. 
High population growth rates, increasing 
urbanization, corruption at various levels and 
bad water management together have 
prevented an increasingly large population 
from having access to clean drinking water 
and proper wastewater treatment or adequate 
sanitation. The significant increase of the 
urban areas of the developing world and their 
water and wastewater management problems 
pose major social, economic and political 
challenges which are not easy to resolve or 
tackle (Biswas, 2007). 
The vast majority of the governments in the 
Middle East and North Africa (MENA) 
region have for the most part not paid much 
attention to the UN declaration (UN General 
Comment number 15, which was issued in 
2003, stating that water is a human right), 
especially in terms of what it means, and how 
it should be implemented to extend universal 
water and sanitation coverage.The 
governments do not appear to have modified 
their water supply and sanitation policies, 
plans or programmes. Morocco is the only 
country in the MENA region that has now 
incorporated the concept of rights to water in 
its national water supply policy (Biswas, 
2007). 

Global warming has left clear traces in the 
region. The dams in Algeria and Morocco 
have stored about half of their design 
capacity over the last three decades because 
of inadequate annual precipitation 
(Jagannathan et al., 2009b).  This will radically 
affect the flows of the rivers and the 
assumptions of the design criteria of the 
hydraulic infrastructure. The solution should 
be revolutionary, comprehensive and be able 
to tackle many aspects, including demand and 
supply policies, new technologies, irrigation 
modernization, water conservation etc. 
(Jagannathan et al., 2009b).   
In 2007 the total population of the Middle 
East and North Africa (MENA) region 
reached 300 million inhabitants with an 
annual increase rate of 1.7 percent (World 
Bank,  2007b).  
Rapidly growing populations in the 
developing countries lead to fast growing 
cities and mega cities and to increasing the 
need of food. To produce more food the 
demand for irrigation water will continue to 
increase and growing cities will also continue 
to increase the demand for water supply for 
household and industry, which in turn will be 
followed by producing more wastewater and 
solid wastes with the associated 
consequences of decreasing the availability of 
water resources and deteriorating the quality 
of the resources and the environment. This 
pattern appears in developing countries 
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where 95% of the world’s new population is 
born each year and which already experience 
water scarcity, drought, socio-economic 
stress and the lack of technology for treating 
industrial and sewage wastewater, an average 
of 90 to 95% of all domestic sewage and 75% 
of all industrial wastes being discharged into 
surface water without any treatment (UNEP, 
2004). 
MENA countries depend on seasonal 
rainfall, most of them being in either an arid, 
semi-arid, or hyper-arid zone and having very 
few rivers. Agriculture utilizes 80-90% of the 
water consumption in most MENA countries 
(Jagannathan et al., 2009a ) and is based 
altogether on groundwater, as no other 
resources exist for either irrigation or water 
supply. Overexploitation of aquifers is about 
to occur in the nearest future and will lead to 
serious consequences such as increase in 
water costs and the intrusion of saline water, 
as the level of water will decline and may 
result in partial or even complete depletion of 
the aquifer (Perry et al., 2009). A large 
number of irrigation schemes from ground 
and surface water, which are rapidly planned 
and operated without any basic hydrological 
consideration all around the world, have 
caused deterioration of the groundwater, 
overexploitation and, as mentioned above, 
the depletion of the aquifers (Korkman,  
1996). 
The measures that must be taken then 
include: slowing down the pumping, reducing 
it to a sustainable yield, and stopping or 
reversing the processes that adversely affect 
ground water availability, quantity and 
quality. An efficient use of water may include 
decreasing the evaporation of water as from 
dams, oxidation ponds etc. Rain water may 
be collected and stored in tanks or in the 
ground (rain harvesting). Efficient irrigation 
methods like drip irrigation are used to an 
increasing extent. Many water-saving 
methods are available and can be used both 
in industries and households. 

4.2.2 Renewable water resources per capita 
 Most of the countries in the Middle East and 
Nord Africa (MENA) have a much shorter 
supply of renewable water per capita /year 

than 1350 m3 which is the society needs for 
each capita per year. The 952 m3 regional 
average annual per capita renewable water is 
already below the society needs for each 
capita per year. There are some countries that 
are already under extreme stress,  as shown in 
(Table 5a and 5b). This pattern will continue 
as the line of population on the World 
Population Graph is moving up dramatically, 
e.g., from 3 billion in the 1950s to 6.8 billion 
in 2008,   but the line of the renewable water 
on earth projected on the same graph is 
moving horizontally.  
This means that the stress of water shortage 
will increase as the regional average of annual 
renewable water per capita continuously 
drops. It has dropped from 3300 m3 in 1960 

 

Table 5 a. Actual Renewable Water 
Resources in m3/ person/year för MENA 
countries and the regional average for 
MENA  countries, Baltic Sea Basin  and 
Europe (Based on data from FAO. 2005) 

MENA  Ccountries 
 

Actual Renewable 
Water Resources in  
m3./ Pe/ Year 

Afghanistan 2,608 
Algeria 443 
Egypt 794 
Iran 1,970 
Iraq 2,917 
Israel 255 
Jordan 157 
Kuwait 8 
Lebanon 1,189 
Libya 106 
Morocco 934 
Oman 337 
Saudi Arabia 96 
Syria 1,441 
Tunisia 459 
Turkey 3,171 
United Arab Emirates 49 
Yemen 198 

Table 5 b. T the Rregional Aaverage for 
MENA  Ccountries, Baltic Sea Basin  and 
Europe (Based on data from FAO. 2005) 
Regions Regional average 
MENA  countries  952   m3/ pe/ year   
Baltic Sea Basin       10,628  m3/ pe/ year   
Europe 10,655   m3/pe/ year   
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to 1250 m3 in 1995 and is expected to drop to 
650 m3 in 2025 (Bakir,  2001). 

4.2.3 Groundwater resources in some MENA 
Region Countries. 

• Groundwater is the only natural 
source of water supply in Qatar, with 
a population of 485,000 occupying a 
180 km-long peninsula with an area 
of 11600 km2. The uncontrolled 
abstraction of groundwater mainly 
for irrigation at a rate of three times 
greater than the recharge has caused 
salination of soils due to sea water 
intrusion in coastal areas. A number 
of farms have been abandoned and 
the result will be a complete depletion 
of the fresh groundwater within 10-
15 years if the abstraction continues 
at this rate. (Golani, 1996). 
Technical capacity and financial 
resources to study the impact on 
groundwater and aquifer are lacking, 
and in many cases water legislation 
and regulation are inadequate and the 
measures to enforce them insufficient 
to implement counter measures to 
prevent such problems (Golani, 
1996).  

• There are no perennial rivers in the 
Republic of Yemen. Its water comes 
from rainfall springs and ground 
water (Abu-Taleb,  2009 & de Vries 
et al., 2009). The groundwater 
recharge is estimated at 1,000 million 
m3/year. Groundwater abstraction 
for all uses is around 1,500 million 
m3/year. Groundwater levels decline 
continuously as a consequence of this 
over-exploitation, and in some places 
the water quality has been 
deteriorating (Golani, 1996).  

• A similar problem with the 
groundwater has appeared in many 
countries in which it is overused, 
deterioration in quality occurring as 
the water table falls. The state of 
Bahrain and Syria are examples of 
this (Perry et al.,  2009)   

• Land subsidence is another result of 
the abstraction of ground water that 

has taken place in the Sarir area (the 
central part of eastern Libya). 
(Golani,  1996). Land subsidence in 
urban area may cause damage to 
building, roads, bridge and sewerage 
system.  

4.2.4 Freshwater production by desalination 
Desalination of sea water, brackish water and 
municipal wastewater is rapidly increasing. 
Large-scale desalination typically uses very 
large amounts of energy as well as a 
specialized, expensive infrastructure. The 
desalination of sea water is, therefore, very 
costly compared to the use of fresh water 
from rivers or groundwater. In Middle 
Eastern countries with large energy reserves 
along with water scarcity an extensive 
construction of desalination plants has taken 
place, and by mid-2007 Middle Eastern 
desalination accounted for close to 75% of 
the total world capacity. Desalination 
technology and experience have developed, 
and production costs have therefore fallen. 
Technologies such as reverse osmosis, 
electrodialysis and hybrids can deal with 
different types of input water and/or are 
more energy efficient (World Bank and 
BNWP, 2004). 
The world’s biggest desalination plant is the 
Jebel Ali Desalination Plant (Phase 2) in the 
United Arab Emirates. The plant is capable 
of producing 300 million cubic meters of 
water per year (0. 8 million cubic meters per 
day). It is estimated that world wide there 
were more than 13,000 desalination plants in 
2008 with a production more than 12 billion 
gallons of water a day. The costs of desalting 
water have fallen consistently for many years. 
In 2005 the costs in Israel was $0.52 per 
cubic meter. In early 1990s the costs was $0.9 
per cubic meter   Typical total costs for 
desalination plant and infrastructure for 
water supply seem to be around 2-3 US$ per 
cubic meter in Israel (Al-Jamal et al., 2009).  
The increase in desalination capacity will be 
concentrated almost exclusively to the coastal 
cities in high-income, wealthy, water-scarce, 
energy-exporting countries. The Gulf 
countries, Algeria, Israel, and Libya are likely 
to be the main drivers for future seawater 
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desalination in MENA. But most of the 
populations of Jordan, Syria, and Yemen 
cannot take advantage of the benefits of 
desalination of sea water because of their 
settlement patterns or distance from the sea, 
the lack of financial resources, or ongoing 
conflicts (Al-Jamal et al., 2009). One of the 
negative impacts of desalination is 
greenhouse gas emissions. While desalination 
technologies are an adapted tool to climate 
change by making water supply less 
vulnerable to drought, they contribute to 
accelerated climate change. Development of 
renewable energy resources are solution to 
this dilemma.  Due to less salt concentration 
than sea water, it may be advantageous to 
desalt brackish or salty groundwater. The 
Tunisian government subsidizes the private 
sector for investing in desalination, 
considering this technology a key part of the 
long-term water management strategy for the 
country. It plans to increase the public sector 
installed capacity to 50 Mm3 /day by 2030 
(El Hedi Louati et al., 2009).  
Much attention is today directed towards the 
reuse of wastewater for potable water 
production or for irrigation. Municipal 
wastewater has a much lower salt 
concentration than sea water and is therefore 
suitable for desalting. However, other factors 
of municipal wastewater must be considered 
like organic micropollutants, hygienic aspects 
and the clogging of membranes. Tunisia has 
now one of the world’s highest rates of reuse 
of treated wastewater, as the country has 
been formally reusing treated wastewater 
since the 1970s. Experience indicates 
difficulties in ensuring cost recovery for 
waste water reuse (El Hedi Louati et al.,   
2009). Tunisia has the experience of storing 
surplus water from one season for use during 
dry periods through artificial ground water 
recharge (El Hedi Louati et al., 2009). 

4.2.5 Administrative problems 
• The lack of appropriate institutional 

capacity, for creating appropriate policy 
and legal frameworks, in almost all 
MENA countries at both national and 
regional levels is a big problem. 
Universities and research institutions in 

both developed and developing countries 
are still not  educating and training 
people who can successfully plan, operate 
and manage water resources in 
developing countries in an integrated 
manner under the rapidly changing social, 
economic, environmental and political 
conditions.(Biswas, 1996). 
Experts sent by external support agencies 
or invited by national governments to 
assist the countries to build up capacities 
often become a part of the problem 
instead of being a part of the solution, 
unless they have worked in the countries 
concerned regularly and are thus fully 
familiar with the  problems over an 
extended period.  This is a natural 
consequence, because water and 
sanitation problems and their solution in 
Europe or the United States could be 
very different from those in developing 
countries. (Biswas, 1996). 
The public sector is responsible for the 
provision of water supply and waste 
water management in MENA countries. 
The majority of these public sector 
institutions are insufficient, riddled with 
corruption and facing continual political 
interferences. Therefore there is always a 
risk that the funds for investment will not 
be used properly and efficiently (Biswas, 
2007).  If the institutional processes are 
inadequate or arbitrary, the outcome will 
not be optimal, but rather one of wasted 
public finances and conflicts and causing 
unproductive water use (Jagannathan, 
2009). 

• AGENDA 21 has pointed out that “the 
fragmentation of responsibilities for 
water resources development among 
sectoral agencies is proving to be an even 
greater impediment to promoting 
integrated water management”. The 
responsibility for water management 
within many countries is divided between 
several ministries, with very little 
cooperation between them, and the roles 
and norms are focusing more on the 
planning and resource allocation phase 
and not on the actual implementation or 
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on evaluating the results. For example, 
the water quality downstream the river 
Nile in Egypt is heavily affected by the 
pollution from human settlements. As a 
result, the water quality does not meet the 
minimum EU irrigated water standards, 
which in turn reduces, among other 
things, the crop choices,  so that growing 
high-value, export-oriented crops is not 
even imaginable. Many ministries (Water 
Resources and Irrigation, Housing, 
Agriculture, Local Government, Health, 
and Environment) should act to 
formulate an answer to this problem. 
And even within the Water Resources 
and Irrigation ministry itself, multiple 
sectors need to work together to 
formulate responses to the farmers’ needs 
for high-value agriculture. The same 
problem affects sanitation sector, because 
staff from various agencies is required to 
tackle pollution issues. These agencies 
have been forced to think laterally and 
engage stakeholders who are outside their 
internal organizational structures. 
(Mohamed et al., 2009). 
Raw sewage is used in Egypt and many 
other MENA countries for free for high-
value fruits and vegetables by 
surrounding farmers, because 
environmental regulations are neither 
enforced by law nor incorporated within 
community values or attitudes. 
(Mohamed et al., 2009).  

• Water management in general in MENA 
countries has suffered from poor 
accountability within resource 
management and service delivery 
organizations.  More and more 
investments are being required to remedy 
the deferred maintenance of already 
installed hydraulic infrastructure in the 
region (World Bank, 2007)  

4.2.6 Financial problems 
Most countries in the MENA region even 
have problems with ensuring good water 
service delivery to all user categories: 
households, industries and farmers. The 
problem is exacerbated by high operation and 
maintenance costs and low tariff revenues, 

which results in deferring maintenance and 
consequently in poor services. Water for 
domestic consumption is very heavily 
subsidized and the social and political 
acceptance of water pricing is still not high 
(Mohamed et al., 2009).  Many leaders in the 
countries of the Middle East are unwilling to 
charge for water services because they fear 
creating political opposition among those 
who believe that Islamic traditions require 
water to be a free commodity.  Even when 
prices are charged, they often do not cover 
operation and maintenance costs, and most 
certainly not investment costs (Morill, 2009).  
Figure 3 shows the cost recovery in % for 
water supply and sanitation in some MENA 
region countries. 
By low tariff revenues are meant for example: 
• An Egyptian farmer in the Nile Delta 

pays the incremental cost of water 
delivery at the farm level but not the 
conveyance (and lifting costs) from the 
river system. 

• A water supply consumer pays a tariff of 
approximately only 20 percent of the 
treatment and delivery costs and 10 
percent of the actual costs of sanitation 

The actual costs of water supply is (0.8–1.00 
LE/m3), 81 USD= 6 LE) and the average of 
user tariffs in Egypt is 0.15 LE/m3  

(Mohamed et al., 2009).  
It is obvious from Figure 3 that Egypt’s 
water tariffs are among the lowest and 
Morocco’s are the highest among the 
countries illustrated. The figure also shows 
England’s cost recovery as a reference for 
comparison. The water service coverage for 
both drinking water and irrigation is even 
more deficient and inequitable for low-
income communities than the rest of the 
country, i.e. in the rural/southern areas in 
Egypt, while it is adequate in the Nile Delta 
area. Figure 4 illustrates the lacking, poor, 
and inequitable water service in different 
districts in Egypt (Mohamed et al 2009). 
There has been very little practical and usable 
research, however, on the links between 
water pricing, water conservation, poverty 
alleviation and their social economic and 
political implication (Biswas, 2007).
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5 NATIONAL ASPECTS – 

SWEDEN AND IRAQ 

5.1 Sweden 

5.1.1 Background 
In Sweden before the beginning of the 20th 
century domestic waste was gathered in 
cesspits or barrels to be used afterward as 
manure to fertilize nearby land. New sewer 
systems began to be built in the large Swedish 
towns at the end of the 19th century. Those 
sewer systems conveyed untreated waste 
water directly from the kitchen and water 
closet to the nearest river or to the coast 
water. The building of sewer systems 
continued and conveyed untreated waste 
water from big and small towns as well as 
from industries. Over the years a number of 
problems with contaminated lakes, 
watercourses and coast areas came into 
existence. The discharge of nutrients and 
oxygen-consuming substances caused oxygen 

lack, the death of fish, and waterborne 
epidemics (Hultman et al., 1998).  
Building of waste water treatment plants 
(WWTPs) began in 1940 and the rate of 
expansion   continued slowly. In 1955 there 
were only 30 WWTPs. in the whole of 
Sweden (Naturvårdsverket, 2006b). In the 
published appended Paper 2 “Cost- effective 
Water Supply and Sanitation “ The “state of 
art” on water and wastewater technology and 
management as developed in Sweden and 
their practical implementation and strategies 
are presented and some principles for cost-
effective water supply and sanitation are 
discussed.  Paper 4, “Water management and 
technology in Swedish municipalities. 
Assessment of possibilities of exchange and 
transfer of experiences” highlighted that the 
implementation of advanced water and 
wastewater systems in Sweden involves not 
only different technologies but also effective 
administration and legislation.  

 
 
 
 
 
 
 

Fig. 3. Cost 
Recovery in 
percentage for 
Water Supply and 
Sanitation in 
MENA Countries  
( based on World 
Bank 2004 b). 
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5.1.2 Governmental concern about 
environmental problems 

The growing of the eutrophication of water 
sources in Sweden in the 1960s received 
increasing attention. Many of the lakes and 
watercourses around densely populated areas 
had for decades been under the influence of 
discharges of sewage. The lakes became 
overgrown with algal bloom.  Heavy metals 
and other chemicals were also discovered in 
the sediments of some lakes and 
watercourses. It was the old sins from past 
industrial activity. (Naturvårdsverket, 2006b). 
The environmental alarm soon led to 
increased governmental efforts to combat 
water pollution through the following 
progressive policy steps: 
1. Concern over water pollution moved 

from the municipality to the government 
2. The Swedish Water and Wastewater 

Association (Svenskt Vatten) was 
established in 1962 by the municipalities 
to help them with technical, financial and 
juridical issues.  

3. The Swedish Environmental Protection 
Agency (SEPA) was established in 1967.  
It is the central supervisory body and 
major authority for the environment and 
for the implementation of the 
Environment Protection Act.  SEPA has 
a coordinating role in providing advice 
and gathering information which form 
the environmental and technical basis for 
judgements by the licensing bodies and 
also provide the polluters and society 
with actual information on appropriate 
environmental protection measures and 
standards.  The Swedish EPA was the 
first national authority in the world to 
have a direct responsibility for 
environmental protection in a broad 
perspective. (Juuti et al., 2009).  

4. New grants to clean up the municipal 
sewage were introduced in 1968  

5. A completely new legislation, the 
Environmental Protection Act 
(Miljöskyddslagen) came into force in 
1969.  

6. Between 1971 and 1979 the state invested 
about 1.5 billion SEK (about 11 billion in 

today’s money value) for the extension of 
municipal waste water treatment plants. 
(Naturvårdsverket, 2006 b). 

7. In the early 1970s, some industries, too, 
gave grants to environmental measures 
that are largely used to improve the 
treatment of wastewater. 

8. The Eco-Cycle Billion project 
(Kretsloppsmiljarden) was launched in 
early 1997. For five years government 
grants would be awarded to water and 
wastewater managing projects that aimed 
at separating waste water, improving 
ecological storm water management or 
reducing emissions of nitrogen and 
phosphorus.  

9. The Environmental Code entered into 
force in January 1999 replacing the 
Environmental Protection Act from 
1969. The Environmental Code is 
coordinated, broader and more stringent 
environmental legislation for sustainable 
development. It merges rules from 
sixteen previous environmental laws. 

10. In 1999 the Swedish Parliament made a 
decision involving 15 National 
Environmental Quality Objectives. See 
Appendix 2.2.  The aim was to ensure 
that within the time limit of one 
generation (20-25 years) the country’s 
major environmental problems should  
be solved. A sixteenth environmental 
quality objective was adopted by Swedish 
Parliament in 2005. The environmental 
quality objectives are intended to 
promote human health, safeguard 
biodiversity and the natural environment, 
preserve the cultural environment and 
cultural heritage, maintain long-term 
ecosystem productivity and ensure the 
wise management of natural resources 
(Swedish Environmental Objectives 
Council, 2009). 

11. The Swedish government also adopted 
three cross-cutting issues:  1) The 
Cultural Environment, 2) Human Health 
and 3) Land Use Planning and the Wise 
Management of Land, Water and 
Buildings. 
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5.1.3 Implementation of  goals  
In order to further integrate environmental 
objectives in the whole of society a number 
of authorities have been given sectoral 
responsibility for implementing the 
environmental objectives, according to the 
principle that every sector of society should 
take its responsibility for environmental 
issues. Examples of agencies with specific 
sectoral responsibilities are the Swedish 
Energy Agency, the Swedish Road 
Administration and the Swedish Consumer 
Agency (Naturvårdsverket, 2008a) 
Since the environmental quality objectives 
describe a sustainable environmental state, 
government agencies received a mandate to 
propose several interim goals for each 
environmental quality objective (the Ministry 
of the Environment 2000).The interim goals 
specified what needs to be done to a certain 
point within a certain time for each one of 
the 16 objectives, e.g. a type of 
environmentally harmful emissions, “volatile 
organic compounds”, should be reduced to a 
certain level by 2010 for the “Clean Air” 
objective. 
The national environmental quality objectives 
are followed up each year. To assess that the 
environmental work is going in the right 
direction, a number of indicators which 
reflect trends in the various environmental 
quality objectives are used. The indicators are 
based on regular sampling, questionnaires 
and other studies of the state of the 
environment.  
Every four years a major evaluation of 
environmental work is made by the Swedish 
Environmental Objective Council (SEOC). 
The Swedish Environmental Objective 
Council makes proposals for new or revised 
interim goals and actions to achieve the 
national objectives by the help of the central 
authorities, county administrative boards and 
different organizations. Proposals submitted 
to the government form a basis for decisions 
in different policy areas. All proposals for 
new and changing interim goals are decided 
by the Swedish Parliament. Figure5 shows 
the Swedish levels of environmental bjectives 

and the authority responsible for the 
implementation.  
Figure6 shows the process of 
implementation, follow-up, evaluation, new 
proposal and decision, of the national 
environmental quality objective. 
Five county administrative boards have been 
appointed  to the water authorities. Their task 
is to co-ordinate all water work in five water 
districts based on the geographic catchment 
areas to the Baltic sea basins: the Bay of 
Bothnia in Sweden (Bottenviken), the Sea of 
Bothnia in Sweden (Bottenhavet), the 
northern basin of the Baltic proper (Norra 
Östersjön), the southern basin of the Baltic 
proper (Södra Östersjön), and the Skagerrak 
and the Kattegat (Västerhavet).  The work of 
the water authorities in these districts runs in 
six-year cycles. During each cycle the 
ecological status of the aquatic environment 
must be classified according to 5 scale grades 
from poor to high. The chemical status is 
classified as good or not good. The first six-
year cycle began at the end of 2003 when 
most European countries incorporated the 
Water Framework Directive into their own 
national legislation. The first six-year cycle 
finished  by December 22,  2009, when the 
EU's water authorities made decisions on 
which environmental quality standards and 
action programs were required in order for 
EU’s waters to achieve good status in 2015, 
with a possible deadline extended to 2021-
2027.  
Some of the quality objectives were expected 
to be achieved within the defined time frame, 
e.g. the “Protective Ozone Layer” objective, 
and some only provided that further action 
be taken,  such as the “Natural Acidification 
Only” objective. Other objectives are very 
difficult or impossible to achieve within the 
defined time frame, even if further action 
should be taken, e.g. the “Reduced Climate 
Impact” objective. The objectives relating to 
climate, the marine environment, a non-toxic 
environment and biodiversity are especially 
problematic. Climate change also threatens 
the progress towards other environmental 
objectives (Swedish Environmental 
Objectives Council, 2009). Climate change in
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Fig. 6. The cycle of environmental objectives:  implementation, follow-up, evaluation, 
new proposal and decision.   
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Sweden may lead to increased precipitation 
and runoff as from agricultural land, which in 
turn can lead to deteriorating water quality 
and may cause increased risk of waterborne 
infection. In that case the treatment methods 
available today are not sufficient 
(Miljödepartmentet, 2007).  

5.1.4 Administration of  water and wastewater 
handling 

The administration in Sweden has three levels. 
On the central level there is the Parliament 
(Riksdagen) and the Government and the 
various Ministries. On the regional level is the 
County Administration. It has an examining, 
supervising and co-ordinating function. On the 
local level there are 290 municipalities, which 
are responsible for the planning, construction 
and operation of the facilities for water and 
wastewater. The municipalities also own 
these facilities. A break in the tradition was 
noticed in recent years when seven 
municipalities entered into service contracts 
with private companies. Local authority 
elections are held every fourth year in tandem 
with parliamentary elections. The fact that 
local income tax and income from services 
account for two thirds of the municipal 
revenue means that local authorities retain 
broad control over the nature of their 
activities.  (VAV, 2000)  
Altogether about 6,000 people are working in 
Swedish VA administrations and companies. 
Ten years ago the estimated number of 
employees was 10,000, of which 2,000 of 
these being technicians in water and 
wastewater treatment plants, 2,000 were 
working with networks and 2,000 in offices 
as engineers, economists, assistants, etc. 
(VAV, 2001). The legislation and the 
authority responsible for water and 
wastewater management in Sweden are 
shown in Figure7.  

5.1.5 Example of  different environmental 
projects 

Sweden can display many good examples of 
environmental projects that have contributed 
to a more sustainable urban development. 
Three examples are given in Appendix 2.3. 
The projects are often supported financially 
by the EU or nationally and are implemented 

in co-operation with municipalities or 
industries (Naturvårdsverket, 2008b). 

5.2 Iraq 

5.2.1 Background 
The first proper water mains are thought to 
have been performed around the Tigris, the 
Euphrates and the Nile. Water was needed 
first of all for artificial irrigation and very 
soon afterwards water was used for health 
protection. Natural sources and surface water 
provided drinking water. Wells were drilled 
and used if natural sources were lacking. 
When it soon became obvious that the wells 
were unable to cover the water demands of 
the large communities, the solution was to 
construct reservoirs and water ponds 
(Häggström, 2009). 
Iraq is a party to the following international 
environmental agreements:  Biodiversity, the 
Law of the Sea, Ozone Layer Protection have 
been signed, but not ratified (World Fact 
Book, 2009). Iraq’s economy is dominated by 
the oil sector, which has traditionally 
provided about 95% of foreign exchange 
earnings, according to World Facts Index. 
This explains the country’s vulnerability to 
economic sanctions. 
Iraq is experiencing urbanization trends like 
many other developing countries. Urban 
areas have grown with informal settlements 
in and around most Iraqi cities, usually 
forming very poor districts. This rapid 
urbanization, reaching a 70 % level, has in 
many cases exposed these settlements to very 
little service provision (The Ministry of 
Municipalities and Public Works, 2004).  
Furthermore, Iraq has been subjected since 
1981 to many external and internal wars, 
beginning with the Iran-Iraq war 1982-1988, 
followed by the Gulf War in 1991, 13 
subsequent years of international economic 
sanctions and finishing with the 2003 War. In 
consequence, Iraq’s human development 
indicators are now among the lowest in the 
region. 
All these conflicts coupled with urbanization 
drastically reduced the economic activity in 
the country and made deep marks, a lasting 
and negative impression leading to 
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deterioration in urban services and 
infrastructure, which in turn have affected 
the long-term stabilization and human capital 
in the country (Al-Nimer, 2009).  

5.2.2 Water resources 
Total renewable water resources are 96.4 cu 
km (1997) and freshwater withdrawal is 42.7 
cu km /year, of which 3% is for domestic, 
5% for industrial and 92% for agricultural 
use. The freshwater withdrawal per capita is 
1,482 m3/yr   (World fact book, 2009), which 
is very near to the lower limit of society 
needs for each capita per year (1,350 m3/yr).  
The main water resources in Iraq are the two 
rivers, the Tigris and the Euphrates, which 
flow along the whole country. The Tigris and 
the Euphrates enter Iraqi territories from the 
north and the west, respectively, to meet in 
the southern part of Iraq as a new river with 

the name Shatt-Al-Arab, which flows into the 
Arabian Gulf.  The source of their water is 
the rain and melted snow generated mostly in 
Eastern Turkey and the Iraqi Kurdistan 
Region. 
The Tigris river enters Iraq in the Kurdistan 
Region passing through the city of Mosul in 
the north and Baghdad in the middle to meet 
the Euphrates before the city of Basra in 
southern Iraq, while the Euphrates passes 
through Syria first and then enters Iraqi 
territories from the west and passes through 
the city of Ar Ramadi city to the west of 
Baghdad, An Najaf and An Nasiriyah before 
it meets the Tigris (Fig. 8).   The two rivers 
and their tributaries supply almost the whole 
country with drinking water and are at the 
same time the main recipient of the country’s 
wastewater. Both rivers have very high  
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dissolved solid (TDS), the water level in them 
is dwindling and their salinity has increased, 
especially in the southern parts (Murakami, 
1995).  
5.2.3 General problems of  water and 

wastewater handling 
A summary of the water and wastewater 
situation in Iraq both before and after the 
wars, the sanction and the conflicts, is given 
in Paper 1 in this thesis, “Water and 
Wastewater Situation in Iraq - Problems and 
Possibilities for Counter Measures” The 
article reflects, among other things, that there 
was a huge shortage of managerial positions 
and technical staff within the sector, that the 
number of vacancies amounted to about 54% 
of the approved positions, that the sector was 
operating efficiently before the 1991 Gulf 
War utilizing the then current technology. 
The access to water was halved after the 2003 
conflict, and the leakage from the ancient 
water network, which was directly hit by 
bombs, was 60%, in addition to the seriously 
damaged water network. The collapse of the 
sewage system resulted in cross 
contamination of water supply and 
subsequent diseases, epidemics causing 
increased mortality, especially among 
children. None of the sewage treatment 
plants was operational. The supply of 
electricity was less than 4 hours per day after 

one year of the 2003 conflict, causing 
damage to power supply stations and 
wastewater treatments plants, which in turn 
resulted in discharges of 50% of the 
generated wastewater into the two main 
rivers without treatment 
5.2.4 The present and pre- 2003 

administration of  the water and 
wastewater sector  

 Prior to the war in 2003 different agencies 
had responsibility for development planning, 
the execution of works and the operation of 
public utilities within the water and sanitation 
sector for different geographical regions 
belonging to different authorities: 1) the 
General Corporation for Water and Sewerage 
(GCWS) was responsible for 15 governorates 
in the centre and south, 2) the Mayoralty of 
Baghdad (BM) was responsible for Baghdad 
city and 9 surrounding municipalities. Both 
GCWS and BM belonged administratively to 
the Ministry of the Interior. 3) The Directory 
of Water and Sewerage (DWS) was 
responsible for the Kurdistan Region 
Governorates, Erbil, Duhok and  
Sulaymaniyah, and belonged administratively 
to the Ministry of Municipality & Tourism. 4) 
The Directorate of Reconstruction & 
Development (DRD) was responsible for 
rural water and sanitation in Erbil and 
Dohuk, and administratively was part of the 
Ministry of Reconstruction & Development. 
5) The Directorate of Work & 
Reconstruction (DRW) was responsible for 
rural water and sanitation in Suleimaniyha 
and belonging administratively to the 
Ministry of Work and Reconstruction. 
Figure9 shows the diagram of the 
management of the water and sanitation 
sector prior to the war of 2003.  
The authority in charge of water supply and 
the environment prior to 2003 was, as shown 
in figure9, the  Ministry of Health, which was 
responsible for monitoring  the quality of 
drinking  water  according to national 
standard, site selection, and the operation of 
sanitary landfills. The Ministry of Water 
Resources controlled raw water resources, 
monitoring development, planning, bulk 
water transfers and capital expenditure for 

Fig. 8.  Map of Iraq (World Atlas 2000) 
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improving resources. The Environment 
Protection and Development Authority 
monitored the enforcement of environmental 
laws and regulations.  

5.2.5 Recovery measures within the water 
supply and sanitation sector after 2003. 

The water and wastewater sector experienced 
significant changes after the war of 2003 in 
its organization. The overall responsibility for 
providing administrative, financial and 
technical support to each governorate and 
municipality in Iraq is now with the National 
General Directorates under the Ministry of 
Municipalities and Public Works (MMPW), 
the chief national policymaker and provider 
of all municipal services, except electricity 
and telecommunications. MMPW is 
responsible for the delivery of safe drinking 
water and wastewater and solid waste 
services, urban development, municipal road 
works, and public land management. The 
ministry has offices in 266 municipalities in 
fifteen of the eighteen governorates in Iraq. 
The three governorates of the Iraqi 
Kurdistan Region, Duhok, Erbil, and 
Sulaimaniyah, are affiliated but administered 
separately. MMPW has more than 40,000 
employees at over 600 locations. Each 
governorate and municipality is responsible 

through a general directorate for overseeing 
distribution systems for water, sewerage, and 
other municipal services and the tasks. 
Figure10 shows the organization of the water 
and sanitation sector after 2003, within the 
Ministry of Municipalities & Public Works in 
Iraq. 

5.2.6 Reconstruction needs and goals  
Due to extensive needs in the water and 
sanitation sector Iraq’s Ministry of 
Municipalities and Public Works (MMPW) 
worked out an investment program (2007-
2020) at an estimated total cost of US$ 30 
billion. 575 projects were identified within 
the program; 85 technical assistance, 309 
water supply, and 181 wastewater projects 
(Al-Nimer, 2009).  
The international community recognized 
early on the needs for reconstruction in Iraq, 
and therefore the United Nations, the World 
Bank, USAID and bilateral donors have 
financed 33 projects at a total of US$ 750 
million since 2003 (MMPW, 2004). In 
consequence of the unsurprising continuing 
war insecurity and danger, the infrastructure 
contractors have been unwilling to undertake 
development work in insecure areas and 30% 
to 50% is usually added to the investment 
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costs for the provision of security costs 
(MMPW, 2004 ). 
The outbreak of civil war in the central and 
southern governorates became a fact after the 
bombing of a Samarra mosque in February 
2006. The poor security situation in much of 
Iraq has impeded the development of an 
inclusive Iraqi government and effective Iraqi 
security forces (US Government 
Accountability Office, 2006). 
U.S. efforts have helped Iraq to produce 
more clean water, but production levels alone 
do not measure the impact of reconstruction 
efforts, since 60 percent of the clean water 
produced has been lost due to leakage and 
contamination. Continued focus on 
developing outcome measures is critical to 
ensure that reconstruction efforts are making 
a difference in the lives of the Iraqi people. 
The reconstruction goals for U.S. projects 
have not been achieved, such as repairing oil 
facilities, increasing electrical generating 
capacity, and restoring water treatment plants 
as shown in Table 6.  

5.2.7 Security aspects 
The security condition in Iraq has, in addition 
to increasing costs and slowing down 
reconstruction projects, led to severe 
restrictions on the movement of the civilian 
staff around the country and significantly 
reduced the scale of the water and sanitation 
program and caused delays in starting 
projects. Moreover, mismanagement, low 
initial cost estimation, delays in funding, and 
the process of allotting task orders have also 
affected the implementation of the 
reconstruction program.  
Other difficulties which have been 
experienced by contractors’ officials are the 
lack of agreement between U.S. agencies, 
contractors and Iraqi authorities, the 
uncertain ownership of project sites, Iraq’s 
inability to sustain the new and rehabilitated 
infrastructure and address maintenance 
needs, insufficient spare parts, and poor 
operation and maintenance procedures as 
well as unreliable power for running 
treatment lants 
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Table 6.  Reconstruction Progress in Iraq (Based  on data from U.S. Embassy Baghdad. 
March 29, 2006) 
MBPD = millions of barrels per day,    MW = megawatts,   Mm3/day = million m3/day 
Sector  Metric  Pre-War 

(2003)  
Current (March 2006)  Planned U.S. end 

state  
Oil  Crude Oil Production 

Capacity  
2.6 MBPD  2.0 MBPD  3.0 MBPD  

Electricity  Peak Generation Capacity  4300 MW  4,092MW (5387 MW peak 
in 7/12/05)  

6,000 MW  

Water  New or Restored Treatment 
Capacity  

Unknown  
  

1.1 M m3/day  2.5 M m3/day  

 
According to the audit findings and 
recommendations of the Office of Inspectors 
(OIG), the most frequent problem affecting 
USAID’s ability to achieve its goals in Iraq 
involves inadequate project management 
30%, noncompliance with contract 
procedures 20%, insufficient internal controls 
15%, and unreliable or insufficient 
performance data 15% (the Office of 
Inspectors, 2009). According to reports from 
USAID’s monitoring and evaluation 
contractor, the project activities proceeded 
successfully but OIG found a lack of realistic 
and performance data quality, and because of 
delays in obtaining baseline data and the lack 
of comparable measurements over time, it 
was not possible to determine the impact of 
the program on higher-level objectives (the 
Office of Inspectors, 2009). 

5.2.8 Regional aspects concerning Kurdistan 
After the 2003 war the Kurdistan region 
became more stable and the environment 
became an important agenda and 
subsequently the Kurdistan Regional 
Government in Iraq established a Ministry of 
the Environment in May 2006 to set 
environmental standards for the region, 
which could be applied locally in line with 
global targets for sustainable development 
(the Ministry of the Environment, 2006). The 
legislation existing in the Ministry of the 
Environment in the central Iraqi government 
has been reformed to adapt to the Kurdistan 
Region. The ministry sets measurable targets 
in its strategic planning, including waste 
management, water and river management, 
capacity building and institutional 
development and environmental impact 

assessments. GIS has already become used to 
improving water and land management. The 
aim of the ministry is to protect the 
environment and natural resources and to 
learn from the experiences of other countries 
and regions with conditions similar to those 
of Kurdistan and from developed countries. 
The ministry identified sixteen immediate and 
specific targets, which include among others: 
1) developing and proposing overall policies 
and short-term and long-term strategic plans 
for the protection and improvement of the 
environment, 2) striving to abide 
byinternational environmental agreements, 
3) setting measures to follow up, 4) monitor 
and assess polluters and the factors that 
affect the uptake of safety measures, 5) 
conducting environmental surveys and 
impact assessments so that planning 
permission to major project has to be granted 
through environmental impact assessment 
tools, 6) conducting research studies on the 
environment, 7) monitoring and evaluating 
published reports presented by the local 
authorities, 8) hazardous waste management, 
9) improving the institutional capacity of the 
ministry, 10) developing policies and 
guidelines for water treatment and 
management including sustainable drainage 
systems, 11) promoting sound forest and 
agricultural management practices in the 
region to minimize the use of chemicals 
(including pesticides and herbicides) in 
agriculture and also to help minimize land 
degradation, and the salinity of rivers.12 )The 

ministry is in the process of  developing 
appropriate policies to use economic 
instruments and polluter-pays principles in its 
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long-term strategic planning (the Ministry of 
Environment, 2006).  
The eighth law of the year 2008 “The Law of 
Environmental Protection and Improvement 
in the Iraqi Kurdistan Region” was issued in 
Erbil on July 24, 2008, by Massoud Barzani, 
the President of the Kurdistan region, an 
amendment of the Iraqi Kurdistan Region 
Presidency Law of the year 2005.  The goal 
of this law is to achieve the following 
purposes: 1) Maintaining the environment of 
the region as well as protecting, improving, 
developing and preventing it from pollution. 
2) Protecting nature and public health from 
dangerous activities and harmful works to 
humans and the environment. 3) Maintaining 
and developing natural resources and 
rationing their utilization. 4) Making the 
environmental policy a part of the general 
planning of the development in all respects 
(humanity, industrial, agricultural, urban, the 
tourism field and others). 5) Raising the level 
of environmental awareness, and establishing 
individual and community responsibility for 
environmental protection and improvement 
and encouraging the voluntary efforts in this 
field. The general water and wastewater 
situation and management in the Kurdistan 
Region in Iraq has been presented in Paper 2 
“Cost- Effective Water Supply and 
Sanitation”  
More facts about water and wastewater situation in 
the Kurdistan Region 
As surface water can lose up to 40% of its 
capacity by evaporation because of the semi-
arid climate and is proneness to pollution, 
ground water can constitute a valuable water 
resource for the region that needs to be 
protected. However, over-extraction and 
pollution of its main reservoir are the main 
threats that may face the ground water in the 
region (Koyi,  2007). 
The major cities of the Kurdistan Region, 
namely Erbil, Dohuk, Sulaimaniyah and 
Kirkuk, are located on aquifers which supply 
water for domestic use. The quality from 
these aquifers is actually jeopardized by the 
fact that there is no sewage system or 
systematic municipal waste disposal available. 
The consequence of this situation is that  

 
 
 
 
 
 
 
 
 
 
groundwater pollution is inevitable  
(Numan, 2007). 
Wastewater from households is collected 
mainly in cesspools and some septic tanks. 
The septic tanks are emptied by hired sludge 
drainage trucks paid by house owners and 
transported to city outskirts to be emptied 
somewhere. If septic tanks run full they 
simply overflow and the wastewater is 
discharged by gravity flow to the streets and 
is collected there by a certain kind of storm 
water collection system which flows directly 
into surface water sources (Fig. 11). By the 
use of cesspools sewage infiltrates into the 
groundwater and thus contributes to the risk 
of contaminating the groundwater with 
pathogenic microorganisms, as well as the 
risk of penetration into water pipes in case of 
leakages and low pressure, which often 
happens because of power interruption for 
more than 8 hours daily (paper 1). 
Many apartment blocks and hotels are being 
built continuously in the Kurdistan region 
using septic tanks for their wastewater. They 
are provided with overflow pipes which are 
connected directly to the storm water 
collection system at the nearest point in the 
street, which flows directly into surface water 
sources (Najar, 2007). 
In Zakho city with more than 150 000 
inhabitants, water is transported 
continuously in the storm water collection 
system in large quantities. The smell and the 
status of the water that flows in these 
systems is clear evidence that the wastewater 
from the septic tanks overflow from the 
entire community is discharging directly in 
the only water sources in the city (Kabour 

Fig. 11. Storm water collection system  
(Foto: Nasik Najar 2007) 
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River). The status of the river is alarming 
(Farashin organization, 2010).  

5.2.9 Water and wastewater management in 
the Kurdistan Region 

Urban and rural water and wastewater 
management in the Kurdistan Region of Iraq 
was under the responsibility of different 
ministries before the 2003 conflict and 
continued like that until 2005.  DWS (the 
Directorate for Water and Sewerage) was 
responsible for urban water and wastewater 
management in the three county 
administrative provinces which placed under 
the responsibility of the Ministry of 
Municipalities and Tourism (MMT). DRD 
(the Directorate of Reconstruction and 
Development) which was under the Ministry 
of Reconstruction and Development was 
responsible for rural water and wastewater 
management and rural area in the two 
provinces of Dohuk and Erbil.  But DWR 
(the Directorate of Works and 
Reconstruction), which sorted under the 
Works and Reconstruction Office), had the 
responsibility in the third province, 
Suleimaniyah. Recently, the organization of 
water and wastewater management in 
Kurdistan Region has changed. 
The Ministry of Municipalities is at the top of 
the organization and the General 
Directorates of Sewerage and Water GD o 
SW & W) serve directly under the minister, 
providing administrative, financial and 
technical support to each of the three 
governorates and to municipalities in 25 
districts and 93 subdistricts.  The Ministry of 
Municipalities is responsible for planning and 
providing basic municipal local government 
services, including land use planning, potable 
water delivery, wastewater management, solid 
waste management, park management, street 
naming and house numbering as well as 
building permit management. Figure12. 
shows the present organization of the water 
and sanitation sector in the Kurdistan Region 
of Iraq within the organization of the 
Ministry of Municipalities.  
Upgrading and modernization of the 
management of water supply system in 
Kurdistan Region are needed because of the  

lack and shortages in many pillars of the 
system: staff, understanding among staff, 
budgetary process, tariff system and the 
collection practices. Tariff incomes are 
supplied to the Ministry of Finance which in 
turn supplies a fixed sum per month to the 
Water Directorate (Qandil, 2008) 

6 LOCAL ASPECTS 

6.1 Växjö Municipality 

6.1.1 Policies in Swedish municipalities 
All over the world work on sustainable cities 
continues. Most cities have a common core 
of environmental problems to address: poor 
air quality, traffic problems, high noise levels, 
CO2 emissions, buildings with poor 
performance, the generation of wastes and 
wastewater. The knowledge of how to build 
sustainable cities is created locally but is also 
a product with a global market. 
Sweden has 290 municipalities. The 
municipalities are responsible for most of the 
public services and are bound in law to offer 
certain activities. Some other activities are 
optional and decided by the local politicians. 
Among mandatory municipal tasks are urban 
planning and construction issues, health and 
environmental protection, solid waste 
management, life-saving service and water 
and wastewater management. 
The municipality must comply with the 
directives which the Parliament and 
Government have issued, but in addition 
municipal autonomy provides the municipal 
government with the right to make 
independent decisions and levy a tax on 
residents to enable them to fulfill their tasks. 
The municipal autonomy means that the 
citizens may affect the municipality's decision 
in different ways, for example by making civil 
proposal, voting in referendums and appeal 
the municipality's decision. 
The Government reviews and supports the 
municipalities’ performance by government 
supervision authorities. Municipal activities 
are also examined by the municipality’s 
auditors. A great part of the municipal 
revenue comes from taxes and other parts 
from government subsidies. 
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6.1.2 Local government 
The municipal council (local government) is 
the highest decision-making body of the 
municipality. It consists of politicians (61 
members in Växjö Municipality) who are 
elected every four years.  The municipal 
council decides on the objectives and 
guidelines for the municipality’s activities, 
budget and tax rate. It appoints the members 
of the municipal executive board                
(15 members for Växjö Municipality) and 
their alternates. The municipal executive 
board leads and coordinates municipal 
activities and is responsible for community 

development and the economic state. The 
municipal council also decides over the 
subordinate boards and selects their 
members and alternates.  
The Board constitutes the political leadership 
of a special municipal area, for example in 
education, the environment, culture, etc. 
There are altogether twelve boards within 
Växjö Municipality. Below each board there 
is an administration office composed of 
officials working for the decisions taken by 
the Board. For example the Technical Office 
is officially subordinated to the Technical 
Board, and the Environmental and Health 
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Protection Office to the Environment and 
Health Protection Board. The task of the 
Environment and Health Protection Board is 
to preserve and improve the habitat and the 
health protection.  Through supervision and 
preventive measures it ensures that laws and 
regulations relating to the environment and 
health are respected. 
The Technical Office works with streets, 
roads, traffic, parking, solid wastes, forests, 
parks, water supply and sanitation, 
hydropower and road safety promotion. 
Figure13 shows the parts of the organization 
of Växjö Municipality which deal with 
environment and water and wastewater 
management issues. Figure14 shows the 
water and wastewater organization.  

6.1.3 Goals and objectives for water and 
wastewater in Växjö. 

The Water & Wastewater Department is 
divided into different result centers for 
management and production functions. The 
department’s overall activity is a balance 
sheet unit with “profit and loss” result 
responsibility (Växjö Municipality, 2008). 
There is wide variation between different 
municipalities’ environmental commitment 
and ambition levels. While some 
municipalities have come far and plan ahead, 
others have done much less.  
Växjö Municipality has been praised for its 
environmental efforts and been called by 
international media  “Europe’s greenest city”   
Växjö invested early on to become a fossil 
fuel free municipality and has developed 
cooperation with local companies 
(Gustavsson, 2008). 
Växjö Municipality is situated in the middle 
of south Sweden and has today 80,000 
inhabitants.  
In order to comply with national and regional 
environmental objectives the municipal 
council in Växjö adopted the new steering 
document, an environmental program, in 
2006. It repeals and replaces the 
environmental policy adopted in 1993 and 
the Agenda 21 strategy adopted in 1999. 
Basic conditions for the environment are: 
environmental legislation under the 
Environmental Code. The Environment and 

Health Board has supervisory work, besides 
the work with national and regional 
environmental objectives. The environment 
programme includes an environmental policy. 
Three of its profile areas being Living Life, 
Our Nature, and Fossil Fuel Free Växjö. 
Within each profile area there are visions, 
ambitions, objectives and goals to achieve 
(Växjö Municipality, 2006). 

6.1.4 Examples of  measures and 
implementation of  results 

Växjö Municipality is the greenest city in 
Europe and is on its way to meet EU, 
national-regional-local and long-term goals of 
the Agenda 21 strategy, which summarized 
that all citizens should have good drinking 
water, that all lakes and watercourses should 
show a natural water quality, and that the 
nutrient cycle between populated areas and 
agricultural and forestry areas should be 
closed. Växjö Municipality is also trying to 
meet the short-term goal of maintaining the 
downward trend of phosphorus. The 
measures which contributed to the above 
mentioned goals are: 
• The restoration with suction dredging of 

the bottom sediment and reduction of 
the fishing at the town near lakes 
Trummen, Växjösjön  and Southern 
Bergundasjön, in addition to the aftercare 
work, including the treatment of 
stormwater discharges, liming and 
expanding the fish footpath. 

• Storm water from 80% of Växjö central 
city is discharged into the Lakes 
Trummen, Växjösjön and Southern 
Bergundasjön. This requires purification 
of the substances they take up on the 
road before they are released into rivers 
and lakes. Växjö Municipality has in 
recent years built lagoons and wetlands 
that capture pollutants at the major storm 
water discharges before they reach the 
lakes.  

• There are 11 water treatment plants in 
Växjö Municipality controlled by laws 
and authorities. Of the inhabitants 85% 
are connected to these facilities with 
about 500 km drinking water pipes, 
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Technical Board 

Technical  Office 

Land & Planning  Dep. 

Traffic & Urban 
Environment  Dep. 

Water & Wastewater 
Dep. 

Design Dep. 

Personal Dep.

Environment 
Protection Board. 

Environment  Protection 
 Office 

The task of Environment and Health 
Protection Board is to preserve and 
improve habitat and the health protection.  
Through supervision and preventive 
measures, they ensure that laws and 
regulations relating to our environment and 
our health are respected.   

    

Streets & Road 
Design 

Park &Nature Dep. 

Solid waste Dep. 

    

Fig. 13. Two parts of the organization of Växjö Municipality: Environment Protection 
Board and Technical Board. (Based on data from Växjö Municipality 2010 ). 

Technical Board 

Technical Office head 

Water & Wastewater Dep. head 

Quality Distribution Production Service 

Fig. 14 Water and wastewater organization (source Växjö Municipality 2006 a) 
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pressure booster stations and about 500 km 
sewers with pump stations. The rest of the 
residents have individual wells and local 
sewage systems. In order to preserve the raw 
water quality the protection zones and 
associated provision for all groundwater are 
constantly brought up to date. The water 
source for supply of water to central parts of 
Växjö comes since beginning of 2009 from 
groundwater from an esker locating 50 km 
far from Växjö. Using re-infiltration 
technique in production process can 
guarantee required water quality and quantity 
to about 70,000 persons. In Paper 3 “Future 
Water Supply of Växjö Municipality- 
Evaluation of different alternatives” the 
different alternatives, motives for the chosen 
alternative, evaluation procedure and the 
production process are described. 
• In five of Växjö Municipality's 13 sewage 

treatment plants there are sludge reed 
beds of about 15 years’ duration which 
compost the sludge During that time 
there is no need for sludge transportation 
and the result is a product that can be 
useful to society. Most of the sewage 
sludge is applied to the final cover of 
landfills and a small part is used as a soil 
improvement material. In the largest 
wastewater treatment plant in Växjö the 
sludge is digested to produce biogas, 
which is then used to produce electricity 
and also as a vehicle fuel. (Växjö 
Municipality, 2006b) 

The sludge-used area in Växjö can be 
compared with sludge-used areas in all of 
Sweden (Fig. 15). Disposing organic materials 
to landfill is no longer allowed in Sweden 
and, therefore, there is a need for the final 
covering of landfills. Sewage sludge should 
not be seen as a waste but as a resource. 
Sludge is the largest residual product formed 
during wastewater treatment. Through the 
continuous improvement of the digestion 
process more energy can be extracted from 
the sludge. Work is also going on to increase 
the rate of recovery of nutrients from the 
sludge to convert it to useful products for 
agriculture, park grounds, etc. One goal in 
Sweden is that 60% of the phosphorus 
should be recycled to productive land by 

2015 (Naturvårdsverket 2008a). Some 
different uses of sludge in Sweden are for 
park ground soil, agriculture, Salix cultivation, 
topcoats on landfill and mines etc., and 
burning. 
The largest waste water treatment plant, 
“Sundet”, at Växjö showed in 2008 good 
treatment results (98.0% BOD7, 98.1% Tot-
P, 67.0% Tot-N), which reflect that 
discharges to the recipient, as in previous 
years, were low. The average flow during the 
year was 22 662 m3/day. This year's 
pollution load for BOD7 was approximately 
68% of what it is dimensioned for (Växjö 
Municipality, 2008). 

6.2 Baghdad and Erbil cities 

6.2.1 Baghdad 
Water supply and wastewater handling  
The length of the Tigris river in Baghdad is 
about 40 km, while the width differs from 
190 to 500 m. It has a slope of around 6.9 
cm/ km and is characterized by many bends, 
some islands, clay and silt settlement, 
sediment and erosion. The flow rate 
(discharge) is about 293 m3/sec in September 
and 891 m3/sec in April. There are two other 
tributary rivers, the Dyala and the Khayer 
and a 24-km-long canal, the Al-Jaysh Canal, 
which is supplied from the Tigris river and 
flows into the Dyala River (Al-Hiti, 1985).  
The Baghdad population is supplied with 
water from eight water treatment plants using 
standard treatment processes: sedimentation, 
coagulation and flocculation, sedimentation 
of flocculent particles, filtration and 
disinfection. A rapid sand filter is used. The 
raw water is  taken up from the Tigris river. 
The locations of the 8 plants are shown in 
(Fig. 16). They are marked in the figure as a 
number in a donut from 1 to 8.  There are 
three sewage networks in Baghdad city:        
1) The Eastern network is a separated 
network which serves 5300 hectares,  2)  The 
Northern is a combined network which 
serves 5200 hectares and 3) the Western is a 
combined network, in the al-Karkh 
settlement–the west bank of the Tigers River- 
serving 8900 hectares. There is also another 
old separated network in al-Karkh. The total 
number of sewerage pumping stations within 
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            Park ground soil,           Agriculture                  Landfill                Salix cultivation          burning 
  

Fig. 15.  Sludge-using area in 105 of 290 Swedish municipalities (Svenskt Vatten) 
 
all sewerage networks is 256. The Eastern 
and the Northern networks are connected to 
Rostamia Wastewater Treatment Plant 
(WWTP) in the Rusafah settlement in the 
South of Baghdad. The treated wastewater is 
discharged into the Dyala river which flows 
into the Tigris after 7 km. The Western and 
the old sewerage networks are connected to 
the al-Karkh Wastewater Treatment Plant 
(WWTP). The treated wastewater is 
discharged into the Tigris river.  
The capacity of the sewerage network is 
insufficient and includes many wrong and 
irregular connections between the storm 
water net and the sewerage networks which 
results in direct discharges of raw sewage into 
the Tigris. The positions marked  (Fig. 16).  
with an arrow and a number from 1 to10 are 
the locations into which discharges of raw 
sewage or sewage mixed with storm water 
and wastewater from power stations or from 
the oil industry directly into Tigris take place 
( BWWA, 2004).  
Rostamia WWTP was built in 1963 and was 
extended in 1982 and 1984. Its design 

capacity is 900,000 m3/day. The Al-Karkh 
WWTP was built in 1982 and extended in 
1984 and has the design capacity of 410,400 
m3 / day. The total area of Baghdad is 33,785 
hectares, of which about 1,106 hectares are 
not served with sewerage networks but with 
on-site systems such as septic tanks, cess pits 
etc ( BWWA, 2004).  
Untreated wastewater from Baghdad alone 
contributed to 75% of all sewage discharges 
into the Tigris river without any treatment. 
This is a result of a vulnerable design of the 
sewerage network with location of outlets 
from storm water and sewage systems so that 
they discharge directly into the Tigris river 
This situation was further exacerbated by the 
direct damage of power supply stations by 
the Gulf War in 1991, 13 years of 
international economic sanctions and the 
2003 War. 
One estimate is that around 300,000 tons of 
raw sewage a day was dumped into the Tigris 
river as it flows through Baghdad – the city’s 
main water source. As a result cholera is 
endemic, cases of typhoid are increasing and 
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there is a threefold increase in cases of 
diarrhoea. In the present electricity 
generation system in Iraq, the lack of normal 
environmental protection schemes poses a 
serious threat. Uncontrolled power station 
emissions and thermal pollution of waterways 
severely affect the local ecosystems and are 
among the problems that need addressing 
(Green peace org, 2004).  A small 
Greenpeace team discovered in June 2003 
that the extensive looting of the nuclear 
facility at Tuwaitha near Baghdad caused 
serious nuclear contamination in a village 
near the Tuwaitha nuclear facility (the 
Greenpeace organization, 2004).  
6.2.2 Erbil  
General information on the water situation 
Erbil Governorate consists of Erbil City and 
24 districts and sub districts. The present 
population of Erbil is about 1 million.  Of 
the population 438,000 live in the 24 districts 

and sub-districts.  Erbil City gets its drinking 
water from three separate water treatment 
plants (WTPs). The newest modern WTP 
was built in 2006. The water resource for the 
three WTPs is ground water and the surface 
water of the Greater Zab River which is one 
of the Tigris tributaries. Ground water is 
taken from about 350 deep wells which are 
exposed to an increasing risk of 
contamination and over-exploitation. The 
treated water has good quality at the 
treatment plants but there are risks of 
contamination in its way to the end user 
because of the large number of leakages and 
the poor general state of the network 
(Qandil, 2008).  
The groundwater quality of fifteen wells in 
Erbil City was monitored in 2004-2005 by 
the College of Science /Department of 
Biology at the University of Salahaddin in 
Erbil. The results showed relatively high 
nitrate concentrations among all studied wells 

2) Combiend sewage 
Net work

1) Separated sewage 
Net work

3) Combiend sewage  
Net work

Fig. 16.  The 
positions of 8, WTP, 
3 Towers and 10 
positions of outfall 
from waste- & storm 
water into the Tigris  
( Source: BWWA 
2004) 
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with the concentration ranging from 14-147 
mg/l, the levels unacceptable at three sites. 
Five sites revealed unsatisfactory results 
regarding the growth of Coliform-MPN. Of 
the studied samples 3.33 % revealed positive 
growth of faecal coliform bacteria and 
samples from four sites indicated 
contamination with faecal streptococci, and 
so they were considered unsatisfactory. 
Subsurface disposal sewage systems, 
especially cesspools, seem to be the main 
sources of the bacterial and chemical 
pollution of Erbil’s well water according to 
the study performed (Nabi et al., 2007). 
The distribution of clean water and the water 
quality are issues of great concern in 
Kurdistan. For this reason SIDA (the 
Swedish International Development 
Cooperation Agency) is financing several 
activities to improve the water situation in 
the region. The activities mainly comprise 
expert support to improve the managerial 
systems in the agencies responsible but also 
include some hardware for a pilot project to 
increase the standard of the distribution 
network in Erbil (Qandil, 2008).  
In order to improve the waste water situation 
in Erbil City the Ministry of Municipalities in 
Kurdistan Region has launched a 
comprehensive project for the design and 
construction of a complete separate sewerage 
system and wastewater treatment plant. The 
project will serve a total estimated population 
of 2.4 million in 2035. The total budget is 696 
million US $. (Qandil, 2008).  
Pre-feasibility study by the Qandil organization 
Qandil is a Swedish non-government 
organization which has provided 
humanitarian development aid to the 
Kurdistan Region within water and 
sanitation, health and construction since 
1992. The organization has invested 52.8 
million US$ in projects for the Kurdistan 
Region through the funding sources of 
BCHO, DGI, UNICF, UNHCR, HABITAT, 
IOM, OFDA and SIDA. 
Qandil proposed a project of developing the 
water distribution system in Erbil City to 
SIDA (the Swedish International 
Development Cooperation Agency) in May 

2008. This proposal was based on a pre-
feasibility study performed of the water 
supply system of Erbil City. The purpose of 
the study was to document the present state 
of the water supply system and suggest how 
to get about improving the system. The pre-
feasibility study was a request from the 
Kurdistan Region Government and was 
funded by SIDA.  
The Qandil organisation has identified some 
deficiencies in the management of the water 
supply system which need to be upgraded 
(Qandil, 2008).  
 The complexity of the water network, 

which is not understood by the staff. 
 A bureaucratic top-to-down management 

system. 
 The lack of a budget “owned” by the 

Water Directorate. 
 A poor operation and maintenance 

system in addition to the lack of a budget 
for planning the maintenance and 
improvement measures. 

 The lack of a proper tariff system – the 
present one being based on the house 
area and not a rate based on 
consumption. The incomes from the 
tariff system are supplied to the Ministry 
of Finance, which supplies a fixed sum 
per month to the Water Directorate for 
covering their costs. 

 Inefficient collection practices, which 
means losses of revenues. 

 A lack of regulations for water use and of 
enforcement measures. 

 Poor mapping of the water supply 
network with a lack of sufficient data.  

7 FINAL DISCUSSION AND 

CONCLUSIONS  

7.1 Acceptance and Impact of Global 
Policies 

Global perspectives have been described in 
the first chapter and in Appendix 1. Many of 
the policy documents, agreements and 
declarations have been written or arranged by 
organizations within or in close cooperation 
with the United Nations. The concept of 
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sustainability introduced in the Brundtland 
report (1987) has been followed up in many 
reports and conferences and has had a major 
impact on the EU and the USA and on many 
nations in formulating national documents 
such as the NWRS report “National Water 
Resource Strategy for South Africa” 2004. 
The UN has had a large impact on the 
protection of marine environments like the 
“International Council for the Exploration of 
the Sea” organization and conventions or 
protocols on specified marine environments 
like the Baltic Sea, the North-East Atlantic, 
the Mediterranean and the Black Sea. 
A general acceptance seems to have been 
obtained for the sustainability concept to 
save the environment and to use the concept 
of Integrated Water Resource Management. 
Most of the reports should be seen as 
recommendations and not as binding to 
nations or regions. The great number of EU 
directives have their roots in many of the 
global policy documents and then become 
binding to member states. Many of the 
recommendations and goals by UN 
organizations have not been implemented to 
a significant degree due to reasons such as 
financing and the protection of industries. 
Thus, goals from the Johannesburg 
conference in 1992 to halve by 2015 the 
proportion of people who are unable to reach 
or to afford safe drinking water and the 
proportion of people who do not have access 
to sanitation seem not to be fulfilled and 
sanitation goals have not been generally 
accepted. Nor have protocols related to 
greenhouse gases been accepted by a large 
number of states. 
It is recognized that capacity building, the 
transfer of knowledge and public 
participation are crucial factors in 
implementing the general environmental 
policies. Examples are Agenda 21, ICLEI, 
and Global Water Partnership. Interactions 
between settlements, water supply and 
sanitation and poverty have also been 
enlightened, for instance by UN Habitat. 

7.2 Comparison of Policies and 
Implementation in different Areas  

In this study descriptions were made of 
environmental policies and the 
implementation of two areas of different 
scales: 
• Large scale: The MENA region and the 

Baltic Sea Area 
• Nations: Iraq/Kurdistan and Sweden 
• Local: Cities in Iraq/Kurdistan and Växjö 

Municipality in Sweden. 
The areas have large differences and were 
chosen to evaluate the role of these 
differences in the implementation of water 
supply and sanitation. 
The MENA region and the Baltic Sea Area 
The three largest inner seas in Europe are the 
Baltic Sea, the Black Sea and the 
Mediterranean Sea. They have varying salt 
concentrations in different parts. In many 
respects the Baltic Sea and the Black Sea have 
large similarities with problems of 
eutrophication, discharges of toxic 
substances and extensive shipping. Fishing is 
of considerable value. Both seas are mostly 
influenced by EU countries,  
Both the Baltic and the Mediterranean 
regions have a marine environment shared 
with many other countries. As early as 1975 
16 Mediterranean countries adopted the 
Mediterranean Action Plan (MAP), which 
was the first regional seas program under 
UNEP. Later (in 1995) MAP Phase II was 
adopted by 22 contracting parties to replace 
the MAP of 1975. For the Baltic Sea Area the 
Convention on the Protection of the Baltic 
Sea Area entered in force in 2000 and in 2007 
the Baltic Sea Action Plan (BSAP) followed 
suit. The Baltic Sea has brackish water and 
the Mediterranean Sea has a salt 
concentration similar to that of the oceans. 
However, the general policies and goals are 
similar and in accordance with the 
sustainability concept. 
In implementation there are large differences: 
• The countries surrounding the Baltic Sea 

are members of the EU (except Russia) 
and, therefore, subject to similar rules 
regarding environment protection. 
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Countries north of the Mediterranean Sea 
also belong to the EU while the other 
countries implement actions on an 
individual national basis. 

• The GNP of the European countries 
concerned tend to be equalized, while the 
GNP in the MENA countries varies a 
great deal among the individual nations 
where possibilities for oil extraction have 
a major impact 

• There is a large difference in available 
water between the MENA region (the 
regional average for MENA countries of 
actual renewable water resources being 
952 m3/pe/year) compared with the 
Baltic Sea basin (where the average of 
actual renewable water resources is 
10,628 m3/pe/year). 

• The status of the existing infrastructure is 
quite different between national states in 
both in the Baltic Sea region and the 
MENA region due to the degree of build-
up and maintenance and in some cases 
also to the results of war actions and 
political conflicts. A low degree of 
maintenance can for instance lead to 
significant losses of water in distribution 
systems or to contamination of potable 
water with sewage. 

• Capacity building is quite different 
between the countries, where especially 
Western Europe has a long tradition 

• The views about charging for  water 
supply and sanitation, from Islamic 
traditions, which require water to be a 
free commodity, to the view of water as a 
human right (with subventions to people 
with a low income level) or of seeing 
water/sanitation as a business option    

7.3 Possibilities of Knowledge 
Transport and Co-operation   

In general, Western Europe has a reliable 
water supply and successively improving 
sanitation, and the same conditions will 
probably be the case for Eastern Europe in 
the near future. Transfer of knowledge to 
other countries may include capacity building, 
experiences of full-scale installations and 

possibilities to get support from the 
population. 
The water scarcity in the MENA countries 
will probably rapidly increase wastewater 
reuse also to obtain drinking water quality. 
This means the development and installations 
of new process technology with focus on 
methods like oxidation, adsorption and 
membranes. Knowledge of such technologies 
may be an important technology transfer to 
countries (like Sweden) where the treatment 
technology is mainly based on separation by 
screens/sedimentation/filtration, biological 
oxidation and chemical precipitation to solve  
more stringent requirements on nutrient 
removal but also to remove pharmaceutical 
rest products and antibiotic resistant bacteria. 
EU countries like Sweden can contribute 
with experiences of how to build-up water 
supply and sanitation systems, capacity 
building, and also for training in existing 
plants. Examples of co-operation include 
wastewater reuse in a safe way, as new 
requirements on nutrient removal, resistant 
bacteria and pharmaceutical substances lead 
to the same goal like that of wastewater reuse 
to in principle possessing drinking water 
quality. 
Co-operation is also necessary as the water 
drainage area often includes many countries 
and the effluents enter marine environments 
shared by many countries. Today, global 
warming is discussed and therefore energy-
saving methods should be used as well as 
methods for energy recovery. The 
development of such technologies is also an 
area suitable for international co-operation. 
In general, shared experiences to reach 
sustainability should be an important area for 
co-operation. 

7.4 Possibilities of Knowledge 
Transport to Iraq/ Kurdistan 
Region  

The responsibility for the delivery of basic 
municipal services in Iraq and Kurdistan 
Region is centrally controlled in terms of 
budget allocation and priority setting despite 
the significant changes which been 
experienced after the war of 2003 in the 
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organization of water and wastewater sector. 
Tariff incomes are still supplied to the 
Ministry of Finance which in turn supplies a 
fixed sum per month to the Water 
Directorate.  
One of the most important suggestions 
which should be recommended in this 
conclusion is intiative to changing the 
administrative procedures within the central 
agencies by for instance devolving the 
responsibility for basic services to the 
municipality level, as it is applied successfully 
in Sweden.   
From Paper 1. it was mentioned that from 
the Swedish side, there are many possibilities 
to contribute to an improved water and 
wastewater handling in Iraq, including 
technology to address aging, broken-down 
and bombed water and wastewater 
distributions pipes and technologies for water 
and wastewater treatment at both local and 
central levels. To this may be added 
educational material within the sector and 
universities applying various tools developed 
within the “Urban Water” project for the 
design, operation and evaluation of 
wastewater systems. 
In order to meet the main objective of 
sustainable management in Kurdistan some 
further activities were recommended in 
Paper 2. which could be summarized as 
follows: identification of specific problems; 
studies of how to handle severely damaged 
infrastructure; provision of text materials on 
water and wastewater handling based on 
teaching materials in developed countries 
such as Sweden etc; formulation of strategies 
related to sustainability concepts like WFD 
and NWRS; and description of different 
indicators to evaluate performance and to 
facilitate comparisons.  
At the local level many municipalities in 
Sweden have developed their own 
environmental plans to consider both 
national strategies and local conditions (Paper 
4)  In Växjö Municipality as it was reflected 
by Papers 3, and 4 the concept of 
sustainability is successfully being 
implemented. Växjö was appointed by 
ICLEI, Local Government for sustainability, 

as the greenest city in Europe thus many 
strategies and implementation methods may 
be used as good illustration examples    
(Paper 4). 

7.5 Financial Aspects 
Financing is probably the most crucial factor 
in implementing water supply and sanitation 
worldwide. Several aspects should be 
regarded such as: 
• The willingness to pay among the 
population 
• Sustainability with respect to financing 
(both for investments and for operation and  
maintenance)  
• Possibilities for national support from 
other countries and loans, for instance from 
the World Bank 
• State resources such as local investment 
in water supply, wastewater treatment, water 
and sewage collection systems and the  
renewal and rehabilitation of existing water 
supply and sewage collection  systems should 
be an appropriate measure to stimulate the 
developing countries’ economy in general 
and provide good examples of measures that 
the whole community will benefit from, while 
protecting the environment and providing 
jobs  

8 SUGGESTIONS FOR FURTHER 

STUDIES  

Global or large regional scale 
The policy documents are quite similar. 
However, environmental goals for the shared 
rivers or lakes may come in conflict with 
climate goals to reduce emissions of 
greenhouse  gases. Energy production by 
using more dams can become a current issue.  
Other important issues are the large amount 
of water needed for food production and 
areas needed for plant growth. The increased 
use of energy crops to solve climate goals 
may then be in conflict with food 
production. Water and food scarcity involves 
risks for large conflicts or for wars. The 
accepted concept of integrated water 
resources also needs to consider such 
elements as social vulnerability, equity and 
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fairness as well as conflicts with other goals. 
A better integration is also needed between 
environmental and health goals. 
Technology and knowledge transfer 
The implementation of actions to solve water 
quality problems (such as BSAP) will create a 
great deal of technical skill at for instance 
building treatment plants or preventing 
diffuse discharges. Other issues may be up-

stream work to reduce pollutant loads to 
treatment plants or the use of 
environmentally safe chemicals (REACH). 
Capacity building, management system,  
charging structures and financing methods 
are other aspects of knowledge transfer that 
need to be improved. 
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APPENDIX 

Appendix 1: Important Policy Document, Agreement, and Declarations. 
 
 Important Policy Documents, Agreements, and Declarations.  
-Year.  -Name or 
Abbreviation.  -
Category. And -Area.   

Forum, Organization, Policy documents, 
Agreements and Declarations 
 

Achievement  and target 

-1902,  
-(ICES)  
-Forum,  
-Marine sciences.  

Establishment of International Council 
for the Exploration of the Sea (ICES), a 
leading multidisciplinary scientific forum 
for the exchange of information and ideas 
on all aspects of marine sciences 
pertaining to the North Atlantic, including 
the adjacent Baltic Sea and North Sea.  

In 1964 a formal convention was signed 
and came into force in 1968 (Wikipedia, 
2010) 

-1959. 
- (IMO). 
-Organization.. 
-Maritime affairs.  

Establishment of the International 
Maritime Organization (IMO) as the sole 
United Nation specialized agency 
exclusively devoted to maritime affairs.  

Achievements since 1959 have been the 
adoption of some 50 international 
conventions and protocols and well over 
800 codes, recommendations and 
guidelines 

-1962. 
-London Law 
-Agreement 
-Sea 
 

London Law of the Sea as an international 
agreement 

 

-1972.  
-UNEP. 
-Declaration.   
-Human environment. 
 

The Stockholm Declaration with 
international agreement on the human 
environment including 109 
recommendations for environmental 
actions.  

The creation of an environmental agency 
was approved, now known as UNEP. In 
addition, there was an adoption of a 
Stockholm Action Program but the action 
has not had any significant impact. 

-1972.  
-OSPAR -Commission. 
-Marine.   
 

Start of OSPAR (Oslo-Paris Commission), 
covering the marine environment of the 
North-East Atlantic 

 

-1975  
-MAP  
-Action Plan 
-Regional Sea 
 

16 Mediterranean countries and the 
European Community adopted the 
Mediterranean Action Plan (MAP)   

Was the first Regional Seas Program 
under UNEP 

-1976.  
-Barcelona Conv.-
Convention. 
-Sea environment. 

Barcelona Convention.   Seven protocols addressing specific 
aspects of Mediterranean environment to 
complete the MAP legal framework. 

1976. 
-Conference. 
-Human settlements. 

Conference on Human Settlements 
organized by the United Nations in 
Vancouver, Canada. In the conference it 
was stated that in developing countries 
nearly two-thirds of the population do not 
have reasonable access to safe and 
ample water supply. 

Some recommendations were to “adopt 
programmes with realistic standards for 
quality and quantity to provide water for 
urban and rural areas by 1990, if 
possible”, “reduce inequities in service 
and access to water as well as over-
consumption and waste of water supply”, “ 
promote efficient use and reuse of water 
by recycling, desalination or other means 
taking into account the environmental 
impact, and taking measures to protect 
water supply sources from pollution” 

-1977. 
- UNC. in Mar del Plata 
-Conference. 

United Nations Conference in Mar del 
Plata, Argentina, with emphasis on 
capacity building regarding human 

The conference proposed that the period 
1981-90 should be called the 
“International Water Supply and Sanitation 
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-Capacity building. 
-Human resources 
development. 

resources development in terms of 
education, training, and research and 
institutional strengthening.  

Decade to increase the interest in water 
supply and sanitation at national and 
international levels” 

-1987. 
-Brundtland report -
Report 
-Sustainability. 

The Brundtland report “Our Common 
Future” defined sustainability   

Has had a major impact as a policy 
concept 

-1989. 
-Montreal Protocol 
-Ozone 

The Montreal Protocol on substances that 
deplete the ozone layer 

 

-1991 
- ICLEI 
-International 
association. 
- Sustainable 
development.   

ICLEI was established as an international 
association of local governments and 
national and regional local government 
organizations that have made a 
commitment to sustainable development.   

ICLEI has about 1089 members (including 
cities, counties, and their associations) 
and provides technical consulting, training 
and  information service for capacity 
building and support to local governments 

-1992. 
-(HELCOM) 
- Convention 
-Baltic Sea 

The Convention on the Protection of the 
Baltic Sea Area entered into force in 2000. 
The governing body of the convention is 
the Helsinki Commission (HELCOM).  

(Helsinki Convention, 2008) 

-1992. 
- Convention. 
- Black Sea 

The Convention on the Protection of the 
Black Sea Against Pollution was signed in 
Bucharest by Bulgaria, Georgia, Romania, 
the Russian Federation, Turkey, and 
Ukraine . 

Entered into force in 1994 (Bucharest, 
1992). 

-1992. 
- Rio Declaration (The 
Earth Summit) 
-Declaration. 
-Environment  
development 

The Rio Declaration followed after the  
Brundtland report in 1987 
 

Sets out basic principles to guide 
environment and development policy and 
Agenda 21, which is a long-term plan to 
integrate the environment and 
development. 

-1992 
- Dublin conference 
-Conference 
-Concept of (IWRM). 

Dublin conference using the concept of 
Integrated Water Resource Management 
(IWRM)  

 IWRM aims to ensure co-ordinated 
development and the management of 
water, land, and related resources by 
maximizing economic and social welfare 
without compromising the sustainability of 
vital environmental systems 

-1995 
-MAP phase II 
-Action Plan 
-Marine and coastal 
environment 

MAP phase II adopted by 22 contracting 
parties to replace MAP of 1975.  

The contracting parties have determined 
to protect the marine and coastal 
environment of the Mediterranean Sea, 
while boosting regional and national plans 
to achieve sustainable development (the 
United Nations Environment Programme, 
1995) 

-1996. 
-(GWP). 
-International  
  Network 
-(IWRM) 

Global Water Partnership (GWP) was 
established as an international network 
open to all organizations involved in water 
resources management.  

GWP was created to foster Integrated 
Water Resources Management (IWRM). 

-1997 
- Kyoto Protocol 
- Protocol 
- Climate Change 

The Kyoto Protocol was negotiated in 
1997 as a supplement to the UNFCC (UN 
Framework Convention on Climate 
Change).  

The target was to seek a 5% reduction in 
the 1990 level of greenhouse gases 
(excluding aviation and shipping) by 2012 
(de Boer, 2009)  

-1999. 
-MEA 
-Conference 

International conference on Inter-
Linkages: Synergies and coordination 
between MEAs arranged by the United 
Nation University. Numerous multilateral 
environmental agreements (MEAs) have 
been established over the last 50-60 

The conference acted as a catalyst for 
international efforts to enhance the 
knowledge around inter-linkages and 
development of practical tools to foster 
synergetic implementation and highlighted 
the critical need for repriorization among 
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years. stakeholders.  
(GEIC, 1999) 

-2002. 
-(WSSD) 
-Conference 
- Drinking water 
   and basic sanitation 

World Summit on Sustainable 
Development (WSSD) was organized by 
the United Nations and held in 
Johannesburg, South Africa.  
 

The agreement was noted in the 
conference report to halve by 2015 the 
proportion of people who are unable to 
reach or to afford safe drinking water (as 
outlined in the Millenium Declaration) and 
the proportion of people who do not have 
access to basic sanitation. 

-2004. 
- (NWRS) 
-Strategy 
- water resources 

National Water Resource Strategy for 
South Africa (NWRS)   

Developed for protecting, developing, 
conserving, managing, and controlling the 
water resources of South Africa. 
(Department of Water Affair & Forestry, 
2004) 

-2006. 
- UN HABITAT in 
   Brussels 
- Agreement 
- Sustainable  cities. 

EU Commission-UN HABITAT agreement 
in Brussels on promoting sustainable 
cities.  

The agreement focuses on the need for 
local authorities to reconcile the 
economic, social, cultural and 
environmental aspects of towns. 

-2007. 
-(BSAB). 
- Action Plan. 
- Baltic Sea 

The Baltic Sea Action Plan (BSAB), which 
is HELCOM´s action plan for the Baltic 
Sea.  

The goal is that the Baltic Sea should be 
unaffected by eutrophication, undisturbed 
by environmental toxins, have an 
environmentally friendly shipping, and a 
good conservation of biodiversity. The 
intention is also that the Baltic Sea will be 
the pilot area to implement the EU Marine 
Directive (EPA, 2006)     

-2008. 
-Thekwini  
-Declaration 
-Sanitation is a  
  catalyst for  
   economic 

The Thekwini Declaration followed the 
AfricaSan Conference in South Africa 
2008   

Reflects the Africa-EU partnership 
recognition that sanitation is a catalyst for 
economic development. It was estimated 
that every $1 spent on sanitation can save 
$9 for the economy and has direct 
beneficial impacts on public health, dignity 
and the potential for increased attendance 
of girls at school. 

-2009. 
- Copenhagen  
- Protocol 
- climate changes 

Copenhagen Protocol organized in 
Copenhagen by the Danish government 
and UNFCCC   

Focus to prevent climate changes and 
global warming       

 

Appendix 2: Environmental goals and implementation 
Examples from Baltic Sea Region programs 
Latvia: Ongoing projects: The second stage of the development of water services in Liepaja (total 
cost € 32 million) which is due to finish by 2010 and a second stage of the development of water 
services in Daugavpils (total cost € 25 million), which is due to finish by 2010. 
Future project: The remediation project for the Liepāja Karosta Channel (estimated total cost € 
23 million). 
Estonia: The renovation of Narva city water and sewage networks in Estonia (total cost € 28 
million). 
Lithuania: The first package of the Nemunas Midland River Basin Project, which is co-financed 
from the Cohesion Fund (2000-2006), with a total cost of € 64 million and a Cohesion Fund 
participation of € 51 million, which is due to finish by end 2010. 
Poland: The major waste water plants projects currently implemented are inter alia in Warsaw (€ 
585 million), Szczecin (€ 282 million), Wroclaw (€ 158 million), Poznan (€ 104 million), Gdansk 
(€ 121 million), Krakow (€ 121 million) and Bydgoszcz (€ 201 million). These total costs were 
estimated at the time of adoption.  
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Project financed by the European Parliament on the protection of the Baltic Sea from mainland-
based threats by reducing agricultural nutrient loading and the risk of hazardous wastes (€ 3.5 
million in 2009 from the budget of the European Parliament). 
The 16 National Environmental Quality Objectives and Implementation.  
Environmental Quality Objectives  
The 16 Environmental quality objectives are 1) Reduced Climate Impact, 2) Clean Air, 3) Natural 
Acidification Only, 4) A Protective Ozone Layer, 5) Zero Eutrophication, 6) Flourishing Lakes 
and Streams, 7) A Balanced Marine Environment, Flourishing Coastal Areas and Archipelagos,  
8) Thriving Wetlands, 9) A Magnificent Mountain Landscape, 10) A Rich Diversity of Plant and 
Animal Life, 11) A Non-Toxic Environment, 12) A Safe Radiation Environment, 13) Good-
Quality Groundwater, 14) Sustainable Forests, 15) A Varied Agricultural Landscape, and 16)  A 
Good Built Environment. 
Responsible Agencies  
The Swedish government pointed out the following seven government agencies to lead one or 
more of those 16  National Environmental objectives: 1) the Swedish Environmental Protection 
Agency( EPA), 2) the Swedish  Chemical Agency (KEM I), 3) the Swedish Radiation Safety 
Authority  (SSM), 4) the Geological  Survey of  Sweden (SGU), 5) the Swedish Forest Agency 6) 
the Swedish Board of Agriculture, and 7)The National Board of Housing, Building and Planning 
as well as three lead agencies for related cross-cutting issues: 1) the National Heritage Board , 2) 
National Board of Health and Welfare, and 3) the National Board of Housing, Building and 
Planning. 

Strategies to implement the National quality objectives 
To deal with the process for achieving the national environmental quality objectives Swedish 
authorities adopted three action strategies (figure 17): A strategy for 1) more efficient energy use 
and transport, 2) non-toxic, resource-saving environmental life cycles, and 3) the management of 
land, water and the built environment. Each of these strategies includes a number of measures 
needed to promote the progress in achieving a number of the environmental quality objectives. 
Despite the many measures that have already been implemented in Sweden over decades, within 
the areas of these strategies there is a great deal which needs to be done to promote the progress 
toward achieving the objectives. 
Examples of research and implementation studies in Sweden. 
Research programme: Control and Operation of Wastewater Treatment Plants. 
The new demands for nitrogen reduction in wastewater, at the end of the 1980s, brought about a 
renewed interest in developing this area; a decisive factor underlying the increased technological 
activity was the research programme Control and Operation of Wastewater Treatment Plants, 
which introduced a new method and New Process Technology. This programme was concluded 
in 1997. 
The research programme - according to the Swedish Board for Industrial and Technical 
Development for the research project-, involved comprehensive efforts in process technology, 
information technology, biotechnology, and human factor issues. In the project university 
researchers cooperated with employees, and microbiologists, process engineers, control engineers 
and work scientists met in order to develop new process and control methods, which they 
subjected to laboratory-scale, plot-scale and full-scale tests at Swedish wastewater treatment 
plants. 
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The financial support provided by the Swedish Board for Industrial and Technical Development 
for the research project was SEK 42 million. The owners of wastewater treatment plants 
contributed with a corresponding investment in the form of know- how, staff, and expenditure 
for large experimental programmes with pilot-scale and full-scale tests (the Ministry for Foreign 
Affairs etc., 1998).   
Examples of complete solutions 
Hammarby Sjöstad in Stockholm and the Västra Hamnen district in Malmö are examples of 
urban areas in which complete solutions were chosen during the planning to create such urban 
areas that are ecologically, economically and socially sustainable. For ecological matters a holistic 
approach has therefore been assumed to solve solid waste and sanitation handling, energy supply, 
infrastructure and transport. Other interesting examples include when the solid waste handling is 
part of the energy supply and the water consumption per person is below the Stockholm average, 
(Naturvårdsverket, 2008b) 
Eco-cycle-adaptable wastewater solutions in Norrtälje  
In the Karby district some ten kilometers outside Norrtälje Municipality there is a plant for wet 
composting which takes care of latrines and organic waste from Vätö, Bergshamra and 
Penningby municipalities. The compost was built with the support of the local investment 
program (LIP). Through the project more than 5400 individual sewages were inventoried, of 
which a hundred with inadequate infiltration were replaced by eco-cycling solutions with low-

Strategy of:  
Non-Toxic, resource-
efficient cyclical systems, 
and including an 
integrated product policy 

Strategy of: 
More Efficient 
Energy Use and 
Transport Achieving the 

Swedish National 
Environmental 
Quality Objectives   

Strategy of: Management  
  of Land, Water and  the  
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a sustainable built environment 

Fig. 17. Three action strategies for achieving the national quality objectives. 
 



Nasik Najar  TRITA LWR LIC: Thesis   

 

 XIV

flushed toilets (vacuum technology) and 303 were improved by traditional technology. Today a 
large number of nutrients are brought back to agricultural land and the interest in eco-cycling 
solutions has increased among property owners.  
The positive effects of the wet composting project on the environment and the economy  are as 
follow: 830 tons of latrine were dealt with in the plant in 2006, reducing emissions of nitrogen 
(about 4 tons / year) and returning fertilizers to agricultural land (Naturvårdsverket, 2008b). 
Växjö eco-BUDGE project 
Växjö Municipality is the co-ordinator of the European ecoBUDGET method. The method is an 
environmental management system developed in Germany for political organizations by the 
International Council of local Environmental Initiatives (ICLEI). The principal aim of 
ecoBUDGET is to manage natural resources with the same efficiency as financial resources. In 
ecoBUDGET the physical quantities are measured instead of money. (Israelsson et al 2003) 
The objectives concern both the city’s own activities, e.g. the purchase of ecological food, and 
those which apply throughout the municipality, such as fossil carbon dioxide emissions in Växjö. 
The municipality controls and follows up work by the ecoBUDGET.   
The environmental management system ecoBUDGET is used to ensure that the environmental 
program objectives are achieved. This means that goals are controlled and followed up in the 
budget process. Achieving goals is controlled in the budget with the help of Budget indicators 
(B1, B2 etc.) (Table 7). The ambitious objectives are followed up by means of Access indicators 
(T1 T2, etc.) and Efficiency indicators (E1, E2 etc.) (Table 7) in the accounts. Boards and 
companies have the responsibility to describe in the internal budget the concrete measures that 
should be implemented to ensure that the desired objectives are realized. The following up is 
made by quarterly accounts and annual reports.  All the details are shown in the environmental 
statement. The Living Life profile entails that, by making changes in our way of life, the 
environmental impact can be reduced, while enhancing both our own health and household 
economy. The ambitious objectives in the Living Life profile are as follows: 
 Raising awareness about sustainable production and consumption (T1 E1) 
  Increasing the supply and purchase of environmentally friendly goods and services (T1) 
 Avoiding waste at first hand, secondly, reusing it, thirdly, recovering material, and fourthly, 

extracting energy and ultimately depositing it (T2, T3, E2). 
 Goals to be achieved in the Living Life profile are as follows Växjö Municipality:  

Ecological farming should constitute at least 30% of farmland in 2015 (B1). The proportion of 
ecological farmland was 19.6% in 2005  
At least 1000 tons of food waste from catering, shops, restaurants and household should be 
recoved by biological treatment by 2010 (B2) 
187 tons of waste was recycled by biological treatment in 200 
Paper use should be reduced by at least 20% between2006 and 2015 (B3) 
The ecological food purchases should constitute at least 25% of the total food purchases in 2010. 
(B4). The proportion of ecological food purchases was approximately 4.1% in 2005. 
(Växjö Municipality, 2006a). 

Appendix 3: General information and area description 
The Baltic Sea Region 
Area description of the Baltic Sea, the Skagerrak and the Kattegat 
The Baltic Sea Region consists of nine countries with eight EU member states and Russia, and 
seven major marine basins, as shown in Figures 18 and 19.   
The Baltic Sea is almost completely surrounded by land and therefore has a relatively small 
exchange of water with the North Sea and the Atlantic Ocean. 
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Table 7. Description of some of Budget, Efficiency and Access indicators 
Budget indicators  
B1 The area of ecological cultivation in relation to total agricultural area in %  
B2 Biological treatment of food wastes in tons  
B3 Number of purchased sheets of paper (white A4 paper) in sheets 
B4 Ecological food purchases in relation to the total food purchases in % (SEK) 
Efficiency indicators  
E1 Paper quantity per employee in  sheet / employee 
E2 Total amount of waste for recycling, incineration and landfill in kg inhab. 
Access indicators  
T1 Environmental awareness index in 0–100   
T2 Total amount of waste for recycling, incineration and landfill in tons 
T3 Distribution of waste management between recycling, incineration and landfill in% 
 
The Baltic Sea area is 377 400 km2, which is almost equal to that of Sweden. The catchment area 
is approximately 1.7 million km2. This means that the Baltic Sea gets its water from rivers in a 
basin that is four times as large as the sea - a river basin where there live 90 million people. The 
brackish water of the Baltic Sea is a mixture of seawater from the North Sea and fresh water 
from rivers (Stockholms Marina Forskningscentrum, 2009).  Local human activities have strongly 
affected the Baltic Sea, which will have both an economic and a social impact on surrounding 
societies.   
The Baltic Sea around Sweden’s coasts is divided into three major areas: the Gulf of Bothnia, the 
Baltic Proper and the North Sea. The Gulf of Bothnia is surrounded by Sweden and Finland and 
its environmental problems are essentially local, except for environmental toxins. The Baltic 
Proper is surrounded by Sweden, Finland, Russia, Estonia, Latvia, Lithuania, Poland, Germany 
and Denmark. It is congested of nutrient substances, unsustainable fishing, pollution from 
shipping and a diffuse spread of pollutants from surrounding countries and long-distance air 
pollutions. Old emission misbehaviour of environmental pollutants poses a significant problem. 
Skagerrak and Kattegat: 

The North Sea (the Skagerrak and the Kattegat) is surrounded by Sweden, Norway and 
Denmark. The Kattegat is affected by nutrient emission from Denmark and Sweden but also by 
the outflow from the Baltic Sea. The Skagerrak, on the other hand, is affected especially by 
nutrient discharges from the continental rivers but also from Norway, Sweden and Denmark.  
Both the Kattegat and the Skagerrak are affected by eutrophication, fishing and maritime 
industries. Extensive work to solve environmental problems has been going on for several 
decades, both in Sweden, in other countries and in international cooperation.  
The MENA Region 
Area description 
The developing world is irreversibly changing from a world of rural villages to a world of cities 
and towns. This inevitable trend is accelerated by globalization, decentralization, and crisis 
situations. In the course of the next two decades, however, urbanization will be more than just a 
demographic trend and will bring a series of unprecedented challenges and opportunities that will 
require innovative policy responses. 
These include the challenge of housing in slum areas, job generation in view of increasing urban 
poverty trends, waste management, land tenure settlement and public transport/mobility/ 
accessibility. The growth of effectively functioning cities and towns is also increasingly seen as 
essential for equitable and sustainable growth.  
MENA stands for Middle East and North Africa and is an acronym used in the academic and 
business worlds. The word covers a widespread region, from Morocco in northwest Africa to  
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Iran in southwest Asia. Generally, it includes all of the Middle East and North Africa, as well as 
Israel, but not Turkey.  
Peculiar to the MENA region is the amalgamation of countries that contain a heterogeneous 
standard of living, a circumstance which can be difficult to determine.                     
This is why HDI essential is applied. HDI stands for Human Development Index and is used as 
GNP but gives a rather more exact number, due to interpolation between GNP, education and 
length of life.  For example Israel and Yemen are two countries in the MENA with a big 
difference in HDI. Israel, with an economy similar to that of Europe, has a HDI value (0.89) that 

Fig. 18. Map of the 
Baltic Sea Region 
 

Fig.  19. The nine 
countries 
surrounding the 
Baltic Sea and the 
seven major marine  
basins.(Source: 
SEPA “Swidish 
Environmental 
Prptection Agency” 
Report 5876) 
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is close to the Swedish value (0.92) while Yemen has a HDI value (0.45) that indicates a poor and 
low living standard (Belfrage, 2000).    
The most important natural resource in the region is fossil fuel, dominated by oil, but fossil gas 
also plays a big and growing part. One of the most important causes of the differences in living 
standards between MENA countries is the difference in fuel access among them. Statistics show 
that the countries with a high energy production are, as expected, the countries with the highest 
HDI value. One may argue that all MENA countries are small in economic terms. MENA's 
largest economy, Saudi Arabia, in 1997 had a gross national product (GNP), of 232 billion USD, 
which constituted only 55% of that of Sweden (Belfrage, 2000). 
Iraq 
Area description 
Iraq is located in the Middle East, strategically at the head of the Persian (Arabian) Gulf in the 
southern part between Iran and Kuwait. Currently 28,945,657 people live in Iraq with a 
population growth rate of 2,5 %, according to the July 2009 estimate, of whom 75% are Arabs, 
20% Kurds and 5% Turkmens and Assyrians (World fact book, 2009). 
Iraq’s area is 438.3 sq km, of which the land constitutes about 437.4 sq km and the water   0.950 
sq km, or covers 4.41% of the Iraqi area.   
A significant feature along the Iranian border in the south is reedy marshes with large flooded 
areas which were exposed to draining and drying up by the previous regime in Iraq causing big 
problems to the environment and the inhabitants who lived and fed on this area. 
Otherwise the terrain of Iraq mostly consists of broad plains and mountains along the borders 
with Iran and Turkey.  There is mostly desert climate in both the central and southern parts of 
the country, whereas cold winters with occasionally heavy snows that melt in early spring are 
experienced in the northern mountainous “Kurdistan Region” along the Iranian and Turkish 
borders, sometimes causing extensive flooding in the central and southern regions.  
Since 1974 Iraq has been divided into two regions, the north and the centre /south. The north 
region (Kurdistan Region) consists of three autonomous areas: Erbil, Dohuk, and Suleimaniyah. 
The centre /south region covers fifteen central and southern governorates and Baghdad 
Mayoralty, i.e., Baghdad City with nine municipalities.  
The natural resources in Iraq are petroleum, natural gas, phosphates and sulphur. The GDP is 
$112.8 billion (2008 est.) and the GDP - per capita (PPP) is $4,000 (2008 est.), which can be May 
be compared with Sweden’s $348.6 billion (2008 est.) and its GDP per capita $38,500 (2008 est.) 
Reconstruction needs and goals  
Post-conflict situations usually result in immediate and large financing needs to emergency 
projects. The USA considers that the rebuilding of Iraq is a US national security and foreign 
policy priority, constituting the largest US assistance program since World War II. (U.S. 
Government Accountability Office, 2005). 
Urgent and immediate recovery in Iraq is a necessity, because of the huge damage and unjust 
conditions that the country with its many millions persons has been exposed to for many years.  
In October 2003 the World Bank and the United Nations Development Group at the request of 
the international community produced an assessment of Iraq’s reconstruction needs,   only 
looking at how much it will cost to put the country back together again. They estimated the total 
needs for 2004-2007 at US$ 55 billion, of which US $ 19.4 billon has been estimated for security 
and oil and US$ 35.8 billion for fourteen another sectors: education; health; employment 
creation; water and sanitation; transport and telecommunications; electricity; housing and land 
management; urban management; agriculture, water resources, and food security; finance; state-
owned industries; investment climate; mine action; and government institutions. The cross-
cutting themes are: gender, the environment, and human rights. Improving the institutions all 
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over the country is important in order to achieve stability and a sustainable economy. Water 
supply and sanitation are among the basic services and it is essential that they are restored in 
order to improve the living conditions and to alleviate suffering of the people in terms of health, 
at least.  
The Needs Assessment served as a basis for international donors’ conferences. The first one was 
held in Madrid in October of 2003, in which donors pledged US$32 billion for the period 2004-
2007, which will be conveyed bilaterally. Two conferences were held in Abu-Dhabi and Doha in 
March and May of 2004, respectively, to review and approve the lists of priorities submitted by 
each ministry. In October 2004 another meeting was held in Tokyo to assess the progress made 
one year after the Madrid conference. 
Two trust funds, the World Bank Iraq Trust Fund (ITF) and a UNDG Iraq Trust Fund have 
been established by the World Bank and the UN to ensure close coordination of donor financing 
for priority investments identified in the assessments. The US part of the US$32 billion pledged 
for Iraq’s reconstruction was US$ 18.4 billion. A large amount of the pledged money has been 
reallocated to other activities mostly for the provision of security      (MMPW, 2004). 
Because of higher than expected security costs, and inadequate maintenance the funding 
reallocations have slowed the pace of reconstruction efforts and limited the impact of the 
services provided. For example, in the water sector, $1.9 billion was reallocated to the security 
and justice sectors, which delayed many large water projects.  International donors are unwilling 
to give additional funds until security improves and Iraq accounts for the donors’ previous 
contributions. Iraq can only contribute to its future reconstruction needs if it increases oil 
revenues, reduces energy and food subsidies, controls government operating expenses, and 
minimizes corruption (the United States Government Accountability Office, 2006). 
Between January 2004 and April 2006 US $3.5 billion was reallocated from the water and 
electricity sectors to security, justice, democracy and other programs which contributed to the 
cancellation and delays of water and electricity projects.  
Kurdistan  
Erbil is one of the three governorates and is the regional capital of Kurdistan Region in Iraq, the 
other two governorates being Sulaymaniah and Dohuk.  The three governorates are located in 
 

 
 

  Fig.20. Location of the three governorates of Kurdistan Region in Iraq, 
 

 



Water Management and Performance on local and global scales - A comparison between two regions and their 
possibilities of knowledge transfer. 

 

 XIX

Northern Iraq, as the part of Iraq map in the left shows. The official border of the three 
governorates constitutes what is called “the other Iraq” – the Kurdistan Region – as Switzerland 
in size with a population of more than 4 million, predominantly Kurds. It is recognized by the 
constitution of Iraq as an existing federal region with its own parliament, president and security 
forces. The Kurdistan region has enjoyed de facto autonomy since 1992 and is politically stable 
and personally secure. The Iraqi Parliament awards the Kurds 17% of the total revenues       
(Qandil, 2008).  
The existence of a large area of forests, water and mountains had given the Kurdistan Region a 
pure landscape and environment, until the series of destruction actions begun by the former 
governments of Iraq for decades, years of displacement, massacres, destruction and chemical 
radiation of villages, including the chemical bombardment in 1988 of Halabja city killing at once 
more than 5000 people and the after effect of polluting the water and the air, which are still the 
cause of different kinds of cancer diseases.  
The last attack was after Gulf war in 1991. These actions led to urbanization and the subsequent 
decline in environmental standards and other social and economic changes in the Kurdistan 
region. The region has since 1992 been slowly brought to life with the help of the  international 
community and has begun the development and construction program in the cities and villages of 
Kurdistan without any designed pattern and with a total absence of environmental protection 
measures during its planning and implementation.. 
Baghdad: General information     
Baghdad is the capital of Iraq and its estimated population in 2005 was 7,400,000. The city has 
numerous oil refineries, food-processing plants, tanneries, and textile mills. According to 
Wikipedia, The Baghdad settlements extend along both banks of the Tigris River. The east-bank 
settlement is known as Rusafah and the west bank as al-Karkh. Eleven bridges connect the two 
halves: Rusafah and al-Karkh. Baghdad had been developed on an impressive scale since 1970s 
because of the oil boom which brought wealth to the city (Global Security Organisation, 2009) 
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Abstract  
A summary is given of the water and wastewater situation in Iraq before the Gulf War 1991, the 
situation after the Gulf War and the recent effects of the conflict in 2003. The access of safe water 
was halved in certain governorates after March 2003 and half of the sewage works were out of 
function with a discharge of untreated wastewater into rivers and channels. The supply of 
electricity was less than 4 hours per day in January 2004 and caused discharges of untreated 
sewage on streets etc. The leakage from the water net was estimated at 60%. The wastewater 
system in 3 out of 5 schools was estimated to be out of function and epidemics have especially 
affected children and caused increased mortality. Special issues like the illegal openings of water 
pipes and security have worsened the situation. The Swedish knowledge of water and wastewater 
handling may have an important role in rebuilding water and wastewater handling in Iraq and 
different possibilities are exemplified. 

 
Key words: Iraq, sewage treatment, water administration, water conflicts, water treatment  

 
Sammanfattning 

En sammanfattning ges av va-situationen i Irak före Gulfkriget 1991, situationen efter Gulfkriget 
och effekter av krigskonflikten 2003. Tillgängligheten av rent vatten har halverats i vissa län sedan 
mars 2003 och hälften av  avloppsverken är ur funktion och släpper ut orenat avloppsvatten i 
floder, rännor och kanaler. Elförsörjningen var mindre än 4 timmar/dygn i januari 2004 vilket 
medfört omfattande bräddning av orenat avloppsvatten ut på gator etc. Läckage från 
vattenledningsnät har uppskattats till 60%. Avloppssystemet i tre av fem skolor bedöms vara ur 
funktion och epidemier har speciell drabbat barn med ökad mortalitet som följd. Speciella problem 
som illegala öppningar av vattenledningar och säkerhetsfrågor har ytterligare försämrat situationen. 
Svenskt va-kunnande kan ha en viktig roll i återuppbyggnad av Iraks va-hantering och olika 
möjligheter exemplifieras.  

 
 

The MENA Region as a special 
problem area 

Water scarcity is one of the main reasons for 
conflicts in the Middle East. Countries in the 
Middle East and North Africa (MENA countries) 
are located in one of the driest regions in the world 
with access to only 1% of the world's freshwater 
resources. Renewable water per capita in the region 
has declined significantly from 3300 m3 in 1960 to 
1250 m3 in 1995 and is expected to decrease to 650 
m3 in 2025. At that time, 19 MENA countries are 
estimated to be among the 45 countries in the world 
that will suffer from chronic water shortage (Bakir, 
2001). 

Shared water resources are a particularly strong 
source of conflict in the Middle East, especially in 
the Jordan, Tigris and Euphrates river basins. 
According to Shuval (1992), it was calculated that 
the water availability for m3/p year in Palestine is 
165,   Jordan 300, Israel 300, Egypt 1,200, Syria 
1,300, Lebanon, 3,000, Iraq 4,400 and Turkey 
4,500.  Water availability per person may 
significantly decrease in Iraq in the future, because 
of population growth and if the inflow of water is 
diverted or used upstream of the country. Turkey 
has for example the ability to turn off large parts of 
the Euphrates. 97% percent of Egypt's water comes 
from the Nile but more than 95% of the Nile’s 
runoff originates outside of Egypt, from eight 
nations (Gleick, 1994). 

mailto:bgh@kth.se
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Several international agreements have been made 
regarding water and wastewater issues, among 
others the UN Conference 2002 in Johannesburg 
“World Summit on Sustainable Development” with 
international targets to halve the proportion of 
people without access to safe water and sanitation 
facilities by 2015. The Water Framework Directive, 
WFD, emphasizes the need to consider that a river 
basin should be regarded as a whole. 

The specific link between water issues and peace 
has been discussed at several conferences such as 
“Water and Peace in the Middle East” (Isaac and 
Shuval, 1994). Significant efforts have currently 
been made in the U.S. towards increased protection 
and education in water supply systems with regard 
to potential sabotage and terrorist attacks and this 
has also been highlighted for Swedish conditions 
(Åkesson, 2003). 

A particular problem is the situation that obtained 
for the water and wastewater sector in connection 
with wars. This is described in this article about the 
water and wastewater situation in Iraq. Swedish 
knowledge of the water and sanitation area may 
create the possibility to make efforts to solve more 
general problems regarding water scarcity and 
sanitation, and to re-build and renovate water and 
waste water systems which are out of function 
because of prolonged lack of maintenance or the 
acts of war. In the report “Water and Wastewater 
Treatment: The Swedish Experience” several 
projects are shown which have been carried out in 
Iraq with regard to water supply and the delivery of 
equipment prior to the 2003 conflict (the 
Environmental Protection Agency and the Foreign 
Office, 1998). 
 

 
Iraq in a historical 

perspective   
Throughout history Iraq has been called 
Mesopotamia, “the land between two rivers”, 
namely the two famous rivers the Euphrates and the 
Tigris. Thanks to these rivers, the country has had a 
good supply of water in comparison with other 
countries in the Middle East, and one of the earliest 
civilizations arose around these rivers. Access to 
water played a major role in developing hydraulic 
construction works. As early as 2000-3000 before 
Christ about 30,000 km2 were used for agriculture 
and 600 years before Christ the country had  about 
40,000 km2 of irrigated land (Häggström, 1999).  

Iraq has an extremely low slope - an average of 
1:26,000. Baghdad with a distance of 550 km from 
the port city of Basra is located only 34 m above 
sea level. The slight slope facilitates irrigation but 
at the same time increases problems with flooding. 
The difference between high and low water is great. 
Secure residence and cultivation could only be 
achieved by damming, drainage and irrigation, i.e. 

through a system of embankments, canals and 
various regulatory measures. In 1265 A.D. all 
hydraulic construction works were destroyed by 
Mongol migrants to such an extent that it took well 
into the 1900s before attempts were made to rebuild 
the hydraulic constructions. The population was 25 
million before the invasion in 1265 and only 1.5 
million in 1913 (Häggström, 1999).  About 25 
million people are living today in Iraq, of which 
75% are Arabs, 20% are Kurds and 5% are 
Turkomans and Assyrians (World Fact (a)). The 
country has an area of 437 km2, of which water 
makes 4.41 km2 and 432 km2 is land (World Fact 
(b)). 

Iraq is divided into two regions: the northern and 
the central / southern region. The northern 
“Kurdistan” region consists of the three 
autonomous governorates of Duhok, Erbil and 
Suleimaniyah. The central / southern region 
includes Baghdad Mayoralty and fifteen central and 
Southern governorates. Baghdad is the capital of 
Iraq and consists of Baghdad city and nine other 
municipalities. There are 251 municipalities in Iraq 
in total.  
 
 

Geography and Water 
Resources in Iraq 

One-fifth of Iraq’s territory consists of cultivated 
land (arable land). Approximately half of the total 
cultivated area is located in the northeast and in the 
mountain valleys, where sufficient rain falls. The 
rest of the cultivated area is located in the Euphrates 
and Tigris river valleys (Country studies (a)). The 
country’s rivers Euphrates and Tigris have their 
sources in the eastern part of Turkey and meet in 
the southern part of Iraq in the river Shatt-Al Arab, 
which flows into the Arabian Gulf. These rivers 
have an annual average flow of 88 billion m3. Of 
this flow, about 60% is generated and comes from 
Turkish territory, 4% comes from Syria and 36% 
from Iraqi territory (Bayazit, 1997).  

Most of the water in both rivers is generated from 
rain and snowmelt, which means that the flow of 
the rivers is seasonal and characterized by large 
flow variations. The highest water level in the 
Euphrates and Tigris is in spring to early summer 
(March to May) and the lowest level is obtained 
during July-October. The variation is about 1:8 
between the lowest and highest water levels. 
Approximately 90% of the annual rainfall occurs 
between November and April, reaching its height in 
December to March. June to August are the hottest 
and driest months. During the years when the flow 
is abundant major problems with flooding occur, 
especially in the Tigris. Conversely, years with a 
low water flow lead to problems of irrigation and 
hence affect agriculture.  

 
 



This paper is English translation of: 
 VA-SITUATIONEN I IRAK – PROBLEM OCH MÖJLIGHETER TILL MOTÅTGÄRDER. Vatten 60:269-274. Lund 2004 

 

VATTEN. 4. 04 3 

Hydraulic systems, water 
quality and water availability 

In the early 1900s various governments in Iraq took 
action to restore the irrigation and drainage system 
and to control the seasonal floods. Various 
measures included rehabilitation of old canals, 
construction of irrigation systems and construction 
of water dams for flood control and irrigation use. 
Up to1988 there existed 5 dams on the Tigris and 
one on the Euphrates. At the Great Zab, which is a 
tributary of the Tigris in the northeast of Iraq, a 
Chinese-Brazilian joint venture company 
constructed a dam for 2 billion USD. Chinese 
contractors have since 1988 built a series of dams, 
including two in the Euphrates. 

The Tigris and Euphrates bring with them large 
amounts of fine sand and silt which settle in river 
channels and on the plains. The salt content is high 
in Iraqi soils (Country studies (a)). Groundwater 
levels may rise due to flooding or irrigation, which 
causes the salt to reach the topsoil so that 
agriculture becomes impossible. Drainage is then 
considered an irrelevant measure. The total salt 
content of both the Tigris and Euphrates obviously 
increases the further south you go from the source 
and is approximately 1,500 mg / l at Omara on the 
Tigris and approximately 3,000 mg / l at Nassiryia 
on the Euphrates. Since the water in both rivers has 
decreased in recent years the salinity has increased, 
and thus the water quality has deteriorated (Al-
Jabbarri, 2002). The high salinity of the two rivers 
in southern Iraq limits the ability to use the water as 
a drinking water supply with conventional 
treatment methods and may thus require expensive 
methods of desalination.   

Iraq is located downstream of Turkey and Syria 
on the Euphrates and downstream of Turkey on the 
Tigris. In the early 1970s both Syria and Turkey 
constructed large dams on the Euphrates and hence 
filled vast reservoirs. Iraq protested against the 
marked reduction in the water flow and argued that 
the irrigated area along the Euphrates decreased by 
36,000 ha from 1974 to 1975. The issue of water 
allocation caused friction between Iraq and Turkey 
during the 1980s, although the relations were good 
between the governments at the time. In 1986 
Turkey completed the construction of tunnels for 
the diversion of approximately one-fifth of the 
water from the Euphrates to the reservoir of the 
Atatürk dam. 

The Turkish government also pushed the contract 
for the completion of the Southeast Anatolia Project 
(GAP) in 2005. The project, which costs $ 32 
billion, consists of 22 dams and 19 hydroelectric 
plants in the Euphrates and Tigris. GAP will divert 
water from the reservoir for the Atatürk dam 
through a large canal system to irrigate 1.7 million 
hectares to the north of Syria’s borders (Gruen, 
2000). 
   

 
The water and wastewater 

situation before the outbreak 
of war in 2003 

 
Water and wastewater systems  

 Before the Gulf War in 1991 the water and 
wastewater sector in Iraq operated satisfactorily and 
modern technology was applied, despite the long 
war with Iran. According to several sources 
(including UN reports), clean water was accessible 
to over 90% of the population in urban areas and to 
75% of the rural population. 218 water treatment 
plants and 1,191 compact water purification units 
(Compact Units) were in operation with an installed 
capacity of 7,276 100 m3/day and of 897,760 
m3/day, respectively.  

The annual budget of the water and wastewater 
sector was approximately 100 million USD before 
1991. Because of the 1991 Gulf War and 
subsequent sanctions, the budget fell to 8 million. 
The differences in the reduction were even greater, 
considering the deterioration of the monetary value 
of the Iraqi dinar “IRD”. The value of 1 IRD was in 
1980  3.6 USD and in 1988 0.33 USD and after the 
Gulf War in 1991 l USD was equal to 1,800 IRD. 
With the introduction of the OFFP (Oil for Food 
Program) the water and wastewater sector decline 
slowed down somewhat. 

During the 1991-2000 period waterborne diseases 
reached alarming levels. One third of the children in 
southern or central Iraq were deemed to suffer from 
malnutrition, and UNICEF estimated the increasing 
mortality at 160% among children below 5 years of 
age, of which 25% was caused by diarrhoea 
(UNICEF, 2003).  

The specific water consumption declined 
between the years 1991 and 2000 from 330 to 150  
l / p, d in Baghdad, from 250-300 to 110 l / p, d in 
other cities and from 180 to 65 l / p, d in the 
countryside. The waterpipe network length was 
28,500 km (in Sweden about 57,000 km) of which 
7,750 km is in Baghdad (de Rooy, 2003). 

An evaluation which was made by UNICEF and 
the Red Cross before the 2003 conflict showed that 
out of 177 water utilities 34 were classified as good, 
98 as acceptable and 45 as poor. The majority of the 
water utilities had been in operation from 1950 
to1985 and were partially modified between 1976 
and 1982. Many of these are in need of a 
rehabilitation of building structures, plants and 
equipments. The compact water utilities have often 
been ineffective and in need of special repair and 
maintenance measures (de Rooy, 2003). 

The water distribution network was constructed 
piece by piece (BWA, 2003) with no real planning 
or use of design instructions. Such instructions have 
not existed in Iraq, which has caused great 
difficulties for the designers to carry out their 
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duties. The water network in Iraq suffers from 
major defects with a leakage of around 60 % and 
sometimes even higher. Violation of water pipes 
has increased threefold since 1990 (UNICEF, 
2003). 

Connection to the sanitary system was 75% in 
urban areas, of which 25% were connected to 
central sewer systems including wastewater 
treatment plants, and 50% to local systems like 
septic tanks and latrine pits. The access to 
sanitation is very low in rural areas. Sewer and 
wastewater treatment plants exist primarily in 
Baghdad serving about 80% of the population of 
the capital as against only 9% of the population in 
other parts of Iraq (de Rooy, 2003). Altogether 
there were 16 wastewater treatment plants across 
the country including four in Baghdad Mayoralty. 
This can be compared with approximately 2100 
wastewater treatment plants in Sweden, four in 
Syria (Kichawi, 2002) and 17 in Jordan (Abu-share 
et al., 1998). The sewerage network length was 
estimated to be 5,930 km across Iraq, including 
4,044 km in Baghdad Mayoralty (the Rooy, 2003). 
In Sweden the sewer network length is 
approximately 84,900 km (VAV, 2001). 

 
 

Water and wastewater administration 
and tariffs 

Before the 2003 conflict three main institutional 
agencies were responsible for the water and 
wastewater sector. GCWS (the General Corporation 
for Water and Sewerage) was responsible for 15 
municipalities in both the southern and central 
regions (excluding the Baghdad province) and 
belong under the Ministry of Interior and now the 
Ministry of Public Works. MB (The Mayoralty of 
Baghdad) is responsible for Baghdad and the 
surrounding municipalities, and ARNI (the 
Autonomous Region in the North of Iraq), 
comprising the three governorates in the northern 
region, is placed under the Ministry of 
Municipalities and Tourism. The Iraqi government 
is responsible for the sector policy, standards and 
tariffs and provides funding for capital 
expenditures, while the above mentioned three 
bodies are responsible for the development, 
planning and execution of work and services. 

Even before the 2003 war the water and 
wastewater sector was in great need of 
strengthening the human resources. The most 
shortages were among expert managerial staff,    
investigators, planners, engineers and technicians. 
The number of vacancies represented as much as 
54% of the positions. The low interest in the water 
and wastewater sector in Iraq is due, among other 
things, to the low government salaries and to the 
low status of the work experienced among the Iraqi 
personnel.  University and college-educated 
personnel who are usually recruited within this  

sector do not as a rule have the adequate knowledge 
and training to enter senior level positions. The 
average age of employees is already high and many 
of the staff are close to retirement age (de Rooy, 
2003). 

Some short-term solutions were sometimes used 
to resolve problems with staff shortages, such as 
hiring external foreign contractors for maintenance 
work or temporary employment of new staff. The 
temporary staff were even more poorly trained and 
less educated, but were better paid, which created a 
new problem (Doyle, 2003). 

Tariffs and collection mechanisms for water and 
sewage were unclear, since only about 10% of the 
buildings have water meters. The tariff was 
calculated mainly on the estimated quantity of 
consumed water. The fee for wastewater is 
generally calculated for the house properties which 
were connected to the sewage systems by paying 
100% extra on the water tariff. The tariff structure 
differs between the various municipalities. Water 
tariffs in the Kurdistan region are based either on 
the area of the dwelling or the area and the number 
of taps in the house. The tariff can also be 
determined taking into account the size of the 
dwelling and the number of family members. When 
water meters are installed, the water tariff is based 
on consumed water. 
 
 

The water and 
wastewater situation 

after the 2003 conflict. 
The water and wastewater situation has strongly 
deteriorated since the outbreak of war.  According 
to United Nations / World Bank study, the 
availability of clean water decreased to 50% in 
some governorates since March 2003. The water 
production in Baghdad is 2.1 million m3/day but the 
need is about 3.3 million m3/day. The water 
leakage has been estimated at about 60%. With 
support of ECHO (the European Commission 
Humanitarian Aid Office) the International 
Committee of Red Cross distributes clean water by 
large tank cars to 30 areas around Baghdad to meet 
the basic needs of 40,000 people. There is a 
desperate need of water along the road from Basra 
to Safwan, which makes people shoot bullets or 
punch holes through the joints in the pipes to get 
hold of water. This causes a drop of the pressure in 
the pipes with the result that the water does not 
reach the people of Safwan (Irwin, 2003).   

As a result of the 2003 conflict the performance 
of the water and wastewater systems deteriorated to 
50% according to an estimation made by UNICEF 
together with local authorities.  In addition, there 
was severe damage to water mains and wastewater 
systems as a result of direct bombing. The 
efficiency of the three existing wastewater 



This paper is English translation of: 
 VA-SITUATIONEN I IRAK – PROBLEM OCH MÖJLIGHETER TILL MOTÅTGÄRDER. Vatten 60:269-274. Lund 2004 

 

VATTEN. 4. 04 5 

treatment plants in Baghdad has dropped by 30-
50% of its origin, and a significant proportion of 
untreated sewage has been discharged directly into 
the Tigris. 

The damage which happened to the power plants 
and the supply of electricity affected the water and 
wastewater systems negatively. The need for 
electric power for Baghdad alone was 2,400 MW a 
day before the 2003 conflict, while just under half 
was accessible after the conflict. Many of the 
pumping stations and treatment plants in Iraq were 
closed because of power shortages. The wastewater 
then flowed back into the wastewater distribution 
pipes and rose into the streets (see Figure 1) and 
even penetrated into the water network.  

The operation, maintenance and management 
systems collapsed during the 2003 conflict and 
pumping stations and water and wastewater 
treatment plants became the targets of looting. The 
water and wastewater handling was hampered by 
the lack of security, especially in central and 
southern Iraq. The lack of water and sanitation 
facilities is a major threat to children (Irwin, 2003). 
According to UNICEF, even before the crisis in 
2003 over 80% of the Iraqi schools needed major 
efforts for rehabilitation and their sewerage system 
was mostly out of function. Three schools out of 
five had non-functioning toilets and latrines. This 
causes serious health hazards for school children 
and increases the spread of epidemic diseases, 
which significantly increased over the past ten years 
(UNICEF, 2003). 
 
   

Appropriate further 
action 

Iraq has potentially enormous natural resources like 
oil and water. Despite the oil supply there is 
currently no secure electricity production that can 
meet the water and wastewater sector’s needs, for 
example for pumping stations and treatment works. 
Water resources are under threat because the inflow 
sources are largely controlled by Turkey. Various 
data presented on the Internet need to be better 
documented and the consequences estimated, e.g.: 
  
• With the help of 22 dams in Turkey the water 

flow to Iraq and Syria has been sharply reduced 
and has allowed Turkey to export water to 
Israel.  

• Sanctions against Iraq have blocked up the use 
of chlorine in water purification and the access 

to pipes for the reparation of infrastructure with 
the motivation that they have twofold uses.  

• There are plans for turning 200 Iraqi country-
owned companies into privately owned ones 
and this will enable foreign companies to keep 
a 100% ownership and obtain 100% of the 
profits from Iraq 

• Various contracts to re-build Iraq have been 
made without a public procurement procedure, 
which is likely to favour American interests. 

The financial demands for achieving effective water 
and wastewater handling in Iraq are significant. In 
the short and medium perspectives, according to the 
United Nations / World Bank (2003) (de Rooy, 
2003), this will require measures amounting to 6.8 
billion USD, excluding costs for gradually 
increasing operating and maintenance needs. These 
estimates may be low in comparison with the real 
need, which may be as high as 11 billion USD over 
the next four years. 

From the Swedish side, there are many 
possibilities of contributing to improved water and 
wastewater handling in Iraq 
• Better documentation from various sources of 

information about the actual situation of water 
and wastewater systems in Iraq. This may, for 
example, concern current and future access to 
water supply, with regard to dam buildings 
near the sources of the Euphrates and Tigris 
and to the use of water locally or for export, 
possibilities to ensure access to electricity and 
chemicals for water and wastewater treatment, 
the current state of water and wastewater 
systems, and the need for repair measures and 
rebuilding, the impact on health and the 
environment, current training and financing 
systems and management, safety issues as well 
as the effects of privatization and procurement 
procedures 

• The Swedish experience of systems for water 
saving measures in households, communities 
and industry 

• Technology to address aging, broken-down and 
bombed water distributions pipes  with a 
special emphasis on taking measures for the 
large water leaks in water pipes 

• Technologies for water and wastewater 
treatment at both local and central levels 

• Education materials and educational 
contributions to administrative and technical 
staff at water and wastewater treatment plants 
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Fig 1. Street in Baghdad, partially flooded with wastewater (Photo Nasik Al.Najjar, 2004). 
 
 

and at universities and colleges, particularly the 
application of various tools developed within 
the “Urban Water” project for the design, 
operation and evaluation of wastewater 
systems.  
 

Security in Iraq is currently very low, except in the 
north. Swedish aid to improve the Iraqi water and 
wastewater situation can therefore currently be 
focused on the northern “Kurdistan Region” of Iraq.  
Giving opportunities for Iraqi researchers and 
operators within sewage works to stay in Sweden 
for some time to take part of Swedish knowledge in 
this area is another kind of suitable support.  
 

Thanks 

 This study has been made possible through the 
support of SIDA 
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Abstract 
Water supply and sanitation have about the same goals all over the world. The needs for safe 
water supply and sanitation are obvious although not generally implemented. This depends 
often on the economical situation and bad management. Additional factors are effects of war 
actions and natural disasters as flooding of rivers and tsunamis. The strategies are, however, 
similar independent of the actual conditions. In this paper the strategies as developed in 
Sweden are described related to practical implementation of technology and management 
strategies. The experiences have shown on both mistakes and successful handling. Today, 
Sweden is involved in both adjusting policies according to European Union rules (as EU 
Water Framework Directive) and also in sharing experiences to facilitate international 
implementation of cost-effective methods.   
 
Key words: Cost-effectiveness; knowledge transfer; sanitation; Sweden, water supply    
 
 
Introduction 
Water resources engineering has the focus on three main issues. The first issue is water 
supply of safe water. Especially in regions with water scarcity the problems are severe and 
also increasing. Secondly, some regions have large problems related to too much water at 
certain occasions causing for instance flooding. Also flooding can cause severe water quality 
deterioration due to transport of different pollutants. Countries with rain seasons may have 
problems both with water scarcity and flooding. Finally, there is a need for wastewater 
treatment to hinder water quality deterioration and in some cases a need for restoring polluted 
lakes and rivers. 

Cost-effective water supply and sanitation may be seen as a part of water resources 
engineering. Legal aspects of preserving water quality in a whole river basin are given in the 
EU Water Framework Directive (WFD). WFD aims at achieving good water status for all 
waters by 2015. About 47 % of Europeans in all 25 EU countries are worried about Water 
pollution. This demand by citizens is one of the main reasons why the commission has made 
water protection one of the priorities of its work. The new European Water policy will get 
polluted water clean again, and ensure clean waters are kept clean. In achieving these 
objectives the roles of citizens and citizens' group become crucial. This is why a new 
European Water policy began to get citizens more involved. European Water policy has 
undergone a thorough restructuring process and the WFD 2000 became the operational tool, 
setting the objective for water protection for the future. (European Commission, 2002). 
     Similar documents have been developed in other countries or regions as NWRS  (National 
Water Resource Strategy for South Africa). NWRS describes how the water resources of 
South Africa will be protected, used, developed, conserved, managed and controlled in 
accordance with the requirements of the policy and law. The central objective of managing 
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water resources is to ensure that water is used to support equitable, sustainable social and 
economic transformation and development (Department of Water Affair & Forestry, 2004). 

There is a consensus of the general goals in these documents. The goals are based on 
sustainability. However, the degree of implementation is much different due to economical, 
social, political and cultural factors. Sweden has not been involved in severe war actions 
during the last 150 years and has successively built up infrastructure for water supply and 
sanitation during the last century. This means that there is a large amount of experiences of 
design, operation and maintenance of different systems. It also means, however, that some of 
the used technologies are old and must be replaced in the future and would not be used in 
building new systems.  

In this paper a summation will be given on some historical aspects of water supply and 
sanitation as applied in Sweden and also on some trends. Some principles will be discussed 
for cost-effective water supply and sanitation and possibilities for technological and 
management transferring of knowledge. Some policies and management problems in water 
and sanitation that are related to Kurdistan are discussed and general recommendations are 
given.  
 
 
Scale and time aspects   
Built-up of infrastructure in water supply and sanitation started in Sweden as in many other 
countries around 1900 with understanding of the need to supply the population with safe 
water as water borne diseases were the main health problem. Building of water transport 
system from lakes or rivers with high water quality also led to the need for transport of used 
water from urban areas. This transport led to severe pollution problems in the recipients. In 
London the year 1858 was characterized as the year of the great stink and much later a book 
was published in Sweden with the title “Dirty Sweden” describing the connection between 
poverty, hygiene and environment. 

Active environmental protection actions start in Sweden after the economy had recovered 
after the Second World War and was rapidly growing and different aspects are shown in a 
schematic diagram. 

Focus was first given to local problems normally related to municipal discharges as 
visible pollutants that could be removed by mechanical equipment but also biodegradable 
soluble compounds casing oxygen depletion in the recipient and thereby odor problems and 
fish kill. The countermeasures were mainly simple mechanical equipment (screens and 
sedimentation) and then the use of a high dilution degree to avoid oxygen problems and to 
decrease hygienic problems. 

Industrial activities led to discharges of compounds that earlier were of less importance 
as replacement of soap with phosphorus containing detergents, use of different metals and 
synthetic organic chemicals, and increased energy use causing discharges of sulphur dioxide 
and thereby acidification. The scale changed from local to regional with eutrophication of 
lakes, deterioration of lake and river water quality due to discharges of toxic substances and 
lowering of pH-value in regions with soils with a low buffering capacity. The way to solve 
the environmental problems was mainly “end of pipe solution” with improved wastewater 
treatment, flue gas cleaning, incineration of solid wastes and sealed landfills. 

A problem not considered in the beginning of these end of pipe solutions was the 
problems of final disposal of sludge from wastewater treatment or flue gas cleaning, ashes 



In Proceedings of : 
2nd Environmental conference- Water (KECW007), 22-24, April 2007 in Dohuk, Kurdistan Region in Iraq. 

 

 3 

from incineration, and space needed for landfills with long-term emissions to the ground or 
air phase (as methane gas). Attention was, therefore, directed towards recycling of wastes for 
possible use as sludge for agricultural purposes, ashes as part in building materials etc. This 
recycling led to the need of better quality of the recycled product and main ways were source 
control and safe production methods. 

End of pipe solutions combined with recycling, source control and safe production methods 
have the potential to be sustainable. Countermeasures were mainly based on technical 
methods although legislation and economical methods (taxes, subsidizes, etc) got an 
increasing role. New factors to be considered were related to global environmental problems 
as depletion of ozone layer and global warming. Although the role of carbon dioxide for 
global warming still needs to be better clarified many national or international agreements 
have been signed for the reduction of emissions of the gas.  
Other problems related to water and sanitation are also in a global scale. This is for instance 
other green-house gases (as discharges of methane gas or laughing gas), spread of 
epidemics, increased spread of medical rests causing changes in sex for fish, large scale 
accidents, and natural disasters as tsunami. Counteractions need to be multi-disciplinary 
and are ranging from technical-economical, social and juridical to cultural aspects. An 
increasing attention has been given to public participation (Agenda 21), co-operation with 
environmental organizations, education on different levels from children in schools, and 
public, operational staff and at university level. Increased environmental awareness is today 
seen as a crucial factor in accomplishment of cost-effective water supply and sanitation 
(Hultman, 1998). (Fig. 1) shows Scale and Time aspects for defferent Environmental 
Problems and Counter Measures  in Sweden. 

 
 

Trends in water and sanitation strategies 
 
Pollution emissions and resources needed 
Emission exemplified for water and wastewater treatment may be rewritten to consider three 
basic factors: 
Emission = (Population) * (Produced water or treated wastewater/population) * 
(Emission/produced water or treated wastewater)  
The first factor can be related to population growth and urbanization and has mainly socio-
economic aspects. Earlier main focus of the second factor was to supply persons with enough 
water typically calculated in l/capita, day and fraction of population connected to sanitation 
systems with a certain degree of treatment. When the basic needs were satisfied increased 
focus was put on pollutant emission and resources needed to accomplish certain goals. This 
means that all emissions (water, air, solids) are evaluated for the water and wastewater 
treatment and not only consideration of the water phase. In addition resources needed to 
reach a certain goal of the treatment (chemicals and energy) should be minimized.  

The need to consider both the treatment efficiency and the needed resources may be 
illustrated by an example. Suppose that population growth is 2%, a constant value of 
produced water or treated wastewater per capita and a decrease of emission with 2%. This 
would mean a need for increased process efficiency by 4% per year and shows the need for 
process technology development. 
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Efficient recovery of materials and energy in wastewater treatment 
Many ways have been studied to recover resources from wastewater. The water phase can be 
used for irrigation, industrial purposes and even as a possible source for production of 
drinking water (especially in water scarce regions). Due to combined use of cold and hot 
water, wastewater has a higher temperature than raw water and heat may be recovered by use 
of heat pumps. This technology is often used in Sweden and heat is supplied to central heat 
distribution systems.    

Another source of energy from wastewater treatment plants is biogas that is produced 
from anaerobic degradation of organic materials as in biological sludge. An increasing use of 
biogas (after cleaning) is as fuel for busses. Toilet paper etc removed by screens was earlier 
disposed on landfill but is today often recovered as fuel for incineration.  

Nutrients may be recovered as a part in wastewater used for irrigation, in sludge used in 
agriculture and some efforts are today made to recover phosphorus as a product, for instance 
magnesium ammonium phosphate. Efforts are also made for recovering inorganic materials 
mainly for the building industry and also to recover precipitation chemicals. 

Reuse and recycling of materials has the advantage of decreasing the sludge from 
treatment processes. The cost reduction due to decreased sludge disposal is normally 
considerably higher compared to the value of the recovered products. An important goal is 
that resources needed for recovery should be minimized. 
 
 
Use of nature based methods and materials 
In water rich regions wetlands are common. Wetlands can also act as treatment of pollutants. 
It is important to consider accumulation of sludge containing non-biodegradable pollutants 
into sediments. Hygienic problems must be regarded and also special problems as 
development in certain regions of mosquito causing malaria. 

The trend in Sweden is to either use wetlands as a polishing step after advanced 
wastewater treatment or to be designed in a similar way as a modern wastewater treatment 
plant. The design is based on the use of wetlands with sufficient area for treatment and 
replace technical constructions of different basins for sedimentation, biological reactions etc. 
However, operation must be performed in a strict manner related to flow distribution, some 
needs for chemicals and energy and removal of accumulated sediments for further handling. 

Reed bed system is another technology of increasing interest. In a modern wastewater 
treatment plant, traditional wastewater handling for instance with anaerobic digestion, 
dewatering and transport involves around 40% of total wastewater treatment costs. A reed 
bed has a similar function as technically performed dewatering and stabilization treatment. 

The technology with reed beds (Fig. 2) is based on pumping of thickened sludge to a 
controlled area for storage of the sludge (for instance five years) and to return effluent from 
the reed beds to the treatment plant. The system is based on dewatering by evaporation from 
plants, oxygen supply by plants from roots of the plants, degradation of pollutants, and 
stabilization and hygienization due to long-term storage of the sludge. In addition, there is a 
possibility of product use from the system as sludge for agriculture and use of the plants as 
energy source or fertilizer. 

Many countries have the problem of import of chemicals and materials used in traditional 
water and wastewater treatment. Chemicals and materials can be partially or totally 
substituted by natural products in the region. Moringa oleifera.  
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(Fig. 2). Rreedbed in summer 
 
Examples outside Sweden are the plant Moringa oleifera (Fig. 3), where the seeds  

(Fig. 4), have flocculation and disinfection effects, the use of materials for adsorption as 
zeolites (Fig. 5) , and pumice (Fig. 6) as a substitute for antracite in dual-media filtration. 
Practical application of these natural methods and materials means producing them at a 
reasonable quality and at a cost less than traditional chemicals or materials. 

 

 Fig. 3. Moringa oleifera 
 

 Fig. 4. Moringa oleifera seeds 

http://upload.wikimedia.org/wikipedia/commons/f/fa/Phragmites_australis1.jpg
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Fig. 5. Zeolites                                                       Fig. 6. Pumice from Teide volcano.                         
                                                                               (Photo User:MPF)                                     
 
 Management improvements 
Development of strategies to sort different waste fractions is often beneficial for further 
treatment. In industry, different process waters may be sorted for possible reuse and from 
cooling water. In urban areas, storm water may be discharged separately sometimes specially 
treated as from heavily polluted run-off from roads. Much attention is today directed towards 
separation of urine, grey water or black water in households (Fig. 7). However, the costs for 
this sorting are high. 

Sorting of municipal solid wastes (Fig. 8) has gained a general acceptance in Sweden. A 
large fraction of electrical equipment is collected separately for further treatment. Toxic 
organic pollutants as solvents and pharmaceutical rest products are collected separately for 
destruction. Paper and plastics are collected for reuse. Shops have special apparatus for 
collection of cans and bottles and the consumer gets a low repayment. A system exists for 
final disposal of used cars. The degree of sorting is much depending on consumer behavior 
and both information campaigns and ways to facilitate the sorting for the consumer have led 
to an increased sorting degree. 
 

    Fig. 7. The  NoMix toilet  (VAKUUM + HAUSTECHNIK).    
 

http://en.wikipedia.org/wiki/Pumice
http://en.wikipedia.org/wiki/Teide
http://en.wikipedia.org/wiki/Volcano
http://en.wikipedia.org/wiki/User:MPF
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Fig. 8. Containers for solid waste sorting (Photo, Nasik Najar) 
 

 
Benchmarking by use of different performance indicators is a way to improve cost-
effectiveness of water and sanitation services. Full cost recovery is aimed at for these 
services today according to the EU Water Framework Directive. The purpose of 
benchmarking may be to detect cost reduction and process optimization potentials and to 
improve competitiveness on the market if ownership can be both public and private. 
Benchmarking requires reliable databases on performance and this requirement means the 
need for qualified operators and managers and has in practice led to cost reductions for the 
consumer. Water and sanitation is complex and deficient operation and maintenance is more 
costly than employing qualified staff. Active contributions towards education on different 
levels are therefore an important way for improved cost-effectiveness. It is a common 
practice that school children are invited to study visits at treatment plants to encourage better 
knowledge and importance of consumer behavior.   
 
 
Integration of water and sanitation with other sectors 
Water and sanitation has many connections with other sectors in society. Activities both 
consume (need for safe supply of electricity) and produce energy (biogas, heat pumps). 
Treated water may be a source for irrigation and industrial use. Separated sludge may be used 
for agriculture, soil conditioning, restoring of mining areas, as part in building materials etc 
and be a part in an eco-cycling society. A special problem is the different demands for water 
from agriculture, industry and public. This is especially important in countries/regions 
downstream another country/region with possibilities to control or change the water flow. 
Effective ways to save and recycle water are important tools to avoid conflicts between 
countries or regions related to water quantity and quality. 

Combined handling of municipal wastewater and solid wastes has a large potential 
although not in common practice. Examples include supply of organic wastes into digesters 
for sludge handling and combined incineration of sludge and solid wastes. 

Integration of water and sanitation with other sectors may also have beneficial effects on 
management practices. A larger organization covering different aspects of water supply, 
wastewater treatment, solid waste handling and central heating systems can afford to have 
different expertise on subjects as hydraulics, process technology, computer technology etc. 
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This is also important in purchase of external assistance (as in construction works etc) 
and also to buy chemicals at a low price. Possibilities exist to have a safety in equipments as 
pumps and skilled staff for repair of equipment. Skilled staff for environmental evaluation is 
improved in a larger organization. Administration may be facilitated as sending bills to 
consumers for cost recovery. However, large organizations may inhibit possibilities for local 
actions, transparency for consumers and thereby the important role of public participation. 
 
 
Integration of water and sanitation at different levels 
Water and sanitation have many levels of handling. The range is from small-scale treatment 
units and equipments in houses, local handling in house clusters in rural areas, condensation 
areas around cities, squatter areas, cities and mega-cities, regions to global aspects. Different 
actions can be performed on the different levels. A way of strategy is to start with the looking 
on actions of small-scale units and then evaluate systems of water and sanitation with 
increasing complexity. 

Many remedies can be performed inside houses and buildings. In houses attention should 
be given to water saving equipments, which is easy to handle. In industrial buildings much 
can be done on water savings, internal treatment and reuse.  Water saving equipments ought 
to be placed in mosques.  In rural areas local handling is practiced. In cities, central systems 
have mainly been used due to cost-effectiveness of large-scale systems. 

Special problems are related to condensation areas (as choice of local or central 
handling), squatter areas and mega-cities. In addition, interactions must be considered 
between urban and rural areas and the combined effects on the water quality in a river basin.  
 
 
Policies and management problems in water and sanitation in Kurdistan 
region and in Iraq in general 
Different contacts as well as evaluation reports shows that there is a great need to develop 
knowledge on how to handle the current situation of environment. A scientific basis for 
formulating strategies to solve water and wastewater problems should, therefore, be given 
highest priority. (de Rooy, 2003). 
 
A substantial support is needed for restoring the present infrastructure and to build-up new 
infrastructure for water and wastewater handling, probably mainly with contracts given to 
foreign companies. A strong dependency of future water and wastewater handling in Iraq 
from these companies can then be foreseen and it is important to rapidly build up 
competency in this field for managers and operators in the region to be able to be active 
partners in the restoration and rebuilding of the infrastructure. However, there is a large lack 
of competent staff to operate and maintain the systems, transfer of theoretical knowledge to 
practice, and planning skills for future water and wastewater handling. The character of the 
problems is not covered in textbooks in water and wastewater handling and responsible 
managers and operators have little available compiled information sources of how to handle 
the problems.  

The situation shows that only about 10% of all buildings have water meters and it is not 
clear how water and solid waste charges were collected. The pressures in the water network 
are low and water cannot normally reach the elevated water tanks at residential homes in 
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many parts of the region. This has also exposed the network to contamination from damaged 
and leaking septic tanks. The water quality in rivers has declined due to discharges of sewage 
and due to increasing salt concentrations of the rivers Euphrates and Tigris. (de Rooy, 2003). 
As well as in big and small cities the waste water from the bathroom and the kitchen 
discharges directly to the trench which discharges to water bodies. This situation is 
unsatisfactory in that wastewater can come in contact with the population causing illness and 
death. UNICEF estimated a rise of 160% in the mortality rates in children less than 5 years of 
which 25% was due to diarrhoea (UNICEF, 2003). 

Prior to year 2003 war there were a huge shortage of staff within water and sanitation.  
The number of vacancies represented is as much as 54% of approved positions. The main 
areas that experienced shortages were managerial position and technical staff and 
technicians. These groups were only 12% of the total staff for the Water Authority and 15% 
for the Sewerage Authority.   

In order to meet the main objective of sustainable management in Kurdistan the 
following activities are typically recommended and are in general agreement with the earlier 
mentioned United Nations/World Bank report (de Rooy, 2003). 
 
• Identification of specific problems in the regions in water and wastewater handling.  
• Studies of how to handle severely damaged infrastructure due to low maintenance for a 

long period or due to war or sabotage actions and preventive actions for the future 
• Information on avoidance of water-borne diseases during acute periods of low-quality 

waters. 
• Case-studies on effects and practical solutions. 
• Provision of text materials on how to solve different problems on water and wastewater 

handling based on teaching materials in developed countries such as Sweden etc.   
• Formulation of strategies related to sustainability concepts as WFD and NWRS. 
• Description of different indicators to evaluate performance and to facilitate comparisons. 
 
 
 
Conclusions 
 
Policies 

• Strategies for water and sanitation has gradually changed from (1) mainly supply of 
water and discharge of wastes without treatment followed by (2) end-of-pipe 
solutions to (3) a multi-disciplinary approach also considering social, legal and 
cultural aspects and especially the role of active participation from the consumers; 

• Sustainability means that all emissions from water and sanitation should be 
considered as well as the needed resources in form of chemicals and energy; 

• Trends in technology are to improve ways to recover resources from wastewater 
handling as water and its heat content, nutrients, organic material as an energy source 
and inorganic materials; 

• In order to save resources, the use of different natural resources has a large potential 
• Many benefits are possible with water and sanitation if interactions are considered 

with other sectors in society; 
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• Scale must be considered for efficient water and sanitation handling in river basins 
ranging from measures inside buildings, local treatment, and central treatment and 
consideration of a whole river basin and even global effects.   

 
 
Management 

• Much work is needed in order to operate and manage the expected investments in 
building and rebuilding infrastructure all over the world. 

• Training programs for operators, engineers and planners. 
• Improving and raising staff capability through developing of study- programs at 

colleges and universities in developing countries. 
• Planning and communication groups for hygiene promotion. 
• Application of a suitable tariff structure. 
• Instruction manuals in several fields in water and sanitation. 
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 Abstract 
The water supply in Växjö municipality has since 1887 been based on surface water from 
Lake Helgasjön. A water treatment plant was built in 1957 and was extensively 
reconstructed in 1969 but there are still problems to accomplish with drinking water quality, 
mainly related to temperature, smell and taste, manganese and aluminium rest. The present 
water consumption has periodically approached the water treatment plant maximum 
capacity. A performed risk analysis showed that catastrophic consequences for the water 
supply could occur due to an accident in a nearby traffic route or discharges from an 
industrial area. In 1997 Växjö municipality decided to perform a comprehensive 
investigation of different alternatives for future water supply. Seven alternatives were 
evaluated including remedial measures at the present water treatment plant. The chosen 
alternative was based on supply and conveying ground water from the Berga Esker in 
Ljungby municipality. Re-infiltration of ground water will be used to guarantee the required 
water quality and quantity and will be implemented in autumn 2008 with a planned supply 
of 200 l per second delivered to about 70,000 persons in the municipalities of Växjö and 
Alvesta. The article describes the different alternatives, motives for the chosen alternative 
and the evaluation procedure. 

 
Key words – Ground water, infiltration, water supply, water treatment, Växjö municipality 

Sammanfattning 
Dricksvattenförsörjning i Växjö kommun har sedan 1887 baserats på ytvatten från 
Helgasjön. Ett vattenverk byggdes 1957 och en omfattande ombyggnad skedde 1969 men 
problem återstod med dricksvattenkvalitét med hänsyn till temperatur, lukt och smak, och 
mangan- och aluminiumrest. Nuvarande vattenförbrukning närmade sig periodvis 
vattenverkets maximala kapacitet. En genomförd riskanalys visade att katastrofala 
konsekvenser för vattenförsörjningen skulle kunna erhållas pga en olycka vid en 
närliggande traffikled eller utsläpp från ett industriområde.  
     Växjö kommun beslutade 1997 att genomföra en omfattande utredning av olika 
alternativ för framtida vattenförsörjning. Sju alternativ utvärderades inklusive förbättring av 
det befintliga vattenverket. Det valda alternativet blev utvinning av grundvatten från 
Bergaåsen, återinfiltration av grundvattnet och byggande av överföringsledning. Därmed 
kan säkerställas tillräcklig vattenkvantitet och vattenkvalitét och alternativet kommer att 
installeras hösten 2008 med planerad levereras av 200 l vatten per sekund till ca 70.000 
personer i Växjö och Alvesta kommuner. Artikeln beskriver de olika alternativen, olika 
motiv för det valda alternativet och proceduren för utvärderingen. 
 

 

Introduction 
Regulations on drinking water are available in 
the National Food Administration “NFA” 
regulation SLV FS2001: 30. Drinking water 

has been classified as food since 1983 and is 
considered as fit, fit with remark or unfit, 
"unhealthy." Fit with remark implies that the 
water has a less satisfactory composition, for 
health, aesthetic, or technically based reasons, 
but is not expected to pose a health risk. The 
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municipality should take immediate measures 
to meet the requirement of fit. To determine 
water quality, both microbiological and 
chemical analyses have been carried out. 
Chemical analyses also include colour, odour, 
test and turbidity examination. The water 
source is protected by the rules of the 
Environmental Code, which includes both 
wells and catchment area (Nordström, 2001).  
  The drinking water supply in Växjö 
municipality has been based on surface water 
from Lake Helgasjön since 1887. The present 
water treatment plant which is located at 
Sjöudden in the north-western part of Växjö 
was built in 1957 and the latest extensive 
renovation and extension was carried out in 
1969. The intake of the water treatment plant is 
exposed to extensive risks as it is located at the 
eastern shore of Öjaby Inlet, which is 
surrounded by a traffic route, streets, buildings 
and an industry area. 
  The populated area of Alvesta municipality 
and Hjortberga village has been supplied since 
1960 with drinking water from a groundwater 
source.  Since then there have periodically 
been problems with water quality, mainly in 
form of high levels of humus, iron and 
manganese, but also bacteria, and it is 
therefore difficult to achieve a stable and 
adequate water quality with the current 
treatment facility. The Ljungby municipality 
urban area is today taking its drinking water 
from three different water sources. A reserve 
source for water supply is not available in 
Ljungby.  In the late 1980s  
  Växjö municipality conducted studies of 
future water supplies and these resulted in two 
proposals, one with surface water and one with 
infiltrated water through artificial recharge as a 
raw water source. For the latter proposal 
further investigation was advocated, but the 
decision by the authorities gave a higher 
priority to the construction of a new sewage 
plant.  
  In 1997 Växjö municipality decided to 
conduct a new comprehensive investigation of 
the possibilities for the municipality’s future 
water supply. Six different options were 
presented besides the option of investigating, 
rebuilding possibilities and suggesting 
measures for the present Sjöudden water 
treatment plant, which became the seventh 
option.  Furthermore, in 1998 Växjö 
municipality together with many other 
unicipalities carried out a questionnaire 
investigation to form an opinion of how the 
municipality’s residents experience the quality 
of their drinking water. The answers showed 
that the judgement of consumers in Växjö 

about their drinking water placed it at the 
second last position of all the contributory 
municipalities. The questionnaire also showed 
that the most satisfied consumers were in the 
municipalities whose drinking water was based 
on ground water.  
  The objective of this article is to describe the 
various options and clarify the reasons for the 
choice of the third one with the extraction of 
groundwater from the ridge at Hallsjö in 
Ljungby municipality and why this choice 
ensures water quality and quantity. 

   

Problem description for the 
current water treatment plant 

The existing water treatment plant is situated at 
the Sjöudden district in the western part of 
Växjö at the south bank of Öjaby Inlet, a part 
of the Lake Helgasjön, which in turn is a part 
of the Mörrum Ridge catchment area. A 
comprehensive status survey, conducted in 
specialist areas of processing, construction, 
machinery, plumbing and electricity, showed 
the following deficiencies: the raw water 
intake is located at Öjaby Inlet in shallow 
depth of 3 meters, and therefore the raw water 
periodically contains a relatively large number 
of heterotrophic bacteria. A number of 
coliforms bacteria occur in a range which 
requires three microbiological safety barriers, 
although today there are only two, namely 
chemical precipitation and chlorination. 

The intake point is the most risky of the 
investigated area as the position of it is located 
so that all sources of pollution in the survey 
can affect this point. In addition there are a 
number of pollution threats at close range 
around Öjaby Inlet, such as stormwater 
outfalls, an airport and roads with a relatively 
high probability of an accident. In an accident 
the consequences may be serious, because the 
treatment plants today lack both a reserve 
intake and a reserve water supply 
(Scandiaconsult Bygg och Mark AB, 1998). It 
has also been estimated that the socio-
economic consequences of an accident will 
amount to at least 100 million SEK if an 
effluent of hazardous substances is discharged 
into Öjaby Inlet. (VBB Viak, 1995). The 
manganese concentrations in raw water have 
had a tendency to increase during the 1990s. 
Since the current treatment process is not 
designed to remove manganese, which thus 
remains in the drinking water, this can lead to 
problems in the distribution network, 
particularly after the break-up of the ice and 
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Table 1. Raw water quality in öjaby Inlet 1988–
1997  
Source: (Vai och M&V, 1998).  

Parameters  Raw water 
min–max  

Limit Value of 
drinking 

water  
Temp  (°C )  0.7–24.4  <12  

pH   6.6–7.2  ca 8.2–8.5  

Alkalinity  (mg/l)  10–15  ca 70  
Aggr. CO2  (mg/l)  <1–15  0  
Ca  (mg/l)  ca 7  ca 20–30  
COD Mn  (mg/l)  5–11  2–<4  
Colour  (mg 

Pt/l)  
8 –10  5–15  

Fe  (mg/l)  <0.05–0.49  <0.05–0.1  
Mn  (mg/l)  0.01–0.79  <0.02–0.05  
Turbidity  (FTU)   <0.5  
 
 
during the following summer. (VAI, VA-
Projekt AB, 1998).   

The temperature in summer amounts at most 
to about 24°C, while the temperature during 
winter can be just below 0.7 °C.  Follow-up 
studies of the water temperature show that the 
limit value of 20 °C is exceeded annually. 
Despite the installation of carbon filters in the 
'80s consumers have been affected by odour 
and taste problems periodically. The raw water 
has a certain smell and taste, which are often 
experienced as “evident”. The presence of 
odour and taste occurs throughout the year. 
The raw water content of organic matter 
(COD.Mn) is estimated at an average of 7 mg / 
l, which meets the limit value. The guideline 

value is 10 mg/l. Parameters of raw water have 
been compiled in Table 1.  

The water consumption at times approaches 
the plant maximum design capacity, which is 
1000 M3/h (278 l/s). Based on anticipated 
population growth the need for capacity 
expansion can be expected shortly. As many 
parts of the plant are very old and many 
temporary parts were installed without taking 
into account its entirety, the plant is difficult to 
operate with the result that the working 
environment and the safety of the staff are 
poor, i.e. it cannot today meet the requirements 
of a modern functioning plant regarding 
operation and maintenance (VAI VA-
projekt AB, 1998) 

Possible raw water supplies 
for Växjö, Alvesta and Ljungby 

Water supply can originate from surface water 
a well as from groundwater, which means that 
possible water resources include lakes, 
watercourses, and water conveying sand and 
gravel formations. An inventory has shown 
that there are four lakes which could be judged 
as suitable raw water resources for surface 
water or for artificial infiltration: Lakes 
Allgunnen, Helgasjön, Vidöstern and Örken. 
Four sand and gravel formations have also 
been deemed possible as ground water 
resources with or without artificial infiltration. 
These lake and gravel formations are shown in 
Figure1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Four lakes have been judged possible raw water  
Sources 
 
Four sand and gravel formations have been  

 

Fig. 1. Lakes and ridges in 
the Växjö & Alvesta area. 
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The Geological Survey of Sweden, SGU, 

has in its answer to the extended consultations 
noted that there is a lack of geological 
formation in the region in which the conditions 
exist for the extraction of groundwater for 
large-scale drinking water production. 
Furthermore, SGU considers that the 
requisitioning of the Bergaåsen ridge area for 
drinking water production is entirely in line 
with the EU Framework Water Directive and 
its proposed environmental quality objective 
Good- Quality Groundwater”.  
 

Possible future water supply 
alternatives. 

The project group presented in the 1998 report, 
based on the inventory made, six possible 
water supply alternatives. A further alternative 
was added involving remedial measures within 
the present Växjö WTP – hence called 
Alternative 7. 

The geographic location of all the 
alternatives is shown in Figure 2 and described 
below. Estimated investment costs are shown 
for 1998 (except for Alternative 6) and also for 
2001 for Alternatives 1-3 and 7. For the finally 
chosen Alternative 3 the estimated costs for 
2004 and 2007 are presented in (Table 3). 

 
Surface water based supply: 
 Alt 1: Surface water treatment plant WTP 

with intake in Örviken Inlet in Lake 
Helgasjön. 160/217 mil SEK 

 Alt. 2 : Surface water treatment plant 
WTP with intake in the north  part  of 
Lake Örken 225/315 mil SEK 

Alternatives 1 and 2 entail building an entirely 
new waterworks close to the existing water 
treatment plant at Sjöudden. The raw water is 

taken from Örviken Inlet and Lake Örken, 
respectively, and pumped to Sjöudden. The 
treatment will include manganese treatment, 
chemical precipitation, carbon filtration, 
alkalinization and disinfection.  
 
Ground water based supply: 
• Alt. 3: Ground water from the Bergaåsen 

ridge. 220/280 mill SEK.  
Bergaåsen is a part of Ljungby Ridge. This 
alternative is based on ground water from a 
large sand and gravel formation between the 
river Lagan and the village of Dörarp. To 
remove iron and mangan re-infiltration of 
ground water through the ridge is planned. The 
ground water is then pumped up from wells. 
After pH adjustment and alkalinisation the  
220/280water is pumped to Sjöudden in Växjö, 
where it is distributed to consumers. Because 
of the effect of the current water on the present 
distribution net, the new water is disinfected 
before being pumped to the consumers to 
prevent the growth of bacteria. 

 
Ground water with artificial infiltration: 
 Alt. 4: Vislandaåsen ridge infiltration with 

water from Örviken Inlet. 270 mill SEK 
 Alt. 5: Nybroåsen ridge, infiltration with 

water from Lake Allgunnen. 500 mill 
SEK. 

Alternatives 4 and 5 utilize water from 
Örviken Inlet and Lake Allgunnen for artificial 
recharge through Vislanda Ridge or Nybro 
Ridge.  To protect both ridges in the long term, 
the water pumped from the lake is pre-treated 
through chemical precipitation prior to 
infiltration. The groundwater is then pumped 
from a large number of groundwater wells in 
the ridge. After pH adjustment and 
alkalinization the water is pumped to Sjöudden 
in Växjö, where it is distributed to consumers. 

Fig. 2. Water supply 
Alternatives 1 to 6. 
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Vislanda Ridge is part of Alvesta Ridge, while 
Nybro Ridge is a large ridge formation 
between Nybro municipality and Vassmolösa 
comunity. Municipalities of Nybro and Kalmar 
have currently their water sources in the ridge. 

 
Combination alternatives  
 Alt. 6 : Braåsen with surface water from 
Lake Örken which is infiltrated through a 
natural slow filter in the formation (Braåsen) 
within Braås WTP. 

The ridge in the Braås area is largely broken 
and only a small portion of it which is 
connected to Braås water treatment plant can 
be used. The raw water is transferred from the 
northern part of Lake Örken to Braås area 
waterworks where it is pre-treated with 
chemical precipitation prior to infiltration into 
the ridge. The small ridge formation means 
that the retention time for the infiltrated water 
is only from a few hours to a couple of days 
and therefore the ridge function is considered 
to be equivalent to a slow filter in a 
waterworks. During investigations additional 
studies in Braås Ridge have shown that the 
formation capacity is limited, which means 
that the prognosticated water demand cannot 
easily be produced. This means that 
Alternative 6 is not feasible. 
 
The present WTP in Växjö 
 Alt. 7:  the rebuild and extension of the 
present Växjö WTP to be in function in a 15-
20-year perspective by changing the intake 
to Örviken Inlet of Lake Helgasjön. 130/179 
mill SEK. 

For each option the investigation of 1998 
calculated a capital cost based on rough 
principal sketches. The calculations have thus 
been made with a 20% uncertainty up and 
down. Investigation costs of about 10 million 
SEK have been added to the costs of 1998. In 
the mean time until the new water supply was 
estimated to be in operation, the existing plant 
had to be kept in operation and therefore 
emergency measures for several million were 
carried out for the management of chemicals 
and electrical safety during 1998-2001.   
 

  

Investigative and decision-
making process 

During 1997 Växjö municipality decided to carry 
out a comprehensive study of the possibilities 
for the future water supply in Växjö. In October 
1998 Alternative 3 “Ground water from 
Bergaåsen ridge at the Hallsjö area in Ljungby 

municipality“ was considered the most 
interesting of the seven presented alternatives.    
The Växjö Municipality Technical Services 
Committee decided in January 1999 to continue 
the effort to investigate the feasibility of this 
option and the possible location of the 
transferring pipes to Växjö.  The results of the 
first part of this work were presented in the 
reports “Feasibility study of conditions of 
groundwater production from Bergaåsen”, dated 
October 31, 2000, and “Feasibility study on 
transferring water between Bergaåsen and 
Växjö”, dated September 15, 2000. Subsequently 
system documents were set up dated April 25, 
2001, which describe how the groundwater 
production will be carried out and how the water 
will be transferred to Alvesta and Växjö, as well 
as the facilities required.  
  The City Council of Växjö decided in August 
2001 to realize the implementation of the water 
supply project and establish the documents for 
permission application. A project of this size 
requires an environmental court decision and 
the Government’s trial for permit. A 1300-page 
application for a decision according to the 
Environmental Code was submitted to the 
Environmental Court in Växjö in December 
2001. The processing time was estimated at a 
maximum of 1.5 years, but the proceedings were 
conducted in late October 2003. In an 
environmental assessment the Environmental 
Court scrutinizes the application, requests 
additional information and conducts the main 
proceedings. Then a statement is issued to the 
government. The government makes a trial for 
permit, i.e. ensures that the project is consistent 
with other national interests, etc., such as the E4 
Highway. The government's decision then forms 
the basis for the environmental court decision. 
The Environmental Court expressed its opinion 
on January 13, 2004, and handed over the issue 
to the government for trial.  In its statement to 
the government the Environmental Court 
supported the municipality's application on all 
essential points. The government commented 
positively in February 2005. When Växjö 
municipality finally received the environmental 
court decision on October 13, 2005, the court 
proceedings had lasted almost 4 years without 
there being any significant conflicting interests.  
  After the  decision, the National Land Survey – 
NLS – carried out the utility easement procedure 
to provide the opportunity to lay the water 
conveyance pipelines from the Bergaåsen area to 
Växjö. Figure 3 is a schematic presentation of 
the decision-making process.  
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Choice of water supply 
opptions 

In the comparison Alternative 6, “Braås”, is not 
included, as it was not deemed to have sufficient 
capacity for the future water supply 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
of Växjö. Due to the high investment costs 
which in 1998 were calculated for Nybro Ridge 
(alt. 5) and Vislanda Ridge (Alt. 4), respectively, 
these were judged not to be interesting to study 
again.   
With Alternative 1 the received drinking water 
will meet the current requirement for all 
parameters. But the temperature will for a few 
weeks in the summer exceed the benchmark, 12 
° C., and therefore the water treatment plants 
should be complemented with a refrigerating 
system to reduce the water temperature to the 
benchmark level throughout the year. This will 
cost 7-8 million SEK and give an operating cost 
of 0.1-0.2 SEK/ m3. 
In a comparison between Örviken Inlet for the 
intake of Alternative 1 and Lake Örken for the 
Alternative 2 intake as raw water resources it 
could be observed that the quality of  Lake 
Örken’s water is better and has lower and more 
even temperatures and a lower content of 
organic matter and manganese than Örviken 
Inlet. But the long distance means that the 
investment costs of transferring pipelines will 
increase by approximately 85 million SEK 
compared with using Örviken Inlet. Lake Örken 
has furthermore a significantly lower degree of 

exposure to risk and environmental impact than 
Örviken Inlet, which in the long term may mean 
that Lake Örken retains a very good water 
quality.  
In Alternative 7 a major rebuild and expansion 
of the existing water works would be necessary 
to meet the required capacity and quality 
demands as well as the demands on the working 
environment and personal safety. The proposed 
actions have an expected lifespan of 15-20 years, 
after which new reinvestments must be 
implemented. To ensure a safer, more stable and 
better quality of raw water it is proposed that its 
present intake point should be moved to 
Örviken Inlet. The previously carried out risk 
investigation shows that Örviken Inlet, is safer 
overall than Öjaby Inlet despite its proximity to 
Highway 30 and the airport. A new water 
pumping station with signal box and power 
supply equipment has been estimated to be 
needed to ensure the delivery of water to 
consumers  
Several parts of the plant are 30-50 years old and 
require a reinvestment in a 15-20-year 
perspective. The cost of emergency measures 
amounts to about 6 million SEK  added to the 
cost of the drinking water pumping station of 

 The application for a 
decision according to 
the environmental code 
was submitted to the 
Environmental Court in 
Växjö in  Dec. 2001    

Växjö Municipality decided in 
1997 to conduct a 
comprehensive study for its 
future water supply    

 
Presentation of Seven 

  

Växjö Municipality 
decided in Jan. 1999 to 
continue with   alt. 3.     

Feasibility study was 
started in Sep.- Oct. 2000 
of conditions of ground 
water production and on 
transferring water to 
Vä jö    
  

System documents were set 
uo in April 2001 (Technical 
description concerning 
production, transferring 
pipes, environmental 
consequences etc       

In Aug. 2001 City 
council of Växjö 
decided to realize the 
implementation of the 
project &establish the 
documents for 
permission 
application.  

The main 
proceedings were 
conducted in late Oct 

 

The Environmental 
Court expressed its 
positive opinion in 
Jan 2004 and handed 
the issue over to the 
government for trial 

In 13 oct. 2005 Växjö 
municipality received 
the Environment 
Court decision  

Fig 3. A schematic presentation of the decision-making  process.  
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about 20 million SEK. A complete rebuild 
and expansion of the existing water 
treatment plant in the long run will 

amount to approximately 110 million 
SEK (VAI, VA-Projekt AB, 1998). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As the knowledge of Alternative 3, 
Bergaåsen, has grown in the project, this option 
has become more and more interesting for 
Växjö’s future water supply. The completed 
feasibility study and development of systems of 
action with deeper studies (1999-2001) confirm 
that, in accordance with the synoptic assessment 
in 1998, the ridge can supply Växjö with good 
quality drinking water in a sufficient quantity. 
The continuing investigations showed that 
Ljungby municipality is positive to an 
implementation of the Bergaåsen option, and it 
was also considered a feasible option from the 
land owners’ point of view.  From all the studies 
conducted and from the test pumping it emerges 
that an extension of the withdrawal capacity 
beyond a 30-50-year perspective is possible.   

 

Description of the Bergaåsen 
ridge area 

Bergaåsen can be described as a very large and 
thick sand and gravel formation. It is located 
all along the east shore of Lake Vidöstern and 
continues southward to the municipalities of 
Ljungby and river Lagan. It is a part of the 
extensive ice river formations (boulder ridges 
and their side formations) all along the valley 
of the river Lagan, which extends from 
Jönköping municipality in the north to 
Markaryd municipality in the south  
(Fig 4). 

The part of Bergaåsen which is of interest to 
be used for municipal water supply is an area 
located between the Lake Vidöstern outflow 
into the river Lagan in the north and the  E4 
flyover across the river Lagan in the south, 
about 15 km to the north of the city of 
Ljungby. The area is bounded to the west by 
the Lagan and to the east by the new and the 
old E4 highways.  The area, which is just over 
3 km long and 1 km wide, is divided into three 
parts: North Hallsjö, Central Hallsjö and South 
Hallsjö. The formation in the area is up to 50 
m thick and the water conveying part rises up 
to 35 meter. 

The quantity of water in the area between 
the E4 flyover across the Lagan river in the 
south and in Lake Färsjön in the north is 
estimated at about 20 million m3, which is 
equal to three years of water consumption in 
Växjö and Alvesta. In the east, where the 
formation is thin and moraine begins, the water 
levels are approximately +155.0 meters. In the 
aquifer the water table is +143.0 to 144.0 
meters above sea level. A level change in the 
aquifer indicates that there is a good hydraulic 
connection between the aquifer and the river 
Lagan. 

 

Assessment criteria for the 
ridge capacity 

It was necessary to collect enough data as a 
basis to estimate the capacity of the ridge and 
to have a sufficient basis for the application for 
an environmental court decision. Figure 5 
below shows schematically the steps 
performed to prepare the required basis   for 
the environmental court decision.  
  The adjusted rainfall for the area is on 
average about 880 mm / year. Runoff and 
groundwater recharge are estimated at about 11 
l / s km2. The precipitation that falls within the 
area flows either through a watercourse or is 
drained through the aquifer to the river Lagan. 
The area which is drained to the Lagan 
(through the aquifer) is about 7 km2. The area 
is covered by North, Central and South 
Hallsjö, the part to the south and west of Lake 
Färsjön as well as smaller areas to the west of 
the river Lagan. The groundwater recharge 
through rainfall amounts to about 80 l / s (2.5 
million m3/year). The natural recharge does not 
cover the need for a water production of the 
planned order, but supplements are needed 

 

Fig. 4. Project area “Bergaåsen” 
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either through artificial recharge or through 
induced infiltration. In the event that the 
groundwater recharge is done by infiltration, 

the term re-infiltration is used. The basic water 
quality in the area is characterized by naturally 
low alkalinity and low hardness. It is therefore 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Simulate the flow and level variation at 
different apportions of abstraction and 
infiltration. 

Mathematical computer-based 
model 

Flow measurements 

Make a basis for 

The model 
made it 
possible 
    

Collected results from the surveys 
and modelling have been used as 
the basis for the selection of 
groundwater production area. 

Hydrological investigation 
 

                                  Fig. 6:  A schematic basis for the development of a mathematical model for 
                                  assessing the ridge    capacity. 
 
 

Hydrological mapping 

Type of 
soil 

 

Lakes 

Land uses and activities both within 
groundwater in the ridge and a long 
way of it, have been investigated. 
The aim has been to locate any 
pollution risk of groundwater or 
surface water in the immediate 
surrounding and upstream water 
source areas. 

 Mapping 

Water 
course 

 Basis for application for an 
Environmental Court decision 

Drilling surveys  Test 
pumping 

 Water 
sampling 

Area 
inventory   

Continued 
4 years 

Fig. 5 Steps performed to prepare the required 
basis for the environmental court decision  
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necessary to increase these parameters so that 
drinking water quality is achieved.  

To assess the ridge capacity for supplying 
groundwater and what is happening in the 
aquifer if the needed amount is taken for Växjö 
and Alvesta, a large number of studies have 
been conducted, including about 140 drilling 
surveys conducted since 1998 to map the 
earth’s geological structure and the aquifer 
extension. Furthermore, extensive test 
pumping programs, including long-term test 
pumping, have been implemented. With results 
from these surveys and test pumping as a basis, 
a special computer-based groundwater model 
of parts of the ridge has been constructed. With 
the help of this model it has been possible to 
simulate the flow and level variation at 
different apportions of abstraction and 
infiltration. Figure 6 shows schematically the 
basis for the development of a mathematical 
model for assessing the ridge capacity. 

 

Water supply system 
The water production area of the ridge covers a 
distance of 3 km with a width of about 1 km. It 
has been divided into 8 production areas as 
shown in Figure 7. Production zones 1, 2, 3 
and 4, arelocated in North and Central Hallsjö, 
normally operate for raw water production. 

Production area 5, which is located in 
Central Hallsjö, is a future reserve area for raw 
water production.  Area 6, located in South 
Hallsjö, is the main production area for 
drinking water. Area 7 is a future reserve area 
for drinking water production, possibly within 
a 30-years perspective, depending, among 
other things, on the full participation of 
Ljungby municipality. Area 8 is a future 
reserve area for drinking water and possibly 
raw water production, seen in a longer 
perspective. 

Raw water is pumped up from wells in 
North and Central Hallsjö and transmitted after 
treatment to the southern area to be re-
infiltrated in open infiltration ponds. So that’s 
why the net withdrawal from groundwater 
formation in South Hallsjö become small, thus 
minimizing the inflow from the Lagan River 
(Fig. 8).The pumped water is gradually 
replaced by so-called induced infiltration of 
water from the Lagan through the water banks 
and river bottom. The water residence time 

between the Lagan and the abstraction wells is 
estimated to exceed 1 month. 

The pumped raw water from North and 
Central Hallsjö is pH adjusted and alkalinized 
through the addition of carbon dioxide and 
chalk. This is done at the pumping station at  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hallsjö, which is located between the old and 
the new E4 highways. The water is led from 
there to infiltration ponds in South Hallsjö in 
which the water is slowly infiltrated through an 
approximately 40-m-thick gravel layer to reach 
the aquifer. The water is then pumped up into 
clean water wells. The residence time for the 
re-infiltrated water is expected to exceed 14 
days. 

The natural ability of the soil to turn surface 
water into a groundwater character is utilized 
in three steps: 
 • In the first step the water flows directly into 
the groundwater zone. 
• The second step involves re-infiltration in the 
elevation tableland.the water here passes 
through a ca.15-m aerated zone   before it 
reaches the aquifer. 

Fig. 7. Production area 
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• In the third step the water flows through the 
aquifer to the clean water wells. This step 
contributes to a further increase in quality.  

A complete reduction of bacteria, protozoa 
and pathogens can be expected by the long 
residence time until the water reaches the clean 
water wells. The total transmission time i.e. the 
time that the groundwater transport takes in the 
aquifer from the Lagan to the raw water wells, 
through infiltration ponds, and then as 
groundwater transport in the aquifer up to the 
clean water wells, will exceed 100 days (Mark 
& Vatten Ingenjörerna i Växjö, 2001).The final  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

alkalinization is made in the final step, 
possibly also a hardness increase and, if 
necessary, disinfection before the water is 
transferred to Växjö and Alvesta. This is also 
done at the pumping station in Hallsjö (Fig.9).  

In order to transfer the water 50km to Växjö 
by two 500-mm-thick water pipes, the pressure 
should be raised twice in two booster stations 
on the way. The first is located near the lay-by 
next to Lake Fenen beside Trunk Road 25.  
The second is at Lekaryd and also has the 
function to provide the connection point for 
Alvesta. The water is disinfected with UV or 
chlorinated, if necessary, before distribution to 
Alvesta water networks. The transmission 
pipelines run along the north side of Trunk 
Road 25 to the Långstorp district, where they 

cross the road and go up to the treatment 
building in the Kvälleberg district. It also 
contains UV filters and chlorine equipment for 
distribution to Växjö’s water network. 
Adjacent to the treatment building at 
Kvälleberg there are two high reservoirs with a 
total volume of 22,000 m3, which corresponds 
to the daily water consumption for Växjö and 
Alvesta (Fig. 10). 
  

Connecting Alvesta and 
Ljungby municipalities  

Alvesta has an agreement with Växjö 
municipality to join the water from the 
Bergaåsen ridge . The water resources as well 
as the transferring pipe lines have therefore 
been designed for the water requirements of 
both Växjö and Alvesta in 2030. Ljungby 
municipality has also signed an agreement 
with Växjö municipality to secure a portion of 
its reserve water from Bergaåsen. At a later 
stage Ljungby municipality may wish to be 
able to completely replace its current water 
production from Bergaåsen. This will then 
involve a water demand of 55 l / s for the mean 
daily and 75 l / s for the maximum daily 
consumption. This entails that the plant needs 
to be expanded with more wells, ponds and 
pipelines. The pipelines have been partially up-
dimensioned to be able to carry the increased 
flows.  

Water demand in Växjö, 
Alvesta and Ljungby 

The timescale for the design of the Bergaåsen 
water project has been set at approximately 30 
years. Today around 54,000 people are 
connected to the Sjöudden water treatment 
plant. The population connected in 2030 is 
estimated to be 62,000-72,000 people, with an 
estimated annual increase of 200-500 
(according to the municipal population 
prognosis for 2010).  An additional few 
thousand affiliated persons from other parts of 
the municipality may be added if these are 
connected to Växjö’s drinking water supply. 
The specific water consumption (270 l / pd), 
i.e. the total water consumption including 
industrial consumption, etc. divided among  
the number of connected people, is not 
expected to change to any great extent. 

With 72,000 people connected by 2030 the 
mean daily drinking water consumption is 
estimated at 19,400 m3 / d and the maximum 
daily at 25,300 m3/d. This represents an annual 
consumption of around 7 million m3. The 
estimated water need in Alvesta amounts to 

Fig. 8. Wells and pipelines 
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3,200 m3 / d (36 l / s) and for both Växjö and 
Alvesta  together the maximum daily 
consumption is estimated to reach  a total of 
28,500 
 m3/ d (329 l / s). For Ljungby municipality the 
water need for reserve water is estimated at 

 35 l / s for maximum daily consumption 
(Table 2). 

The water source as well as the transferring 
pipeline have been designed for both Växjö’s 
and Alvesta’s requirements for the year 2030. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

If the water contains iron 
and manganese, it is 
precipitated and filtered 
out by the sand in the re-
infiltration ponds 

Equipment for 
disinfection with sodium 
hypochlorite is installed 
in processing plants 
from the security point of 
view 

The processing plant 
consists of treatment 
machinery and earth 
reservoirs  

Raw water +chalk + 
Co2  

Area 6:  is the main production 
area. There are a number of 
re-infiltration ponds and clean 
water wells which catch up the 
re-infiltrated water. The wells 
are equipped with a structure 
that contains the machinery,   
electrical- and control 
equipment. The clean water 
wells are linked together in a 
pipeline system for transferring 
the water to the processing 
plant. 

Final alkalinisation 
is made, hardness 
increase if necessary 
& disinfection 
before the water is 
pumped to 50 km 
long transferring 
pipelines  

Design of the 
network  in the 
processing plant 
makes it possible to 
pump all or  a part of 
the raw water 
,depending on the 
quality , from area 1-
4 directly to the 
transmission 
pipelines, instead of 
to the re-infiltration 
ponds (area.6)  
 

 Production of drinking water is not dependent 
on the continuous supply of water to the re- 
infiltrations ponds. Any disruption in operation 
of the raw water pumping causes therefore no 
immediate crisis for water production. 

Addition of CO2 to dissolve 
   

Addition of chalk to raise the 
alkalinity Area 5 is a 

future reserve 
area for raw or. 
Drinking water 
production  

Area7 is a future 
reserve area for 
drinking water 
within a 30- years  
perspective 

Area 8 is a 
future reserve 
area for raw or. 
Drinking water 
production 
within longer 
future 

 
 

The pressure is raised 
twice in two booster 
stations on the way to 
elevation tank in 
Kvälleberg  at Växjö    
  
 

The residence 
time for the re-
infiltrated 
water is 
expected to 

  
 

Wells and ponds have a flexible 
design so that it makes 
possible to disable one or more 
ponds or wells, and still be able 
to hold the production  

Wells, ponds and 
groundwater levels 
is possible to 
monitor from the 
control centre at 
Växjö 

Fig 9 Flow chart showing the water path and the process of water 
production in Bergaåsen   

Area. 1-4 :Meant 
for raw water 
production. Raw 
water is pumped 
up from several 
abstraction wells 
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Table 2.  Future water demand in Växjö, Alvesta and Ljungby 
Water demand in Mean daily 

consumption in l/s 
Maximum daily 
consumption in l/s 

Maximum daily 
consumption in m3/d 

Växjö 225 l/s 293 l/s 25 300 m3/d 
Alvesta 28 l/s 36 l/s 3200 m3/d 
Växjö and Alvesta 253 l/s 329 l/s 28 500 m3/d 
Ljungby (reserve) 25 l/s 35 l/s  

 
 
This means a water demand of 253 l / s for 

the mean and 329 l / s for the max daily 
consumption. Pipelines for the distance 
Alvesta -Växjö have been dimensioned for 
Växjö's maximum daily needs for 2030, i.e. 
293 l / s.  

Should Ljungby municipality at a later stage 
wish to take all its water needs from the ridge, 
the estimated need is 55 l / s for the mean daily 
and 75 l / s for the max daily. This then entails 
that the plant needs to be expanded with more 
wells, reservoirs and pipelines. The designed 
network has to some extent taken into account 
how to manage the increased flows.  

Cost estimates for the 
remaining options 

The costs presented as follows are estimated 
by the price level in January 2001. Price 
increases since the autumn of 1998 have varied 
between 5% and 20% depending on the 
investment type. In the comparison Alternative 
6, “Braås”, is not included, because it is not 
deemed to have sufficient capacity to supply 
Växjö with water in the future. As the 
investment costs which were calculated in 
1998 for Nybro Ridge, Alternative 5, and 
Vislanda Ridge, Alternative 4, are high, these 

were judged not to be interesting to study 
again.  

To achieve as comprehensive accounting as 
possible the costs of construction, 
investigations, planning, designing, permits, 
developer costs, land payment and emergency 
measures for existing water treatments plant 
have been included. 

The Bergaåsen option includes the 20.2 
million SEK used up to January 2001 for 
drilling, test pumping, investigations, etc., of 
which 4.4 million SEK concerned wells that 
can be used in full production if the Bergaåsen 
option is to be implemented. It should be noted 
that the costs for further investigations for the 
Bergaåsen option would have remained even if 
one of the other options should be chosen. 

To account for what annual cost the four 
remaining alternatives will cause, the cost of 
capital for investment and re-investments has 
been calculated together with estimated costs 
for operation and maintenance over a 50-year 
period. The updated cost of 20.2 million SEK 
has been included in the calculation for all 
alternatives. The calculation has been made 
with straight-line depreciation and an interest 
rate of 6% at the 2001 price level. Figure 11 
presents the annual estimated cost for 
operation and maintenance of straight-line 
depreciation for the four options. 

 
Tabell 3. sammanställning över beräknade totala kostnaden för olika alternativ och tidpunkter. 
Alt.                                       Kostnadsnivå 1998    Kostnadsnivå 2001    Kostnadsnivå 2004    Kostnadsnivå 2007 
 

 Kostnadsnivå 
1998 , milj. 
Kr                                  

Kostnadsnivå 
2001  , milj. 
kr   

Kostnadsnivå 
2004, milj. kr     

Kostnadsnivå 
2007, milj kr. 

Kostnadsnivå 
2008, milj. kr 

1) Ytvattenverk, intag i 
Örviken 

160  217    

2) Ytvattenverk intag i 
Örken   

225 315    

3) Grundvatten från 
Bergaåsen.                   

220 280 323-352 395 455 

4) Vislandaåsen + 
ytvatten från Örviken      

270     

5) Nybroåsen + ytvatten 
från Allgunnens     

500     

6) Braåsen (är 
utbruten)                              

Ej aktuell, 
kvalitét och 
kvantitet 
 

179    

7) Renov. av befintligt 
vattenverk + ny 
drickvattenSP 

130     
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Fig. 10. Water supply system   (Source: Växjö municipality). 
 
 
Figure11 shows that Alternatives 3 and 7 go 

together in the first 15 years. After that 
Alternative 3, “Bergaåsen”, is the cheapest 
option throughout the remaining period. The 
main reason is that this alternative contains a 
high proportion of investments with long 
amortization periods. If the above annual costs 
should be financed through the water tariff, 
without a sharp increase when the facility is 
completed, the tariff should continue to be 
increased gradually by 3.5% during the 2000-
2005 period. 

The cost level in January 2001 has been 
updated to the cost level in January 2004 to 
323-352 mill SEK.  

Cost estimates have been performed for 
three different pipeline options and for 
different levels of bedrock existence and 
supplements for Earth rocks. The calculation 
showed that the costs are very much dependent 
on bedrock existence. The total investment for 
the project was in the 2007 budget estimated at 
395 million SEK. The consequence of the 
drawn-out environmental testing was that the 
construction of the project ended up in a 
cyclical boom and in a period of high oil 
prices, which affect the price of the pipes. In 
return, the interest rate has fallen, making the 
current water rate level sufficient to fund the 
project. Operating and maintenance costs of 
the facilities at the ridge, pumping station, the 

other pressure stations, pipelines, high 
reservoir, etc. have been calculated at 7.5 
million SEK/ year (Bruch, mf. 2001, Rev. 
2004) (Table 3). 

 

Concluding discussion 
Quantity, quality, chemical dependency, 
environmental impact as well as risk and 
vulnerability are important aspects for the 
selection of future water supply. 
The water quality of groundwater-based 
alternatives is usually better, especially with 
regard to temperature and organic matter 
content as well as taste and smell. The 
groundwater, which is usually free of bacteria, 
also provides conditions for long-term 
avoidance of disinfecting water with chlorine if 
the network does not require it. 

There may be limitations on 
water quantities in groundwater formations, 
while surface water resources usually have a 
higher capacity. The environmental impact of a 
water supply facility may be difficult to 
evaluate before more detailed plans have been 
developed for each option. Generally, a 
groundwater plant requires a large area, but the 
parts that are visible above ground are very 
limited. Long pipelines will obviously have an 
impact along the route during the pipe-laying 
phase. The higher chemical consumption of a 
surface water treatment plant will result in a 
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greater environmental impact and resource 
consumption compared with a ground water 
treatment plant. A surface-based treatment 
plant is more exposed to risk and vulnerability 
regarding the direct impact of the water 
resource, but this can usually be resolved by 
the availability of a reserve water supply. 
Groundwater may be experienced as more 
secure, but if an impact occurs on the sand-
gravel formation, it may be difficult to rectify 
the damage within a limited period of time. It 
is therefore important that aquifers are 
protected properly and that a sectioning is 
made to avoid that the whole water catchment 
is affected by an accident. A possible 
groundwater resource will be far away from 
Växjö, which means long pipelines that can 
fail. The safety issue for the pipes may be 
solved by a high level of repair preparedness 
and the Bergaåsen option has spare capacity in 
the elevation reservoir in the Kvälleberg 
district.   

In conclusion, there are advantages and 
disadvantages of both surface and ground-
based alternatives. A groundwater system 
needs more extensive measures during the 
planning and construction stage than a surface 
water treatment works, but the final product to 

consumers, drinking water, often tastes good 
with regard to both composition and 
temperature. 

Bergaåsen is a large groundwater-carrying 
formation which allows for great flexibility in 
how the ridge can be exploited for the 
production of drinking water. The technique of 
re-infiltration has been chosen to ensure that 
good water quality can be achieved even in the 
long term. Since drinking water is a food, any 
risks and the vulnerability of supply water 
should be taken extremely seriously. If the 
water quality should deteriorate in the future, 
the existing treatment may be supplemented 
by, for example, oxidation or chemical 
precipitation of the possible infiltration water.  

The existing groundwater quality is very 
good. However, it has a deficit of alkalinity 
and calcium and a low pH as well as 
containing some aggressive carbon dioxide (J 
&W and Mark & Vatten Ingenjörerna AB, 
2001). When a certain flow from the river 
Lagan to the aquifer occurs, there is some risk 
that the groundwater may be affected by the 
Lagan waters, which may cause some increase 
in iron and manganese. Alternative 3 was 
chosen because it ensures long-term water 
quality through the re-infiltration procedure 

 
Fig 11. Annual estimated cost for operation and maintenance of straight-line depreciation for the four 
options (Source: Växjö municipality) 
 
 
and because this option involves the greatest 
flexibility in the water production. The option 
may be introduced in the autumn of 2008 with 
the delivery of 200 liters of water per second 
for about 70,000 people in Växjö and Alvesta 
municipalities. 
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Abstracts   
The water and wastewater infrastructure began to be developed in Sweden more than one 
hundred years ago. Much attention was given, in the beginning, to fire prevention and 
hygienic problems with water borne diseases. Somewhat later storm sewers (combined 
system) were constructed to remove storm water and wastewater and then successively 
more efficient wastewater treatment plants were developed. Today water and wastewater 
handling is seen as a multidisciplinary subject where also attention is given to possible 
effects of climate changes and possibilities for resources recovery. 

Implementation of advanced water and wastewater systems involves not only 
different technologies but also effective administration and legislation. The 
implementation may be on national (also involving EU directives), regional and local 
scale. As a case study, the local implementation will be illustrated for the municipality 
Växjö in South Sweden with about 80,000 inhabitants. 
 
Key words: historical development, management, policies, Sweden, Växjö, water, 
wastewater. 
 

Historical developments   
Sweden has today about 9 million inhabitants and is, on average, rich in water. Water is 
abundant in the Northern part but in a few parts in especially in South Sweden and the 
archipelago water scarcity has been observed. The many in-land lakes are often sensitive 
to pollutants and the Baltic Sea has severe problems with pollution and eutrophication.  

Developments of water and wastewater systems began with fire prevention in cities 
more than a century ago. The reason was the many wooden houses and many fires caused 
destruction of large parts of the cities. Design of water mains had to consider that enough 
water could be supplied. At about the same time it was gradually understood by medical 
expertise that different outbreaks of epidemics were caused by water borne pathogens. 
The solution to this problem was to transport water with a high water quality and led to a 
gradual increase of water infrastructure with water mains and pipes. 

mailto:nasik.al-najjar@vxu.se
mailto:nasik.al-najjar@vxu.se
mailto:bgh@kth.se
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Storm water and sewage were led out in open ditches or channels. They were 
gradually substituted with mains for discharge of storm water and wastewater. 
Environmental concern led to building of wastewater treatment plants with start of 
extensive building of plants to remove visible pollutants by mechanical treatment around 
1930, to remove organic materials by biological treatment around 1950, to remove 
phosphorus by chemical precipitation around 1970 and modification of the biological 
treatment to also include nitrogen removal around 1990. The possible need to remove 
pharmaceuticals and antibiotic microorganisms is much debated at present. 
 

Administration and legislation   
The responsibility for water supply and drinking water in Sweden lies on the Ministry of 
Health and Social Affairs and for environmental protection on the Ministry of the 
Environment. The ministries have as central supervisory agencies the National Food 
Administration and Swedish Environmental Protection Agency (SEPA), respectively. 
Decisions at a regional level are made by County Administrative Boards and most   
permits for wastewater treatments plants are issued by these boards or alternatively by 
environmental administration in municipalities. Only for large and complex activities 
permits are issued by regional Environmental Courts. 

Water and wastewater services are normally provided by local authorities or 
municipally owned companies, which own and operate all facilities. Privatization has 
taken place only to a small extent to for instance operate the systems for a certain period 
or getting both ownership and responsibility for operation of the systems. Municipalities 
can determine fees for water and wastewater services to cover own investments and 
capital and running costs. According to Swedish legislation no profits are allowed. Water 
and wastewater handling is today much influenced by EU directives such as the EU 
Water Framework (Hannerz, 2008). 
 

Source control and sorting of streams   
Large industries in Sweden such as pulp and paper and mining industries have separate 
water supply and wastewater treatment. Most of the other industries have their water 
supply from municipalities and they also discharge their wastewater into the sewer net. 
Earlier these discharges were the main problem for the sewer net and treatment plant. 
Stringent rules were, however, gradually developed and in principle only industrial 
discharges are allowed with similar properties as municipal wastewater. Other pollution 
sources have increased in importance and different actions have been taken to improve 
source control include: 
 

• Changes of building materials inside buildings as use of plastic material instead 
of copper in water pipes 

• Use of water saving equipment as low-flushing toilets, high-efficient washing and 
dishing machines, etc 



In Proceedings of:  
The International conference on an International Perspective on Environment and Water Resources, Bangkok, 

Thailand. 5-7  January  2009. Arranged by EWRI, ASCE and  Asian Institute of Technology (AIT) 

 3 

• Changes in external building materials to decrease the amount of corrosion 
products in storm water 

• More stringent rules on air pollution (cars, no lead in gasoline, energy production) 
to decrease pollutant supply to storm water 

• Forbid or restricted use of certain chemicals 
• Taxes on certain products as on energy 
• Information campaigns to use environmentally friendly products, avoidance of 

using toilets for toxic discharges etc 
 

Sorting of different streams is common practice in industries (process waters, cooling 
water, storm water, wastes from kitchens and toilets etc) and sorting is motivated by 
improved possibilities for product recovery and to facilitate treatment. Sorting has also 
been discussed for households of different streams but has not come into practice in 
urban areas. Examples are urine sorting toilets, sorting of black water and grey water for 
separate treatment. Main emphasis has, however, been laid on separation of storm water 
from wastewater. 

About 85% of the Swedish population is connected to the municipal water net and to 
sewer and storm water systems. Wastewater and storm water can be transported by 
combined or duplicate systems. The combined system is characterized by transport of 
wastewater storm water and drainage water in one common pipe. To reduce overflow 
combined systems are sometimes equipped with detention basins. Combined systems are 
used in city parts built before about 1955.  

Duplicate systems with separate transport of wastewater one pipe and storm water in 
another pipe have mainly been built for new building areas as many suburbs after 1955. 
Storm water in dense populated areas may be treated locally by use of infiltration or 
constructed wetlands. In rural and sparsely populated areas storm water may be 
transported in open ditches and directly discharged into the recipient.      

 

Process technology development   
Wastewater treatment plants were often gradually built during in a long period with 

for instance a mechanical step in 1930, followed by a biological step in 1950 and then a 
chemical precipitation step in 1970. Biological treatment (most often with the activated 
sludge process) and post-precipitation became the dominating process scheme. When 
requirements came on nitrogen removal the most common way was to increase the 
volume of the aeration basin of the activated sludge process and use of pre-
denitrification, i.e. use of an oxygen free zone for denitrification and an aerated zone for 
nitrification. A lot of modifications exist and much work has been laid on lowering the 
operational costs for the built plants by finding ways to decrease the need for chemicals 
and energy for instance by use of process modifications, better equipment and efficient 
methods for monitoring and process control (Lundin, 2000).  
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In the future it may be necessary to reach more stringent effluent requirements for 
instance replacing existing process parts with new technology or supplementary 
treatment. Some of the process technologies that are studied include: 
 

• Use of biological phosphorus removal and often with low dosages of chemical 
coagulants to a final step 

• Use of the anammox process for removal of nitrogen in supernatants from 
digesters 

• Use of oxidation technology (as addition of ozone) or adsorption by activated 
sludge to remove organic micro-pollutants and antibiotic resistant pathogens 

• Use of membrane technologies 
 

Resources recovery   
Much attention is today given in Sweden on possibilities to recover different 

resources in influent wastewater. Energy recovery has been given a high priority and 
heating pumps are used at many plants to recover the heat in wastewater and use it for 
central heating systems. The produced biogas in digesters is today considered as suitable 
for use as fuel for instance for busses. 

In many countries the water content in wastewater is the most valuable resource to 
recover. However, this use is not considered in Sweden except for a few cases for 
irrigation. The other components in wastewater that are evaluated for recovery are 
(Hultman et al., 2007): 
 
• Inorganic materials as sand for recovery by washing sand removed in grit 

chambers. This technology has increased during the last years  
• Organic materials not only for biogas production but also during incineration of for 

instance rags and paper removed in pre-treatment steps 
• Phosphorus recovery has been considered both by leaching of ashes from 

incineration of sludge, treatment of dewatered digested sludge and as recovery of 
magnesium ammonium phosphate. No full-scale plant exists at present in Sweden 
with phosphorus recovery 

 
 

Implementation of water management and technologies in Växjö 
municipality   

National and local aspects 
The Swedish government has set up 16 environment goals which national administrative 

organizations like the Swedish Environment Protection Agency tries to find practical 
strategies to implement. The implementation should also be in agreement with for 
instance EU directives and international commitments. The different environmental goals 
are normally formulated as a partial way to obtain sustainable development and are valid 



In Proceedings of:  
The International conference on an International Perspective on Environment and Water Resources, Bangkok, 

Thailand. 5-7  January  2009. Arranged by EWRI, ASCE and  Asian Institute of Technology (AIT) 

 5 

on different aspects on all environmental aspects. As an example one goal is 
requirements that at least 60% of the used phosphorus should be recovered in order to 
avoid depletion of natural resources as for instance apatite. 

At a local level many municipal have developed own environmental plans to consider 
both the national strategies and the local conditions (Hannerz, 2008). An important 
aspect of local implementation is Agenda 21which describes the need and benefits to 
give the inhabitants possibilities to influence the planned strategies and their local 
consequences. Växjö municipality will be used as an illustration of local implementation. 
The municipality is situated in the middle of south Sweden and has today a population 
close to 80,000 inhabitants and with a varied trade and industrial activities and a growing 
university. 
 

General local implementation in Växjö municipality 
In May 2006 the politicians adopted the new steering document: Environmental 
Programme for the City of Växjö. EcoBUDGET is an environmental management 
system developed for steering and following-up the goals in the environmental 
programme. Three profile areas were developed: Living Life, Our Nature and Fossil Fuel 
Free Växjö (Växjö municipality, 2006). 

The profile area “Fossil Fuel Free Växjö” got much recognition as two international 
rewards in 2007 for the ambitious programme with goals and results and was also 
recognized by for instance BBC London. The emission of carbon dioxide from Växjö 
was estimated to have decreased by 30% per capita between 1993 and 2006. As Växjö 
municipality by ICLEI-Local Governments for Sustainable has suggested Växjö to be the 
greenest city in Europe many strategies and implementation methods may be used as 
good illustration examples (Växjö municipality, 2008). 

Concerning aspects to comply with for instance the EU Water Framework Directive 
much attention was given to lake restoration, storm water handling, future water supply 
and wastewater treatment and these aspects will be described in the following. 
 

Lake restoration 
 In the municipal district of Växjö there are more than 200 lakes covering 13% of its 
area. Lake Helgasjön north of Växjö has been used as drinking water resource since 1887 
but is much influenced by different discharges. The four largest lakes (Lake Trummen, 
Lake Växjösjön, Lake Norra and Södra Bergundasjön) are interconnected and had large 
problems with eutrophication due to sewage discharges and low water renewal. Projects 
were therefore started to restore the lake quality and feasibility of different restoration 
methods were evaluated. The chosen method was suction dredging of bottom sediments 
and treatment of the removed sediments. The system is illustrated in Figure1. Treated 
clarified water was returned to the lake and removed sediments were used as fertilizer for 
parks. Data for three restored lakes are shown in Table 1. 
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Fig. 1.  Diagram of the restoration technique. 
(1)Suction dredger designed to operate with minimal turbidity and mixing, (2) sedimentation basin, (3) 
runoff water, (4) precipitation of phosphorus and suspended matter with aluminium sulphate, (4a) 
automatic dosage, (4b) aeration, (4c) sedimentation, (4d) sludge pond, and (5) clarified runoff water, (6) 
The dried sediment is used as fertilizer for parks.  Source: internal material from Växjö Municipality. 
 
  
  
Table 1. Data for three restored lakes in Växjö municipality. Source: internal material from 
Växjö Municipality. 
 
Facts  Trummen Växjösjön Södra Bergundasjön 
Restorations’ year 1970-1971 1990-1991 1992-1996 
Total area  0.99 km2 0.87 km2 4.3 km2 
Depth before resto.  2.1 m 6.0 m 6.0 m 
Depth after resto.  2.5 m 8.0 m 10.0 m 
Costs $400 thousand USD $4.2 million USD $5.3 million USD 

 

Storm water transport and treatment 
The central part of Växjö municipality cannot remove storm water in a safe way in 
certain parts of the central parts. The solution chosen was to construct a 230 m long 
channel (called Linne channel). The channel width varies between 9-12 m and the 
detained volume of the channel is 3000 m3. Two culverts are connected with a diameter 
of 1.2 m to the channel supplying storm water from other areas. The channel is shown in  
 

 
 
Fig. 2. Linne channel at different water levels (left) high level, (right) low level 
(Source: internal material from Växjö Municipality). 
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The storm water is treated before discharge into the restored lakes (Lake Trummen, 
Lake Växjösjön and Lake Södra Bergundasjön). This is done by use of water ponds for 
flow equalization and sedimentation of suspended solids followed by constructed 
wetlands. This is shown for Bäckaslöv treatment system with one storm water pond and a  
downstream constructed wetland before discharge into Lake Bergundasjön (Fig. 3). 
 

 
 
Fig. 3. Bäckaslöv treatment system for storm water.  
(Source: internal material from Växjö Municipality). 

 
 
 Effects of treatment of storm water by use of ponds for Lake Växjö for the 

concentration of phosphorus in the outlet are shown in Figure 4. A steadily decrease has 
been obtained since year 1985. 
 
 

 
Fig. 4. Concentration of phosphorus in the outlet from Lake Växjö. 
(Source: internal material from Växjö Municipality.) 
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 Future water supply and treatment   
About 85% of the population in Växjö is connected to municipal water and wastewater 
systems (as in average in Sweden). The other part of the population has private 
alternative systems as wells for water supply, handling of toilet wastes in septic tanks or 
composting toilets and treatment of grey water by infiltration. 
The water source for supply of water to central parts of Växjö comes, since more than a 
century ago, from Lake Helgasjön. As its water quality has gradually declined due to 
increased urbanization and industrial activities different methods have been evaluated to 
secure water supply with a high quality for the future. Based on seven different 
alternatives the chosen alternative was to use ground water from an esker and with the 
use of re-infiltration of ground water. This system will be implemented during the end of 
2008 and it is estimated that the chosen system can supply water with a good quality to 
about 70,000 persons (Al-Najjar, 2007). 
 

Wastewater treatment   
A new wastewater treatment plant has been built to secure water quality in Lake Norra 
Bergundasjön and the river from the outlet (Mörrumsån). Effluent requirements as yearly 
average values were less than 0.2 mg P/l and 10 mg BOD7/l and at least 50% 
nitrification. From a technical point, the phosphorus requirement is the most difficult to 
obtain and continuously operated sand filters (DynaSand) were installed as the last step 
and showed an efficient removal efficiency. Obtained degree of nitrification and nitrogen 
removal was 72% and 69%, respectively, during 2007. Higher efficiency on nitrogen 
removal may be needed in the future due to EU regulations. 
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