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Abstract 
Even though water is essential for all living beings, the way humans manage water is traditionally linear; 

extract, use and dispose. By doing so, many cities have partly disconnected themselves from the 

environment by existing beyond the local hydrologic system. A circular water system, which reuse water 

within the technical water system, has the potential to improve the status of the environment and reduce 

pressure on existing water resources. As such it is an approach that receives increasing attention. This 

study aims to investigate how a circular water management approach can reduce freshwater 

consumption and decrease the human pressure on water resources through a case study of the island 

Sandön/Sandhamn in the Stockholm archipelago. A literature overview which identifies circular water 

management strategies have been performed along with a situation analysis of Sandön. To identify and 

assess different options of reuse the framework of strategic environmental assessment have been used. 

In the case of Sandön, which have a high water-demand peak during summer, decentralised solutions 

for one of the largest water consumers is recommended. Reclaiming water from the wastewater 

treatment plant to, among other, flush toilets would also be favourable. Private homeowners could also 

beneficially implement reuse by flushing toilets with water used to wash hands or from showers. The 

study shows that circular water management provides an opportunity to reduce pressure on water 

resources and use them in a more efficient manner. The most crucial criteria for circular water measures 

success is public acceptance. It is also important to thoroughly map local conditions to identify the best 

suitable reuse measures as each location is unique. 
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Sammanfattning 
Vatten är en livsnödvändig resurs, ändå förvaltas vattenresurser ofta på ett linjärt sätt vilket har medfört 

att städer delvis kunnat koppla ifrån det lokala hydrologiska systemet. Detta leder till att vattenresurser 

överutnyttjas. Ett cirkulärt vattensystem, vilket återanvänder vatten inom det tekniska systemet, kan 

potentiellt förbättra miljöförhållanden och minska belastningen på naturliga vattenresurser. På grund 

av detta ökar uppmärksamheten för cirkulära vattentekniker. Den här studien syftar till att undersöka 

hur cirkulärt vattenförvaltning kan minska dricksvattenanvändningen och det mänskliga trycket på 

vattenresurser genom en fallstudie av ön Sandön/Sandhamn i Stockholms skärgård. En 

litteraturöversikt som identifierar cirkulära vattenhanteringsstrategier har utförts tillsammans med en 

situationsanalys av Sandön. För att identifiera och utvärdera olika alternativ för vattenåteranvändning 

har ramverket för strategisk miljöbedömning använts. När det gäller Sandön, som har en hög 

efterfrågan på vatten under sommaren, rekommenderas decentraliserade lösningar för en av de största 

vattenkonsumenterna. Återvinning av vatten från avloppsreningsverket för att bland annat spola 

toaletter skulle också vara gynnsamt. Enskilda fastighetsägare kan också på ett fördelaktigt sätt 

återanvända vatten genom att spola toaletter med vatten som används för att tvätta händerna eller 

duschar. Studien visar att cirkulär vattenförvaltning innebär möjligheter att minska trycket på 

vattenresurser samt att använda dem på ett mer effektivt sätt. Det mest avgörande kriteriet för en 

framgångsrik cirkulär vattenförvaltning är acceptans från allmänheten, och i synnerhet de som 

använder lösningarna. Det är även viktigt att noggrant kartlägga lokala förhållanden för att identifiera 

de bäst lämpade återanvändningsåtgärderna. Detta eftersom varje plats är unik. 
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Abbreviations and definitions  

Circular water management – when water reuse is implemented within a spatial setting.  

Water reuse – The beneficial use of reclaimed water  

Reclaimed water – Water that have been used for one purpose were after it (if necessary) is treated 

and used again for the same or other purposes. Rainwater is in this thesis also included as reclaimed 

water.  

 

SBR – Sequence batch reactor 

SGU – Geological Survey of Sweden (swe: Sveriges Geologiska Undersökning)  

WWTP – Wastewater treatment plant  

  



 

vi 

 

Table of Content 

1. Introduction ..................................................................................................................................... 1 

2. Aim and scope ................................................................................................................................ 2 

3. Background ..................................................................................................................................... 4 

3.1. Sustainability ............................................................................................................................. 4 
3.1.1. Policies for sustainable development................................................................................. 4 

3.2. Water cycle or hydrologic cycle – the circularity of water ......................................................... 5 

3.3. Assessment framework ............................................................................................................. 7 
3.3.1. Water Saving Challenge .................................................................................................... 7 
3.3.2. Strategic environmental assessment – SEA ...................................................................... 7 

3.4. Sandön (Sandhamn) ................................................................................................................. 9 
3.4.1. Public services ................................................................................................................. 10 
3.4.2. Transport .......................................................................................................................... 11 

4. Methodology ................................................................................................................................. 12 
4.1. Literature overview .................................................................................................................. 12 

4.2. Case study ............................................................................................................................... 12 
4.2.1. Desktop study................................................................................................................... 12 
4.2.2. Observations .................................................................................................................... 13 
4.2.3. Interviews ......................................................................................................................... 13 

4.3. Assessment frameworks ......................................................................................................... 15 

5. Circular water management ........................................................................................................ 16 

5.1. Benefits and barriers ............................................................................................................... 16 

5.2. Scales of implementation ........................................................................................................ 16 
5.3. Evaluation criteria .................................................................................................................... 17 

5.4. Treatment ................................................................................................................................ 17 

5.5. Circular water management options ....................................................................................... 18 
5.5.1. Agricultural reuse ............................................................................................................. 19 
5.5.2. Urban reuse...................................................................................................................... 19 
5.5.3. Industry reuse................................................................................................................... 21 
5.5.4. Environmental/Recreational reuse and landscaping ....................................................... 21 
5.5.5. Potable reuse ................................................................................................................... 21 
5.5.6. Rainwater harvesting ....................................................................................................... 21 

6. Sandön ........................................................................................................................................... 22 

6.1. Natural landscape.................................................................................................................... 22 
6.1.1. Geology and topography .................................................................................................. 22 
6.1.2. Hydrology and climate...................................................................................................... 23 
6.1.3. Flora and fauna ................................................................................................................ 24 
6.1.4. Seascape ......................................................................................................................... 25 
6.1.5. Groundwater formation .................................................................................................... 25 
6.1.6. Water Quality.................................................................................................................... 28 

6.2. Cultural landscape ................................................................................................................... 29 
6.2.1. Population ........................................................................................................................ 29 
6.2.2. View of water .................................................................................................................... 31 



 

vii 

 

6.2.3. Agriculture, husbandry and fishery .................................................................................. 31 
6.2.4. Tourism ............................................................................................................................ 31 
6.2.5. Sport activities .................................................................................................................. 32 
6.2.6. Public services ................................................................................................................. 33 
6.2.7. Human pressure ............................................................................................................... 33 

6.3. Technical landscape ................................................................................................................ 34 
6.3.1. Municipal water plants and sewage systems ................................................................... 34 
6.3.2. Private water and sewage management ......................................................................... 37 
6.3.3. Ongoing water projects at Sandön................................................................................... 38 

6.4. Connection between layers ..................................................................................................... 38 

7. Assessment ................................................................................................................................... 39 

7.1. Options for reuse of water on Sandön .................................................................................... 40 

8. Recommendations........................................................................................................................ 43 
8.1. Decentralised reuse of greywater at Seglarhotellet ................................................................ 43 

8.2. Reclaim water from the wastewater treatment plant ............................................................... 43 

8.3. Reuse in private homes ........................................................................................................... 43 

9. Discussion ..................................................................................................................................... 44 

10. Conclusion ................................................................................................................................. 46 

11. Future research ......................................................................................................................... 47 

12. References ................................................................................................................................. 48 

12.1. Personal communication ..................................................................................................... 54 

13. Appendix .................................................................................................................................... 55 

13.1. Interview guide Residents.................................................................................................... 55 

13.2. Interview guide Värmdö Municipality ................................................................................... 56 
13.3. Interview guide Businesses ................................................................................................. 57 

13.4. Calculation Resident water usage ....................................................................................... 57 

13.5. Calculation guest marinas ................................................................................................... 57 

 



 

1 

 

1. Introduction  
In 2015 the United Nations General Assembly agreed on the 2030 Agenda for Sustainable Development 

which with its 17 Sustainable Development Goals (SDGs) and 169 global targets aim to steer the world 

on to a sustainable and resilient path.  SDG 6, “Ensure availability and sustainable management of water 
and sanitation for all” (UN Water, 2018), is crucial for the entire 2030 Agenda as fresh water is essential 

for all life, ecosystems and the economy. However, population growth and human activity, causing 

climate change and pollution is overwhelming nature’s ability to provide key functions and services. If 
humanity continues to degrade and overuse water resources, it is estimated that 52% of the world’s 
human population and 40% of the grain production will be threatened by 2050 (UN Water, 2018). 

Something needs to change in order to ensure current and future generations prosperity. Thus, 

strategies for how to use and manage water sustainably is urgent.  

Naturally, all water on earth circulates in a global system called the hydrologic cycle. Of all water on 

earth, 97.5% is saline and just 2.5% is freshwater (Nordström, 2005, pp. 35-36). 30% of this freshwater 

is groundwater and 69% consist of ice or snow in the polar regions (ibid.). Only 0.26% of the global 

freshwater resource is surface water (lakes, rivers etc.), this is also the main freshwater resource humans 

can use without impacting the hydrologic cycle (ibid. p.38). Due to this, humanity always have the same 

amount of available freshwater. However, as the human population grow and the water resources are 

disproportionally distributed over time and place, water scarcity becomes a problem on small or large 

scales (ibid.).  

Although water naturally circulates on a global scale, the way humans manage water is usually linear; 

extraction – use – dispose (EPA, 2012). This way of distributing water have enabled cities to party 

disconnect themselves from the environment, by existing beyond the local hydrologic system which they 

rely on (Wilcoxa, et al., 2016).  Modern sewage systems use large amounts of freshwater only to 

transport effluent to the wastewater treatment plant (Nordström, 2005, p. 21). For a long time, 

wastewater have been disposed without treatment, which have had serious health impacts and caused 

degradation of receiving water bodies (Lofrano & Brown, 2010). Throughout history the 

implementation of sufficient wastewater treatment is stated to have had the greatest benefit for human 

health, it was however not understood until the 19th century (ibid.). In 1972 the Clean Water Act where 

passed in the US, which mandated secondary treatment (use of micro-organisms to separate organic 

materials) of wastewater (ibid.).  In 1991 a directive on urban wastewater treatment was adopted by the 

European Union to protect the environment from harmful discharge of wastewater (European 

Commision, 2019). In 2000, the European water directive was formed to protect surface water, water 

in boundary zones, coastal water and groundwater, by (among other things) minimising the discharge 

of pollutants to water bodies (Knutsson & Morfeldt, 2002, pp. 152-153). Today, treatment technologies 

where the outlet-water can be cleaned to a greater quality than drinking water are available (Lofrano & 

Brown, 2010; EPA, 2012). So why let this treated water out to the sea or other water bodies? Why not 

use it again, if not for drinking, for other processes. This sparks the idea that the human management 

of water could be circular.   

Water reuse receives more and more attention as a tool to address both water supply and wastewater 

disposal needs in various areas (EPA, 2012). Figure 1 illustrate traditional versus circular water 

management systems. Water reuse have the potential to improve the status of the environment, lower 

greenhouse gas emissions and cover peaks in water demand (European Commision, 2018). The US 

Environmental Protection Agency (EPA) therefore urges the need to integrate reuse programmes into 

broader planning initiatives (EPA, 2012). In May 2018, The EU Environmental committee put forward 

a proposal to drastically increase the reuse of water in the union (European Commision, 2018). The 

proposal was approved in early 2019 however regulation needs to be changed in order to reuse 

wastewater for industrial processes and to irrigate crops (Röhne, 2019).  If the proposal is fulfilled, more 

than half of all water in the EU water plants could be reused (ibid.). One initiative which aims to 

investigate the potential implementation of water reuse is the project Circular Water Challenge, which 

during the course of 2019 will investigate how water could be saved by potentially reusing water on 

islands in the Baltic Sea. This thesis is one part of this project.  
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Figure 1 Basic illustration of water management system (based on EPA, 2012) 

Sweden has generally not suffered from water scarcity but due to climate change, extreme weather 

events such as heavy precipitation, flooding and droughts are likely to be more common. The summer 

of 2018 was pressing for many municipalities in Sweden; 85 of 209 put in restrictions on irrigation and 

more than 100 encouraged their citizens to use fresh water with care (MSB, 2018). Small islands often 

have scarce freshwater resources (ESPON, 2010) and are generally not connected to the municipal 

water and sewage system (SGU, n.d.). The water situation often gets more pressing during the summer 

months, as small islands usually have a great seasonal variation of residents along with large numbers 

of summer visitors (Nordström & Pleijel, 2019). Additionally, small islands often constitute unique 

ecological and cultural environments (ibid.). This sheds light on the challenges that small island 

communities face.  

Small islands are however interesting objects to study as it naturally has a confined system boundary – 

the sea that surrounds it. In this thesis the island of Sandön will be studied in depth. Sandön, or 

Sandhamn as it is more known as, is an island in the Municipality of Värmdö, Sweden. The island has 

106 permanent residents (Värmdö kommun, 2019a, personal communication) and approximately 

2.500 summer residents (Ö för Ö, n.d.). The island is a popular tourist destination and receives 100.000 

visitors/year (ibid.). Sandön consist mainly of sand which is situated on top of a granite bedrock and is 

mostly covered by old pine forest and ling (Geosigma AB, 2016). The municipality manage the operation 

of water and sewage for most of Sandön through two water plants and one wastewater treatment plant 

(ibid.). A permit for water enterprise [swe: tillstånd för vattenverksamhet / Vattendom] limits the 

freshwater withdraw to 90 000 m3/year and 500 m3/day due to the risk of saltwater intrusion to the 

island’s fragile aquifer (Stockholms tingsrätt, miljödomstolen DOM: M 13416-05, 2006). During the 

summer months, this limit is close to be reached (Geosigma AB, 2016). It is therefore of great interest 

to reduce water consumption on the island. Between May 15 and September 15, it is not allowed to 

irrigate, fill pools, spa tubs or boat water tanks, or clean boats with municipal drinking water (Värmdö 

kommun, 2019d). To not loose guests, the Royal Swedish Yacht Club (KSSS) therefore installed a 

desalination plant for their guest marina to meet their customers demand for drinking water (Westling, 

2018). Further solutions of how to meet water demand is however still needed for Sandön, thus reuse 

of water is of interest to investigate.  

2. Aim and scope  
The aim of this thesis is to investigate how circular water management approach can reduce freshwater 

consumption and decrease human pressure on water resources through a case study of the island 

Sandön/Sandhamn in Värmdö municipality, Sweden. The study also aims to contribute with relevant 

knowledge for areas that suffer from water scarcity both in Sweden and abroad. In this study circular 

water management is defined as reuse of water within the technical landscape.  The hypothesis is that 

circular water management could be a strategy for sustainable development as it is a way to reclaim and 

closing the water cycle on a smaller scale, and thus minimising pressure on scarce freshwater resources.  

A broad approach to sustainability is applied in this study. Sustainable development is here defined 

based on the definition by the World Commission on Environment and Development from 1987 as 

development that meet the needs of the current population without compromising the ability for future 

generations to meet their needs, by taking environmental, social and economic aspects into 

consideration.   
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The study is part of the project Circular Water Challenge, which aims make a comprehensive mapping 

of the water and sewage situation of archipelago islands in the Baltic sea so that locally adapted plans 

can be developed for reusing water (Pleijel, 2019). The project is led by the Royal Institute of Technology 

(KTH). It is funded by Region Stockholm, Nordiska Skärgårdssammarbetet, the municipalities of 

Värmdö and Södertälje (Sweden), Kökar and Brändö (Åland), and Forstyrelsen (Finland). Six islands 

are included in the study; Oaxen, Sandön/Sandhamn, Möja, Brändö, Kökar and Örö (see Figure 2).  

 
Figure 2 Islands included in Circular Water Challenge (Illustration by Christian Pleijel) 

 
In order to achieve the aim of this study, the following research questions are used to frame the thesis 

work. The first question guides the work of, and is answered in chapter 5, the second in chapter 6 and 

the third and final in chapter 7.     

1. What circular water management strategies or technical solutions for reuse of water exist, and 

how effective are they in terms of water savings?  

2. How is the water situation today at Sandön? 

a. Availability, need, use, rights, seasonal variations etc.  

3. What are the possibilities to implement circular water measures at Sandön?  

a. Of what kind? Where? How? By and for whom? 
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3. Background  
This chapter present the theory and background which supports this thesis. Clarification of important 

concepts and definitions are also presented. 

3.1. Sustainability  
Sustainable development or sustainability can be described in numerous ways. The perhaps most 

known definition was put forward by Gro Harlem Brundtland for the United Nations in 1987: 

“Sustainable development is development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs” (World Commission on Environment and 

Development, 1987). This definition or approach is what sets the frame for this thesis and lays the 

foundation of how strategies for sustainable development should be shaped.  

Sustainable development includes environmental, social and economic dimensions which are both 

interlinked and independent. The doughnut model by Kate Raworth (see Figure 3) reflect these 

dimensions in a comprehensive manner. The planetary boundaries put forward by Rockström et al. 

(2009) sets the ceiling of the earth-system processes and the inner floor illustrates the social foundation 

needed for humanity to flourish (Raworth, 2017). All activities that operates in between these lines can 

be considered sustainable.  

 
3.1.1. Policies for sustainable development 
In 2015 all the United Nations member states agreed on “the 2030 Agenda for Sustainable 
Development” which aims to be a shared vision for present and future prosperity of people and the 

planet (United Nations, 2015). The ambition of the agenda is presented as 17 sustainable development 

goals (SDGs) and 169 connected targets which aims to steer action for the years between 2015 and 2030. 

The goals and targets are interconnected and reflect the three dimensions of sustainable development; 

environmental, social, and economic (ibid.). For this thesis several of the SDGs are of relevance, 

however SDG 6 “Ensure availability and sustainable management of water and sanitation for all” (ibid. 

p. 18) as well as SDG 12 “Ensure sustainable consumption and production patterns” (ibid. p. 22) are of 

direct importance. SDG 6 as it concerns access to drinking water, water-use efficiency and encourage 

Figure 3 The doughnut of social and planetary boundaries (Raworth, 2017) 
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recycling and safe reuse, and SDG 12 as it concerns sustainable and efficient use of natural resources 

(in this case water) as well as promoting reuse (ibid. pp. 18-22).   

In Sweden the environmental policy called Swedish environmental objectives constitutes of one 

generational goal; “The overall goal of environmental policy is to hand over to the next generation a 

society in which the major environmental problems have been solved, without increasing 

environmental and health problems outside Sweden’s borders” (Swedish Environmental Protection 

Agency, 2012, p. 3), followed by 16 environmental quality objectives which describes the desired quality 

of the environment until 2020. Only one of the objectives “a protective ozone layer” is likely to be 
achieved with the current efforts (Naturvårdsverket, 2019). For this thesis, the objectives of “Good-

Quality Groundwater” and “A balanced Marine Environment, flourishing coastal areas and 

archipelagos” are of relevance.  

The municipality of Värmdö have for 2016-2030 six local environmental goals, which are based on the 

Swedish environmental objectives (Värmdö kommun, 2016). “Good-Quality Groundwater” is stated to 
be of great importance for the development of the municipality, and the goal includes to safeguard a 

sustainable groundwater outtake, minimise salt water intrusion as well as that the municipality should 

act to increase the use of water efficient technology (ibid.). “A balanced Marine Environment, 

flourishing coastal areas and archipelagos and no eutrophication” is also stated as a local objective to 

keep the sea that surrounds the municipality in balance (ibid.).  

3.2. Water cycle or hydrologic cycle – the circularity of water  
All water on earth circulates continuously in a global system which is called the hydrologic cycle or the 

water cycle (Andréasson, 2015, p. 52). The water circulates by solar and gravity forces (Knutsson & 

Morfeldt, 2002, p. 19) between different reservoirs as oceans, glaciers, lakes, rivers, groundwater, living 

organisms and in the atmosphere (Andréasson, 2015, p. 52). The processes that cause the circulation 

between different reservoirs are evaporation, transpiration, precipitation, run-off and infiltration (ibid. 

p.53). See Figure 4 for a general illustration of the water cycle.  

When the sun heats the water at the surface of the earth the water molecular movement increases which 

causes water vapor to rise of the surface. This is called evaporation and the largest evaporation happens 

at open water but also occurs at land (Andréasson, 2015, p. 53). Water also evaporates from plants, and 

to some extent also from animals. The plants roots take up water from the soil and transport it to its 

leaves where it is released to the atmosphere, this is called transpiration (ibid.). The collective name for 

these processes is evapotranspiration.  

The water that have gone through evapotranspiration rises to the atmosphere and is gradually cooled 

down (Andréasson, 2015, p. 54). The water condenses to water drops when the temperature reaches the 

dew point (when humidity is 100%) and clouds are formed (ibid.).  The water drops build up to 

eventually fall to the ground as rain or snow (depending on the temperature) (ibid.). This is called 

precipitation and the largest part falls on open water where it once again can evaporate (ibid.).  

The precipitation that falls on land either evaporates, infiltrate the ground or run-off on the surface of 

the ground (Andréasson, 2015, p. 54). (A part of the precipitation also falls on the vegetation, creating 

a shielding effect or interception, as some of this precipitation evaporates directly from the plants 

(Knutsson & Morfeldt, 2002, p. 22)). The surface run-off flows in different watercourses to the sea, from 

small streams to large rivers (Andréasson, 2015, p. 54). Many watercourses are connected to lakes where 

the surface water slows down and is temporarily stored before it flows further to the sea (ibid.). Each 

watercourse and lake have a drainage basin, or catchment area, which is the land area from which water 

is flowing to the watercourse (ibid.). The boundary of the catchment area is called drainage divide and 

is determined by the hypothetical line that connects the highest point in an area (ibid.). 
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Figure 4 Hydrological cycle (after Knutsson and Morfeldt (2002)) 

The precipitation that do not evaporate or run-off is infiltrated to the ground (Andréasson, 2015, pp. 

54-55). Infiltration is when the water seeps into the ground through cavities, or pores, between the 

particles of the soil (ibid.). The infiltration is hence highly dependent of the type of soil or bedrock 

(Knutsson & Morfeldt, 2002, p. 37). The continued downward movement of the water is called 

percolation (ibid. p. 32). In the ground, the water flows through an unsaturated zone (where the pores 

are partly filled with water and air) down to a saturated zone (where the pores are filled with water) 

called the groundwater zone (ibid. p. 30). This process is called direct groundwater recharge (ibid. p.36) 

and the boundary between saturated and unsaturated ground is defined as the groundwater table (ibid. 

p. 30). Indirect groundwater recharge is when water from a lake or watercourse is infiltrated to the 

groundwater (ibid. p. 42).  

Groundwater recharge rarely occurs during summer in Sweden (only during long-lasting rain events), 

as the evapotranspiration is larger than the precipitation and the plants absorb the water in the top layer 

of the soil (Knutsson & Morfeldt, 2002, p. 23). During winter the precipitation is larger than the 

evaporation, however if the ground is frozen or the precipitation falls as snow, no groundwater recharge 

occurs (ibid.). In Sweden, the groundwater is hence recharged mostly during pre-spring when the snow 

melts and before the plants-season start, and during late-autumn and pre-winter when the autumn 

rains occurs and the plant-season ends (Knutsson & Morfeldt, 2002, p. 34). The groundwater flows in 

the ground to lower points, some flows out in watercourses or lakes but all water eventually flows out 

to sea, and the water can here once again evaporate and continue the hydrologic cycle.  

Since water is a great solvent and transportation mean, other cycles such as chemical substances, heat 

and biological systems are dependent on the water cycle (Knutsson & Morfeldt, 2002, p. 19).  This makes 

the water cycle utterly important in many contexts, especially in the understanding of environmental 

problems (ibid.). 

Above, the natural cycle of water is described. This cycle is however altered by human activity (Gornitz, 

et al., 1997). Extraction of groundwater, dam building, irrigation, deforestation, wetland drainage, 

urbanisation and industrial activity all have impact on the water cycle (ibid.). Climate change caused by 

anthropogenic activity will alter precipitation and evaporation patterns due to increasing mean-

temperatures thus have an impact on the amount of groundwater formation (Eveborn, et al., 2017). 

Groundwater formation will likely increase in the northern parts of Sweden and decrease in the south-

east (ibid.). As cities grow the area of paved or covered surfaces increase which prevent infiltration and 

groundwater recharge, thus the surface run-off increases in these areas (Skoog, et al., 2005, p. 31). 
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Converting forest areas and wetlands into agricultural land not only reduce global carbon storage it also 

alters the run-off and evaporation from these areas causing erosion and reduced groundwater recharge 

(Gornitz, et al., 1997; Skoog, et al., 2005). One example of how anthropogenic activity have changed the 

water cycle is the Aral Sea, which due to upstream irrigation lost half of its surface area and 80% of its 

volume from 1960 to 1990 (Gröndahl & Svanström, 2010, pp. 11-13). The irrigation led to rising 

groundwater levels and waterlogging at the upstream fields (Gornitz, et al., 1997).  

3.3. Assessment framework   
The assessment framework for this thesis is dual. To gather data of the island in a structured way, a 

three-layer approach put forward by Christian Pleijel and Anders Nordström for a project called Water 

Saving Challenge have been used. To evaluate the gathered data, the process of strategic environmental 

assessment (SEA) has been used as a guide.  

3.3.1. Water Saving Challenge  
This section is based on the booklet Water Saving Challenge – a smart guide to water management by 

Pleijel and Nordström (2018).  

During the year of 2017 the Water Saving Challenge project was 

carried out. The main idea was to investigate how island 

communities could save water to eliminate water shortages, 

hence the focus was on policies to decrease water demand 

rather than increasing the water supply. The project resulted in 

a manual of theoretical and practical aspects of water saving 

solutions based on the experience from field studies on eight 

European islands. The manual is built up around lectures of 

different aspects of an island and present examples from the 

eight islands along with exercises for practitioners on how to 

map water availability and demand. Although the manual is 

based on experiences from islands it aims to guide both island 

and mainland communities on how to save water. The project 

proved that all the studied islands could save 10 to 55% of their 

freshwater consumption.   

The proposed achievements of following the manual is not to create a “plan on paper”, rather to create 

common understanding and start common actions to save water. A three-layer model is proposed to be 

used to describe the water situation on the island. The first layer is the water of the island, or the physical 

landscape which describes the naturally available water of the island. The second layer is the water of 

the islanders, or the cultural landscape which describes the water demand of the people, and the third 

is the water of the community, or the technical landscape which describes the infrastructure providing 

water on the island.  

In the end, the booklet provides examples of water saving actions that has proven to be efficient. These 

are divided in three categories; clever communication, smart engineering and wise governance. Clever 

communication is about making water users aware of their usage, how it affects the society and the 

environment and how to save water. Smart engineering is about technologies that could reduce water 

consumption as well as rainwater and wastewater use, and wise governance include pricing and 

regulations.  

3.3.2. Strategic environmental assessment – SEA  
Strategic Environmental Assessment (SEA) is a tool and a process which aims to include environmental 

and sustainability considerations into decision-making (Therivel, 2010, p. 9). The role of SEA is not to 

make decisions but to inform decisions, by clearly identifying significant positive and negative impacts 

of a proposed policy, plan or program (uniformly referred to as strategic action) (ibid. p. 217). The main 

idea of SEA is to protect the environment and promote sustainability by improving strategic actions 

(ibid. p. 9). The SEA process should be holistic, including issues beyond the main area, but focus on key 

environmental and sustainability constraints (ibid. p. 10). It should identify preferable options, which 

aim to meet demand but minimise damage and compensates for the loss of valuable features and 

benefits (ibid. p.11).  

Figure 5 Illustration of the three layers (Pleijel & 
Nordstöm, 2018) 
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A SEA process consists of 9 stages, from identifying environmental/sustainability issues to monitoring 

and follow-up (Therivel, 2010, pp. 16-17). The process should start early and be integrated in the 

decision-making process. Figure 6 illustrates the links between strategic decision-making and the stages 

of SEA. The SEA process require involvement of decision-makers and it promote involvement of other 

stakeholders as well as public participation (ibid. pp. 74-78). Documentation of what has been done, 

why choices have been made and what assumptions and uncertainties there are should be made to make 

the process transparent (ibid. pp. 16-17). SEA should apply the precautionary principle, which means 

that if there are uncertainties, presumptions should be made in favour of protecting what exist (ibid. 

p.11).  

Tiering is an important concept in SEA. If a SEA is performed at one level it can save time for SEA on 

underlying levels. For example, if a SEA is carried out for a national drinking water policy, regional 

plans or local programs might not need to redo all parts of the SEA, saving time and resources (Therivel, 

2010, pp. 15-16). 

 
Figure 6 Links between SEA and strategic decision-making (Therivel, 2010, p.16) 

Strategic actions refer to policies, plans or programs, for example legislations or regulations or sectorial 

plans and programs for e.g. agriculture, forestry or transport. They are all composed of objectives (also 

referred to as aim or vision) and for these more detailed statements of implementation. The objective(s) 

might be vague but sets the frame for the strategic action.  

In the EU, some plans and programs require SEA according to the SEA Directive 2001/42/EC (Therivel, 

2010, p. 52). The objective of the directive is to protect the environment and to promote “integration of 
environmental considerations into the preparation and adaptation of plans and programmes with a 

view to promoting sustainable development, by ensuring that” …”an environmental assessment is 

carried out for certain plans and programmes that are likely to have significant effects on the 

environment” (European Union Directive 2001/42/EC cited in Therivel, 2010, p.271). A significant 

effect in this case refer to plans or programs which; sets a framework, influence other plans or programs, 

there is a relevance of including environmental considerations, or relevance for an implementation of 

community legislation, like waste management or water protection (European Union Directive 

2001/42/EC cited in Therivel, 2010, p.279).  Characteristics of the effects should be considered like; 

reversibility, duration, cumulative nature, risk to human health or the environment, magnitude and 

spatial extent, special natural characteristics or cultural heritage or areas with 

international/national/local protection status (European Union Directive 2001/42/EC cited in 

Therivel, 2010, p.280). 

The advantages of SEA compared to other tools is that the process starts early on which helps shape 

what projects are being put forward, rather than being an add-on process (Therivel, 2010, p. 18). It also 

has a holistic approach and consider cumulative impacts and synergies of multiple projects but also 

larger-scale environmental impacts, like biodiversity or climate change (ibid.).  The process also informs 
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decision-makers and stakeholders about environmental and sustainability consequences of the strategic 

action, making sure these are taken into consideration alongside technical, financial or other concerns 

(ibid.). It also aims to involving the public by including local knowledge and skills, and ensuring that 

community views are considered which is something that could improve public acceptance (ibid.)  The 

SEA make way for a more transparent decision-making process and have the potential of making future 

decisions less time consuming (ibid.). Some limitations of SEA are however presented by Therivel (2010 

pp. 18-21); to perform a SEA is both time and resource consuming making the up-front cost high. The 

SEA process is also a relatively new tool which might result in that appropriate data might not be 

available (ibid.).  

3.4. Sandön (Sandhamn)  
Sandön, commonly called Sandhamn after the main village on the island, is an island in the Stockholm 

archipelago in the municipality of Värmdö (Källgård, 2013). Sandön have an area of 2.25 km2 and an 

8.2 km shoreline (ArcMap calculation). In 2017, 106 people were registered as residents at Sandön 

(Värmdö kommun, 2019a, personal communication). The average age of the population is 46 years 

(Swedish average 2018: 41.2 (SCB, 2019)), the gender distribution is 46% women and 54% men, 27% of 

the households are pensioners (Hitta.se, 2019). 35% of the population has a higher education, 53% have 

graduated from high school and 12% from elementary school (ibid.). The average income of the 

population is 24 358 SEK, which is 10% lower than the Swedish average (ibid.).  

 
Figure 7 Sandön in the Stockholm archipelago 

In 2017, 307 properties had owners registered elsewhere (Värmdö kommun, 2019a, personal 

communication). Statistically, the average number of persons in an owned small-house (villa, leisure 

house etc.) household is 2.7 (SCB, 2018), giving a summer/leisure population of (307 x 2.7) 829 persons. 

This number is however stated to be higher, about 2 500 according to an inventory made by the 

archipelago development project Ö för Ö [translated to: Island by Island] (Ö för Ö, n.d.). Sandön is one 

of the most visited islands in the Stockholm archipelago, and receives approximately 100 000 visitors 

each year (ibid.). The largest guest marina, the royal yacht club (Kungliga Svenska Segelsällskapet - 

KSSS) had approximately 16 700 boat-guests during high-season (midsummer to mid-August) last year 

(2018) (KSSS, 2019b). The island hence has a great population variation over the year.  

Sandön have a long history of custom and pilot operations which came to the island in the late 1600 

(Aspfors, 2000, p. 3). Boats have brought summer-tourist to the island since the 1830s, but it was first 

in the 1880s that the first summer villas were built on the island (ibid. p. 20). In 1890 the royal yacht 

club (KSSS) organised sailing regattas with overnight stay at Sandön (ibid. p. 22). These activities have 

all shaped the built environment of Sandön. The main village, Sandhamn, located by the harbour at the 

north part of the island is densely built with various houses; cottages from the 1700s, old boat houses, 

villas from the turn of the century, 1930s houses inspired by functionalism, later 1970s model houses 
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(ibid.) as well as an area built between 2010-2015 with condominiums and rental apartments (Eknö 

hemman, n.d.). Most permanent residents live in Sandhamn. At the south-eastern part of the island, a 

leisure-house area called Trovill was built during the mid-1940s (Aspfors, 2000, p. 25). The 88 

properties of Trovill are divided in a grid pattern and the houses were originally of simple sport cabin 

character, today many of them have been converted to higher standards (Ullman, 2014, pp. 93-95). 

Further houses are scattered along the coastline of Sandön, some at the north-western parts between 

Trovill and Sandhamn, and some along the coast from Fläskberget to Västerudd in northern part and 

further south to Älggrundet and Oxudden at the eastern part of the island (see Figure 8). The property 

boundaries at the central parts of Sandön are close to each other and laid out as stripes across the island. 

These are called blueberry-stripes and the division were made for each property owner to get access to 

all resources of the island (Almlöf, 2019a, personal communication). It also makes it harder/impossible 

to build at the central parts of the island.  

 
Figure 8  Map of Sandön. Based on Swedish land survey (Lantmäteriet) GIS data.  

3.4.1. Public services 
There is a school building from 1875 at Sandön, however no school activity occurs presently 

(Destination Sandhamn, 2019c). School-age children (currently two) takes a boat to Runmarö, 50min 

single journey to attend primary school (Almlöf, 2019a, personal communication). The school building 

house a library which is run by a local interest organisation, Sandhamns intresseförening, as well as a 

gym-hall where various group training activities are organised (ibid.). A preschool where three children 

attend, is run on the island (Destination Sandhamn, 2019c). 

One all-year-open grocery store, Westerbergs livs, is located at Sandön in the harbour area of 

Sandhamn. The store has a wide range of goods and serves as pharmacy-, post office- and liquor store 

agent. The store opened in 1896 and has been run by the same family for five generations. (Almlöf, 

2019a, personal communication). 

There is a voluntary fire protection organisation at Sandön, meaning that residents who are members 

in the organisation get a SMS-notification when SOS receives an alarm for accidents (Storstockholms 

brandförsvar, 2019). A doctor’s office is located in the Sandhamn village, where a doctor and nurse are 

available at Wednesdays during June to August and at every odd Wednesdays the rest of the year 

(Destination Sandhamn, 2019b).  
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Vattenfall delivers electricity to Sandön (Fladvad & Baggström, 2019, personal communication). The 

island has grid connection both from the south and the north which makes the island more resistant to 

power failure than other islands in region (Sjöblom, 2019, personal communication). Some private 

property owners have installed solar panels on their roof. Internet connection is available via broadband 

on the island (ibid.) and via fibre to some households and corporations (Ö för Ö, n.d.).   

Waste management is handled by Värmdö Municipality at a waste facility in the Sandhamn harbour 

area. Only household-waste, batteries and glass are sorted. Bulky waste is collected by a ferry 7 times a 

year between April and October (Värmdö Kommun, 2019c). Residents and businesses urge for further 

waste fractions for recycling. The municipality states that it is too expensive (Fladvad & Baggström, 

2019, personal communication). 

3.4.2. Transport 
There are three main ferry businesses which transport people to Sandön; Waxholmsbolaget, Roslagens 

Sjötrafik AB and Strömma. Waxholmsbolaget operates by a timetable all year (Waxholmsbolaget, n.d.) 

and Roslagens Sjötrafik AB operates by a timetable in summer and by appointment at winter (Roslagens 

Sjötrafik AB, 2019, personal communication). Both runs from Stavsnäs to Sandhamn. Busses from 

Slussen to Stavsnäs runs daily by SL, the trip takes 50min (SL, 2019). Parking is available at Stavsnäs 

for people coming with private cars (Värmdö kommun, 2018). Strömma operates during the summer 

and runs from Stockholm city to Sandhamn (Strömma, 2019). The trip takes 2.15h with the Cinderella 

boats and 3h with canal boats (ibid.).  

Sandön is a car-free island. Some vehicle-traffic do however occur as residents have golf-cars, delivery-

mopeds or ATVs to get around. There are also a few tractors and forklifts which is used to transport 

goods around the island. To be allowed to drive on the island, a dispensation is required from the 

community association (Ö för Ö, n.d.).  The easiest way to get around the island is by foot as most of the 

roads are small paths in the forest. There are however gravel roads in the Sandhamn village and between 

Trovill to Sandhamn and Västerudd. The road network is owned and maintained by the community 

associations Eknö Hemmanet and Sandhamns samfällighetsförening (Ö för Ö, n.d.). The gravel roads 

entail a lot of dust when people and goods are transported. This is something that is of concern as dust 

blows into homes and shops causing appliances failure. The road association have however spread a 

dust-binding agent at the main roads which reduces the dust spread (Sjöblom, 2019, personal 

communication).   
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4. Methodology  
Mixed methods have been used for this thesis. Figure 9 gives an overview of what methods that have 

been used. To write a thesis report is however not as linear as presented in the figure, it is a dynamic 

process and the different steps have been performed concurrently. The following chapter presents the 

methods and approaches of this thesis.  

 

 

Figure 9 Methodology outline 

 

4.1. Literature overview 
To get an overview of circular water management, different options of reuse and their benefits and 

barriers as well as important criteria to take into consideration when planning for water reuse, a 

literature study was conducted. To get a broad variety of articles from different fields, the search engines 

KTH Primo, Scopus and Google scholar were used. Search-words as “circular water”, “circular economy 
of water”, “water reuse”, “water reclamation”, “water recycling” and - “guidelines” were used to find 
literature on water reuse and management. To find cases of reuse techniques search-words as “local”, 
“island” and “small-scale” were added.  Articles were selected based on the title, abstract and currency. 

Further literature was found from reference lists in studied articles, recommendations from the search 

engines, the circular water challenge project group and KTH water centre. Governmental reports and 

policy guidelines and documentation were also studied. These were found from governmental and 

interest organisations webpages as well as through an EdX course called “Water: Addressing the global 
crisis”. The selected literature was summarised in a source matrix in order to get a clear overview of 

what was stated in the different literature. Main insights from the articles were summarised 

corresponding to research questions. The literature was then compared to find similarities and 

differences and then compiled to form the content of chapter 5  Circular water management .  

4.2. Case study 
To describe the current situation of Sandön, a desktop study along with observations and interviews 

have been made. Data have been gathered and structured according to the Water Saving Challenge 

framework (see section 3.3.1) with some alteration as this study also include wastewater management. 

The program ArcMap was used to calculate area and create illustrative maps of the island. Data for this 

was obtained from the slu.get service which provides GIS-data from the Swedish land survey 

(Lantmäteriet) and the Swedish geological survey (SGU).  

4.2.1. Desktop study  
Information about Sandön have been gathered through the webpages of Värmdö municipality and 

Sandhamn interest organisations. Legal documents concerning water restrictions have also been 

M
et

ho
do

lo
gy

Literature overview

What is circular water 
management 

Identifying strategies 
and technical solutions

Evaluation criteria for 
implementing solutions

Case study 
Situation analysis

Desktop study 

Interviews

Observations

Assessment framework

SEA

Water Saving 
Challenge 



 

13 

 

studied. Several reports have previously been made concerning the water situation of Sandön, many of 

the findings from these reports form the basis of the natural landscape of Sandön. Two of significant 

interest for this study have been a report conducted by the Swedish geological survey (SGU) who did a 

comprehensive model of the soil layers, bedrock and groundwater in 1998 (Pamnert, et al., 1998) and a 

report by Geosigma AB (2016) who made a risk assessment of a potential increased groundwater 

outtake. Further literature about Sandön as well as literature on freshwater was found through the 

Värmdö municipality public library and literature from relevant courses which the author previously 

has attended at KTH. 

4.2.2. Observations  
The first visit to Sandön was made on February 11th, 2019. The purpose was to get a first look of the 

island as well as to introduce the project team (the author of this report, Christian Pleijel and Anders 

Nordström) to the residents and business representatives.  Between the 5th and 13th of April 2019 the 

author made a field study at Sandön. This was done in order to get familiar with the island and meet 

residents and business representatives. Broad or “holistic” observations (Denscombe, 2014, pp. 307-

309) to map variations in the landscape, natural water flows as well as the water and sewage system 

were made. During the field study the researcher also tried to pay attention to activities or settings which 

brought the researchers attentions by being interesting, odd or uncommon, like pipes and wells on 

unusual places. These more focused observations were made to identify questions or problems (ibid.) 

regarding the water situation at Sandön 

The longer time a researcher could spend in field the better, as it takes time to build trust, relations and 

develop insights of a setting (Denscombe, 2014). Nine days cannot be considered a long time period 

however, this was the time available for this study and it assisted the researcher to get familiar and 

obtain an overall understanding of island. Extended time spent during all the seasons would have been 

preferable since there is a great population variation over the seasons. Moreover, the seasonal variety 

of weather conditions reveal different water conditions of the island which would have been beneficial 

to observe. April can however be seen as the best time to spend a short time on Sandön for this purpose 

since some summer residents start to visit the island, businesses prepare for the season, and some days 

brought sunny spring weather whereas others were snowy with cold winds.  

Some limitations need to be brought up with field study research. Observations are based on what the 

researcher perceives which entails that the gathered data might be influenced by personal factors 

(Denscombe, 2014, pp. 294-299). Two researches who look at the same event might register different 

actions due to individual competence, experience, memory and involvement as well as current state of 

mind (ibid.). The researcher conveys his/her interpretation of the event. Sources of error are therefore 

evident in observation studies. To present and minimise these errors, field notes of what was observed 

were carried out by describing site context and the researcher’s impression of circumstances of the event 

were noted (ibid.). To further interpret the observations regarding water-divide and flow patterns that 

were made at Sandön, the data were consulted with Professor Anders Nordström, who is a specialist on 

freshwater, to obtain accuracy. Odd or unusual observations were in part addressed and 

confirmed/dismissed in interviews with residents.  

4.2.3. Interviews 
Semi-structured interviews with five permanent residents and seven summer/leisure residents were 

conducted with the purpose to map residential water demand, views on reclamation/reuse of water, 

technical standard of water using appliances in homes as well as the perceived hydrogeological 

conditions of Sandön. Semi-structured interviews were also conducted with Värmdö municipality and 

four businesses at Sandön. All respondents were informed about the purpose of the interview and asked 

for consent to use their answers in the study. Most interviews were conducted through meetings face to 

face or as phone interviews. However, two of the interviews with businesses were made through e-mail 

as the respondents did not have time to meet. 

A purposeful sampling of resident-respondents was made to achieve representativeness of the 

population (Gentles, et al., 2015). The aim was to acquire data from residents with a diversity of where 

respondents live, type of household (family, single or pensioner, permanent or part-time) and age to 

ensure a maximum variation of the sampling in order to represent the whole population. Respondents 

were asked to participate in the study through (1) posters put up on all pinboards on the island and at 

the grocery store, (2) poster on Sandhamn community Facebook-page (Köp, byt, sälj, information och 
efterlysningar på Sandhamn), and (3) through personal interactions with people on the island during 

field study. Further respondents were identified through snowball sampling (Roulston, 2010, p. 81) i.e. 
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participants were selected through referrals from earlier respondents. These snowball samples were 

gathered foremost to get in contact with parts of the population that did not sign up to participate 

spontaneously.  

In Table 1 the population of respondents are described. The island is divided into three categories for 

where the respondent lives. Västerudd constitutes of low-density leisure houses and villas and is located 

at the north-western part of the island. Sandhamn is the main village with high density mixed houses, 

located in the northern part of the island. Trovill is located on the south-eastern part of the island and 

consist of leisure houses. Age is defined as young: <35 years, middle age: 35-65, senior: >65. [-] 

indicates no data. 

Table 1 Population of respondents 

Respondent 
Type of 

Resident 
Period of stay 

Where on 

the island 

Type of 

Household 

Time on 

island 

1 Leisure 

4-5 day/month 

during off-season 

Full time mid-June 

to August 

Sandhamn 

Off-season: 2 p 

+ dog. Senior. 

Summer: 10-12 

p. mixed ages 

~30 years 

2 Permanent All year Sandhamn 
1-2 p., middle 

age 
All life 

3 Permanent All year Sandhamn 
2 p + dog. 

Senior 
All life 

4 Leisure 

Some weekends 

during off-season. 

Longer periods 

during summer 

Västerudd - - 

5 Permanent All year Sandhamn 1 p. middle age ~4 years 

6 Permanent All year Sandhamn 2 p. middle age ~8 years 

7 Permanent All year Sandhamn 1 p. middle age ~8 years 

8 Leisure 
Full time June – 

August 
Trovill 

5-8 p. mixed 

ages 
~30 years 

9 Leisure 
50% of the year, full 

time during summer 
Trovill 

Off-season: 2p. 

Senior. 

Summer: 6p. 

mixed ages 

~35 years 

10 Leisure 
50% of the year, full 

time June- August 
Sandhamn 

Off-season 1p. 

Senior. Mid-

June – mid-

August 5p. 

mixed ages + 

max. 5p in 

rental house 

~45 years 

11 Leisure 

Every other or third 

weekend during off-

season. Almost full 

time between June-

August 

Sandhamn 

Off-season: 2p. 

Senior. 

Summer: 10-14 

p. mixed ages. 

All life 

12 Leisure 

Every other 

weekend during 

April-June and 

September – 

October. Permanent 

during summer 

vacation.  

Västerudd 
2 x 6 persons. 

Mixed ages.  
~60 years 

 
As Bryman (2002, pp. 304-310) recommends, an interview guide with set topics and questions were set 

before the interviews. The topics and questions for the interviews with resident were first compiled with 

assistance from the Circular water challenge project group and further elaborated and structured to fit 

the aim and research questions of this thesis. The interviews mostly followed the structure of the 

interview guide. However, some alteration to the order of questions were accepted if an answer to one 
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question led into another question which was planned to be asked later. The respondents were in the 

end of the interview asked if they wanted to add any further insights that they thought of as relevant for 

the project.  

The method of semi-structured interviews which followed an interview guide was performed to receive 

homogenous and comparable answers from the respondents but at the same time allow the respondent 

to give their own view of the topic (Bryman, 2002, pp. 301-304) (see Appendix for interview guides). 

All answers from the interviews with residents were compiled in a matrix for analysis. Similarities and 

differences in the answers from different respondents were studied and residential water consumption 

was calculated. In the result sections of this thesis the respondents are decoded. This was done as the 

main purpose of the resident-interviews were to give an overall picture of the population rather than 

stating individual answers from each respondent.        

The interviews with residents were not recorded on tape. All information was written down on paper 

during the interview, then afterwards compiled in a matrix. To not record the interview entails that the 

material cannot be reviewed in a secondary analysis, thus it is not possible to examine that the 

researcher’s own values or bias are not included in the analysis (Bryman, 2002, pp. 310-312). The 

interviewer tried to minimize this risk by asking interpretive questions to assure that the answer was 

understood correctly, e.g. “Did I understand you correctly that you live permanently on the island 
between this and that date” or “Did you say …”. To record and transcribe would have been preferable 

in order to review the answers. It however takes a great deal of time and there is also a risk that the 

respondent is hampered by the recording equipment (ibid.). This, alongside that the purpose of the 

interviews was to find patterns and not to exactly rephrase the respondents were the main reasons to 

not record the interviews. The interviews with the municipality and the businesses were however 

recorded.  

4.3. Assessment frameworks  
The assessment framework for this thesis is based on strategic 

environmental assessment (SEA) (see Strategic environmental 

assessment – SEA ). This thesis is not a complete SEA, rather it 

makes use of parts of the SEA process to develop alternatives for 

circular water management at Sandön. SEA is meant for policies, 

plans and programs whereas environmental impact assessment 

(EIA) is directed to projects (Therivel, 2010, p. 15). By this it could 

be argued that the framework of EIA should be used as the 

alternatives are developed for the case of Sandön, i.e. a local 

project. The assessment is however of a more strategic nature or 

a plan of how one could implement circular water management 

on a local scale. The part of the SEA framework that have been 

used is the process of going from facts and data to implementation 

suggestions.   

During the spring of 2018 the author attended a SEA course at 

KTH. During this course, the different steps of SEA were 

presented and practised for a sectoral climate action strategy, and 

a model of a SEA thinking was put forward based on Partidário 

(2012). The part of this model which focus on creating a 

framework for assessment have in this report been adopted, see 

Figure 10.  

First the strategic action was defined as the potential plan of 

implementing circular water management at Sandön with the 

base of that this thesis work is part of the project Circular Water 

Challenge. From this, an objective (aim/vision) for the strategic action was developed based on the 

findings from the case study. Thereafter decision factors were identified through the literature study. 

These were then further specified with targets and assessment criteria relating to each decision factor. 

Thereafter, alternatives or options of how to achieve the objective i.e. different alternatives of circular 

water management, were identified drawing from the literature overview as well as the case study. These 

alternatives were then assessed in relation to the assessment criteria in a matrix (Table 7). This 

assessment gave an overview of what options of circular water measures that would be most beneficial 

to implement at Sandön.     

Figure 10 Model of assessment framework, 
based on Partidário (2012) 
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5. Circular water management  
In this chapter the results of the literature overview of circular water management is presented. This 

aims to answer the first research question “What circular water management strategies or technical 
solutions for reuse of water exist and how effective are they in terms of water savings?”. First, an overall 

description of circular water management is presented, followed by a subsection of benefits and barriers 

with water reuse. Thereafter subsections of scales of implementation, evaluation criteria and treatment 

are presented. The last subsection describes different options of circular water management.  

In 1980s the US Environmental Protection Agency (EPA) acknowledged the potential of reclaiming 

treated wastewater. However, knowledge of the quality of the treated wastewater was then limited. Since 

then a lot have happened and today, almost 40 years later, technologies to treat wastewater to any 

preferable quality is possible (EPA, 2012). One example of high efficiency circularity of water is the 

International Space Station where almost every drop of water is reused (ibid.). Implementation of 

circular water measures is often driven by either; 1) an immediate need of reducing or eliminating 

discharge of treated wastewater, 2) water shortage due to high demand, 3) droughts or other climate 

crises events, or 4) a demand for maintaining the water balance of a local area (Bixio, et al., 2008; Khan 

& Anderson, 2018). The process of treating wastewater to make it reusable is referred to as water 

reclamation and the beneficial use of this treated wastewater is what is called water reuse (Rock, et al., 

2014).  

5.1. Benefits and barriers  
The benefits with circular water management is multiple. The most prevalent benefit is the reduced 

demand and reliance of raw water from freshwater resources, which reduce water scarcity (Salgot & 

Folch, 2018; Opher & Friedler, 2016; Rock, et al., 2014; EPA, 2012; Kandiah, et al., 2019). By using 

water of non-potable quality for activities that do not need drinking water quality ensure resource 

efficiency as well as water security (Wilcoxa, et al., 2016; Rock, et al., 2014).  Reclaiming water results 

in a reduced discharge of treated wastewater, hence lowering the release of nutrients in receiving water 

bodies (Opher & Friedler, 2016; Wilcoxa, et al., 2016; Kandiah, et al., 2019). It has the potential to 

sustain, augment or enhance existing water sources and aquatic habitats, and create seawater intrusion 

barriers hence serve as environmental protection (Rock, et al., 2014; EPA, 2012). A case study of 

Australian reuse projects shows that reclaiming wastewater for groundwater and surface water recharge 

result in less green-house gas emissions than desalination plants (Khan & Anderson, 2018). Reuse 

programmes could also foster local economic strength as well as community wellbeing and 

empowerment (Wilcoxa, et al., 2016; Opher & Friedler, 2016). Decentralised systems have an 

opportunity to reduce leakage losses due to less transportation of water in pipe system, along with less 

energy requirement for pumping (Opher & Friedler, 2016). 

There are however some barriers entailed with circular water management. Traditional centralised 

water systems are rigid and complex socio-technical systems (Kandiah, et al., 2019). To introduce water 

reuse can entail large upfront cost and time for infrastructure extensions as well as getting public 

acceptance (ibid.). Public perception is one mayor difficulty with water reuse (Khan & Anderson, 2018; 

Bixio, et al., 2008; EPA, 2012; Wilcoxa, et al., 2016; Salgot & Folch, 2018; Rock, et al., 2014; Kandiah, 

et al., 2019). Many perceive fear and repugnance for the concept of reusing water for potable purposes, 

something that is referred to as the “yuck factor" (Rock, et al., 2014; Kandiah, et al., 2019). Non-potable 

applications are therefore more likely to be accepted by communities (Kandiah, et al., 2019). Public 

perception can however change over time if non-potable initiatives proves to be sufficient and safe, 

hence pave the way for gradually expanding water reuse (Kandiah, et al., 2019). 

Wastewater carry pathogens (bacteria, viruses and parasites), which can cause health problems. This 

give reasons to why people are concerned about reusing water. Today’s treatment technologies can 

however treat water to any desired quality, even cleaner than most people receive in their taps (EPA, 

2012), nevertheless, monitoring and maintenance are of great importance if reclaimed water is to be 

used for potable applications.  

5.2. Scales of implementation 
Circular water management can be operated on a large or small scale, commonly referred to as 

centralised or decentralised systems (Massimiliano, et al., 2018; Wilcoxa, et al., 2016; Salgot & Folch, 

2018; Opher & Friedler, 2016; Bixio, et al., 2008; EPA, 2012). Centralised systems are large scale 

systems that reclaim treated wastewater from a municipal wastewater treatment plant (Opher & 

Friedler, 2016) but can also include different sources of water like rainwater (Wilcoxa, et al., 2016).  The 
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reclaimed water can be used for both potable and non-potable applications depending on the quality of 

the treated water (Massimiliano, et al., 2018; Khan & Anderson, 2018; Wilcoxa, et al., 2016). Because 

of the large scale, centralised system usually has lower maintenance and treatment costs compared to 

decentralised systems, they however entail larger investment cost for the distribution system if 

additional piping is needed (e.g. for non-potable water quality) (Massimiliano, et al., 2018; Wilcoxa, et 

al., 2016; Opher & Friedler, 2016).   

Decentralised systems include a broad set of technologies and infrastructure on different scales; from 

single or a few households to suburbs or districts which operates independently or interlinked with 

centralised systems (Wilcoxa, et al., 2016; Opher & Friedler, 2016) but with on-site treatment and reuse 

(Kandiah, et al., 2019). Decentralised systems commonly make use of greywater or rainwater for non-

potable purposes (e.g. toilet flushing or garden irrigation) (Massimiliano, et al., 2018).  At this scale, 

separation of greywater (shower, washing etc.) and blackwater (toilet and in some cases also kitchen) is 

beneficial (Massimiliano, et al., 2018; Fane & Reardon, 2013; Opher & Friedler, 2016).  

According to some literature, large to medium scale initiatives seem to be most economically feasible 

due to energy costs (Khan & Anderson, 2018; Prisciandaro, et al., 2016) however, water reuse often 

evolves from decentralised to centralised solutions (EPA, 2012). Decentralised system as using 

greywater for flushing toilets might still be desirable for high-resource settings, hence small scale-low 

cost options should be supported in reuse programmes (ibid.). The US Environmental Protection 

Agency (2012) state that multi-purpose-systems where wastewater can be treated to different qualities 

gives more opportunities of reuse. These are therefore more robust systems. Local conditions determine 

what scale is preferable. For example, the use of reclaimed water for irrigation is beneficial in arid 

regions, and urban areas with low freshwater availability or reliable water resources benefits from both 

potable and non-potable solutions (Massimiliano, et al., 2018).  

5.3. Evaluation criteria 
When planning for reclaiming water, certain characteristics and criteria is of importance to take into 

consideration. It often consists of several conflicting criteria and involves multiple stakeholders 

(Chhipi-Shrestha, et al., 2019). Massimiliano et al. (2018) state that a holistic approach is needed and 

that political, decision, economic, social, technological and environmental factors needs to be 

considered. Public acceptance is consistently mentioned as a main factor for successful reuse schemes 

(Khan & Anderson, 2018; Bixio, et al., 2008; EPA, 2012; Wilcoxa, et al., 2016; Salgot & Folch, 2018; 

Rock, et al., 2014; Kandiah, et al., 2019).  For any case, the energy use, carbon emissions, life cycle cost 

and human health risk as well as the potential freshwater saving associated with the water reuse 

technique needs to be considered (Chhipi-Shrestha, et al., 2019). Laws and regulations as well as 

protection of biological, scenic and cultural resources also needs to be taken into concern (EPA, 2012).  

Local conditions such as climate (Massimiliano, et al., 2018), the water supply market (Bixio, et al., 

2008), spatial layout and land-use (Kandiah, et al., 2019; Chhipi-Shrestha, et al., 2019), potential 

reclaimed water availability and demand (Chhipi-Shrestha, et al., 2019), its quality, seasonal flow 

variations and storage requirements, as well as financial and management capacity (EPA, 2012) and 

government policy (Chhipi-Shrestha, et al., 2019) all need to be considered. Scale of infrastructure 

requirement and development time also needs to be taken into concern (Kandiah, et al., 2019). Other 

ongoing or planned project should be identified since co-planning could be beneficial (Bixio, et al., 

2008). 

5.4. Treatment  
To make reuse programmes cost effective, treatment must be “fit for purpose” which means that it 

should only be treated to an extent suitable for the end-use (EPA, 2012). Table 2 gives an overview of 

what level of treatment is appropriate for different types of reuse. It is directly cited from the 2012 

Guidelines for Water Reuse (EPA, 2012, p. 6;2). It is based on wastewater from municipal treatment 

plants and illustrate acceptable levels of human exposure and treatment cost.  

Some uncertainties with the quality of treated wastewater is still present. Rest products of 

pharmaceuticals, cosmetic and hygiene products pass through the treatment process (Nordström, 

2005, p. 19). Commonly the measured levels of these rest products in the treated wastewater are 

thousand times lower than what is consider toxic for humans, however the long-term effect on human 

health is unknown (ibid.). Studies have however proven that the long-term effect of rest products from 

contraceptive pills have a negative impact on fish populations outside wastewater treatment plants 
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(ibid.). The fish becomes sexually mature earlies and the balance between male and female fishes is 

altered (ibid.).  

Drinking water is in Sweden classified as a food and must be treated to an extent which minimise risk 

for human health, however it is not necessary to use water of drinking water quality for example in some 

industrial processes and flushing toilets or irrigate gardens in homes (Boverket, 2018).   

Table 2 Type of reuse appropriate for increasing levels of treatment of wastewater from WWTP. Cited from EPA (2012, p. 6:2) 
 Increasing levels of treatment →   

Treatment 

level 
Primary Secondary 

Filtration and 

Disinfection 
Advanced 

Processes Sedimentation 
Biological oxidation and 

disinfection 

Chemical 

coagulation, 

biological or 

chemical nutrient 

removal, filtration 

and disinfection 

Activated carbon, 

reverse osmosis, 

advanced 

oxidation 

processes, soil 

aquifer treatment 

etc. 

End use 
No uses 

recommended 

Surface irrigation of 

orchards and vineyards 

Landscape and golf 

course irrigation 

Indirect potable 

reuse including 

groundwater 

recharge of 

potable aquifer 

and surface water 

reservoir 

augmentation 

and potable reuse 

Non-food crop irrigation Toilet flushing 

Restricted landscape 

impoundments 
Vehicle washing 

Groundwater recharge 

of non-potable aquifer 
Food crop irrigation 

Wetlands, wildlife 

habitat, stream 

augmentation 

Unrestricted 

recreational 

impoundments 

Industrial cooling 

processes 
Industrial systems 

Human 

exposure 
Increasing acceptable levels of human exposure →  

Cost Increasing levels of cost →  

 

5.5. Circular water management options  
There are various options for reusing water and as above mentioned, it can be implemented on various 

scales. For different scales different options are available. Table 3 gives an overview of circular water 

management options. In this section a range of different options are presented.  

Table 3 Overview of circular water management options 
Quality  Application Use  

Non-

potable  

Agriculture Irrigation, food processing, feedlot cleaning (EPA, 2012) 

Urban Irrigation, fire protection, dust control, car washing, toilet flushing 

(Rock, et al., 2014) 

Industry Processes, cooling (EPA, 2012) 

Environmental/ 

Recreational use 

and landscaping  

Create, enhance, sustain or augment water bodies (wetlands, aquatic 

habitats, stream flows) Artificial lakes, outdoor classrooms, seawater 

intrusion barrier (EPA, 2012; Rock, et al., 2014) 

Potable Indirect potable 

reuse (IPR) 

Augmentation of drinking water source. Make use of an 

environmental buffer which proceed normal drinking water 

treatment. Can be planned or unplanned E.g. MAR (EPA, 2012) 

Direct potable 

reuse (DPR) 

Require most advanced treatment. Without environmental buffer – 

water is recirculated directly to drinking water network. (EPA, 2012) 
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5.5.1. Agricultural reuse 
Reclaimed wastewater could be used for irrigation, food processing and feedlot cleaning in the 

agriculture sector (EPA, 2012). This type of reuse is globally the most common one (EPA, 2012; Salgot 

& Folch, 2018). The quality of the reclaimed water depends on crop and if its cultured for human 

consumption. If used for crops intended for human consumption the reclaimed water must be of such 

quality that the risk of microbial contamination needs to be minimal, especially for crops intended for 

raw consumption (ibid. p. 3:11)  

5.5.2. Urban reuse  
The potential use of reclaimed water in urban contexts are broad. It could be used for both non-potable 

and potable applications as well as being centralised or decentralised systems. The treatment depends 

on if the public have access to the water or not. Examples of urban reuse is irrigation, fire protection, 

dust control, car washing, air conditioners, commercial laundries, street cleaning, decorative water 

features and toilet flushing (Rock, et al., 2014; National Research Counsil, 2012). For centralised 

systems infrastructure is needed to connect outflow from WWTP to end-use points which entails a large 

investment cost but is economically beneficial for maintenance (Massimiliano, et al., 2018). 

Decentralised systems for districts, clusters of houses or individual homes, might entail less 

infrastructure thus having a lower investment cost. For these decentralised systems there are several 

circular water measures which private persons can implement in their homes however different 

treatment processes are needed for different end-use purposes see Table 2.   

At a conference on water scarcity held by KTH and the Swedish environmental institute (IVL) 

(“Vattenbristen – utmaningar och lösningar i ett förändrat klimat”, March 21, 2019) the author of this 

thesis met with the founder of Graytec, a company which have ambitions to reclaim graywater in homes. 

Graytec aims to recycle water from shower/baths and washbasins within a building complex. The idea 

is to separate the graywater and treat it within the building, so it can be used for the same purpose again. 

The heat from the graywater is also recovered, giving a potential 80% reduction of energy demand and 

lower the water consumption by up to 60%. Graytec will test its system in Gothenburg at HSB Living 

Lab before it can be further implemented at other properties. (HSB Living Lab, n.d.).  

As a result of the Circular Water Challenge project, a restaurant at the island Möja have installed a 

circular water system where the toilets are flushed with reclaimed water from a privately-owned 

wastewater treatment plant, which receives wastewater from 40 properties, at the island (Bergman, 

2019). Previously, the restaurant guests had to use dry toilets. This installation has made it possible for 

the guest to use these water closets instead, hence improving the standard of their visit. The water is 

clear and odorless. Except the additional piping there are no indications of the toilets being any different 

than usual water closets (ibid.). 

The Australian government provides guides to environmentally sustainable homes on a webpage called 

Your Home (McGee, 2013). Here, recommendations of (among others) how to reduce water demand, 

rainwater harvesting, and reclaiming water are presented.  In the guide “Wastewater reuse” it is stated 
that reusing greywater for toilet flushing can save up to 50l of water per household and day and if used 

for washing machine it can save up to 90l per household and day (Fane & Reardon, 2013). 

Greywater from shower or bathroom washbasin can be used for toilet flushing without treatment as 

long as it is used within 24h and have passed through coarse filtration (Fane & Reardon, 2013). This 

water can contain pathogens and if stored for a longer period it begins to turn septic which cause smell 

(ibid.). If used for washing machine, a carbon filter which removes dissolved organic material might be 

appropriate to avoid discolouring of clothes (ibid.). The main disadvantage of this technique is the cost, 

which could be higher than traditional systems depending on the price of water services in the local 

area, maintenance cost and weather it replaces an existing system or not. If the household have a private 

wastewater treatment system, a complete reuse system (see Figure 11) usually is more economically 

justified than for a property connected to a central wastewater treatment plant (Fane & Reardon, 2013).  
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Figure 11 Water reuse in homes (Fane & Reardon, 2013) 

A small-scale example of reuse is to use the water from the washbasin to flush the toilet. The French 

product concept WiCi retails small sinks that can be retrofitted to existing toilets as well as complete 

toilets with built-in sink (see Figure 12) (WiCi Concept, n.d.). The company states that the installation 

could save 200 to 2000l per year (ibid.). There are also shower which directly clean and reuse the water. 

Orbital systems deliver a shower system which reduce the water demand by 90% and the energy use by 

80% (Alpman, 2014). The Nano-filters which cleans the water were first developed for NASA, now the 

showers have been installed at an outdoor bath in Malmö which reduced the water consumption 

significantly (ibid.). A way of reusing water without technical appliances is to collect the water used for 

washing hands or showering from the washbasin or tub in a bucket and use it to flush the toilet or 

irrigate garden plants. It is arguably not up to date with current standard of living, however an 

inexpensive way of reclaiming water and lowering the freshwater consumption.  

 
Figure 12 WiCi toilet with sink (WiCi Concept, n.d.) 
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5.5.3. Industry reuse 
A variety of industries could make use of reclaimed water. Reclaimed water could be used as process 

water, boiler feed water or for cooling (EPA, 2012). It could also be used for toilet flushing or irrigation 

of grounds (ibid.). By reusing water, industries could enhance their sustainability profile as well as 

lowering costs for purchase of freshwater (ibid.). Coca-Cola has for instance implemented reuse at 

several sites in North America and Europe, which have resulted in savings of 200 million litres per 

system and year (ibid.).  

5.5.4. Environmental/Recreational reuse and landscaping  
Reclaimed water could be used to create, enhance, sustain, recover or augment water bodies, wetlands, 

aquatic habitats or stream flows. (EPA, 2012; Rock, et al., 2014). It could be used to create a seawater 

intrusion barrier, artificial lakes or to create outdoor classrooms (Rock, et al., 2014). It could also be 

used for landscaping, as irrigation of green areas outside of towns (Salgot & Folch, 2018). Depending 

on the application, different quality of water is necessary, the level of treatment required extend with 

the level of human contact.  

5.5.5. Potable reuse 
Today, technologies exist that can treat wastewater to a drinking water. This provide the opportunity of 

potable reuses. Potable reuse can be divided into indirect potable reuse (IPR) and direct potable reuse 

(DPR). IPR is the process of using reclaimed water as drinking water, however an environmental buffer 

that precedes normal drinking water treatment is the last step before recirculating the water within the 

drinking water network. It could be augmentation of a drinking water source (groundwater aquifer or 

surface water). Indirect potable reuse can be intended/planned or unintended/unplanned (Rock, et al., 

2014; EPA, 2012), for example, if discharge of treated wastewater is released upstream of an inlet to a 

freshwater plant with or without considering the downstream intake.  Massimiliano, et al. (2018) state 

that planned IPR is unnecessary and costley as the water could be used directly. It could however be 

benefisial to recieve public acceptance. 

Managed aquifer recharge (MAR) is one type of indirect potable reuse. EPA (2012) points to the long 

history of managed aquifer recharge (MAR) and provides examples of successful programs. One such 

program is in California, USA which for 50 years has used recycled water to recharge a groundwater 

basin, providing 40% of the total water supply for the area. MAR can be implemented in several ways, 

the most common is 1) by direct injection into the groundwater basin, 2) indirectly through infiltration 

in the unsaturated zone or 3) by a recharge basin at surface where the reclaimed water can infiltrate 

(EPA, 2012). The reclaimed water needs to be treated to a quality so that there is no risk of 

contaminating the groundwater.  

DPR is considered a solution when droughts or structural water scarcity make it competitive (Salgot & 

Folch, 2018).  This require the most advanced treatment process where wastewater is treated to 

drinking water quality. The treated water is recirculated directly to the drinking water network without 

passing through an environmental buffer. In Windhoek, Namibia a large scale DPR system have been 

in used since 2002, which supply 26% of the city’s water need (Lahnsteiner & Lempert, 2007).  

5.5.6. Rainwater harvesting  
To collect rainwater from roofs or surfaces in water tanks is what is referred to as rainwater harvesting. 

The collected rainwater could be used for irrigation, as an alternative water supply, to create saltwater 

intrusion barriers, for wetland enhancement, flow augmentation, feedlot cleaning, powerplant cooling 

or toilet flushing (EPA, 2012). In private homes collected rainwater could be used for a variety of 

applications. Without any treatment, rainwater can be used to irrigate gardens or lawns (Dupont & 

Shackel, 2013). If treated to a clear and odourless quality, it can be used for toilet flushing or washing 

clothes (ibid.). Further treatment to remove dissolved solids enables showering, and removal of human 

pathogens, toxins and heavy metals enables drinking water quality (ibid.).   

There are a variety of different rainwater tanks at the market, tanks can be situated above or below 

surface and are available in various designs (Dupont & Shackel, 2013). A 3 000-litre tank buried in the 

ground is a standard type in Sweden (Hallman, 2019). This tank is nearly maintenance free and needs 

to be cleaned every 5th year and the filters needs to be cleared twice a year. The installation is stated to 

be easy and if fitted with a pump, the tank can, in addition to garden irrigation, provide water for toilet 

flushing and washing machine which can save up to 50% of the household water demand (ibid.).  
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6. Sandön  
This chapter presents the results of the case study and aims to answer the second research question 

“How is the water situation today at Sandön? Availability, need, use, rights, seasonal variations etc.”. It 

describes the water situation on Sandön from three perspectives, or layers as suggested by Pleijel and 

Nordström (2018) in the Water Saving Challenge booklet. First, the natural landscape where the 

physical environment and conditions of the island is presented. Second, the cultural landscape which 

describes the water demand and need of the people living and visiting the island, as well as businesses 

water demand and need. Lastly the technical landscape is presented which connects the two underlying 

layers by describing the current infrastructure that delivers water and sewage services on the island.  

6.1. Natural landscape 
In this section the geology, topography, hydrology and climate, flora and fauna and freshwater resources 

are presented.  

6.1.1. Geology and topography 
The name Sandön is translated to sand-island and as the name tell, the island consists mainly of sand. 

Mostly glaciofluvial sediments (material transported by the movement of icecaps from the latest glacial 

period (Geosigma AB, 2016)) of sand and gravel which in some parts are covered by aeolian sand. In 

the centre of the island a roughly 500 m arched strip of shingle is visible (see Figure 13). There are 

several areas of sand dunes (1-2 m hills of coarse to medium grain sand) across the island, the largest is 

located at the central part of the island below the chapel (Geosigma AB, 2016). The highest points of 

Sandön is at approximately 20 m above sea level (Geosigma AB, 2016), see Figure 15. The highest parts 

of the island started to rise above sea level approximately 4000 years ago (ibid.). The glaciofluvial 

sediments have an average depth of 10-20 m across the island. At one part of the island the depth is 20-

30 m (see Figure 14). The bedrock is estimated to be 1.92-1.87 billion years old and consist of 

granodiorite-granite (SGU, 2017). The distinctive sand environment is rare, and Sandön is the largest 

of this type in the Stockholm archipelago (Länsstyrelsen Stockholm, 2014) 

 
Figure 13 Soil type map, Based on SGU GIS data of Quaternary deposits 1:25 000 – 1:1000 000  
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Figure 14 Estimated soil depth to bedrock. Based on SGU GIS data of depth to bedrock 1:50 000  

 

6.1.2. Hydrology and climate  
Sandön had during the current standard reference period of 1961-90 a yearly average precipitation of 

501.1 mm (SMHI, 2014). This figure needs to be corrected by 15-30% to take into concern error sources 

as wind (Nordström, 2005), giving an average yearly precipitation of 650 mm (30% correction).  Figure 

16 illustrates the monthly average precipitation between 1966 and 2017 based on data from the 

measuring station at Sandön (SMHI, 2019). Nearly no surface-runoff occurs due to the permeable soil 

type (Geosigma AB, 2016) however subsurface-runoff from groundwater occurs ( Stockholms Tingsrätt, 

Miljödomstolen, Mål nr: M13416-05, 2016). The 1961-90 average yearly evapotranspiration in this 

region is 400 mm/year (SMHI, 2017). The climate is typical for the archipelago. Spring arrives later 

than at the mainland, but the summer also ends later as the seawater levels the temperature within, and 

between the days (Lennartsson & Stighäll, 2005). During the summer, the number of sunshine hours is 

also higher compared to the mainland, which affects the local temperature (ibid.).  

Figure 15 Elevation maps of Sandön. Right: Hill-shade effect x 10 to visualise height differences.  
Left: Classified elevation above sea level. Based on Swedish land survey GIS data of height, grid 2+ 
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Figure 16 Box-diagram of precipitation per month at Sandön 1966-2017 based on SMHI open data for station Sandhamn 9817.  

 

 
Figure 17 Average temperature based on data from SMHI for standard reference period 1961-1990 for station Sandhamn 9817, 

and Stockholm 9821. 

 
6.1.3. Flora and fauna 
Sandön is by large part covered by pine trees, some few spruce trees also exist (Sandhamn.se, n.d.). The 

lower vegetation mainly consists of ling, bilberry- and lingonberry sprigs as well as moss (ibid.) (see 

Figure 18). This nature type is sensitive for human pressure and can be wear down if too many people 

walk through the vegetation (Värmdö kommun, 2011). The coherent pine forest has trees of age up to 

300 years (Länsstyrelsen Stockholm, 2014). The island has very good conditions for biodiversity and 

house a large extent of rare and valued species (Värmdö kommun, 2011). The habitat type is rare in 
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Sweden and identified as worthy for protection in Europe (ibid.). No data on specific fauna have been 

found for this thesis however squirrels, small birds and seabirds were spotted during the field study.  

 
Figure 18 Pine forest and ling vegetation of Sandön, centre of island (picture by the author 6 April 2019) 

6.1.4. Seascape  
The sea surrounding Sandön is the Baltic sea. The seabed can roughly be described as shallow in the 

southern part and steeper in the northern parts. A few islets are scattered outside the southern part. 

Respondents state that the fishery once was better, however that it is possible to still get some catch. 

Respondents also mention that seals have been spotted at the shores of Sandön.  

6.1.5. Groundwater formation 
All water circulates in what is called the hydrologic cycle (see chapter 3.2) hence the water of an area 

can be calculated using the water balance equation: P = ET + R + ∆S, where P is precipitation, ET is 

evapotranspiration, R is run-off, and S is storage (such as surface water, snow, groundwater etc.) 

(Eveborn, et al., 2017). A simple method for calculating the potential groundwater formation of an area 

is to multiply the area with the effective precipitation for the area (Eveborn, et al., 2017). The effective 

precipitation is the part of the precipitation that potentially could infiltrate the ground. This is 

calculated as precipitation – evapotranspiration which for Sandön gives an effective precipitation of 

(650 – 400) 250 mm/year. The area which to multiply by is the catchment area, which is the area 

delimited by a drainage divide. In areas close to the shore where the bedrock is in, or close to the surface 

the run-off flows directly to the sea. Dansberget is one such area, however these areas are generally 

small at Sandön and to subtract them from the catchment area have minimum effect on the 

groundwater formation estimate.     

Based on elevation lines, field observations and consultation with Anders Nordström (2019, personal 

communication) approximate drainage divide and catchment areas were estimated (see Figure 19). 

These catchment areas could be further delimited however it was seen as unnecessary for this task 

(Nordström, 2019, personal communication). The estimated groundwater formation for Sandön, based 

on above mentioned, is 575 000m3 per year. Geosigma AB (2016) estimate a larger groundwater 

formation of 300 mm/year and present a total theoretical groundwater formation of 690 000 m3 per 

year. These figures are based on the permit for water enterprise [swe: vattendom] where the 

groundwater formation is estimated to be 60-70% of the precipitation and the area 2.4 km2 (Stockholms 

tingsrätt, miljödomstolen DOM: M 13416-05, 2006) which explains the higher values. According to 

VISS (Water information system Sweden), the local conditions of Sandön provide very good to excellent 

outtake opportunities of 5 to 25 l/s [400-2 000 m3/day] (VISS, 2017). 
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Figure 19 Catchment areas 

A simplified description of the fresh groundwater on Sandön is that it lies like a lens above the saline 

seawater. This is due to the seawater having a higher density. In the Baltic sea, the concentration of salt 

is lower than in other seas, meaning that there is a lower density difference between the freshwater and 

seawater. According to the Ghyben-Herzberg principle, the relation between saline- and freshwater in 

an unconfined aquifer can be described as: 𝑧 = 𝜌𝑓𝑟𝑒𝑠ℎ 𝜌𝑠𝑎𝑙𝑖𝑛𝑒 − 𝜌𝑓𝑟𝑒𝑠ℎ⁄ ℎ, where z is the vertical distance 

from sea level to the boundary zone, h is the vertical distance between the groundwater table and the 

sea level and ρ is the density of water.  In most seas, z is equal to 40h, however in the Baltic sea z is equal 

to 150h due to the lower density of the seawater. (see Figure 20). This means that if the groundwater 

table is lowered by 1 meter, the boundary zone between saline and fresh water rises 150 meters. Figure 

21 illustrates this however not proportionally.  

To minimise the risk of saltwater intrusion, a safety margin of 60 % is applied to ensure a sustainable 

groundwater outtake (Svensk Ekologikonsult AB, 2015). The groundwater formation and possible 

sustainable outtake is shown in Table 4.  

Table 4 Groundwater recharge and possible sustainable outtake 
 Area [km2] Groundwater formation [m3/year] Outtake possibility [m3/year] 

Catchment 1 0.5 125 000 75 000 

Catchment 2 1.1 275 000 165 000 

Catchment 3 0.7 175 000 105 000 

Sandön 2.3 575 000 345 000 
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Figure 20 Illustration of freshwater lens as an unconfined aquifer 

Figure 21 Illustration of freshwater lens as an unconfined aquifer, impacted by outtake deep well 
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In 1996, SGU identified six groundwater aquifers on Sandön by processing the area with geo-radar 

(Pamnert, et al., 1998). Figure 22 illustrate the bedrock surface (grey) of Sandön from a bird’s-eye view 

from south. The blue surface illustrates a groundwater table of +1 meter above sea level.   

 
Figure 22 Terrain model of the bedrock of Sandön, bird’s-eye view from south. The blue surface represents a groundwater 

table of +1 meter above sea level (Pamnert, et al., 1998) 

There are indications that groundwater is close to the ground surface at many places across Sandön. In 

the lower parts of Sandhamn, water is pumped out of the basement of at least one residential house, 

and in one property at the highest point, where the bedrock is close to the surface, water flows out from 

the bedrock and is pumped out of the property.  It is also indicated that Adolfstorg (an open grass field 

in the central part of Sandhamn where midsummer celebrations and a maypole is put up) have been an 

old lake.  

Figure 23 Groundwater close to surface. Left picture: Adolfstorg - potential old lake. Right picture: pump tube to prevent water 
to get into the basement by a property in the central part of Sandhamn village. (Pictures by the author 5 April 2019) 

 
6.1.6. Water Quality 
The natural conditions of Sandön creates a good basis for high quality groundwater. The soil type 

naturally purifies the water. The permeable soli type does however entail that contaminants easily can 

infiltrate making it of great importance to prevent spill or leakage. High chloride levels have been 

measured during the summer months when the outtake is large (Geosigma AB, 2016).  The water of 

Sandön is reported as good status for both quantitative and chemical aspects (VISS, 2017).   
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6.2. Cultural landscape  
In this section, the social aspects of Sandön, related to water, is presented.   

6.2.1. Population 
106 persons were registered as residents on Sandön in 2017 (Värmdö kommun, 2019a, personal 

communication). Respondents state that some registered residents live abroad during winter season 

however some persons who have leisure houses at Sandön do spend time at the island during off-season 

as well which makes the number of 106 permanent residents a representative approximation. Based on 

the interviews with residents, the average residential water use is 115 litre per person and day. (For 

calculation example see appendix “Calculation Resident water usage”). 

All respondent with leisure house at Sandön state that they live more or less permanently at the island 

during their summer vacation (commonly 60 days between mid-June to mid-August).  Six out of seven 

visit the island frequently also during off-season, commonly every other weekend and retirees visit 

Sandön more sporadically up to 50 % of the year.  There are 307 properties with owners registered at 

another place (2017) (Värmdö kommun, 2019a, personal communication). The municipality estimate 

2.3 persons per household however based the interviews conducted for this study it is commonly 7 

persons per household during summer and 2 persons during off-season, giving a summer population of 

2 149 persons.  Based on the interviews with residents, the average water use by summer-resident is 94 

litre per person and day. 

The number of leisure residents during off-season were calculated based on information from the 

interviews, where respondents stated that they spend time in their leisure homes outside the summer 

season. 29% state that they spend half of the year at Sandön, 43% visit every other weekend, 14 % visit 

rarely and 14% never visit Sandhamn off-season. Based on this and that there are 307 leisure properties 

at Sandön the number of leisure residents were calculated. Off-season, 178 persons spend 152 days, 264 

persons spend 46 days and 86 persons spend 24 days at Sandön. The average water use for this group 

is based on the same figures as summer residents, 94 litres per person and day.  

In a study by Gössling et al. (2012) the average water use for tourists in Sweden is 150l/p, d, for a 

Scandinavian hotel guest it varies between 216 (Scandic chain) - 516 (Hilton chain) l/p, d. For an over-

night guest at Sandön, the value of 216 litres per person and day is used. It is however difficult to 

estimate the water use for day-tourists at Sandön. Some visitors might not use any water, if they bring 

their own drinking water and only use the dry toilets, whereas others might be spa guest using 

considerably more water. Since no case specific data for day-tourist was available for this study, the 

figure provided by Gössling et al. (2012) of 150 l/p, d is therefore applied. 

Waxholmsbolaget had 48 642 arrivals and 50 866 departures from Sandhamn harbour during 2018. 

Largest share of passengers during July (22 551 arrivals and 25 530 departures). See Figure 24 for 

passenger distribution. Roslagens Sjötrafik AB had 18 365 departing passengers from Sandhamn and 

21 299 arriving passengers at Sandhamn (2018). Largest share of passengers during July – September, 

12 036 arrivals, 13 474 departures. (Roslagens sjötrafik AB, 2019, personal communication). Strömma 

do not share their passenger data but an estimation was made. Usually the boat M/S Cinderella which 

have a maximum capacity of 350 passengers drives the route however M/S Eskil also drives the route 

which have a maximum capacity of 168 (Strömma, 2019). The average maximum capacity of 259 

passengers were taken as an average passenger ratio, which might be a high estimation however gives 

a view of potential visitors. Strömma have equal number of departures and arrivals to Sandön per day 

which gives the same amount of departures/arrivals per month. Calculations give 97 902 yearly 

arrivals/departures based on the timetable of 2019, with the largest number of potential passengers in 

July; 28 231 arrivals/departures. Based on these figures the potential passenger distribution was 

estimated, see Figure 25.  The data do not distinguish whether a passenger is a resident or visitor 

however it shows that approximately 173 378 persons step ashore and 168 509 passengers leave Sandön 

with these ferries.  



 

30 

 

 
Figure 24 Actual passengers with Waxholmsbolaget 2018 

 
Figure 25 Potential arrivals and departures based on actual passenger data from Waxholmsbolaget and Roslagens Sjötrafik AB 

and estimated passengers from Strömma.  

KSSS has the largest guest marina at the island with a maximum of 120 moorings. Week 26-33 is 

considered high season when the harbour is commonly fully booked, and 4 persons is considered the 

average number of persons per boat and the guests usually stay 1.6 nights (KSSS, 2019b, personal 

communication). During the complete season approximately 45 760 persons visit the guest marina. 

Seglarhotellet also house a guest marina with 33 moorings, giving an approximate 13 068 guest per 

year. The other docks are private moorings. Based on 2018 figures from KSSS and an estimate of the 

utilisation of boat guest at the guest marina of Seglarhotellet, the estimated boat guests on Sandön is 

58 828. Boat-guest who stay at the guest marinas fill their tanks with desalinated water and not water 

from the municipal system. They do however have access to toilets, showers and a laundry room in the 

harbour which are connected to the municipal water and sewage system. The average water use for this 

group is therefore considered to be the same as the average water use for tourists in Sweden is 150l/p, 

d (Gössling, et al., 2012), which might be an over estimation.  
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6.2.2. View of water  
From interviews with both residents and businesses it is evident that the they are tired of discussing the 

water situation. Many residents experience a tension between the community and the municipality, 

which began when new housing development on the neighbouring island Telegrafholmen was built and 

connected to the municipal water and sewage system. A majority of the resident-respondents state that 

they want to leave the old tensions behind and focus on the future. They want a future where water 

supply is not a constant problem on the agenda. Some of the respondents consider it unnecessary to 

have water restrictions throughout the year. When asked about the view of water price, a majority of 

the resident-respondents say that they do not reflect about the water price. Two respondents think that 

they pay to little when reflecting on the services they get, one of them would like to see a variation in 

cost and that leisure residents should pay more.  

The municipal water cooperation should be run break even, therefor it is hard to experiment with prices 

of water. It is however possible to change the fixed and variable costs, which have been done in many 

mountain municipalities where property owners only spend a few days per year in their houses. This is 

something that is possible, however not discussed in the municipality of Värmdö (Fladvad & Baggström, 

2019, personal communication). A discussion about adding a fee on boat ticket prices to Sandön occurs, 

money which for example could be used to fund better public toilet services as well as more waste 

fractions for recycling.  

6.2.3. Agriculture, husbandry and fishery  
Due to the geology of Sandön, the land has never been farmed. Based on the interviews with residents 

it is recognised that some residents have flowerbeds, grow herbs and potatoes on a small-scale in their 

gardens. It is common to collect rainwater to irrigate these crops however not all residents have the 

possibility to do so without altering the drainpipes. The island was once a grazing islet however the last 

livestock left the island in the 60s according to one respondent. There is no industrial fishery located at 

Sandön although recreational fishing occurs.  

6.2.4. Tourism  
Sandön is a renowned summer resort and receives approximately 100 000 visitors/year (Ö för Ö, n.d.). 

People travel to Sandön for the beaches, the restaurants and the archipelago experience. Many of the 

resident-respondents experience that the number of tourists overall has increased and that the tourist 

season is longer, however the pressure on large holidays or events (Midsummer and sailing events) have 

decreased. There are three hotels (Seglarhotellet, Sands Hotell and Missionshuset B&B) (Destination 

Sandhamn, 2019a) and four restaurants (Seglarrestaurangen, Sandhamns Värdshus, Sands hotel and 

Dykarbaren) at the island (Destination Sandhamn, 2019d).  

Sandhamns Värdshus is an all year open guesthouse with a pub, a restaurant and outdoor seating 

in summer. All restaurants have the same kitchen. The guesthouse provide accommodation through 

Missionshuset B&B (total 12 beds) all year and between October and April through a Villa and an 

apartment (total 21 beds). The main water use is in the kitchen by washing dishes and cleaning. The 

property manager states that the business is not really affected by the water restrictions as they do not 

water by hose and that they do everything they can to minimise the water usage (Sjöblom, 2019, 

personal communication). The water appliances are up to date and is stated to be water efficient. 

Renovations are occurring continuously when needed, larger renovations are almost impossible as the 

business would have to close. The property manager has a positive attitude to reuse water and finds it 

unnecessary that toilets are flushed with drinking water. He suggests that all toilets should use 

desalinated water, however such plans are not present for the business.  

Missionshuset B&B provides 10 beds with shared toilet/showers and one cabin with 2 beds and 

private toilet/shower. The hotel has a kitchen where breakfast is prepared. The largest water use is 

stated to be by the kitchen as well as by guest showers and toilets. The water restrictions affect the 

business by them not being able to grow as much herbs or plants as they would like to as well as they 

are not able to irrigate the lawn (Grahn, 2019, personal communication). The business tries to save 

water by being aware, by not letting taps run and have shared toilet/showers for guest, and also by 

sending away the bedlinen and towels to be washed on the main-land. The hotel had 2547 individual 

guests in 2018 (Grahn, 2019, personal communication). 

Sands Hotell provide 34 beds in 8 apartments. The hotel tries to have open all year, but the main 

season is between May and September. During off-season a few reservations occurs. A restaurant for 45 

+ 30 guests is run on the premises which is open between July 4th and August 11th, it is however bookable 
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for private events during off-season. The hotel has 7-10 employees during summer. The water 

restrictions have no influence on the business. Some showers have water efficient nozzles and rainwater 

is collected to try to lower the water use. The manager sees no problem with water reuse. No statistics 

of guest were provided for this study. The approximation of an average occupation rate of 50% and an 

average stay of 1,5 nights was adopted, giving (365 days x 34 beds x 0.5 occupation rate / 1,5 nights per 

guest) 4 137 individual guest per year. This is notably a rough estimation.  

Seglarhotellet which in 2019 has its 20th anniversary is with its 215 beds the largest hotel on Sandön. 

The average occupation rate of Seglarhotellet was in 2011 stated to be 51% per year (Millevik, et al., 

2011). If each guest stays on average 1-2 nights, the hotel has approximately (365 x 0.51 x 215 / 1,5) 

26 682 individual guests per year. Currently the hotel is open for private guest on weekends between 

May and October and all days of the week between week 26 to 32. From November to April the hotel is 

open for conference guests. There is plans to make the hotel open for private guests all year again 

(Andersson, 2019, personal communication). 

The hotel was for sale last year however not any more unless a sensible bid is placed (Andersson, 2019, 

personal communication). The owner’s daughters currently run the hotel and have decided to invest in 

the business instead of selling it (ibid.). The hotel recently got a new CEO with background in tourism 

and environment at UN level (ibid.). The hotel needs to do some renovations in the near future to 

upgrade the hotel rooms as well as the pool and its equipment. Seglarhotellet have 20 full time 

employees, and 130 – 150 summer employees, and could provide approximately 140 beds for staff 

(Andersson, 2019, personal communication).  

Seglarhotellet also has an all year open guest marina with 33 moorings (Seglarhotellet, n.d.). The boat 

guest has access to the hotel facilities (spa, toilets and showers) however there is currently not provided 

with water to fill their freshwater tanks due to water restrictions. Guests who really need to fill their 

tanks are directed to KSSS to fill water provided from their desalination plant (Andersson, 2019, 

personal communication). The property manager states that there is impossible to run the guest marina 

one more year without water supply hence discussions to install a desalination plants or connect to 

KSSS desalination plant is ongoing (ibid.).  

The hotel has an all year open spa area with a large indoor pool, during winter bubble baths are provided 

and during summer an outdoor pool area. The pools are filled with seawater which is desalinated 

through chemical treatment. Cleaning and back flushing of filters is maintained with freshwater. The 

use of seawater makes the lifetime of the pool equipment shorter due to the saline water (Andersson, 

2019, personal communication).  

To reduce their water usage the hotel has reduced the pressure in taps and showers in the hotel rooms, 

toilets have low-flush technique and most of the laundry is sent for washing at the main-land. Stickers 

to encourage guest to use their towels more than once are present in the hotel rooms, and information 

of the water scarcity is provided in the room binders. The property manager has a positive attitude 

towards reuse of water and state that is would be preferable to reclaim water from showers and 

washbasins to flush toilets and that rainwater harvesting would be possible (Andersson, 2019, personal 

communication). 

Water scarcity cause difficulties for the business as boat guests cannot fill their freshwater tanks and it 

takes more effort to clean floors and terraces of the restaurant and nightclub area as well as vehicles as 

it is not allowed to use water hoses (Andersson, 2019, personal communication). The property manager 

urges for a daily update of the water outtake for Sandön to more easily adjust their business operations 

to the water situation (ibid.).   

6.2.5. Sport activities 
Sailing is one mayor sport activity on Sandön. KSSS and private interest organisations arrange sailing 

camps and competitions based on Sandön. There is a tennis court located south of Dansberget on 

Sandön. Showers and toilets are available at the premises however by one resident-respondent stated 

not to be used as no one wants to manage the cleaning. A not maintained football field was observed, 

located north west of Trovill. The usage of this field is unknown. A mini-golf course is located by 

Seglarhotellet. Seglarhotellet plans to build padle (racquet sport) courts by the mini-golf course this 

summer (Andersson, 2019, personal communication).  
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6.2.6. Public services  
The preschools water usage is not known but stated to be small (Fladvad & Baggström, 2019, personal 

communication). The waste facility and public toilets use approximately 500 m3/year (Värmdö 

kommun, 2019a, personal communication). The municipality will install a desalination plant for the 

public toilets this year (Fladvad & Baggström, 2019, personal communication). Four public dry toilets 

are located at the beach by Trovill.  

6.2.7. Human pressure 
From interviews with residents a mean value of water usage was calculated. Permanent residents use 

on average 115 litres per person and day (based on 5 interviews), and summer residents use on average 

94 litres per person and day (based on 3 interviews). For an average Swede, this figure is 140 litres per 

person and day (Svenskt Vatten, 2019).  The lower value of summer residents might be due to the fact 

that the respondents mainly were older with a water saving mindset. It could also be lower due to the 

large size households and that summer residents might take a swim in the ocean rather than showering. 

The average water usage by day-trippers and private-boat visitors apply the average water usage by 

Swedish tourists of 150 l/p, d and over-night visitors the value of 216 l/p, d (Gössling, et al., 2012). The 

water demand in a consumption perspective is illustrated in Table 5. The water demand of the 

population of Sandön is estimated to be 48 817 m3 per year which corresponds to a pressure of 1 163 

permanent residents.  

The number of day-trippers is calculated by the approximation that 100 000 persons visit Sandön per 

year and that 33 366 of them stay overnight and 58 828 in private boats, giving the estimate of 7 806 

day-visitors per year.  

Table 5 Water demand, consumption perspective 
No. of persons Category litre/person, day No. of days Total [m3/year] 

106 Permanent residents 115 365 4 449.35 

2149 Summer residents 94 60 12 120.36 

528 Leisure residents (excl. summer) 94 24 - 152 3 427.00 

7 806 Visitors Day-trippers 150 1 1 170.90 

33 366  Over-night 216 2 14 414.12 

58 828  Private boat 150 1.6 14 119.72 

     49 701.45 
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6.3. Technical landscape  
In this chapter the infrastructure and apparatus which provide water and wastewater treatment for 

Sandön is presented. First, the centralised municipal water and sewage system is presented thereafter 

the individual systems. Figure 26 illustrates the distribution of municipal water and sewage services 

and the properties which have individual water and sewage systems.  

 
Figure 26 Overview of municipal vs. individual water and sewage systems including well and wastewater treatment plant 

location 

6.3.1. Municipal water plants and sewage systems 
As showed in Figure 26 most of the properties on Sandön is connected to municipal water and sewage 

services. Lökholmen is also connected to the municipal water and sewage system however only during 

summer. The drinking water is extracted from dug groundwater wells located in Sandhamn village as 

well as from the centre parts of the island (Stockholms tingsrätt, miljödomstolen DOM: M 13416-05, 

2006). There are in total 11 wells owned by the municipality, two is currently not in use (Värmdö 

kommun, 2019a, personal communication). Each well has level control which controls the outtake. The 

water from the wells is pumped via two compensation basins before distributed to customers. Due to 

the favourable geological conditions, the raw water only needs to be treated with UV-disinfection before 

distribution. Chlorination is available for backup treatment if needed (Fladvad & Baggström, 2019, 

personal communication). The drinking water is tested both at outtake point and at the user for micro 

and chemical parameters (Värmdö kommun, 2019a, personal communication).  

The wells located in the centre of Sandhamn have fences surrounding them, with a sign declaring that 

it is protected water, § groundwater catchment. The wells in the central part of the island are not 

marked, see Figure 27. 
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The water plants distribute 48 348 m3/year (based on measured values from 2016 and 2017) (Värmdö 

kommun, 2019a, personal communication). The largest part of the production occurs during summer. 

During June 2018 the freshwater outtake was on average 382 m3/day, with a maximum of 472 m3/day 

which is only 28 m3 from the allowed outtake of 500 m3/day (Stockholms tingsrätt, miljödomstolen 

DOM: M 13416-05, 2006). Figure 28 illustrate average water production per month. Pump function, 

reservoir levels and water outtake are continuously monitored, hence it is possible to show daily 

production of water. There are however no flowmeters in the pipes (Fladvad & Baggström, 2019, 

personal communication). The pipe system consists of polythene and galvanized pipes as well as older 

cast iron pipes (ibid.). The system has energy backup which kicks in in case of power supply failure. In 

case of severe failure of the water system, the municipality have emergency water tanks which could be 

shipped to Sandön to supply residents with drinking water (ibid.). 

 
Figure 28 Monthly average water production from municipal water supply, based on figures from 2016 and 2017 (Värmdö 

kommun, 2019a, personal communication) 

Figure 27 Wells. Left picture in the centre of Sandhamn with fence (picture by the author 7 April 2019). Right picture: well in the 
central parts of the island, without fence (picture by the author 6 April 2019) 
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The municipal wastewater treatment plant (WWTP), which is dimensioned for 3000 people, is located 

at Telegrafholmen (Värmdö Kommun, 2019b). It treats wastewater from Sandön, Telegrafholmen and 

Lökholmen. It was first constructed in 1986 and in 2005 it was rebuilt with Sequence batch reactor 

technique (SBR), in 2017-2018 polishing filters were added to further treat the water (Fladvad & 

Baggström, 2019, personal communication). The SBR technique works by treating a set amount of 

wastewater at a time.   

First the wastewater passes through a coarse filter where larger objects is removed, then the water flows 

into a retention pool. From this pool a set amount of water is pumped into another pool where the SBR 

takes place. First the water is aeriated which enables aerobic biodegradation. After this a flocculant is 

added which binds the phosphorus to sludge. Thereafter the water is retained, and a sedimentation 

process occurs in order for the sludge to sink. The cleaned wastewater floats above the sludge and is 

pumped to a final cleaning step which is polishing filters. The water is centrifuged through the filters 

which further removes phosphate.  After these steps the water is treated to an approved level. The 

treated wastewater is released to the sea about 110 m from the shoreline at 30m depth (Värmdö 

kommun, 2019a, personal communication). Some of the treated water is reused in the treatment plant 

processes as well as for cleaning (Värmdö kommun, 2019e). Figure 29 illustrates the process.  

The process is continuously monitored and 24h samples are taken twice a month (Värmdö kommun, 

2019a, personal communication). The sampling checks both incoming and outgoing water. The 

outgoing water is sampled for COD(Cr), BOD7 (ATU), phosphorus, nitrogen, ammonium, nitrate, 

aluminium, alkalinity and suspended substances (ibid.).  

Due to the great population variation on Sandön, the WWTP receives an uneven inflow of wastewater, 

see Figure 30. During winter, the process takes longer time due to small amounts of incoming 

wastewater and low temperatures, which is problematic for the biological part of the treatment process 

(Värmdö kommun, 2019e). During summer, the inflow is a lot higher but by having a retention pool, all 

wastewater is able to be treated and no overflow have occurred according to the municipality (Värmdö 

kommun, 2019a, personal communication). If some process for some reason would fail, the wastewater 

can be pumped to a retention pool from which it can be extracted and transported to another WWTP 

with tank-boat (Värmdö kommun, 2019e).  

 

 
Figure 29 Flowchart of the wastewater treatment plant 
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Figure 30 Outflow of treated wastewater from municipal WWTP per month from 2018. No data available for January and 

February due to reconstruction (Värmdö kommun, 2019a, personal communication).  

Based on figures from 2005-2014 and 2018 of yearly outflow from the WWTP provided by the 
municipality of Värmdö, the average yearly outflow from the WWTP is 42 926 m3 per year. Water used 
for showering, doing dishes, laundry and toilet accommodate for 87% of the water usage in a household 
(Pleijel & Nordstöm, 2018). This means that 122 l of the Swedish average water consumption of 140 
l/p, d becomes wastewater. The WWTP of Sandön hence have an average outflow from [42 926 m3/ 
(365x0.122)] 964 person-equivalents.  

 

6.3.2. Private water and sewage management 
Based on interviews and observations, approximately 25 properties are not connected to the municipal 

water and sewage system. One respondent state that their freshwater well run dry during droughts. 

Weather the private wells are dug or drilled have not been mapped in its entirety, except for one 60m 

drilled well which overall provide water of enough quantity. No information about private sewage 

systems have been available for this study, except that sludge emptying occurs via hoses to tank-boats.  

KSSS have installed a desalination plant to provide water for their guest marina visitors between May 

and September (KSSS, 2019a, personal communication). The system is provided and maintained by 

BlueWater and it has the capacity to deliver 30 000 l/day (KSSS, 2019b, personal communication). The 

seawater outtake is situated 8m below the dock (ibid). The water is from here pumped up to a filter 

station situated in the basement of Seglarhotellet, where the water gets treated to drinking water quality 

and then stored in three 2m3 water tanks situated under the terrace of Seglarhotellet, before being 

distributed to the customers (KSSS, 2019a, personal communication). The taps either have an on/off 

handle or a push button which provides water for 30 sec. It happens that the desalinated water runs out 

during peak hours when guests are leaving, and new guests are arriving. The harbor master tries to 

guide guests to fill their freshwater tanks when water is available. Larger storage tanks would however 

be preferable and is something that is discussed to be introduced in the summer of 2019 (ibid.).   

Figure 31 KSSS desalination plant. Left picture: white plastic water tanks, grey pressure tank. Right picture:  Filter station. 
(Picture by the author 6 April 2019) 
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Along the south beach of the island, below Oxudden, a 

pipe runs out in the sea (see Figure 32). This indicates 

that sweater is used by at least one property at this 

location, possibly for a private desalination plant.  

6.3.3. Ongoing water projects at Sandön  
There is an ongoing EU project – SEASTOP, where KSSS 

and Värmdö municipality plan to build a larger 

desalination plant at Telegrafholmen, to supply the 

entire KSSS operations on Sandhamn, Telegrafholmen 

and Lökholmen with freshwater during April to October 

(KSSS, 2019c). The plant is planned to produce 

35m3/day (ibid.). This project will entail new pipes 

between Telegrafholmen, Sandhamn and Lökholmen 

(ibid.). The process is in its finalising stage and the 

construction is planned to start May 2019 and deliver 

water at the latest to 2020 (KSSS, 2019b, personal 

communication).  

Another ongoing project is a Leader project called “more 

water to Sandhamn”. Leader provide funding for locally 

led development initiatives through the Swedish board 

of agriculture. The study aims to investigate how to 

combat water scarcity by analysing alternative water 

supply possibilities. The different alternatives that are being considered is a desalination plant 

connected to the municipal water system, a desalination plant for one or more large water consumers 

during summer, a pipeline from the main-land and rainwater harvesting. Additional alternatives might 

be added (Almlöf, 2019b, personal communication). 

 
6.4. Connection between layers  
Based on the natural landscape, a sustainable potential outtake of 345 000 m3 per year is possible. It 

must however be pointed out that a subsurface run-off to the sea occurs, and that this quite large 

number represent the potential outtake if all water is stored in the aquifers.  

Based on the cultural landscape, the water demand of Sandön is 49 700 m3 per year, whereof 

approximately 84% occurs during the summer. The data from the ferry businesses illustrate that the 

number of persons traveling to and from Sandön increase from April, has a large peak in July and 

decrease drastically in September.  

Based on the technical landscape, 48 348 m3 of freshwater is produced by the municipal water plants 

per year and 42 926 m3 of treated wastewater is released from the municipal WWTP per year. The 

outtake and withdrawal follow the same pattern as the ferry-passenger statistics, with a large peak in 

July.  

This indicates that a sufficient amount of water is available on a yearly basis, however as the human 

pressure is distributed unevenly over the year with a peak demand during July, measures to supply the 

demand during the summer months is necessary, if the businesses should be able to function as usual.   

Figure 32 Pipe from the sea at the south beach. 
(Photo by the author 5 April 2019) 
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7. Assessment 
In this chapter an assessment of the possibility to implement different circular water measures at 

Sandön is presented. Hence it aims to answer the third research question “What are the possibilities to 
implement circular water measures at Sandön? Of what kind, where, how, by and for whom?”. Table 6 

gives an overview of the assessment framework. The assessment is based on the process of SEA. 

Drawing from the previous chapter about Sandön, the natural conditions and the groundwater aquifers 

can supply the population with water of adequate quantity and quality for most of the year. It is during 

summer and especially July when the legal limit of 500 m3 per day is close to be reached, and the largest 

amounts of wastewater is flowing to the WWTP, hence it is at this time measures needs to be directed. 

The strategic action being assessed in this thesis is the proposed plan to implement circular water 

measures at Sandön as a mean to save water and reduce the peak demand during summer. 

Table 6 Overview of the assessment framework 

Objective 
Water of adequate quality and quantity is available for residents and visitors now and 

in the future without compromising the environment 

Decision factor Definition Targets Assessment Criteria 

1 
Environmental 

Protection 

Protection of 

biologic, scenic 

and cultural 

environment. 

Ensuring good-

quality 

groundwater as 

well as 

flourishing 

archipelagos 

1a 

Aquifers are protected 

according to the 

precautionary principle 

Outtake of <500 

m3/day and 90 000 

m3/year 

1b 
Protection of the unique 

Sandön environment   

Physical intrusion 

on the local 

environment 

2 
Social 

Sustainability 

The water system 

supplies water to 

end-users in a 

safe and 

accepted 

manner.   

2a 

Water supply technique is 

known, accepted and 

utilized by end-users 

Perceived safety  

2b 

Effective communication 

between municipality, 

businesses and the public 

Perceived trust 

3 

Water quality 

“fit-for-

purpose” 

Reclaimed water 

is treated to a 

level suitable for 

the end-use.  

3a 
Safe distribution of non-

potable water  

Risk of 

contaminating 

freshwater 

resources  

3b Cost effective  Life-cycle cost 

3c 

Reclaimed water treated 

to appropriate quality for 

end-use 

Quality of reclaimed 

water 

3d 
Reuse/reclaim where 

possible 

Freshwater saving, 

Lower discharge of 

treated wastewater  

The objective or aim is that water of adequate quality and quantity is available for residents and 
visitors now and in the future without compromising the environment. To specify this, three decision 

factors are put forward. When planning for water reuse, it is important to protect the biologic, scenic 

and cultural environment, as well as following laws, regulations and policies (see chapter 5.3 Evaluation 

criteria). Sweden and the municipality of Värmdö have environmental quality objectives of ‘good-

quality groundwater’ and ‘flourishing archipelagos’, hence the first decision factor is Environmental 

protection. The single most important factor when planning for water reuse is public acceptance (see 

chapter 5.3 Evaluation criteria). The human health risk is also vital. The second decision factor is 

therefore Social sustainability. Current water management system uses water of drinking quality to far 

more applications than needed. The US EPA (2012) suggest that water quality should be “fit-for-

purpose” which here is adopted as the third decision factor.  

For each decision factor a set of targets and assessment criteria are established to further define the 

objective. Targets for Environmental protection is based on the urge from the residents of Sandön to 

protect the groundwater, the permit for water enterprise and the fact that the island consists of a rare 

natural and cultural environment. Targets for Social sustainability address aspects of public acceptance 
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as well as stakeholder communication which is crucial to ensure success of a water reuse project. Many 

resident-respondents states that the communication between the municipality and the 

residents/businesses have been deficient, which makes it an important target for social sustainability 

in this case. Targets for Water quality “fit-for-purpose” address more technical aspects, such as a safe 
distribution of non-potable water, quality of reclaimed water, lower amounts of treated wastewater 

discharge to recipient, and freshwater savings. The economic aspect is also considered through life-

cycle cost. Energy use and greenhouse gas emissions are not considered in this thesis, however 

preferable to study if choosing to install circular water measures. The option which entails the least 

emissions should be preferred as well as the use of renewable energy supply in order to minimise the 

contribution to climate change.  

7.1. Options for reuse of water on Sandön 
The following subsection present and assess possible options of water reuse for Sandön. Table 7 present 

a summary of the assessment of the options on a scale from strong opportunity or positive effect to 

strong risk or negative effect for each of the assessment criteria defined in Table 6. A strong opportunity 

implicates that the option has high potential to contribute to the fulfilment of the target, whereas a 

strong risk implies that the option could threat target fulfilment.  

During winter, the WWTP receive low flows of wastewater and a large share of the treated water is used 

at the treatment plant (Värmdö kommun, 2019e). A centralised system dependant on continuous flows 

of reclaimed water is therefore not considered. During summer (June-August) the release of treated 

wastewater is above 6 000m3/month which is a considerable source of reclaimed water (strong benefit 

for targets 1a and 3d). If reclaimed water is going to be used from the WWTP additional pipes from 

Telegrafholmen to Sandön is necessary (risk for target 1b). If it is not too late, co-planning with the 

SEASTOP desalination project would be preferable, as new piping is going to be built between the 

islands (benefit for target 3b). Special care of separation and marking of the pipes is crucial so that water 

qualities are not mixed (risk for target 3a). This reclaimed water could advantageously be used for 

flushing toilets or rinsing vehicles by Seglarhotellet, rinsing ground surface and bins at the waste facility 

and public toilets, by KSSS toilets, or any other hotel or restaurant toilets (benefit for targets 2a, 2b and 

3c). The larger the expansion the more infrastructure is needed (risk for target 1b). Dual connections 

and smart sensors to appliances might also be needed if the reclaimed water is running out. The 

installation could be quite quick if a sea-pipe is connected. Depending on the scale of reuse, reclaiming 

water from the WWTP could have substantial impact on the freshwater outtake and reducing the peak 

demand during summer (strong benefit for targets 1a and 3d).  

Managed aquifer recharge (MAR) is technically possible (strong opportunity for target 3c) and could 

potentially reduce water scarcity and lower discharge of treated wastewater to the sea (strong 

opportunity for target 3d) however based on interviews with residents it is not likely to be accepted by 

the public (strong risk for targets 2a and 2b). The fear of contaminating the groundwater and harm the 

islands water supply makes this alternative unviable (strong risk for targets 1b, 2a, 2b and 3a). It also 

entails large investment and maintenance cost (risk for target 3b), which makes it unlikely to be 

accepted by the municipality.  

The hotel Seglarhotellet is one of the largest water consumers of the island. In forthcoming renovations 

of the hotel rooms, it is possible to implement reuse of water (strong opportunity for target 1a, 1b, 3a, 

3b, 3c and 3d). It could be for the whole hotel; in this case it is preferable to separate the wastewater. 

Water from toilets and kitchens should be directly led to the municipal WWTP and water from showers 

and wash basins should be led to an on-site treatment and then recirculated for the same purpose as 

well as toilets (strong opportunity for targets 2a and 3c). Another option is to install recirculation for 

each room, so that water from the wash basin is directly led to the toilet (strong opportunity for targets 

2a and 3c). In both cases the drinking water use is significantly lowered (strong opportunity for target 

1a).   

Privat homeowners could install water reuse by reclaiming water from washbasins and showers and use 

it to flush the toilet (strong opportunity for targets 1a, 1b, 3a, and 3c, opportunity for target 2a, 3b and 

3d). This is a quite easy installation by just connecting the washbasin outlet to the water tank of the 

toilet. More advanced showers that directly reclaim the water could also be installed some which save 

90% of the water use. The more advanced technique the higher the investment cost, however generally 

also the lower freshwater demand.  
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Rainwater harvesting is one potential option, the potential amount of collection is based on the roof 

area [m2] x annual precipitation 650 [mm/year]. Careful consideration needs to be taken to the 

potential reduced infiltration to the groundwater, small roof areas can be considered a small proportion 

of the islands surface area and would have a minimal effect on the groundwater recharge. Properties on 

the shore where the run-off likely runs directly to the sea could beneficiary collect rainwater (Strong 

opportunity for target 1a, benefit/risk for target 1b). Rainwater harvesting would however not reduce 

the discharge of treated wastewater from the WWTP to the sea (negative effect for target 3d)   

Seglarhotellet is located directly by the shore and has a large roof area. The rainwater from this property 

could be collected to be used on the premises to rinse terraces and vehicles from dust without any 

treatment (strong opportunity for target 3c). This would not reduce the freshwater outtake substantially 

as this activity is regulated by the water restrictions, however, make it easier for the staff to clean and 

reduce the time needed. Rainwater tanks are considered quite inexpensive and require minimal 

maintenance (opportunity for target 3b). Alterations downpipes might be needed however installation 

could be quite quick (opportunity/risk for target 1b). The roof area is approximately 2700 m2 giving a 

potential yearly harvest of 1 755 m3.  

The waste facility and public toilets in the Sandhamn harbour area could make use of rainwater 

collected from the roofs of the surrounding commercial buildings (see Figure 33) (strong opportunity 

for targets 1a, 2a, 2b, 3a, 3b and 3c,) Here rainwater could be used to rinse bins as well as for flushing 

toilets (strong opportunity for target 3c). The municipality is planning to install a desalination plant for 

the toilet, this alternative hence arrives a little late, however the roof area of 900m2 gives a potential 

yearly harvest of 585m3 which is a bit more water than the facilities use per year.  

Private houses could beneficially install tanks to collect rainwater for garden irrigation, toilet flushing 

and perhaps washing machines, the latter two is a large share of the water use for a household (strong 

benefit for targets 1a, 2a, 3a, 3c). The larger the roof the more water could be obtained. To use rainwater 

indoors, additional piping is needed, except for the tank and water pump (risk/opportunity for target 

1b). Some alternation of the downpipes might be necessary, as well as first-flush diversion.   

Värdshuset with a roof area of 349m2 could potentially collect 227 m3 of rainwater per year, the potential 

reuse could be for the restaurant’s toilets (opportunity for target 1a, 3b and 3d), however placement of 

water tank is complicated due to its location (risk for target 1b).  Sands hotel has a roof area of 258m2 

and could potentially harvest 168 m3 of rainwater per year which could be used for irrigation (which it 

is today in small scale) and potentially also toilet flushing and laundry (benefit for targets 1a, 3b and 

3d). Missionshuset have a roof area of 135m2 thus 88m3 could be collected per year. This water could 

potentially be used for lawn and garden irrigation.  

 
Figure 33 Rainwater diversion from commercial buildings in the Sandhamn harbour area. Potential rainwater harvesting could 

be beneficial (picture by the author April 10, 2019)   
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Table 7 Assessment of identified possible circular water management options for Sandön 

Assessment 

criteria → 

 

Strategic option  

Outtake of 

<500 

m3/day and 

<90 000 

m3/year 

Physical 

intrusion on 

the local 

environment 

Perceived safety 
Perceived 

trust 

Risk of 

contaminating 

freshwater 

resources 

Life-cycle cost 

Quality of 

reclaimed 

water 

Freshwater 

saving 

Lower discharge of 

treated wastewater 

to sea 

Zero alternative - ++ - -  +/- NA -- -- 

WWTP → hotels 

and restaurant 

toilets 

++ - ++ ++ - + ++ ++ ++ 

WWTP → waste 

facility + public 

toilets 

++ +/- ++ ++ - + ++ ++ ++ 

WWTP→ MAR NA -- -- -- -- - - ++ ++ 

Seglarhotellet 

decentralised 

treatment of 

greywater on-site 

++ + ++ NA ++ ++ ++ ++ + 

Seglarhotellet 

/Sands individual 

reuse in every 

hotel room 

+ ++ ++ NA ++ + ++ + + 

Private properties 

reuse for toilet 

flushing etc. 

++ ++ + NA ++ + ++ + + 

Rainwater 

harvesting 

Seglarhotellet 

++ +/- + NA ++ + ++ +/- -- 

Rainwater 

harvesting waste 

facility 

++ +/- ++ ++ ++ ++ ++ ++ -- 

Rainwater 

harvesting Private 

houses 

++ +/- ++ NA ++ + ++ + -- 

Rainwater 

harvesting Sands 
+ +/- ++ NA ++ + ++ + -- 

Rainwater 

harvesting 

Värdshuset  

+ - ++ NA ++ + ++ + -- 

 

++ + +/- - -- NA 

Strong opportunity 

or positive effect 

Opportunity  Risk Strong risk or  

negative effect 

Not applicable 



 

43 

 

8. Recommendations  
In this chapter three options for water reuse at Sandön is presented. These recommendations are 

suggestions of what reuse measures that, based on the assessment of this report, would be preferable 

for Sandön. It should be pointed out that the foremost recommendation is to develop strategies with 

the end-users, as the success of a system is highly reliant on their acceptance. With that said, the 

following recommendations could be a starting point for further discussions on how to save freshwater 

by reusing water at Sandön and perhaps other islands and communities.  

8.1. Decentralised reuse of greywater at Seglarhotellet 
The hotel Seglarhotellet is one of the largest water consumers of the island. In forthcoming renovations 

of the hotel rooms, it is possible to implement reuse of water. It could be for the whole hotel; in this case 

it is preferable to separate the wastewater. Water from toilets and kitchens should be directly led to the 

municipal WWTP and water from showers and wash basins should be led to an on-site treatment and 

then recirculated for the same purpose as well as toilets. Another option is to install recirculation for 

each room, so that water from the wash basin is directly led to the toilet. In both cases the drinking 

water use is significantly lowered.   

8.2. Reclaim water from the wastewater treatment plant  
The treated wastewater from the wastewater treatment plant at Telegrafholmen could be used for 

flushing toilets at hotels, restaurants or at the public toilets in the Sandhamn harbour area during 

summer when the WWTP produce over 6000 m3 of water per month. This would reduce the peak 

demand of freshwater substantially during summer however require a large investment cost. It would 

be preferable to co-plan with the SEASTOP project to put down a pipe between Telegrafholmen and 

Sandön. The pipe would come up in the Sandhamn harbour area close to Seglarhotellet where it could 

be used for flushing toilets. To further extend to other hotels and restaurants, additional infrastructure 

is needed and careful considerations of marking up the pipes is needed.  A first step could be to connect 

the public toilets to prove its function, however if a desalination plant for this purpose already is ordered 

it might be excessive.   

 

8.3. Reuse in private homes 
Privat homeowners could install water reuse by reclaiming water from washbasins and showers and use 

it to flush the toilet. This is a quite easy installation by just connecting the washbasin outlet to the water 

tank of the toilet. More advanced showers that directly reclaim the water could also be installed some 

which save 90% of the water use. The more advanced technique the higher the investment cost, however 

generally also the lower freshwater demand. Rainwater harvesting for irrigation purposes or indoor use 

is also a mean to save water in private homes. 
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9. Discussion   
The first research question for this study was to identify circular water management strategies or 

technical solutions and their effectiveness in terms of water savings. An overview of different circular 

water management options has been presented in this thesis. These illustrate proven strategies or 

techniques of implementation water reuse. Solutions exist for large centralised systems to small 

decentralised systems. The study shows that each case is unique and that local conditions determines 

what solutions that are preferable (Bixio, et al., 2008; Massimiliano, et al., 2018; Kandiah, et al., 2019; 

Chhipi-Shrestha, et al., 2019; EPA, 2012). One option that is preferable in one setting might not be so 

for another. This also indicate that stated water savings for one technique might be lower or higher in 

another setting. Nevertheless, this study strengthens the indication that the implementation of circular 

water measures has the potential to reduce the need of raw water extraction as well as decrease the flow 

of wastewater to a WWTP. Circular water system hence provides the opportunity of sustainable water 

resource use. Rainwater harvesting is in this study included as a way to reuse water, even though it has 

not been “used” beforehand in the technical water system. But to collect rainwater provide an 
alternative source of water which could lower the demand of the freshwater resource. The example of 

the circular system implemented for the toilets at the restaurant on Möja serves as a good example of 

how easy it can be to act. This project was initiated and up and running during the timeframe of this 

spring (2019). The overall success of this project is mainly due to the engagement of a driven resident 

(who owns the treatment plant) and the restaurant owner, both with a problem-solving mindset.  

The second research question was to map the water situation on the Sandön island. The natural 

conditions of Sandön provide a good base for groundwater formation and thus a large availability of 

freshwater on a yearly basis. The aquifers are quite sensitive and responds quickly to precipitation and 

outtake. The human pressure is uneven with a huge peak during the summer months, nevertheless the 

technical water system is dimensioned supply the demand. The water outtake is however limited with 

a water enterprise permit to minimise the risk of saltwater intrusion (Stockholms tingsrätt, 

miljödomstolen DOM: M 13416-05, 2006).  This causes an imbalance between water supply and 

demand during summer, July. Through interviews with residents and businesses at Sandön it was 

obtained that it was seen as unnecessary to have water restrictions throughout the year. One business 

urged for a daily update of water outtake in order to better adjust their business operations (Andersson, 

2019, personal communication). By having an all year restriction, the reservoirs have time to augment 

during periods of low outtake, which enforce the all year restriction. However, the limit of 500 m3/day 

is far from reached during winter, which could enable some exceptions from the restriction. To show 

statistics of water level and freshwater outtake to the public is possible and would make the 

communication between residents/businesses and the municipality more transparent.  

The third research question was to investigate the potential reuse of water for Sandön. Options of reuse 

that were found suitable for Sandön are not necessarily transferable to other places. As previously 

mentioned, each site has its specific characteristics. This study has showed that a thorough analysis is 

needed to find site specific preferable reuse measures, however reuse is always possible. This study did 

not suggest any potable applications for water reuse at Sandön. For any other case, where potable 

applications are considered it should be reflected that the long-term effect on human health of 

pharmaceutical residues in wastewater is unknown, and that special care should therefore be taken.   

It is worth to emphasise that as in many other cases when resource efficient measures are implemented, 

there is the possibility of rebound effects. The owner of the system could overestimate the savings and 

start to use more water which may result in net zero saving. To minimize this risk, monitoring systems 

which illustrates the water usage for a household might be a way to remind individuals to use water 

resources sustainably. Another rebound effect for the case of Sandön could be that the WWTP might 

receive too little wastewater during winter causing the biodegradation to slow down or be insufficient. 

Hence, a system perspective of any large-scale implementations is needed.  

It is important to clarify that the result of the assessment is based on a set of targets that are elaborated 

on the findings of the literature review and case study. The assessment framework has not been run 

through with any stakeholder. This could have improved the criteria from which options are proposed. 

If this step would have been added the public acceptance of the options might be improved as they 

would be involved in the process and thus feel commitment to the success of the project. This is what 

the author hope will be performed at workshops arranged by the circular water challenge project in the 

autumn of 2019.    
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SEA have for this thesis been a useful framework to in a structured manner assess development options. 

It is, as Therivel (2010, pp 18-21) states time consuming, however options are thoroughly evaluated, 

and the process result in a transparent assessment. As mentioned in 3.3.2, tiering is an important 

concept of SEA. This thesis provides an overview of circular water management options and criteria 

that is important to consider when planning for water reuse. It could thus aid future practitioners who 

plans implement circular water management and needs/wants to perform a SEA.  

Public acceptance was consistently mentioned as the key factor for success for circular water 

management implementation throughout the literature studied on water reuse (Bixio, et al., 2008; EPA, 

2012; Kandiah, et al., 2019; Khan & Anderson, 2018; Rock, et al., 2014; Salgot & Folch, 2018). This was 

something that came up as surprising during the literature overview, as the author rarely have 

experienced such consensus in a research field. Another insight that was unexpected was to find such 

engagement by the residents of Sandön. The community was warm and welcoming but also determined 

and curious to learn more about the water situation of their island.     

This thesis has looked at different options concerning reuse of water. It is important to note that other 

alternatives for water saving exist, for example desalination or water efficient appliances and lifestyles. 

A comparison of other alternatives might be beneficial as well. Perhaps the result of this study could be 

included in the Leader study of alternative water supplies for Sandön. Through this study the many 

benefits of reclamation of water have been put forward. It is a way to use the water resources in a 

sustainable way, which is of crucial importance for Sandön, for Sweden and the world at large. It is also 

noteworthy to say that there is probably no single option that solves the water scarcity of Sandön (or 

any other location). It requires a continuous effort and engagement from every stakeholder, including 

the public, and several different solutions might beneficiary be implemented. 
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10. Conclusion 
This study has strengthened the indication that a circular water management approach could reduce 

freshwater consumption and decrease the human pressure on water resources. Today, techniques to 

treat wastewater to any given quality is available, although drinking water quality is not needed for 

many purposes where it currently is used, e.g. toilet flushing. To manage water effectively is to use water 

with a quality fit-for purpose (EPA, 2012). By reusing water within the technical system, the vital 

resource is managed in an effective way, and communities are able to reconnect themselves to the local 

hydrological system. Thus, circular water management is a promising strategy for sustainable 

development.  

The most crucial criteria for circular water measures success was found to be public acceptance. It is 

also important to thoroughly map local conditions to identify the best suitable reuse measures. To make 

use of parts of the strategic environmental assessment framework have provided an organised and 

transparent process for a structured evaluation of development options. In the case of Sandön, which 

have a peak water demand during summer, decentralised circular water management solutions for one 

of the largest water consumers is recommended. Reclaiming water from the WWTP to, among other, 

flush toilets would also be favourable. Private home owners could also beneficially implement reuse by 

flushing toilets with water used to wash hands or from showers. These recommendations should be seen 

as a starting point for future discussions between Sandön stakeholders and not as definitive solutions 

as they have not been run through with the potential end-users. It is also important to note that the 

recommendations made for Sandön might not be preferable in other settings, as each location is unique.  
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11. Future research 
In this thesis an overview of circular water measures is presented. Little attention has however been 

given to financial and legal aspects. Comprehensive guidelines have been studied, however a Sweden 

specific framework for both centralised and decentralised system would be beneficial in order for 

communities in Sweden to adopt reuse. Further, circular water management can still be seen as a novel 

concept. Although techniques have been used for decades, there are few system analysis studies. More 

case studies of implementation, efficiency of systems and turnout could showcase and give trust in the 

method. Which could motivate others to reuse water. 

 

To calculate the exact human pressure of Sandön have been impossible with the data available for this 

study. In order to do so, the passenger data from the ferries would have to be more precise by revealing 

if the passenger is a resident, over-night guest or day-visitor. The approximations made in this study 

are rough estimates however gives an idea of how the population is distributed over the year. This have 

provided a base for how water saving measures should be directed. If more time would have been 

available, perhaps even during the critical months of summer, the observations and data gathering 

could have been further improved. To further investigate the human pressure and the water demand of 

Sandön would be preferable in order to direct water saving measures.  
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13. Appendix  
13.1. Interview guide Residents  
The guide is given in Swedish as the interviews were conducted in this language. A map of the island 

was also provided for the respondents to point and draw when necessary in the interviews conducted 

in person.  

Allmänt      Datum: 

1. Godkänner du att den information du uppger används i min rapport?  

2. Helår/sommarboende? Om sommar – hur ofta/länge är man där? 

3. Vart på ön? 

4. Typ av hushåll (antal boende, ålder, yrke, ofta besök?) 

5. Hur länge har man bott/haft sommarnöje på ön? 

6. Har man upplevt någon förändring i besökstryck på ön? Hur märks det? 

7. Hur skulle du beskriva atmosfären på ön? Grannsämja/var och en sköter sitt? 

Naturlandskapet 

1. Hur ser tomten ut? (växtlighet etc.) 

2. Hur ser det ut när det regnar? Bildas pölar någonstans? Strömmar vattnet på marken 

någonstans? 

3. Är det någonstans på ön där det är stående vatten/fuktig mark? 

4. Strömmar grundvatten ut någonstans? Från ytan eller i havet? 

Kulturlandskapet 

1. Hur mycket vatten använder du? Finns vattenmätare? (Fakturor?) 

2. Priset på vatten? – Dyrt/billigt? Borde det kosta mer/mindre? 

3. Hur ser man på vattensituationen? Upplevs spänd stämmining eller inga problem? 

4. Hur ser man på möjligheten att återanvända vatten? Ex. spola i toaletten med 

dusch/diskvatten? Bevattning? Återanvänder man vatten idag på något sätt? 

5. Förändring i vattenanvändning när kommunen tog över driften? Mer/mindre sparsam? 

6. Vattenkvalitet? – Smak, lukt, färg, salt? Är det någon förändring över årstider? 

Kvalitet/kvantitet? 

7. Erfarenheter av vattenbrist? Vad gjorde/gör man för att spara vatten? 

Tekniklandskapet 

1. Kommunalt/eget VA? (grävd/borrad brunn, avlopp?) 

2. Vatten i huset? (ledning in i huset eller kran?) 

3. Vad används vattnet till? (dusch, tvätt, wc, diskmaskin, bevattning) 

4. Standard på teknik? Ledningar in? Snålspolande wc/duschmunstycken, disk/tvättmaskin 

etc.) 

5. Hur kontrolleras vattenkvalitet och rening? – Vet man eller litar man på kommunen? 

6. Framtida planer för att möta vattenbrist? 

7. Samlas regnvatten in? 

Övrigt 

1. Något ytterligare att tillägga?  
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13.2. Interview guide Värmdö Municipality 
The guide is given in Swedish as the interviews were conducted in this language.  

Datum: 2019-03-25, 15.00 - 16.30 

Närvarande:  

Lars Fladvad (senior adviser – Värmdö kommun) [Respondent] 

Eva Baggström (VA ingenjör – Värmdö kommun) [Respondent]  

Boel Noro Svärd (Master student – Stockholms universitet) [Intervjuare] 

Tea Rickfält (Master student – Kungliga Tekniska Högskolan) [Intervjuare] 

Plats: Värmdö kommunhus, Gustavsberg.  

Frågor:  

Allmänt: 

1. Presentation av respondenter. Hur länge på kommunen etc. 

2. Hur länge har vattenbrist varit diskuterat i kommunen? 

3. På vilket sätt arbetar kommunen för att minska vattenanvändning?  

4. Återanvänds grå/avloppsvatten någonstans i kommunen? 

Allmänt Sandhamn:  

1. Befolkningsmängd, befolkningsutveckling, antal turister?  

2. Energiförsörjning, bredband, avfallshantering  

Vatten Sandhamn 

1. Vattenverk, brunnar: antal, Teknik, kapacitet, produktion, avläsning/mätare, krisförberedelse 

2. Reningsverk: driftsättning, teknik, dimensionering, kvalitet på renat vatten, flöde, livstid, 

robusthet.  

3. Ledningsnät: när och av vilken anledning övertog kommunen driften, standard, 

verksamhetsområde, påkopplade till både vatten och avlopp.  

4. Prissättning: taxa, möjlighet att påverka 

5. Största vattenkonsumenter  

6. Kommunal verksamhet på ön förutom toaletterna i hamnen, vattenförbrukning 

7. Vattenbrist på sandhamn  

a. När började man prata om vattenbrist på sandhamn? 

b. Framtidsplaner?  

c. Risker och möjligheter? 

d. Påkoppling av Trovill, motivation  

e. Påkoppling av Sandhamnshöjden och telegrafholmen, motivation  

8. Projekt pågång; avsaltningsverk till toaletterna? Tittade man på olika alternativ? 

Nödvattenplan, andra projekt? 

9. Vattendomen 

a. Dokumentation  

b. Kontrollprogram 

c. MKB 

d. Vad händer om den överskrids?  

10. Ändringar i förbrukningsmönstret?  

11. Råder totalstopp för nya påkopplingar?  

12. Enskilt VA 
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13.3. Interview guide Businesses 
The guide is given in Swedish as the interviews were conducted in this language. 

Datum:  

1. Öppettider  

2. Årlig vattenanvändning, månadsvis, per enhet 

3. Vad används vattnet till?  

4. Planeras renoveringar?  

5. Personalomsättning över året 

6. Årlig besöksstatistik, månadsvis 

7. Hur påverkar vattenbrist verksamheten?  

8. Görs något för att minska vattenanvändningen?  

9. Hur ser man på möjligheten att återanvända vatten?  

 
13.4. Calculation Resident water usage  
During interviews, the respondents were asked to state their yearly water usage. Most respondents 

had access to water meters in their homes and daily water usage was calculated based on these figures. 

Below is an example of how the daily water usage was calculated.  

Stated water usage:  V m3/year 

Man-days at the island:   X man-days/year 

{Man-day = person x day} 

Daily water usage:   D litre/person, day 
This gives the following equation: 

𝐷 = 𝑉 ÷ 𝑋 

Example of calculation for a leisure resident where one person spends half of the year on the island 

and 9 persons stay during mid-June to mid-August:  

V = 75 m3/year 

X = X1 + X2 = 1 person x (50% of 365) + 9 persons x (mid-June – mid-August (63 days)) 

    = 182.5 man-days + 567 man-days = 749.5 man-days/year 

 

𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑎𝑔𝑒 𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 =
75 𝑚3

𝑦𝑒𝑎𝑟

749.5 𝑚𝑎𝑛 𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟

×
1000 𝑙𝑖𝑡𝑟𝑒

1 𝑚3 ≈ 100 
𝑙𝑖𝑡𝑟𝑒

𝑝𝑒𝑟𝑠𝑜𝑛, 𝑑𝑎𝑦
 

 

13.5. Calculation guest marinas 
Complete season for KSSS: 18 April – 30 September + weekends in October: 174 days   

Number of moorings: 120 

Complete season for Seglarhotellet: 26 April – 27 October: 185 days  

Number of moorings: 33 

High-season is stated to be week 26-33, 56 days (KSSS, 2019b) 

Average persons per boat is 4 (KSSS, 2019b).  

Fully-booked harbour during high-season, 1/3 booked harbour during low-season.  

 

Giving:  

KSSS:  

(174– 56 days) x 120 moorings x 1/3 x 4 persons/boat  = 18 880 persons  

56 days x 120 moorings x 4 persons/boat   = 26 880 persons  

= 45 760 persons/year 

Seglarhotellet:  

(185 – 56 days) x 33 moorings x 1/3 x 4 persons/boat   = 5 676 persons 

56 days x 33 moorings x 4 persons/boat    = 7 392 persons  

= 13 068 persons/year 

 

Total boat guests     = 58 828 persons/year  
 
 
 


	1. Introduction
	2. Aim and scope
	3. Background
	3.1. Sustainability
	3.1.1. Policies for sustainable development

	3.2. Water cycle or hydrologic cycle – the circularity of water
	3.3. Assessment framework
	3.3.1. Water Saving Challenge
	3.3.2. Strategic environmental assessment – SEA

	3.4. Sandön (Sandhamn)
	3.4.1. Public services
	3.4.2. Transport


	4. Methodology
	4.1. Literature overview
	4.2. Case study
	4.2.1. Desktop study
	4.2.2. Observations
	4.2.3. Interviews

	4.3. Assessment frameworks

	5. Circular water management
	5.1. Benefits and barriers
	5.2. Scales of implementation
	5.3. Evaluation criteria
	5.4. Treatment
	5.5. Circular water management options
	5.5.1. Agricultural reuse
	5.5.2. Urban reuse
	5.5.3. Industry reuse
	5.5.4. Environmental/Recreational reuse and landscaping
	5.5.5. Potable reuse
	5.5.6. Rainwater harvesting


	6. Sandön
	6.1. Natural landscape
	6.1.1. Geology and topography
	6.1.2. Hydrology and climate
	6.1.3. Flora and fauna
	6.1.4. Seascape
	6.1.5. Groundwater formation
	6.1.6. Water Quality

	6.2. Cultural landscape
	6.2.1. Population
	6.2.2. View of water
	6.2.3. Agriculture, husbandry and fishery
	6.2.4. Tourism
	6.2.5. Sport activities
	6.2.6. Public services
	6.2.7. Human pressure

	6.3. Technical landscape
	6.3.1. Municipal water plants and sewage systems
	6.3.2. Private water and sewage management
	6.3.3. Ongoing water projects at Sandön

	6.4. Connection between layers

	7. Assessment
	7.1. Options for reuse of water on Sandön

	8. Recommendations
	8.1. Decentralised reuse of greywater at Seglarhotellet
	8.2. Reclaim water from the wastewater treatment plant
	8.3. Reuse in private homes

	9. Discussion
	10. Conclusion
	11. Future research
	12. References
	12.1. Personal communication

	13. Appendix
	13.1. Interview guide Residents
	13.2. Interview guide Värmdö Municipality
	13.3. Interview guide Businesses
	13.4. Calculation Resident water usage
	13.5. Calculation guest marinas


