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Abstract
Due to a growing concern towards issues of sustainability and sustainable development as well
as resource scarcity there is a need for increased local cultivation. Cold climate conditions in
Sweden make greenhouses necessary for the cultivation of many species. In order to increase
the sustainability of greenhouse production processes water cycles should be nearly closedloop cycles. To demonstrate this in practice the Berga Greenhouse project under development
by the Centre for Health and Building at the Royal Institute of Technology is used to provide a
visionary example. Through precipitation data and a water budget analysis a water
reclamation rate of 85% was determined in order to bring the facility to water neutral status.
On site water treatment through the use of ecological engineering was analyzed through the
use of a multiple-case study of three prevalent technologies (Living Machines®, Organica
Water, and Solar Aquatics™) which determined that Living Machines® was the most
appropriate technology based upon factors related system performance and footprint.

Keywords: Sustainable Development, Eco-cyclic, Wastewater treatment, Greenhouse, Water
Budget, Ecological Engineering

Localized Sustainable Water Management in Practice

2012
Page I

Sammanfattning
Det finns en växande oro på både lokal och global nivå för frågor kring hållbarhet och hållbar
utveckling. I Sverige där konsumtionen av naturresurser är utbredd, kommer en ökad övergång
till lokal produktion av användbara växtarter att ha en stor inverkan på hållbarhetsrörelsen
både lokalt och globalt. Det återstår dock fortfarande viktiga frågor vad gäller lokal odling i
Sverige. Det kalla klimatet sätter bland annat begränsningar för växtsäsongens längd samt vilka
typer av växter som kan odlas.
Traditionellt har Sverige kunnat utnyttja växthus för att övervinna des kalla klimatförhållanden.
De höga energikostnaderna i samband med växthus gör dem dock olönsamma för omfattande
utveckling. För att ta itu med dessa frågor om kostnader och forskning kring det potentiella
hållbara växthuset har Centrum för Hälsa och Byggande vid Kungliga Tekniska Högskolan
(Handen campus) genomfört ett projekt. Projektet syftar till att undersöka potentialen av
spillvärmedrivna växthus vilka är kretsloppsanpassande, ekologiska samt behandlar
avloppsvatten på ett hållbar satt.
Denna rapport tar upp de frågor som omger hållbar vattenförvaltning för det föreslagna
projektet. Genom skapandet av en vattenbudgetanalys framgick det att nästan 85% av
avloppsvattnet som uppstår vid anläggningen skulle behöva återvinnas om anläggningen skulle
vara så vattenneutral som möjligt. Även systemet för behandling av avloppsvattnet måste
beaktas. För att utforska en lämplig metod för vattenrening som skulle kunna passa med det
kretsloppsanpassande konceptet för projektet genomfördes en multipel-fallstudie. Den
multipla fallstudien undersökte de tre eko-tekniska lösningarna Living Machines®, Organica
Water, och Solar Aquatics™. Resultaten av prestanda- och fotavtrycksanalysen av tekniken,
som baserades på den information som fanns tillgänglig, tyder på att Living Machines®
tekniken är mest lämplig att införliva i projektet för att uppnå en lokalt hållbar
vattenförvaltning. Dessutom har informationsluckor som kan påverka resultatet av detta
beslut identifieras. Dessa luckor inkluderade bristen på överensstämmelse i rapporteringen om
prestationer mellan de företag som installerar miljöteknikerna, samt en brist på information
om vattenförlust genom transpiration och avdunstning under bearbetningen.
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Summary
There is a growing concern locally and globally on issues of sustainability and sustainable
development. In Sweden where consumption of natural resources is prevalent, an increased
shift to local production of useful cultivars will have a large impact both locally and globally in
the sustainability movement. There are key concerns though when it comes to localized
cultivation in Sweden due to its cold climate. The cold climate places restrictions on the length
of growing season and types of cultivars able to be grown. Traditionally Sweden has been able
to utilize greenhouses to overcome these cold climate conditions. However, there is energy
costs associated with greenhouses that makes them unviable for extensive expansion. In order
to address these issues of cost and research the potential sustainability of greenhouses, the
Centre of Health and Building at the Royal Institute of Technology (Handen Campus) has
undertaken a project. The project seeks to explore the potential of industrial waste-heat
driven greenhouses that incorporates eco-cyclic thinking, is eco-friendly, and applies localized
wastewater management in order to become more water neutral.
This report takes up the issues surrounding sustainable water management for the proposed
project. Through the creation of a water budget analysis it was determined that nearly 85% of
the wastewater created at the facility would need to be able to be reclaimed for reuse if the
facility were to be as close as possible to water neutral. Within the system then the handling of
wastewater needed to be taken into consideration. To explore an appropriate method for
water treatment that would fit with the eco-cyclic and eco-friendly concept of the project
undertaken a multiple-case study was carried out. The multiple-case study looked at the three
eco-technical solutions Living Machines®, Organica Water, and Solar Aquatics™. The results of
an analysis on performance and footprints of the technologies based upon available
information indicates that the Living Machines® technology is the most appropriate to
incorporate into the project for the purposes of local sustainable water management. In
addition, information gaps that could affect the outcome of this decision were identified.
These gaps included the lack of consistency of reporting on performance between the
companies that install the eco-technologies, as well as lack information on water loss during
processing due to transpiration and evaporation.
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1. Introduction
Sustainability and sustainable development is becoming increasingly important to society.
Sweden with its advent of consumption has a major impact on natural resources both locally
within the country and in other parts of the world. As a consequence of the competition for
land, water, and oil in the global perspective, localized cultivation of useful plants will be a
necessity.
In Sweden a problem arises because the cultivation of many plants requires a warm climate.
Historically Sweden has been able to create this warm climate artificially by use of
greenhouses. Unfortunately, the industry has not traditionally been eco-friendly, eco-cyclic, or
energy efficient. For this industry to develop further in a sustainable and robust manner, a
focus needs to be placed on eco-cyclic cultivation and energy efficiency within the greenhouse.
Ecological engineering has the potential to meet these needs and help direct the focus for
future development. Most solutions created using ecological engineering design and principles
have shown increased recycling/reclamation of raw resources as well as having shown a
significantly lower energy and chemical input requirements. This has been exemplified with
wastewater treatment (Warne, 1997).
In cultivation, where water demand is high, the importance of incorporating closed-loop cycles
of water and nutrients can be significant. There is great potential for savings in raw resource
material by creating eco-cyclic systems that reduce the amount of nutrient waste, decrease
the necessitated inputs and increase multifunctional use.
Due to these potential benefits, this report will build empirically based knowledge of
successfully implemented ecological engineered designs for wastewater treatment and
reclamation. This will be done by establishing and carrying out an embedded multiple-case
study focusing on quantitative data. The cases will highlight three different eco-technological
solutions that treat wastewater and will look at specific variables related to efficiency and
performance. The results of the study can then be used as a basis for future decision making
and assist in forming an introductory vision for an eco-cyclic greenhouse. Specifically the vision
will be in association with the current greenhouse project in development by the Royal
Institute of Technology’s Center for Health and Building.

1.1. The Berga Greenhouse Project
The Center for Health and Building (CHB) at the Royal Institute of Technology (KTH) located in
Handen, Sweden is undertaking a research project which will focus on the means of growing
locally to induce global impact for the progression of sustainable development. This project in
three parts aims to develop a communication strategy, develop a national concept for waste
heat-driven eco-friendly greenhouses, and provide an in-depth study of a waste heat-driven
eco-friendly greenhouse to be located at the Berga Agricultural high school.
Water management for this project is being taken into consideration to ensure that the project
remains eco-friendly and reduces its water impact by increasing efficiency and reuse. This is
promoted by the Miljöbalken (1998:808) (Swedish environmental code) in chapter 1 sections 4
and 5 where it states that “Land, water and physical environments are used so that the
ecological, social, cultural and societal economic long-term sustainable management is
secured…recycling and recovery as well as other management of materials, raw materials, and
energy is promoted so that a closed cycle is reached” (Lundin & Rydén, 2000). It is due to this
that the research for this report was undertaken. The report aims to address the question of
water reuse and recycling as well as identify information gaps that would significantly inform
future developments of the project. It does this by working with a concept first proposed by
the project leaders at CHB. An overview or simplified schematics of this concept complete with
water flows and showing the cyclic nature can be seen below in Figure 1.
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Within the scope of the water system there are two planned sources of water coming into the
system, these include the municipal water supply (or ground water supply) and on-site
rainwater catchment to reduce the need for water transport. Water discharge is planned to be
minimal to ensure that water is reused sufficiently, and discharge that does exist can be
released into the surrounding land. In the system there are two identifiable looped cycles. The
first cycle encompasses the rainwater catchment which will feed into the aquaponic1 system.
This cycle is maintained as a separate loop due to regulations within Sweden regarding the use
of wastewaters on cultivars for human ingestion. The second cycle [of primary concern in this
report] will treat the wastewaters from the greenhouse facility which can then be reused for
non-potable water needs. It is possible to utilize this water for cultivar production not aimed
for human ingestion, but rather cultivars that for instance are ornamental in nature or which
can be used for biogas production.
Municipal Water
Supply/ Well Water

Overflow Discharge

Non-Potable water use
in facility

Rain Water
Catchment Cistern

Potable Water
Use in facility

Water storage for
reuse
Fish
Tank

Cultivars (not for human
consumption)

Wastewater
Treatment
Method

= Heavier water flow expected
= Wastewater flow expected
= Lesser water flow expected
Cultivars for human
consumption

= Expected as rare water flow

Figure 1- Berga Greenhouse Simplified Planned Water Flow (Personal communication with Eva-Lotta Thunqvist & Elisabeth Ilskog project leaders)

1.2. Scope and aim of report
As mentioned above the primary concern of this report deals with the second cycle of
managing wastewater. On-site wastewater treatment was decided upon in order to attempt
reclamation of nutrients as well as water to be used within the facility. In order to determine
the type of system that would function best within the parameters of the Berga Greenhouse
project a water budget analysis was carried out and a multiple-case study was used to compile
information for decision making purposes. The aim therefore is to take the gathered case1

An Aquaponics system is a combined Aquaculture and Hydroponics system where water is circulated between the
fish tank and the cultivars [which take up nutrients and reduce present wastes].
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study data and analyze different aspects of the technologies to determine which would best
pair with the project based upon a certain set of assumed usage requirements. The scope of
the project is confined to the greenhouse itself. This means that the greater systems at play
will not be taken into account for this study. Greater systems would be i.e. global climate
change effects, larger water flows within the country, political and social impacts on the
project etc. Instead what will be within focus include the water coming into the facility,
potential wastewater produced on-site, and the management as well as disposal of that
wastewater.
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2. Background
2.1. Sustainability and Sustainable Development
Sustainable development is most commonly defined as in the book: OUR COMMON FUTURE
which refers to ‘development [that] seeks to meet the needs and aspirations of the present
without compromising the ability to meet those of the future’ (World Commission on
Environment and Development, 1987 p.40). Thinking in terms of sustainability or working
towards a sustainable development necessitates long-term thinking. This has been addressed
in the definition given by the World Commission on Environment and Development and most
commonly the needs and aspirations have been defined and referred to as the three E’s
(Edwards, 2005). The three E’s refer to ecology/environment, equity/equality, and
economy/employment. There is a current shift of paradigmatic thought that acknowledges the
importance of considering the long-term effects of current actions and the need to improve
equity and economy while maintaining and improving the natural environment. Producing
useful cultivars locally and intelligently will contribute to the reduction of virtual water imports
and reduce CO2 emissions from transport while improving the potential growth/stabilization
of the local economy and equitable resource allocation globally.

2.2. Eco-cyclical and closed loop cycles
The utilization or enhancement of eco-cyclical processes would act as a working component of
sustainability and hence sustainable development. These types of processes already exist in
ecosystems and have come about due to 4.5 billion years of evolution. Being very efficient,
most ecosystems do not produce excessive waste because waste product from one species (or
process) becomes and essential resource for another component(s) within the system
(Everard, 1999).
Todays’ economic norm stands in stark contrast to an eco-cyclical model. Predominantly
functioning in a liner fashion of obtain-use-discard on a planet of finite resources will
eventually cause a conflict of interest. Reuse, recirculation, and proper handling of water
within a building breaks this linear model and works to increase robustness and resilience
against unforeseen occurrences in the future (i.e. drought) on the local level (Andersson, et al.,
1997).

2.3. Virtual Water Footprint
A virtual water footprint indicates the amount of water used by calculating the water utilized
and present in production of crops and materials. For a national net virtual water footprint the
amount of crops and materials exported is compared to imports. In Sweden the virtual water
that is exported figures to 3,789.8 (million) m³/year while the amount imported equates to
10,841.4 (million) m³/year. This results in a net import of 7,051.6 million m³/year of virtual
water (Mekonnen & Hoekstra, 2011). The consumption of agricultural products tends to make
up the majority of the virtual water intake so producing more locally will potentially have a
large impact on this figure. Additionally by being water smart and building/incorporating
closed-loop cycles into the built environment a nation’s water footprint can be reduced
further, initiating a global impact.

2.4. Ecological Engineering
As stated earlier the cases that will be examined fall within the realm of “eco-technology”
often used synonymously with ecological engineering. Because this report analyzes the ecotechnological solutions in part by using the underlying design principles of ecological
engineering, it becomes import to understand what ecological engineering entails and how it
drives the basis of the design principles.
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In the western world H.T. Odum is described as the father of ecological engineering which he
defined most comprehensively as ‘the practice of joining the economy of society to the
environment symbiotically by fitting technological design with ecological self-design’ (Odum &
Odum, 2003 p.339; Mitsch, 2012 p.6). There are earlier definitions by H.T. Odum as well as by
others such as Bergen et al. whose definition is ‘the design of sustainable systems, consistent
with ecological principles, which integrate human society with its natural environment for the
benefit of both’ (Bergen, et al., 2001 p.202). Ecological engineering shares characteristics with
traditional engineering, environmental engineering, and ecology yet differs in several key
aspects that have allowed it to develop as a new field of study (Jorgensen, 2008).
Ecological engineering further seeks to acknowledge that human society is a part of nature not
separate, and by recognizing important functions and their usage a resilient and sustainable
society can be reached. Many proponents of ecological engineering see it as essential for a
sustainable world (Odum, et al., 1963; Kangas & Adey, 1996; Mitsch, 2012).
In the world of traditional engineering design utilizes and maintains the independence of
functional requirements (the specific functions that will be provided by the designed features).
The outcome of this then becomes that each functional requirement contains one solution
that is independent of any other design feature; meaning that a change to the design
parameters of one functional requirement doesn’t affect the outcomes of the other functional
requirements. By doing this there is no coupling or interactions between the designs’ features
(Bolton, 2008).
Ecological engineering which seeks to combine the fields of engineering with ecology then
differs in that it cannot follow the aims of traditional engineering in seeking ‘tight tolerances
and rigid, stable systems that do not change’ (Bolton, 2008 p.10) in the way that traditional
engineering does. To attempt to maintain the independence between subsystems within a
design would disregard the correlations, interrelations, and complexity that can be found in
ecosystems. This highlights the main difference and why ecological engineering is seen as
making a break from traditional engineering.
This underlying difference results in interesting ideals of functionality as well as risk analyses
on failure probability. The fail-safe design used by traditional engineering (which increases
energy and materials used so that a structure can resist failure resulting in harm to humans or
infrastructure) exemplifies efficiency, constancy, and predictability as guiding principles. In
contrast it is recognized by ecological engineers that on the temporal scale natural forces can
overcome any affordable design. Therefore a safe-fail design is embraced instead. By
incorporating the hallmarks of ecological theory: persistence, change, and unpredictability and
knowing that ecosystems are complex systems from which risks are more likely to come from
what is unknown or unrecognized the aim of the design changes. When a design fails it is
planned to the extent that the failure does not do extensive harm to humans or the
infrastructure and the damage to ecosystems is minimized. This could also be said as choosing
the ‘best worst-case outcome’ (Bolton, 2008 p.11).
According to Mitsch (2012) the difference that exists between environmental engineering and
ecological engineering lies in the concept that ‘ecological engineering must involve the creation
and restoration of an ecosystem’ (Mitsch, 2012 p.6). This is claimed as being the fundamental
test to know whether or not one is talking about ecological vs. environmental engineering. It
has also been indicated by Odum (1996) and Odum & Odum (2003) that whereas the boundary
of ecological engineering consists of the ecosystems that self-organize in order to fit with
technology, environmental engineering typically ends at the tail pipe. That is, environmental
engineering is the application of technology designed to solve environmental problems (often
those that have already occurred). See Table 1 below for a complete listing of the goals and
categories of ecological engineering as presented by Mitsch (2012).
Ecological engineering follows the laws of thermodynamics much like the other disciplines and
especially the energy hierarchy concept which according to Odum & Odum (2003 p.341) can
‘provide principles for planning spatial and temporal organization that can be sustained.’ This
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together with what Mitsch (2012) has said regarding the complex entropy-fighting systems
inherent within the natural ecosystems that contain an indefinite amount of adaptations and
feedbacks which contribute to resiliency could be said to make quite the combination. These
feedbacks and adaptations also indicate Natural selection and evolution with self-organization
and disturbance and thresholds, another important aspect embraced by ecological engineering
and ecological theorists (Odum & Pinkerton, 1955).
Table 1 Goals and Categories of Ecological Engineering (Mitsch, 2012)

Goals of Ecological Engineering
1.The restoration of ecosystems that have
been substantially disturbed by human
activities such as environmental pollution
or land disturbance
2.The development of new sustainable
ecosystems that have both human and
ecological values

Classified Categories of Ecological Engineering
1. Ecosystems are used to reduce or solve a
pollution problem

2. Ecosystems are imitated or copied to reduce a
resource problem
3. The recovery of ecosystems is supported after
significant disturbance
4. Existing ecosystems are modified in an
ecologically sound way
5. Ecosystems are used for the benefit of human
kind without destroying the ecological balance

2.5. Design
Design utilizing ecological engineering addresses and takes several key components into mind.
One of these concepts as mentioned earlier is self-organization. When constructing an
ecosystem, humans will provide the initial inputs and components as well as the structure,
however after it is created nature should take over and the self-organization should occur in
regards to changes of the composition and structure. That is to say that the system will adapt
to be best suited to the conditions imposed on it (Bergen, et al., 2001).
Bergen, et al. (2001) have done a considerable task of sifting through the works of authors
such as: Odum (1992), Strasˇkraba (1993), Mitsch (1992), Todd & Todd (1994), Van der Ryn &
Cowan (1996), Holling (1996), Jørgensen & Neilsen (1996), and Zalewski (2000) in order to
identify five general design principles. Though it has been admitted there is still further
progress that can be done to further reconcile contradictions that sometime occur and to
strengthen the boundaries between the principles, it is to date possibly the best categorization
that has been done (Bergen, et al., 2001). It has thus become the optimal principles for the
purposes of the analysis on the case studies.
The five design principles include; 1- design consistent with ecological principle, 2- design for
site-specific context, 3- maintain the independence of design functional requirements, 4design for efficiency in energy information, and 5- acknowledge the value and purposes that
motivate design (Bergen, et al., 2001).

2.5.1. First Principle
The first principle is design consistent with ecological principles. The aim of this principle is to
not view nature as an obstacle or something to be dominated, but as a partner in the design.
To reduce a designs susceptibility to disturbance and failure it is important to take it past what
Todd and Todd (1994) have called the ‘early successional’ stage. This stage is characterized by
simple linkages and patterns with no room for maturation. By utilizing the natural processes of
ecosystems which establish numerous connections between components as they mature
creating a complex, diverse, and perturbation resistant system, a robust design can be created.
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Within ecological principles life, and therefore an ecosystem, is a negentropic2 process.
Decreases in entropy can occur by producing order out of chaos. The second law of
thermodynamics is not violated because this order produces more entropy overall. This leads
to the ability ecosystems have to self-organize (Todd & Todd, 1994; Todd, 1997; Bergen, et al.,
2001).
With the negentropic attributes of life, ecosystems become characterized most often as
heterogeneous and have variable and/or irregular compositions at all scales. This also means
that ecosystems do no function around a single equilibrium that is stable. Instead there is a
movement between functionally different states driven by destabilizing forces. The diversity
produced by the large functional space then allows ecosystems to remain healthy or to persist.
A few of the key attributes that allow for self-organization within the ecosystem are
complexity and diversity. This complexity can occur in the structure as well as the temporal
and spatial process scales (Holling, 1996; Bergen, et al., 2001).
Another component within the ecological principles that is to be considered while designing
with ecological engineering is material recycling. Within ecosystems the outputs of one
process become the inputs for others. This means that there is no waste and that nutrients are
not lost, but rather cycled from one trophic level to another.
Evolution is also a key characteristic of ecosystems that should be taken into account when
designing. Natural systems tend to exist near the edge of instability (Holling, 1996). By existing
in a state so close to instability systems afford better advantages of evolutionary opportunity.
It has been said by Cairns (1996) that current technological systems co-evolved with
ecosystems. This means that introducing chaos in one most probably leads to chaos in the
other. Designing to include the concepts of diversity, complexity, and the ability of systems to
self-organize, mature and evolve means designing for ecological resilience in comparison with
engineering resilience. The remaining principles address the practicalities of this (Cairns, 1996;
Bergen, et al., 2001).

2.5.2. Second Principle
Due to the high degree of spatial variability present in natural systems (caused by the
complexity and diversity of naturally forming landscapes), designing for site-specific context
becomes crucial and therefore it is listed as the second principle. Every ecological system and
location is different. So when planning a design it is imperative that you gather as much data
on the environment in which the design solution must function. Standardized designs then are
not an appropriate strategy. A design solution must be site specific and preferably small-scale
(Vand der Ryn & Cowan, 1996). Gathering this information further allows for understanding of
both the potential upstream and downstream effects a design decision carries. The resources
appropriated and imported to create the solution represent the upstream consideration and
the site-specific and off-site environmental impacts of the design represent the downstream
consideration (Bergen, et al., 2001).
In addition to the environmental and physical aspects of the solution design being considered,
the site-specific cultural context of the design is important to the overall success as well.
Acceptance by the local community with local knowledge and participation included in the
design process helps foster accountability, ownership, and empowerment (Bergen, et al.,
2001).

2.5.3. Third Principle
Maintain the independence of the design functional requirements. High irreducible levels of
uncertainty in the design process can arise due to ecological complexity. In ecological
engineering this is addressed by establishing wide tolerances on the design functional
requirements. Functional requirements are the specific tasks that a design solution should
2

Also known as ”negative entropy” or “syntropy” or “entaxy” (Brillouin, 1953)
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provide. Design parameters are the physical aspects of the solution chosen to satisfy the
functional requirements. In traditional engineering the best designs are those considered to
have independent functional requirements and just one design parameter to satisfy each
functional requirement. If a modification is made to one design parameter and the results
affect more than one functional requirement then the design is coupled. Because it is difficult
to have an uncoupled design in ecological engineering (see earlier about complexity and
connectedness), setting the tolerances as wide as possible on the functional requirements will
essentially uncouple the design. This will create a larger functional range for a system while
outputs remain consistent with acceptable ranges. The complexity and interconnectedness of
an ecosystem has the potential to diffuse the concept of functional independence and it is
important to note that ecosystem functionality should not be confused with design functional
requirements.
Existing processes within ecosystems that would like to be preserved act as design constraints.
The principle of independence indicates that success is more likely to result when the
functional requirements are uncoupled in a solution. However, it may not be wise to disregard
the advantage of the multiple, coupled services provided by ecosystems (Bergen, et al., 2001).

2.5.4. Fourth Principle
Design for efficiency in energy and information. As presented earlier ecosystems have the
property of self-organization. The fourth principle aims at taking advantage of that
characteristic. This lets nature do some of the engineering and makes maximum usage of the
free flowing energy, from natural sources such as the sun, into the system. While maximizing
this free flowing energy, the expended energy used to create and maintain the system should
be minimized. It remains important while doing this to consider the potential impacts, both
upstream and downstream, in order to mitigate negative impacts.
In conjunction with minimizing the energy inputs into a design the information content should
also be minimized. The designs should aim to be successful yet simple. Less energy and
information are needed to implement and maintain a design when natural processes are in
cooperation and the system has the ability to self-organize (Kangas & Adey, 1996; Odum,
1996; Bergen, et al., 2001).

2.5.5. Fifth Principle
Acknowledge the values and purposes that motivate design. In the definition of ecological
engineering above, ecological engineering was presented as the practice of design for the
benefit of both society and the natural environment. This is an expansion on the code of ethics
for most engineering. It does this by going beyond serving and protecting society, to include
the natural systems that support life.
One of the ways that this is approached is by designing features that are both fail-safe and
safe-fail. This departs from the traditional approach of designing only as fail-safe. Safe-fail
solutions account for the potentiality of an unexpected result and there for prevent
catastrophic disaster to both society and the natural environment and plans for the best worst
case outcome (Costanza, 1996).
Acknowledging the motivating values driving a design will in the end help it to be more
successful by making the designer acutely aware of the desired results. The design embraces
qualitative aspects, uncertainty, and non-rational humanistic behavior. Sustainability, equity,
connection to place, and aesthetics are equally as important material yield.

2.6. Precipitation in the Stockholm Region
2.6.1. Average Precipitation
Below you will see two box and whisker plot graphs from two stations in the Stockholm region
measuring precipitation. In Figure 2 below the average precipitation per month can be seen
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along with the minimum and maximum outliers from the years 1961-1997 (SMHI, n.d.a), a
thirty-six year period of measurement. In Figure 3 below the same type of data is presented
but from a different station in Stockholm and from the years 1982-2011 (SMHI, n.d.b), a more
recent twenty-nine year period that overlaps for fifteen years with the first data set. These
data then give a total fifty years of precipitation averages for every month of the year
providing a fairly accurate climatic image of precipitation in the Stockholm region. When
looking at Figures 9 & 10 the trends in precipitation averages are very similar and could almost
be identical (a few variations exist naturally). For a complete list of the average millimeters per
month with the maximum, minimum, and standard deviation see Table 3 in Appendix II.

Figure 2- Precipitation averages from 1961-1997 (Stockholm-Bromma Station)

Figure 3- Precipitation averages from 1982-2011 (Stockholm Station)
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2.7. Planned dimensions of the Berga Greenhouse
There are several aspects that constitute the Berga Greenhouse project. There is the
greenhouse itself estimated at 450m², the café/restaurant estimated at 250m² indoors and
60m² outdoors, offices/classrooms/boutique totaling an estimated 120m², and 10m² allocated
for the wastewater treatment system. For a complete picture of the distribution of space
within the respective indoor area and greenhouse area can be seen in Figure 4 and Figure 5
below.
The size of the café/restaurant is designed to sit a maximum of 85 persons (including the
outdoor space). Staff for the facility is estimated to be about 20 persons and students are
estimated to be at the maximum 25. From these numbers an estimate for water usage within
the facility can be made by extrapolating the average domestic water usage per capita in
Sweden.

Figure 4- Indoor area of project separate from the greenhouse (Personal communication with Eva-Lotta Thunqvist and Elisabeth Ilskog)

Figure 5- Greenhouse area of project (Personal communication with Eva-Lotta Thunqvist and Elisabeth Ilskog)
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Sweden’s’ domestic water use is averaged between 180-200 liters(L)/day/per capita, Bokalders
and Block (2009) have listed it towards the higher end at 215 L/day/per capita and provided a
subsequent breakdown of where the water is used in the household. By taking this number,
and how its usage was broken down, subtraction of those usages that will not be seen in the
Berga greenhouse facility can be done to find the average water usage that will take place
there. The breakdown of the water usage is as follows: toilet 40 L, bath/shower 40 L,
dishwasher 40 L, laundry machine 30 L, faucets 30 L, food/drink 10 L, and miscellaneous 25 L
(Bokalders & Block, 2009). Of these different components for water usage, what is not
expected to be in place at the facility is any sort of laundry machine. Because of this the water
usage per day per capita becomes 185 L. Then to make the number even closer to accurate it
will be expressed as L/hour/per capita because the facility will only be open at most 11 hours a
day. 185 L/day is then expressed as 7.7 L/hour. By multiplying the number by the hours of
operation (11) usage can be expressed in terms of L/work day (WD)/per capita or 84.7
L/WD/per capita.
Taking this number and simply multiplying it by the max number of expected visitors a day will
set the design parameter for how much water could potentially need to be treated within the
system. 125 persons 84.7 L 10,587.5 L/WD or 10.59 m³/WD.
To summarize the key figures from the given data above there is:


10m² allocated for the wastewater treatment



A water requirement of max 10.59 m³ per day



940m² of roof area
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3. Methodology
3.1. Case Study
3.1.1. Literature Review
The literature review for this report was carried out in a manner that is consistent with the
recommendations of Creswell (2009) which begin by selecting several keywords such as:
ecological engineering, wastewater treatment, closed loop cycles, sustainable water
management etc. and searching in several catalogues and databases for relevant articles,
abstracts, books, theses, etc. Online databases, which are more extensive and easier to
navigate than physical catalogues located in libraries, were the most utilized in the gathering
of literature for this report. The main online databases that were searched include:
ScienceDirect (sciencedirect.com), JSTOR (jstor.org), Uppsala univesitetsbibliotek online
(www.ub.uu.se.ezproxy.its.uu.se) and with lesser frequency Google Scholar (scholar.google.se)
in order to broaden potential search hits (Creswell, 2009).

3.1.2. Embedded Multiple-Case Study
There are two definitions given by Yin (2009) as to what a case study aims to do and
accomplishes. The combination of these two definitions is said to make the case study an ‘allencompassing method’ (Yin, 2009 p.18). Utilized appropriately this method will cover the logic
of design, the data collection procedures, as well as the analysis of the data.
The first definition puts the case study as an empirical inquiry which ‘investigates a
contemporary phenomenon in depth and within its real-life context, especially when the
boundaries between phenomenon and context are not clearly evident’ (Yin, 2009, p.18). The
second definition given puts the case study inquiry as ‘coping with the technically distinctive
situation in which there will be many more variables of interest than data points, and as one
result relies on multiple sources of evidence, with data needing to converge in a triangulating
fashion, and as another result benefits from the prior development of theoretical propositions
to guide data collection and analysis’ (Yin, 2009 p.18).
Case studies are able to be comprised of a single case explaining the phenomenon in detail or
multiple cases from which a single set of ‘cross-case’ conclusions can be drawn. It is also
possible to use a combination of qualitative and quantitative data or only one of either, though
it may affect the accuracy of the results given. (Yin, 2009; 2011)

3.1.3. Application and Usage within Report
The research question for this paper has necessitated the need for the use of the case study
methodology in this research.
Embedded multiple-case designs have an advantage over single-case designs because the
evidence from multiple cases can be considered to be more compelling and contribute to the
study being more robust, which is why this specific design has been chosen for this research
(Philliber, et al., 1980; Heriott & Firestone, 1983).
In order strengthen the robustness in the study of these technologies multiple installations
were chosen following the design of the embedded multiple-case study. Three companies that
have made multiple installations using similar yet distinctly different technological solutions
were chosen. The selection process for these companies was based primarily on their
prevalence during the search for previous examples of ecological engineering used for
wastewater treatment. Additionally they were chosen because they utilize greenhouses (or are
indoors) to house the treatment process which is important considering the Swedish climate
where the Berga Greenhouse project is located.
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From these three companies four installations by each company respectively were chosen.
This will assist in building a cross-scale understanding of each technology and will look at three
units of analysis for each installation (see Figure 6 for visual representation of this).
Because the report aims to explore the effectiveness of the systems, the parameters for the
data were established to look at three data variables/units of analysis. These variables were
decided upon because they both show the efficiency and performance of the systems and are
relevant factors that would assist in the decision for implementation at the Berga project site.
These variable include: the footprint of the installation in relation the water volume capacity
treatment (m²/m³), the hydraulic detention time of the water (time to treat), and the system
performance measured by the reduction of COD (Chemical Oxygen Demand), BOD (Biological
Oxygen Demand), TSS (Total Suspended Solids), TN (Total Nitrogen), TP (Total Phosphorus),
and NH4-N (Ammonium) based on available data.
Cross-case systhesis will then be used to build aggregate performance summaries for each
technological solution. Each solution will then be discussed in relation to the design principles
of ecological engineering. This will develop case descriptions with a basis in theoretical
propositions presented earlier in the background text. Discussion about appropriate
application on the Berga project will then follow.

3.1.4. Delimitations of methodology and study
Several factors demarcate the accuracy of this study. These factors are in correlation to the
quality of data. For the purposes of this report it is important to note that validity comes into
question for academia because there generally does not tend to be peer-reviews on company
reports and webpages which is typically not the mandate of most companies. However due to
the time constraints and lack of resources to carry out data collection at each individual site
this report takes these data as accurate. In addition, due to the geographical locations of the

Figure 6- Visual representation of multiple-case study
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installations it is important to note that different legal regulations are in place that determines
the performance standards for each wastewater treatment site and affects the quality of
influents and effluents.
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4. Results
4.1. Rainwater harvesting as a first step to eco-cyclic water
management
4.1.1. Rainwater harvesting
When designing for place specific eco-cyclical water solutions rainwater harvesting on site can
be considered to be an initial step in the process. Rainwater harvesting from a roof is the most
common and often easiest method for harvesting rainwater. The systems tend to be easy to
construct as well as operate and maintain. Depending upon location they can even provide
water for a cheaper rate than through municipal sources.
Kinkade-Levario (2007) identifies six main components of rainwater harvesting. These include;
the catchment area (area upon which the rain falls, in this case the roof), conveyance (pipes
used to transport the water from catchment area to storage), filtration (the system used to
filter/remove contaminants and debris), storage (cistern/tank where water is held),
distribution (the way the water is delivered i.e. pump or gravity), purification (filtering
methods, distillation, and additives to settle, filter and disinfect the collected rainwater).
In addition to these components there are several factors that need to be measured in order
to establish the potential rainwater harvest. These factors include the already mentioned
catchment area, the surface texture and porosity, and the angles of the slope which even
when is calibrated for the highest effect may still result in a loss of 10-70% due to absorption,
percolation, evaporation, and other inefficiencies within the collection system (Appan, 1999;
Farreny, et al., 2011).

4.1.2. Taking cold weather conditions into consideration
Due to the geographical location of the project and the prominent cold weather conditions
during the winter months, considerations must be taken. While capturing and storing water in
a cistern, freeze needs to be avoided to insure continued water supply. This means that several
components can be taken into consideration. These components include cistern shape, surface
area, size, foundations, structural stability, pipes, pumps, valves, and settling velocity of water
(Kinkade-Levario, 2007; Khastagir & Niranjali, 2010)
In colder climate conditions a larger tank would be recommended because it will take longer to
freeze. In addition by being rounded in shape compared to rectangular reduction in heat loss
will increase, as will having straight vs. corrugated sides. The foundation of the storage cistern
can also have a large impact on heat loss. By placing the cistern on an insulated
concrete/gravel base heat loss can be reduced further. If placed on bare soil a problem may
occur from the transfer of heat from the water to the surrounding frozen soil causing
surrounding soil to thaw and reduce the resiliency of the structure. Structural integrity also
needs to be taken into account with the potential for high snowpack. This can be done by
increasing supports for the tank roof and increasing the slope of the roof to prevent too much
build-up of snow that could cause the roof to collapse. Pipes can be protected by being buried
below the freeze line. Otherwise it would be preferable to have pipes located in the building or
the distribution points for the pipes should be as close as possible to the use. MDPE pipes are
recommended by Kinkade-Levario (2007) as a more resilient pipe material in cold climate
weather. Pumps and valves should be protected within an insulation box to secure their
continued functionality. In colder weather as the water cools the settling velocity can be up to
50% slower which means that a higher level of pollutants (such as fireplace ash) may be
detected in the water. Depending upon the prevalent conditions it may be necessary to
continually pump water during the winter to be sure freezing does not occur or water may
need to be cycled and heated in the building to prevent freezing. To maintain continued
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collection of rainwater during snow heat tapes on downspouts, gutter, and along the eaves of
the roof can prevent the system from freezing as well.

4.1.3. Water budget
A water budget (also known as a water balance analysis) is used to measure the potential
catchment of rainwater for a project and assists in determining if the collected water will be
sufficient to handle the users’ needs. It does this by providing a monthly supply/demand
analysis. This will inform as to whether any supplemental water sources are needed and help
determine the appropriate size needs for the water cistern.
The water budget is a useful tool to establishing more refined project parameters for water
usage, however it is will not be exact nor can it be guaranteed because it is based upon historic
annual precipitation averages. Still it is a helpful step into determining the size of a storage
cistern and will be useful to see if the non-potable water needs for the people using the facility
can be met.
The formula used to establish the incoming water, given by Kinkade-Levario (2007), is
Catchment area runoff in cubic meters (m³). CA refers to the catchment area
expressed in square meters (m²), R refers to precipitation expressed in meters (m), and E
refers to the efficiency of the runoff (runoff coefficient) expressed as a percentage. This is
done for each month the results of which can be seen below in Table 2. This equation is
extremely similar to the Rational Method developed by Kuichling in 1889 which puts the
equation as
where Q equals peak discharge, c equals the rational method runoff
coefficient, i equals rainfall intensity (i.e. mm/hour), and A equals the drainage area. The
Rational Method establishes the roof runoff coefficient as being 0.75-0.95 (or 75-95%) (Young,
et al., 2009). Within the table it is assumed that a relatively smooth, impervious roof surface
will be used so that the absorption rate by the material is no higher than 10% which would
result in a 0.90 runoff coefficient. It is also assumed from the previously provided figures
earlier that within the facility a maximum of 10.59m³ of water is needed per working day (in
the table below it was assumed that the facility would be closed at least eight days of the
month).
Table 2- Water budget for Berga Greenhouse project (without water reclamation)

Month

Catchment area
runoff m³
30.36
22.45
22.96
26.18
27.35
45.04
56.09
54.61
46.40
40.12
40.28
37.16

Maximum water
requirement per
month m³
243.29
211.80
232.92
243.29
232.92
243.29
232.92
243.29
232.92
243.29
232.92
243.29

Deficit m³ (Water
need from another
source)
– 212.93
– 189.35
– 209.96
– 217.11
– 205.57
– 198.25
– 176.83
– 188.68
– 186.52
– 203.17
– 192.64
– 206.13

January
February
March
April
May
June
July
August
September
October
November
December
Yearly Totalt

449.00

2836.14

– 2387.14
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From Table 2 above it can be seen that quite a bit of water would still need to come from a
municipal or groundwater source even with rainwater harvesting. Treating the water on site so
that it can be reused will reduce this deficit in water need. With an ability to reclaim and reuse
85% of the used water within the facility a quite different result would be seen, such as in
Table 3 below. Table 3 below shows that the facility could become self-sufficient within 5-6
months, from which after it would only need the continued input of rainwater. In order for the
facility to be water independent and have a surplus of water to draw upon, more than 81% of
the waste water needs to be able to be reused.
Table 3- Water budget for Berga Greenhouse project with 85% water reclamation

Month

Catchment
area runoff
m³
30.36
22.45
22.96
26.18
27.35
45.04
56.09
54.61
46.40
40.12
40.28
37.16

Maximum
water
requirement
per month m³
243.29
211.80
232.92
243.29
232.92
243.29
232.92
243.29
232.92
243.29
232.92
243.29

Reclaimed
water from
onsite
treatment
0.00
206.79
180.03
197.98
206.79
197.98
206.79
197.98
206.79
197.98
206.79
197.98

January
February
March
April
May
June
July
August
September
October
November
December
Yearly Totalt

449.00

2836.14

2203.88

Water
in
Storage
m³
0.00
0.00
17.44
0.00
0.00
1.22
0.27
30.23
39.53
59.80
54.61
68.76
/

Deficit m³
(Water needed
from another
source)
-212.93
+17.44
-12.49
-19.13
+1.22
+0.27
+30.23
+39.53
+59.80
+54.61
+68.76
+60.61
+87.92

4.2. The Case studies and related findings
4.2.1. The three ecological engineering technologies
Three ecological engineering technologies were chosen to build up empirical evidence of
performance based upon three different variables. These data were compiled to present a
case study that would be able to provide support for a decision to utilize one of the chosen
technologies on the Berga greenhouse project. The case studies are divided into three
different groupings based upon the company that they originated from. The reason for this is
to facilitate the overall understanding and assists in the perceptions of each three ecotechnology solutions that were chosen. The points of information sought for each company
include: Water treatment capacity per day in cubic meters, the size/footprint of the treatment
in square meters, the hydrologic detention time. The area/footprint for the installations were
divided by the capacity (cubic meters) in order to find the square meters needed per cubic
meter of water treated. In addition the influent/effluent performance for: biochemical oxygen
demand (BOD), total suspended solids (TSS), chemical oxygen demand (COD), ammonium
(NH4-N), total nitrogen (TN), and total phosphorus (TP) expressed in milligrams per liter were
obtained as available for each installation. The results of this data collection can be seen in
Table in the Appendix section and the percentage reduction from influent to effluent can be
seen in Figure 7 below. This diagram gives a quick view on one of the variables measured in
the study. However, as can be seen by the missing representation of the Solar Aquatics™
technology in the radar graph there are gaps in the available information. Because available
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information for Solar Aquatics™ was only able to provide figures for a targeted effluent
emission that did not include a projected or measured influent composition, a percentage
reduction was incalculable. In addition there were no measurements for NH4-N and TP from
the Living Machines technology therefore it is only present on half the radar graph. For the
original figures that lead to the results showing the percentage of reduction see Table 5 in
Appendix I.

Figure 7- Percentage Reduction Radar Graph

An overview of the technologies and their wastewater treatment systems will be presented
below as well as the information gathered and presented in Table 5. This information will
primarily be a summary of the collected data, for the exact figures and their comparisons to
each other again refer to Appendix I Table 5.
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4.2.2. Living Machines®

Figure 8- Living Machines® treatment process (Interpreted from diagrams and process descriptions available at livingmachines.com)

The Living Machines® technology utilizes a constructed tidal wetland process sometimes
combined with a constructed vertical wetland process. Within the data collected two
installations were a combined tidal wetland and vertical wetland process (Furman University,
and Port of Portland Headquarters) (Living Machine, 2012b; Living Machine, 2012c). The other
two were a tidal wetland process (Las Vegas Regional Animal Campus and Esalen Institute)
(Living Machine, 2012a; Living Machines, 2012d; Nelles, 2012). A simplified diagram showing
the process can be seen above in Figure 8. Within the tidal flow wetland cells the cells will
alternate filling with wastewater, going through the process several times. This allows for a
unique composition of micro-organisms to thrive that treat the water. This can then be
combined with a final step of a vertical flow wetland cell that will further polish the water. The
area need per cubic meter of water treated is about 3.70 square meters, which in the four case
studies did not change significantly between lower and higher capacities of wastewater
treatment.
In all installations the hydrologic detention time is 48 hours. The footprint of the systems
ranged from 69.9 m² to 348.3 m² while the capacities of treatment ranged from 18.9 m³ to
94.6 m³ per day. These ratios resulted in an average of about 3.68 m² needed per cubic meter
of water treated and was uniform throughout the four installations. The results from the
performance of the technology on the four cases can be seen in Table within Appendix I for
detailed numbers. What was generally noted was that there was a reduction of 97% of BOD,
94% of TSS, 94% of COD, and 80% of TN as seen above in Figure 7. There were no
measurements for influent of NH4-N so a percent reduction could not be calculated; however
two installations (Furman University & Esalen Institute) listed the effluent amounts as 2.4 mg/L
and 1.0 mg/L respectively. In addition the system is not designed to reduce TP, but could be
outfitted to do so (personal communication with Scott Nelles, Director of Sales at Living
Machines® Systems).
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4.2.3. Organica Water

Figure 9- Organica Water treatment process FBR & FCR

The second case study group ‘Organica Water’ consists of four installations with all four
located in Hungary. They include the: Szarvas treatment plant for a poultry processor built in
2002, Budapest Harbor Park Industrial Complex (Budapest HPIC) built in 2002, Telki municipal
plant built in 2005 and the Etyek plant built in 2007. The Telki and Etyek plants use the
Organica FBR (Organica Fed Batch Reactor) treatment technology while both the Budapest
HPIC and Szarvas use the Organica FCR (Organica Food Chain Reactor) treatment technology
(Organica, n.d.a; Organica, n.d.b; Organica, 2012a; Organica Water, 2012b).
Above in Figure 9 a diagram can be see which shows the two technologies (FBR/FCR) from
Organica water side by side. The FBR consists of four phases: feeding (the starting point of
each cycle where a set volume of wastewater is fed to an anaerobic reactor then into an
aerated reactor), reaction (continuous recirculation of mixed sludge and wastewater between
the anoxic and aerobic compartments), settling (system stops pumping and as water stills
sludge settles to the bottom of the reactor), decanting and sludge wasting (clear water near
the top is pumped out while sludge near the bottom is pumped out to be processed as solid
waste) The FCR is arranged in a series of cells where different ecologies will develop based
upon available inputs as water travels through the series of cells. Like the FBR system it goes
through a process of feeding and reaction but then goes through a clarifier where the sludge is
separated from cleaned water and disposed of while the clean water goes through one last
polishing step. The area needed to treat a cubic meter of wastewater within the case studies
ranged from 1.2 square meters to as little as 0.3 square meters. As the designed treatment
capacity increases significantly a resulting significant decrease in area per cubic meter treated
occurs.
The hydraulic detention time differs between the FBR setup and the FCR setup. The FBR
system has a detention time of about 6 hours while the FCR system has a detention time of
about 12 hours. The system footprints ranged from 340 m² to 520 m² while the capacity of
water treated in cubic meters ranged from 280 to 1,600 per day. The performance results
calculated from the fours case studies resulted in a reduction of 97% of BOD, 89% of TSS, 92%
of COD, 80% of TN, 72% of TP, and 78% of NH4-N.

Localized Sustainable Water Management in Practice

2012
Page 20

4.2.4. Solar Aquatics™

Figure 10- Solar Aquatics™ treatment process

The third case study grouping looks at the Solar Aquatics™ system installed by Ecological
Technologies Inc. The cases included within this group include the installations made at
Christina Lake, B.C. 2011, Errington, B.C. 1996, Cythia, A.B. 2009, and Havana, Cuba 2006. The
Solar Aquatics™ technology utilizes tanks located above ground that allow sunlight to infiltrate
through the sides promoting photosynthesis in micro-organisms and increased bio-material
used to process and clean wastewater. Similar to the Living Machines and FCR cellular
methods, the tanks consist of different ecosystems that adapt to the change of influent as
particles and nutrients are taken out of the water. Gravity clarifiers are used towards the end
of the process and sludge taken out is recirculated back into the beginning of the system while
the water goes through a sand filter and disinfection phase as shown in Figure 10 above
(Ecological Technologies Inc., n.d.a; Ecological Technologies Inc., n.d.b; Ecological Technologies
Inc., n.d.c; Ecological Technologies Inc., n.d.d).
The hydraulic detention time for the Solar Aquatics™ system cases ranged from 48-72 hours
trending towards a longer detention time with a higher capacity of water treated. The
footprints for this technology ranged from 80 m² to 300 m² while water treatment capacity
ranged from 22 m³ to 300 m³ per day. The area needed per cubic meter of wastewater
treated, similarly to Organica water, changed drastically depending on the designed size for
capacity treatment. At the lower level of the case study group it is 3.6 square meters per cubic
meter treatment and with greater designed treatment capacity it becomes 1 square meter per
cubic meter treated at the higher level. Available information lists objectives for effluent out of
the system but does not provide for influent quantities so a percentage of reduction cannot be
calculated. The listed objective effluents for BOD and TSS were 10mg/L each at the Canadian
installations and 20mg/L each at the Cuban installation.
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5. Discussion
5.1. Why a multiple-case study of these three technologies?
As a method for data gathering and analysis the case study research method is all
encompassing and assists in highlighting the how and why questions that can occur in relation
to a current phenomenon or trend. Therefore with the advent of hybridized plant and machine
technologies to provide services in the last decades the case study methodology becomes an
appropriate method. Because the focus of this study focused on predominantly quantitative
data it became salient to utilize an embedded multiple-case study to build a strong empirical
data set that would allow for an informed decision to be taken in order to recommend a
technology for the Berga Greenhouse project.
The three technologies were chosen for several reasons. Within ecological engineering there
are several types or implementations of solutions that can be applied for wastewater
treatment. The technologies themselves are derived from the older practice of utilizing
constructed wetlands for water treatment. Selecting installations of constructed wetlands in
order to treat the water at the Berga Greenhouse facility would lead to several major
problems. Firstly the climate in Sweden is too cold for a constructed wetland to be able to
treat water year round. Secondly the size requirements for a constructed wetland exceed the
dimensions of the project. Lastly the process of recirculating/reusing water would be very
difficult to integrate with a constructed wetland, therefore they were deemed to be
inappropriate. The three technologies then were chosen because in practice they have been
installed successfully in cold climate conditions showing that there would be potential for
implementation at the Berga Greenhouse project. In addition there is minimal chemical inputs
needed for these technologies to treat wastewater which makes them more eco-friendly (an
important aspect that the project is striving for) in comparison with other prevalent treatment
systems.

5.2. Three technologies and Five Design Principles
The three technologies presented are very similar to each other in their overall use of
ecological engineering to treat and process wastewater. There are however distinct
differences in the actual processes and scales of processing that fit with each technologies
context. The three technologies work with ecosystems to perform a function that is beneficial
to both humans and the environment outside of the treatment facilities. There is significant
material recycling within the treatment processes as indicated previously by the percentage
reduction of TSS, BOD, COD, TN, TP, and NH4-N which puts the technologies in line with the
first design principle of ecological engineering. From the available collected information
however, it can be said that with the above mentioned percentage reductions that Organica
Water would appear to be performing better, followed by Living Machines, and then Solar
Aquatics™. This is due predominantly to the availability of information on the systems
performance and what has been deemed important by the companies and their clients to
measure and monitor within the systems. In addition from the processes that each technology
utilizes (see Figures 8, 9, and 10 above) it can be noted that within the Solar Aquatics™ system
sludge is presented as continuously recirculating, while Organica Water treats sludge as a solid
waste to be disposed of, and Living Machines does not indicate what is done with sludge.
Ideally within the confines of the first design principle of design consistent with ecological
principle this sludge would act as an input of another process
The difference in geographical location and the context in which these technologies has been
employed is of significant importance while considering any form of evaluation. It is due to the
importance of context that design for site-specific context is listed as the second design
principle. The locations of the installations for the different eco-technological solutions range
from Canada, throughout the USA, Cuba, and throughout Hungary. Every sovereign state has
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its’ own regulations regarding wastewater treatment standards and often times it may come
down to local counties or municipalities to determine these standards. It is sufficient to say
that each technological solution has been able to account for site-specificity context because
they have been approved by local authorities as performing the task that they are intended to.
This means that the systems are also functional in their specific designs to handle the changes
in amount of effluent loading at these sites which each vary. This does not however indicate
that the technology changes each time. The technologies as larger structures allow for the
biological components held within to adapt to a site-specific context.
The third design principle which stipulates that ecological design maintain the independence of
the design functional requirements to ensure uncoupled design parameters provides a slightly
more difficult challenge. Within the design components of the technologies, which all have a
common process of changing ecosystem conditions as the water progresses, there can be said
to be a coupling. A change in one design parameter of the water treatment process or
ecosystem results in a necessary change in another part so that the ecosystem can still
perform the requirement of cleaning the water.
Efficiency in energy and information as the fourth design principle has been said to be
accomplished in all three technologies. All technologies claim a reduced energy input in
comparison to traditional treatment methods. More information is needed in the setup of the
systems to determine correct ecosystem compositions in order to achieve the desired water
quality as a result; however the ecosystems should become self-organizing after establishment
with minimal additional information input.
The fifth principle in dealing with the acknowledgement and the values as well as purposes
that motivate the design can also said to be accomplished by all the presented technologies.
The treatment methods aim at being more beneficial to society by reducing costs, energy and
by providing a more pleasant wastewater treatment method which can be integrated within
the built environment. These reduced energy costs could be said to have a broader impact on
environment and climate change, while appropriate treatment of water on site can reduce
eutrophication in streams, lakes, and oceans while at the same time reduce the need to draw
large amounts of water from far distances.

5.3. Presenting a vision of the project
To determine the technology that would be a best fit for the Berga Greenhouse project the
previously provided information will provide a good basis. Looking at the available information
for performance and percentage reduction of TP and TN and BOD in comparison to standards
presented for the site which require a 90%, 50%, and 90% reduction respectively in order to
meet the higher level of treatment standards (personal communication with Margareta Unger
and Maria Hübinette at the Sea and Water Authority). The Organica Water technology, based
on the case studies, shows a reduction of 97% BOD, 80% TN, and 72% reduction for TP. This
means that an adjustment would have to be made to the system to increase phosphorus
reduction. Living Machines®, based on the case studies, has shown a reduction of 97% BOD,
80% TN and has no measured reductions for phosphorus which would indicate that it too
would need to make an adjustment to the system in order to meet this requirement.
Above in Tables 2 &3 the maximum water needed for the facility was presented per month
from calculations utilizing an assumed maximum water usage of 10.59 m³ per day. Continuing
with this figure a general footprint can be calculated with each technology from collected data
and the calculated m²/m³ ratios. This can be seen below in Table 4.
Table 4- Size requirements of each system in order to meet treatment capacity demands at the Berga Greenhouse project.

Footprint needed at
Berga Greenhouse

Living Machine®
(3.68m²/m³)
38.97m²
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In terms of footprint for the treatment process Organica Water appears to have the lowest
footprint to water treatment ratio and appears to be the closest size in relation the allocated
space for the wastewater treatment system presented earlier. However, this number could be
considered far from accurate due to economies of scale. The installations previously done
using the Organica water technology are on a treatment scale of 20 to 100 times more
capacity. This unfortunately would indicate that Organica water may not be the best choice for
the project, but this is solely due to a lack of previous installations that deal with smaller
capacities of wastewater treatment. The remaining two technologies of Living Machine® and
Solar Aquatics™ have very comparable footprints with Living Machines® only being 0.85 m²
larger. These figures can be said to contain a substantially high accuracy because of the
proximity in capacities for wastewater treatment. This leaves either the Living Machines®
technology or the Solar Aquatics™ technology as a better choice for the Berga Greenhouse
based upon the projected accuracy of the footprints. As noted before there is still a lack of
information however, for the Solar Aquatics™ performance (i.e. % reduction of TN, TP, & BOD).
This then leaves the Living Machines® technology as the most appropriate technology to apply
to this project out of the three technologies analyzed. The footprint for this eco-tech solution
is however larger than the planned dimensions originally proposed by the project leaders and
may require that consideration to the size allocation be reassessed or that further research
into other technologies be carried out.

5.4. Further Research
A recommendation can be made for the project based upon the information provided in this
report, but information gaps that could potentially have large impacts on the selection process
have also been identified and include:
1. A need for a more in-depth look into issues of actual aggregate energy use by these
systems.
Because all the chosen systems require a greenhouse to operate in (in colder climates) the
energy required to heat the greenhouse as well as run the pumping components should be
measured.
2. A look into the potential for standardization on reporting of measurements related to
system performance.
By standardizing the measurements to be as extensive as the ones done by Organica water
(i.e. reduction of TN, TP, TSS, BOD, COD, and NH4-N) the technologies will be able to be more
readily applied. This is also closely associated with information disclosure with which both
Organica Water and Living Machines® have been able to provide much more readily.

3. Develop a means/method for the measuring the percentage of water that can be
reclaimed from these systems.
Albeit all water treated within the systems should be appropriate for reuse for non-potable
means, the amount of water loss through plant/microbiological absorption, transpiration, and
evaporation is not measured. As stated earlier for the Berga Greenhouse project to become
sufficiently water neutral (relying only on rainfall after an intermittent period) 85% of the
wastewater needs to be reclaimed.
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6. Conclusion
Sustainability and sustainable development are both a global and local concern and practices
that encourage sustainable management of resources should to be promoted. The Berga
Greenhouse project is promising in its aims towards local cultivation, synergistic coupling of
industries to utilize waste-heat, and exemplifying eco-cycles and closed loop systems. There is
great potential for a demonstrated localized sustainable management of freshwater resources
that could be exported to other areas of Sweden and outside the country’s borders.
Through the analysis of 60 years of historic precipitation in the Stockholm region and surface
area of the proposed Berga Greenhouse facility calculations were made that show the monthly
water budget. This water budget indicates an 85% reclamation rate of freshwater in order for
the facility to be significantly closer to water neutral. As a mechanism for reclaiming and
cleaning the water, an analysis of the multiple-case study carried out on three companies and
their technological solutions resulted in the Living Machines® eco-technical solution as the
most appropriate technology to apply for the project.
The study further identified information gaps that would help within the decision making
processes for the implementation of the studied eco-technologies. These gaps include a lack of
information on energy usage for all three technologies, a lack in consistency of reporting on
performance in all installations, and a lack of measurements on potential reclaimable water
that accounts for water loss due to transpiration, evaporation, and plant absorption within the
systems.
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Appendix I- Case Study Data Table
In Table 1Table (next page) (X) indicates missing information, (*) indicates that the numbers
originate from the design parameters and have not been tested/or measured, while (^)
indicates that only of objective effluent amount was available without subsequent influent
design parameters or measurements.
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Christina
22.0

Havanna
300.0

69.9

69.6

Furman U. Portland
18.9
18.9

97.5

Esalen
26.5

3.7
48.0

348.3

Las Vegas
94.6

1.2
12.0

340.0

Budapest
280.0

0.4
6.0

345.0

Telki
800.0

378.0/9.1

6.0

0.5

520.0

Etyek
1 000.0

340.0/25.0*

0.3
12.0

453.0

Szarvas
1 600.0

Organica Water

Errington Cynthia
52.0
88.0
300.0

3.7
48.0

377.0/5.0

Living Machines

186.0

3.7

3.7
48.0

440.0/20.0*

Solar Aquatics

Table 5- Collected data on the three case-study groups (Personal Correspondence with: Scott Nelles at Living Machine, 2012; Kata SütöNagy at Organica water; Organica, n.d.; Organica, 2012; Ecological Technologies Inc., n.d.; Living Machine, 2012)

Company
Installation
Capacity m³/day
210.0

48

140.0/1.4

80.0
1.0
60.0

204.0/1.5

110.0/50.0*

Size m²
2.1
72.0

190.0/1.0

369.0/15.0

m² needed per m³

4.0
48.0

49.0/2.6

372.0/5.0

3.6
48.0

20.0^

660.0/20.0*

H2O-detention time hrs
10.0^

104.0/4.6

10.0^

133.0/3.7

10.0^

90.2/2.6

BOD mg/L

20.0^

10.0^

12.0/10.0

500.0/75.0*

10.0^

93.0/6.9

773.0/53.0

10.0^

61.0/2.0

815.0/36.0

TSS mg/L

40.0/10.0*

X

880.0/100.0
X

X

X

X

X

X

X

60.0/30.0*
15.0/5.0*

?/1.0

X

11.0/4.0

124.0/19.0

X= missing information

74.0/8.0
21.0/1.0

X

X

110.0/15.0*
29.0/5.0*

470.4/26.9

X

65.0/22.0
X

39/3.9
X

COD mg/L

X
X

?/2.4

NH4-N mg/L

X
X

40.2
X

X
X

43.0/5.6
X

X
X

#/# = influents/effluents

160.0/2.2
X

TN mg/L
TP mg/L

*= design parameters in comparison to tested results

^= the objective for release (no influent data or actual recording)
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Appendix II- Precipitation Data Table for Stockholm Region
Table 6- Average precipitation in mm for Stockholm region
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Appendix III- Email communication with Havs ochVatten
Myndigheten
Hübinette, M., maria.hubinette@havochvatten.se, 2012. Avloppsvatten Krav [email] Message
to J. Anderson (jesse.anderson@csduppsala.uu.se) Sent Thursday 12 July 2012, 09:21.
Available at: https://webmail.uu.se/horde3sso/login.php [Accessed 12 July 2012]
Hej Jesse!
Jag skall försöka svara på dina frågor, eller åtminstone hänvisa dig rätt.
Av dina frågeställningar framgår inte om du syftar på utsläpp från små enskilda avlopp eller
från kommunernas avloppsreningsverk. Vill du få information om de kommunala
anläggningarna skall du leta reda på de beslut som reglerar deras verksamhet. Är det
anmälningspliktiga anläggningar sk. C-anläggningar (upp till och med 2000 personekvivalenter,
pe) är det kommunernas miljönämnder, eller motsvarande, som har fattat beslut och som har
tillsyn över anläggningarna. Då har dels dessa nämnder uppgifterna hos sig, och de som driver
avloppsreningsverken (verksamhetsutövarna, vu) har också besluten hos sig. Om
anläggningarna är större än 2000 pe har naturligtvis vu dessa dokument också, men besluten
är fattade av miljöprövningsdelegationer (MPD) och länsstyrelsen har tillsynen och
dokumentationen. Ibland kan kommunerna ha tagit över tillsynen över dessa anläggningar
också och då har de naturligtvis också dokumentationen hos sig.
För små avlopp skall en prövning om funktion alltid göras i det enskilda fallet. Det vill säga man
ställer krav för varje enskild fastighets (bostad) avloppsrening. Kommunerna har ofta valt att ta
fram ett strategiskt arbetsdokument där man delar in sin kommun i områden där man
vanligtvis ställer krav på normal, eller hög skyddsnivå. Dessa två skyddsnivåer bedöms
dessutom både ur ett miljöskydds- respektive hälsoskyddsperspektiv. Detta är
rekommenderade nivåer som finns beskrivna i Naturvårdsverkets Allmänna Råd 2006:7, alltså
ingen lagstiftning.
Haninge kommuns miljökontor (eller motsvarande) är de som kan lämna närmre information
om vad som gäller i Haningen. För övriga kommuner i Stockholms regionen får du kontakta
deras miljökontor. Det är även de som beslutar om möjlighet att t.ex. få använda
avloppsvatten för bevattning. Här är det oftast hälsoskyddet som styr den första
bedömningen.
Vänligen
Maria Hübinette
Utredare/Senior Analyst
Enheten för tillsynsutveckling/Inspection Development
Direkt/Direct +46 10 698 61 48
maria.hubinette@havochvatten.se
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Hej
Jag ska försöka svara på din fråga. Jag antar att du menar krav på små (enskilda)
avloppsanläggningar och inte de stora kommunala verken.
För verk mindre än 25 pe gäller Naturvårdsverket allmänna råden 2006:7, de anger vilka krav
som är rimliga att ställa på avlopp för upp till 25 personer men används även för
avloppsanläggningar upp till 200 personer.
De allmänna råden bygger på funktionskrav, vilket innebär att de anger funktionskrav och inte
vilken teknik man ska använda. Funktionskraven finns i två nivåer: normal nivå, som gäller i de
flesta fall, och hög nivå, som gäller i särskilt känsliga områden. Kommunens tillsynsmyndighet
bestämmer vilken skyddsnivå som gäller. I Haninge följer man de allmänna råden, mer om det
finns att hitta under http://www.smohf.se/Verksamheten/Vatten--avlopp/Enskilt-avlopp/
Haninge och Nynäshamn har flertalet områden där hög skyddsnivå råder till ex längs hela
kuststräckan.
Vid resp skyddsnivå har man följande krav på näringsämnen:
Normal skyddsnivå
Hög skyddsnivå
Fosfor
70 % reduktion
90 % reduktion
BOD7
90 % reduktion
90 % reduktion
Kväve
Inga krav
50 % reduktion
På SS och grumlighet finns inga krav.
Beträffande återvinning av vatten är jag osäker på regelverket. Avloppsvatten återvinns på
många håll där man har vattenbrist idag, men i Sverige är det mindre vanligt. Bevattning
används dock ibland som ett poleringssteg, för rening av avloppsvatten. Jag hittade dock
information om vad som gäller för bevattning med avloppsvatten på Gotland
http://www.gotland.se/imcms/GetDoc?meta_id=1885
Har du fler frågor angående detta så får du höra av dig igen.
Med vänliga hälsningar
Margareta
Levande hav, sjöar och vattendrag till glädje och nytta för alla
Margareta Lundin Unger
Åtgärdsavdelningen
Enheten för god vattenkvalitet
Box 11 930
404 39 Göteborg
Tel: 010-6986121
Epost: margareta.lundin-unger@havochvatten.se
Webb: www.havochvatten.se
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