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demand. Water demand for flushing toilets, laundering
and irrigation during an average day can be matched by
the reuse of greywater alone. Collection of rainwater is
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Definition of terms
Contaminants - Unwanted particles in a material, a physical body or a natural environment.

Coverage ratio - How many percent of an area that can be covered by another area. The
higher ratio the better coverage.

Dilution water - Water needed to fill out a pool to keep sanitary regulations as well as
constant temperature and volume.

Green roof - A roof covered by vegetation.

Greywater - All the wastewater from a residence except from the toilet sewage.

Indicator organisms - Certain types of organisms, such as bacteria, used to measure the
condition of for example water.

Inverter - Converts direct current to alternating current.

Pathogen - Disease-inflicting particles such as bacteria or virus.

Water Aerosol - Particles of water dispersed in air, for example fog or mist.
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1. Introduction
When constructing new urban areas, it is as important to plan for the future as it is to look to
the current situation. In Sweden energy and water are both easily available in most places but
as cities grow and populations increase, so will the need for these resources. The housing and
service sector make up for approximately 40% of the total energy usage in Sweden
(Naturvårdsverket, 2015). With that in consideration, there is a lot of energy to be saved by
implementing sustainable solutions when planning and constructing new building areas. This
also applies when it comes to reducing the consumption of water and increasing reuse to
prepare for a potential future of a scarcer access to freshwater (TT, 2016).
“Nordic Built Cities Challenge’’ is a competition that takes place in Sweden, Norway,
Denmark, Finland and Iceland. The goal is to create smart and sustainable solutions for urban
areas. “Sharing for affordable and climate smart living” is the Swedish part of the
competition, arranged by the City of Malmö. The aim of the competition is to recreate an old
hospital facility, Sege Park, into a residential area. The initial focus is to create energy and
cost efficient, as well as sustainable, solutions. This concept will then be used as an
inspiration for the coming development of Sege Park. (Nordic Innovation, 2015) Atkins, a
design, engineering and project management consultancy, is part of one of four teams that
have made it to the final stage of the competition with their entry “It takes a block’’. Atkins’
entry is focused on a single block of buildings (hereafter referred to as “the block”) in Sege
Park which is to be seen as a prototype for what all the blocks in the area will look like.
(Nordic Innovation, 2016)

The goal of this report is to help Atkins find and evaluate smart system solutions for their
entry. The focus will be on energy and water usage and different solutions available for these
resources. In terms of energy, consumption in the block and production by solar panels will be
the main aspects. Solutions for water will include methods to reduce the use of freshwater as
well as systems that enables reuse of wastewater.
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1.1 Aim of the report
The overall aim of this report is to examine smart system solutions for a sustainable
neighbourhood in regard to energy and water use. There are three main aims for the report:

-

Investigate sustainable solutions that are available and reasonable for the proposed
block in Sege Park in terms of sharing, producing, recycling and saving energy and
water.

- Examine the need of energy and water as well as the potential for solar electricity
production for the block.
-

Construct a model for depicting the electrical energy consumption and production, as
well as water consumption and reuse, in the block with the implemented solutions.

1.2 Delimitations and limitations
Considering the scope of the competition, some delimitations will be made in this report.
Focus will lie on a single block and not include the whole park unless there are suitable large
system solutions. Energy and water usage will be the main priority of this report and will be
investigated during the operational phase, meaning that the constructing phase and the
decommissioning phase will not be considered. For example, energy consumption for
constructing a solar panel will not be taken into consideration, only the electrical energy
output.

Waste management and infrastructure will not be covered. This means that energy
consumption for removal of trash or the energy consumption of the resident’s transportation
will not be included in the report. Financial costs are important aspects for the final entry but
the report will not be limited by the costs of the proposed solutions. Social aspects concerning
a shared living are also of importance but will not be covered in this report.
Specific details on all solutions presented will not be covered, such as placement of heat
exchangers or how to construct the plumbing for water systems. Some of the data used in the
model are standard and average values as well as estimations, as the block is not yet
constructed and the real consumption of water and energy can only be assumed.
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1.3 Disposition
Section 2 will consist of background information where the different parts of the system will
be described and different solutions will be presented. An overview of the data used in the
calculations and simulations is included in section 3. The methodology will also be presented
in this section, where the model which has been used is explained. The results that have been
gathered from the simulations will be presented in section 4, followed by a sensitivity analysis
in section 5. The results will then be analysed and discussed in section 6 and the final
conclusions will be presented in section 7.

2. Background
This section will provide a description of the entry to present the fundamental idea of the
block. General background information regarding the different technologies and systems
included in this report will also be provided.

2.1 It Takes a Block
The concept in ‘’It Takes a Block’’ is that the key point is not only to build sustainable
buildings but to create sustainable communities. From this point of departure, the team has
come up with a system solution which focuses on three important community themes:
engagement, resourcefulness and wellbeing. These themes are recognized throughout the
planning process and layout work. (Atkins, 2016)

The proposed solution is composed in such a way that each individual block will share
resources within itself but also share some functions throughout the whole of Sege Park,
which has a total area of 250 000 m2 and will contain up to 800 residences (Malmö stad, n.d).
The entry currently describes only one of these blocks and it is also this block that this report
focuses on. (Atkins, 2016)
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Figure 1. Illustrative picture of the proposed block. (Atkins, 2016)

As can be seen in Figure 1, a communal water centre is supposed to lie in the centre of the
block. It combines numerous functions: a bathhouse including pools and showers, laundry
rooms and facilities for treating rain and greywater. The water centre is supposed to
encourage engagement and wellbeing through the bathhouse and the shared laundry rooms. A
community canteen will be located close to the communal water centre. There, people can eat
and at the same time interact with each other, further increasing social interactions and
resourcefulness by cooking. In close connection to the canteen it is planned to place farm
centre, which makes it possible for residents to eat what they have grown. More urban
farming is planned just outside the block in forms of vegetable gardens and apple orchards.
An already existing building from the old hospital will be gradually renovated with an initial
function as cooperative start-ups but later on as apartments for the residents. Additional
buildings will be constructed which will be the main housing for residents. The apartments in
these buildings will have an area which is decreased by 15% compared to regular apartments
to show that it is possible to live comfortably even with reduced living space. Some of the
buildings are planned to have green rooftops but the remaining buildings have the potential
for placement of solar panels on their rooftops. (Atkins, 2016)
7

2.2 System overview
The system examined in this report is divided into two subsystems: energy, in regard to
consumption, saving and production, and water, in regard to use and reuse. Energy
consumption involves energy used by the different buildings and facilities, such as heating,
property electricity and the electricity used by residents, businesses and offices. For electrical
energy production, solar panels are investigated and evaluated for the block. Different system
solutions are implemented in order to save energy. In regard to water, the use and reuse will
be based on an estimation of the daily water demand for the block, the possibility of reusing
greywater and the collection of rainwater.

Figure 2. Illustrative picture over the analysed system.

As seen in Figure 2 the analysed system consists of several areas. The two different
subsystems, energy and water, are represented by the yellow respectively blue lines between
the boxes. The unfilled boxes, “Rainwater” and “Sun”, are outer parameters that cannot be
controlled, both dependant on weather conditions. The dashed lines represent possible excess
energy or water that can be used for other purposes.
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Figure 3. Overview of a possible water distribution solution for the block.

Figure 3 can be seen as part of Figure 2 but in a more detailed view to show the water
subsystem within the box “Buildings and daytime activities”.

2.3 Energy
Saving energy is possible through capturing heat in hot wastewater as well as exhaust air in
ventilation systems. This can be done through implementation of heat exchangers. Another
way to save energy in an apartment complex is to reduce the energy used in the laundry room.
Both these methods to save energy will be presented in this section together with information
on how it is possible to harvest solar energy and turn it into electricity.

2.3.1 Heat exchangers
A heat exchanger uses the thermodynamically phenomena of heat transfer to exchange
thermal energy between physical systems. In that way the heat exchanger is applicable in
more than one area. Water and air can contain a lot of heat which make them perfect
candidates for the heat exchanger to utilize energy from.
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2.3.1.1 Water heat exchangers
Due to water’s high specific heat capacity, heating of water is an energy intensive process. A
method to save a large amount of this energy is to make use of the hot water washed down the
drain with the help of a heat exchanger. The incoming cold water is directed through a pipe
which is surrounded by another pipe containing warm wastewater, as illustrated in Figure 4.
In that way the cold water gets preheated through heat transfer from the warm wastewater and
thus reducing the energy required to heat the cold incoming water. (Nationalencyklopedin,
2016)

Figure 4. Illustrative picture over how a water heat exchanger works.

Multivert is one type of a heat exchanger which makes it possible to connect entire shower
complexes such as the ones found in bathhouses. The multivert is best placed below the
showers so that a pump is not required, as seen in Figure 5. This type of heat exchanger could
also be placed in connection to apartments as a system solution for entire floors in the
building. With the multivert about 40-60% of the energy needed to heat up the water could be
saved. (Hei-tech, 2011)
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Figure 5. Picture showing the placement of the Recho multivert connected to a heat pump below a shower complex. (Heitech, 2011)

In addition to the multivert there are a couple of other heat exchangers on the market. Among
them is the EcoDrain. It is connected directly to a single shower and then to a heat pump. To
implement this type of heat exchanger on an entire apartment complex would require a lot of
components whereas the multivert needs significantly less. However, the EcoDrain could still
be a viable solution for some areas in the block where the space is limited or the number of
connected drains are lower. (EcoDrain, 2016)

To further increase the energy savings a heat pump could be added to increase the energy
efficiency for the heating process. A heat pump’s efficiency can be determined by its
coefficient of performance (COP), which describes how much heat that can be generated per
unit of electricity. A standard heat pump has a COP of 3 which means that it can produce 3
kWh heat from 1 kWh electricity. (Sjökvist, 2013)

When installing a heat exchange system, it is important to take into account that the need for
hot freshwater and the available warm wastewater do not always correlate in a good way. For
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example, when there is warm wastewater and the cold water cannot be preheated it neglects
the heat exchanger’s purpose. Therefore, a water collection tank could be a valuable addition
to the system as it would be possible to store hot water for later use. (Sjökvist, 2013)
2.3.1.3 Air heat exchangers
An air heat exchanger can work in almost the same way as a water heat exchanger. The most
common way is to place the heat exchanger in the building's ventilation system, which
purpose is to remove old air containing carbon dioxide, moisture and contaminants, and
replace it with clean and fresh air. By directing the different flows of the inbound and
outbound air past each other, heat can be extracted from the old air and transferred to the fresh
air. This is called a FTX system and it enables up to 80-90% of the heat from the outbound air
to be transferred to the inbound air thus saving energy for heating. (Passivhuscentrum Västra
Götaland, 2016)

By using the mentioned technology, the outgoing heat can be recovered and spread across the
building by the inbound air from the ventilation system. Compared to an old building’s
ventilation system where the warm outgoing air is replaced with cold ingoing air, this modern
method minimizes the heat losses and the need to use energy for heating (Byggahus, 2015).
Already at the beginning of construction it is important to plan for the pipelines to save
unnecessary expenses. In order for the method to work, the buildings must have good
isolation in walls, floors, roofs, windows and doors, to maintain the heat inside the buildings.
(Passivhuscentrum Västra Götaland, 2016)

2.3.2 Laundry room
Of the two main appliances in a laundry room, the dryer is the most energy demanding and
consumes approximately three times more energy than the laundry machine. Given this fact
the main concern for reducing energy consumption in the laundry room is to find an energy
sustainable system for the dryers. There are different types of dryers on the market today,
among them are the exhaust dryer and condensation dryer. According to the Swedish Energy
Authority the most energy efficient way is to combine a condensation dryer with a heat pump,
thus reducing the energy use to about half of what it would be without the pump.
(Energimyndigheten, 2014a)
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In the condensation dryer the moisture in the air is converted to water and then drained away.
By adding a heat pump, the heat in the warm and humid air in the dryer can be reused to keep
drying the laundry. Through this combination the electrical energy use can be as low as 2
kWh per drying cycle. (Energimyndigheten, 2014a)

The laundry machines use about 1 kWh per cycle when fully loaded and runs with a
temperature of 60 degrees. By using a heat pump to heat the water the energy consumption
can be reduced and the old hot water can be reused. (Energimyndigheten, 2014b)

2.3.3 Solar panels
The concept behind solar cells is that radiation from the sun is transformed into
electricity (Energimyndigheten, 2013). The efficiency for most commercial solar cells is
between 13-16% (Solarlab, 2016). A single solar cell has a low voltage output but a method to
increase it is to connect several solar cells in series, which creates a solar panel. This
decreases the efficiency to 12-14% but is necessary as the low voltage output of a single solar
cell makes it inefficient by itself. (Solarlab, 2016) However, there are certain solar panels with
as high efficiency as 20% (Panasonic, n.d). Solar panels are most commonly placed on
rooftops, but there are more locations which can be well suited for them. For example, there
are possibilities to place them as balcony parapet or on facades (Norlund, n.d) but due to their
high cost and low gain they have a very low rate of return (Larsson, 2016).

A large amount of the solar panels today is connected to the power grid which makes it
possible to transfer excess electricity directly. By doing so, the losses are decreased and a
larger amount of produced electricity is being utilized. However, the price for selling is lower
than the one for purchase. Therefore, it is most economically viable to make use of the
produced energy directly instead of selling it. (Swedensol, 2016) The system requires an
inverter since the solar panels produces direct voltage and the power grid uses alternating
voltage. With the inverter, the current from the solar panels will have the same voltage and
frequency as the power grid. (Solcellforum, n.d). The efficiency of an inverter at the
commercial market today is 93-96% (Svensk solenergi, 2015).

2.4 Water
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It is possible to reuse large amounts of the water that is today looked upon as wastewater, thus
saving clean tap water. There are also ways to harness rainwater to use for irrigation. These
methods will be discussed in this section after a brief description of the current use of water
per person in Sweden.

2.4.1 Water consumption
The average Swedish person uses water for a series of things in the day-to-day life, as can be
seen in Table 1 below. Worth noting is the amount of water used to flush toilets and the fact
that it is fresh water that has the same quality as the water used for drinking, cooking and
showering. This can be seen as very wasteful as the water goes through a cleaning process to
be made drinkable (Svenskt Vatten, 2016a).
Table 1. Average Swedes’ water use during one day. (Svenskt Vatten, 2016b)

Area of use

Water use [litre]

Food and drink

10

Flushing toilets

30

Dishwashing

30

Laundry

20

Personal hygiene 60
Other use

10

Total:

160

2.4.2 Greywater
Greywater is all the wastewater from a residence except from the toilet sewage. One way to
reduce the use of clean drinking water is to reuse greywater where a high water quality is not
required. Greywater can be used instead of clean drinking water for flushing of toilets,
watering gardens and lawns and, if treated properly, for washing clothes. If the water is not to
be used for laundry the treatment does not have to be as thorough. However, a lower level of
treatment will increase the risk of contamination when the greywater is used. A smart solution
to drastically lower the risk of contamination when using the greywater for irrigation is to
14

have it drip-fed directly into the soil to eliminate the risk of spreading diseases through
aerosols carrying pathogens (Ottosson, 2003). This type of irrigation, with semi-treated
greywater, should not be used to water edible root plants such as carrots or potatoes. An
important aspect of greywater use is that, if untreated, it must not be stored for more than 24
hours. The organic material in the water quickly decomposes, causing the water to become
septic which will make the water unfit for use. (Greywater Action, n.d)

Suitable solutions for treating the water could be settling tanks and infiltration units. In the
settling tank, heavier particles contaminating the water will settle to the bottom of the tank.
Pathogens in the water can be attached to these particles thus being removed in the settling
process. To further increase this treatment method, chemicals can be added to the water which
helps reduce microorganisms. In Swedish wastewater treatment plants this type of treatment
reduces the indicator organisms with up to 99.6%. (Ottosson, 2003) There are systems
suitable for smaller scale use that can treat 900 litres of water each day (Aqua2use, 2010) and
others for up to 4,000 litres of water each day (DWC, 2008).

If the greywater is to be used for irrigation it is important to look at the products used for
washing of clothes, dishwashing and showering. These products often contain a various range
of chemicals, which are difficult to remove in small scale treatment, that can be harmful to
plants in high concentrations. (Barker & English, 2011)

When it comes to flushing toilets with greywater, there are smaller solutions than having a big
treatment centre and collection tank for several users. A prototype for small scale treatment of
wastewater from shower and sink is the ReFlow (ReFlow, 2016). It is a small treatment and
storage solution that is installed in direct connection to the toilet and shower. This reduces the
need for extra plumbing as compared to a centralized treatment centre. Another, more lowtech, way for small scale greywater reuse is to combine the sink and the toilet. This
combination results in a toilet where the bathroom sink is placed directly on top of the toilets
cistern, making the wastewater from hand washing fill the cistern which can then be used for
flushing.

An average person uses 30 litres per day for flushing the toilet. It is possible to reduce this
amount by the use of a modern low-flush separation toilet. This type of toilet separates urine
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and faeces which makes the need of water for flushing lower. It can reduce the amount of
water used for flushing each day to as low as 10 litres. (Avloppsguiden, n.d)

2.4.3 Rainwater collection
Rainwater harvesting is the collection and reuse of rainwater that falls on buildings. To collect
the water a rainwater harvesting system can be applied to new or existing structures. This
system can be combined with filters to treat the water for specific uses or a pump could be
added to help transport the water to where it is needed. There are a couple of different
rainwater harvesting units but they all have some features in common. The water is first
collected, stored and then pumped directly to where it is needed or to an internal tank for
saving or filtering. If the system runs low on rainwater the main water gets turned on to
guarantee a continuous supply of water. When it starts to rain again the system automatically
switches to prioritize the use of rainwater. (Environment Agency UK, 2009)

3. Methodology and data
To examine the need and production of electrical energy in the block a model was made in
MATLAB. The purpose of the model was to analyse how the energy demand differs in
various areas of use and how it can be reduced by using the different solutions presented in
section 2. The model was used to generate data over production and consumption on an
hourly basis over one year. These data were then translated into graphs for different time
periods, such as monthly over the year and the best week in terms of solar power production.

The need of water, possible reuse of greywater as well as collection of rainwater was
calculated using Excel. This was done to see if it was possible to cover some, if not all, of the
water demand in the block.

The data used in the model and calculations, as well as how estimations were made will be
presented in the following section.

3.1 Allocation of area
An estimation of the potential living space was made by making measurements on a 2D
model of the block provided by Atkins. The estimated space for a stairwell was then
16

subtracted from the measured area of each building and this area was in turn multiplied with
the number of floors in the building. With some floors designated for shops, offices and other
facilities, the final residential area was calculated to a total of 4,200 m². Using data from
Stockholmshem (Stockholmshem, 2011) the number of apartments and residents was
estimated to 80 and 160 respectively. These values were calculated using Stockholmshem’s
average apartment size of 62 m² which was then reduced by 15% to minimize the space
without affecting living standards notably. This resulted in an average apartment size of 53
m². The resulting area distribution of the buildings in the block is shown in Table 2.

Table 2. The distribution of building, farming and rooftop area in the block

Type

Area [m²]

Residential area

4,200

Facilities (canteen, water centre) 2,300
Businesses

540

Offices

260

Farming (rooftop, ground)

540

Solar panels (rooftop)

1,300

3.2 Energy use
The energy consumption for the whole block is the sum of different parameters including the
resident’s energy consumption, measured in terms of household electricity use and water
heating. The heating of homes, businesses and facilities will also affect the energy
consumption. Finally, the heating of water for the bathhouse and specific energy consumption
for the canteen and the businesses are included in the parameters.

3.2.1 Resident’s use of energy
Joakim Widén, senior lecturer at Uppsala University, provided data series containing an
average person’s energy consumption in a single, double, and triple apartment in Sweden.
Five series for each category were provided and a mean value for each category was
calculated. Each category was then distributed accordingly: 30% singles, 40% doubles and
17

30% triples. The series are on a minute-by-minute basis for a whole year and cover the energy
used in a person’s home in terms of electric appliances, cooking, laundering and showering.

The data series also provided hot water consumption per person on a minute-by-minute basis.
The power, Q’, in kW used to heat the hot water from temperature T1 to T2 was calculated
using the following formula:
𝑄 ′ = 𝑚′ × 𝐶𝑝 × (𝑇2 − 𝑇1)

(1)

Where m’ [kg/s] is the mass flow, Cp [kJ/kgK] is the specific heat capacity, T1 [oC] is the
temperature of the cold water and T2 [oC] is the temperature the water will be heated to.

Using the specific heat capacity of 4.18 kJ/kgK for water and converting from kW to kWh, the
energy, Q, in kWh to heat water was calculated with:
𝑄 = 1.16 × 𝑉 × (𝑇2 − 𝑇1)

(2)

The estimated amount of hot water, V [m3], was provided by the data series and varies by
minute. The lower temperature, T1, was calculated as the median of the incoming main water
of the City of Malmö which was 11 degrees. The higher temperature, T2, had to be, according
to the City of Malmö, above a 60 degrees to avoid certain bacteria. (Sydvatten, 2014) In these
calculations the thermal energy losses are neglected.

3.2.2 Specific energy consumption
Specific energy consumption is energy for heating, space cooling, domestic hot water and
property energy. Household electricity or energy used by business activities is not included.
The regulations for construction new residential buildings, from the National Board of
Housing in Sweden (Boverket), states that the specific energy consumption must not be
higher than 55 kWh/m² if electric heating is to be used. (Boverket, 2015) Since the heating
system for the block is not yet decided it was assumed that the value for electric heating could
be used. The Sweden Green Building Council has different sets of standards, with Gold being
the highest one, based on Boverket’s regulations (SGBC, 2012). The buildings in the block
were estimated to match the Gold standard, which is 65% of 55 kWh/m², i.e. 36 kWh/m². It
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was further estimated that to reach this standard, energy effective constructing including a
FTX-system is required.
As the specific energy consumption also includes hot water, and resident’s use of hot water is
included in the data series mentioned in section 3.2.1, this value was further reduced.
According to E.ON (E.ON 2016) heating of water is about 20% of the specific energy
consumption. Thus, 36 kWh/m² was reduced further, with 20%, to 29 kWh/m². The
corresponding value for other commercial areas, such as shops and offices, was estimated to
32.5 kWh/m², using Boverket’s regulations together with the Gold standard. Uppsalahem
(Nordqvist, 2016), a real-estate company, provided data showing how their heating energy is
distributed over the months and this seasonal variation was applied to the model. Using data
from Elforsk the energy use of the businesses activities were set to 104 kWh/m² and 78
kWh/m² after being reduced by 20% for other commercial areas and offices respectively.
(Elforsk, 2006)

3.2.3 Canteen
It was estimated that the people living in the neighbourhood eats dinner and lunch at the
canteen during the weekdays but not on the weekends. This means that everyone eats in the
canteen two times a day five times a week.

The canteen will use a restaurant type of kitchen with energy efficient appliances where the
average energy consumption can be estimated to 0.5 kWh per portion of food (Belok, 2015).
Since it was estimated that everyone eats at the canteen five days a week this adds up to 1,600
portions a week with a total energy value of 800 kWh per week.

3.2.4 Laundry room
Using the condensation dryer along with a heat pump, the energy consumption in the laundry
room could be noticeably lowered. Compared to the values in the data series provided by
Widén the mentioned solution used only half the amount of the energy. Therefore, the energy
consumption of the laundry room in the model was halved.

3.2.5 Bathhouse
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It was estimated that the pool provided for swimming has a length and width of 25 times 6 m
with an average depth of 2 m. This gives the pool a volume of 300 m3. The smaller pool is
estimated to be 10 times 10 m with a depth of 0.7 m, which summarises to a volume of 70 m3.

The average temperature for indoor pools is about 28 degrees, according to a master thesis
written by Malin Sjökvist (Sjökvist, 2013). The report further states that the water should be
heated four degrees higher to keep the pool temperature constant. Therefore, the water that is
heated should be approximately 32 degrees when entering the pool.

The amount of water that needs to be heated was estimated as the dilution water needed plus
the water that gets vaporized over time. The amount of dilution water needed was estimated to
be about 30 litres per person (Sjökvist, 2013). An assumption was made that between 10 and
30 persons visits the pools every day. This was represented in the model as a random variable.
An average value of vaporization depth in the pools was estimated to be 0.5 cm a day.

It was also estimated that each person using the bathhouse also takes a shower in direct
connection to bathing. It was further assumed, based on Sjökvist’s report, that each such
shower consumes 50 litres of water where half of it has to be heated to 55 degrees.

3.3 Solar energy
It was assumed that each roof, that is not designated as a green rooftop, will be covered by
solar panels. This makes the total area available for solar panels to 1,300 m². To calculate the
electricity produced by the solar panels, data collected from SMHI’s STRÅNG database
(SMHI, 2016a) was used. The data contained statistics over the solar radiation in Malmö on
an hourly basis for the years 2013, 2014 and 2015. To get an estimation of the solar radiation,
an average value for these three years was calculated. This was then multiplied with the
efficiency of the solar panels (12%) as well as the efficiency of the inverter (93%). Finally,
the result was multiplied with 0.9 to take into account the cell losses (Energiforsk, 2016.). The
credibility of the method used for produced electricity from the solar panels will be further
discussed in section 5.1.

3.4 Water use

20

The following section includes methodology regarding the parameters and data of the water
use. The different areas are the resident’s use of water, collection and reuse of rain- and
greywater and the vegetable gardens. Summarised, the areas describe the total water use of
the block.

3.4.1 Resident’s use of water
The resident’s use of water is assumed on an average daily basis. The total consumption for
the whole block is based on the amount of residents in combination with Table 1, with
modifications on the amount of water required for flushing. The total sum of water used by
the residents of the block is 22,400 litres of water a day. 17,600 litres have to be clean tap
water from the city’s water distribution network but the remaining amount could be acquired
through reuse of greywater.

3.4.2 Greywater
The average amount of greywater generated per person per day is assumed to be 120 litres.
The average person uses 30 litres of water for flushing the toilet, but with a low-flush
separation toilet this can be reduced to 10 litres per person and day. An average person also
uses 20 litres of water for laundering, for which, if treated properly, greywater can be used.
For 160 residents, this sums up to 4,800 litres of water used for flushing and washing and
19,200 litres of generated greywater.

3.4.3 Vegetable gardens
The water needed for vegetable plantations, as stated in a pamphlet published by the Swedish
Board of Agriculture (Swedish Board of Agriculture, 2003), is 1,000 m3 per hectare (0.01
km²) and year. In combination with the allocated area of 540 m2 for cultivation of vegetables,
the water needed for the gardens in the block sums up to 54,000 litres of water per year. Using
data from SMHI (SMHI, 2014b) showing that the cultivation season stretches from April to
October and simplifying by estimating that the need for water is evenly distributed over this
period, the plantations will need approximately 250 litres of water each day.

3.4.4 Rainwater
The amount of rainwater that is available for collection depends on the rainfall, available roof
area, a run-off coefficient and the filter efficiency, according to the British Environment
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Agency (Environment Agency UK, 2009). The potential for the collectable rainwater is
described by following formula:
𝑉 = 𝐴 × 𝑐1 × 𝑐2 × 𝑟

(3)

V is the potential of collectable rainfall [litre], A is the rooftop area [m2], c1 is the run-off
coefficient, c2 is the filter efficiency factor and r is rainfall [mm]. The run-off coefficient is
dependent on the roof incline and the filter efficiency factor describes the proportion of water
that is available for use after filtration. (Environment Agency UK, 2009)

Using the available flat rooftop area of approximately 1,100 m² with the run-off coefficient of
0.55 (flat rooftops), filter efficiency of 0.8 (unspecified filter) the amount of collectable
rainfall can be calculated with equation (3). The same can be done for the inclined roof on
building 10 in Figure 6 where the area is 140 m² with a run-off coefficient of 0.85.
(Environment Agency UK, 2009) The amount of collectable rainwater is calculated for the
average rainfall value each month. Table 3 shows the results in rainfall, temperature and
collectable water. The temperature is of significance since snow will not be used as a water
resource in this report. For simplification, months with below zero average temperatures will
therefore not be included in the total harvested rainwater. For simplification, the total amount
of collectable water is estimated to be evenly distributed during the months with above zero
degree temperatures.
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Table 3. Monthly average values of rainfall for the years 2004-20015 (SMHI, 2016c), temperature (SMHI, 2016d) and
collectable water.

Month

Rainfall [mm]

Temperature [oC]

Collectable water [litre]

Jan

46.4

-0.2

0

Feb

28.5

-0.2

0

Mar

37.5

2.1

22,300

Apr

35

6.1

20,800

May

38.3

11.5

22,800

Jun

47

15.4

27,900

Jul

54.5

16.9

32,400

Aug

53.9

16.7

32,000

Sep

53.8

13.5

32,000

Oct

52.9

9.6

31,400

Nov

56.2

5.2

33,400

Dec

56

1.7

33,300

Total

560

-

288,300

4. Results
In the following section the results will be presented. The implemented solutions will first be
displayed followed by the results gathered from the model.

4.1 Solution overview
In Table 4 the energy and water solutions that have been implemented in the model are
presented. The area that the solutions have an impact on is also described as well as their
actual effect on the energy or water use and reuse.

23

Table 4. Energy and water solutions implemented in the model

Implemented solutions

Area

Water heat exchanger (Multivert) Water heating

Effect
50% energy reuse

Air heat exchanger (FTX)

Ventilation in all buildings 80% energy reuse

Condensation dryer

Laundry room

-50% energy use

Heat pump

Water heating

-67% energy use

Solar panels

Rooftops

133,000 kWh/year

Greywater treatment

Water distribution

+4,800 litres/day

Low-flush separation toilet

Toilets

-67% water use

Rainwater collecting

Rooftops

+940 litres/day

4.2 Energy
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Figure 6. Graph over the total electrical energy consumption for the block and possible electrical energy production from
solar panels, on a weekly basis over a year.

The total yearly electrical energy consumption for the block is 654,000 kWh. The total
amount of electricity that can be produced from the solar panels is 133,000 kWh. This results
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in a coverage ratio of 20%. As seen in Figure 6, the production of electrical energy never
matches the demand on a monthly basis over a year.
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Figure 7. Graph over the total energy demand in the different areas on a monthly basis over a year.

The energy distribution on a yearly basis is divided through the different areas as shown in
Figure 7. The resident’s energy use, which includes the household electricity and heating of
water, is the overall most energy consuming parameter and also the most irregular of the
curves. The high variation in the curve is due to the randomization of the data series
containing the activities of the residents. When it comes to heating, the drop in energy
consumption during the summer weeks is due to the fact that less heating is required when the
outside temperatures are higher. The energy used for operating the facilities was assumed to
be constant during the days throughout the year which is shown in the graph. The pool heating
had a comparatively low energy consumption compared to the other areas and the fact that it
is not constant is due to the randomization of visitors.
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Figure 8. Graph over energy consumption and solar electricity production on an hourly basis over a week during summer
with optimal weather conditions for solar electricity production.

During the week of the year with highest solar energy production possible, the first week of
June, the block has a surplus electrical energy production during some hours, as seen in
Figure 8. This occurs in the middle of the day when people are away working and when the
solar radiation is at its peak. This surplus energy could possibly be sold directly to the power
grid, be stored in batteries for later use or be made available for electric cars through charging
posts. However, it is important to observe that this simulation is made during the most
optimal week of the year regarding electricity produced by solar panels. Most of the time, the
block will have no surplus energy at all.
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Figure 9. Graph of a more detailed view over the electricity demand and solar electricity production, hourly over a specific
day during the year with optimal solar radiation, based on Figure 8.
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As is shown in Figure 9, there is a surplus of energy between 1 pm to 5 pm. The demand peak
during the morning is due to morning routines of the residents before work and the peak
during evening is due to people coming home from work which implies a greater use of
appliances consuming electricity.

Electrical energy [kWh]

654,000

133,000
17,400

Total consumption

Total production

Excess production

Figure 6. Bar chart over the total electricity consumption and production as well as the amount of surplus electrical energy
over a year.

As can be seen in Figure 10, the electrical energy demand is far greater than the possible
production. The solar panels can cover 17.6% of the demand. There is also an excess
production where there is a higher production than there is consumption. As an example, to
charge an electric car it takes about 56 kWh, which means that a total number of 310 cars
could be fully charged using the excess electricity (Ecoast, 2013).
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4.3 Water
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Liters of water

Rainwater: 940
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Freshwater: 17,600

Consumption
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Figure 7. Bar chart over the water consumption and supply in the block during an average day during the months when
irrigation is needed.

Figure 11 shows the total water consumption for the block during an average day in the
months April to October, when irrigation is required, and the possible supply of reused
greywater as well as collected rainwater. From Table 1 in section 2.4.1 it is gathered that each
individual consumes about 20 litres of water for laundering and it has earlier been estimated
that each person uses 10 litres a day for flushing. This equals a demand of 4,800 litres of
water for the whole block that the amount of reusable greywater can fill. In addition, the
vegetable gardens require water from April to October which equals 250 litres of water each
day.

It is clear that the supply of water can cover the demand in the areas of flushing, laundry and
irrigation. If greywater and rainwater is collected and treated to such an extent that it can fill
these demands the treatment system would have to treat water up to an amount of 5,050 litres
a day.

5. Sensitivity analysis
To verify the model and evaluate the importance of the different parameters a sensitivity
analysis was made. Two of these parameters with assumed specific importance for the model
were the efficiency of the solar panels and the distribution of types of apartments in the block.
An analysis of the reliability of the calculations for solar panels were also made.
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The other parameters used in the calculations are linear and therefore changing a parameter
would only affect the results strictly linear. For that reason, a comparison of those parameters
are not interesting and will thus not be made.

5.1 Solar panel estimations
To evaluate the plausibility of the calculations of solar energy a comparison with simulations
from Solelekenomi (Energiforsk, 2016.) was made. The software calculates the electricity
produced by solar panels on a monthly basis, as opposed to the hourly basis which the model
in the report is based on. To simulate the production several parameters were required. These
parameters were set to the same values as in the calculations in MATLAB. However, there
was a few details which differed in the comparison. Solelekonomi has several preprogramed
profiles for the city where the solar panels will be placed and Malmö is not one of these.
Therefore, the closest profile, Lund, was chosen. The module area was set to 1 m2, the peak
power of the modules to 120 Wp, the number of modules to 1,300, cell losses were set to 10%
and the efficiency of the inverter to 93%. This resulted in an efficiency of 12%, a total peak
power of 153,000 Wp and a total area of 1,300 m2. The profile for the electricity consumption
which was applied in this simulation was an apartment building. This results in a production
of 136,000 kWh. The small difference between the two results is supposedly from the
different location or the simplifications that has been made in the first calculations in
MATLAB. According to this comparison it can be assumed that the values calculated in
MATLAB are reasonable.
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Table 5. Parameters for calculation of produced electricity from solar panels

Parameters

MATLAB

Solelekonomi

City

Malmö

Lund

Profile for energy consumption

-

Apartment building

Rooftop area [m2]

1,300

1,300

Efficiency solar panels [%]

12

12

Efficiency inverter [%]

93

93

Cell losses [%]

10

10

Module area [m2]

-

1

Peak power of the modules [Wp]

-

120

Total peak power [Wp]

-

153,000

Energy produced [kWh]

133,000

136,000

5.2 Efficiency of solar panels
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654,000

221,000
133,000
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consumption
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(20%)
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production
(12%)

Figure 8. Bar chart showing how the improved efficiency of the solar panels affects electrical energy production.
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In Figure 12 the result of the production of electricity from solar panels for different
efficiencies can be seen. When changing the efficiency from 12% to 20% the excess energy
increases with around 260% and the total electrical energy production with about 70%. This
shows that a change of the efficiency of the solar panels affect the excess energy far more
than the total production. This in turn, indicates that the production during the summer, when
the excess energy is produced, increases more than the production during the winter.

5.3 Apartment distribution
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Figure 9. Graph depicting the difference in electrical energy use for different types of apartment distributions in the block.

The distribution of types of apartments in the block was considered a significant factor
regarding the energy consumption for the neighbourhood. Since this distribution is not yet
decided, the importance of it was examined through a comparison between two different sets
of apartments. The first one is the one implemented in the model with the apartments divided
in 30% singles, 40% doubles and 30% triples while the second one had 100% single
apartments. Comparing the curves in Figure 13 it is clear that the distribution makes a notable
impact on the electrical energy consumption. The first distribution with the mixed apartments
uses about 20% less electricity. The change in distribution only affects the electricity
consumption of the residents, as the total area of heating and number of residents is still the
same. This decrease can be explained by shared household appliances, such as televisions and
refrigerators, between the residents living in double or triple apartments.
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6. Discussion
In this section the results and the general model will be discussed in aspects of energy and
water. The model will also be criticised in terms of strengths and flaws.

6.1 Energy
Looking at the results, especially Figure 7, it is notable that the production of the electrical
energy generated by the solar panels is not enough to cover the overall consumption of the
block. Because of this, the main part of the electricity consumed in the block needs to be
bought from the main power grid. However, there is still a contribution from the solar panels
which could cover up to 20% of the block’s yearly electricity consumption. In the summer
weeks the coverage ratio is even higher but in the winter the solar panels will have a very low
electricity production due to the low amount of solar radiation.

Comparing production and consumption it is clear that there is a negative correlation. In the
summer the electrical energy demand drops, mainly because the need of heating is lower
when the outside temperature is high. During the winter the electrical energy demand
increases as the outside temperature decreases. This can be seen in Figure 7 where the
electricity production functions the other way around, high in the summer and low in the
winter. This results in an excess electricity production during some days in the summer. As
seen in Figure 9, the excess electricity would only be a possibility in the middle of the day and
is therefore not available on the most energy demanding hours.

It is important to make use of the excess energy during the summer in order to make the solar
panels a viable option. The excess electricity could be stored in a battery, sold directly to the
power grid or used for other areas such as charging posts for electric cars. However, the cars
have to be charged during the day and since the solar power production varies, it is hard to
predict when the excess electricity will be available. Also, the amount of cars with 56 kW
batteries that could be fully loaded is only 310. If put to perspective, this summarises to less
than three charges per day during the summer months, May to August. As seen in the
sensitivity analysis, solar panels with a higher efficiency would contribute to a higher grade of
self-sustainability. It would, however, also increase the amount of excess produced electricity.
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This would, in a way, increase the demand for efficient use of this excess electricity to fully
utilize the solar panels.

Looking at Figure 7 it is clear that the electrical energy consumption is dependent on a lot of
different factors. A notable factor is that the resident’s household electricity and water heating
had a big impact on the consumption. In the model the residents all have different types of
electrical appliances such as television, computers, sound systems etc. It is clear that the
behaviour and routines of the residents are of importance regarding the energy consumption.
The consumption could therefore be lowered by using the equipment in a more energy
efficient manner. The sensitivity analysis implies that shared households could decrease the
energy consumption. To inspire such a behaviour another step in the sharing theme could be
made where, for example, television could be watched together in common rooms, such as the
canteen. There are also other ways to encourage a behaviour where sharing is a natural part of
the community. One possibility is to introduce a car or bike pool which could be used together
with the excess energy stored in batteries.

The pool maintenance required a relatively low amount of energy compared to the other areas.
This due to the fact that the pool is estimated to be quite small and have a limited amount of
visitors. If the bath house was to be used by several blocks, and the amount of visitors would
increase, then so would the energy consumption.

6.2 Water
In Figure 11 it can be seen that the amount of grey- and rainwater which can be reused is far
larger than the consumption. It is also clear that collection of rainwater is not a necessity.
Even without rainwater collection there is a large amount of excess water that could be used
in various different ways. One scenario is that other blocks in the area could use this excess
for their own consumption of greywater. In this way, the need for several greywater treatment
facilities would decrease. It could also be used for plantations in surrounding areas, such as
the apple orchards just outside the block, or for irrigation of a golf course located in the
vicinity of Sege park. This kind of system could decrease the consumption of drinkable water
even more in comparison with a small scale solution within the block.
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One part in the reuse of greywater that makes the process more complex is that the need of
greywater and the reuse does not happen at the same time. The water needs to be stored in
storage tanks, something that occupies space. In a project where reduction of space is seen as
a key aspect, this could pose a problem. One way to reduce the need for larger, centralized
storage tanks could be to use the smaller ReFlow that can be placed in every apartment. This
would reduce the space available in the apartment bathrooms but save space in an overall
perspective.

If the greywater is not to be treated more than is required for use as flushing water and
irrigation, it is also important to remember that it must not be stored for more than 24 hours.
The storage tanks could contain sensors that measures the quality of the water and flushes it
out if the quality is deemed too low. This problem can be avoided if the greywater is treated to
such a level that it can be used for laundry, which would also expand the possibility for reuse.

Another issue with reusing greywater in small scale, for irrigation, is the accumulation of
chemicals in the soil that are toxic to plants. To minimize this risk for this, the laundry
machines could have automatic dosage of milder detergent that has a lower concentration of
the harmful chemicals. The residents could also be informed about the situation so that they
use similar products when it comes to personal hygiene and dishwashing.

6.3 Critique of the model
When calculating the total energy and water consumption for the block, the MATLAB and
Excel model summarised the different areas with the applied solutions mentioned in the
methodology section. The model does not go into a deep technical level but uses
simplifications and assumptions. It is important to note that the model only grants an
overview of what the energy and water consumption and production could look like. Also,
variables such as solar radiation and rainwater are dependent on weather conditions.
Furthermore, water and energy usage are dependent on the behaviour of the residents and
therefore change over time. However, the model grants an estimation that can be applicable
for the purpose of this report.
The area of the solar panel placement is over dimensioned with the area 1,300 m2 as it, in
reality, might not be possible to place panels on all the roofs. One of the largest solar panel
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installations of Akademiska Hus, one of Sweden’s largest real-estate concerns, has an area of
1,500 m2 (UNT, 2016). It is therefore rather unlikely that the block in Sege Park will have
solar cells covering an area of 1,300 m2. However, the efficiency of the solar panels could
possibly be higher than the ones used in the model which make it hard to say whether the
electricity production is under- or overestimated.

Another important aspect to discuss is the impact of the resolution of the data and how it
affects the model. The data series of the resident’s electricity usage was originally on minute
basis, the solar electricity production on hour basis and all the other parameters of the model
were assumptions made on average yearly values. If all the data was on a minute-by-minute
basis the model would be more exact. As it is now, for example, the estimations made for
heating are not very precise. The yearly average consumption was distributed on a daily basis
where the heating was assumed to be constant throughout the day. If these values were on a
minute-by-minute basis, some values might be different. The need for heating during the
warmer days is probably lower in reality than what is estimated in the model. The only
heating required could be assumed to be during the nights, which would result in a lower
energy consumption during the daytime. This would in turn result in a higher production of
excess solar electricity. This example also applies to the electrical energy consumption for the
facilities.

7. Conclusion
Returning to the aims posed at the beginning of this report, it is now possible to state that
there are sustainable solutions that are both available and reasonable for some of the parts in
the proposed block. The water required for flushing toilets, irrigation and doing laundry in the
block, 5,050 litres, can be satisfied by only reusing greywater. If the purpose is to satisfy no
more than the block, the rainwater is not a necessity as the greywater satisfies the demand.
However, in a wider system perspective, where other facilities or blocks were to be included,
it could be reasonable to collect rainwater.

In regard to energy, the solar panels do not meet the demand of electrical energy
consumption. However, the production is on a yearly basis around 20% of the consumption
which will, if not make the block self-sufficient, at least reduce the need of buying energy
from the power grid considerably. During the summer there are some hours when the solar
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panels produce excess electricity. Over a year this results in an excess production of 17,400
kWh. This could be sold directly to the power grid, stored in a battery, or if there is a demand,
be used to charge electric cars.
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