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Abstract
The district heating network in Höganäs is mostly powered by excess
heat from a nearby metal powder manufacturer. The energy company
Höganäs Energi AB might be able to reduce the use of peak boilers
and fossil fuels, by handling daily and seasonal heat load variations
by using stored industrial excess heat. This paper means to assess
which storage systems can be suitable for the company to implement.
Five thermal energy storage systems are evaluated and compared
with regard to profitability, storage size and conditions for
implementation. Thermal energy tank storage - both short and long
term, building mass used as short term heat storage, aquifer storage
and pit storage are examined. It is concluded that using building mass
as short term heat storage would be most suitable for the company,
while the other alternatives were concluded as unsuitable because of
the ruling geological conditions and their expected investment
profitability.

Sammanfattning
Användningen av spetslastpannor i Höganäs fjärrvärmesystem skulle kunna minskas genom att
hantera dagligt återkommande och säsongsberoende värmelastvariationer - genom att lagra industriell
spillvärme som i idag står för omkring 80 % av Höganäs Energis årliga fjärrvärmeproduktion. I
spetslastpannorna eldas bioolja och naturgas, och spillvärmen härstammar från den närliggande
metallpulvertillverkaren Höganäs ABs industriella processer. Detta examensarbete har syftade till att
estimera vilka lagringssystem som skulle kunna vara lämpliga för HEAB att implementera. Fem
lagringssystem utvärderades och jämfördes med avseende på investeringslönsamhet, lagerstorlekar
och förutsättningar för att kunna implementera respektive lagersystem. Systemen som har undersökt är
tanklager - både som långtids- och korttidslager, lagring av värme i byggnadsmassa (korttidslager),
akviferlager (långtidslager) samt groplager (långtidslager). Som slutsats drogs att lagring av värme i
byggnadsmassa är det system som skulle lämpa sig bäst för HEAB. Vidare anses de andra alternativen
som olämpliga i nuläget på grund av rådande geografiska förutsättningar och investeringarnas
förväntade lönsamhet.
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1 Introduction
This report explores systems for storing thermal energy for short and long periods of time, in order for
a local energy company to reduce their annual use of fossil fuels from peak load plants in their district
heating system, and instead use excess heat from a nearby industry to a greater extent.

1.1 Background, problem statement & purpose
The district heating system in the municipality Höganäs, Sweden is fairly new. It's location in the
county of Skåne can be seen in Figure 1. It was founded in 2005 by the municipality, the metal powder
manufacturer Höganäs AB and the adjacently located energy company Öresundskraft AB. Today the
system is owned by the municipal energy company Höganäs Energi AB (HEAB). The system delivers
about 50 GWh district heating annually.

Figure 1 - The city of Höganäs marked on a map showing Skåne County, Sweden.

Höganäs AB, briefly mentioned above, is a nearby industry and the world’s largest metal powder
manufacturer. Excess heat from their processes is supplied to the district heating system, this heat
cover between 75 % and 90 % of the district heating demand on an annual basis. The remaining
demand is met by natural gas and bio oil powered peak boilers.

Figure 2 - Heat load duration diagram for 2013 with fuels in running order which together make up the heat
production for the district heating system of Höganäs.

The company has expressed that during the “between-season” transitioning heating periods of April to
June and September to November, the industrial excess heat isn’t always enough to cover the whole
load. Arising peaks in demand require sudden starts and stops of peak boilers, which increase expense.
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Some days are characterized by a surplus of industrial excess heat during the day, but a deficit during
morning hours – an area of use for short term storage systems. A surplus of industrial excess heat can
be seen during the summer season, indicating an area of use for seasonal storage systems.
HEAB is looking into ways of streamlining their district heating system. And thus, an overview and
comparison on how peak boiler use can be reduced by using storage systems has been requested. The
selection of alternatives has been chosen in consultation with HEAB and includes thermal energy
storage systems for both short- and long term purposes. In order to handle heat load variations in their
district heating system and to reduce their use of peak fuels, which storage systems can be suitable for
HEAB to implement? This paper means to produce an overview of the subject, for HEAB to consider
in further discussion, internally.

1.2 Aim



Conduct a literature study mentioning measures of streamlining a district heating system, with
emphasis on load management and thermal energy storage systems.
Conclude whether the selection of storage systems to be analyzed are suitable or not for the
district heating system in Höganäs.

1.3 Delimitations




This paper is written with the energy company Höganäs Energi AB, not with the metal powder
manufacturer Höganäs AB.
Seeing as there today is no district cooling and no larger, apparent cooling demand in Höganäs,
focus will solely be on district heating.
Thermal energy storage systems in rock caverns and in old mines and borehole thermal energy,
BTES, are at the outset excluded from the selection of subjects for analysis, but they may be
briefly mentioned in figures or the literature study.
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2 District heating
A district heating system aims to link one or more available heat sources to several existing heating
demands, further creating one big demand, usually within an urban area. Figure 3 illustrates the
principle, albeit rather simplified. District heating meets demands in space heating and/or hot water
preparation for single family dwellings, multi-dwelling buildings, or corresponding demands in the
service sector like schools, hotels, stores etc. District heating can also meet various types of demands
in the industrial sector.
To explain the fundamental principle of a functioning district heating system, one can look at its four
main parts.
1. Heat production
The production plants meet the demand of the customers by heating a heat carrier (usually water)
thereafter. This is commonly achieved by heat recovery in combined heat and power plants, burning
biomass or municipality waste. For example excess heat from industries nearby is an established
alternative.
2. The district heating net
The distribution net, consisting of pipes, holds the circulating district heated water that transports
thermal energy to the costumer. In Sweden the most common configuration is a two pipe system - a
main pipe for the supply of hot water, and a main pipe for the returning, cooled, water. The most
common type of pipe has a steel carrier pipe surrounded by an isolating cellular plastic like
polyurethane (PUR) and a protecting coat of plastic like high density polyethylene (PEH).
3. The district heating substation
In a small central at the costumer location, heat from the water is transferred to the costumer by heat
exchangers. After the exchange of heat, the water, now cooler, is returned to the production plant.
4. Costumer heating system
The costumer has a suitable system to then locally distribute the heat in the building, like a radiator
system and/or a system for hot water supply.

Figure 3 – Principle illustration of a district heating system with a production plant, a single family dwelling and a
multi-dwelling building as examples. The red arrow represents the supplied, heated water and the blue arrow the
returning, cooled water.

The yearly heat load of a district heating system can be seen as if made up by three different types of
loads; base load, middle load and peak load. The base load is of the longest duration and the peak load
of the shortest. Often, there is more than one heat plant - covering different types of loads. An example
of this can be seen in Figure 2. The one, or those, covering the base load are the cheapest to run
(including fuel) and the ones covering the peak load are the most expensive. Different heat plants exist
because of the variations of the demand (heat load) in a DH system. In sudden peaks of demand, the
base load plants either don't have enough capacity to handle the demand (if they were, the heat plant
would be highly over dimensioned, since peaks don't occur often or with long duration), or they don't
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reach the demanded power level fast enough. Peak boilers do so, but come at the price of expensive
fuels, often fossil such like oil. Typical base load fuels are bio fuels, waste or excess heat. As shown in
Figure 4 the energy sources used for heat production in Sweden are mainly renewable.

Figure 4 - Supplied energy for heat production sorted on energy sources, Sweden 2012 [1].

2.1 4GDH
Today's district heating is said to belong to the third generation if district heating. It has been going on
since the 1970's and is sometimes called "Scandinavian district heating" because Scandinavian
companies belong to those market leading producers and suppliers of components for systems
belonging to this generation. Having supply temperatures below 100 °C is a characteristic for the third
generation. The previous generations have had higher temperatures. The fourth generation of district
heating, 4GDH, is expected to have lower network temperatures, more assembly oriented components
and flexible materials [2].
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3 Methodology
This project was carried out by first doing a comprehensive literature review in order to establish a
frame of reference providing the concepts, along with some information on research and applications
on storage systems. The alternatives were then analyzed and compared on size, requirements and
investment profitability. The results of the analysis show which storage system that could be suitable
for Höganäs Energi AB for handling daily and seasonal variations and reduce the peak fuel use.
HEABs district heating production data from 2013 was gathered and processed so it could act as
reference data for the analysis, for this reason a degree day1 correction was carried out.

3.1 Determining storage sizes
Size calculations on the different storage types were done. All calculations were made upon the
reference data from 2013 and the specific heat and density of water are those that are applicable for
water of the temperature 80 °C. Unless stated otherwise, the storage volume for 1 m³ water equivalent
is 1 m³.
In this report, a seasonal storage for HEAB is defined as storage charged during the summer when
there is a surplus of excess waste heat, resulting in a stored amount of energy corresponding to the
annual total energy today supplied by peak boilers fueled by peak fuels.
The size of the long term storages is defined as the size needed to store an energy amount as big as the
total peak boiler use during the reference year. This amount is 9520 MWh.
The size of the short term storages is defined as the size needed to store the largest daily variation of
the year,
[5].
for the reference year is 30 MWh, and was determined by using the following
formula from [5, 13]. Please note that
normally is called the relative daily variation, but for this
project the relative relationship is not interesting. The definition and formula have been adjusted there
after[5], [13].
(Formula 1)

The daily variation is the accumulated positive difference between the hourly average heat load and
the daily average heat load during a day. Daily variation is determined for each day and is a variable
that quantifies the amount of heat that is diverted from the daily average heat load. A heat storage size
equal to the largest value of daily variation during a year is enough to eliminate all daily variations
over the year.
When analyzing daily heat loads of the reference year, days which had peak boilers running the entire
day - were excluded from a selection meant to determine how much energy that could be stored during
the year, in a short term tank. The maximum daily variation
was used to once again narrow down
the selection to periods of peak loads no bigger than . The remaining, accumulated hourly energy
from peak boilers is then the possible energy to be stored.

1

Degree day correction is done with a unique correction factor for an area, showing how much warmer or colder
a passed period of time was compared to a normal year.
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3.2 The payback method as an investment evaluation
In comparing the alternatives of thermal energy storage as investments, the payback method and the
periods of payback concluded from it, have been used.
The period of time called the payback period is how long it takes until the sum of incoming cash flows
generated by the investment is as big as the original investment cost. The payback method is a method
of assessing investments profitability. It is a simple to apply, and is therefore widely used, often as a
first screening of a project before doing a more detailed investment calculation. In its original form,
this method takes no account to the rate of interest [14].
The total investment cost, (SEK), is calculated by multiplying the specific investment cost (SEK/m³)
with the storage volume (m³).
(Formula 2)

Annual cash flows come from replacing peak boiler use with using stored power from excess heat
from the nearby industry. In order to quantify the annual cash flows, the difference between cost in
SEK for 1 MWh peak boiler power (natural gas/bio oil) and 1 MWh excess heat,
along with
the energy volume expected to have been be replaced in the reference year, is noted. Maintenance
costs are excluded from the costs. By multiplying the two, the annual incoming cash flow,
(SEK),
originating from the investment is found.
(Formula 3)

The
cash flow,

(years) is the total investment cost, (SEK), divided by the annual incoming
(SEK).
(Formula 4)
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4 Literature Study
4.1 Heat load variations
In Sweden, district heating systems have considerable seasonal and daily variations in heat load. While
daily variations to greater extent are consequences of social behavior, the seasonal variations stem
from the variation in outdoor temperature over the year [3]. The daily heat load variations of Höganäs
district heating system can be seen in Figure 5, and a seasonal variation can be seen in Figure 6 where the difference between the heat load in the summer and winter is significant. In [4], daily and
annual thermal load variations in district heating substations and in whole systems have been analyzed
based on measurements from 146 substations and 20 different district heating networks. Results show
that the differences between heat load variations between different district heating systems are very
small (i.e. they show the same characteristics); whereas the difference between buildings are great.
Furthermore, it was shown that seasonal heat load variations are approximately five times larger than
the daily variations in the analyzed district heating systems.

Figure 5 - Daily heat load variations during four seasons in 2013 for the district heating system in Höganäs.
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Figure 6 - Consecutive heat load diagram for 2013 for the district heating system of Höganäs.

With the purpose of providing a simple separation of the seasonal and daily heat load variations in a
district heating system, a variation assessment method with two variables was defined to quantify the
various heat load variations. The two variables are the annual relative seasonal variation, and the
annual relative daily variation [5].

4.2 Thermal Energy Storage, TES
Systems, in which heat or cold can be accumulated, stored, can contribute to more effective district
heating and cooling. They come as both inter-seasonal and as short term storages, with the short term
option being far more common. Short term reads as a couple of hours up to a few days, and interseasonal or long term (as the name implies) over months or whole seasons. Different storage mediums
are possible but usually water is used in the case of district heating and water or ice in the case of
cooling. The storages are often installed or constructed nearby the main source of heat generation [6].
Inter-seasonal storages are rather uncommon commercially, in comparison to short term storages.
While short term storages today are thoughtfully designed and thoroughly tested, the inter-seasonal
ones are still in a development phase and tend to have a high investment cost. However, separating the
two types by definition is not apparent, since large short term storages in one system could have also
been used as inter-seasonal storages in another, smaller system.
Their common goal is to storage thermal energy, but the purpose can vary. In a short time frame,
storages can be used to shift loads between hours of low load and of peak load, parry sudden heat load
changes, and in other words simply assist in dealing with consequences of load variations owed to
both climate and social behavior [7]. Storing for longer periods can to a high degree steer what kind of
fuels that are used in a system, which can allow staying clear of fossil fuels or help to avoid high
production costs. Storing heat has numerous advantages, depending on what kind of district heating
system is in question. Storing heat can:



Allow a higher share of heat supply from base load plants. In oppose to starting peak load
plants to cover occasional peaks at a general low load operation; accumulators can be utilized.
The same goes for avoiding firing up slow started plants and boilers (which impacts the
combustion efficiency to the better, since start/stop losses are reduced).
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In maintaining smooth operation, it can, in the case of waste combustion, lessen dangerous
emissions.
It acts as production reserve.
Can be used as tools for pressurization and expansion [6]

In Figure 7 several existing TES's are displayed showing the relation between their size and their
specific investment cost (cost per cubic meter volume).

Figure 7 - Specific storage costs of demonstration plants (cost figures without VAT, storages without country code are
located in Germany). (Source: Solites) [8]. Reproduced with written permission.

As in any investment it is essential to predict expected cash flows from the investment, and to what
annual total they come. Short term storages generate cash flows which reoccur daily, storages solving
a seasonal variation would instead provide one cash flow each year – in this sense short term storages
create a bigger total cash flow annually. Many of the incentives mentioned in 3.2 can generate cash
flows, and it is possible to meet more than one at the same time [3].
4.2.1 Tank thermal energy storage, TTES
Classic storage systems hold heated water in steel tanks, where the DH-water is stored directly in the
tank. In some cases steam is used instead of water, though it does entail a more complex system. Both
seasonal and short term storages can consist of one or more steel tank(s).
Large scale storages are usually made of steel, reinforced pre-stressed concrete, or glass fiber
reinforced plastics [8]. These are in general partially or completely built into ground, a concept which
can be seen in Figure 8 while the short term tanks are above ground. A stratification of the water, exist
in all heat storages with the concept of water being the storage medium. Due to the density difference
of warm and cold water, a thermal stratification will be found between the layers of cold (on the
bottom) and hot water (on the top). Because of this, hot water is accessible from the top at all times,
and sensors can easily indicate when the storage needs to be charged by following the rise of the
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thermal stratification, as cold water is returned to the tank. Heat losses in tanks occur through the tank
walls, floors and roof/lid.

Figure 8 - Construction concept for large-scale or seasonal tank thermal energy storage (Source: Solites) [8].
Reproduced with written permission.

4.2.2 Short term heat storage in building mass
Even buildings connected to the grid can be used as short term heat storage, due to thermal inertia. If
the perceived temperature of a buildings outdoor sensor were to be temporarily increased, a heat load
(for instance the morning heat load) can be shifted to a time where start up of peak boilers wouldn't be
necessary. When the outdoor temperature is known as higher than the real temperature, the indoor
temperature is regulated thereafter - and the power demand decreases. Depending on the building time
constant and how much the temperatures are "changed" - a certain level of power supply can be
"paused" for a period of time , before power again is needed to uphold a said indoor temperature. The
buildings should be of big mass, like multi dwelling buildings, for good storage effect.
In 2008 research was presented on the matter. Building mass to be used as active short term heat
storage in Gothenburg’s district heating system was investigated and great potential was found in the
idea, as the daily load variations at system level can be eliminated when doing so [9].
Gothenburg DH-system had experienced substantial difference between maximum and minimum daily
heat load during their heating season, and the largest variations appeared when the outdoor
temperature during night differed much to the outdoor temperature during the day. This was seen in
the months March and April. Peaks in demand were obvious in the mornings and evenings. The DHsystem in Gothenburg managed these by starting and stopping heat generations several times in the
day, and applying energy storage in the DH-supply [9].
The energy company Karlshamn Energi AB has in a similar way accomplished a reduction of peak
boiler use, in cooperation with the company NODA which has developed a system for improving a
district heating grids power profile. This system goes by the name Smart Heat Grid. About a hundred
of the largest buildings in the network use NODA-systems to cooperate and enhance the operational
conditions for production and distribution. Together these buildings are able to manage about 10% of
the total heat load [10].
4.2.3 UTES systems
Underground thermal energy storage systems for seasonal storing are abbreviated as UTES systems.
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4.2.3.1 Aquifer Thermal Energy Storage, ATES
An aquifer is a type of groundwater depository/natural waterbed. Aquifers in both fractured rock and
in unconsolidated sands or gravels can be used for the purpose of storing thermal energy. In Sweden
there are ATES systems in operation in eskers and in highly fractured limestone aquifers [11].
Both cold and heat can be stored seasonally in these systems, and the principle is to by wells connect
to the above mentioned ground water-bearing layers underground – extract water, take advantage of its
thermal energy and then redirect it back. The exchange of thermal energy happens through advection,
i.e. transportation by a fluid in motion. If cold is needed the water is to be redirected to the warmer
well after use, and if heat is needed the water is to be redirected to the colder well after use – meaning
that at least one cold and on warm well is needed. For the same reason, demand can be met in both
summer and in winter, if desired [11]. ATES today obtain heat from solar thermal systems, heat
pumps, excess heat from co-generators and industrial processes. The most common alternative is heat
pumps which in the winter provide cooling. ATES are often used for both heating and cooling. The
Netherlands are by some regarded as the "number one country of ATES" and had 1500 ATES systems
in operation 2010 [11].
Energy losses occur through conduction between the storage and the surrounding ground, and/or to
through passing water. The losses can take place in both a stationary and in an initial manner, the latter
being losses found at the beginning of running the aquifer as storage, when the closest surrounding
ground not yet has been heated to achieve thermal equilibrium.

Figure 9 - Construction concept for large-scale or seasonal aquifer thermal energy storage (Source: Solites) [8].
Reproduced with written permission.

4.2.3.2 Pit thermal energy storage, PTES
By storing thermal energy in water filled pit in the ground, the ground itself is taken advantage of as
both isolation and as the structure holding the storage system. PTES, which arisen with solar heat, has
a sealing layer in the sides made of materials like plastics, rubbers or metal foil and a lid on the top for
isolation and vaporization hindering. the pit itself can be excavated or blasted out and can consist of
more or less vertically angled walls - which can have a big impact on heat losses and propagation area,
respectively [12]. As in the other heat storage systems, a thermal stratification will form due to the
different density of warm and cold water.
A well-known PTES system connected to district heating is the one located in Marstal, Denmark. In
2012, the Marstal system became the first system in northern Europe to be near reaching full seasonal
heat storage. This became true following an extension of pit volume. By adding a pit the PTES volume
changed from the initial 10 000 m³, to 85 000m³ - resulting in a high relative heat storage [3].
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Figure 10 - Construction concept for large-scale or seasonal pit thermal energy storage (Source: Solites) [8].
Reproduced with written permission.

12

5 Analysis
The alternatives are analyzed and compared on size, requirements and investment profitability in order
to be able to conclude whether the selection of storage systems are suitable or not for the district
heating system in Höganäs.

5.1 Size calculations
5.1.1 TTES short term
The necessary tank volume V (m³) is determined by;
(Formula 5)

(Formula 6)

Where
is the relative daily variation (Wh), is the specific heat for water (J/kg,K), is the water
density (kg/m³), and
is the difference between the temperatures of the returning and the supplied
DH water respectively (°C or K). In conclusion, the tank would need to be at least 662 m³ big, to cope
with the daily variations.
5.1.2 Short term heat storage in building mass
Calculating the storage size of this system differs from the others in the sense that the presented size
isn't necessarily based on volume in cubic meters. The base will instead be how much building mass
that is available, and how much power and energy that would be available. This was determined in a
similar matter as [9], in the case of Gothenburg. The following conditions were used for the
calculation.






The total annual heat load of Höganäs 2013 was 50 973 MWh
3053 degree days in Höganäs
25% of the heat load is available as heat storage (Seeing as about half of the building mass are
multi-dwelling buildings and it is assumed that half of these will be needed)
25% of the heat load is used for hot water preparation
The time constant of 100 hours has been assumed for the building mass.

Three figures (Figure 11,Figure 12 and Figure 13) were constructed as done in [9], describing a
possible short term heat storage in Höganäs.
Figure 11, showing available heat power for different changes in outdoor temperature was then
constructed using the following formulas. The available heat power, :
(Formula 7)

Where is available energy (MWh) and
varies between 1 and 10 °C.

(°C) is the “change” of outdoor temperature and

(Formula 8)
(Formula 9)
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Figure 11- Available heat generation for induced changes in the outdoor temperature (Höganäs, 2013).

For the conditions, Figure 11 shows that if there would be a short term peak in heat load, HEAB could
increase the perceived outdoor temperature of outdoor sensors between 1 and 10°C and avoid
supplying 0,13 - 1,3 MW during that time. For how long the power is available, can be seen in Figure
12.

Figure 12 - Maximum number of hours the heat storage can be in operation (discharge) with available power for
different changes in outdoor temperature and for five different maximum permitted changes of the indoor
temperature: 0,4 , 0,8 , 1 , 1,2 and 1,6 °C.

The formula behind Figure 12:
(Formula 10)

Where
is the temperature change indoors (K),
is the temperature change outdoors
(K), is the mathematical constant, is time of storage discharge (h), is the time constant of the
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building mass (h). The time was solved for and plotted, in regards to different changes in outdoor
temperature and maximum permitted changes of the indoor temperature respectively.
As an example, according to Figure 11 and Figure 12, HEAB could avoid 0,5MW at times of peak
load for 36 hours if the sensor is tricked into believing that the outdoor temperature is 4 °C warmer
than it actually is and the indoor temperature is allowed to decrease with 1,2 °C.
When duration and power is known, the heat storage capacity is plotted, in Figure 13. If the outdoor
temperature were to be "changed" to 4 °C warmer, and the indoor temperature is allowed to decrease
with 1,2 °C the capacity would be close to 20 MWh.

Figure 13 - Available storage capacity for heat storage in buildings with given conditions.

5.1.3 TTES long term
The volume was calculated by extension of the long term TTES heat storage capacity, which is
between 60 and 80 kWh/m³, according to Figure 14. An average value is chosen, i.e. 70 kWh/m³.
(Formula 11)

Where the
for TTES long term is 0,07 (MWh/m³) and is the energy from
peak boilers replaced with stored excess heat (MWh) during the one reference year.
(Formula 12)

5.1.4 ATES
The storage volume for 1 m³ water equivalent is 2,5m³, and the volume was calculated by extension of
the long term ATES heat capacity, which is between 30 and 40 kWh/m³, according to Figure 14. An
average value was chosen, i.e. 35 kWh/m³. Formula 11 is used, where:
is
0,035 (MWh/m³), water equivalent factor is 2,5 and is the energy, 9520 MWh, from peak boilers
replaced with stored excess heat (MWh) during the one reference year.
(Formula 13)
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5.1.5 PTES
The volume was calculated by extension of the long term PTES heat capacity, which is between 60
and 80 kWh/m³, according to Figure 14. A value between the two is chosen, i.e. 70 kWh/m³. Formula
11 is used, where:
is 0,07 (MWh/m³) and is the energy, 9520 MWh, from peak
boilers replaced with stored excess heat (MWh) during the one reference year.
(Formula 14)

5.2 Conditions and requirements
This project does not mean to include a proper geological investigation, as it is not the field of study.
Although, some relevant requirements and conditions are in a simple matter presented, and
commented, for HEAB to consider.
5.2.1 Temperatures
The industrial excess heat is today delivered to HEAB holding a temperature of 95°C. It should be
possible to cool it down before the storage system to 80 °C [15]. All systems can meet this
requirement: TTES, both short term and long term, can use 95 °C [12]. PTES designs up to 85-90 °C
are possible [12, 16], and in shallow aquifers 20-50 °C is possible while 60-90 °C is possible in deep
[12].
5.2.2 Ground conditions
While a TTES above ground needs stable ground conditions, it is very flexible in placement. TTES
below or partially below ground and PTES also require stable ground conditions, in addition to
requirements on possible construction depth and groundwater level, please observe Figure 14.
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Figure 14 - Comparison of storage concepts regarding heat capacity and geological requirements (source: Solites) [8].
Reproduced with written permission.

The main types of rock, soil and bedrock in the area surrounding HEABs heating plant are identified
with a mapping tool from SGU, the Geological Survey of Sweden. SGU is the expert agency for issues
relating to bedrock, soil and groundwater in Sweden. The heat plant is placed in the area named
Tjörödd in Figure 15, Figure 16, Figure 17, and Figure 18 in the center of the black circle.

Figure 15 - Rock map 1:1 showing Höganäs from © Sveriges geologiska undersökning. The location of HEAB's heat
plant lies within the black circle with a radius of 1 km. Reproduced with written permission.
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As can be seen in Figure 15, the rock type (displayed in a turquoise color) consists of clay, shale,
sandstone and coal. The three main soil types are rock red area in Figure 16, post glacial sand-gravel
(orange area) and clay till (the gray area).

Figure 16 - Soil map 1:1 showing Höganäs from © Sveriges geologiska undersökning. The location of HEAB's heat
plant lies within the black circle with a radius of 1 km. Reproduced with written permission.

5.2.3 Old mine shafts
For more than 200 years, mining of coal and clay has been conducted in Höganäs. The mining area
extends from the area of Tjörröd (at 10-20 m depth) just north of Höganäs center; to deep mine sites
(100-150 m depth) east of Höganäs, at Hustofta, to the south at Lerberget, as can be seen in Figure 17
[17].

Figure 17 - Soil map 1:1 showing Höganäs from © Sveriges geologiska undersökning. Yellow markings approximately
show the believed extension of the old mine shafts. Reproduced with written permission.

The grid of old mine shafts make below ground storage systems (PTES, TTES) completely unsuitable
within the mining area. Such below ground systems would have to be located outside of the area, and
this is considered too far to motivate economically by HEAB. As mentioned earlier, the mine shafts
have been investigated for storage purposes with the result of them being unsuitable as storage
systems.
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5.2.4 Groundwater
According to a recent groundwater study, [18], carried out by SWECO for Höganäs AB in 2014 and
2015, the area of Höganäs is and has been historically characterized by high groundwater levels. In
Swedish, such ground is often called “vattensjuk mark”, directly translated as water sick soil - an old
term for soil with high groundwater levels. Seeing as the underground storage systems TTES and
PTES preferably should be placed where there is no or little groundwater, such systems seem to be
incompatible for HEAB to install with the surrounding ground conditions.
5.2.5 Nearest aquifer
The nearest aquifer observed is 4,5 km from HEABs central heating plant. It is mainly a “soil aquifer”
e.g. in unconsolidated material, has a sealing layer above it, extraction possibility of 5-25 liters/second
and propagation area141 372 m2. Its placement can be seen in the Figure 18 below marked as a purple
square, also from the SGU mapping tool.

Figure 18 - Ground water reservoir map showing Höganäs from © Sveriges geologiska undersökning. The location of
HEAB's heat plant lies within the black circle with a radius of 1 km, and the purple square marks the nearest aquifer.
Reproduced with written permission.

It is located in an area of the soil type postglacial sand-gravel. It is not located in a water protection
area, although it is quite near a protected area in Ornakärr.
Seeing to the information given in this section, an above ground TTES is hereby considered to be
possible for HEAB to install, however it is not certain that a below ground such or a PTES would be
possible within a close proximity to the central plant.
It has been concluded that there is an aquifer at a 4,5 km's distance to the central heating plant,
keeping the possibility of ATES true. However, this distance is considered a hinder by HEAB due to
the economic feasibility of building such a long pipe [19]. Furthermore, the information on the aquifer
is limited and a statement proving or disproving the aquifer's ability to be used as a storage system
requires a thorough investigation including physically testing the ground (bore samples and so on) to
be made.
5.2.6 Requirement for short term heat storage in building mass
HEABs district heating system is fairly new, and has direct contact with all district heating substations
from the central operation monitoring system, making it possible to implement a sort of routine of
steering, for heat storage in building mass connected to the grid [19].
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5.3 Analysis of storage sizes
5.3.1 TTES short term
TTES for short term use, are typically not made smaller than 2 000 m³ [20]. The results of the formula
6 described in 5.1.1 shows that a size exactly accounting for the storage need in the reference year,
adds up to 662 m³. For several reasons, see below, it would still be legit to build the bigger 2000 m³
tank, and this is also assumed to be the short term TTES size in this analysis, from now on.




A larger tank would be able to act as a water or power buffer in case of failure in the system.
In general, bigger tanks have lesser losses then the smaller ones.
A larger tank can provide marginal, in case of an extension/expansion of the DH network in the
future.

The corresponding maximum daily variation , a 2000 m³ tank could handle is 90 MWh. As a result,
following the reasoning in 4.1, the annual total amount of energy from peak boilers occurring as daily
variations, that can be stored in the tank, adds up to be 616 MWh.
5.3.2 Short term heat storage in building mass
By identifying what kind of multi-dwelling buildings are connected to HEABS district heating system,
in regards to their size and thermal inertia (building material) it was confirmed that there are enough
suitable buildings for a storage system using building mass. Many of the buildings were built in the
1960's and 70's as a part of a public housing programme called the million programme. Again, half of
the total multi-dwelling building stock connected is assumed to be needed.
5.3.3 TTES long term
TTES for long term purposes in Sweden, are no bigger than about 50 000 m³. If the storage were to
store an energy amount equal to the accumulated peak boiler use during a year such a system would
have needed to be 136 000 m³ according to calculations in 5.3.3. Thereby concluding that a long term
TTES for the purpose of covering the entire seasonal load of the HEAB district heating system isn’t a
viable alternative. It will not be analyzed further in this section (5 Analysis).
5.3.4 ATES
According to the calculations in 5.1.4, the ATEs would need to be about 108 800 m³ big to fill the
purpose of a seasonal storage for HEAB. This is considered a feasible size of an aquifer. The size of
the nearest aquifer to HEAB is unknown. For the sake of the analysis (like investment and so on), it is
regarded possible that the aquifer in Ornakärr is of an adequate size. And the analysis will still
consider the ATES as a storage option for HEAB.
5.3.5 PTES
The world's largest solar heating plant and underground thermal pit storage stood ready in the summer
of 2015, in Vojens, Denmark. The solar heating plant is of the size 70 000m³ and the PTES has a
volume of 200 000 m³ [21] . According to the calculations in 5.1.5 the PTES would need to be about
136 000 m³ big to fill the purpose of a seasonal storage for HEAB (in order to store the whole 9520
MWh from excess heat, that otherwise are oil-fueled). This size could be considered to be a bit big,
but is further on regarded as feasible.
A summary of the investment profitability analysis, sorted on storage concept displaying calculated
investment costs, annual cash flows and payback periods.
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5.3.6

Summary

Table 1 - A summary of the size analysis, sorted on storage concept displaying calculated sizes and eventual
adjustments or conclusions.

Storage concept
TTES short term

Size [m³]
Adjusted to 2 000

TTES long term

136 000, is bigger than upper limit 50 000

ATES
PTES

108 000
136 000

5.4 Investment profitability
In agreement with HEAB the investment is regarded profitable if the payback period is no longer than
10 years [19].
5.4.1 TTES short term investment cost and payback period
Based upon cost information on seven existing storage tanks in Sweden and Denmark, and the Figure
7, the investment cost for this analysis is set to 1880 SEK/m³.
The seven existing storage tanks range from volumes of 10 100 m³ (Uddevalla, Sweden) up to
40 000 m³ (Öresundskraft, filborna). The investment costs range between 1 000 SEK/m³
(Öresundskraft, filborna) and 1 622SEK/m³ (Borås). According to Figure 7, from Solites, a 2 000 m³
big tank would correspond to an investment cost of somewhere between 1 253 and 2 507 SEK/m³. In
the middle of this range, 1 880 SEK/m³ is found. In [22] investment costs for tanks of 2 000 m³ and
above , ranging from 800 DKK and 1 500 DKK is suggested (corresponding to about 1 008 SEK to
1 890 SEK in 2015).
The total investment cost, (SEK), is calculated by multiplying the specific investment cost (SEK/m³)
with the storage volume (m³). Formula 2 is used.
(Formula 15)

Using formula 3 , the annual cash flows add up to
(Formula 16)

And the payback period, according to Formula 4:
(Formula 17)

5.4.2 Short term heat storage in building mass
With regards to that HEAB has direct contact with all district heating substations, a investment of
having short term heat storage in building mass would not necessarily entail constructing or installing
new components [19]. It would probably consist of costs of creating an operational routine and
upholding the routine. The investment cost of this has not been investigated in this paper, as done with
the other storage alternatives[19]. However, the investment cost of instead using the services of an
external company like the one mentioned in 3.2.2 (NODA) has been analyzed. According to [23], the
investment cost (including project and installation costs) of heat storage in buildings using their
services would be calculated as:
(Formula 18)
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Where is the investment cost (SEK), and is the number of buildings to be used as storage. In
HEABs case, about 70 multi-dwelling buildings connected to their system has been assumed to be
needed. The investment cost would then be 804 000 SEK.
(Formula 19)

Annual incoming cash flows have not been calculated due to the complexity of trying to determine
how often a system like this would be used during a year, and how much energy would have been
"stored". The payback period has however been appreciated with HEAB to be below ten years. About
180 MWh a year would have to be stored annually to achieve a payback period of maximum ten years
and this is considered plausible.
(Formula 20)
(Formula 21)

5.4.3 ATES investment cost and payback period
Based upon cost information from three existing ATES in Sweden and Denmark, especially from [22]
concerning the ATES in Grundfos, Bjerringbro, the specific investment cost for this analysis is set to
148 SEK/m³. This number excludes VAT. In the report, the specific investment cost for the ATES in
Grundfos is stated as have been between 75 and 150 DKK. The middle of that range, converted into
Swedish crowns, is 148 SEK/m³.
The total investment cost, (SEK), is calculated by multiplying the specific investment cost (SEK/m³)
with the storage volume (m³). Formula 2 is used.
(Formula 22)

Using Formula 3 , the annual cash flows add up to
(Formula 23)

And the payback period, according to Formula 4
(Formula 24)

In this analysis, the payback period of investing in an ATES for long term purposes would be 4 years.
5.4.4 PTES investment cost and payback period
Based upon cost information on four existing PTES in Denmark [22],[21], the specific cost has been
adjusted accordingly to their specific investment costs, which on average is 150 DKK /m³ = 190 SEK.
The total investment cost, (SEK), is calculated by multiplying the specific investment cost (SEK/m³)
with the storage volume (m³). Formula 2 is used.
(Formula 25)

Using Formula 3 , the annual cash flows add up to
(Formula 26)

And the payback period, according to Formula 4
(Formula 27)
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5.4.5

Summary

Table 2 - A summary of the investment profitability analysis, sorted on storage concept displaying calculated
investment costs, annual cash flows and payback periods.

Storage concept

Investment cost [SEK]

Annual cash flow [SEK]

Payback period [Years]

TTES short term

3 760 000

277 000

14

Less than 804 000

-

Below 10

ATES

16 102 400

4 284 000

4

PTES

25 840 000

4 284 000

6

Building mass
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6 Results
The analysis results have been summarized in Table 3.
Table 3 - Summarized results of the analysis sorted on storage concept, with conclusion on whether the storage
concepts would be suitable for HEAB or not.

Storage
concept
TTES
term

Conditions
and
requirements
short Suitable

TTES
long Not suitable
term
Suitable
Building
mass
Not suitable
ATES

PTES

Not suitable

Analysis
of Investment
storage sizes
profitability

Conclusion

Suitable

Unprofitable

May be suitable depending if
payback period of 14 years is
considered profitable.
Not suitable

Profitable,
probably
Profitable

Suitable

Not suitable
Suitable
Suitable,
possibly

Suitable

Profitable

Could be suitable if aquifer in
Ornakärr can be used, and the
distance could be motivated
economically.
May be suitable if placed in
area
without
the
high
groundwater level.
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7 Discussion
7.1 General reflection
It was soon noticed that the results of the process of determining whether a storage concept would be
suitable or not based on variables like conditions, requirements, size, and investment costs and
profitability were highly sensitive to changes of the variables. This would maybe not have been a
problem, if it weren't for the variables being highly uncertain, especially those regarding geological
requirements and conditions. One can only reason and theoretically calculate so far. Confirming the
actual statuses of those variables is a big commitment, and the hope is that this thesis can at least give
an overview and point in the right direction in the case of discussion regarding investing in a storage
system in Höganäs.

7.2 Reasoning and comments
Concerning the profitability analysis of TTES short term, with a payback period of 14 years making it
unsuitable: If a 2 000 m³ big tank would be installed, additional cash flows may generate following the
listed reasons of building a slightly bigger tank then needed. It could be that the additional cash flows
can shorten the payback period of 14 years to what is assumed profitable, i.e. no more than 10 years.
Concerning using 2013 years' production data instead of 2014 as reference data: It was of great
importance for the dimensioning work of the short term storages, that the daily variations in heat load
could be separated and identified from the data. Unfortunately the production data from 2014 had
many faults in registering data, making it impossible to separate daily variations certain periods of the
year. The periods were the so called transmission periods, i.e. those characterized by the most
variations of the year. Fortunately, the 2013 data did not have these faults.

7.3 Elaborations
It has been concluded that a long term TTES for the purpose of covering the entire peak fueled load of
the HEAB district heating system isn’t a viable alternative. It was also stated that the biggest tanks in
Sweden are about 50 000m³ big. It could therefore be of interest to, in a swiftly manner, analyze an
investment in such a tank integrated in HEABs system. This has been carried out in the same manner
as is done for the short term, but in this case only using Figure 14.
A 50 000m³ tank in HEABs system could store 3500 MWh according to Figure 14, (70 kWh/m³). This
amount corresponds to 37 % of total peak boiler use during the reference year. The investment would
cost, according to Figure 7 , 33 million SEK based on a specific investment cost of about 658 SEK/m³.
The annual cash flow would be 1,6 million SEK, resulting in a payback period of 21 years, i.e.
unprofitable. A thought is also, that many tanks can be used instead of one big. This would solve the
upper limit of size not being enough for HEABs purpose, but would most definitely entail a very high
investment cost.
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8 Further work
Other than recommending investigating those storage concepts with implementation potential
presented in this report, it should be mentioned that much of the methodology in this project can be
applied when looking into other systems, like those not analyzed here. For instance borehole thermal
energy storage, BTES. A different approach to handling daily and seasonal variation, not at all
mentioned in this report, is to explore the possibility of steering power from the industry Höganäs
Energi.
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9 Conclusion
It has been assessed that the most suitable thermal energy storage system for Höganäs Energi AB is to
apply storage in building mass.
An ATES could be suitable, however only if the nearby aquifer in Ornakärr can be utilized and the
distance a pipe would have to be built can be motivated economically. It is also deemed reasonable
that PTES could be suitable if a site with a low groundwater level can be found and excavated - which
seems unlikely, today. The suitability of ATES and PTES are however both very sensitive to changes
in variables like geological conditions and availability and determining these variables would be a big
commitment. This thesis can offer an overview to these two techniques and indication that given the
right circumstances both ATES and PTES would greatly reduce the use of peak boilers. Thus, further
work is needed to thoroughly investigate the nearby area.
The other techniques examined in this thesis, short and long term use of thermal tanks (TTES) are not
suitable due to the large investment costs and the company’s demand that profitability should be
reached within 10 years.
Finally, the potential for heat storage in Höganäs is considered especially great, given the accessibility
to excess heat during the entirety of the year.
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