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Abstract 
The current environmental challenges that face the world put pressure on the heating market 
to move towards increased share of renewable energy sources as fuel. District heating (DH) is 
seen as an efficient solution to achieve this in dense urban areas. Thermal energy storage 
(TES) is seen as a solution to handle the increased amount of intermittent energy sources in 
the energy system. For the Swedish DH business a large-scale underground TES (UTES) is 
seen as an interesting solution partly for this reason and partly to utilise more residual heat 
and heat from under-utilised production facilities. However, the current complexity to invest 
in large-scale UTES is limiting the further development of DH. The purpose of this report is 
therefore to fill the current knowledge gap regarding factors needed to analyse an investment 
in large-scale UTES. An investment framework is presented to be used as decision support 
mainly for decision-makers in the DH business, but which can be interesting for other 
stakeholders in the district heating system (DHS). 

The main findings of the report are that there exists necessary circumstances for an 
investment in a large-scale UTES and that the criteria needed to evaluate an investment in 
large-scale UTES are either related to economy or environment. Further, the main function of 
a large-scale UTES is seasonal storage because this function creates the majority of the 
revenue. This revenue is created through storage of cheap heat during periods of low heat 
demand, which replaces expensive peak production during periods of high heat demand. 
Depending on the size of the created revenue, the large-scale UTES can be profitable as 
required by the DH companies. However, it is shown in the report that other factors also must 
be considered for the large-scale UTES to become profitable. Further, the uncertain future of 
DH poses a challenge for the evaluation of an investment in large-scale TES. The 
recommendations for further studies therefore focus on limiting these uncertainties through 
additional research and development. 
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Sammanfattning 
De nuvarande miljöförändringar som världen står inför ställer krav på värmemarknaden att 
förändras till ökad användning av förnybara energikällor som bränsle. Fjärrvärme ses som en 
effektiv lösning för att åstadkomma detta i tätbebyggelse. Termiska energilager (TES) ses 
som en lösning för att hantera den ökande mängden intermittenta energikällor i 
energisystemet. För den svenska fjärrvärmen ses ett storskaligt underjordiskt TES (UTES) 
som en intressant lösning dels av denna anledning dels för att öka användningen av restvärme 
och värmen från underutnyttjade produktionsanläggningar. Hursomhelst så innebär den 
nuvarande komplexiteten att investera i storskalig UTES att utvecklingen för fjärrvärme 
begränsas. Syftet med denna rapport är därför att fylla den kunskapslucka som existerar 
gällande faktorer att analysera för en investering i ett storskaligt UTES. Ett 
investeringsramverk presenteras för att användas som beslutsunderlag för huvudsakligen 
beslutsfattare inom fjärrvärmeverksamheten, men som även kan vara av intresse för andra 
intressenter i fjärrvärmesystemet. 

De huvudsakliga upptäckterna från denna rapport är att det existerar nödvändiga 
förutsättningar för en investering i storskalig UTES och att kriterierna för utvärdering av en 
investering i storskalig UTES antingen är relaterade till ekonomi eller miljö. Vidare så är den 
huvudsakliga funktionen av ett storskaligt UTES säsongslagring eftersom denna funktion 
skapar lejonparten av inkomsten. Inkomsten skapas genom lagring av billig värme under 
perioder av låg efterfrågan på värme som ersätter dyr spetsproduktion under perioder av hög 
efterfrågan på värme. Beroende på storleken av den skapade inkomsten så kan ett storskaligt 
UTES potentiellt klara kravet på att vara lönsamt. Hursomhelst så visar denna rapport på att 
andra faktorer troligen också behöver tas hänsyn till för att ett storskaligt UTES ska bli 
lönsamt. Trots att det är nödvändigt så gör den osäkra framtiden för fjärrvärme det svårt att 
utvärdera en investering i storskalig UTES. Rekommendationerna för framtida studier 
fokuserar därför på att begränsa dessa osäkerheter genom ytterligare vetenskapligt stöd.
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1. Background 
In the following parts of the text an introduction is given to the environmental challenges in 
the world as well as the two major parts of this degree project; district heating (DH) and 
thermal energy storage (TES). 

1.1. Environmental challenges 
The Intergovernmental Panel on Climate Change (IPCC) have concluded that the emissions of 
greenhouse gases from humans have a clear influence on the climate system. The emission 
level is currently at the highest level historically and current climate changes have affected 
both human and natural systems greatly. It is observed that the current size of climate changes 
is without parallel the last millennia (IPCC, 2015, p. 2). As a reaction to reduce the impact of, 
or if possible avoid, a coming environmental disaster the European Commission (EC) in 2007 
set the 2020-targets. The targets state a 20% cut in greenhouse gas emissions (from 1990 
levels), 20% of EU-energy from renewables and 20% improvement in energy efficiency by 
2020. The decision affects all EU-member countries; therefore Sweden is obliged to reach 
these targets (EC, 2016). However, since 2007 it has been realised that more action needs to 
be taken to avoid dangerous climate change. Therefore, in December 2015 at the Paris climate 
conference (COP21) a universal and legally binding global climate deal was adopted. The 
agreement’s main decision is that the increase in global average temperature should be well 
below 2°C by reaching the emission peak as soon as possible and thereafter reducing 
emissions rapidly by using the best available science (EC, 2017). 

In the present EU member states (EU-28) the total gross production of derived heat was 2.3 
million TJ in 2014 (Eurostat, 2016). The definition of derived heat being: 

“Derived heat covers the total heat production in heating plants and in combined heat and 
power plants. It includes the heat used by the auxiliaries of the installation which use hot fluid 
(space heating, liquid fuel heating, etc.) and losses in the installation/network heat exchanges. 
For autoproducing entities (= entities generating electricity and/or heat wholly or partially 
for their own use as an activity which supports their primary activity) the heat used by the 
undertaking for its own processes is not included.” (Eurostat, 2017) 

Of the 2.3 million TJ gross production of derived heat in 2014, only 22% came from 
renewable energy sources. Further, the highest share of heat production from one fuel was 
37% which was natural gas (Eurostat, 2016). The significant amount of heat produced from 
non-renewables implies that the heating market in Europe needs to fundamentally change to 
adapt to the EU 2020-targets and the deal from COP21. 

1.2. District heating 
District heating (DH) is according to the International Energy Agency (IEA, 2017) together 
with district cooling instrumental to the reduction of environmental pollution from heating as 
well as to save energy. The recognition of the technology as essential in a transmission to 
environmental friendly heating is also growing among the member countries of IEA (IEA, 
2017).  
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DH is a technology in which heat is transported from a central heat plant to the buildings in an 
area through a system of pipes using water as transportation medium. This means that the 
individual buildings have no need for their own boilers or air-conditioners. However, a DH 
substation is required in the individual building including heat exchangers and some other 
equipment. One of the advantages with this type of system is greater energy efficiency 
compared to local heating (International District Energy Association, 2016). 

Depending on the country DH is used to a varying degree. For example, in Northern and 
Eastern Europe almost 50% of the households are heated by DH. In the Nordic countries apart 
from Norway, DH is the dominating heating method on a national scale. Further, in local 
heating markets within the countries, DH often has a market share of 90% (Vattenfall, 2016). 

1.3. Thermal energy storage 
Overall increased awareness of environmental issues and compliance with climate initiatives 
has had an impact on the energy sector and the energy sources that are used. This has led to a 
current development in the energy sector towards a system with more distributed energy 
production and increased use of intermittent renewable energy such as solar power and wind 
power. This shift towards more intermittent energy sources requires the infrastructure in the 
energy system to adapt (Papaefthymiou & Dragoon, 2016, p. 69). One solution to adapt the 
energy system to an increasing share of intermittent energy is through energy storage. With 
energy storage, the drawback that intermittent energy supply cannot be controlled can be 
managed. Thermal energy storage can in this context be used to transform electricity to heat 
for storage, so called power to heat. With stored energy, an energy supplier can ensure that 
energy is available even when for example wind and solar power cannot provide energy at a 
specific moment. This function in the DHS is illustrated in Figure 1 below. 

 
Figure 1: Function of TES in DHS 

Skanska has developed a large-scale UTES intended to be connected to the DHS in order to 
balance supply and demand of DH as shown in Figure 1. The Skanska large-scale UTES is 
already developed and ready to be constructed, though no facility has been built yet. 
However, simulations have been carried out by external actors which have confirmed the 



  
 

3 
 

functionality of the system (Skanska, 2015, pp. 1-8). Skanska has been in contact with 
potential investors and future owners of the Skanska large-scale UTES in order to market the 
product for a future deal. An important factor here is that the initial investment is large, thus 
intended to be paid-off over a long period of time. Hence, investors are very careful in 
addition to being conservative and risk-averse in regard to a product that has yet to be tested 
in reality. The complexity of selling the Skanska large-scale UTES thereby becomes evident. 
In light of this the process of meeting with potential investors and marketing the product by 
showing its validity are seen as key activities in order to reach an actual deal in the future 
(Andersson H. E., 2016). 

The Skanska large-scale UTES and its characteristics 
In this study the definition of a large-scale UTES and its characteristics are based on the 
large-scale UTES that Skanska has developed as a product to be sold to DH-companies. The 
key characteristics of this solution are presented in Table 1. 

Table 1: Characteristics of a version of the Skanska large-scale UTES (Andersson H. E., 2017) 

Example large-scale UTES version 
Seasonal stored energy heat 200 - 300 GWh/year 

Turnover energy heat 600 - 1000 GWh/year 
Power out / in heat 400 / 1000 MW 
Approximate size 350 Meter in diameter 

Approximate investment 3 Billion SEK 
 

In Table 1 the Turnover energy heat is larger than Seasonal stored energy heat since the 
storage not only is used for a seasonal cycle, but is also discharged and charged during shorter 
cycles throughout the year.   
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1.4. Problematization 
The current challenge to invest in large-scale UTES is limiting the further development of 
DH. The complexity primarily originates from the size of the investment, the long time-frame 
and that the large-scale UTES is not tested in reality yet. With this follows uncertainties of 
various types and sizes that need to be looked into deeply since they in the end present risks 
for the investment. This has proven to be an additional obstacle to the already existing issue 
that investors tend to be risk-averse regarding new types of investments with a long payback 
time (Andersson H. E., 2016). Further, the current and future fundamental change of the 
energy sector towards intermittent renewable energy and distributed energy sources is adding 
to both the complexity and uncertainties for investors. 

For an investor to be able to value the risks a thorough exploration within the subject of large-
scale UTES and surrounding factors is necessary. However, there is little support in scientific 
literature as to how this exploration should be done. Therefore, investors are dependent on 
best-practice from within the company and elsewhere, which is based on investments in 
already existing technologies. This confirms the lack of industry-wide investment support for 
large investments in the new technology large-scale UTES. 

With the complexity to invest, a model or framework for the investment process is needed to 
clarify the process and the required analysis. The model or framework should seek partly 
support in well-known investment processes within the companies relevant for the investment 
today and partly in scientific literature regarding large-scale UTES. The aim is to create a 
business-wide collection of best-practices for large investments supported in scientific 
literature by technology specific factors. In the end, an investment-framework for decision-
makers will be the outcome of this degree project.  
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1.5. Purpose 
The purpose of this degree project is to fill the current knowledge gap regarding key factors 
to analyse for an investment in large-scale UTES. 

Since the investment strategies for the particular niched area large-scale UTES is currently 
unexplored, the degree project has an exploratory purpose of presenting a framework for 
decision-makers. The framework consists of different factors needed to investigate before an 
investment in large-scale UTES, thus to be used as decision support. However, the framework 
can also be interesting for other stakeholders in the DHS such as local politicians or 
companies as Skanska that provide the large-scale UTES. The approach will be inductive, 
meaning that existing research and literature will be the basis for our framework. Since 
Skanska is our client in this degree project, Skanska’s ambition to create scientific support for 
investments in large-scale UTES is a driver in order for potential investors to gain a 
comprehensive understanding. 

1.6. Research question 
Based on the purpose of the research presented above it is necessary to identify which factors 
investors currently analyse during an investment process for large investments, for example in 
large-scale UTES, and which factors are neglected. Further, it is of interest how the different 
factors compare in importance for investors. Based on this the following research question 
was decided on for the study: 

● What are the key factors to consider when investing in large-scale UTES? 

1.7. Expected contribution 
This degree project will give an empirical contribution to science since the focus lies on 
describing factors to analyse in an investment process for a new product. However, the 
concept of large investments within the energy industry is not new, thus already existing 
knowledge among investors regarding these investment processes will be gathered and 
analysed. Since large-scale UTES is a new product additional empirics on necessary 
circumstances for the investment in this new technology will also be collected. In addition, 
scientific literature will expand the already existing knowledge among investors. Finally, a 
framework is presented for decision-makers with collected knowledge from different parts of 
the industry supported by scientific literature. The framework is expected to be used as 
decision support among investors as well as for general evaluation by other stakeholders in 
the DHS affected by large-scale UTES.  
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2. Literature and theory 
In the following part of the report the reader will firstly be introduced to heating in Sweden. 
Secondly, district heating as a technology and specifically district heating in Sweden is 
explained. Thirdly, the reader will learn about residual heat and the current situation in 
Sweden. Lastly, thermal energy storages will be presented generally and large-scale 
underground thermal energy storage specifically. These areas are based exclusively on 
scientific literature and are considered central for the understanding of the parts Results, 
Discussion, Conclusions and Recommendations for further studies in this report. 

2.1. Heating in Sweden 
The annual energy use for heating purposes in 2013 was 80 TWh, which constitutes 55% of 
the total energy use within households and non-residential buildings (Swedish Energy 
Agency, 2015B, p. 12). In Figure 2 below the energy use for heating and hot water in Sweden 
in 2013 for the two types of buildings is illustrated, where households are divided into one- 
and two-dwelling buildings and multi-dwelling buildings. 

 
Figure 2:  Energy use for heating and hot water in dwellings and non-residential premises in 2013, TWh (Swedish Energy 

Agency, 2015B, p. 13) 

As seen in Figure 2 one- and two-dwelling buildings use most energy for heating purposes. 
One- and two-dwelling buildings use 41% of the total energy for heating purposes, while 
multi-dwelling and non-residential buildings use almost equal amounts of energy; 31% and 
28% of the total energy for heating purposes. Figure 2 also illustrates the most common forms 
of heating for the different types of buildings. In 2013 the number of one- and two-dwelling 
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buildings with a heat pump installed was close to one million in Sweden, which equals to 52% 
of the total number of buildings in that category. Further, the wide use of heat pumps leads to 
biomass and electric heating being the most common heat sources in one- and two-dwelling 
buildings. In contradiction, DH is most common in multi-dwelling and non-residential 
buildings as the major heat source in both categories of buildings. However, DH is not 
unusual in one- and two-dwelling buildings either. Per category DH was the source for 
approximately 6 TWh of heating in one- and two-dwelling buildings, 23 TWh of heating in 
multi-dwelling buildings and 18 TWh of heating in non-residential buildings in Sweden in 
2013 (Swedish Energy Agency, 2015B, pp. 13-14). 

2.2. District heating 
DH is the concept when a supplier through a heat distribution network satisfies customers’ 
heat demands. Suitable customer heat demands are preparation of domestic hot water and 
space heating for residential, public and commercial buildings. In addition industrial heat 
demands in the low-temperature region can be satisfied by DH (Werner, District Heating and 
Cooling, 2004, p. 841). 

The typical district heating system in Sweden 
In Sweden typically water is heated in a central thermal power station to a temperature 
between 70 and 120°C depending on season and weather. The hot water is after heating 
transported in well-insulated pipes under high pressure to customer substations most often 
located in each building connected to the DHS. In Sweden the closed connection method is 
used, i.e. a heat exchanger in the building is used to heat the domestic hot water and to supply 
heat to the radiators. In this process no water is mixed, the cooled DH water returns to the 
thermal power station in a closed loop. This process is illustrated in Figure 3 below (Werner, 
District Heating and Cooling, 2004, pp. 842-844) & (Hansson, 2009, pp. 3-6). 

 
Figure 3: The Swedish closed loop DHS (Östra Göinge Municipality, 2017) 

As seen in Figure 3 the hot water for heating and return water after heating in DH is separated 
from the cold water from water works. This enables the cold water from the water works to be 
used both as domestic hot water after heating from DH and as tap water. 
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District heating in Sweden 
In Sweden DH was introduced widely in the 1950’s. At the time oil was the main fuel in the 
thermal power stations and continued to be so until 1980 when a shift to renewable fuels 
started. In 2015 biomass was used for the majority of the DH production, while petroleum 
products, natural gas and coal including coke oven and blast furnace gases together made up 
7% of the DH production. This can be seen in Figure 4 where the development of input 
energy from 1970 is shown. In regards to the category “other fuels” it is from the source 
unclear what these fuels entail in figure 4. 

 
Figure 4: Input energy used in procution for district heating, from 1970 (Swedish Energy Agency, 2016A) 

The total annual heat use of DH in Sweden from the input fuels shown in Figure 4 was about 
55 TWh including transmission losses in 2015. This is seen in Figure 5 below as well as the 
development since 1970 for yearly use of DH. 
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Figure 5: Use of DH from 1970 until 2015, TWh (Swedish Energy Agency, 2016A) 

As seen in Figure 5 the annual use of DH has increased during the time period from 1970 
until 2015, but since 2000 the yearly use of DH has been rather stable just above 50 TWh. 
However there is a spike in demand during the year 2010, due to an especially cold winter. 
Except the spike in demand in 2010 the development seen in Figure 5 aligns with the 
development trend for the heating market identified by Sköldberg & Rydén (2014). The 
population in Sweden is until 2050 expected to grow by almost 20% from the population of 
2014 which was approximately 9.7 million (Statistics Sweden, 2014B). However, this 
increase in population in need of heated area is expected to be turned into a decrease due to 
energy efficiency measures and low heating demands in new buildings. By 2050 the total 
heating demand is estimated to be at maximum the same as today, which is slightly higher 
than the 80 TWh today as shown in Figure 2  (Swedish Energy Agency, 2015B, p. 13), or to 
decrease to 60 TWh (Sköldberg & Rydén, 2014, pp. 9-10). 

As is also seen in Figure 5, the annual transmission losses have increased in absolute numbers 
from the beginning of the time period, but decreased proportionally compared to the annual 
use of DH. During the time period 1990-1999 the transmission losses per year were 17% on 
average of the annual use of DH and 2000-2009 the transmission losses per year were 10% on 
average of the annual use of DH (Swedish Energy Agency, 2015B, p. 41). However, in 2015 
12% of the use of DH during the year was transmission losses (Swedish Energy Agency, 
2016A). 

DH amounts for approximately half of the heating demand in Sweden. DH companies have a 
total turnover of 33 billion SEK and annual investments of approximately 7 billion SEK in 
Sweden. DH is widely spread throughout Sweden and exists in 285 of Sweden’s 290 
municipalities (Swedenergy, 2016, p. 30). 

According to Lund et al. (2014) the future development and expansion of the DHS will not 
only consist of alterations of the existing DHS, but also of the development and creation of a 
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new DHS that is designed for the future energy system. The new energy system is likely to 
consist only of renewable systems and to utilise scarce resources in the most efficient manner 
possible in order to be sustainable (Lund et al., 2014, pp. 1-2). In Figure 6 below the authors 
illustrate the three already existing generations of DH, 1G-3G, and the future DH, 4G (Lund 
et al., 2014, p. 9).  

 
Figure 6: - Illustration of the concept of 4th Generation District Heating in comparison to the previous three generations 

(Lund et al., 2014, p. 9) 

Figure 6 shows a comparison of the 4th generation of DH to earlier generations. The technical 
aspects differ greatly between the different generations (Lund et al., 2014, p. 5), however two 
larger trends can be seen in the two curves in Figure 6. Firstly, the temperature level for 
supplied water has decreased during the first three generations and will continue to decrease 
with 4G. Secondly, energy efficiency has increased during the first three generations and will 
continue to increase with 4G. From Figure 6 it becomes evident that the DHS has become 
increasingly complex with time and will be even more complex in 4G. This is because of the 
various different energy sources providing heat at different temperatures, because of energy 
storages for different purposes storing surplus energy for later use and because of heating 
demand depending on type of building with low-energy buildings as the new standard (Lund 
et al., 2014, p. 5). 
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Market characteristics for Swedish district heating 
In Sweden, there is no national DH market; rather there exists many various DH markets 
either regional or municipal. This is due partly to the municipal ownership until the middle of 
the 90ties (Nygårds et al., 2011, p. 122) and partly to the special infrastructure required for 
DH with a network of pipes economically suitable for urban areas (Sköldberg & Rydén, 2014, 
p. 39). Even though the DH companies since the reformation of the power market in 1996 
must be business-like for the power market and DH market to be neutrally competitive 
(Nygårds et al., 2011, p. 122), the naturally monopolistic behaviour of the DH market still 
exists. This was seen as problematic and made the Swedish government initiate an 
investigation on third party access in 2009 (Ministry of the Environment and Energy, 2015). 
The main findings from the third-party access investigation all focused on the monopolistic 
behaviour of the DH market; effective competition is limited in the Swedish DH market, DH 
companies have a dominant position regarding transmission and delivery, access to the DHS 
requires the voluntary cooperation of a DH company which under some circumstances is 
difficult to achieve. The problematic picture of the DH market had the government hand in a 
proposition on regulated access to the DHS in 2014 (The Swedish Government, 2014, p. 1).  
According to the report on the proposition by The Committee on Industry and Trade the 
supplier status would be strengthened in negotiations when they with the then current system 
would have been denied access to the DHS by the DH company. Further the use of residual 
heat as input in DH would be simplified according to The Committee on Industry and Trade 
(Odell, 2014, p. 1). The proposition was accepted by the parliament on the 27th of May 2014 
and the new rules became valid on the 1st of August the same year (Sveriges Riksdag, 2014). 

Even though the rules to increase competition in the DH market have been implemented, the 
likelihood that prices will converge nationally is small due to the fact that naturally 
monopolistic behaviour of the municipal and regional DH markets will continue to exist. 
Thereby a customer's’ geographical location becomes the most significant factor affecting the 
heating possibilities for the customer (Swedish Energy Agency, 2015B, p. 43). The municipal 
or regional DH market further implies that local circumstances affect the DH market the most 
(Sköldberg & Rydén, 2014, p. 39) This becomes evident when comparing prices for DH 
nationally as done in the Nils Holgersson report; in 2016 the nation’s lowest monthly average 
cost for DH in a typical 67 square metre apartment was 551 SEK in Luleå municipality while 
the nation’s highest monthly average cost for DH in the same typical apartment was 1090 
SEK in Munkedal municipality (Nils Holgerssongruppen, 2016, p. 11). In general, the factors 
affecting the DH price depends partly on conditions in relation with the location of the DHS; 
cost of DH installation, how old the DHS is, weather, amount of residual heat in the area etc. 
and partly on conditions in which the DH company is governed; owner structure, required rate 
of return, fuel mix for production etc. (Swedish Energy Agency, 2015B, pp. 42-43). Further, 
within each factor the underlying parameters build up an even more complex pricing decision. 
For example, weather is divided in parameters considered to affect the heating demand; 
outdoor temperature, relative humidity, wind velocity, wind direction, solar radiation etc. 
(SVEBY, 2016, p. 4). 
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2.3. Residual heat 
Residual heat is by Swedish Standards Institute (2007, p. 8) defined as “hot streams from 
industry that is a by-product, impossible to avoid at production of the industrial product and 
could not be used for inside the industrial production” (Swedish Standards Institute, 2007, p. 
8). In a public report from the government of Sweden residual heat is defined as excess heat 
from industrial processes (Nygårds et al., 2011, p. 60). In this report we have chosen the 
denomination residual heat, however it is also commonly referred to as waste heat or surplus 
heat in other sources. 

IEA (2016A, p. 103) see residual heat as a largely untapped resource when it comes to 
increased energy efficiency on a global level. They further state that residual heat ideally 
should be either reduced or captured and reused to the largest extent possible to contribute to 
an efficient industrial process; thereby utilisation of residual heat is seen as an aspect within 
energy-efficiency measures (IEA, 2016A, p. 103). 

In Sweden 4.5 TWh residual heat from mainly industry was used in 2015 (Statistics Sweden, 
2016, p. 35). However, Cronholm et al. (2009) show through estimations that the total 
potential for use of residual heat from industry in Sweden is higher than the 4.5 TWh 
currently used; 6.2-7.9 TWh primary heat per year. Primary heat is heat which is of 
significant temperature to directly be used in the DH network, whereas heat needs to be added 
to secondary heat for it to be usable. However, the calculated amount of available energy does 
not take into account local factors which affect the availability of residual heat such as the 
size of local DHS, distance from heat source to DHS and heat load of local DHS. For sources 
of secondary residual heat the total potential was estimated to be 3-5 TWh per year 
(Cronholm et al., 2009, pp. 7-8). 

Broberg Viklund & Karlsson (2015) show in simulations, using the available residual heat in 
the Gävleborg region, that all available residual heat can be used in the region and that 
residual heat most optimally is used in the DHS and district cooling system rather than being 
converted into electricity. This will reduce the system costs by reducing fuel demand in DH 
and electricity demand in DC. However, this is only true if necessary investment cost and 
operational costs are covered. Regardless of which of the future scenarios that is used in the 
report, the results indicate that all residual heat can be used. The differences between these 
scenarios being the marginal electricity production, marginal use of biofuel, DH production 
facilities used, fuel prices and electricity prices. Further Broberg Viklund & Karlsson (2015) 
show that in a DHS with combined heat and power plants (CHP) the use of residual heat will 
result in lower electricity production, therefore the outcome is different depending on the 
electricity price. With a low electricity price, the economic gain from reduced fuel use in heat 
production is larger than the potential profit from sold electricity. When the price is 
intermediate, the case is more complicated and dependant on the biofuel price. A high biofuel 
price means that use of residual heat in DH is favourable. Overall the increased use of residual 
heat reduces the carbon dioxide-emissions in the system in all scenarios, how much is 
dependent on which fuel it replaces. However, when residual heat replaces heat from CHP it 
for some hours results in higher carbon dioxide-emissions since the reduced electricity 
generation from the CHP needs to be covered with marginal electricity generation which 
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emits more carbon dioxide. Further, Broberg Viklund & Karlsson (2015) show that the 
economic outcome is better when the DHS base generation is produced by bio-fuelled heat-
only boilers. This is since CHP revenues earned from electricity generation are decreased due 
to use of residual heat (Broberg Viklund & Karlsson, 2015, pp. 191, 195-196). 

Primary energy and residual heat 
In this part, residual heat is looked at from a primary energy perspective. However, to be able 
to do this primary energy needs to be defined. A definition of primary energy is, according to 
the Swedish Standards Institute (2007, p. 7); “energy that has not been subjected to any 
conversion or transformation process” (Swedish Standards Institute, 2007, p. 7). Examples of 
primary energy sources are peat, crude oil, natural gas, biofuels, hydro and solar (IEA, 2016B, 
p. 62). In order to use primary energy as a unit for measurement it is converted to final energy 
produced from a process. This conversion is done using a primary energy factor which 
describes the total energy consumption associated to generating a certain final value. In Gode 
et al. (2012) this definition of total primary energy includes the whole supply chain; transport, 
generation, transmission- and distribution-losses as well as possible extra energy needed to 
deliver the energy where it is needed (Gode et al., 2012). The function of the primary energy 
factor is to in a transparent way show the valuation of environmental impact from different 
energy generation processes (Gode et al., 2012, p. 19). The formula for calculating the 
primary energy factor in Gode et al. (2012) is: 

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦
𝑓𝑖𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦  

In a report by Arnell et al. (2012) the authors conclude that industrial residual heat can be 
used as heat source in the district heating network in order to reduce the amount of other 
primary energy needed to fuel heat plants and thereby reduce the greenhouse gas-emissions 
(Arnell et al., Förutsättningar för ökad nytta av restvärme, 2012, p. 87). According to Arnell et 
al. (2012) in the cases where use of residual heat is compared to bio-fuelled heat power plants 
their calculations show that both use of primary energy and carbon dioxide-emissions are 
lower for residual heat. The greatest reduction in emission of greenhouse gases can be seen 
when the residual heat frees capacity in biomass power plants, which in turn can then replace 
coal-powered heat plants (Arnell et al., Förutsättningar för ökad nytta av restvärme, 2012, p. 
87). 

The above-mentioned effect on primary energy use from utilisation of residual heat depends 
on what method is used when allocating primary energy use to residual heat. Gode et al. 
(2012) present four different ways to make this estimation: polluter pays-principle, widened 
system boundary for extraction of residual heat, widened system boundary for utilisation of 
residual heat or economic allocation. These are briefly described below: 

 

x Polluter pays-principle 
o Environmentally free, no alternative use exists and no added environmental 

impact will result from utilisation of the residual heat. 
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x Widened system boundary for extraction of residual heat 
o The extraction of residual heat from an industrial facility can mean that hot 

water or steam needs to be extracted from the facility with a higher pressure 
and/or temperature than otherwise, which affects the energy need for the 
facility. Hereby, the environmental impact of extracting the residual heat is 
included in the primary energy. 

x Widened system boundary for utilisation of residual heat 
o The utilisation of residual heat in a DHS or similar means that the need for 

other energy sources decreases. This method allocates residual heat with an 
environmental benefit equivalent to the decreased alternative energy 
generation which it replaces. 

x Economic allocation 
o This method allocates the industrial production facility’s environmental impact 

to the residual heat and the other produced products in proportion to their 
economic value. The allocation should preferably be done in proportion to the 
economic profit the energy bearers are expected to give the facility (Gode et 
al., 2012, p. 30). 

Gode et al. (2012) further conclude that the polluter pays-principle seems to be the most used 
method. However, in some cases the energy needed to utilize the residual heat is included, as 
in the widened system boundary for extraction of residual heat. Based on this and the 
definition that the residual heat has no alternative use, several sources state a primary energy 
factor of 0.05 for residual heat (Gode et al., 2012, p. 31). 

Obstacles for utilisation of residual heat 
Arnell et al. (2012) also analyse different cases for residual heat in Sweden through 
qualitative interviews with representatives from industry and energy companies. The purpose 
is to investigate important factors for success and obstacles for cooperation concerning 
residual heat. The most common large obstacle is shown to be of an economic character; the 
industry companies in general do not want to make investments outside of their own facilities 
and view pricing of the residual heat as a crucial factor. Related to this, both industry and 
energy actors are concerned about payback on investments they make to facilitate the transfer 
of heat between the two systems (Arnell et al., Förutsättningar för ökad nytta av restvärme, 
2012, p. 88). Elamzon (2014) also found that in Skåne, in southern Sweden, economic factors 
played an important role and that too high cost and/or long distances from heat source to DHS 
can make the investment too costly to be profitable. They further state that most of these 
investment costs commonly are paid by the DH-companies (Elamzon, 2014, p. 22). A study 
about potential for delivery of residual heat from facilities in Östergötland in southern Sweden 
also found that lack of economic incentives and distance to DHS were important issues 
(Lindqvist et al., 2011, p. 25). 

Security of supply for the energy company is also crucial, and has been solved in different 
ways by the interviewees. For some cases the solution was contracts in which guaranteed heat 
supply is stipulated and for other cases the solution was to incorporate the insecurity of supply 
in the price of the heat. In addition, the interviewees state that other aspects such as contract 
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length, risk management, involvement and political decisions have an impact on the decisions 
(Arnell et al., Förutsättningar för ökad nytta av restvärme, 2012, p. 88). Elamzon (2014) also 
found that the insecurity of supply was a common concern for the DH-companies. The main 
issue being that they become dependent on another party for their supply of heat while at the 
same time being responsible for delivery to their own customers. Factors such as a production 
break in the industrial process, a change in production or production moves are mentioned as 
risks. To counter these risks power reserves and/or long contracts are mentioned as necessary 
measures (Elamzon, 2014, p. 23). 

As mentioned in the part Heating in Sweden above, the heat demand varies with the seasons 
in Sweden. In the meantime, several industries according to both Elamzon (2014, p. 23) and 
Lindqvist et al. (2011, p. 6) state that their available residual heat is larger during summer 
than during winter. This seasonal mismatch in supply and demand for residual heat further 
affects the utility of connecting residual heat from industry and therefore further complicates 
the issue. 

Elamzon (2014) also mentions that a common view is that the regulatory incentives regarding 
disposal of waste and the electric certificates given to bio-fuelled electricity generation mean 
that waste incineration and bio-fuelled CHP are favoured over residual heat. Waste 
incineration plants are commonly used as base load-generation, as is also residual heat. This 
often means that in a DHS with an existing waste incineration-plant, this plant will be placed 
before the residual heat in production dispatch-order. Further this means that these two heat 
sources will at times compete with each other in the DHS, which affects the utilisation of the 
residual heat (Elamzon, 2014, p. 22). Arnell et al. (2012) also state that the electricity 
certificate system promotes bio-fuelled heat power plants but not residual heat. Thereby, the 
electricity certificate system here becomes important (Arnell et al., Förutsättningar för ökad 
nytta av restvärme, 2012, p. 88). 
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Impact from policy instruments on utilisation of residual heat 
Arnell et al. (2015) show in Table 2 how different policy instruments affect the use of residual 
heat in district heating. The table shows solely how the instruments affect the use of residual 
heat by either being beneficial, neutral or conflicting with the use. 

Table 2 - Results from a qualitative analysis regarding the consequences on the possibilities of use of residual/excess heat for 
district heating purpose, Benefits: The policy has a positive impact on use of residual heat, conflicts: The directive or policy 
has a negative impact on the use of residual heat (Arnell et al., Impact from policy instruments on use of industrial excess 

heat, 2015, p. 9) 

Policy 
instrument 

Consequences Reasons 

Energy 
efficiency 
directive 

� Benefits Cost/benefit-analysis must be carried out for heat 
production facilities and industrial factories in order to 
investigate possibility to utilise waste heat. 

Regulated 
access 

� Neutral 
  Conflicts 

The regulation affects connection of a residual heat-
supplier when no agreement can be reached with the 
DHS-owner. The fact that cost and analysis falls entirely 
on the residual heat-supplier may limit the benefit this 
regulation has on the amount of utilised residual heat. 

Electricity 
certificate 
system 

  Conflicts Benefits biomass CHP, which receive electricity 
certificates for each renewable MWh electricity 
produced. 

EU emission 
trading 
system (EU-
ETS) 

� Benefits 
  Conflicts 

The policy can either benefit or conflict with increased 
use of residual heat depending on how the allowances are 
allocated, since they strongly affect the economic 
outcome. The allowances are different in regards to 
amount and reduction over time depending on if the 
industry is classified as carbon-leaking or not (moving 
production to countries with less-strict climate policies 
for cost reasons). 

Carbon 
dioxide-tax 

� Benefits No allocation of carbon dioxide-emissions to residual 
heat will in total mean reduced tax for carbon dioxide-
emissions, which gives residual heat a competitive 
advantage in the energy system. 

Classification 
systems for 
buildings 

  Conflicts The system boundaries in building regulations (Svenska 
byggregler, BBR) are placed non-beneficially for DH, 
meaning that they are un-beneficial for residual heat as 
well. 
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Policy 
instrument 

Consequences Reasons 

Eco-labelling   Conflicts Restrictions in regard to origin of heat and questioning of 
carbon dioxide-neutrality of residual heat can conflict and 
cause restrictions in purchase (for example the Swedish 
label Bra miljöval värme). 

Subsidies and 
support 

� Benefits Direct economic support for investments in climate 
supporting projects which limits economic risk. 

 

In Table 2 it can be seen that several of the policies mentioned by Arnell et al. (2015) have a 
positive impact on the use of residual heat. However, it is also seen that in several cases the 
policies may conflict with an ambition to increase the amount of residual heat utilised in the 
energy system. In order to benefit residual heat to a greater extent, efforts may have to be 
made to investigate how these conflicting policies, such as electricity certificates, the EU 
emission trading system and building classifications, can be modified to not conflict with 
increased utilisation of residual heat. 

Arnell et al. (2015) also show, through modelling of the Stenungsund-cluster, that the price of 
electricity certificates has a large impact on how much power is generated from biomass and 
biogas CHP plants and how much residual heat is utilised. They state that the price of 
certificates has a greater impact on the use of residual heat than the fact that a connection for 
use of residual heat is already in place, as is the case in Stenungsund. This results in resource-
inefficiency and sub-optimal use of biofuels (Arnell et al., Impact from policy instruments on 
use of industrial excess heat, 2015, p. 22). In regard to this sub-optimal economic outcome, 
Arnell et al. (2012) thus state the electricity certificate system is instrumental. Arnell et al. 
(2015), based on this problematic relationship between residual heat and other means of 
power generation, recommend that a specific regulatory or economic instrument should be put 
in place. Thereby, they believe that the use of residual heat could be increased and that the 
energy- and resource-efficiency can be improved (Arnell et al., Impact from policy 
instruments on use of industrial excess heat, 2015, p. 22). 

The Swedish Government has recognised the potential for increased use of residual heat in 
DH. They state in proposition 2013/14:187 that the significant market power of the DH-
company, which owns the DH infrastructure, has an impact on the ability for other heat 
sources than the DH-company’s plants to deliver heat to the DHS (The Swedish Government, 
2014). The connection of residual heat to the DHS has been dependant on agreements being 
reached between the DH-company and actors with residual heat, which have been difficult to 
reach. Based on this, the proposition from the Swedish Government states that regulated 
access should be given to residual heat-suppliers if an agreement cannot be reached. This 
regulated access should be given as long as the DH-company cannot show that by the 
regulated access the DH-company risks harm to its business or that the supplied heat is below 
quality requirements (The Swedish Government, 2014, p. 5). This regulated access is valid for 
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ten years and the residual heat-supplier is to pay for the necessary investments to connect to 
the DHS. Further, the DH-company is required to accept reasonable amounts of heat and to 
pay a price for it that is equivalent to the benefit of the heat to the DH-company. This 
proposition was accepted into law by the Swedish Parliament and was taken into effect from 
the 1st of August 2014 (Thornström, 2014). The Swedish Energy Agency in response to this 
new legislation are of the opinion that this law will have limited effect on the amount of 
residual heat-cooperation since the connections of residual heat that are profitable, which the 
law is aimed at, in general already have been built (Swedish Energy Agency, 2015B, p. 44). 

2.4. Thermal energy storage 
An energy storage technology by its simplest definition is a component in an energy system 
which can absorb energy and store it for some period of time and then release it as energy or 
power supply. With this functionality in an energy system, energy storages can counteract 
differences in time and geographic location between supply and demand of energy. Since 
energy storage technologies can have thermal or electric output and input, they have the 
ability to connect different parts of the energy system for example heat and power (IEA, 2014, 
p. 6). 

World-wide energy storage capacity was 154.6 GW in power output according to IEA in 
2015, the dominating storage technology is pumped hydro storage (150 GW) and the 
remaining 4.6 GW was comprised as Figure 7 shows. Thermal storage capacity defined as 
thermal power output was 2 GW (IEA, 2016C, p. 509), which provides no information on 
total energy storage capacity amount. Meanwhile large-scale thermal storage is regarded as 
having important potential for long-term storage (IEA, 2014, pp. 14,16) and could therefore 
increase in importance. In IEAs 450 scenario, which is also known as the scenario that limits 
global temperature increase to 2°C, they project that the installed capacity of energy storage 
will more than double to 480 GW by 2040 (IEA, 2016C, p. 510). 

 
Figure 7: Installed energy storage capacity  (IEA, 2016C, p. 510) 
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IEA (2014) in their report Technology Roadmap - Energy Storage state that: 

 “Energy storage technologies include a large set of centralised and distributed designs that 
are capable of supplying an array of services to the energy system. Storage is one of a 
number of key technologies that can support decarbonisation.” (IEA, 2014, p. 5) 

IEA (2014) further state that energy storage can provide value in a majority of energy 
systems. For example, some smaller-scale solutions are today almost or completely cost-
competitive for remote communities and off-grid applications. Large-scale TES technologies 
are in many regions competitive today for meeting heating demands. They are a suitable 
technology to use in the energy system to reduce the amount of heat that is wasted. The 
wasted heat is seen by IEA (2014) as an underutilized resource with not fully known 
potential, since the quantity and quality of supply and demand are unknown. Furthermore, 
storages can be used to stabilize energy systems with increasing amounts of variable 
renewable energy supply. Based on this future potential, IEA over the coming ten years 
recommend that support should be given to demonstration projects of mature, but not yet 
widely used, energy storage technologies (IEA, 2014, p. 5). Østergaard (2012) in one study 
shows that heat storage only has a marginal effect on integration of wind power when 
simulating the energy efficient-city case of Aalborg in Denmark. Here, electricity storage was 
instead the more important factor to enable more wind power. The authors emphasize the 
importance of local conditions for the results; the significant use of the DHS and that the heat 
to a large extent is supplied by waste incineration and an absorption heat pump resulted in low 
flexibility in the system (Østergaard, 2012, p. 262). This may mean that large-scale TES 
mainly has a potential for heating systems, not for electricity storage. 

Types of thermal energy storage 
IEA-ETSAP & IRENA (2013) show that three different technology categories for large-scale 
TES exist and have different benefits and drawbacks as well as favourable applications. Apart 
from sensible heat storage, which is the use of temperature differences in a storage medium to 
store energy, there is also latent heat storage and thermo-chemical storage. The former uses 
phase-change materials; the energy is stored by changing the phase of the material. The latter 
uses chemical reactions to store thermal energy (IEA-ETSAP & IRENA, 2013, p. 1). A 
sensible heat storage is a suitable technology to use for example as heating of buildings or 
domestic hot water, capture of residual heat and even high temperature storage (IEA-ETSAP 
& IRENA, 2013, p. 16). 

There are a number of different types and functions of energy storages suitable for different 
applications in the energy system. Table 3 below from IEA shows an overview of the 
characteristics of different storage functions. These characteristics mean that the storage has 
different functions in the energy system, from long-term seasonal storage to short-term 
frequency regulation in the electricity grid (IEA, 2014, p. 9). It can be seen in this table that 
for seasonal storage-applications the size needs to be large and that it is to be discharged over 
a long period of time, with a resulting low number of cycles per year. 
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Table 3 - Key characteristics of storage systems for particular applications in the energy system (IEA, 2014, p. 9) 

Application 
Output 

(electricity 
(e), thermal 

(t)) 

Size 
(MW) 

Discharge 
duration 

Cycles 
(typical) 

Response 
time 

Seasonal storage e & t 500-2000 Days to months 1 to 5 per year day 
Frequency 
regulation e 100-2000 1 minute to 15 

minutes 
20 to 40 per 

day 1 min 

Load following e & t 1-2000 15 minutes to 1 
day 

1 to 29 per 
day <15 min 

Voltage support e 1-40 1 second to 1 
minute 

10 to 100 per 
day 

Milli-
second to 

second 
Transmission 

and distribution 
congestion relief 

e & t 10-500 2 hours to 4 
hours 

0,14 to 1,25 
per day > 1 hour 

Demand shifting 
and peak 
reduction 

e & t 0,001-1 minutes to 
hours 

1 to 29 per 
day < 15 min 

Off-grid e & t 0,001-
0,01 

3 hours to 5 
hours 

0,75 to 1,5 per 
day < 1 hour 

Variable supply 
resource 

integration 
e & t 1-400 1 minute to 

hours 
0,5 to 2 per 

day < 15 min 

Waste heat 
utilisation t 1-10 1 hour to 1 day 1 to 20 per 

day < 10 min 

 

Figure 12 below graphically shows the characteristics and functionality of different types of 
energy storage. The figure shows that different types of functionality such as seasonal storage 
and frequency regulation have different requirements when it comes to storage capacity and 
discharge duration. It also shows that different types of storage are implemented in different 
parts of the energy system; demand, transmission and distribution as well as supply (IEA, 
2014, p. 14). This means that the desired function and characteristics of the DHS will affect 
what type of storage is suitable. 
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Figure 8: Power requirement versus discharge duration for some applications in today’s energy system (IEA, 2014, p. 14) 

As can be seen in Figure 8, seasonal storage requires both storage for a long period of time 
and storage of a large quantity of energy. Therefore, for use as a seasonal storage solution, 
large-scale TES here becomes important. 

Seasonal heat storage 
The main idea with a seasonal heat storage is to store heat during summer when heat demand 
is low to be able to use that same heat during winter when the heat demand is high (IEA, 
2014, p. 10). As shown in the part Heating in Sweden above, Sweden has a large temperature 
difference between winter and summer. This means that the general idea with seasonal 
storage is applicable in the country. Environmental benefits can be achieved using heat 
storage in systems where heat is generated during summer in power plants with low carbon 
dioxide-emissions where heat can be stored and then discharged to replace heat from peak 
production facilities with higher carbon dioxide-emissions during winter (Nilsson et al., 2016, 
p. 38) and (Björe-Dahl & Sjöqvist, 2014, p. 97).    

Large-scale thermal energy storage 
Large-scale TES are, as the name implies, storage facilities which store heat or cold with large 
power output capacities. These capacities are as seen in Figure 8, which shows that these are 
also suitable for long-term storage. IEA (2014) estimate that these large-scale TES will have 
the biggest benefit in the short term where there are: 

“…significant waste heat resources, concentrated heating or cooling demand, or there are 
large quantities of concentrating solar power.” (IEA, 2014, p. 14). 

The technologies currently used for these large scale-applications are large-scale UTES and 
molten salts (IEA, 2014, p. 14). Whereas large-scale TES, in the form of large-scale UTES, is 
used for long term-storage, molten salts are usually used in high-temperature applications and 
in combination with concentrating solar power (IEA, 2014, pp. 18, 20). 
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One technology that IEA sees as applicable for long-term heat storage is large-scale UTES, 
which they see as being in the commercialisation phase of maturity (IEA, 2014, pp. 14,16). 
Large-scale UTES works by pumping heated or cooled water underground for storage. This 
hot or cold water can later be used for heating or cooling purposes, in for example a DHS. 
Underground aquifers and boreholes are two types of large-scale UTES, where the first 
technology uses existing aquifers in the bedrock and the second technology man-made 
boreholes. The water is pumped into and out of the aquifer or boreholes as the storage is 
charged or discharged (IEA, 2014, p. 20). Depending on the design of the storage, 
temperature stratification can be achieved in the boreholes. This stratification is advantageous 
since without stratification, the borehole will have a relatively uniform temperature in the 
whole storage volume. This will cause the storage to cool throughout the whole storage 
volume when discharged, which in turn makes it more difficult to extract the desired 
temperatures as the amount of stored heat decreases (Nilsson et al., 2016, p. 24). 

A degree project by Björe-Dahl & Sjöqvist (2014), about the implementation of borehole 
storages in the DHS in Linköping, shows that the borehole storage could be used to replace 
peak production from oil and coal/rubber burning steam heat plants in the DHS. At the most, 
80% of this peak production could be replaced. The effect from replacing this fossil peak 
production with borehole storages and absorption heat pumps is reduced carbon dioxide-
emissions from the DHS in Linköping (Björe-Dahl & Sjöqvist, 2014, p. 97). However, the 
exact effect depends on how the carbon dioxide-emissions from electricity used to power the 
heat pumps are calculated (Björe-Dahl & Sjöqvist, 2014, p. 95). If the carbon dioxide-
emissions are calculated with Nordic electricity mix or marginal electricity the amount varies. 
The latter alternative results in higher carbon dioxide-emissions from the heat pumps, which 
affects the total emissions. Further, the alternative with absorption heat pumps is also the only 
profitable alternative (Björe-Dahl & Sjöqvist, 2014, p. 97). Energiforsk conducted a 
simulation study of borehole-heat storage using heat exchangers in close proximity to 
buildings. The study found that the environmental impact was largely affected by the 
production mix used to charge the storage and method of calculation (Nilsson et al., 2016, p. 
45). The two methods looked at in Energiforsk’s study is “energimetoden” and 
“kraftbonusmetoden”. “Energimetoden” is defined as the environmental impact divided 
proportionately by the ratio between heat and power in a CHP during generation. 
“Kraftbonusmetoden” treats heat as the main product generated in a CHP and the electricity 
as a bi-product, i.e. the electricity is assumed to replace other electricity generation in the 
system. Therefore, the electricity is attributed with the same reduction in environmental 
impact as the electricity it replaces (Nilsson et al., 2016, p. 13) and (Martinsson et al., 2010, p. 
19). In Energiforsk’s study “kraftbonusmetoden” using marginal electricity resulted in a 
decrease of carbon dioxide-emissions and primary energy use in all cases with storage. In 
opposite, “energimetoden” based on the Nordic average electricity mix resulted in an increase 
of carbon dioxide-emissions and primary energy use for all cases with storage (Nilsson et al., 
2016, p. 37). From this the authors conclude that the valuation method for environmental 
impact from electricity and heat generation was the factor that affected the result most 
significantly (Nilsson et al., 2016, p. 45). 
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Thermal energy storage in Sweden 
In a study by Eriksson (2016) the status for thermal energy storage in Sweden is assessed. 
According to the study the total sensible heat storage capacity was 899 770 m3 of stored water 
in 2016 in different DHS of significant size in Sweden. Out of more than 400 DHS in 
Sweden, 104 have storages that range in size from 50 m3 to 100 000 m3 in the DHS. These 
104 DHS with storages stand for 77% of the total yearly sold heat in Sweden. The author 
concludes that no trend in regard to storage capacity relative to the DHS size can be seen, 
which reflects the fact that the storages have different functions in the systems (Eriksson, 
2016, p. 16). The storage with the largest storage capacity relative to the DHS size is located 
in Storvreta and is the only storage used as seasonal storage in Sweden. The storage in 
Storvreta has a total volume of 100 000 m3 and a storage capacity relative to the DHS size of 
2 035 m3/TJ (Eriksson, 2016, p. 18). 
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3. Method 
In the following section of the report the scientific method for this study will be presented. 
This includes how empirics were collected and how this empirical data was subsequently 
processed and analysed to answer the previously mentioned research questions. 

We will focus on the currently unexplored area of large-scale UTES in Sweden in the form of 
the Skanska large-scale UTES. Therefore, the degree project will have an exploratory purpose 
combined with an inductive approach. 

The exploratory purpose regards conducting a qualitative study of different actors in the DHS 
industry to find out how they evaluate investment options with a specific focus on large-scale 
UTES (Blomkvist & Hallin, 2015, pp. 26-27). This is done in different geographical locations 
in Sweden where DHS exist and that have potential for implementation of a large-scale 
UTES. The three major cities of Stockholm, Gothenburg and the Malmö-region are by 
Skanska said to live up to this and therefore chosen. 

The inductive approach implies that the empirics we collect will shape our investment 
framework and the factors it contains. Thus, the existing research and literature will be used 
together with the empirics we collect to explain the observations we have made (Blomkvist & 
Hallin, 2015, p. 28).  

Key aspects to investigate for the creation of an investment framework for investment in 
large-scale UTES are DH, DHS and large-scale TES. To gain insight into these fields we will 
study scientific publications. Thereby, insight into the research already conducted can be 
gained. We will also read conference publications to learn about the most recent trends. 
Interviews will be conducted to get the views and opinions of stakeholders and actors. 
Thereafter, the empirics as well as existing literature and theory will form the framework we 
create in this degree project. Finally, the created investment framework will be critically 
evaluated and discussed with the final goal to be as refined as possible for use by DH-
companies in Sweden. At the same time the ambition is for the investment framework to be 
generally applicable to other investors and in an international perspective. We will as well 
propose relevant further studies to be made within the area of investment in large-scale UTES 
and related areas of science. 
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An overview of the research process is presented in Figure 9 below. The main areas of the 
report are highlighted and the large arrow indicates the overall progression. 

 
Figure 9: Overview of the research process 

As can be seen in Figure 9 an iterative approach is used throughout the writing of the report. 
This is indicated by the smaller arrows. The main idea behind this is for the general quality of 
the report to increase as more insight is collected within the studied phenomenon. 

3.1. Qualitative research method 
This degree project will be conducted with a qualitative method through interviews with 
employees currently or previously involved in investment decisions of large size in Swedish 
DH companies. The goal is to gain insights to how these decision-makers reason in 
investment processes with special focus on large-scale UTES. These insights provide the 
foundation for this research’s results, which is an investment framework for decision-support 
regarding an investment in large-scale UTES.  

A qualitative method is chosen due to the nature of insights which regard how people and 
organisations act and think. These insights are multi-faceted and not necessarily observable in 
data, such as is collected though quantitative methods. To understand how individuals reason 
about a certain phenomenon, Blomkvist & Hallin (2015, p. 74) state that qualitative methods 
can be suitable. Further, Nennink et al. (2011) state that qualitative research is useful when 
the goal is to explore new areas in their own context and to understand beliefs, behaviours and 
processes. Through a qualitative method increased depth and context of the phenomenon can 
be achieved. Further, the cultural and social norms can be understood in a better way 
(Nennink et al., 2011, p. 10). This level of understanding is deemed necessary to fulfil the 
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purpose to fill the current knowledge gap regarding factors to analyse for an investment in 
large-scale UTES, wherefore a qualitative approach is used. 

3.2. Interview methodology for data gathering  
To fill the current knowledge gap regarding factors to analyse for an investment in large-scale 
UTES it is imperative that understanding is obtained of how the DH companies handle 
investment decisions. Interviews with actors in the industry are seen upon as the most correct 
and efficient way of reaching this understanding. Through interviews new insight can be 
gained into how decision-makers reason about the phenomenon of investments in large-scale 
UTES. Further, an open structure of the interviews brings forward new dimensions which 
otherwise had remained undiscovered (Blomkvist & Hallin, 2015, p. 74). In the interviews, it 
is necessary to establish empirical saturation. This means that no new or relevant information 
is provided through the last interview in a series of interviews. Empirical saturation is ensured 
by interviewing decision-makers with significant insight into the studied issue and by 
obtaining exhaustive answers from these interviewees, in accordance to the requirements for 
reliability from qualitative interviews (Blomkvist & Hallin, 2015, p. 78).  

By our interview methodology we aim to realise the hermeneutic ideal of including as much 
of the complete context of the phenomenon as possible, which entails involving oneself in the 
phenomenon to the extent that one cannot, and does not aim to be, an independent observer of 
the phenomenon (Lantz, 2007, pp. 22-23). This is the result of having significant 
understanding of the phenomenon which is studied and previous research that has been 
conducted in the field. Further this in turn is a prerequisite to enable correct delimitation of 
the interviews. The conducted interviews are of semi-structured type, meaning that the 
interview is conducted around several pre-determined themes deemed interesting by the 
interviewer. These overall themes, and thereby overall questions, for these interviews were: 

x What is necessary in the DHS for a TES to be possible and reasonable? 
x Imagine that you have a TES in your DHS, what benefits do you see with a TES in 

your DHS? 
x How do you evaluate different investment options in the process leading up to an 

investment decision? 
x What is your current situation when it comes to investments? 

Within these themes the precise follow-up questions are however not pre-determined, but 
arise in an appropriate order as the conversation progresses. With this flexible approach to the 
interview, the interplay between interviewee and interviewer is crucial to obtain valuable 
empirical data (Blomkvist & Hallin, 2015, p. 76). To gain the necessary empirics through 
semi-structured interviews requires collection of significant amounts of information in all 
themes. This is to reach the pre-determined delimits of the semi-structured interviews. What is 
a significant amount of information and what areas it needs to involve in this case is 
determined beforehand by the delimitations that are set for the different themes of the semi-
structured interview (Lantz, 2007, p. 54). For the themes, follow-up questions are prepared 
which serve the dual purposes to clarify the delimitations within the different themes and to 
ensure that exhaustive information is received about the different themes through asking 
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relevant follow-up questions. These follow-up questions can be found in Appendix A. 
Further, the follow-up questions ensure that the requirements for empirical saturation are the 
same for all interviews. Thus, individual interviews are enabled to be steered in a direction 
which ensures that the different themes are exhaustively covered (Lantz, 2007, p. 54). 

The interviews are conducted by the two authors. For every interview one of us is appointed 
the primary interviewer and the other assistant interviewer. The primary interviewer’s main 
task is to ask questions and to ensure a well-functioning interplay between interviewer and 
interviewee during the interview. The assistant interviewer’s main task is to document the 
interview through notes. However, both interviewers assist the other for example by the 
assistant interviewer adding questions that potentially are forgotten or that the primary 
interviewer takes notes of the interview. In addition to the interview notes from both 
interviewers, the interviews are recorded to ensure correct documentation of gathered data. 

3.3. Method for data analysis 
Based on the notes from the interviews and the recordings, the interviews are subsequently 
summarised by each author. The next step is to extract the synthesis of the interview from the 
summary. This entails extracting the important findings from the interview to gain a 
comprehensive understanding of the whole context of the studied phenomenon (Lantz, 2007, 
p. 100). The interview synthesis is divided into themes based on how different discussed 
aspects are classified in terms of importance for an investment decision by the interviewees. 
These themes are: Necessary circumstances, Criteria for evaluation and Methodology for 
evaluation. In Figure 10 below the themes are separated in an illustration of the process for 
investment decisions in DH companies with their order of importance indicated by the process 
arrow. 

 
Figure 10: Illustration of the process for investment decisions in DH companies 
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The different aspects which were findings from the interviews are briefly described and sorted 
into the appropriate theme and one of the three or two sub-categories based on their subject, 
these sub-categories can be seen in Figure 10. The aspects sorted under the theme Necessary 
circumstances are physical factors that need to be in place in accordance to the sub-categories 
DHS characteristics, Energy to store or Large-scale UTES function in DHS for a DH 
company to be able to utilise a large-scale UTES in the DHS. The aspects sorted under 
Criteria for evaluation are different aspects which the investment is evaluated by, either in the 
sub-category Economy or Environment. The aspects sorted under the theme Methodology for 
evaluation are the tools and processes that the organisations use to reach an investment-
decision through evaluating of the previously mentioned aspects under Criteria for 
evaluation. Therefore, these aspects are also sorted into the same sub-categories; Economy or 
Environment. 

The next step in the Method for data analysis is to merge the syntheses of both authors, which 
until now have been separate and based on that specific authors own notes. This is done by 
together working through both authors syntheses to be reduced to the common aspects which 
both researchers agree have been mentioned by the interviewees. The requirements here for 
what is to be considered a mention is that it has to have been brought up by the interviewee 
without leading questions being asked on the subject. This way it can be ensured that the final 
common syntheses properly reflect the findings from the interviews and the opinion of the 
interviewee. To further ensure that the information from the interviews is interpreted correctly 
and to ensure high reliability, the syntheses from the interviews are then sent to the 
interviewees for confirmation. The confirmed syntheses are found in Appendix B. 

The last step in the Method for data analysis is to combine the aspects in the final common 
syntheses to an overall presentation of the aspects in a table. This is done by presenting the 
different aspects as sorted in the final common syntheses and how many interviewees have 
mentioned each aspect. A model of a part of the table is shown in Table 4. This method of 
presentation allows the authors and the reader to obtain a comprehensible understanding of 
the findings from the interviews. This comprehensible understanding is achieved through an 
overview of which aspects decision-makers evaluate before an investment in large-scale 
UTES. However, a limitation to this type of presentation of data is that details and more 
complex reasoning from the interviewees is neglected since it is difficult to present in a table 
format. Therefore, an analysis of the interviews and the different complex aspects are done in 
text to show a more nuanced picture of the reasoning and which aspects that are more 
complex in investment decisions regarding large-scale UTES. 
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Table 4: Data presentation from interviews 

Theme Sub-category Aspect Number of 
mentions 

N
ec

es
sa

ry
 

ci
rc

um
st

an
ce

s DHS 
characteristics 

Aspect a X 
Aspect b X 
Aspect c X 
  

Energy to 
store 

Aspect d  X 
    

 

3.4. Analysis of literature 
Apart from analysis of empirics gathered through semi-structured interviews with decision-
makers, we also conduct analysis of scientific literature and comprehensive reports to verify 
and complement the findings from the interviews. The aim with this is to show what the 
scientific field can contribute with to fill the current knowledge gap regarding factors to 
analyse for an investment in large-scale UTES. This may provide insights that differ from or 
confirms what is found in the empirics. By also incorporating this perspective in the results it 
is ensured that the findings are balanced between what the DH industry is doing today and 
other scientific perspectives which may have a more long-term approach. This way it is 
ensured that the results and the created investment framework lives up to requirements on 
validity and scientific contribution. The importance of the investment framework lies in the 
unique combination of DH business best practices and additional aspects from science that 
may be important to include in an investment decision in large-scale UTES. 

3.5. Delimitations 
During this study the following delimitations have been set in order to ensure scientific work 
of high quality. 

x This degree project neglects the possibility for a large-scale UTES to be used as a 
storage solution in the electricity grid with electric output. The sole focus lies upon the 
use of large-scale UTES within the DHS. However, this study still includes the 
possibility for electricity to be stored as heat and then used in the DHS through 
power2heat. 

x The climate change will affect sun, wind and precipitation. However, the effects these 
parameters have on the heating demand are neglected in this degree project, solely the 
temperature and its effect will be included. 

x This study focuses on the utilisation of a large-scale UTES for DH, thereby the 
function it can provide for district cooling is neglected in the study but is reflected 
upon in the discussion. 

x This study is focused on large DHS in Sweden and thereby neglects how investment 
decision processes in the DH business may work in other parts of the world. This 
reduces the generalisability of the study. 
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3.6. Limitations 
With our choice of method there are inherent limitations that we will address in the following 
paragraphs. 

x Differences in findings from interviews can occur because of the chosen semi-
structured interview format. This is because the interplay between interviewer and 
interviewee is crucial. In the end this potentially limits the possible analysis of some 
aspects if the interplay is not perfect.  

x The generalisability can be considered limited since only ten decision-makers have 
been interviewed. However, the chosen interviewees are deemed most suitable to 
deliver insights into what aspects are investigated before an investment in a large-scale 
UTES. 

x The results depend on how willing the interviewees are to share information about 
their internal processes within the organisation, which is difficult to verify. The may 
tell us what they want to hear, not how it is done. However, the high number of 
mentions regarding most aspects is an indication that the interviewees have shared 
information to a high degree. 

x The interviewees have all in some way previously been involved with the Skanska 
large-scale UTES, which may cause bias in how they view large-scale TES generally. 

x The method of interviewing actors may mean that the knowledge obtained from our 
interviews can be too shallow and not provide the same depth as other methods could. 
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4. Results 
In the following part of the report the results will be presented which includes the empirical 
findings from our interviews and the proposed investment framework. The investment 
framework, apart from including the findings from the empirics, also includes important 
factors to consider which have not been mentioned in the empirics but have support in 
literature. 

4.1. Empirical findings 
Divided in three sections, the empirical findings from the ten interviews will be presented 
below; the complete syntheses of the empirics can be found in Appendix B. The results will 
be presented by showing the aggregated number of times a certain aspect has been mentioned 
in interviews. This indicates the number of interviewees which find an aspect to be of 
importance and thereby the overall importance of a certain aspect. Further the results are 
divided and presented in separate tables based on the three overall themes Necessary 
circumstances, Criteria for evaluation and Methodology for evaluation as explained in the 
Method-section of this report. Within the themes there are different sub-categories. Each sub-
category contains the aspects mentioned during the interviews which can be associated to the 
specific sub-category. This categorisation of an aspect into Sub-category and Theme is based 
on how the aspect was characterised by the interviewees during the interviews.   

The results shown in the three tables will subsequently be described in text to allow the reader 
to gain a more nuanced understanding of the aspects. The aim is to show in detail which 
aspects actors in the DH industry find to be important when evaluating an investment decision 
regarding a large-scale UTES. By combining the tables with descriptions in text readers can 
gain both an overview of the results as well as a deeper understanding of the complexities and 
different approaches within the aspects. Further these different approaches to the various 
aspects can also be factors that create some of the complexities for an investment decision 
regarding a large-scale UTES.  
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Necessary circumstances 
Under this theme, sub-categories and aspects which are necessary to have in place for a large-
scale UTES to function in a DHS are presented. These aspects are physical factors within the 
DHS and large-scale UTES. Further these aspects need to be in place and function for a large-
scale UTES to be possible as a part of a DHS. If these aspects are not in place it in some cases 
means that the large-scale UTES cannot function at all and in other cases means that the 
function will be so limited that crucial benefits from large-scale UTES cannot be provided. In 
Table 5 below the aspects classified as Necessary circumstances are presented. 

Table 5: Aspects classified as Necessary circumstances 

Theme Sub-category Aspect Number 
of 

mentions 

N
ec

es
sa

ry
 ci

rc
um

st
an

ce
s 

DHS 
characteristics 

A stable or increasing total heating demand 5 
The transmission capacity to handle a central storage 
must be high 

5 

The DHS must be large 4 
Suitable geological conditions for large-scale UTES 
must exist 

3 

    
Energy to 

store 
Current and future mismatch between available heat 
and demand 

10 

    
Large-scale 

UTES 
function in 

DHS 

Increase flexibility and even out production with 
redundancy from large-scale UTES 

8 

High power and temperature over sufficient time to 
satisfy peak load 

7 

Capacity for seasonal storage of under-utilised heat 
sources 

6 

 

As can be seen in Table 5 the different aspects seen as Necessary circumstances are 
categorised into the three sub-categories DHS characteristics, Energy to store and Large-
scale UTES function in DHS. 

DHS characteristics 
As seen in Table 5 the different characteristics of the DHS that are necessary circumstances 
within the sub-category DHS characteristics are four different aspects. The four aspects are 
mentioned by three to five interviewees among the nine interviewees that mentioned one or 
more necessary circumstances within this sub-category. One interviewee did not mention any 
necessary circumstance within DHS characteristics. 

One of the two most often mentioned aspects is a stable or increasing total heating demand. 
However, according to the interview with Jesper Baaring a stable heating demand is most 
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likely in the future. This is due to energy efficiency improvements lowering heating demand 
and thereby balancing out the increasing heating demand from consolidation of the DHS and 
new customers being connected to the DHS (Baaring, 2017). This is supported by three other 
interviewees, even though their focus lies more on the growing city than on new customers 
being connected within existing areas (Lindblom, 2017), (Mann, 2017) & (Tullgren, 2017). 

The transmission capacity to handle a central storage must be high is also mentioned by five 
interviewees as a necessary circumstance within DHS characteristics. Notable is that three out 
of five also mention this aspect closely coupled to the aspect suitable geological conditions 
for large-scale UTES must exist, which is all three interviewees that consider that to be a 
necessary circumstance. As is clarified in the interview with Lars Hammar, the best location 
in the DHS to place a large-scale UTES is in a node where the transmission capacity is high. 
Therefore, the geological conditions close to the node must also be suitable for a large-scale 
UTES (Hammar, 2017). This is supported by Mats Renntun and Jesper Baaring. In addition, 
they point out the increased costs for the investment to build increased transmission capacity 
if the large-scale UTES is not located in a node in the DHS. Further, this becomes 
increasingly important for regional cooperation (Baaring, 2017) & (Renntun, 2017). 

Four interviewees mention the aspect that the DHS must be large as a necessary circumstance 
for a large-scale UTES to be realistic in the DHS. This relates to the total energy demand in 
the DHS. Mats Tullgren states that the underlying reason is that the peak and medium demand 
only occur during relatively few hours in the DHS, which implies that a significant energy 
amount during this limited time only is possible for a large DHS (Tullgren, 2017). Another 
motivation for a large DHS as a necessary circumstance for a large-scale UTES is mentioned 
by Lennart Hjalmarsson and closely coupled to the next sub-category Energy to store. This is 
that the size of the large-scale UTES can be based on the amount of under-utilised residual 
heat or heat production that is to be shifted between the seasons in the DHS to satisfy demand. 
(Hjalmarsson, 2017).  

Energy to store 
As seen in Table 5 there exists total agreement among the ten interviewees that current and 
future mismatch between available heat and demand is the only necessary circumstance 
within the sub-category Energy to store. However, the perception of available heat differs 
among the interviewees. An aggregation of the different interviews shows that there are two 
categories this available heat can be divided in; residual heat which is not utilised today and 
increased heat production in existing facilities. Increased waste incineration is also an area 
that is mentioned, however it is no obvious third area since it is defined as either residual heat 
or heat production depending on interviewee. Therefore, waste incineration is separate from 
the other two areas when written about below. 

Eight of the ten interviewees mentioned residual heat which is not utilised today as available 
heat to be stored in large-scale UTES. In the interview with Anna Svernlöv it was made clear 
that this residual heat must be accessible in the long-term (Svernlöv, 2017). In addition, it was 
made clear by Mattias Lindblom that the residual heat likely must exist in close vicinity to the 
DHS and likely occur when demand is low during summer (Lindblom, 2017). Pär Mann adds 
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to the subject by highlighting the importance for the residual heat to be cheap for the DH 
company to utilise it (Mann, 2017). 

Increased heat production in existing facilities is mentioned by five of the interviewees as 
available heat to be stored in large-scale UTES. In the interview with Jesper Baaring it 
became evident that low-cost surplus capacity can be utilised from increased CHP production 
(Baaring, 2017), which is also confirmed by the four other interviewees who described this 
area. However as mentioned by Mattias Lindblom, one limit to the utilisation of excess 
capacity is the revision period of the production facilities which is usually during a few weeks 
in summer (Lindblom, 2017). 

Increased waste incineration is mentioned by eight interviewees as available heat to be stored 
in large-scale UTES. However, as mentioned earlier the interviewees have different 
perspectives on waste incineration; either as residual heat or heat production. Regardless of 
this difference, waste incineration is a necessary circumstance to make use of current and 
future mismatch between available heat and demand. Jesper Baaring points out that the heat 
from waste incineration is of low production cost and therefore suitable to store (Baaring, 
2017), which is supported by other interviewees. However, Mats Tullgren and Mats Renntun 
mention limitations to the possibilities of increased waste incineration. Firstly, there are today 
permits that stipulate the yearly allowed waste incineration and increases of the permits 
amount of waste as fuel will therefore be needed. Secondly, waste is already imported and 
will with increased waste incineration need to be imported to an even higher degree than 
today. Thirdly, revision periods are needed for waste incineration facilities and therefore a 
shut-down is required during a few weeks in summer (Renntun, 2017) & (Tullgren, 2017). 
Anna Svernlöv adds to the complexity of residual heat in her interview by stating that an 
increase in waste incineration or industrial residual heat stems from the fact that suppliers 
actually are able to adapt their production, which might not always be true for many reasons 
(Svernlöv, 2017). Lennart Hjalmarsson’s interview builds upon this by stating that waste 
incineration must be considered stable in the long-term (Hjalmarsson, 2017). 

Large-scale UTES function in DHS 
In Table 5 three aspects where brought forward which concerned the necessary circumstances 
that need to be in place within the sub-category Large-scale UTES function in DHS. Between 
eight and six interviewees mentioned each of the three aspects. 

The most commonly mentioned aspect was increase flexibility and even out production with 
redundancy from large-scale UTES which eight out of ten people mentioned. The meaning of 
this, according to the interview with Lotta Brändström, is that expensive fossil-fuelled heating 
and use of heat pumps can be reduced during peak production. It also means that the operation 
of production facilities can be optimised to minimise starts and stops in heat plants and to 
reduce fuel expenses (Brändström, 2017).  

Another important aspect which was often brought up was high power and temperature over 
sufficient time to satisfy peak load, which was mentioned by seven interviewees. It was by 
Mats Renntun described as a necessity for the large-scale UTES to be able to deliver the same 
temperature as the peak outgoing supply temperature in DHS of approximately 110°C during 
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the coldest winter days (Renntun, 2017). Mats Renntun and Lennart Hjalmarsson in their 
interviews further mentioned that the possibility for large-scale UTES to function as reserve 
capacity for peak generation is an important factor. This requires that the possible heat output, 
and consequently temperature, needs to be high (Hjalmarsson, 2017) & (Renntun, 2017).  

Six interviewees mentioned capacity for seasonal storage of under-utilised heat sources as an 
aspect within the sub-category Large-scale UTES function in DHS. Both Lennart Hjalmarsson 
and Mats Tullgren explicitly mentioned the importance of storing heat from one season to 
another, where Hjalmarsson stated that it is the single most important function of large-scale 
UTES (Hjalmarsson, 2017) & (Tullgren, 2017). Further, it was mentioned by Lars Hammar 
and Anna Svernlöv that an increased utilisation of residual heat is enabled with large-scale 
UTES. This residual heat is heat from for example industrial processes today being spilled, 
especially during the summer (Hammar, 2017) & (Svernlöv, 2017). Jesper Baaring said that 
the increased utilisation of residual heat can also come from increased production in waste 
incineration-plants above the level of heat demand during summer (Baaring, 2017). 
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Criteria for evaluation 
This theme is shown in Table 6 below, including the sub-categories and sorted aspects which 
need to be evaluated to determine the suitability of an investment option. Compared to the 
previously mentioned theme Necessary circumstances these aspects are not absolutely 
necessary physical factors for a large-scale UTES in the DHS. They are rather criteria that 
need to be fulfilled in addition to the physical aspects for a DH company to invest in a large-
scale UTES. Further, they ensure profitability in operations as well as alignment with strategic 
goals and customer requirements for the DH company. 

Table 6: Aspects classified as Criteria for evaluation 

Theme Sub-
category 

Aspect Number 
of 

mentions 

C
ri

te
ri

a 
fo

r e
va

lu
at

io
n 

 Economy An investment must be profitable 9 
Reduction in peak production expenses with large-scale UTES 7 
Risks central for long-term and large investments 7 
Replacement of peak production facilities 6 
Competition on price from heat pumps 5 
Volatile electricity price benefits large-scale UTES 5 
Risk in dependence on residual heat supplier 3 
Increase potential for new sources for heating and cooling 3 
Timing important for large investments 2 
Large-scale UTES seen as base-load facility for more hours of 
utilisation 

1 

Risk in dependence on electricity supplier for heat pumps in large-
scale UTES 

1 

Replacement of base production facilities 1 
    

Environment Always considered in investments  9 
Clearly stated environmental goals exist for the organisation 8 
Changing public view of wanted heat sources 3 
Potential for new heat sources to be utilised with large-scale 
UTES 

3 

Long-term political instruments reduce uncertainty for large-scale 
UTES 

1 

 

In Table 6 the two sub-categories that emerged from the theme Criteria for evaluation in the 
interviews are shown; Economy and Environment. The economic criteria concerns the 
profitability and in the end the dividends to the owners of the company as well as long-term 
viability of the business. The environmental criteria concerns the current general awareness of 
man-made environmental change as well as the regulations and customer requirements that it 
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has brought with it. Based on this the DH companies need to take these aspects into account 
as well as the strictly economic aspects to secure their business for the future. 

Economy 
In Table 6 the criteria for evaluation Economy includes twelve different aspects. Further, the 
variation in mentions between the different aspects is large and ranges from one to nine. 

For the sub-category Economy, the most mentioned aspect of an investment is that an 
investment must be profitable which was brought up by nine out of ten interviewees. Four of 
the interviewees also clarified that it is the most important aspect to look at for an investment. 
In the interview with Jesper Baaring it became evident that this is true due to environmental 
goals already being close to fulfilled for the company, which means that investments in a 
large-scale UTES would not bring them significantly closer to fulfilling these goals. It 
therefore becomes important that the investment can stand a comparison to alternative 
investments, such as deep geothermal energy (Baaring, 2017). Another reason why an 
investment must be profitable is by Mats Renntun said to be the fact that the company is 
publicly listed and has high requirements for example regarding return on investment (ROI). 
Further, Economy is a more prioritised criteria than Environment for public companies 
compared to municipal companies (Renntun, 2017). Among the interviewees that did not 
mention an investment must be profitable as the most important aspect Lennart Hjalmarsson 
said that the investment must be aligned with the overall strategic goals (Hjalmarsson, 2017). 
Closely related is that the stated organisation’s environmental requirements for an investment 
must be satisfied, which was mentioned by Lars Hammar (Hammar, 2017). Further, the aspect 
an investment must be profitable creates difficulties for the business today according to both 
Anna Svernlöv and Pär Mann since the operating hours for new production facilities are 
limited due to excess capacity in the DHS. Hence, new investments in production facilities 
become unprofitable (Mann, 2017) & (Svernlöv, 2017). Anna Svernlöv also adds the 
importance of profitability in the long run when fossil fuels have been phased out and stored 
energy from large-scale UTES will no longer replace these fossil fuels (Svernlöv, 2017). An 
investment being profitable is also more likely to be true if the business case is attractive with 
the possibility to be repeated in more than one location, according to Mats Tullgren (Tullgren, 
2017). 

The second and fourth most mentioned Economy-aspects both deal with peak production; 
reduction in peak production expenses with large-scale UTES and replacement of peak 
production facilities. These aspects are mentioned by seven interviewees and six interviewees 
respectively. In the interview with Mats Renntun it was made clear that the profitability with a 
large-scale UTES stems from that the operations control can avoid starting and running 
expensive production facilities. In addition, costs can be avoided since peak production 
facilities are not necessary to build with a large-scale UTES and re-investments can be 
avoided in current facilities that can be replaced by the large-scale UTES. However, the 
uncertainties make these costs difficult to quantify. Further, flexibility in operations is a result 
of a large-scale UTES in the DHS. However, this is also difficult to quantify (Renntun, 2017). 
These thoughts are confirmed by the other six interviewees. Lotta Brändström’s interview 
expands the profitability-point made by Mats Renntun through adding that large-scale UTES 
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enables increased utilisation of cheaper production sources as well as the fact that peak 
production facilities located in attractive geographical locations can be removed for the land 
to be sold. There is also the aspect of reliability and increasing operational expenses for the 
peak production facilities, which motivates their replacement (Brändström, 2017). In addition, 
Pär Mann mentions the reliability and that demand in the DHS must be satisfied (Mann, 
2017). 

The aspect risks central for long-term and large investments was mentioned by seven out of 
ten interviewees. The more specific risk-related aspects risk in dependence on residual heat 
supplier and risk in dependence on electricity supplier for heat pumps in large-scale UTES 
was mentioned by three and one interviewee respectively, out of which one interviewee did 
not mention the aspect risks central for long-term and large investments. Lars Hammar 
mentioned all three aspects with several different underlying thoughts that to a large extent 
are supported by the other six interviewees. The fact that large-scale UTES is a new 
technology was pointed out and is accounted for when evaluating the investment (Hammar, 
2017). This is supported by Mats Renntun, the Vattenfall-representative and Jesper Baaring. 
The first points out that the uncertainties of being the first creates mental barriers (Renntun, 
2017). The second goes especially into the risks related to the function of the never used 
construction (The Vattenfall-representative, 2017). The third highlights the memory of other 
high-risk projects that increase scepticism, such as the Hallandsåsen-project (Baaring, 2017). 
This third thought is also supported by Mats Tullgren who mentions the perceived recent 
history of bad investments in the energy sector due to technology shifts making production 
methods out-of-date (Tullgren, 2017). Further, Lars Hammar builds upon the issue of 
reliability in a new product by adding that costs for disruptions in operations are high. This 
creates uncertainties regarding large-scale UTES regardless of the financial guarantees that 
can be provided. Another underlying factor is the large size of the investment in large-scale 
UTES, which creates difficulties for a company of Kraftringen’s size (Hammar, 2017). The 
large size of the investment is also brought up as a risk by the Vattenfall-representative (The 
Vattenfall-representative, 2017).  

The development of different parameters with effect on the business, such as development of 
interest rates and fuel prices, are also pointed out as risks by Lars Hammar (Hammar, 2017). 
Mats Tullgren builds upon this by adding development of customer demand, political risks 
and price risks as well as highlighting the fact that the risks increases with the length of the 
time-frame (Tullgren, 2017). Mats Renntun adds two specific parameters to look at for long-
term investments as well: Firstly, the risk of a large investment leading to a necessary increase 
in price to customers is evaluated, since the price is important to the customers. Secondly the 
economic impact of potential future EU-requirements on third-party access to the DHS should 
be considered (Renntun, 2017).  

The specific aspects risk in dependence on residual heat supplier and risk in dependence on 
electricity supplier for heat pumps in large-scale UTES are also related to the fact that large-
scale UTES is a long-term investment. The first aspect is by Mattias Lindblom risk-related 
due to the dependence on the future survival of another business and industry (Lindblom, 
2017). In addition, Pär Mann stated that the uncertainties are large regarding price 
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development for residual heat. The price-prognosis made today is based on feelings from 
negotiations with the residual heat suppliers today when an excess capacity exists, however 
with increased demand for residual heat the prices may increase in the future (Mann, 2017). 
The second aspect was only mentioned by Lars Hammar among the interviewees and is 
focused on the heat pump connected to the large-scale UTES to provide required temperature 
from the storage to the DHS. Since the operator of a large-scale UTES is dependent on 
electricity, it is of importance that there exists available sustainable electricity especially 
during peak demand. Finally, the interviewees also mention some ways risks can be handled 
for long-term and large investments in the criteria for evaluation Economy. Political 
instruments are by Lars Hammar said to have large influence and can, if they have a long-
term perspective, positively affect the profitability in a large-scale UTES-investment 
(Hammar, 2017). Further, external financing is considered for large investments according to 
Mats Renntun (Renntun, 2017). Another solution which is mentioned by Mats Tullgren is to 
accept a higher level of risk, which may be possible for some organisations (Tullgren, 2017). 

Half of the interviewees mention the aspects competition on price from heat pumps and 
volatile electricity price benefits large-scale UTES, however only two interviewees did not 
mention any of these closely related aspects focused on the customer-perspective and the 
producer-perspective respectively. One who mentioned both perspectives was Mattias 
Lindblom who emphasised that the low electricity price today is putting pressure on DH 
companies from two directions. A low electricity price partly means that DH must be sold at a 
low price to compete with electric heat pumps and partly that revenues from electricity 
production in CHP plants are reduced (Lindblom, 2017). The second part, according to the 
interviews with Lennart Hjalmarsson and Anna Svernlöv, affects the benefits to profitability 
from optimisation of CHP production for maximum revenue from electricity production. This 
optimisation is possible if storage exists in the system (Hjalmarsson, 2017) & (Svernlöv, 
2017). Another thought underlying the aspect volatile electricity price benefits large-scale 
UTES is presented by Mats Renntun. In a future scenario for the energy system based on 
intermittent energy sources there will exist a larger need for storage solutions to provide 
energy, which benefits large-scale UTES (Renntun, 2017). This is supported by the interview 
with Lars Hammar, where it was deemed necessary with storage in an energy system based on 
intermittent energy sources and without nuclear power. Further, such a scenario will make 
power2heat a necessary technology (Hammar, 2017). Even though Mats Renntun’s and Lars 
Hammar’s thoughts here are not immediately concerning volatile electricity prices, they are 
immediately connected to the underlying assumption that an energy systems based on 
intermittent energy is equal to an energy system with volatile electricity price. Lars Hammar 
further mentioned the first aspect competition on price from heat pumps and how DH must be 
sold at a low price to compete with electric heat pumps. The most important factor to keep 
price to customers down is to keep production costs low. This is a necessity to not lose the 
customers, according to Lars Hammar (Hammar, 2017). The comparison of DH to heat 
pumps is problematic not only due to the competition but also due to the variations in the 
methodologies used for the comparison between the two. This was stated in the interview with 
the Vattenfall-representative. Further the result of the comparison depends heavily on the 
central assumptions for the calculations, which are regarding electricity price development 
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and cost of capital (The Vattenfall-representative, 2017). In addition to what has already been 
mentioned, Lotta Brändström brought up that the tough competition is making price increases 
towards customers close to impossible. At the same time this coincides with a need to invest 
in the business. The resulting effect of this is that their business needs to become more 
efficient (Brändström, 2017). 

In the sub-category Economy three interviewees brought up the aspect increase potential for 
new sources for heating and cooling. The possibility to use a large-scale UTES for district 
cooling in addition to DH is a benefit by Lotta Brändström (Brändström, 2017). Another 
aspect is by Anna Svernlöv said to be the possibility to store excess energy in the energy 
system as heat (Svernlöv, 2017). Jesper Baaring adds to the possibility to store excess energy 
in the energy system as heat with large-scale UTES to facilitate the use of low-value residual 
heat. This is possible since the heat pumps connected to the large-scale UTES can be used to 
increase the temperature of the low-value residual heat (Baaring, 2017).  

The three aspects timing important for large investments, large-scale UTES seen as base-load 
facility for more hours of utilisation and replacement of base production facilities are 
mentioned only by one or two interviewees each. However, they represent unique aspects 
within the criteria Economy and are therefore interesting to present to show varying 
perspectives. The first aspect regarding the timing for a large investment is mentioned by 
Mats Tullgren. The shift of the energy sector towards more small-scale and distributed 
solutions closer to customer means that there is a current scepticism in the energy sector 
towards large investments (Tullgren, 2017). Mattias Lindblom adds to the importance of 
timing by pointing out that large investments are made relatively seldom, which means that 
the investment proposal must occur at the right time to have a greater probability of 
happening. Further, the second aspect is also mentioned by Mattias Lindblom. Due to the size 
of the investment in a large-scale UTES being as large as an investment in a base-load 
facility, it will be viewed from that perspective (Lindblom, 2017). The third aspect is closely 
related to the second, meaning that large-scale UTES is not only seen as a base production 
facility but also a replacement for other base production facilities. This was brought up in the 
interview with the Vattenfall-representative and motivated by a large-scale UTES not being 
reasonably priced to be used to satisfy only peak heating demand (The Vattenfall-
representative, 2017). 

Environment 
In this sub-category, it can in Table 6 be seen that between nine and one interviewees 
mentioned each of the five aspects. Nine out of ten interviewees stated that environmental 
factors are always considered in investments. They were by several interviewees seen as 
important since they ensure strategic alignment of investments to environmental goals of the 
organisations, as mentioned by Mats Tullgren and Lennart Hjalmarsson (Hjalmarsson, 2017) 
& (Tullgren, 2017). Further, Mattias Lindblom and Lars Hammar mentioned that 
environmental goals are today viewed as fundamental requirements for an investment, which 
all considered investment options need to meet (Hammar, 2017) & (Lindblom, 2017). Large-
scale UTES is by itself seen as climate-neutral by the Vattenfall-representative (The 
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Vattenfall-representative, 2017) and is Pär Mann said to benefit the reduction of emissions 
from DH by replacing peak production which is often based on fossil fuels (Mann, 2017). 

Eight of the interviewees mention that clearly stated environmental goals exist for the 
organisation. How these environmental goals are defined varies between the organisations, 
both in when they are to be met, which varied between 2020 and 2030, and what they entail. 
E.ON, Göteborg Energi, Vattenfall, Öresundskraft and Kraftringen all have goals to either 
produce heat from fossil free-fuels or utilise renewable heat (Baaring, 2017), (Hammar, 
2017), (Svernlöv, 2017), (The Vattenfall-representative, 2017) & (Tullgren, 2017). E.ON also 
includes in their goals the possibility of using recycled heat from other sources (Tullgren, 
2017). Depending on the current fuel mix for the company and how close to fulfilment of 
environmental goals the company is, the plan for reaching these environmental goals varies. 
Further the importance of the goals in investment decisions also varies among the companies. 
One common method for reaching these goals is the planned shut-down of fossil-fuelled peak 
production facilities (Hjalmarsson, 2017) & (Tullgren, 2017). Interviewees in organisations 
which have already come a long way towards these environmental goals tend to find 
environmental benefits of investments to be of less importance (Baaring, 2017) & (Hammar, 
2017). 

Regarding heat sources, three respondents mentioned both the aspect changing public view of 
wanted heat sources and potential for new heat sources to be utilised with large-scale UTES. 
Regarding the first aspect, both Mats Renntun and Lennart Hjalmarsson questioned the long-
term perspective of utilising waste-incineration and waste heat from refineries for heat 
generation. Further, they discussed whether these heat sources would be accepted by 
customers during the whole life-span of a large-scale UTES (Hjalmarsson, 2017) & (Renntun, 
2017). In relation to this and the second aspect, large-scale UTES enables other heat sources 
to be used in DHS said all three interviewees. This could be heat sources such as residual 
heat, solar heat and power2heat (Hammar, 2017), (Hjalmarsson, 2017) & (Renntun, 2017). 
Further, Lars Hammar mentioned that these heat sources can potentially replace some other 
heat sources, including a possible reduction in the amount of waste incineration (Hammar, 
2017). 

Lars Hammar alone mentioned that long-term political instruments reduce uncertainty for 
large-scale UTES by affecting environmental regulations of fuels and emissions in the energy 
industry (Hammar, 2017). 
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Methodology for evaluation 
This theme, with the results presented in Table 7 below, contains the methodologies used to 
evaluate the previously mentioned Criteria for evaluation. This entails the processes and tools 
which are used to accumulate significant amounts of information about an investment and its 
impact on the company to be able to make an investment decision. 

Table 7 - Aspects classified as Methodology for evaluation 

Theme Sub-
category 

Aspect Number 
of 

mentions 

M
et
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Economy Comparison to alternative solutions 9 
Scenario-based analysis of the future  8 
Capital budgeting methods 6 
Larger investment decisions involve political decision-makers 4 
Ranking of investment options after strategic importance 4 
Evaluate how investments will affect the economic result 3 
Larger investment decisions involve global board of directors 2 
    

Environment Reduction of carbon dioxide-emission are quantified 5 
Larger investment decisions involve political decision-makers 4 
Ranking of investment options after strategic importance 2 
Scenario-based analysis of the future  2 
Adapt to certifications and regulations concerning customers 1 

 

As can be seen in Table 7, the aspects are divided into the sub-categories Economy and 
Environment on the same basis as mentioned for the theme Criteria for evaluation. This is 
since they are related to the same evaluation criteria and thereby the same divisions of sub-
categories as above. 

Economy 
The most common aspect of Methodology for evaluation in the sub-category Economy is 
comparison to alternative solutions, which was mentioned in nine out of ten interviews as is 
seen in Table 7. However, the interviewees that mention this covers all organisations and 
therefore a comparison between investments is proven to be done in all companies 
interviewed for this degree project. In the interview with Mats Renntun a process is described 
for this comparison, which is also supported by five other interviewees in three other 
organisations. Difference calculations are done where the investment case is compared to a 
case without the specific investment in a so called non-investment case. Both cases should in 
the long-term achieve the same result in operations, which implies that other investments will 
have to be included in the latter case to provide the desired functions in the DHS (Renntun, 
2017). In the interview with Pär Mann it is also made clear that all investments in addition are 
compared to not investing at all (Mann, 2017). For the comparison the, in the DH business 
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widely spread, simulation program MARTES by Profu is used according to Lennart 
Hjalmarsson. In the simulation, the economic performance for the business can be evaluated 
with regards to changes in operation for an investment case (Hjalmarsson, 2017). In the 
interview with Lars Hammar it became evident that a comparison between alternative 
investments only is done for investment options that meet the set requirements on 
environment and functionality. Thereafter the profitability of different options is evaluated 
and compared (Hammar, 2017). 

Eight of the ten interviewees mentioned the aspect scenario-based analysis of the future. This 
was pointed out as being of especially large importance for investments with a long life-
expectancy by Mattias Lindblom. This is due to the significant impact on profitability changes 
may have in the long run (Lindblom, 2017). The profitability calculation is according to the 
interview with Mats Tullgren what the scenario-based analysis of the future is used for, since 
it enables the evaluation of the cash flow to determine if it will be positive overall or not. 
Further, Mats Tullgren also explained in the interview that risks are assessed and quantified 
through Monte Carlo-simulations, which are then used to evaluate reasonable deviations from 
the base case scenario (Tullgren, 2017). Within the scenario-based analysis of the future Mats 
Renntun mentions that the development of fuel prices, taxes and regulatory tools are used for 
difference calculations, which have been described previously (Renntun, 2017). Lotta 
Brändström adds that the development of energy and power needs are evaluated.  Also, 
changes to and phase-outs of the existing production facilities are considered. These 
evaluations are done through sensitivity and risk analyses (Brändström, 2017), a practice 
which is supported by other interviewees. However, where the underlying material for the 
analyses is created varies according to the Vattenfall-representative. One such example is 
prognoses for fuel price developments where market-traded fuel prices are evaluated in the 
central strategy department and the price of other local fuels, such as bio fuels, are evaluated 
only in the business unit (The Vattenfall-representative, 2017). 

In six of the ten interviews capital budgeting methods are mentioned as an aspect which is 
used in investment processes. For all six interviewees representing four different 
organisations the economic life is in the span of 15-30 years for an investment. Further, 
interviewees from two different organisations mentioned that the cost of capital is either 6% 
or 9% in the organisation. These numbers are used for the capital budgeting methods. For 
example, Mats Renntun mentioned that the net present value (NPV) is calculated for a time-
span of 20-25 years. Potential earnings outside of the economic life are considered a residual 
value. In the next step the internal rate of return (IRR) for the investment is calculated and 
compared to the weighted average cost of capital (WACC) (Renntun, 2017). Other 
methodologies used are by Pär Mann said to be cash flow-analysis and payback calculations 
to evaluate the decisions effect on the overall economic result of the company (Mann, 2017). 

Larger investment decisions involve political decision-makers and larger investment decisions 
involve global board of directors are two closely related aspects that depend on if the 
company is municipal, public or governmental. These aspects were mentioned by four and 
two interviewees respectively, representing two municipal companies, one public company 
and one governmental company. In the interview with Lotta Brändström it was explained that 
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an investment decision of large-scale UTES’s size ends up in firstly the partly political 
executive board of the company and then the political municipal council (Brändström, 2017). 
In the interview with Jesper Baaring, this is supported. Further, the complexity of the 
investment process for regional cooperation is highlighted. The investment process needs to 
be done in each of the involved municipalities for a final approval of the investment in the 
whole region (Baaring, 2017). The process is according to the interview with Mats Tullgren 
similar in a public company, however without the political influence in the investment 
process. An investment of large-scale UTES’s size will through a structured stage-gate 
process end up in the global board of directors (Tullgren, 2017). This is supported for a 
governmental company by the Vattenfall-representative who mentions that high cost and high 
risk projects end up in the risk committee globally with the CEO of the company (The 
Vattenfall-representative, 2017). Further, Mats Tullgren mentioned that the length of a 
process for an investment of large-scale UTES’s size, involving several levels of the 
organisation and many people, increases the requirement on a pedagogical presentation of the 
investment (Tullgren, 2017). 

In four of the interviews the aspect ranking of investment options after strategic importance 
was mentioned by the interviewees. The only one who mentioned that this is done by 
quantification was Jersper Baaring. Every investment is given a number from one to five 
depending on how well it contributes to the fulfilment of a specific goal, which is then 
repeated for numerous goals. The methodology enables comparison between investments and 
their strategic importance (Baaring, 2017). For the three other interviewees that mentioned 
this aspect the ranking is not done explicitly, however investments compete on budget and are 
put in business plans which implies that the investments that have higher strategic importance 
are chosen for these plans (Brändström, 2017), (Renntun, 2017) & (The Vattenfall-
representative, 2017). 

Environment 
The most mentioned aspect within this sub-category was reduction of carbon dioxide-
emission are quantified which five out of ten interviewees brought up during their interviews. 
This quantification can be done in somewhat different ways; one way as presented by Pär 
Mann and Anna Svernlöv is by how an investment will affect the carbon dioxide-emissions 
from the DHS (Mann, 2017) & (Svernlöv, 2017). Another way, using simulations, was 
described in slightly more detail by Lotta Brändström and Lennart Hjalmarsson. That method 
is to quantify by running simulations of the DHS with the new investment. The simulations 
show the changes in operations that follow with the investment to measure the effect it has on 
the environmental performance of the DHS (Brändström, 2017) & (Hjalmarsson, 2017). This 
effect is further discussed in a sensitivity analysis for the investment said Mats Renntun 
(Renntun, 2017). 

The second most common aspect which was brought up was larger investment decisions 
involve political decision-makers which was mentioned by interviewees employed at 
municipal energy companies. This was mentioned by four out of ten interviewees. The 
political influence is due to that an investment of large-scale UTES’s size needs to be brought 
up to the board of directors and the municipal council of elected politicians, as previously 
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mentioned under Economy. This means that politicians have an influence on the strategic 
direction of the company, including environmental strategy (Baaring, 2017), (Brändström, 
2017), (Hjalmarsson, 2017) & (Svernlöv, 2017). However, it was pointed out by Lotta 
Brändström that the political direction regarding Göteborg Energi has been stable without any 
significant shift since the last mandate period (Brändström, 2017). 

Jesper Baaring and the Vattenfall-representative further mentioned ranking of investment 
options after strategic importance as part of the methodology for evaluation for 
environmental factors as well as economic. Two ways of doing this were further mentioned; 
either through business plans which contain goals for environmental performance or by 
ranking of projects after strategic importance including environmental goals (Baaring, 2017) 
& (The Vattenfall-representative, 2017). It was also mentioned by Lotta Brändström and Mats 
Renntun that the aspect scenario-based analysis of the future means that prognoses and 
evaluations of the future are conducted to assess the sensitivity of the DHS. This includes 
energy and power needs in the DHS and how the phase-out or modification of production 
facilities would affect the DHS (Brändström, 2017) & (Renntun, 2017). Another aspect which 
was discussed by Mats Tullgren was adapt to certifications and regulations concerning 
customers. To keep their customers, DH companies need to adapt to certifications and 
regulations regarding buildings such as energy requirements and emission permits (Tullgren, 
2017). 

  



  
 

46 
 

4.2. Investment framework for large-scale UTES 
Based on the empirics from our study and findings in literature the following section of the 
report will present the investment framework for an investment in a large-scale UTES. 
Combining the two sources of information aims to complement the current methods in the DH 
industry to create an improved method for evaluation of investments. To clarify the difference 
from the empirical findings, the formulation theme has been changed to perspective. The 
reason for this is that different actors may have different perspectives on how factors affect 
their business. The word perspective thereby increases the readers understanding that the 
investment framework is supposed to function as decision support and not to be taken as an 
absolute truth. A change is made for the same reason of the previous word aspect, which now 
is called factor. In addition, the factors are mutually exclusive and commonly exhaustive 
(MECE) which sets them apart from the aspects mentioned in the empirics. 

Necessary circumstances 
Table 8 below shows the factors in the investment framework which are perceived as 
necessary circumstances. 

Table 8: Factors classified as Necessary circumstances 

Perspective Sub-category Factor 

N
ec

es
sa

ry
 ci

rc
um

st
an

ce
s DHS 

characteristics 
Heating demand 
Suitable location 
  

Energy to 
store  

Available heat 
  

Large-scale 
UTES 

function in 
DHS 

Operations management 
Power and energy 
Capacity for available heat 

 

As seen in Table 8, the sub-categories are consistent from the empirics. However, the factors 
are not the same within the sub-categories as in the empirics. In the following text these 
factors will be explained. 

DHS characteristics 
DHS characteristics describe, as the name implies, the characteristics of the DHS and its 
surrounding which are deemed necessary for an investor to already have in place before an 
investment in large-scale UTES is made. 

Heating demand 
In the empirics of this report the aspect a stable or increasing heating demand was mentioned 
to be a necessary circumstance for a large-scale UTES. Further, a stable heating demand was 
considered likely due to energy efficiency improvements lowering heating demand and 
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thereby balancing out the increasing heating demand from consolidation of the DHS and new 
customers being connected to the DHS. However, in Literature and theory it is shown that the 
heating demand will be at maximum the same as today (Swedish Energy Agency, 2015B, p. 
12), or decrease (Sköldberg & Rydén, 2014, pp. 9-10). As is also shown in Literature and 
theory, the heating demand is directly affected by the outdoor temperature (Swedish Energy 
Agency, 2015B, p. 11). However, this is never mentioned in the empirics. 

Temperature 
For an investment with an expected technical life time of up to one hundred years, it is 
important to look at the outdoor temperature change’s effect on heating demand over the same 
time-period. The global climate is changing and energy companies will not face the same 
reality as today in one hundred years. Therefore, this part of the report will focus on the 
climate factor affecting DH and large-scale UTES the most, which is an increase in outdoor 
temperature. 

Global average surface temperature change 
The global average surface temperature is increasing with greenhouse gas (GHG) emissions 
by human activity on the planet. According to the Intergovernmental Panel on Climate 
Change (IPCC) the main drivers behind the increase in GHG emissions are increases in global 
population, economic activity, standard of living, land use, use of technology and energy use 
as well as climate policy. With this as a main assumption IPCC has produced four predictions 
for the future where RCP2.6 illustrates a scenario where global warming is likely kept below 
2°C through immediately reduced GHG emissions and RCP8.5 illustrates high GHG 
emissions. The scenarios RCP4.5 and RCP6.0 are intermediate scenarios, where the last 
mentioned also illustrates the lower range for scenarios without constrained GHG emissions. 
The upper range for scenarios without constrained GHG emissions is RCP8.5 (IPCC, 2014, p. 
8). In Figure 11 below the global average surface temperature change in °C relative to the 
period 1986-2005 is illustrated through the least predicted increase in scenario RCP2.6 and 
the highest predicted increase in scenario RCP8.5. 

 

 
Figure 11: Global average surface temperature change (relative to 1986-2005) (IPCC, 2014, p. 11) 
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As seen in Figure 11 the different scenarios result in widely different outcomes in the year 
2100. In RCP2.6 the temperature increase stops around 2050. From there on until 2100 the 
global average surface temperature is stable around 1°C higher relative to 1986-2005, 
however the uncertainty spans from just below 0.5°C up to just above 1.5°C. Correspondingly 
in RCP8.5 the temperature increase is rather stable or increasing during the period. In 2050 
the global average surface temperature is almost 2°C higher (uncertainties range 1.5-2.5°C) 
and 2100 4°C higher (uncertainties range 3.0-5.0°C) relative to 1986-2005. 

The projections of GHG emissions vary greatly depending on climate policy and socio-
economic development in IPCC’s scenarios. However, GHG emissions will cause further 
warming and long-lasting changes for all parts of the climate system (IPCC, 2014, p. 8). 

Average surface temperature change in Sweden 
In the same manner as IPCC has created climate models globally, the Swedish Meteorological 
and Hydrological Institute (SMHI) has created nationally applicable climate models for 
Sweden. Using IPCC scenarios RCP2.6 and RCP8.5 SMHI has illustrated the average surface 
temperature change in Sweden for different seasons of the year. In Figure 12 below the 
scenarios RCP2.6 and RCP8.5 for winters in the period 2071-2100 are illustrated in colours 
corresponding to the average surface temperature change in °C. 

 

 
Figure 12: Calculated change in mean temperature in winter (°C) for the period 2071-2100 compared with 1971-2000. 

RCP2.6 to the left and RCP8.5 to the right (SMHI, 2017C) 

As seen in Figure 12 the scenarios illustrate the large difference in the average surface 
temperature change between north and south in Sweden. Even in the lower scenario RCP2.6, 
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the average surface temperature change in the northern parts of the country approach an 
increase of 4°C which is the same as the global average surface temperature change in 
scenario RCP8.5. In SMHI’s scenario RCP8.5 for winter in Sweden the minimum change is 
4°C and reaches as high as 8°C in the far north of the country. 

In Figure 13 below the scenarios RCP2.6 and RCP8.5 for summers in the period 2071-2100 
are illustrated in colours corresponding to the average surface temperature change in °C. 

 
Figure 13: Calculated change in mean temperature in summer (°C) for the period 2071-2100 compared with 1971-2000. 

RCP2.6 to the left and RCP8.5 to the right (SMHI, 2017C) 

As seen in Figure 13 the scenarios illustrate a similar average surface temperature change 
nationwide in Sweden independent of scenario. The two scenarios also coincide with the 
global average surface temperature change for the same scenarios as shown in Figure 11. I.e. 
in scenario RCP2.6 the change is 1°C and in scenario RCP8.5 the change is 3-4°C which is in 
the lower interval of IPCC’s scenario RCP8.5. 

Overall the climate scenarios for Sweden by SMHI point to a future where the temperature is 
more even throughout the nation in winter and as uneven as now in summer. This is due to the 
larger average surface temperature change in the colder northern parts than in the warmer 
southern parts during winter while the average surface temperature change is the same for 
summer, thus higher average surface temperatures are achieved but with constant difference 
between the southern and northern parts of Sweden. 
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Implications on heating demand 
The average surface temperature change in Sweden will increase until 2100, independent of 
which scenario is looked at. This implies a decrease in heating demand. Further, it is 
mentioned in Literature and theory that there currently exists a relatively large difference in 
monthly mean temperatures over the year in Sweden (SMHI, 2017A), which results in large 
differences in heating demand between seasons. However, with the average surface 
temperature change described by SMHI the seasonal temperature differences will decrease. 
This will reduce the difference in heating demand between the seasons. Based on the 
description of seasonal storage in Literature and theory the average surface temperature 
change will reduce the utility of a seasonal storage. However, Song et al. (2017) point out that 
even though the average surface temperature change is increasing and thereby decreasing 
heating demand, the more often occurring extreme weather will make peaks of heat demand 
become even less predictable. This decreases the competitiveness of DH due to decreasing 
profits from the main profit source base production while volatile and extreme peak demand 
increases the production costs (Song et al., 2017, p. 716). Considering this, a storage to handle 
peak demand will have increased utilisation which could possibly be a large-scale UTES. 

This temperature development and its effect on an investment in large-scale UTES was not 
considered in our interviews and is therefore a factor which DH companies could complement 
their investment evaluation with. Depending on the level of measures taken to mitigate this 
expected temperature change, the importance of this aspect in investment evaluation will 
vary. However, as mentioned earlier the average surface temperature in Sweden will increase 
which implies that this factor should be looked at in an investment evaluation. 

Suitable location 
The aspect suitable geological conditions for large-scale UTES must exist was brought up in 
the empirics and is also the first requirement to look at when it comes to the factor suitable 
location. When this is evaluated the aspect the transmission capacity to handle a central 
storage must be high should be looked at as well. This implies that the large-scale UTES is 
most suitable for placement in a node in the system where the geological conditions are right. 
This was motivated by the avoided costs for increased transmission capacity that occur if the 
large-scale UTES is not located in a node in the DHS. It was also pointed out as being even 
more important for regional cooperation. 

To summarise, the most suitable location for a large-scale UTES is where the geological 
conditions are correct for the UTES and the transmission capacity is high, for example in a 
node in the DHS. Since the correct geological conditions are an absolute requirement, the 
acceptable location of the large-scale UTES becomes an economic criteria to be looked at 
with transmission capacity as the changeable parameter. The further from a node in the DHS 
the large-scale UTES is located and the larger the needed changes to the DHS is to avoid 
bottle-necks, the larger the costs for the transmission capacity for maximum utilisation of the 
large-scale UTES. However, to not utilise the large-scale UTES to a maximum is an option 
but will in the long-term result in lower incomes from the large-scale UTES. In the end this 
becomes an economic optimisation. 
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Energy to store 
Below, the factor Available heat, which is the only factor under Energy to store in the 
framework, is described. It concerns the crucial availability of energy to be stored in the large-
scale UTES. 

Available heat 
A necessity for any TES to be utilised in a DHS is for there to be energy to store into the 
storage for later use. Therefore, this is a fundamental factor for an investor in large-scale 
UTES to consider in an investment decision-process. As has been shown previously in the 
Literature and theory section of this report there is according to Cronholm et al. (2009) a 
higher potential for utilisation of residual heat in Sweden than what is used today. Cronholm 
et al. (2009) also points out that local factors affect the possibility to utilise all the potentially 
available residual heat. The impact from this is that the local conditions need to be 
investigated (Cronholm et al., 2009, pp. 7-9). Based on the study by Arnell et al. (2012) long-
term security of supply is further important for an investor to consider when evaluating 
residual heat as a heat source. This heat must furthermore be available during the season when 
the user wants to charge a large-scale UTES (Arnell et al., 2012, p. 88). Elamzon (2014) and 
Lindqvist et al. (2011)  states that the supply of residual heat is currently larger during the 
summer than winter which is suitable for an operator of TES who needs to charge the storage 
during summer (Elamzon, 2014, p. 23) & (Lindqvist et al., 2011, p. 6) . 

In the empirics, different sources for this available heat for storage were presented. These 
were residual heat which is not used today, increased heat production in existing facilities or 
increased waste incineration which is defined differently in the two previous categories 
depending on interviewee.  

Residual heat which is not today utilised was viewed as a potential heat source if it is deemed 
to be available in the long run in close vicinity to the DHS and of a low enough price to be 
used for storage. Increased heat production in existing facilities which utilises low-cost 
surplus capacity was also seen as a possible heat source for storage. A limiting factor here is 
however the required revision of facilities during the summer. Though, outside of this revision 
period of around three weeks the plants can be utilised. Increased waste incineration is viewed 
as either heat production or residual heat, regardless it is an option for storing heat. The main 
factor for this is that it is a very cheap heat source. Complicating factors here are however the 
fact that Sweden already imports waste which would need to be increased, that revision 
periods affect the benefit and that permits for increased waste incineration will need to be 
secured. 

Large-scale UTES function in DHS 
This section explains the functions that a large-sale UTES can provide to the DHS. Therefore, 
these possible functions should be evaluated by an investor for their own DHS. 

Operations management 
In the empirics, it is shown that there are two main reasons for why the factor operations 
management is considered a necessary circumstance. Firstly, production is evened-out, which 
means that peak production is used less. Further, this means that expensive fossil-fuelled 
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heating and use of heat pumps can be reduced. Secondly, the redundancy in the system and 
flexibility which a large-scale UTES enables means that production facilities can be optimised 
to minimise starts and stops as well as to reduce fuel expenses. 

For an investment decision, this parameter becomes both an economic and an environmental 
criteria. The economic criteria is written about for the factor changes to production, while the 
environmental criteria is written about for the factor goal fulfilment. However, the 
environmental criteria is dependent on that a reduction in peak production also results in a 
reduction in fossil-fuel use. If this is not true, the factor operations management should only 
be evaluated regarding economy. 

Power and energy 
From the empirics, the aspect high power and temperature over sufficient time to satisfy peak 
load was shown to be a necessary circumstance. The large-scale UTES should be able to 
deliver the same temperature as the peak outgoing temperature in the DHS during the coldest 
winter days. For a large-scale UTES to function as reserve capacity or to replace peak 
production two things are necessary: a large power output and sufficient energy to supply the 
needed power over the whole period of the peak demand which is to be met. 

The view on the factor power and energy as presented in the empirics is centred around the 
current situation and to some extent therefore limited. However, Song et al. (2017) show that 
the peak demand is likely to remain in the future due to frequent extreme weather while base 
demand will be reduced through energy efficiency measures and increasing average surface 
temperatures on earth (Song et al., 2017, p. 716). Therefore, this factor can be looked at as 
rather constant over the investment’s expected technical life. 

Capacity for available heat 
In the empirics, the aspect capacity for seasonal storage of under-utilised heat sources was 
deemed important. It is necessary that the storage has a sufficient storage capacity to function 
as a seasonal storage. Further, the larger storage capacity in the UTES is, the larger the 
possibilities are for utilisation of the residual heat which is today being spilled. The quantity 
of this spilled heat is especially large during the summer. In addition, increased utilisation of 
residual heat can also come from increased production from waste incineration above the 
level of heat demand during summer. 

In the empirics, the capacity for seasonal storage of under-utilised heat sources is considered 
important. However, this neglects the boundaries that need to be used for such a calculation of 
available capacity. Firstly, the under-utilised heat sources need to be considered regarding 
economic and environmental potential. Secondly, a decision must be made regarding what 
production the large-scale UTES should replace. For example, the second boundary is set by 
Linnea Jönsson (2015) in a study on calculation of different storage sizes in Höganäs. For the 
calculation to be possible the following definition is made: “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.” (Jönsson, 2015, p. 5). This specific 
definition is then used for the calculation of the necessary capacity of a seasonal storage 
(Jönsson, 2015, p. 20). 
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Criteria for evaluation 
Table 9 below shows the perspective Criteria for evaluation and the different factors within 
this perspective that investors need to consider.  

Table 9: Factors classified as Criteria for evaluation 

Perspective Sub-category Factor 
C

ri
te

ri
a 

fo
r e

va
lu

at
io

n  Economy Profitability 

Changes to production 

Risks 
Electricity price 
  

Environment Goal fulfilment 
Risks 

 

As seen in Table 9, the sub-categories are consistent from the empirics. However, the factors 
are not the same within the sub-categories as in the empirics. In the following text these 
factors will be explained. 

Economy 
The following sections of the report show the criteria for evaluation that investors should 
consider which concern economic evaluation.  

Profitability 
A major factor to investigate for an investor in large-scale UTES is how profitable it will be 
for them. The approach to this can be somewhat different but an investment must benefit the 
investor financially to be done, as is shown in the empirics. This is especially important if the 
owners have requirements on the return on investment (ROI) on their ownership of the 
company and thereby requirements on profitability in operations. Regarding investments in 
large-scale UTES a major factor considered is its ability to decrease the environmental impact 
from the operations of the DHS. However, in the empirics two factors have been mentioned 
which limit the impact of large-scale UTES on these environmental goals: The fact that some 
DH companies are already close to fulfilling their goals concerning emissions and that in the 
future when the environmental goals have been fulfilled, a storage must still be profitable. 
This further highlights the importance of a large-scale UTES being a profitable facility 
regardless of other non-economic goals. Further, the goal of profitability can for other 
alternative investments be affected by the fact that they due to irregular demand and thereby 
demand peaks require high power output from heat plants during short periods of time. This 
in turn limits their production hours and therefore their profitability. Thereby this strengthens 
the case for large-scale UTES as it can increase the utilisation of production resources, instead 
of new investments not being fully utilised.  
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In relation to this Gadd & Werner (2015) present common cash flows that arise with a TES 
installed in a system. This includes the possibility to operate CHP plants increasingly after the 
electricity price to maximise the electricity revenue, a concept which is expanded under 
volatile electricity prices benefit large-scale UTES below. Also, biomass boilers can be run at 
a more constant capacity which increases efficiency compared to if the output level is 
frequently changed (Gadd & Werner, 2015, p. 469). TES also simplifies the integration of 
industrial residual heat, especially from industrial processes which are run in batches resulting 
in variations in heat delivery. A storage can then be used as a buffer to even out this delivery 
to the DHS. The cash flows for the TES arise when these situations occur, meaning that the 
more of these situations a TES can take advantage of, the higher the revenue will be. This 
benefits the profitability of a TES used for daily variations in load compared to solely 
seasonal variation. However, a TES for seasonal storage may increase its profitability if it can 
utilise several different types of the described situations were cash flows arise (Gadd & 
Werner, 2015, p. 469).  

Changes to production 
In a previous study, Björe-Dahl & Sjöqvist (2014) show that boreholes storages in a DHS can 
reduce the amount of heat generated from peak production heat sources. The impact of this 
when it comes to costs and environmental impact is however partly decided by local 
conditions, which heat sources can be replaced and which heat sources are stored (Björe-Dahl 
& Sjöqvist, 2014, pp. 95, 97). The possibility to reduce both the capacity and use of expensive 
peak load plants is something that is also mentioned by Gadd & Werner (2015). According to 
them the potential for profitability in seasonal storage which replaces expensive peak load 
generation is great compared to storage of solar heat. This is due in part to higher cost-
efficiency in the former application (Gadd & Werner, 2015, p. 476).  

To increase the benefit of a large-scale UTES an investor should evaluate how the operations 
of production in the DHS can be modified with a large-scale UTES in place. From a basis in 
the empirics the possibility to reduce overall production costs was brought forward as an 
important economic factor to consider with large-scale UTES. One way this can be done is by 
allowing operations control to avoid costly starts and stops of facilities and to reduce the use 
of expensive production facilities. In place of these expensive peak production facilities heat 
generated from base production facilities which have lower production costs can instead be 
stored and then used when needed. The economic outcome of this increased flexibility in 
production can however be difficult to quantify in advance. Large-scale UTES can also 
improve the reliability of production compared to older peak production facilities. In a further 
perspective, large-scale UTES can also lead to a reduced need to maintain and reinvest in 
aging peak production heat plants and in time mean that investments in new heat plants can be 
avoided.  

Risks 
As with all investments, especially those which are large and have a long expected economic 
life, possible risks are important to estimate and mitigate. When it comes to the Skanska 
large-scale UTES there are some specific risks that need to be looked at before an investment 
is made. There are for example functional risks with the Skanska large-scale UTES due to that 
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it has not been built before. This creates uncertainty and despite functional simulations and 
guarantees may cause mental barriers for investors when it comes to investing in large-scale 
UTES. Another risk factor is the size of the investment in large-scale UTES and the risk that 
places the company in with a large asset on their balance sheet which may for example lead to 
them having to increase the prices they charge the customers. These risks need to be estimated 
and accounted for correctly to ensure that possible false perception and risk-aversion due to 
the size of the investment do not control the decision-making. External economic risks such as 
interest rate-development and development of fuel prices are also important to consider. Other 
risks from the empirics worth considering are the future development of customer demand for 
DH, especially in competition with electric heat pumps, as well as political risks affecting 
legislation.  

In the academic field of risk management risks are divided into five broad categories as seen 
in Figure 14 below: 

 
Figure 14: Risk categories 

Market risk has been mentioned in the empirics as a necessity for a long-term demand for DH 
in competition from especially heat pumps. Another important factor to consider here is the 
long-term pricing of heat to ensure that the DH companies receive a positive return on 
investment (ROI). Operational risks in the form of delivering the predetermined heat and 
function from the large-scale UTES was the most commonly mentioned risk in the empirics 
and in alignment with the theory in risk management. For energy companies this risk involves 
the whole supply chain, but for large-scale UTES the production stage of the supply chain is 
affected. Political or regulatory risk was also a category of risk that was present in the 
empirics and involved the same aspects as the theory brings up. Energy companies are 
sensitive to regulatory changes since they make large investments which have a long 
economic life expectancy as well as the high profile of the industry and companies (GARP, 
2009, pp. 13-20). What can be seen is that overall the risk-awareness in the interviewees 
matches that which is mentioned in the theory with similar categories and thoughts.  

The development of fuel prices was a risk factor which was analysed and used to estimate the 
risk of investments by some of the interviewees. Specifically, the risk factor concerning the 
future availability of bio fuels is something that may need to be considered. Börjesson et al. 

Market risk Credit or 
default risk 

Operational 
risk 

Liquidity risk Political or 
regulatory risk 
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(2017) in their study have looked at how the future development of the energy industry in 
Sweden will affect the demand for forest-based biomass as fuel. They show that Sweden in 
the future may have an increased demand for forest-based bio fuels, mainly due to increased 
demand in biofuels for transportation and process energy in industry. At the same time the 
demand for forest-based biofuels decreases for heating of buildings, both through DH and by 
individual heating (Börjesson et al., 2017, pp. 17, 22). This in total results in about a 30 TWh 
increase in demand by 2030 and 35-40 TWh by 2050. For comparison, the total use of 
biomass for energy is today 130 TWh per year and based on current conditions the expected 
possible increase of sustainable harvest of logging residues is 20 TWh (Börjesson et al., 2017, 
p. 17). For the supply of forest-based biofuels to suffice as fuel in 2030 and 2050, 
significantly increased energy efficiency and electrification in all industries is necessary to 
achieve during this time frame (Börjesson et al., 2017, p. 25). This development, like all 
estimates of the future, has its inherent uncertainties in exactly how the development will 
unfold, but high pressure will most likely be placed on domestic sources for biofuel 
(Börjesson et al., 2017, p. 25). Ericsson & Werner (2016) however state that Sweden already 
imports biomass for its supply, so exactly how much of an issue the supply of biomass will be 
in the future is not certain. The authors also conclude that a future DH industry which 
increasingly competes over supply of biofuels with other process industries should focus on 
recycling residual heat from these process industries instead of directly using the fuel in heat 
plants (Ericsson & Werner, 2016, pp. 64-65). 

This combined possible development of biofuel availability, and consequently price, is a 
factor which DH companies should consider in the future. This may impact both the economy 
of operations and the viability of bio-fuelled heat plants in the future. Both these factors need 
to be considered when evaluating both an investment in large-scale UTES, which is neutral 
when it comes to heat source, and when deciding what heat sources to use in the DHS in the 
future, whether to diversify these heat sources.  

Electricity price 
The empirics from the study mention economic criteria of evaluation which directly involve 
or indirectly are affected by the price of electricity. The first of these concerns the competition 
from electric heat pumps for heating of buildings. These heat pumps are today very 
competitive in pricing and therefore offer tough competition for DH companies since 
customers are cost-aware regarding heating. The attractive economics of heat pumps in turn 
stems from the currently very low electricity price which means that the energy cost for heat 
pumps is low. This tough competition means that DH companies need to keep their prices low 
to compete with heat pumps and thereby experience a pressure to keep their production 
expenses low. Another way the DH companies are affected by the low electricity price is that 
the revenue for sales of electricity from CHP is reduced, which further strains the profitability 
of operations. The challenges are further increased by the fact that some DH companies also 
are in a position where they need to invest. In combination with increases in price to 
customers being nearly impossible this means that operations need to become more efficient. 
Regarding electricity price another aspect is how a more volatile electricity price caused by an 
increased share of intermittent energy is a benefit for large-scale UTES. The reason for this is 
that an energy system with a large share of intermittent power generation and consequently 
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variations in power supply causes a mismatch between supply and demand at times, which in 
turn increases or decreases the electricity prices. In a future energy system with these 
characteristics energy storage is an important component to ensure a more stable energy 
system that can satisfy the demand. This is where large-scale UTES becomes important as 
power2heat, that is storage of electricity as heat in TES, is a possible way of achieving this 
storage function in the grid.  

Gadd & Werner (2015) relating to electricity prices, mention the possibility to adapt 
operations of CHP plants after the electricity prices to increase the revenue. For example, this 
can be done after the daily cycles of higher electricity demand during the day. The excess heat 
then generated could be stored and discharged during the night using daily storage (Gadd & 
Werner, 2015, p. 476). 

In Figure 15 below the estimated future average electricity price in grid sector 3 in Sweden is 
presented. The different average prices shown for year 2020 and 2030 reflect the different 
scenarios for the future which The Swedish Energy Markets Inspectorate (EI) have used to 
predict how the price level of electricity will develop in Sweden. 

 
Figure 15: Yearly-average price level SE3 per iE - scenario 2020, 2030 (Ei, 2016) 

The Swedish Energy Markets Inspectorate (EI) in a report from 2016 on the effect of 
increased variable electricity production use three scenarios: Phase-out of nuclear power, 
High fuel prices and Low fuel prices as seen in Figure 15. They conclude that a complete 
phase-out of nuclear power by 2020, which also means more wind power than the other 
scenarios, will lead to the highest prices of electricity, followed by High fuel prices and Low 
fuel prices as the scenario with the lowest prices (EI, 2016, p. 43). These prices can be 
compared to the yearly-average from 2015 of 208 SEK/MWh or 22,2 EUR/MWh with 2015 
year’s average currency value (Swedish Energy Agency, 2016B, p. 30) & (Sveriges Riksbank, 
2017). The scenario Phase-out nuclear power is by EI seen as less likely due to The energy 
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agreement (Energiöverenskommelsen) (EI, p. 29). The energy agreement is a political 
agreement on the future of the energy industry in Sweden. Apart from Low fuel prices in 
2020, all scenarios for both years lead to higher prices (EI, 2016, p. 43). The two scenarios 
High fuel prices and Low fuel prices by EI are based on different assumption. High fuel prices 
reflects a scenario where The energy agreement and its impact on the energy system to a large 
extent become reality. This entails that the output tax is removed for nuclear power and that 
the profitability of nuclear power is consequently improved (EI, 2016, p. 30). Additionally, 
the scenario High fuel prices also includes increased climate efforts on EU-level which lead to 
higher costs for carbon dioxide emissions. In this scenario six nuclear reactors remain 
operational 2030 (EI, 2016, pp. 29-30). For the scenario Low fuel prices, EI assume that the 
changes to the energy system follow what is stated in The energy agreement but that no 
additional changes to the Swedish or European electricity markets are made. In the scenario 
Low fuel prices, only two nuclear reactors remain operational 2030 (EI, 2016, pp. 29-30). 
Intermittent energy production is in both scenarios Low fuel prices and High fuel prices 
assumed to increase with 18 TWh consisting of mostly wind power in accordance to The 
energy agreement (EI, 2016, p. 38). 

The drivers for the differences in prices are the fuel prices and cost for carbon dioxide 
emissions as well as the number of nuclear reactors and the transmission capacity both within 
Sweden and from Sweden to other countries in Europe (EI, 2016, p. 56). The volatility of 
electricity prices measured as standard deviation and coefficient of variation for a model of 
2020 and 2030 show that the volatility may increase somewhat compared to today (EI, 2016, 
pp. 47-48). However, this result is uncertain and dependant on the completion of ongoing and 
planned increases of transmission capacity to other countries. Without the increased 
transmission capacity, from these planned transmission investments which are planned 
beyond year 2020, the volatility may increase more ( EI, p. 49, p. 132). EI conclude that 
transmission and trade capacity is important for Sweden to be able to handle power and 
energy balance in the electricity grid in a future which entails higher amounts of intermittent 
energy (EI, 2016, p. 110). 

A comparison of the expected development of electricity prices from EI with the empirics 
reveal that large-scale UTES can benefit from this development. Higher electricity prices will 
make heat pumps less beneficial compared to DH and increase the revenue from CHP plants. 
If the level of volatility stays the same, it will mean that the revenues from power to heat may 
not be significant. However, if the planned investments in transmission capacity do not 
happen and the volatility therefore increases, added value for large-scale UTES will come 
from power to heat-applications. 

Environment 
The following sections of the report show the criteria for evaluation that investors should 
consider which concern environmental evaluation.  

Goal fulfilment 
With a large-scale UTES in the DHS a DH company can, as mentioned in the section 
Operations management, reduce the amount of heat generated from peak production facilities. 
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Apart from economic considerations which favour this, the empirics have shown that peak 
production facilities often use fossil fuels which are undesirable given the environmental 
goals which the companies all have. These goals vary but all involve an ambition to reach 
production based only fossil-free or renewable heat. To reach these goals, remaining fossil-
fuelled peak production therefore needs to be changed or removed. As mentioned in 
Operations management large-scale UTES can enable this. This way the total consumption of 
fossil fuels, and thereby carbon dioxide emissions in the DHS, can be reduced and the 
environmental goals reached. In relation to this large-scale UTES allows heat sources, which 
may currently not be possible to utilise, to be connected to the DHS. Examples of this are 
residual heat, solar heat and power2heat. If connected, these heat sources could then replace 
some less desirable means of heat generation. 

Risks 
Risk is another important factor to consider and one focus should be what heat sources will be 
used in the future. The empirics have shown that weariness exists as to what heat sources will 
be considered environmental-friendly and fossil-free in the future. This involves for example 
whether waste incineration in the long run will be considered environmentally friendly. Under 
Risks under Economy above, the long-term viability of biofuels was also mentioned as a risk. 
Just like with waste incineration the long-term sustainability of biofuels, which is a limited 
resource, can be questioned if demand outside of Sweden also increases (Ericsson & Werner, 
2016, pp. 63-64). These aspects are important for DH companies to consider as they need to 
secure their business for the future and the requirements that will then be placed on them. The 
impact from political instruments and policies was also brought up as something which causes 
uncertainty and therefore needs to be accounted for in the investment decision. This can for 
example involve the development of the emissions trading system, energy and fuel taxes or 
regulations of emissions in the energy industry. 

  



  
 

60 
 

Methodology for evaluation 
In Table 10 below the perspective Methodology for evaluation is presented. 

Table 10: Factors classified as Methodology for evaluation 

Perspective Sub-category Factor 
M

et
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r e
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Economy Difference calculation 
Capital budgeting 

  
Environment Quantification of 

parameters 
 

Cross-categorical 
over economy 
and environment 

Prognosis 
Organisational adaption 
Strategic importance 

 

As seen in Table 10, the sub-categories are not consistent from the empirics. Neither are the 
factors in the sub-categories as in the empirics. This is because the methodologies tend to be 
used both for economic and environmental evaluation. In the following text these factors will 
be explained. 

Economy 
In the following paragraphs the methods used in the industry to evaluate economic criteria of 
evaluation are presented. 

Difference calculation 
In the empirics, it is shown that difference calculations are done for every investment to 
compare the investment case to a case without the specific investment. Both cases should in 
the long-term achieve the same result, which implies other investments in the latter case. In 
addition, the empirics show that an investment case is also compared to not investing at all. 
For the comparison, a simulation program should be used to evaluate the economic 
performance for the business with regards to changes in operation for an investment case. The 
empirics also showed that an investment can only be allowed to be part of an economic 
comparison between alternative investments if it meets the set requirements on environment 
and functionality. 

It is shown in empirics that difference calculation is done for every investment. However, the 
concept of evaluating the differences between consequences of an investments compared to 
other investments or no investment at all is very wide. The underlying methodologies used to 
calculate these differences are mentioned under the factor capital budgeting. 
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Capital budgeting 
Capital budgeting was used by several of the interviewed companies and involved the 
common methodologies of NPV, IRR and Payback calculations to evaluate the profitability of 
different investments. An important factor here is to use an appropriate economic life for the 
investment in these calculations. Investors should also look at their cost of capital to ensure 
that the calculations reflect the actual costs of the investment for the company. Further a 
wider estimate can be made of how this investment over time will affect the profitability of 
the entire company. 

Environment 

In the following paragraph the methods used in the industry to evaluate environmental criteria 
of evaluation are presented. 

Quantification of parameters 
The effects of an investment on the emissions from the DHS are something an investor should 
quantify to estimate how the operations will benefit from the investment. This should consider 
not only the emissions from the investment but also how the overall operations of the DHS 
can be modified and thereby how the emissions will change for the whole company. This can 
be done through simulations of the DHS with the investment in place to evaluate how 
operations over time will be changed.  

Cross-categorical over economy and environment 
In the following paragraphs the methods used in the industry to evaluate criteria which 
combine economic and environmental factors of evaluation are presented. 

Prognosis 
For an investment with a long time-frame prognosis is presented as especially important in 
the empirics. This factor is what enables the evaluation of the cash flows to determine if the 
aggregated cash flow will be positive or not as well as any significant impact on profitability 
which future changes of circumstances may have. These prognoses and their included changes 
also incorporate environmentally derived factors, such as environmental regulations. 
However, a prognosis is never expected to be correct but act as guidelines to enable 
calculations. Further, a prognosis is often scenario-based to handle the uncertainties which 
may deviate from the most likely outcome. The different scenarios are then evaluated through 
risk and sensitivity analyses. 

One methodology to reduce uncertainties for a prognosis is in the empirics shown to be that 
experts are used. These experts are either within the company or external. However, there 
seems to exist a common understanding that a prognosis becomes more reliable when made 
by the one with most insight. 

Organisational adaption 
Large investments have by the empirics been shown to involve many levels of the 
organisation and to involve different types of decision-makers depending on organisation. If 
the company is municipal, political decision-makers will be involved in the investment 
decision partly through the executive board of the company and partly through the municipal 
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council. If the company is public or governmental, the investment process will go through a 
structured stage-gate process on different levels of the company to finally end up in the global 
board of the company. Whichever type of organisation, the many steps of the process 
expresses the need for a pedagogical presentation of the investment. This for the process not 
to become too long and complex so that the investment decision cannot be made.  

Strategic importance 
From the empirics, a ranking of different investment options’ strategic importance is shown to 
be a tool to create space in the budget and business plan for one investment instead of another. 
A pedagogical way to do this was introduced by Jesper Baaring as quantification of the 
investments strategic importance. The methodology is to assign every investment a number 
from one to five depending on how well it contributes to the fulfilment of a specific goal. This 
is then repeated for numerous goals. The methodology enables easy comparison between 
investments and their strategic importance (Baaring, 2017). 

The factor strategic importance builds further upon the factor organisational adaption since 
the pedagogical presentation of one investment’s strategic importance over another is the 
main outcome from this part. It is also related to several previously mentioned factors 
regarding the future development of the energy industry. This development is in large what 
dictates the factors which will be of strategic importance going forward. These are for 
example availability and pricing of fuels, competition from other heating technologies and 
climate change to name a few. These are in turn described in more detail previously in the 
Investment framework. 
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5. Discussion 
In the parts of the report that follow here, the results of the study are discussed. Firstly, the 
final investment framework is presented in Summary of results. Secondly the validity and 
reliability of the results are discussed in Validity of results and Reliability of results. Thirdly, 
the investment framework is expanded with factors which can be considered in an investment 
decision for large-scale UTES. This is done in Expanded investment framework. Lastly, the 
results are evaluated in comparison to the purpose of the study in Purpose fulfilment.  
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5.1. Summary of results 
In Table 11 the complete investment framework is presented showing the factors for decision-
makers to investigate before an investment in large-scale UTES. These factors have been 
developed further in the previous section of the report, Results. 

Table 11: Investment framework for large-scale UTES 

Perspective Sub-category Factor 
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 Economy Profitability 
Changes to production 
Risk 
Electricity price 
Large-scale UTES as cold storage 
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Risk 
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Capital budgeting 
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over economy and 
environment  

Prognosis 
Organisational adaption 
Strategic importance 

 

In Table 11 it can be seen that the actors in the DH business which have been represented in 
our interviews have a broad understanding of both the necessary factors in the DHS and the 
criteria for evaluation for large-scale UTES. It is shown that the interviewees have insight into 
the complexities which occur when evaluating the effects of an investment in large-scale 
UTES. This presented itself in how they could provide insightful and nuanced answers to the 
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questions and follow-up questions that we posed with support from our interview template. 
Apart from the interviewees’ general knowledge of the DH business, an important factor that 
most likely affected their understanding is that they previously had been informed about the 
Skanska large-scale UTES. Further, this means that the combination of their knowledge of the 
DH business and large-scale UTES enables them to critically reason about investing in the 
technology. The results also showed that certain evaluation factors were seen as more 
important than others. Profitability was for example almost unanimously seen as an essential 
factor to achieve for an investment, as was the fact that the investment must benefit the 
operations in terms of reaching the organisation’s environmental goals. Another unanimously 
mentioned necessary circumstance to have in place was the availability of heat to store in the 
large-scale UTES which was cheap and either recycled or fossil-free. 

The complete framework, presented above in Table 11, shows the factors for decision-makers 
to investigate before an investment in large-scale based on the results from our empirics. The 
investment framework can therefore not claim to be completely exhaustive. The table shows 
the factors, but does in itself not describe the definition of them, which is instead presented in 
the Investment framework section under Results in the report. The investment framework 
rather presents an overview of the factors which impact an investment in large-scale UTES, 
without ranking them compared to each other in regards to importance. An indication of how 
common they are for consideration can be seen in how many of the interviewees have 
mentioned a certain criteria in Empirical findings under Results. The text in Empirical 
findings further gives an explanation of how the interviewees reason about the factors and 
their importance. The overview of the investment framework concerns the factors on a 
system-level of the technological solution, and thereby disregards detailed technical 
specifications. This allows users of the investment framework to focus on the broader 
perspective when evaluating an investment in large-scale UTES, instead of the countless more 
detailed features of both large-scale UTES and the surrounding circumstances. This means 
that the framework can be seen as a complement to a more technical evaluation of 
construction and connection of a large-scale UTES to the DHS. The system-level of the 
investment framework and the various different factors it covers also means that it neglects to 
describe more in detail how and with what methods an investor should specifically evaluate 
these factors. 

5.2. Validity of results 
Our study consisted of empirics from semi-structured interviews with ten interviewees which 
are all professionals within the DH industry in Sweden. This number of interviews is rather 
limited and thereby also limits the generalisability of our findings. This is since perspectives 
from especially other organisations than those interviewed are missing, but also from people 
in other roles which may have been able to provide additional insights than to those in our 
empirics. Without the non-responses in our study more perspectives from business 
development, production and management could have been added to the empirics, even 
though these roles are by at least one person represented in the empirics. The number of 
interviews is limited by both the available time frame and the willingness for people to take 
time to participate in an interview. This illustrated itself in that several people which were 
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contacted concerning interviews chose not to participate in the study. This occurred even 
though all in some way had previous insight into large-scale UTES and the product 
development done at Skanska, and thereby presumably an interest. This is of course subjected 
to priorities by people in their work, but nonetheless illustrates the difficulties in obtaining 
interviewees for a study. The fact that all interviewees also previously had been informed 
about the Skanska large-scale UTES may affect the results from our interviews. Pre-existing 
knowledge about the product means that the interviewees could provide deeper insight into 
the complexities of investing in large-scale UTES and how it should be integrated with the 
DHS. With interviewees that are not as knowledgeable in the subject the interviews risk not 
providing meaningful insights. The relevance of this showed itself in that even in some of our 
interviews it was in some cases difficult to obtain deeper levels of insight. However, previous 
information from Skanska may also mean that the interviewees are not completely impartial 
to us as interviewers. This is since we, for some of the interviewees, as master thesis students 
at Skanska, represent the potential seller of a future investment. This may affect the 
interviewees’ willingness to mention risks and weaknesses in Skanska’s UTES, either towards 
exaggeration or the opposite. 

The roles of the interviewees differed between Business development advisor, Production 
developer, Energy system analyst, Development engineer, CEO, Project manager, Project 
engineer and specialist. This shows the wide spread of roles the interviewees have at their 
companies and thereby the information they can be assumed to have about large-scale UTES 
and the DHS. Despite this variation in roles, they all in some way are involved in a potential 
investment decision which involves large-scale UTES which ensures that their insights are of 
value to the study. These varied roles mean both that more varied perspectives of the 
phenomenon can be obtained, since different roles in an organisation can have different 
knowledge. However, it also means that a comparison between different organisations and 
their method of working is more difficult. Further, reliably presenting a detailed and 
completely generalizable method for how DH companies evaluate investments is not possible. 
Instead an overview of factors to consider is presented in Summary of results. This is both due 
to the varied roles of the interviewees and their sometimes lacking insight into these processes 
as well as the limited time at our disposal for each interview. This limited time affected the 
depth that could be achieved in the interviews and thereby the amount of details of the 
processes which could be described. 

5.3. Reliability of results 
The interviews that were conducted as the major part of our study were of a semi-structured 
type in order to gain qualitative findings on the multi-faceted issue of how organisations 
evaluate an investment in large-scale UTES. The advantage of semi-structured interviews is 
that they allow for flexibility in what they cover based on what the interviewee says and 
thereby can uncover new dimensions to the phenomenon which the researcher has not 
previously considered. However, a disadvantage is that this type of interview requires the 
interview to develop to a good conversation with a flow to ensure that a certain depth is 
reached. The task of ensuring this development of the conversation lies on the interviewer 
during the interview. This means that different interviews can vary in how well they show the 
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true perception of the interviewee in all predetermined areas. This was for example illustrated 
in that only eight of ten interviewees mentioned the aspect Clearly stated environmental goals 
exist for the organisation in the results. However, for the two interviewees who did not 
mention this other interviewees in the same organisation did. This means that those interviews 
did not manage to cover an aspect correctly, since the goals evidently exist. This illustrates the 
flaw in the method concerning correctly representing the interviewee and exhaustively 
covering all interview areas to an adequate depth. This inherent flaw in the method causes the 
reliability of the study to be somewhat limited. 

5.4. Expanded investment framework 
The investment framework presented in Summary of results is based on empirics gathered 
through ten interviews with people involved in the investment decision process in five 
different DH companies. Further, the investment framework is supported by literature where 
an aspect is limited or neglected in the empirics. This is to provide an investment framework 
which collects best practice within the DH business with existing science to provide an insight 
into how an investment in a large-scale UTES should be done. However, through this 
methodology there are several factors that are neglected in the framework but that can be 
considered in the same investment process. These factors are mentioned in this part called 
Expanded investment framework. 

Long-term effects of increasing temperature 
As is shown in Investment framework under Results for the factor Heating demand the 
average surface temperature in Sweden will increase until 2100, which leads to a decrease in 
heating demand during the same period. However, this also leads to an increase in cooling 
demand and consequently an increased potential for DC. This is written about in the part 
Large-scale UTES as cold storage below. In contradiction to the overall heating demand, the 
peak heating demand will occur more often through extreme weather and become even less 
predictable than today. This changing reality for DH companies and the function of a large-
scale UTES in the new reality is written about in the part Large-scale UTES in changing 
business below. 

Large-scale UTES as cold storage 
Since the scope of this report has been DH, the factor Large-scale UTES as cold storage has 
been avoided. However, the temperature changes expected during the 21st century as is 
explained in Investment framework under Results for the factor Heating demand shows that 
the average surface temperature in Sweden is increasing. This affects the need for cooling, 
which will increase overall. It is also likely that the peak cooling demand will occur more 
often through extreme weather and become even less predictable than today, for the same 
reasons as this will apply to the peak heating demand as described by Song et al. (2017, p. 
716). Therefore, district cooling becomes interesting for the same reasons as DH is a relevant 
solution today in dense urban areas. Werner (2017) brings up district cooling as an expansive 
area that is likely to increase from the 3.6 PJ district cold deliveries of today to 10-12 PJ in 
2030 (Werner, District heating and cooling in Sweden, 2017, p. 421). In another article by 
Gadd & Werner (2015) it is shown that the seasonal variation for district cooling is as 
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dominant as for DH; estimated for both to 24% annual relative seasonal variation compared to 
4.5% relative daily variation (Gadd & Werner, 2015, p. 470). Since a large-scale UTES can 
store a significant amount of cold water, this becomes a factor that can be considered in an 
investment decision due to the potential revenues that can come from this added functionality. 
Further, Gadd & Werner (2015) show that there exists higher incentives for a daily storage 
when it comes to district cooling than for DH due to the fluctuations in temperature between 
day and night (Gadd & Werner, 2015, p. 470). This additional functionality can also be 
evaluated from a district cooling point of view. For example, with an adapted version of the 
investment framework presented in this report. However, it is important to point out that this 
has not been scientifically proven and that this will be part of the Recommendation for further 
studies in the end of this report. 

Large-scale UTES in changing business 
in Investment framework under Results for the factor Heating demand it is brought up that 
Song et al. (2017) show that the competitiveness of DH will be harmed during the 21st century 
due to decreasing profits from the main profit source base production while volatile and 
extreme peak demand increases the production costs (Song et al., 2017, p. 716). Considering 
this, a large-scale UTES to handle peak demand will have increased utilisation. Further, this is 
an interesting factor to evaluate as a mean to rid the DH business of fossil fuels. However, as 
mentioned in the Results for the investment framework factor Operations management the 
environmental aspect is only an applicable evaluation factor while a reduction in peak 
production also implies a reduction in fossil-fuel. If not true, the factor becomes exclusively 
economic. The expanded evaluation factor for this will be explained in the next area Future 
peak demand and under-utilised heat sources. 

Future peak demand and under-utilised heat sources 
As is introduced in the expanded evaluation factor Large-scale UTES in changing business a 
future without fossil fuels in DH entails a future where a large-scale UTES can be evaluated 
only from a strictly economic view. Thus, an investment decision in a large-scale UTES 
becomes a decision regarding how under-utilised heat sources can be stored at a low-cost to 
satisfy the peak demand which otherwise had been produced at a high cost. When evaluating 
changes to the demand side, more specifically the peak demand in the own DHS, one factor to 
consider is low temperature DH. When evaluating changes to the supply side, one factor to 
consider is how the production capacity in the DHS will change. In this part of the Expanded 
investment framework, the potential impact from changes in peak demand on an investment 
decision in large-scale UTES will be the sole focus and is written about in Large-scale UTES 
and future peak demand. Under-utilised heat sources on the supply side are already written 
about in Investment framework under Results for the factor Available heat. However, it is 
important to point out the fact that new technologies such as low temperature DH open the 
possibility for more residual heat to be utilised (Ottosson et al., 2012, p. 8). In addition, 
residual heat should also be evaluated from the perspective of gaining the largest possible 
system benefit when it comes to energy efficiency. Further, the system benefit needs to be 
accounted for in choosing between potentially increasing the energy efficiency in industry or 
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utilising the residual heat from the industry in the DHS instead. This widened perspective on 
under-utilised heat sources can be used in an expanded investment evaluation. 

Large-scale UTES and future peak demand 
The peak demand is by Song et al. (2017) said to continue to exist in the future, even though 
the total heating demand is reduced when looking at climate change (Song et al., 2017, p. 
716). However, other changes to the DHS can be evaluated which affect the peak demand. 
One such potential major change to the heating demand is low temperature DH. Although this 
change is potentially accounted for by some companies already, through the assumption that 
the overall heating demand will be stable due to energy efficiency measures being equal to 
population growth, it can be important to look at the specific effect low temperature DH has 
on the peak demand. 

Ottoson et al. (2012) claim that the future of the DH business is low temperature DH due to 
the reduced heat losses and positive effects on CHP production that the well-insulated low 
temperature DHS will bring. In addition, low temperature DH opens the possibility for more 
residual heat to be utilised (Ottosson et al., 2012, p. 8). A study carried out by Harrestrup & 
Svendsen (2015) for a building block in Aarhus from 1910 and another in Copenhagen from 
1906 shows that low temperature DH in combination with energy efficiency measures can 
significantly reduce peak heating demand. With a supply temperature of 55°C and a return 
temperature of 25°C, different energy efficiency measures in the buildings are shown to 
reduce the peak demand, over an average of the five days with the highest daily average load, 
with between 30 and 70 percent. This can be compared to the annual space heating reduction 
for the same buildings which spans from 20 to 80 percent (Harrestrup & Svendsen, 2015, pp. 
234 & 236-241). This is a substantial reduction of the peak demand, which however requires 
some challenges to be overcome that need to be evaluated.  

The three main challenges in development towards low temperature DH to handle for DH 
actors are per Li & Wang (2014) firstly a reduction of system design margin, secondly 
demand side management and lastly decentralised heat generation. The first challenge to 
handle regards the large safety margin in the current DHS achieved with a high supply 
temperature and over-capacity in the DHS. For low temperature DH to benefit the system the 
reliability needs to be kept constant, while the system design margin needs to be reduced to 
minimise heat losses and investment costs (Li & Wang, 2014, p. 1473). The second challenge 
to work with is how a smaller installed capacity can satisfy customer demands. For this, 
customers heating demands need to be decreased through both major building renovations and 
demand side management (Li & Wang, 2014, pp. 1473-1474). The last challenge is the 
change of the business from large and easily controlled production units to a DHS based on 
small and distributed heat sources that are to a wide extent renewable and intermittent. To 
handle the inevitable mismatch between supply and demand for heat, a solution which can 
move heat from when it is produced to when it is needed can be considered. The authors state 
that an option for this is a TES (Li & Wang, 2014, p. 1474). Since this area circles back to the 
need for TES regardless of low temperature DH’s effect on the peak demand this is an 
important expanded evaluation criteria to consider when investing in large-scale UTES. 
Therefore, this will be part of the Recommendation for further studies in the end of this report. 
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The future of DH and the business case for large-scale UTES 
In the processing of the empirics, many smaller aspects have been neglected that were only 
mentioned by a single or a few interviewees. These aspects are of various kind but all 
consider The future of DH and the business case for large-scale UTES. In this part, these 
aspects will be supported by literature in order to become relevant factors that can be 
considered in an Expanded investment framework. The first factor is Future for DH business, 
which is about how the relevance of the DH business can be evaluated for the 21st century. 
The second factor is Widened business case for large-scale UTES, which goes into potential 
solutions to increase the possibility to invest in a large-scale UTES. 

Future for DH business 
For a large-scale UTES to be a potential investment a holistic evaluation of the future for the 
whole DH business can be necessary. Since the investment has a technical life ranging over 
the 21st century, the DH business could possibly be evaluated for the same period. In addition 
to the decreasing heat load due to increasing outdoor temperature and energy efficiency 
improvements, public policies have a large influence on the DH business. In an article by 
Magnusson (2012) it is shown that public policies have historically been beneficial for DH in 
comparison to other heating technologies. However, the “nearly zero energy buildings”-
policies that recently have been created to better the energy performance of buildings makes it 
less advantageous to choose DH over other technologies in new buildings. These policies are 
becoming stricter, which increases the difficulties for DH companies to have their product 
sold and installed in new buildings. However, existing buildings are expected to continue to 
use DH but since these buildings will also become subject to the energy efficiency policies the 
demand for DH will be lower for these customers (Magnusson, 2012, p. 457). This shows the 
importance for the DH business to show its relevance to policy-makers so that long-term 
political instruments will be designed beneficially for DH or at least technology neutral.  

To evaluate the potential for long-term political instruments to be designed beneficially for 
DH or at least technology neutral is difficult due to the unpredictability of politics. However, 
literature analysing the socio-economic future of DH can be looked to for hints on how 
scientists see on the future of DH. One such report is written by Pädam et al. (2013). In the 
report, it is shown that when comparing a scenario with DH to a scenario without DH in 2030, 
the latter scenario gives significantly higher socio-economic costs than the first scenario. The 
largest difference between the scenarios is the utilisation of heat from waste incineration in 
the first scenario and the increased dependency on a large expansion in wind power for the 
second scenario. These differences are also highlighted as especially important. The 
utilisation of otherwise spilled heat through utilisation of heat from waste incineration for use 
in DH is of major importance for waste management in Sweden. Also, the utilisation of 
residual heat from industries is a utilisation that reduces costs for industries and creates 
revenue for them. The increased dependency on electricity for heating purposes in the 
scenario without DH creates large dependency on an increase in wind power production. 
Also, to remove DH as an infrastructure system increases the electricity demand on an already 
strained electricity system. Further, this implies increased vulnerability for Sweden when one 
system is forced to handle the functions that two systems earlier handled; electricity supply 
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and heating supply (Pädam et al., 2013, pp. 10-11). From this report the future for DH seems 
bright due to the lower socio-economic costs and lower vulnerability to society with DH. 
However, the DH business and scientists involved in DH will need to spread this picture to 
policy-makers for the business to keep its relevance in the future. Therefore, this will be part 
of the Recommendation for further studies in the end of this report. 

Widened business case for large-scale UTES 
In the empirics, it was shown how the large size of an investment in a large-scale UTES 
created difficulties to invest in the product for smaller DH companies. However, solutions to 
this were not discussed. One such solution identified is the potential for regional cooperation. 
Further, an investment in a large-scale UTES is in the empirics shown to be difficult even for 
a large organisation. However, one way to overcome this is if the potential repeatability of the 
investment is high. This can be considered either within larger DH companies with several 
DHS or on a state level, but is difficult for municipal DH companies. However, there is little 
support for this in literature. Thus, this will be part of the Recommendation for further studies 
in the end of this report. 

Regional cooperation is in a report by Nohlgren (2017) suggested to be done for cost 
efficiency reasons in Sweden. However, the methods for increased cost efficiency are shown 
to vary. Two such methods are presented: Firstly, regional cooperation due to a fusion of DH 
companies or due to that one DH company acquires the other because of economies of scale. 
Secondly, regional cooperation due to possibilities of increased utilisation of residual heat 
(Nohlgren, 2017, p. 28). A regional cooperation can be evaluated as a solution to decrease the 
size of the investment for an individual DH company and then be compared to the smaller 
benefits received from the large-scale UTES. 

5.5. Purpose fulfilment 
The purpose of our study was to through an exploratory study present an investment 
framework consisting of different factors to investigate before investing in a large-scale 
UTES. Through the research questions the aim was to reach this purpose and to provide an 
empirical contribution to science. The expected contribution was to create a framework for 
decision-makers based on experience from the industry and support from scientific literature.  

The main outcome from the study is an investment framework which consist of different 
factors to investigate before an investment in large-scale UTES, thus to be used as decision 
support. This is achieved as stated in Purpose. However, the definition of an investment 
framework can be discussed as to whether the categorised and perspective-sorted presentation 
of factors which we have created is in fact a complete framework. The limited number of 
interviews also means that these factors cannot be said to be generalizable for the whole DH 
business. 

In conclusion, the study has been exploratory into how DH companies reason regarding an 
investment in large-scale UTES. One of the expected contributions was for this framework to 
function as decision-support for investors in large-scale UTES. In regards to this the 
framework does present important factors to consider for investments in large-scale UTES, 
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some of which are relatively general for most investments and others which are more specific 
for large-scale UTES. These factors and the methods that underlie their evaluation are 
however not explained in deeper detail since that level of depth was not achieved in the 
interviews. This lack of depth means that the investment framework provides an overview of 
the different factors rather than deep insights into the investment decision-process. This likely 
limits the usability of the framework as a tool for decision support for actors with limited 
knowledge in the DH business. This affects one of the expected contributions of the study. 
However, the investment framework can provide insights and be used for general evaluation 
of the suitability for large-scale UTES in a DHS which was also part of the expected 
contribution.  
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6. Conclusions 
The combined findings from the empirics and literature in this study show that the issue of an 
investment in a large-scale UTES for the DHS is complex and requires evaluation of multiple 
aspects. The empirics show that for DH companies, profitability in investments is essential. 
Thus, profitability is a requirement for any investment. Further, all investments made by DH 
companies must positively impact the company’s ability to reach the environmental goals that 
are set up for the organisation. These goals most often relate to a reduction in use of fossil 
fuels and thereby a reduction of emissions of carbon dioxide. This is shown, together which 
economic factors, to be two powerful steering mechanisms which DH companies evaluate 
investments in terms of. The main function of a large-scale UTES is seasonal storage. For it to 
be achieved in an economic manner there has to be cheap heat available for storage in the 
large-scale UTES during periods of low heat demand i.e. summer. This is to ensure the 
profitability, which requires the cost in the DHS of stored heat to be lower than the cost of the 
production it replaces. In relation to the previously mentioned need to reach environmental 
goals, the stored heat also has to be considered compatible with the current environmental 
goals. 

In addition to the seasonal storage, an important aspect which has been brought forward is the 
possibility for large-scale UTES to provide flexibility in operation by reducing the need for 
expensive starts and stops of heat plants. Adding to this, large-scale UTES can also reduce the 
overall utilisation of expensive peak production facilities in the DHS. In relation to this the 
size of the DHS also matters; a large DHS ensures that the peak demand, which occurs during 
relatively few hours, contains significant energy amounts for the large-scale UTES to create 
enough revenue to be profitable. The overall excess in conventional production capacity, 
which is required to satisfy this scarcely occurring peak demand, impacts the profitability in 
peak load production facilities since their utilisation rate is low. With large-scale UTES this 
peak demand can instead be satisfied from the storage and thereby the heat plants achieve a 
higher utilisation rate. An added benefit of this is that it enables DH companies to become 
more efficient in their operations. Becoming more efficient is seen as necessary for sustained 
profit levels due to the competition from electric heat pumps that make price increases to 
customers close to impossible. The revenue for a DH company can also be increased with a 
large-scale UTES since it can allow the DH company to operate their CHP plants to maximise 
the revenue from electricity sales, instead of having to adapt to heat demand. To summarise, 
the more situations in which a large-scale UTES can be used throughout the year, the higher 
the energy turnover will be and thereby the revenue.  

A challenge with investing in large-scale UTES is the difficulty to estimate the development 
which will occur in the energy industry over the expected life time of the large-scale UTES. 
Since the Skanska large-scale UTES is expected to have a life time of 100 years this is a very 
long perspective to evaluate. Especially it is difficult to evaluate some aspects over the length 
of time such as available, desirable and affordable fuels, changes to the energy system, energy 
efficiency development and development of climate change. These factors are likely to be 
influenced by politics and regulations. In order to stay informed, it will therefore be important 
to consider the development proposed in scientific literature. This is especially important in 
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regard to choices of fuel for heat production as environmental regulations may affect the 
general acceptance and economy in different fuels, such as what waste will be acceptable as 
fuel in waste incineration. In addition, for an as comprehensive view of the future as possible 
it is important to look at what reliable energy organisations such as IEA predict will be the 
development. These factors therefore need to be considered when choosing heat sources for 
the future. 

Lastly, the investment in a large-scale UTES is of such a significant size that it by its own 
becomes a large part of the balance sheet. Further, this poses a risk for the entire business and 
especially for smaller DH companies. This risk limits the possibility for smaller DH 
companies to invest. However, it also creates an incentive for cooperation between different 
actors in regional cooperation and to seek financial support externally to finance the 
investment in a large-scale UTES.  
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7. Recommendations for further studies 
Throughout this study the limitations of it have become evident. One main limitation of the 
study has been the focus on the DH business in Sweden today. As has been mentioned in the 
Discussion there exist five identified areas which can be studied further to be used as 
additional decision support for an investment in large-scale UTES.  

The utilisation for a large-scale UTES to be used as a cold storage for district cooling should 
be considered since the double functionality increases the revenues for the storage. It is also 
likely that the presented investment framework with focus on DH can be adapted for use to 
evaluate an investment in large-scale UTES with focus on district cooling. However, this 
needs to be studied further. 

The investment framework shows that peak demand is an important factor to evaluate for an 
investment in large-scale UTES. Further, the peak demand is in science considered to 
continue to exist regardless of changes in demand and new technologies such as low 
temperature DH. This study shows the benefit of large-scale UTES in the context of this 
expected development. However, the change for the DH industry generally is neglected and 
should be studied further. For example, one effect on the business to consider is the DH 
companies’ excess capacity today which with a decrease in heat demand will be utilised even 
less in the future but still a necessary capacity to keep redundancy and satisfy peak demand. 

The report shows a need for business case to be considered when evaluating a large-scale 
UTES. Regional cooperation and repeatability of the solution are mentioned as factors that 
would be interesting to consider for an investment in large-scale UTES. Scientific literature 
regarding regional cooperation for the investment in large-scale UTES or how repeatability of 
a large-scale UTES benefits the business case is today non-existent. Therefore, these areas 
need to be studied further for any certain conclusions to be made. 

The report has proposed an investment framework which shows an overview of factors to 
consider for investments. However, a detailed methodology for evaluating these factors has 
not been presented. To amend this limitation more studies would need to be conducted into 
the details of investment- and evaluation methodologies in the DH business. 

It is also shown in the report that the future for DH seems bright due the lower socio-
economic costs and lower vulnerability to society with DH. However, the low electricity 
prices, energy efficiency policies for buildings, an uncertain future etc. harm the DH business. 
Studies are needed on which political instruments are required for the survival of the DH 
business so that policy-makers can be influenced to create these instruments accordingly. 
Otherwise, long-term and large-scale investments such as a large-scale UTES will be difficult 
to make. 

x  
x  
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9. Appendix 
9.1. A - Interview questions 
x What is necessary in the DHS for a TES to be possible and reasonable? 

o Size 
o Functionality 

� Power or energy? 
o Heat source? CHP, Bio heat, residual heat etc. 
o Low-temperature DH? Generation 4? 

x Imagine that you have a TES in your DHS, what benefits do you see with a TES in 
your DHS? 

o New heat sources to utilise? 
o What happens with peak-level heat plants? 
o How much can the production hours in current heat plants be increased? 
o Do you see any significant risks in the system related to connection and 

operation of a TES? 
x  How do you evaluate different investment options in the process leading up to an 

investment decision? 
o Multi-criteria analysis? 
o What criteria of an investment are evaluated? Economy, environment, system 

benefit etc. 
o Calculation methods? 
o Decision process? 
o Strategic importance of the investment? 

� Future-aspect? 
x What is your current situation when it comes to investments? 

o Renovation of currently existing facilities? 
o New peak production-plants? 
o New base load-plants? 
o Integration of more residual heat? 
o Expansion to new geographical areas? 
o Can TES be seen as an alternative or complement to these investments? 

  



  
 

83 
 

9.2. B - Interviews 
In this section, the interview syntheses from the ten interviews that we held will be presented.  

B1 - Interview with the Vattenfall-representative (The Vattenfall-
representative, 2017) 
This interview-synthesis is made from an interview with an employee at Vattenfall Business 
Unit Heat in Solna on 2017-04-05. The person has chosen to be anonymous and is in this 
report referred to as the Vattenfall-representative. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x The DHS must have a suitable size to handle the additional production capacity from a 

TES. 
x The DHS must be large to handle the size of an investment such as a TES. 

Energy to store 
x Low-cost energy to store for example from waste incineration and bio-fuels today. 

TES function in DHS 
x TES should provide energy as a base production facility in the DHS and must 

therefore have high reliability. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x The profitability and the strategic importance of an investment is always part of the 

investment decision. 
x There are risks related to being the first with a new technology. For example if the 

solution works as well in reality as in theory or the costs for operations and 
maintenance. 

x The size of the investment in TES is a risk by itself. 
x Competition from heat pumps is tough. Further it is difficult to compare heat pumps to 

DH due to the methodologies used by customers differ and also are other than those 
used of the company. The central assumptions in the calculations that affect the result 
the most are regarding electricity price development and cost of capital. 

x TES can replace other base production facilities. Further, it is not reasonably priced to 
be used to satisfy power demand. 

Environment 
x If a significant environmental benefit is related to the investment, this can affect the 

investment decision in addition to economic factors. 
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x A TES is by itself seen as climate-neutral. 
x Carbon dioxide-emissions should be below 200 000 tonnes per year by 2020. This 

goal is directly related to the reduction peat in Uppsala where this is also a 
collaborative goal with the municipality. 

x The company goal is to be carbon dioxide-neutral by 2030. This goal is directly 
related to management of waste incineration. The company is currently looking at the 
strategy to accomplish this goal. 

Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x An overall assessment of risks and future potential are done prior to an investment 

decision. Underlying these assessments are prognoses for example regarding fuel price 
development. These are developed either at a strategy department centrally in the 
company or locally depending on the time-span and type of fuel being looked at. 

x Differential calculations are used to compare alternatives with similar features and 
functionalities in the DHS and the same goal accomplishments. 

x Annual business plans are set for business area heat Sweden with goals for economic 
performance. 

x High cost- and high risk-projects such as TES end up in the risk committee with the 
CEO of the company. 

Environment 
x Annual business plans are set for business area heat Sweden with goals for 

environmental performance. 
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B2 - Interview with Mattias Lindblom (Lindblom, 2017) 
This interview-synthesis is made from an interview with Mattias Lindblom at Vattenfall in 
Solna on 2017-04-05. Mattias’ role is as Senior Business Development Advisor. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x A growing city which means growing DHS with stable or increasing heating demand. 
x A CHP which is large enough to load a TES and time during summer when a CHP can 

be used more than today by loading a TES. 

Energy to store 
x Miss-match between supply and demand, such as when residual heat in close vicinity 

to DHS occurs in summer when demand is low. 
x Apart from revision period of heat plants of 3-4 weeks during the summer there is a 

possibility to utilise heat plants more to store the heat. 

TES function in DHS 
x Storage of heat from one season to another. 
x Depending on the existing peak production capacity, the reliability of TES must be 

economically weighed to alternative solutions to see how high it needs to be in order 
to function as redundancy in the system. 

x With heat pumps connected to the TES this means that the temperature can be 
increased to provide water at the temperature which the customer requires. This 
however probably requires low electricity prices at the time the heat pump is used. 

x A main function is to even out the load in the DHS, and TES will probably mostly be 
used for base production. 

Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x Due to that DH-companies control the whole value chain in DHS they can have a 

holistic approach to investments and the economic benefit over a very long-term. 
x Economics are always an important factor, an investment must be profitable and create 

revenue. 
x Large investments are made relatively seldom, which means that the timing of an 

investment proposal is important for it to have a better chance of happening. 
x Low electricity prices today mean that the profit margins are strained for DH 

companies from two directions: both from low-cost competition in heat pumps 
meaning that DH companies need to keep their prices low and from reduced revenue 
from electricity sales from CHP plants. 
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x With a possible future scenario with more volatile electricity prices a TES could 
become very profitable. A likely development of the market is also that power 
becomes the driving price factor in the future, instead of energy. 

x Investments of this size are usually base load-production units, which means that TES 
probably would also be seen as a base-load facility. 

x There is a risk in becoming dependant on another industry to provide residual heat. 
x Risk factors are very important to investigate and to take into account for these types 

of long-term, large investments. 

Environment 
x The control of the whole value chain in DHS means that they can have a holistic 

approach to environmental considerations. 
x Today environmental considerations are always underlying decisions, no polluting 

investments could for example be made. 
x Investments today aim to secure the company’s operations for the future, a future 

which today looks like it will be green. 
Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x An investment in storage is compared to other alternative investments, the first option 

being to continue as today with as low investments as possible and a second one being 
to invest in production. 

x Thorough analysis is made of the future to understand the market development, fuel 
prices and energy prices are estimated in order to estimate future pricing and revenues 
as well as risks from the investment. 

x This analysis of the future is done through scenarios and analysis of their impact on 
the investment which is of large importance given the long life-expectancy of the 
investment since these changes may have a significant impact on the profitability. 

x The prognosis for local low-value biofuels is more difficult and risky since they are 
not traded on any major marketplace. 

Environment 
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B3 - Interview with Anna Svernlöv (Svernlöv, 2017) 
This interview-synthesis is made from an interview with Anna Svernlöv at Göteborgs Energi 
in Gothenburg on 2017-03-23. Anna’s role is as Head of Production Development. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x The storage capacity needs to be appropriate in relation to the size of the DHS. 
x The overall heat demand needs to be intact over time. 
x Significant distribution capacity is necessary to handle the storage capacity. 

Energy to store 
x Long-term access to residual heat. 
x The residual heat-suppliers are able to adapt their production, for example waste-

incineration plants. 

TES function in DHS 
x Enough capacity in TES to handle most of the available residual heat from heat 

sources connected to the DHS. 
x Possibility to even-out heat generation in power plants and increase the flexibility in 

operations and avoid short start/stop intervals. 
x Surplus of energy during one season to shift to another season. 
x High power output necessary over a sufficient period of time to handle peak load and 

thereby minimize utilisation of peak generation-plants. 

Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x New generation facilities may in general only run few hours and will therefore be 

unprofitable. 
x Possibility to run CHP based on electricity price and store heat if necessary. 
x Profitability from storage will be even more important in the future when fossil-fuel 

energy sources are non-existent and therefore cannot be replaced by stored energy. 
x Possibility to store excess energy as heat. 
x Multiple functions in the storage enable more cash-flows. 
x High operational expenses in peak production can be avoided. 

Environment 
x By 2030, the company’s energy should be fossil-free. 

Methodology for evaluation 
Main methodologies used to evaluate an investment. 
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Economy 
x Cost of capital of 9 % and economic life of 20 years. 
x Firstly the net present value is calculated, if the net present value is negative, then the 

internal rate of return is used for evaluation. 
x Differential calculations of operational expenses from different alternatives are 

compared. 
x Political influence on investment decisions of larger size through board of directors 

comprised of municipal politicians or municipal council which decides upon the 
investment. 

Environment 
x Quantification of reduction of carbon dioxide-emissions. 
x Local emission parameters evaluated, such as nitrogen oxides and sulphur oxides. 
x Political influence on investment decisions of larger size through board of directors 

comprised of municipal politicians or municipal council which decides upon the 
investment. 
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B4 - Interview with Pär Mann (Mann, 2017) 
This interview-synthesis is made from an interview with Pär Mann at Göteborgs Energi in 
Gothenburg on 2017-03-23. Pär’s role is as Energy System Analyst. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x Stable and increasing heating demand from city expansion outweighing increased 

energy-efficiency. 
x An overall surplus of energy needs to exist in the system. 
x There must be available residual heat and more residual heat from waste-incineration 

must be available. 

Energy to store 
x Cheap heat from either residual heat or increased production in combined heat and 

power (CHP) plants especially during summer. 

TES functionality in DHS 
x TES to even-out differences in load. 
x Must be able to deliver the power needed during peak demand, the power reserve must 

be as large as the largest generation facility in the DHS to keep the necessary level of 
redundancy and replace peak production facilities. 

Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x Price elasticity and price-prognosis of residual heat is based on feeling from 

negotiations, increased demand and tougher negotiations may increase price in the 
future. 

x Economic criteria for evaluation are the most important when making an investment 
decision. 

x The number of operating hours for new facilities is estimated to be limited, in 
combination with an excess of capacity today this implies that new investments will 
not be profitable. 

x The customers have a large influence, and interest in, the strategic direction of the 
company and are therefore prone to share costs related to investments towards this 
strategic goal. 

x Demand in DHS must be satisfied at the same time as there is a need to replace peak 
production due to these facilities reaching their technical life-expectancy. 

x TES means that expensive heat generation can be reduced or avoided completely in 
the DHS. 
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Environment 
x The customers have a large influence, and interest in, the strategic direction of the 

company towards fossil-free heating. 
x The requirement to reduce the use of fossil fuels to become fossil-free by 2030 is the 

most important environmental goal. 
x The ability for the storage to reduce the use of peak generation. 
x This is a necessary criteria since investments in the heating business currently seldom 

are profitable. 
x TES means that polluting heat generation can be reduced or avoided completely in the 

DHS. 
Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x Calculations are made with a status-quo perspective that neglect the many facilities 

that will be closed during the economic life of the investment as well as regulatory 
control measures and how they develop. 

x The calculations include cash-flow analysis, net present value etc. used for evaluation. 
Pay-off method can also be used as well as to look at how the decision will affect the 
overall economic result of the company. 

x Risks are now beginning to be quantified and calculated so that the company can 
calculate the cost or benefit for every risk that the investment may eliminate, reduce or 
add. 

x All investments are compared to an alternative investment and to not investing at all. 
x Software called MARTES used for prognosis. 

Environment 
x It is presented how an investment will affect the emissions from the system. 
x This factor is part of the decision, but is not included as numbers in the calculations. 
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B5 - Interview with Lennart Hjalmarsson (Hjalmarsson, 2017) 
This interview-synthesis is made from an interview with Lennart Hjalmarsson at Göteborgs 
Energi in Gothenburg on 2017-03-23. Lennart’s role is as Development Engineer in DH. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS Characteristics 
x An appropriate size of the DHS is needed for a TES to be possible. This can be based 

on the amount of wasted residual heat or heat production that needs to be shifted 
between seasons in the DHS. 

x A sufficient transmission capacity is needed to handle a centrally located TES in the 
DHS. 

Energy to store 
x The two main residual heat sources are waste incineration and industries should be 

considered stable in the long-term. 
x Accessible and cheap heat must exist or possibly be generated, especially during 

summer. 

TES function in DHS 
x For maximum benefit TES should function as a replacement for peak generation. 
x TES must provide appropriate output temperatures, especially at really low outdoor 

temperatures. 
x TES must be able to move production from one season to another to satisfy the heat 

demand. This is the single most important functionality. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x A large price difference between the moment when TES is charged and discharged is 

necessary. If more expensive production is replaced a higher price to charge the TES 
is acceptable. 

x The cost of high expense production replaced by TES. 
x Avoided maintenance of facilities with a TES. 
x Replacement of the high expense facilities with a TES. 
x The benefit when combined heat and power (CHP) facilities can be optimised to for 

maximum value from electricity production. Heat can be stored in TES. 
x Investment decisions need to be aligned with the overall strategic goals, thereby an 

investment is not allowed to be unprofitable. 
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Environment 
x Strategic goal is to be fossil-free by 2030. Therefore a want is for the fossil-based peak 

production to be replaced. 
x Strategic goal to phase-out chemicals. However, no larger impact on investment 

decisions. 
x The future of residual heat needs to be evaluated from the point that the public view 

can shift to a negative view regarding waste incineration and residual heat from 
refineries. However, this risk is considered small at the moment. 

x Future possible heat sources can be considered interesting for the investment decision, 
for example solar heat and power2heat. However alone this parameter will not be a 
reason to invest in a TES. 

x If an investment moves the company closer to achieving strategic environmental 
goals, the economy of the investment is less important. 

x Investment decisions need to be aligned with the overall strategic goals focused on the 
environment. 

Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x The return on investment is compared to the company’s cost of capital of 9 % for an 

economic life of 15 to 20 years depending on the investment. 
x Martes by Profu is used to simulate economic performance for the DHS with the 

investment and changes in operations that follow. The result is compared to the cost of 
capital. (Martes is a widely used simulation tool in the DH-business.) 

x Politicians and citizens of Gothenburg steer the overall direction of the company, 
evaluation of investments and priorities when investing through the board of directors 
and the municipal council. 

Environment 
x Martes by Profu is used to simulate environmental performance for the DHS with the 

investment and changes in operation that follow. 
x Politicians and citizens of Gothenburg steer the overall direction of the company, 

evaluation of investments and priorities when investing through the board of directors 
and the municipal council. 
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B6 - Interview with Lotta Brändström (Brändström, 2017) 
This interview-synthesis is made from a telephone interview with Lotta Brändström at 
Göteborgs Energi on 2017-03-29. Lotta’s role is as Group CEO. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x The DHS should be robust enough to handle a failure in the largest production facility. 

Energy to store 
x Residual heat, which is spilled if not stored especially during summer as well as 

increased waste incineration. 
x Increased use of base production facilities such as upcoming a combined heat and 

power (CHP) facility fuelled by biomaterials. 

TES function in DHS 
x Reduce the use of peak production. 
x With different storage functions, from daily to seasonal storage, the operation of 

production facilities can be optimised to minimise start/stops and to minimise fuel 
costs. 

x A TES increases the robustness of the DHS. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x Facilities located in attractive geographical locations can be removed and the land 

sold. 
x Expensive peak production facilities can be avoided and cheaper production facilities 

used more. This is needed due to increasing costs related to peak production facilities 
and the fact that the facilities are increasingly unreliable. 

x The larger price difference between charge and discharge of TES the larger economic 
benefit. 

x TES can be used to satisfy power demand, which in the future will be beneficial due to 
the likely upcoming change from prices based on energy to power demand. 

x Tough competition, especially from heat pumps, means that there is small or no 
possibility to increase prices. Important at the same time to invest. The company 
therefore needs to become more efficient. 

x The company reputation is closely connected with a good rate of return as well as low 
prices. 

x With a TES many starts and stops in the heat production can be avoided. 
x District cooling can be seen as a benefit with a TES. 
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x A TES needs to be robust technically in the system as well as regarding future 
regulations and other surrounding factors. 

Environment 
x Customers request environmentally friendly heat production, which means that the 

company must phase out the fossil production such as oil-boilers used for peak 
production. However, the customer are not willing to pay a premium price for this. 

x Sustainability requirements are included in every investment decision. 
x Important to keep a good image. Therefore important to adapt to customer 

requirements. 
Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x The production system is evaluated over time through sensitivity and risk analyses. 

Energy and power needs are included as well as changes to and the phase-out of 
production facilities. 

x Simulations are made to evaluate the investments effect on the economic performance 
of the DHS. 

x The marginal benefit of a specific investment is calculated. 
x Short- and long-term investment plans are broken down in business plans for shorter 

time periods. 
x Investments decisions of TES size end up in both the partly political executive board 

of the company and the political municipal council. However political, the direction of 
the company has changed little since the last mandate period. 

Environment 
x The production system is evaluated over time through sensitivity and risk analyses. 

Energy and power needs are included as well as changes to and the phase-out of 
production facilities. 

x Simulations are made to evaluate the investments effect on the environmental 
performance of the DHS. 

x Investments decisions of TES size end up in both the partly political executive board 
of the company and the political municipal council. However political, the direction of 
the company has changed little since the last mandate period. 
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B7 - Interview with Mats Tullgren (Tullgren, 2017) 
This interview-synthesis is made from a telephone interview with Mats Tullgren at E.ON 
Värme on 2017-04-07. Mats’s role is as Senior Project Manager. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x Some limitations in the production and large differences in production costs between 

seasons must exist to motivate moving energy from one season to the other. 
x A larger city where the growing city causes an increased or stable heat demand despite 

increased energy-efficiency in buildings. 
x TES is suitable for a DHS of larger size since the peak and medium demand only 

occurs during relatively few hours and therefore becomes a significant energy amount 
only for a large DHS. 

Energy to store 
x Residual heat and increased waste incineration during summer could be used for 

storage, even though a shorter revision period is needed for waste-incineration plants, 
as well as permits for increased waste-incineration. 

x Excess energy which is in close connection to the DHS, such as industries and 
buildings, could be stored over seasons. 

TES function in DHS 
x TES can be used for delivery of both energy and power to the DHS by storing heat 

between the seasons. 
x With TES heat from base production can be stored which means an overall increase in 

utilisation of base production over the year. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x A challenge with TES is that the size of the investments runs the risk of eliminating 

the benefits of the investment. 
x Must be an attractive business case which has the possibility of being done in more 

than one place for increased profitability. 
x The differences in production costs between seasons must be large enough to motivate 

storage of energy between seasons, including losses in storage. 
x Negative operational costs for waste-incineration heat plants also mean a double 

benefit from increased production. 
x With TES the need for new investments or re-investments in production facilities can 

be reduced. 
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x The combination of a recent history of bad investments in the energy sector due to 
technology shifts as well as a current shift toward more small-scale, distributed 
solutions closer to customer mean that there is currently scepticism against large 
investments in the energy industry, easier with a portfolio of smaller investments. 

x The strategic risk/benefit from an investment in the long run is looked at, which is 
more difficult the longer the time-frame, this takes into account the development of 
customer demand as well as political risks, price risks, fuel price development. 

x The investment needs to provide a marginal return higher than the return on capital-
requirements to compensate for the risk in the investment, this perceived risk could 
also be reduced with a reference-TES. 

x As a public company, E.ON probably has similar levels of required rate of return on 
capital as public actors, but might be able to accept a higher level of risk than public 
actors. 

Environment 
x Before 2025 they aim to have heat sources which are renewable or re-used only, which 

means replacing oil and coal mostly used in old, soon to be retired, peak facilities. 
x Bio-oil can replace some of the fossil heat generation. 
x Development should be aligned with the goals of having sustainable operations, this 

affects investments which must contribute towards long-term sustainability. 
Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x Advanced profitability calculations based on scenarios for development are used to 

evaluate whether an investment contributes with a positive cash-flow or not. 
x Differential calculations are used when several investment opportunities are compared 

to each other. 
x Monte-Carlo simulations are used to assess risks and quantify them which are then 

used to evaluate reasonable deviations from base case scenario. 
x Investments evaluated through a structured stage-gate process which means that 

strategic alignment is determined early on, then investigation leads to a decision on 
investment. 

x An investment of TES’s size will end up in the board for E-on globally, this implies a 
longer process and also increased requirements on pedagogical presentation of the 
investment. 

Environment 
x Building certifications and building regulations are factors which they need to adapt 

to. 
  



  
 

97 
 

B8 - Interview with Mats Renntun (Renntun, 2017) 
This interview-synthesis is made from an interview with Mats Renntun at E.ON Värme in 
Malmö on 2017-03-28. Mats’s role is as Project Engineer. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x Suitable geological conditions for the TES to be located in an attractive location in the 

DHS where transmission capacity is large. This to avoid large investments in 
transmission capacity. 

Energy to store 
x Mainly potential for increased waste incineration during summer. However, limits 

exists due to regulations and need to import waste. 

TES functionality in DHS 
x Reduce electricity use from heat pumps and expensive fossil production during peak 

heating demand. 
x Need to provide the sufficient temperature of 110 °C during the coldest winter days. 
x The power output must be high enough for TES to function as reserve power in the 

DHS. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x In a public company the economic criteria is the most important and more important 

compared to public companies, for example through higher requirements on ROI and 
higher cost of capital. Further environmental factors are less important compared to 
public companies. 

x The price is important for the customers. Therefore an investments effect on the price 
to customer is a criteria. 

x It is difficult to be the first with an investment of TES’s size, uncertainties related to 
being first creates mental barriers. 

x With a TES the company can avoid building reserve power and also avoid re-
investments in current facilities as well as to reduce operation costs through less starts 
and stops. A TES enables flexible operations, though this is difficult to quantify. The 
same holds for which investments will be avoided, due to uncertainties. 

x Profitability with a TES stems from not having to start and run expensive production 
facilities. 

x Possibilities for external financing is considered when making a large investment. 
x Economic impact on company with or without TES if potential future EU-

requirements on third party access to the DHS are realised. 
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x TES benefits from a future scenario based on intermittent energy sources such as solar 
and wind due to the increased need for storage solutions to provide energy over time 
in such a scenario. 

Environment 
x Waste incineration must be evaluated from a long-term perspective to review the 

acceptance for it during the life-time of a TES. 
x By 2025 all energy should be renewable or reused. This goal is not as important as the 

economic criteria, however requested by the customers and therefore not insignificant. 
x Carbon dioxide-emission reductions and increased use of residual heat are important 

measures. 
Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x The net present value of an investment is calculated for a time-span of 20-25 years, 

potential earnings thereafter are included as residual value. The internal rate of return 
for the investment is thereafter compared to the company WACC. 

x Differential calculations are done where the investment-case is compared to a non-
investment case. Both cases should in the long-term achieve the same results, which 
implies other investments in the latter case. Fuel prices, taxes and regulatory tools are 
taken into account in these calculations. 

x Look at how the company’s results will be affected by an investment, for example 
effect on sales. 

x Projects within the company are compared since they compete with each other within 
the budget. 

x The company creates own prognoses that are used for evaluations of the future. The 
effect on the economy and the parameters themselves are discussed in the sensitivity 
analysis. 

Environment 
x The company creates own prognoses that are used for evaluations of the future. The 

effect on the environment and the parameters themselves are discussed in the 
sensitivity analysis. 
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B9 - Interview with Lars Hammar (Hammar, 2017) 
This interview-synthesis is made from an interview with Lars Hammar at Kraftringen in Lund 
on 2017-03-27. Lars’ role is as  Project manager and Specialist CHP biomass. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x The DHS needs to be reliable. 
x The best place in the DHS to place a storage, such as in a node with significant 

transmission capacity, must be in a place where the geology is also suitable for TES 
under the ground. 

Energy to store 
x Base production is to be used more during the summer than today. 
x A possibility is to make use of residual heat which otherwise is not utilised 

TES function in DHS 
x Increase the reliability of the DHS since the availability must be high in the system, 

storage can be part of the reserve capacity which in total needs to be the same amount 
as the largest heat production facility in the system. 

x The main benefit of storage is to be able to utilise more waste heat which is today 
spilled. 

x Ideal if storage can enable base load production to be shifted to the peak loads as well. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x If the environmental requirements for an investment are satisfied with several different 

investment options the profitability will be the deciding factor when choosing between 
them. 

x Economy and profitability from the investment are the main parameters that the 
company looks at in order to keep production costs low to be competitive in regards to 
pricing when competing with competitors, especially heat pumps. The price to 
customers’ needs to be low in order to not lose customers. 

x Uncertainties related to TES, which is a new technology, is accounted for. 
x The reliability of TES is evaluated since stops in operations of TES will be expensive, 

independent of whether The TES-supplier provides financial guarantees. 
x At the moment there is a surplus of electricity in the energy system, this may change if 

the nuclear power plants in Sweden are decommissioned and make storage of 
intermittent electricity as heat necessary to provide the necessary amounts of energy. 

x Evaluation of the availability of suitable energy in the system to increase the 
temperature of the water in TES, since the operator may become dependent on this 
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energy source to provide a discharge from TES at the required temperature during 
especially peak periods. 

x Since residual heat is already used to a large extent there is uncertainty in the 
possibility to increase the utilisation of residual heat, this marginal residual heat is 
however likely to of low heat-value and therefore will need to be lifted to higher 
temperatures. 

x The size of an investment like TES is difficult for a company of Kraftringen’s size. 
x The development of interest rates and fuel prices are seen as risks as well as the 

building cost. 
x Political control measures have a large influence and if they have a long-term 

perspective they could positively affect the profitability in TES. 

Environment 
x The goal for Kraftringen is to have fossil free heat generation by 2020 and this is 

considered in all decisions, this is of less importance in decisions today however since 
they currently are 98% fossil-free and certain to reach their goal by following their set 
development plan. 

x Environmental requirements must be met by investments and are a basic requirement 
when evaluating investments. 

x Political control measures with a long-term perspective reduces uncertainty in regards 
to future environmental regulations of fuels and emissions from energy generation. 

x TES gives the possibility to decrease waste incineration in favour of increased 
utilisation of wind and solar energy. 

Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x Given that the set requirements in regards to environment and functionality of the 

investment options are met, the profitability of different option is evaluated and 
compared. 

x The investment calculations are based on the economic life of 25 years and adjusted 
for the expected changes that will occur during that time-span which in turn are based 
on prognosis of development of prices for example. 

x TES is compared to alternatives, especially deep geothermal heat. 

Environment 
x Firstly an investment option must meet the stated requirements, including 

environmental factors, before profitability is evaluated. 
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B10 - Interview with Jesper Baaring (Baaring, 2017) 
This interview-synthesis is made from an interview with Jesper Baaring at Öresundskraft in 
Helsingborg on 2017-03-27. Jesper’ role is as Project Director. 

Necessary circumstances 
Physical factors that need to be in place for a large-scale thermal energy storage (TES) to be 
possible in a district heating system (DHS). 

DHS characteristics 
x Sufficient transmission capacity is needed in the DHS to handle a centrally located 

TES. This becomes increasingly important in a regional cooperation. 
x Suitable geological conditions for the TES to be placed at a location in the DHS where 

distribution costs are kept low with a TES and transmission capacity is large enough. 
x A stable or growing heating demand is needed in the DHS. However, the first is most 

likely due to energy efficiency improvements lowering heating demand and thereby 
balancing out the increasing heating demand from consolidation of the DHS and new 
customers being connected to the DHS. 

Energy to store 
x Low-cost heat production, which is elsewise spilled, is suitable to store. Most likely 

industrial residual heat and increased waste incineration during summer. 

TES functionality in DHS 
x Both the functionalities energy and power from TES are important. This due to energy 

being the source of stable income from TES and power to enable the replacement of 
peak production facilities as well as power production during winter. 

x TES to enable more flexible operations than today, for example to utilise closer to 
maximum capacity by increased waste incineration during summer. 

x TES to increase the reliability of the DHS, which must be able to handle a failure in 
the largest production facility. 

x Long-term stability and availability for TES to be used to satisfy demand for power. 
Criteria for evaluation 
Main factors considered when an investment is evaluated. 

Economy 
x Profitability is the most important factor, since environmental goals are close to 

fulfilled and TES will not bring the company significantly closer. TES must therefore 
stand a comparison to alternative investments such as deep geothermal energy. 

x TES can lower cost for operation and maintenance of peak production facilities or 
avoid re-investments for the company by replacing the peak production facilities. 

x To be the first with a new solution of TES’s size is tough. The memory of the 
Hallandsåsen-project is fresh in mind and increases scepticism. 

x TES is considered a large investment and as a high risk project. It is financially 
difficult to afford even through regional cooperation, thus a guarantee and financial 
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contribution from the state is needed. An appropriate business model is also needed 
for the investment to be possible, i.e. leasing or an apartment affair. 

x With TES stable income comes from energy stored and average production costs in 
the DHS are decreased. 

x TES can facilitate the use of low-value residual heat since the heat pump connected to 
TES can be used to lift the heat. 

Environment 
x All investments must in a positive way affect the company’s environmental impact. 
x With TES fossil fuels can be avoided in production, however the company only has 

0.5% fossil fuels left in heat production which means that the goal almost is fulfilled 
already. Other solutions lie closer to hand such as investments to change facilities that 
today run on natural gas to instead run on bio-oil as well as to change human 
behaviour regarding waste to eliminate the fossil-based waste which the company is 
charged for in its waste incineration. 

Methodology for evaluation 
Main methodologies used to evaluate an investment. 

Economy 
x The company uses differential calculations to compare investments over 25 to 30 

years to the cost of capital of 6% with focus on OPEX and CAPEX. An alternative is 
the so called zero-alternative which implies all investments needed during the same 
time frame without the main investment. 

x The size of the investments, cash-flows, solidity, liquidity and risks are as important as 
CAPEX and OPEX. These parameters are calculated and presented as intervals. Often 
external experts are used for this work. 

x A projects strategic importance is quantified through a ranking system. Every project 
is given a value from one to five depending on how well it contributes to the 
fulfilment of a specific goal, this is done for a number of goals. Enables comparison 
between projects and their strategic significance. 

x Larger investment decisions are made in the executive board or municipal council, 
which are both political. For regional projects the same process applies to all 
municipalities involved. 

Environment 
x The company is active in working with politicians to develop reasonable control 

measures. 
x A projects strategic importance is quantified through a ranking system. Every project 

is given a value from one to five depending on how well it contributes to the 
fulfilment of a specific goal, this is done for a number of goals. Enables comparison 
between projects and their strategic significance. 

x Larger investment decisions are made in the executive board or municipal council, 
which are both political. For regional projects the same process applies to all 
municipalities involved. 
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