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Abstract 
This work analyzes the current context of district cooling (DC) in Sweden and thereby proposes 
opportunities in cost-effective and environmentally friendly expansion of cold supplies. The 
current state of DHC in Sweden here is mapped via a comprehensive literature assessment 
coupled with information collection from individual DHC suppliers in Sweden. These findings 
are concisely discussed herein, mapping the current context of DC in Sweden. The investigation 
here yields that the cold supply in Sweden today is achieved by employing free cooling (FC, 
extracting cold from natural cold sources, e.g. deep sea, river or lake water, via heat exchangers), 
absorption coolers (ACs), compression coolers (CCs) as well as heat pumps (HPs, with or without 
heat recovery), and cold storages (mainly using water). This technology mix is used in varying 
shares by different regions, based on the available resources, e.g. large water bodies to drive FC. 
When excess heat is available, AC is also a preferred choice. HPs are becoming increasingly 
interesting, for their synergies in simultaneously providing heat and cold. The peak demands of 
cold are met with cold storages as well as more ‘operationally’ expensive technologies, such as 
CCs. The cold storages primarily cover the daily cold peaks in summer, driven by the large 
differences in the cooling loads between the day and night. The current DC provision in Sweden 
is around 1 TWh, while the total cooling demand is around 3-5 TWh, therefore with a clear deficit 
in supply. Interestingly, the DC supply is projected to grow up to around 3 TWh by 2030. With 
population growth, the DC demands will also rise, and fulfilling these cooling demands with cost-
effective and renewable solutions is imperative. To inspire the Swedish DC growth, herein certain 
international examples on power-to-cold (PtC) combining peak shaving with cold storages, e.g. 
based on water, ice, and thermochemical heat storage systems (TCS) are also discussed. Finally, 
critical reflections are given, identifying opportunities to improve the current context of DC in 
Sweden with cost-effective and environmental-friendly solutions. 
 
Keywords: district cooling (DC), free cooling (FC), absorption coolers (CCs), compression 
coolers (CCs), Heat Pumps (HPs), cold storage, power-to-cold (PtC) 
 
1 Introduction  
 
District heating (DH) and district cooling (DC) are increasingly employed today to fulfill heating 
and cooling demands, particularly of populated regions, globally. For countries like Sweden 
partially-within the Arctic Circle, DH is an essential part of the energy system. With global 
warming a reality today [1], interestingly, the Swedish summers are now becoming warmer [2]. 
The Swedish buildings are well equipped for winters with e.g. very good insulations, which 
however make the indoors too warm in warm summers [3]. Then again, the service sector, 
industrial sector and commercial sector all have certain cooling demands existing continuously 
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throughout the year, regardless of the season. Hence, clearly a great potential exists for DC in 
Sweden. However, currently the DC supply is considerably limited (also as compared to the share 
of DH) in Sweden, primarily meeting cooling demands within offices, business establishments 
and certain share of industrial cooling [4]. Whereas, e.g. almost the entire residential sector and 
even certain cities (e.g. Hässleholm [5], among others [6]) are lacking DC altogether. Therefore, 
the sectors that require continuous and reliable cooling presently resolve to electrically driven 
cooling during certain times of the day and year, to ensure the continuity in supply. 

A common limitation for DH and DC systems when considering expanding the existing grids is 
the high costs in extending the pipe network. The DC networks expansions are further limited by 
the larger pipe diameters that are needed (due to a narrow design temperature difference of 10 ℃ 
between supply and return) to deliver the same capacity as compared to DH networks, that are 
thus more expensive [3]. Therefore, DH and DC are profitable only within densely populated 
and/or to densely industrialized regions. However, there are always heating and cooling demands 
existing beyond these DH and DC networks. Thus, concepts like heat/cold storages, power-to-
heat (PtH) [7] or power-to-cold (PtC) [8] coupled with the integration of renewable energy 
sources are all very attractive alternatives to complement the existing DH and DC networks for 
an extended supply of heat/cold. Cold storages can be effectively integrated to a DC system to 
cover the peak cooling demands that appear e.g. during the warmest hours of the day, hence 
lowering the required installed capacity of the DC system. With the electricity generation mix 
evolving to comprise larger shares of intermittent renewable electricity, when there is excess 
power in the grid, this can be effective in charging a cold storage decoupled from the actual 
cooling demands. This is essentially how PtC becomes an attractive solution within a DC system. 

Even though the generic information on DC is known, amidst numerous literature on DC in 
Sweden (e.g. [3], [4], [6], [9]-[11]), a lack still exists in up-to-date comprehensive analyses of the 
current context also accounting cold storages, PtC and renewables integration. Therefore, this 
work aims to comprehensively map and analyze the current context of DC in Sweden, also with 
respect to the involvement of cold storages, PtC and renewable energy sources, and thereby 
identify the potential improvement opportunities. This is achieved here by evaluating the existing 
literature as well as by contacting the Swedish district heating and cooling (DHC) suppliers and 
other involved actors. In-addition, several international examples of cold storages and PtC are 
discussed, as inspiration for potential opportunities. 
 
2 Methodology 
 
This work is performed by collecting information through various channels that are related 
directly or indirectly to the district heating and cooling sector in Sweden and by critically 
evaluating the findings. Here, details are collected from Swedish and international literature on 
DC in Sweden, relevant personnel from Swedish energy companies that deal with DC and DH 
(by contacting and if possible through interviews), and literature on international cold storage and 
PtC success cases. The key findings through these various channels are synthesized and critically 
discussed in section 3. Thereby, potential opportunities in improving the current context of DC in 
Sweden are identified and discussed in section 4. The scope of the study is primarily Sweden, 
besides the international cases analyzed. The timeline considers as up-to-date information as 
possible, including the current state-of-the-art and future plans within the information found.  
 
3 Results and discussion 
The current state of DC and cold storages in Sweden is summarized and critically discussed here. 
 
3.1 District cooling (DC) and cooling technologies- the current context in Sweden 
 
District cooling is primarily a cold supply network, which distributes a centrally produced cold 
in cold water, through a pipe-network that spans to the cold users [9]. In the Swedish DC systems, 
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the typical supply temperature is 6 ℃ and the typical return temperatures are within 12-17 ℃ 
while the ideally expected return temperature is 16 ℃ (for better efficiency) [3], [9], [10].  
 
The Swedish DC supply mix comprises primarily of free cooling (FC), compression cooling (CC), 
absorption cooling (AC), and heat pumps (HPs) [3], [9], [10]. FC extracts cold from natural water 
reservoirs such as seas, rivers and lakes, by means of heat exchangers [3], [10]. CCs and ACs are 
primarily comprised of a typical refrigeration cycle, where a CC is electrically driven and an AC 
is heat-driven [9], [12]. HPs are able to function in dual-mode, producing heat as well as cold, 
and thus are also a key technology in today’s DC supply mix. HPs absorb the excess heat in the 
DC return lines (that is then recycled into the DH grid) consequently supplying cold to the DC 
grid. Besides, an HP can be also selectively operated as a refrigeration HP, when the cooling 
demand needs to be prioritized, thus producing the required amount of cold, with the by-product 
heat that is recycled to the DH grid [12]. The primary difference between a CC and a refrigeration 
HP is that the heat produced in the condenser is utilized (e.g. for DH) in the latter [12]. ACs 
benefit from summer surpluses of heat, e.g. from combined heat and power plants (CHPs) that 
combust municipal solid waste (MSW) [3], as well as from HPs return [13]. The typical COP 
(coefficient of performance) of AC, CC, HPs and FC are respectively: 0.7-1.2, 3-7, 2-4 and above 
10. Cold storages are integrated into the DC grid for an effective management of the produced 
cold through the aforementioned methods to cater to the cooling demands [3]. Nearly all of these 
cold storages today comprise cold-water storages. These cold-water storages are primarily used 
to balance the daily peak cooling loads in summer, avoiding the oversizing of the installed DC 
system capacity [3]. An example of an exception to water storages is the seasonal snow 
harvesting-storage system in Sundsvall, that covers a considerable amount of cooling loads at 
Sundsvall county hospital, particularly during summer [14], [15]. The DC technology mix in 
Sweden as of today is summarized in Figure 1.  
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Figure 1. The summary of cooling and cold storage technologies employed within the Swedish district cooling system 
(MSW: municipal solid waste, CHP: combined heat and power plant. Compiled based on [3], [9], [10], [12]-[15]).  
 
The shares of the various technologies that constituted the total DC supply in 2013 (of 770 GWh) 
are shown in Figure 2. As Figure 2 indicates, the DC supplies constitute mostly of cold from HPs 
closely followed by FC. CCs deliver a considerable share as well, with ACs delivering the least 
share. Certain ‘other technologies’ comprise an almost equal share of cold comparable with the 
shares of HPs and FC. This share primarily consists of surplus cold from HPs producing heat, 
particularly from Stockholm Exergi AB (formerly Fortum Värme AB)’s DC supply, catering to 
Stockholm region [12].  
 
The share of DC supplied by various DHC companies in Sweden to make a total DC supply of 
900 GWh in 2012 are summarized in Figure 3 alongside their cumulative share of DC [12]. 
Stockholm Exergi AB has supplied the largest share of 47% of the total DC supply in 2012. 
Interestingly, 80% of the total DC supply in 2012 was met by merely six companies, while the 
remaining twenty-eight companies delivered the remaining 20%. This implies that relatively 
smaller portions of increases in the DC supply by these main suppliers will have a significant 
impact in improving the total DC supply in Sweden. 
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Figure 2. Shares of cooling technologies to produce DC by all producers in Sweden, by 2013 (constructed based on 

[12]) 
 

 
Figure 3. DC supply by each DC supplying company in Sweden in 2012, with their cumulative fraction of 
DC (adapted from [12]) 
 
The evolution of the DC supply in Sweden concerning a number of Swedish cities (catered by 
more-or-less by the companies listed in Figure 3) from 1992-2015 is summarized in Figure 4 
(with some other regions summed-up into the ‘other’ category) [4], and concerning the total DC 
supply during 1996-2017 in Figure 5 [16]. Figure 4 indicates that the most amount of DC is 
delivered to Stockholm-Nacka region, followed by the regions Göteborg, Solna-Sundbyberg, 
Uppsala, Linköping, Lund, Helsingborg, and some others with lesser DC coverage. As Figure 4 
and Figure 5 indicate, the total DC supply by 2015-2017 approximates 1TWh, and this constitutes 
of around 40 urban regions [3].  
 
As seen in Figure 5 the total DC supply encounters fluctuations from year to year, despite an 
average increasing trend. The year 2014 has seen the most DC supply within the 1996-2017 
period, accounting for slightly more than 1 TWh. After 2014, DC supply has reduced to almost 
0.9 TWh in 2015 and 2017 while was almost 1 TWh during 2016. The latest available statistics 
are for the year 2017, where the DC supply was 915 GWh and it is 7% less than the supply in 
2016, and was 13% less than the peak in 2014 [16]. In total 36 companies have contributed to the 
total DC supply in both 2016 and 2017. By 2017, the total length of the DC network accounted 
for more than 600 km, as Figure 5 shows, and this is with a 6% increase [16].  
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Figure 4. District cooling supply (i.e., the delivered energy) in Sweden during 1992-2015 (reproduced with 

permission pending from [4]) 

DC supply, GWh

Network length, km

 
Figure 5. The evolution of the DC delivery in GWh and network length in km, in Sweden from 1996 to 2017 

(reproduced with permission from [16]). 
 
Concerning the utility of DC, data from 2006 states that about 60% of the supplied cold from DC 
was used for space cooling (in buildings) within the service sector, whereas the remainder of the 
DC was taken up by users such as industries for process cooling [3], [11]. By 2006, only about 
half of the total space cooling demands were met by DC (i.e., the 60% of the supplied DC), where, 
only around 14% of the service sector by then were employing space cooling. During 2006, the 
buildings have used 475 GWh DC as well as 197 GWh electrical cooling [11], hence respectively 
accounting for 71% and 29% of the total supply. The specific cold use by then for these buildings 
were 45 kWh/m2 with DC and 24 kWh/m2 with electrical cooling [3], [11]. These data, even 
though are for 2006, still are indicative by proportion, for today’s context.   
 
The total DC demand in Sweden was estimated to be 2-5 TWh as of 2016 [17], and it is projected 
to reach 1.9-2.2 TWh (7-8 PJ) by 2020 and 2.8-3.3 TWh (10-12 PJ) by 2030 [3]. So far, the 
Swedish DC supplies had, on average, expanded by 8% annually since 2000 [3]. Despite this 
growth rate, the data indicates a clear gap between the DC supply and demand in Sweden, with 
plenty of room for improvements to cover more cooling also considering renewable energy 
sources integration. Interestingly, recent data analyses by Energiföretagen imply a 40% increase 
of DC supply in Sweden also by 2030 [18]. Many cities (e.g. Göteborg and Linköping) have very 
ambitious DC production development plans, in certain cases even to double the current capacity. 
A large share of AC is foreseen in these developments. Several Swedish cities that do not have 
DC available today have also started to even consider building entirely new DC networks and 
production [18].   
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3.2 District cooling (DC) in Sweden- Case studies 
 
Within almost 40 DHC companies supply DC in Sweden, the authors here were able to finalize 
communications with a handful of companies so far. Their DC system details are summarized and 
analyzed here as a prelude to a much expansive investigation that is currently underway. 
 
3.2.1 Stockholm- Stockholm Exergi AB 
DC in Stockholm is supplied by Stockholm Exergi AB (formerly Fortum Värme AB); the largest 
DC supplier in Sweden and who owns the largest DC grid in the world made of over 250 km DC 
network [19]. Refrigeration HPs constitute of the largest share of their DC production, which 
covered 75% of their total DC production in 2013 [12]. In-addition, FC is used (mostly in winter), 
utilizing the cold winter temperatures, while CC is used as back-up when the DC supply capacity 
of other technologies are exhausted [12]. During winter, heat and cold supply synergies are 
obtained from these refrigeration HPs, which supply their by-product heat to the DH grid (while 
in summer extracting this heat is uneconomical because of the lower heat demand) [13]. In 2013, 
Fortum Värme AB has delivered 426 GWh DC, produced using 100% renewable and recycled 
energy sources, inclusive of 54 GWh electricity also from 100% renewable sources [13]. The 
typical annual DC production (as of 2017) from their DC network is around 0.45 TWh, 
dimensioned to a cooling load of 220 MW [20]. Their 2013 DC supply mix consisted of 37% 
from excess cold from HPs return (COP: 22), 31% from HPs simultaneously producing cold and 
heat (COP: 4.2), 26% from FC (COP: 22), and 6% from HPs producing cold only (with no heat 
recovery, COP: 2.9) [13].  The renewable sources employed in their electricity production include 
biofuels, MSW, and wind power [13]. In addition to these various means of cold production, 
Stockholm Exergi AB employs a cold-water storage within a natural rock cavern in Hornsberg, 
beneath Kungsholmen. The Hornsberg cold storage was designed to be 45,000 m3 by volume with 
a cold storage capacity of 80 MW (at 3 ℃) [21], and by 2017 has a volumetric capacity of 50,000 
m3 and a cooling capacity of 55 MW [20]. The Hornsberg cold water storage covers daily peak 
DC loads and is charged during nighttime (cooled down to about 5 ℃) using FC [21].  
 
3.2.2 Solna and Sundbyberg- Norrenergi AB 
Norrenergi AB [22] supplies DC to the regions Solna and Sundbyberg. Norrenergi AB provides 
annually around 70 GWh DC and is by 2018 the third largest DC provide in Sweden [23]. Their 
DC network connects with around 100 consumers, in Solna Business Park, Solna Strand, central 
Sundbyberg, Arenastaden, Huvudsta, Solna Centrum, Frösunda, and the new Karolinksa 
university hospital premises in Solna [23]. Three main DC central plants Solnaverket (the main 
plant), Frösundaverket and Sundbybergsverket cover their DC production, dimensioned to a 
maximum cooling supply of 60 MW cooling. Their DC mix comprises 27% FC (from the lake 
Lilla Värtan, extending from Brunnsviken), 35% in-terms of excess cold from HPs producing 
heat, and 38% cold produced from chillers, where all the electricity consumed comes from 100% 
renewable sources [23]. The Norrenergi DC grid as of 2018 is 34 km long [23]. A cold-water 
storage of 6500 m3 volume is also employed at their Solna DC plant [23] to cover daily DC peaks. 
There are plans in expanding their cold storage capacity with another cold-water storage of 
~15,000 m3 volume. During summer, Norrenergi AB primarily uses the cold from FC and chillers 
to cover the base DC demands, while the HPs and the cold storage are employed to cover the peak 
loads. One main issue they face is the too low DC return temperatures that in some cases are 
within 10-12 ℃, hence violating the expectations of maintaining a 10 ℃ driving temperature 
difference between the DC supply (at 6 ℃) and return (expected at 16 ℃). This unfortunately 
lowers the overall DC system efficiency. With three DC production plants spread across their 
clientele, Norrenergi AB’s DC system is already rather decentralized. They are nonetheless keen 
on further decentralized additions to complement the existing DC net to extend their cold supplies. 
 
3.2.3 Göteborg- Göteborg Energi AB and other 
Göteborg (Gothenburg) region is supplied with DC by Göteborg Energi AB [24]. Starting from 
1995, Göteborg Energi’s DC network today comprises a capacity of 82.5 MW, and provides 
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Göteborg with 90 GWh annual cooling, according to Mr. Anders Strand (Asset Manager, 
Göteborg Energi) [25]. The current DC mix of Göteborg Energi contains 22% FC, 31% AC, and 
47% CCs. FC is well-accommodated in Göteborg by the Göta river located conveniently by the 
city, and covers the 100% of cooling needs in winter. ACs primarily cover the summer DC loads, 
while CCs are utilized to cover the DC demands during the transition periods between summer 
and winter (i.e., spring and autumn). Industries such as refineries and MSW incineration plants 
are also conveniently located in Göteborg, accommodating waste heat recovery as well, e.g. to be 
used in ACs. Göteborg Energi has access to an almost constant amount of waste heat (~300 MW) 
throughout the year, which is used in DH in colder months, and is used in driving the ACs for 
cold supply when the DH demands subside in summer. Cooling peaks that arise in summer 
months depending on the weather conditions are covered using CCs. Then again, the seawater 
temperature is not sufficiently cold during spring and autumn to drive FC, as it requires seawater 
temperature below 5 ℃ to accommodate DC supply at 6 ℃, whilst the waste heat availability is 
also insufficient then. This is the reason why CCs are utilized to cover the DC demand during 
spring and autumn, transiting from FC and ACs as needed. Göteborg Energi supplies DC with an 
average COP of 15 [25]. A specialty of their DC network is that it is made of PE100 polyethylene 
pipes, which have no corrosion and hence no leakage issues, are durable with an expected lifetime 
of 100 years, and are so flexible that allow squeezing when e.g. repairs and integration are needed.  
 
Göteborg Energi’s DC system is also designed for a 10 ℃ driving temperature difference between 
supply and return, 6 ℃ to 16 ℃. While new buildings meet this requirement, older buildings are 
unable to accomplish this, thus resulting in too low return temperatures typically at ~13 ℃, which 
compromises the DC system efficiency [25]. Expansions of Göteborg Energi’s DC network are 
anticipated that will nearly double their current cooling capacity by 2030, specifically with around 
170 MW cooling capacity and 230 GWh cold supply [25]. A more recent target includes 
expanding their DC supplies to residential sector, in the coming 5 years, owing to increased 
interest and awareness of the technology among public [25]. 
 
An energy technology test-bed is being installed at Chalmers Technical University – Campus 
Johanneberg in Göteborg by Akademiska Hus (IRIS Smart Cities project), inclusive of a thermal 
energy storage (TES) system using phase change materials (PCMs) [26]. However, technical 
details on this system are currently unavailable. 
 
3.2.4 Halmstad - Halmstads Energi och Miljö AB 
Halmstads Energi och Miljö AB [27] (hereon referred to as Halmstads Energi) supplies DC to 
Halmstad region, starting from 2001. According to Mr. Fredrik Andersson (Controller, Halmstads 
Energi och Miljö AB) [28], their DC grid is relatively new (is merely five years old), and contains 
in total a 12 km DC network all made of polyethylene pipes. In 2017, their DC technology mix 
comprises 43% AC, 41% CC and 16% FC. Halmstads Energi obtains FC from the cold water in 
river Nissan as well as from cold air by means of a cooling tower, while their ACs utilize excess 
heat in the DH return streams [28]. Their DC supplies caters to customers (by proportion) within 
industries (30%), a hospital (20%), an ice-hockey stadium (20%), and offices and other buildings 
(30%). The residential sector as well and data centers are potential customers still excluded from 
their DC supply. The supply capacity of Halmstads Energi’s DC system is estimated to be 0.5-
0.8 kWh of cooling per a kWh of DH supplied [28]. 
 
3.2.5 Hässleholm- Hässleholm Miljö AB 
As Mr. Flip Trotz (District Heating Engineer - Hässleholm Miljö AB) [29] reveals, Hässleholm 
Miljö AB currently does not have a DC system. However, interestingly, within 2019-2020 they 
are planning to implement DC within Hässleholm where they currently cater with DH. A customer 
analysis has yielded to Hässleholm Miljö that their potential DC customers are going to be 
hospitals, supermarkets, buildings in the service-sector, and industries. Their planned DC supply 
mix consist of about 60-80% from AC that will use the excess heat from the DH return, and about 
20-40% from CC. Cold water storages are also planned to be included in their DC system [29].  
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3.2.6 Other- Sundsvall snow storage for a hospital cooling system 
Sundsvall seasonal snow storage system, although not within a whole DC system, is a one-of-a-
kind cold storage that explicitly benefits from the Swedish climate. This stores up to 70,000 m3 
snow (by 2011) and provides 480 MWh cooling to Sundsvall county hospital [14], [15]. The 
system operates with supply and return temperatures of 2 °C and 8 °C, and a cold storage capacity 
of 0.48 - 2 GWh and a nominal discharging power of 3 MW (as of 2018) [14], [15], [30].   
 
3.3 International examples of cold storages and power-to-cold (PtC) 
 
PtC is an attractive concept to combine renewable intermittent electricity and/or cheap off-peak 
electricity in charging cold storages to cover peak cold demands while e.g. balancing their 
intermittency. Among numerous international examples of cold storages and the applications of 
PtC, several cases are discussed here as inspirations to improve the current state of DC in Sweden.  
 
Water is often a scarce resource, although it is in abundance in Sweden. However, with increasing 
influences of climate change, warmer summers like in 2018 imply that even in Sweden, water 
will be a commodity to be used more sparingly. The Pearl of Qatar [31], is an inspiration as such, 
using treated sewage effluent as the heat transfer fluid in its DC system (457 MW installed 
capacity) to cater to a manmade island of more than 45,000 inhabitants [32]. The DC production 
is achieved via 52 centrifugal chillers each of 9 MW capacity and 26 cooling towers each of 35 
MW capacity, arranged in cooling modules of 17.5 MW capacity each [33]. Thus, the DC delivery 
is done in multiples of 17.5 MW, starting from 105.5 MW [33]. The electricity for the DC system 
operation (120 MW) is supplied through an electrical station of 170 MW total capacity [33].  
 
The use of PCMs for cold storage has been actually going on for thousands of years, in-terms of 
ice. Connecting ice storages with PtC concept, a DHC system is operated in Nagoya, Japan, with 
cold storages using ice charged with nighttime cheap electricity to cover the cold peak demands 
during the day [34]. This system caters to Nagoya central train station and JR central towers, 
which contain an office building, a commercial building, and a hotel. The installed DC capacity 
of this system is 48.9 MW, powered by 5 ACs (3 of 8.75 MW and 2 of 7 MW capacity), 2 electrical 
centrifugal chillers (3.5 MW each), an exhaust heat recovery HP (1.4 MW cooling and 1.8 MW 
heating), a set of cold storage tanks using ice (49 MWh), 2 brine-water heat exchangers (7 MW), 
and 10 cooling towers (9.2 MW/unit). The total volume of the cold storage tanks is 1226 m3, and 
the cold is stored in ice (PCM) macro-encapsulated in plastic balls [34]. Besides the inspirations 
on PtC combined with PCM storages, this is a perfect example of meeting the cooling demands 
of compact regions like Nagoya with compact storage solutions. 
 
Another interesting PtC application exists, where, a stratified cold-water storage tank (15,000 m3 
[35]) in a DHC system, Climaespaço in Lisbon, Portugal [36], is charged with nighttime 
electricity to cover the daytime cold peak loads. This cold storage lowers the required installed 
cooling capacity and thus the capital costs of their DC system. By using only the nighttime 
electricity at a cheaper tariff, its operational costs are also low. Climaespaço’s heat and cold are 
produced via a trigeneration plant with the respective installed capacities of 5, 29 and 35 MW of 
electricity, heating and cooling, with an overall efficiency of 85% [37]. The cold storage is 
charged through two parallel ACs (5.1 MW each) coupled with two parallel CCs (5.8 MW each) 
[35]. Flue gas of a 4.8 MWe gas turbine supplies heat for the AC process [35]. The cold storage 
is charged within ~5 hours at night, and discharges within ~8 hours (08:00-18:00) covering most 
of the daily peak demands of cold. This storage is built partially underground (6 m out of 17 m 
height [38]), and therefore benefits from the rather constant ground temperature, lessening the 
heat losses and insulation requirements [38]. Climaespaço brings inspirations to DC in Sweden 
on PtC that could be coupled with renewable intermittent electricity, and partially underground 
construction of water storages especially for regions with limited access to large water bodies.  
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A pilot-scale heat and cold storage system coupled with PtH and PtC concepts is currently being 
designed in Berlin. This uses the thermochemical heat storage (TCS) system CaO-water for 10 
MWh capacity with 1 MW charging and 3 MW discharging powers. This is developed by the 
Enerstore project, a collaboration between SaltX Technologies, Sweden, Vattenfall AB and DLR 
(German Aerospace center) in Germany, among others [39]. The storages charge within 10 hours 
and will serve, through quick discharging, for the morning and evening DHC peaks. Intermittent 
electricity from e.g. wind and solar and industrial waste heat are planned to be used in charging 
these storages, which will, in-turn generate heat and cold for peak DHC demands [39].  
 
4 Concluding Remarks 
 
DC in Sweden is already quite mature; however, there is also clearly plenty of room for 
improvements. With around 2-4 TWh deficit of cold supply already today, to cater to the future 
cold demands that will definitely increase, the Swedish DC suppliers need to explore all the 
available technologies and choose the optimal mix. Cold storages most definitely are a key 
counterpart in the DC technology mix, which lower the DC capacity installation cost by serving 
with peak shaving. In that, with the intermittent renewable electricity share also on the rise within 
the electricity mix, PtC is of enormous interest. A cold storage can be cost-effectively charged 
with renewable intermittent electricity, thereby, also balancing-out the intermittency of that 
renewable energy source. In Sweden, more attractive electricity tariff structures and subsidies as 
needed will also encourage the implementation of PtC further.  
 
Cold storages employed today are almost exclusively cold-water tanks, with a majority that are 
manmade. A theoretical analysis of a natural rock cavern (an old oil storage) in Stockholm as a 
cold-water storage suggests that stratified storage is feasible [40]. Therefore, an unrealized 
potential exists, within such natural formations, as cost-effective cold storages to expand the DC 
system capacities, if e.g. temperature stratification can be attained. Moving beyond cold-water 
storages is also essential, because water is not as compact a storage as PCMs or thermochemical 
heat storage materials (TCMs). Sundsvall snow storage system is a perfect inspiration on using 
snow as a PCM to exploit the benefits of the Nordic climate. The DC systems in Nagoya and the 
Pearl of Qatar are inspiring on how PtC can be effectively combined with compact PCM (ice) 
cold storages when space is a limitation, and how treated sewage effluent-based DC systems are 
viable when water is a limitation. The TCS system in Berlin exhibits the benefits of PtC in a 
holistic approach combining DC and DH with renewable electricity and surplus thermal energy 
sources, all in one. Sweden definitely has plenty of opportunities in expanding cold supplies by 
combining e.g. wind and solar-based electricity to charge cold storages using ice and other PCMs 
and/or TCMs. If the challenges in choosing the right PCM or TCM that is robust, durable, and 
cost-effective are met, such TES systems will be attractive additions to the DC systems. 
 
The use of aquifers, boreholes, ground-source HPs, and like, within the DC systems was not that 
evident, despite numerous local installations at individual buildings or housing associations. The 
Swedish DC systems today is mostly centralized, while interest emerges in complementing these 
central systems with decentralized cold storages and supplies. Therein, these small-scale systems 
like aquifers, boreholes and ground-source HPs clearly have potential to serve as decentralized 
solutions. The increased use of these technologies requires ensuring minimal environmental 
effects, by means of proper and regular monitoring and updated legislations. To improve the 
current state of DC in Sweden, holistic solutions should be sought. This requires awareness 
building on the capabilities of all the technologies and their potential synergies, which requires 
connecting the DC providers, customers and researchers into a common dialogue. Due to the lack 
of comprehensive and up-to-date information on DC in Sweden, the authors here will continue to 
contact the relevant DC suppliers to comprehensively map the current context of DC in Sweden. 
Based on this mapping, as future work, a chosen DC system in Sweden (the DC system of 
Norrenergi AB) will be optimized considering the solutions identified,  aiming to reach general 
conclusions on the Swedish and international context. 
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