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Abstract 
The supply of cooling has increased significantly in recent years, the trend shows that the increase 

will continue one reason is that the standard of living has increased, but EU has also set a 

requirement that energy consumption must be better at the same time. With “better” means more 

efficient and environmentally friendly. District cooling today uses either chillers or naturally available 

cold sources such as deep sea water, lake water or cold air. Cold air is, of course, only available when 

the seasons permit it and the cold air is not available when comfort cooling is needed for e.g. offices. 

The only alternative for areas that do not have a cold water source nearby is to use chillers. The most 

common chillers today are compressor chillers and absorption chillers. 

The most interesting chiller for the energy and environmental company HEM in Halmstad, is the 

absorption chiller which is driven by heat. HEM has, during the summer, surplus heat produced in 

Kristinehed plant which they want to use, they also have an increased inventory of waste during the 

summer which they get from the municipality of Halland. This heat is, of course, qualified to be used 

in the making of cold. Absorption chillers is today, however, not as common as compressor chillers 

which are capable of dealing with most cooling capacities, from small to large, and simultaneously 

works more or less flawlessly. Most of today’s absorption chillers are of a few hundred kW and 

upwards while there are no absorption chillers for the smaller effects, they are also very expensive 

and can have problems with crystallization of the absorbent if the operation is handled incorrectly. 

But it’s also expensive when it comes to piping of district cooling networks depending on where the 

pipes are desired, for example if it is the middle of town or over a grass field. A fictional project of the 

area Sannarp is used for a case study in this thesis where one investment alternative was to extend 

the existing district cooling pipes and another alternative was to invest in absorption chillers to meet 

the company's cooling demand. The results were obviously much affected by the area's layout and 

the distance to the first company starting from the existing pipe. The company's cooling demand also 

affected the results and the first alternatives investment cost could only be competitive with 

alternative 2 because the distance was just of the right length. If the distance to the company had 

been shorter, then the cooling demand for the same company has had to be less. 

The conclusion of the project was still in the end that and expansion of the current district cooling 

network to the company was the most feasible and economically advantageous. 
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Sammanfattning 
På de senaste åren har leveranser av fjärrkyla ökat markant, trenden visar på att ökningen kommer 

att fortsätta en anledning till detta är att levnadsstandarden har höjts, men samtidigt har EU satt krav 

på att energiförbrukningen skall bli bättre. Med bättre menas effektivare och mer miljövänligt. 

Fjärrkyla använder sig idag av antingen kylmaskiner eller tillgängliga, naturliga kalla källor såsom 

bottenliggande vatten i hav och sjö eller kall luft när det finns tillgängligt. Kall luft finns naturligtvis 

bara då årstiderna tillåter och när komfortkylan behövs till till exempel kontor så finns inte kall luft 

att tillgå. Enda alternativet att använda för platser som inte har kallt vatten närvarande är med hjälp 

av kylmaskiner. De allra vanligaste maskinerna idag är kompressorkylmaskiner och 

absorptionskylmaskiner.  

Den mest intressanta maskinen för energi- och miljöföretaget HEM i Halmstad, är 

absorptionskylmaskinen då den drivs med hjälp av värme. HEM har under sommaren ett överskott av 

värme producerat i kristinehedsverket som de vill använda, de har även under sommaren ett ökat 

lager av sopor från hallands kommun. Denna värmen går naturligtvis bra att göra kyla av. 

Absorptionskylmaskiner är dock idag inte lika vanliga som kompressorkylmaskiner som klarar av de 

flesta kyleffekterna, små som stora, och samtidigt fungerar mer eller mindre felfritt. 

Absorptionskylmaskiner görs idag mest på ett par hundra kW och uppåt medan det inte finns 

maskiner för de små effekterna, de är dessutom väldigt dyra och kan ha problem med kristallisering 

av absorptionsmedlet om driften sköts felaktigt.  

Men dyrt är det även att dra nya kylledningar för fjärrkylenätet beroende på var ledningarna önskas 

att dra, om det till exempel är mitt i staden eller över ett gräsområde. Ett fiktivt projekt över området 

Sannarp har genomförts där det ena alternativet var att dra fjärrkyleledningar och det andra 

alternativet var att investera i absorptionskylmaskiner för att täcka ett företags kylbehov. Resultatet 

påverkades självklart mycket av områdets uppbyggnad och distansen till första företaget från den 

existerande ledningen. Även företagets kylbehov påverkade resultatet, hade kylbehovet varit mindre 

så hade avståndet till samma företag behövt vara kortare för att alternativ 1’s investering skulle 

kunna vara konkurrenskraftigt med alternativ 2.  

Slutsatsen av projektet blev ändå i slutändan att dragning av ledning till företaget var mest 

realiserbart och ekonomiskt fördelaktig.  

  



iv 
 

Foreword 
This thesis was carried out in the Master’s program in Energy science during the spring of 2014. It 

was done in collaboration with Halmstad energy and environment Inc. (Halmstad Energi och miljö 

AB, HEM, in Swedish). It was during an internship in HEM where I got in contact with Lars 

Bernhardsen, the deputy executive director of HEM, and got offered to do a master thesis about 

absorption chillers.  

I have learnt much during this time about chillers and district cooling and I want to thank Lars for 

letting me do this thesis with HEM. 

I also want to thank Magnus Gunnarsson, Fredrik Andersson and other personal at HEM for helping 

me out a lot with gathering of information and data.  

A special thanks goes to Dr. Mei Gong for being my mentor. Your advices were invaluable.  

University of Halmstad May 2014 

 

Alex Le  



 
 

Table of contents 
Notations ................................................................................................................................................. 1 

1. Introduction ..................................................................................................................................... 2 

1.1 Background .............................................................................................................................. 5 

1.2 Goal & Purpose ........................................................................................................................ 5 

1.3 Boundaries ............................................................................................................................... 5 

2. Method ............................................................................................................................................ 6 

2.1 Sources of information ............................................................................................................ 6 

3. The cooling system .......................................................................................................................... 7 

3.1 Cooling by using the district heating network......................................................................... 7 

3.2 Cooling by using the district cooling network ......................................................................... 8 

3.3 Chillers ..................................................................................................................................... 9 

3.3.1 Compression chillers (CC) ................................................................................................ 9 

3.3.2 Absorption chillers (AC) ................................................................................................. 11 

3.3.3 Working pairs of absorption chillers ............................................................................. 12 

3.4 Comparison of the chillers ..................................................................................................... 13 

3.4.1 System characteristics ................................................................................................... 13 

3.4.2 Environmental ............................................................................................................... 14 

3.4.3 Economical .................................................................................................................... 14 

4. Analysis & Result ........................................................................................................................... 15 

4.1 Current DH and DC situation in Halmstad ............................................................................. 15 

4.1.1 District cooling ............................................................................................................... 16 

4.1.2 District heating .............................................................................................................. 18 

4.2 Case study of Sannarp ........................................................................................................... 19 

4.2.1 The choice of technique ................................................................................................ 19 

4.2.2 Studied area................................................................................................................... 20 

4.2.3 Investment comparison of Sannarp .............................................................................. 22 

4.2.4 Investment comparison of the fire station .................................................................... 23 

4.2.4.1 Operation costs ............................................................................................................. 24 

4.2.4.2 Payback time ................................................................................................................. 25 

5. Discussion ...................................................................................................................................... 26 

6. Conclusion ..................................................................................................................................... 28 

7. Reference ...................................................................................................................................... 29 



6 
 

Appendix 1 – Interview with Lars Bernhardsen deputy executive director of HEM. ............................ 31 

 



1 
 

Notations 
AC(s) Absorption chiller(s) 

CC(s) Compression chiller(s) 

CHP plant Combined heat and power plant, where both 
heat and power is generated 

COP Coefficient Of Performance, ratio of output and 
input energy 

DC District cooling 

DH District heating 

EU European union 

GHG Greenhouse gases 

HEM Halmstads Energi och Miljö (Halmstad’s Energy 
and Environment 

LiBr Lithium bromide 

MSW Municipal solid waste, commonly known as 
trash, garbage or rubbish 

NH3 Ammonia 
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1. Introduction 
In Sweden, control of indoor climate has in the past been mainly important in the form of heat. 

However in the past decades a warmer climate has led to a marked increase of district cooling (DC), 

even if the growth speed of the cooling sector during the recent years has slowed down, the 

development can be seen in Figure 1. But it’s not just the warmer climate, population growth and 

higher living standards that are causing an increased demand for cooling. During the past decades 

offices have started to use more and more electronics such as computers, printers and servers. These 

machines create free heat and increase indoor temperature hence causing even more need of 

cooling [1].   

 

Figure 1: Energy deliveries and length of cooling network in Sweden from 1996 to 2012. Source: Svensk fjärrvärme [2]. 

The members of the European Union (EU) have agreed to reach the 20-20-20 targets in year 2020 

which are [3]: 

 Greenhouse gas emissions (GHG) in EU should be reduced by 20% compared with 1990 

levels. 

 20% of EU final energy use should come from renewable sources. 

 Energy efficiency should be improved, 20% of primary energy use should be reduced. 

One Strategy to reach 20% improvement in the EU's energy efficiency is to build passive houses and 

thereby save the use of heat during the winter. There were about 2000 passive houses in Sweden 

year 2012, that include houses, apartment buildings, schools and other facilities [4]. The 

development of these houses has grown steadily during the recent years and to compare e.g. year 

2012 with the preceding year, the number of passive houses grew with about 500 buildings [4]. 

However according to Tine Steen Larsen [5] passive houses can have problems with the heat during 

summer months due to the good isolation of passive houses but it also depend on other factors. 
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Nevertheless, if this is true for all passive houses then there may be an additional demand for 

cooling. In addition to the 20-20-20 targets, there were goals presented 22 January 2014 to continue 

progress toward a low-carbon economy which is a further reason to be energy efficient, two of these 

goals are [6]: 

 To further reduce the EU GHG emissions from 1990 levels to 40% 

 The share of renewable energy should at least be 27% 

Sweden is in majority heated by district heating (DH) and so the DH network is well established, the 

DH was close to 60% market share in the residential sector year 2012 [7]. The resources provided for 

the heat generation is also mostly renewable which can be seen in Figure 2. These factors create 

good conditions for DH driven ACs to be put in service. 

 

Figure 2: The share of resources provided for heat generation in Sweden’s district heating sector 2012. Source: Svensk 
fjärrvärme [8]. 

Halmstad city is located next to the sea, meaning the cold seawater is highly accessible. It’s then only 

natural for the city to use the seawater for free cooling, but when the seawater can’t cover the 

cooling load or the location is too far away then chillers is used. The main component in a 

compression chiller (CC) is the compressor which is driven by electricity compared to the thermal 

energy driven Absorption chillers (AC). One reason for substituting the CC for the AC in EU is to 

reduce the GHG emissions to the atmosphere since generation of electricity in EU mostly is from 

non-renewable sources [9]. The power in Sweden is however mainly generated by hydropower 

plants and nuclear power plants, which are characterized with having little or none GHG emissions 

during operation [10]. So for Sweden to convert from the use of CCs to ACs it’s more a question of 

energy efficiency rather than an environmental issue. The environment can still nonetheless improve 

by using less electricity, e.g. nuclear fuel will sooner or later peter out. 
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The bottom line is that cooling will, even if not increased in the future, play an important role for our 

comfort. Therefore should cooling technology that is as efficient and environmental friendly as 

possible be considered early on. 

“Energy efficiency entails the use of less energy for a given process, such as occurs with energy saving 

appliances and equipment. Industrial waste heat can be converted into useful energy forms. GHG 

emissions resulting from energy consumption by end users can be reduced by energy conservation 

practices. Sustainable district heating and cooling can have a significant effect on reducing GHG 

emissions and air pollution.” [11] 

This thesis aims to review the economic feasibility in expansion of an existing district cooling network 

and investment in a heat driven chiller using the district heating network in Halmstad. It will also 

analyze two existing chillers and the current cooling system in Halmstad. The two chosen chillers are 

today widely commercially being used. There exist, however, other cooling technologies which is not 

reviewed in this thesis.  The reader is referred to Wang R.Z. et al [12; 13] for more detailed 

information about chillers. And Udomsri et al. [14] for detailed information about heat driven 

cooling.   
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1.1 Background 
Halmstad's Energy and Environment Inc. (HEM – Halmstad energy och miljö in Swedish) is an energy 

company in Halmstad whose role is to take care of waste, recycling, district heating, district cooling 

and electricity supplies. HEM is currently building a district cooling system in Halmstad city. Much of 

this cooling will be produced with free cooling from the river Nissan and waste heat from waste 

incineration with the help of absorption coolers.  

The district cooling deliveries have during a time span of 10 years increased from about 2.5 GWh to 

almost 12 GWh. Piping can, however, be expensive and an investigation about the possibility of 

installing a district heat driven absorption chiller is desired for parts of the city that cannot, of 

profitability reasons, be reached by free cooling. The advantages are that more waste heat during 

the summer can be used and that electricity is saved for more important tasks. This is advantageous 

since a lot of tourist visits Halland, which is the municipal that Halmstad is part of, during the summer 

and the volume of municipal solid waste (MSW) increases.  

The environmental benefits and economic conditions must be investigated. 

1.2 Goal & Purpose 
The goal and purpose of this thesis is to examine, and later on try to answer, the aspects of when it’s 

economical and environmentally worthwhile to use an absorption chiller compared to an expansion 

of the cooling network in the urban area of Halmstad city. Following investigation points was 

prepared in cooperation with HEM: 

 System description of a district-heat-driven absorption chiller. 

 Description of potential customers 

 Advantages and disadvantages of a district-heat-driven absorption chiller versus an 

electrically powered compression chiller. 

o Economic aspects 

o Durability 

o Environmental aspects  

 Economic comparison between investment in a heat driven absorption chiller and expansion 

of an existing district cooling network. 

1.3 Boundaries 

 There are many additional costs when it comes to piping, depending on what type of 

earthwork is necessary, so HEM and the author decided to use an approximate cost where 

the additional costs were included in the price per meter.  

 The thesis ignores the air quality that comes from usage of the chillers. Some air quality 

components might be necessary in the ventilation system, but these are not included in the 

cost calculations.  

 The analyzed chillers are limited to the AC and the CC. 

 The web site Valuta.se [15] was used to get the exchange rate of 2014-04-15 between SEK 

and EUR. 

 Interest and return of the investment has not been taken into account in this thesis. 
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2. Method 
This project was created in collaboration with HEM the local energy company of Halmstad that 

operates in and around Halmstad city. The background of the project was discussed during an 

internship at HEM, the mission description was presented in section 1.2. 

The structure of the thesis was discussed with the mentor during scheduled appointments. The 

project is mainly a literature review about the cooling system in Halmstad thus has the working 

process of the thesis mostly been information gathering and compiling of the information, the writer 

has however also chosen to look into a potential project where cooling to an area in Halmstad called 

Sannarp might be planned. 

Two cooling systems were studied and an economic comparison was later on made between the two 

of them to see which were more profitable in a case study. For this was a payback time calculated in 

the final section of the case study of Sannarp. The payback time for the two alternative investments 

was simplified and was only calculated using the investment cost divided by the annual income. 

2.1 Sources of information 
The library at Halmstad University helped with information searching on various databases, the 

information has come from scientific articles found at the database Compendex, course literature 

from the energy engineering program and HEM. Keywords such as district heating, cooling, 

absorption chiller, cooling system were used in Compendex. HEM contributed with data about their 

cooling and heating network as well as data on power plants and prices on piping and other 

investment costs.  
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3. The cooling system 
This chapter will describe two cooling system from production to consumers, including a description 

on the working process of a mechanical compression chiller and a heat driven absorption chiller. 

3.1 Cooling by using the district heating network 
A system solution for cooling using DH can be seen in Figure 3. This solution makes use of an AC that 

can be found in the basement of the residence (2), the size of the AC depends on how much capacity 

is needed. Outside is a cooling tower which cools the AC. The heat is provided by some sort of plant 

(1), this could be a heat only plant (HOP) that incinerates e.g. MSW but the generator in the picture 

reveals that it’s most likely a CHP plant generating both heat and power. A central control room (3) 

ensures an optimal heat supply. The system in the residence is a combined heating/cooling system 

and it does not use radiators but convectors which in its turn use fans to spread the heat/cold 

throughout the room, the temperature in each room can be controlled by a thermostat. The heating 

medium is then pumped back to the CHP plant for reheating. CCs can also be used, however this 

chiller should not be kept in the basement since it’s very noisy [16]. 

 

Figure 3: Picture of a system solution for cooling of a residence using district heating and absorption chillers. Source: 
Vattenfall, with permission from Roland Hellmer [16]. 

Refurbishment must be made if the choice to use a DH driven AC for cooling is made after the 

residence already is built. It also depends on each buildings layout, e.g. if the residence is using 

radiators or convectors. Cooling could be provided using a separate air conditioning unit but planning 

with an installer is most recommended. 
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3.2 Cooling by using the district cooling network 
A system solution for cooling using DC can be seen in Figure 4. This system uses both chillers (1) and 

free cooling (2). And as same as the DH cooling system this system also has a central control (3) that 

ensures an optimal supply of, in this case cold. Free cooling, which has not been dealt with 

thoroughly in this thesis, simply works by exchanging heat between two sources. The chillers in (1) 

get their energy source from a CHP plant, the AC driven by DH and the CC driven by electricity. The 

building which contains the chillers could fit an certain amount of chillers depending on how much 

capacity if needed. Note that the building is best suited outside the residence since CCs make a lot of 

noises. This residence uses convectors or air conditioning units to easily spread the cold air 

throughout the room [16].  

 

Figure 4: Picture of a system solution for cooling of a residence using free cooling and chillers. Source: Vattenfall, with 
permission from Roland Hellmer [16]. 

This picture presupposes that the DC network is available. The DH network in Halmstad covers more 

area than the DC network, as can be seen later on in section 4.1.2. It could be very expensive for 

clients demanding this kind of system solution if the DC network isn’t available since DC pipes are 

bigger than DH pipes, hence more expensive. The cost of piping also depend on where the earthwork 

is being done, roads and city area cost more than grassland. The cost of piping in the central town 

area could cost about 10 000 SEK/m while the piping over grassland cost about 5000 SEK/m. Note 

that there also are other additional costs in addition to the piping cost per meter [17]. 
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3.3 Chillers 
ACs can be compared to reverse heat pumps. The objective of a heat pump is to circulate heat from a 

heat source to where the heat is needed, the objective of an AC on the other hand is to take the heat 

from the space where it’s unwanted and lead it away to e.g. the outside air. ACs can further be 

compared to CCs for easier understanding. There are other ways to cool, e.g. by using direct fired 

absorption chillers, adsorption chillers, Liquid desiccant cooling system, Solid desiccant cooling 

system [12]. However the AC is a well-established technology and HEM has surplus heat that can be 

used for cooling purposes which is why this chapter will mainly focus on ACs using DH as energy 

source. 

3.3.1 Compression chillers (CC) 

The main component in a CC is the compressor. It’s this component, together with the expansion 

valve, that maintains the desired pressure on each side of the condenser and the evaporator [12]. 

This is shown in Figure 5. At the bottom of the picture are the pipes which connect the chiller with 

e.g. a cooling plant. At the top are the pipes which connect the machine with e.g. the ventilation 

system for an apartment block. The dotted line separates the low pressured evaporation side from 

the high pressured condensation side. The colours indicates the temperature scale of the system 

where light blue are being coldest following by blue then yellow and red being hottest.   

 

Figure 5: Schematic diagram of a basic compression chiller. 
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If the CC’s refrigerants starting point is in the condenser; 

 Then it’s at the condenser that the refrigerant is cooled down due to the heat in the CC’s 

refrigerant goes to the colder cooling plant’s refrigerant. It does so since heat spontaneously 

goes from a hotter source to a cooler source according to the second law of thermodynamics 

[18].  

 The cold refrigerant then pumps onwards to the expansion valve which releases the 

pressure. The refrigerants temperature drops further when the pressure is released 

according to the ideal gas law. 

 The heat from the ventilation will exchange its temperature with the cold refrigerant inside 

the evaporator. The ventilated air gets colder by doing this, since it’s warmer than the 

refrigerant from the CC, while the refrigerant gets warmer than it was before the exchange.  

 The air goes back to the apartment block where it’s used as space cooling while the 

refrigerant pumps onward to the compressor where the temperature and pressure is raised 

so it once again can be cooled in the condenser.  
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3.3.2 Absorption chillers (AC) 

For ACs are the compressor substituted with an absorber, a pump and a generator. The objectives of 

these components are however to still to do the same thing as the compressor in a CC otherwise 

would do, that is to change the temperature and pressure of the refrigerant. Another distinguished 

difference between the CC and the AC is that while CCs uses a refrigerant, ACs uses a so called 

working pair. Two common working pairs are water and Lithium bromide (LiBr) where water is the 

refrigerant and Lithium bromide is the absorbent. Ammonia and water is the other working pair 

where Ammonia (NH3) is the refrigerant and water is the absorbent. More about these working pairs 

will be discussed section 3.3.3 [12].  

The compressor which was on the right side in Figure 5 has now been replaced with an absorber, a 

pump, and a generator as can be seen in Figure 6. And just like in the previous schematic diagram, 

the light blue colour here indicates that the refrigerant in that part of the system is the coldest while 

the red colour indicates the part where the refrigerant is hottest. The dark-green colour is a mixture 

of the absorbent and the refrigerant while the light-green colour is pure absorbent. Also at the 

bottom left corner is the ventilation network where the refrigerants in the separated systems 

exchange heat.   

 

Figure 6: Schematic diagram of a basic absorption chiller coupled with a ventilation system. 
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AC’s are a bit different; note the direction of the refrigerant and the location of the condenser and 

the evaporator. If once again the refrigerants starting point is in the condenser, which this time is 

located at the top, the process will be: 

 The refrigerant is cooled off against e.g. outside air in the condenser. 

 The refrigerant pumps onward through the expansion valve where the pressure is released 

and so the temperature is lowered. 

 The refrigerant exchanges heat inside the evaporator with another refrigerant from the 

ventilation network and so the ACs refrigerant is heated up while the other refrigerant is 

used for e.g. space cooling. 

 The slightly heated refrigerant, which now has evaporated because of the heat exchange, 

then goes into the absorber where it’s mixed with the absorbent. It’s important that heat is 

removed from the absorber for the AC to function well. 

 The mixture then gets pumped to the generator where it’s boiled. This process separates the 

refrigerant from the absorbent, which goes back to the absorber to be mixed again, while the 

refrigerant, which still is in vapour form, goes to the condenser to be cooled down. The 

process then repeats itself.  

3.3.3 Working pairs of absorption chillers 

As mentioned before there are two common working pairs today. These are NH3/water and 

water/LiBr, one being the refrigerant and the other being the absorbent for respective working pair. 

The objective of the refrigerant is to exchange heat with e.g. the ventilation’s refrigerant. And the 

objective of the absorbent is to, together with the pump and generator, compress the refrigerant so 

that it more easily can cool down in the condenser [12].  

Depending on what the AC is used for are there some advantages and disadvantages of each working 

pair [12].  

 NH3 has a low freezing point of -77 °C, resulting in possibilities for subzero refrigeration 

temperatures. 

 The refrigerant in a NH3/water AC has a low specific volume and operates at a high pressure, 

leading to a more compact chiller. 

 The NH3/water working pair has no problem with crystallization  

 The system acts as a pressure vessel because of the high operation pressure (1.5–2.0 MPa), 

which calls for strict safety precautions.  

 The thermal COP is a bit lower than that of the water/LiBr unit. 

 Rectification of refrigerant is required. 

 Copper and brass materials can’t be used for these machines because of ammonia corrosion. 

The advantages and disadvantages of the water/LiBr working pair are [12]: 

 Water/LiBr ACs require a lower heat source than NH3/water ACs, making it possible to be 

used with a DH network or other low temperature generators such as solar thermal. 

 Are more common, has more suppliers. 

 Operates under negative system pressure, not as strict safety precautions are needed. But 

the system needs to be shut thoroughly. 

 Has a thermal COP about 0.5 – 1.2, making it a bit more effective than the NH3/water AC. 
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 Can have problem with crystallization if the operation conditions are not met. 

NH3/water ACs are more common in large industrial applications where the required cooling 

temperature is below 0 °C but there are some cases where it’s used for small size space cooling. It’s 

more common to use Water/LiBr ACs for space cooling, these chillers have a better thermal COP but 

can have problems with crystallization. Crystallization of the water/LiBr solution occurs depending on 

the concentration and temperature inside the absorber. J.Deng et.al suggest that crystallization 

occurs approximately around 40 °C [12], while a laboratory experiment conducted by Abdelaziz et.al 

from Oak Ridge National Laboratory suggested that crystallization for a 65% solution occurred at 

37.5°C, and a crystallization for a 68% LiBr solution occurred at 75.3 °C with a deviation of 2-3 

degrees [19]. LiBr can also be corrosive in addition to having problems with crystallization. This 

however only occurs when operation temperatures such as 180 or higher is reached, which means 

that single and double effect ACs are out of the danger zone while the small batch 

commercial/experimental triple effect AC must take this into consideration [12].  

3.4 Comparison of the chillers 
Table 1 is a summary of the water/LiBr and NH3/water AC. The information about water/LiBr ACs is 

taken from a brochure from Broad Group, a Chinese manufacturer of water/LiBr ACs [20] while the 

information about the NH3/water AC is from a scientific article by R.Z Wang et.al [12]. Note that the 

cooling capacity includes direct fired micro ACs. The cooling capacity for commercial Steam/hot 

water driven ACs ranges from 233 kW up to 6978 kW. The required heat source temperature is the 

same for most single effect ACs. 

Table 1: Comparison between a water/LiBr AC and a NH3/water AC. 

Cooling temp. [°C] 5 - 10    -60 - 0  

Working pair and effect Water/LiBr  
single effect 
[20] 

Water/LiBr 
double effect 
[20] 

NH3/water  
single effect 
[12] 

NH3/water  
single effect 
[12] 

Heat source temp. [°C] 80 - 120 120 - 170 80 - 120 100 - 200 

Cooling capacity [kW] 23 - 7000 20 – 11.630 10 - 30 10 – 6500 

Thermal COP 0.5 – 0.7 1.0 – 1.2 0.5 – 0.6 0.25 – 0.6 

3.4.1 System characteristics 

 The AC contains more components in which all are to replace the compressor in the CC thus 

leading to higher investment costs. The AC system also need a well-functioning water cooling 

tower(s) while the CC system is not in need of an equally advanced cooling tower system. 

This leads to further higher investment costs [14], [12]. 

 However, the operating expenses for the AC system will be lower and it won’t make any 

noise since there is no mechanical compressor there [12].  

 The AC has a lower COP compared to the CC, meaning the AC has to use more fuel to 

produce the same amount of cold [12]. 

 The life span of ACs are longer than that of a CC due to the noise and vibrant free 

components. Mechanical Parts in the CC wear out, this leads to an expected life span of 

about 15 years for the CC and about 25 years for the AC [21]. 
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3.4.2 Environmental 

 The environmental benefits depend on how the electricity/heat is produced and by this 

meaning how much GHGs were emitted before, during and after the electricity/heat was 

produced. It can be produced by using fossil fuels or by using renewable energy sources. But 

it can also be produced by using societal tactical fuels such as MSW that otherwise would 

affect the environment negatively [17].  

 E.g. the solid waste in Halmstad’s MSW plant is partly imported from elsewhere. By 

importing from elsewhere and then distribute the produced electricity to a country that e.g. 

is producing electricity using fossil fuels, affects the environment positively [17]. 

 If the heat instead is produced using fossil fuels and the electricity is produced using 

hydropower, then it’s more preferable using a CC from an environmental viewpoint. 

3.4.3 Economical 

 Investment costs of ACs are more expensive compared to CCs [14], [12]. 

 Cooling towers for ACs are also more expensive [14], [12]. 

 Single-effect water/LiBr ACs ranges from about 100 to 450 €/kW (depending on cooling 

capacity) [12]. 

 Double-effect water/LiBr ACs ranges from about 100 to 500 €/kW (depending on cooling 

capacity) [12]. 

 NH3/water ACs ranges from about 100 to 550 €/kW (depending on cooling capacity) [12]. 

 ACs using MSW has lower operation cost than CCs since MSW plants get paid for taking the 

waste, compared to CCs who must produce their own electricity or buy from the grid [17]. 
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4. Analysis & Result 
The economy of the two cooling systems in Halmstad is compared in this chapter to see which one is 

more advantageous from an economic perspective.    

4.1 Current DH and DC situation in Halmstad 
This section gives a description of what the heating and cooling network looks like today. Figure 7 

shows the amount of thermal energy that was delivered in the cooling and heating network during 

2013. The vertical scale in the figure shows the big difference in delivered cooling energy compared 

to heating energy.  

 

Figure 7:  The deliveries of thermal energy from HEM 2013. Source: HEM [21].  

The amount of heating energy is approximately 55 times larger and the detailed numbers are listed in 

in Table 2 below. The lines in Figure 7 are expected to look like that every year with a few deviations 

since heating is peaking during winter time and cooling is peaking during summer times. 

Table 2: Amount of thermal energy delivered in cooling and heating network during 2013 in Halmstad counted in MWh. 
Source HEM [21]. 
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4.1.1 District cooling 

The trend of cooling demand is an increasing one, this is no exception for Halmstad where the 

delivered cooling energy has raised approximately 3.5 times the amount, compared to 2003’s level.  

 

Figure 8: Development of the cooling deliveries in Halmstad city from 2000 to 2013. Source: Svensk fjärrvärme [2]. 

Halmstad have had district cooling since 2001, that year HEM delivered 0.6 GWh to the university 

area. The DC network then expanded at the town center and a sport center called Halmstad Arena 

[21], and 2012 DC delivered 7.1 GWh in total, and increased to 11.9 GWh the year after. HEM plan to 

expand this network even further if it’s economically possible. The supply and return temperature in 

the network is 6/12 °C [17]. Cooling can be produced using free cooling or by using chillers.  
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Figure 9: Map of Halmstad city’s DC network. Source: HEM [21].  

(1) at the upper right corner in Figure 9 is Sannarp, (2) at the bottom right corner is the university 

area and the longest blue line being the network that runs through the town center area. There is 

also a purple line running from the main pipes to Viking Malt company, a progressive grain 

processing company that needs process cooling. The cooling source for each separate cooling system 

is listed below [21]: 

 The town center production plant utilizes mostly free cooling from the river Nissan using 

pumps and heat exchangers, but has also chillers for peak loads and operational safety. 

 The university areas production plant, which is also called district cooling central Larsfrid 

supplies the area using two ACs and one CC. The plant also has an accumulator tank for 

coolant storage. The outdoor air is used when it’s sufficiently cold.   

 The DC central Sannarp which cools the sport center area nearby has one AC and one CC. 

these are used for space cooling and cooling of the ice rink. Also here can the outdoor air be 

used when cold enough. 

The DC network is originally planned to be connected to mainly supermarkets, electrical apparatus 

and server rooms, large apartment blocks, other similar facilities or used for process cooling but 

residential clients can also be linked if they are alongside the network [17].  
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4.1.2 District heating 

DH has been available in Halmstad since 1980, at that time it only delivered waste heat from a glass 

manufacturing company called Pilkington to a nearby residential area. Today the system is measuring 

260 km and has a capacity of 210.9 MW [21]. The supply and return temperature in the network is 

120/50°C during the winter and 95-98/45 °C during the summer [17].  

 

Figure 10: Map of Halmstad city’s DH network where the blue lines indicate the network and the red icons are 
production plants. Source: HEM [21]. 

Six production plants can be seen in Figure 10. The bottom right one is the company Pilkington, 

which now is shut down and no longer delivers waste heat. The delivered heat from the remaining 

five plants was 656.8 GWh during 2013, of which 502.8 GWh (76.5%) came from the combined heat 

and power (CHP) plant called Kristinehed. This plant uses MSW and has the lowest operational cost. 

Many tourists come to Halland, which is the municipality that Halmstad is part of, during the 

summer. This leads to an increase of MSW which must be taken care of since deposit of waste is 

prohibited in Sweden. It’s prohibited because it emits GHG if deposited. The increase of MSW means 

that Kristinehed plant gets more fuel. It’s estimated that about 35 GWh surplus heat can be used 

during the summer months, the heat that has no other usage than for operation of chillers [17; 21].  

No major expansion of the DH network is under planning, only densification of the current network 

[17]. Clients using DH are companies needing process heating, residential clients such as apartment 

blocks and villas and other facilities and premises such as stores. As explained in section 3.1 this 

system produces cold by using a heat driven AC meaning the cold has to be delivered in a separate 

pipe to the consumer.  
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4.2 Case study of Sannarp 
An economical comparison between investing in single effect water/LiBr ACs and an expansion of the 

cooling network for a chosen area in Halmstad will be studied in the following section.  

4.2.1 The choice of technique 

The reason for choosing a single effect water/LiBr AC and not a NH3/water AC or a CC is that the 

NH3/water AC is a bit more expensive and has a slightly smaller COP. What’s more is that the cooling 

effect of the single effect NH3/water AC which needs a heat source between 80 °C and 120 °C only 

ranges from 10 to 30 kW which is not enough. The single effect water/LiBr unit, on the other hand, 

have commercially available units of 233  - 6978 kW which are driven by a heat source that can vary 

from 80 °C to 120 °C, these requirements suits the DH network in Halmstad according to section 3.4. 

HEM wants to use the surplus waste heat that is produced during the summer which is why a CC is 

not wanted if not needed, in addition to environmental reasons stated in section 3.4.2. 

HEM calculates that there are about 35 GWh surplus heat that can be used during the summer 

months as mentioned in section 4.1.2. If the average AC has a COP of 0.7 then there is about 24.5 

GWh cold that can be generated. This is more than enough if compared to 2013’s use of cooling 

which were 11.8 GWh [21]. During the summer is the demand for cooling obviously peaking while 

the demand for heating is lowest during the summer, which means there’s a lot of capacity for heat 

driven cooling as shown in Figure 7. 

Up until now some common disadvantages of ACs has been that they have big dimensions, 

expensive, the heat source temperature only lowers by 10 °C and ranges from a couple of hundred 

kW and upwards. However, scientists from a research project conducted by the Technische 

Universität Berlin and Vattenfall Europe Wärme AG seem to have solved these problems [22]. 

Two ACs that yet are to be commercialized are Bee and Bumblebee, these are the names of the  

50 kW respectively 160 kW AC that have been going through practical tests in buildings since 2011. 

Both of these ACs are of the type single effect water/LiBr and are meant to be used together with 

DH, they therefore meet the requirements for Sannarp. These chillers are flexible in the way that 

they can be disassembled for transport and reassembled when they are about to be installed. 

Information about Investment costs found on Bine information service state that the investment 

costs for systems from 50 kW to 320 kW is aimed to cost between 200 to 240 euros per kW. The 

Author from Bine Information also states that cooling capacity from 50 kW down to 10 kW can be 

achieved by varying the volume flow [22].  
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4.2.2 Studied area 

The studied area is located close to DC center Sannarp which can be seen in Figure 11 below. The 

blue lines represent the DC network while the red lines are the DH network, the DH network covers 

more of the area which can be seen in Figure 10 but the plotted red lines are the most relevant if one 

or more centralized ACs are to be installed there. The black dots are nearby companies that have 

potential to be coupled. The reason for choosing this area is that there are six companies here which 

HEM knows are in the need of cooling.  

 

Figure 11: Map of Sannarp, Halmstad. Source: HEM [21], Eniro [23]. 

Alternative 1 is the expansion of the current DC network, this expansion can be seen in Figure 12. 

This expansion is a total of 776 m calculated with Eniro [23]. Alternative 1 is assumed physically 

feasible without any obstacles alongside the way for an easy calculation. The cooling energy in this 

alternative will come from the DC central located next to Halmstad Arena which can be seen in 

Figure 11. The energy will be generated by two existing chillers, one is a 600 kW AC and another is a 

900 kW CC [21]. The AC will take care of the base load during the summer since the drive heat will 

come from Kristinehed plant due to the cheapest operation cost with overflowing MSW in the 

summer and in addition HEM is being paid to take care of it. And the CC will be used for the peak 

load when needed. The rated cooling demand will only, if ever, reach the maximum capacity about 

100 hours per year according to HEM [21]. 

Alternative 2 is to invest in 50 kW ACs which will be located next to or inside the company building, 

these chillers will only be available for the company next to them, the reason for this is that if many 

companies were to be coupled then additional piping would be needed, which in turn would increase 

the investment cost even further, compared to alternative 1 where existing chillers already can be 

found in the area. Each chiller will be started depending on how much cooling is needed since ACs 

operates best at full load [21]. This is also the reason for not investing in the larger 160 kW AC, the 

rated cooling demand presented in the table below is the maximum capacity that is needed for a 

very few hours of the year, this must not be mistaken for the base load.  

The name of the companies and their rated cooling demand is listed in Table 3 and their location are 

shown in Figure 12. 
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Table 3: Name of companies at Sannarp with cooling demand. Source: HEM [21]. 

nr Company, office, name kW 

1 Halmstad Fire station 150 

2 Rejmes bil 200 

3 Mio Möbler, Harry Sjögren 100 

4 Harry Sjögren (Eon, Ncc, Dahl) 100 

5 Lernia, Ford, Greger P 200 

6 Bendt bil 100 

 Total 850 

 

 

Figure 12: Map of Sannarp, Halmstad with location of companies and expanded DC network. The name of the companies 
are listed in Table 3. Source: HEM [21]. 
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4.2.3 Investment comparison of Sannarp 

Table 4 compares the investment cost between Alternative 1 and 2. 17 units of 50 kW AC are needed 

to cover the total capacity of the six companies in Sannarp and the price for each chiller has been set 

to 100 - 450 €/kW according to information from section 3.4.3. Cooling tower and installation costs 

are taken from another study made by Udomstri et al [14] where thermal driven cooling coupled 

with municipal solid waste-fired power plant in a tropical area was studied. 300 kW and 10 MW ACs 

were used in the study. The price, however, is believed to be able to extend to the case of Halmstad 

with some price adjustments. The estimated cost information of piping was given by HEM [21], it was 

estimated to be 5000 - 10 000 SEK/m depending on if the earthwork was made on grassland or 

asphalt and busy roads. There can be some unexpected additional costs when piping e.g. unexpected 

events leading to vehicles standing still or wielding of pipes taking longer time than counted. This is 

the reason for choosing the price of 800 – 1102 €/m for piping, the decision was made together with 

personal from HEM [21]. 

Table 4: Investment cost of DC expansion and 50 kW AC. 

 Alternative 1 Alternative 2 

 Expanding DC AC 50 kW 

Component cost   

Chiller [€/kW] - 100 - 450 

Cooling tower [€/kW] - 151 

Installation [€/kW] - 14,5 

Piping [€/m] 800 - 1102 - 

   

Investment cost   

Chiller [€] - 5 000 – 22 500  

Number of units - 17 

Cooling tower [€] - 7 550 

Installation [€] - 725 

Total length of pipes [m] 776 - 

Piping [€] 620 800 – 855 152 - 

Total investment of cooling system [€] 620 800 – 855 152 230 985 – 535 485 
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4.2.4 Investment comparison of the fire station 

The result of Table 4 is that the second alternative’s investment cost is 1.2 - 3.7 times cheaper 

depending on which price is used between the two price ranges. One reason may be that the piping 

distance is too far, due to the spread of the companies in Sannarp. This may, however, not be true 

for the whole length of the pipe. Table 5 shows the relationship between the number of AC units and 

the maximum acceptable length of pipe that can be piped before alternative 1 gets more expensive 

than alternative 2. For example, if 17 units are being used then the maximum distance may be 204.8 

– 654 meters, any further than that and alternative 2 is more profitable.  

Table 5: Relationship between number of units and maximum profitable piping length. 

Number of 50 
kW AC units 

2 3 4 17 

AC 
cheap/piping 
expensive [m] 

(13275/1102)
*2 = 24.1 

(13275/1102)
*3 = 36.1 

(13275/1102)
*4 = 48.2 

(13275/1102)
*17 = 204.8 

AC 
expensive/pipi
ng cheap [m] 

(30775/800)*
2 = 76.9 

(30775/800)*
3 = 115.4 

(30775/800)*
4 = 153.9 

(30775/800)*
17 = 654 

 

This is especially interesting for the first company, Halmstad fire station, since it’s only 58 meters 

away from the current DC network [23]. A second comparison will therefore be made where the 

piping is only expanded to Halmstad fire station. The fire station has a rated cooling demand of 150 

kW, meaning it needs three units of 50 kW ACs. The maximum piping distance for three units is 36-

115 meters according to Table 5. The price for each alternative is listed in Table 6 below: 

Table 6: Comparison between alternative 1 & 2 for the Halmstad fire station case. 

58 m piping [€] 58*(800 – 1102) = 46 400 – 63 916 

Three 50 kW ACs [€] 3*(13 275 – 30 775) = 39 825 – 92 325 

 

As can be seen from the result in Table 6 the cheapest alternative depend on which price is used in 

the investment costs. 
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4.2.4.1 Operation costs 

Following operation costs and payback time will be made using the Halmstad fire station case since 

the investment cost for the both alternatives of this case is closest to each other. A few assumptions 

will be made to calculate the operation costs: 

 The heat cost for driving the AC is negative all year around since most of the cooling is 

needed during the summer when the surplus heat from Kristinehed plant is overflowing. 

 The three chillers in alternative 2 take care of both the base and peak load, they are started 

separately when needed. 

 The cold generated for alternative 1 is coming from ACs in Sannarp DC center only. 

 Annual cooling demand of fire station is 800 hours and 70 kW due to every space not being 

needed to be cooled at the same time and some space not at all. 

 All chillers have a thermal COP of 0.79 meaning 1.27 units of heat is needed for every unit of 

cold. 

The operation cost for both alternatives will be the same due to the energy being generated by ACs 

using district heat produced in Kristinehed plant, it’s just the location of the chillers that is different 

but this makes no difference from an economic point of this.  

The operation costs for the ACs are based on the burning of MSW. HEM is paid 38.64 €/ton MSW and 

each ton contains 2.9 MWh worth of energy. 

The income which HEM gets from selling cold to costumers are approximately 1000 SEK/MWh [21], 

this is approximately 110.22 €. 

Table 7: Operation costs and revenues for alternative 1 & 2. 

Price per unit of energy [€/MWh] -38.64/2.9 = -13.33 

Annual cooling demand [MWh] 800*0.07*1.26 = 70.89  

Annual burning costs [€/year] 70.89*-13.33 = -945 

Annual income from selling cold [€/year] 70.89*110.22 = 7813.5 

Annual total income [€/year] 7813.5-(-945) = 8758.5 
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4.2.4.2 Payback time 

The payback time is listed in Table 8. The result is presented in a time span of a few years since there 

is no specific investment cost for either alternative 1 or 2. The investment cost is taken from Table 6 

and is divided by the annual income from Table 7. 

Table 8: Payback time for the case of Halmstad fire station.  

Alternative 1 
[years] 

Cheap piping  46 400/8758.5 = 
5.3 

Expensive piping 63 916/8758.5 = 
7.3 

Alternative 2 
[years] 

Cheap ACs 39 825/8758.5 = 
4.5 

Expensive ACs 92 325/8758.5 = 
10.5 

 

The result here is the same as for Table 6, since the operation costs for both alternatives are the 

same, the alternative with the shortest payback time is unknown and is dependent on which price is 

being used in the investment costs. Note that the payback time calculations in Table 8  have not 

taken any interest or the return of the investment into consideration. 

Payback time is an important key figure which determines whether a company’s investment in a 

project will turn out profitable or not. A short payback time is desirable since the investment object 

can generate money for a longer time. The investment objects live span must therefore be longer 

than the payback time for this to be possible. The payback time of both alternatives in the case study 

of Halmstad fire station is relative short, even the longest payback time of this case which is 10.5 

years is not considered to be very long. This is also due to the live span of ACs which can last up to 25 

years. Even if a loan interest and investment return were to be considered a payback time of 12-15 

years could still be acceptable. 
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5. Discussion 
Observe that HEM is owning the equipment in the economic comparison, if the fire station were to 

own the chillers then the result would turn out different. They would have to pay for both the 

investment cost and for the heat needed which in HEM’s case was negative. They would on the other 

hand probably use the cold themselves and not sell the cold to any other company which would be 

cheaper than buying cold.  

Would free cooling be a better alternative if it was available for the area? On one hand free cooling 

wouldn’t get the income from burning MSW but on the other hand free cooling wouldn’t have any 

problems with machinery and the same maintenance costs which have been overlooked in this 

thesis. ACs are, however, quite durable since they don’t have any moving parts like the CC. But their 

working pair does need to be maintained every now and then. Even so ACs do not suffer so much 

from abrasion.  

The two chosen alternatives are quite similar in the way that they both are run on ACs, the biggest 

difference is how far the refrigerant is pumped. If Sannarp were to have a more dense company area 

so that the earthwork and piping were to be reduced and more companies could couple with the 

network then there wouldn’t be any doubt that alternative 1 would be more profitable. After all it’s 

the piping that is the crucial part. Alternative 2 is, however, more flexible in the way that the 

separate AC units can be started depending on the cooling demand. Alternative 1 relies on two 

chillers, one 600 kW AC and another 900 kW CC. If e.g. the total cooling demand in Sannarp would be 

300 kW or less one mild summer day, then the 600 kW AC wouldn’t be able to operate at its fullest 

potential or at all since it’s not suited to operate at part load. This means in addition that the 

electrical driven CC would need to take care of the base load and HEM wouldn’t be able to make use 

of their surplus heat as much as they wanted.  

Alternative 1 is, however, the most realistic one from the price range’s point of view. The area 

Sannarp does not have cobblestone on the ground, it’s not so heavily trafficked and if earthwork 

were to be done then the soil would be able to be left on the side, compared to the central area of 

the city where the soil is temporarily needed to be driven away and later on driven back to the place. 

800 €/m is therefore quite realistic, compared to the cheapest price range on the AC. Bine 

information even said that Bee and Bumblebee were aimed to be put around 200 – 240 €/kW. 

Besides the chillers are yet to be commercialized and it’s unknown for how long, so if a similar 

project were to be started in a couple of years then maybe alternative 1 would be best. ACs might 

still be too immature for the small house owner and other small companies to be invested on. ACs 

also tend to have an expensive price per kW for those chillers with a small capacity, the bigger 

machines tend to be cheaper per kW.  

This thesis did not analyze the existing chillers in the DC center Sannarp thoroughly. It’s not 

mentioned how old they are and their remaining live span are therefore unknown. Alternative 1 

would be very expensive if it turned out that new chillers were to be needed.  

Bee and Bumblebee can, in addition to being used as chillers, be used as heat pumps during winter 

when cooling demand is low or can be covered by free cooling.  

Table 9 shows the system characteristics for the chillers while used as heat pumps and Figure 13 

shows a schematic description of the operation for cooling operations during summer respectively 
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heating operations during winter. The reason for using the chiller as a heat pump, despite having a 

DH network capable of taking care of the heating, are for efficiency reasons. By doing this the return 

temperature can be lowered much further compared to not using the chiller as a heat pump. 

According to Bine [22] up to 40% pump electricity in the DH network can be saved. The operation 

cost and income is bound to increase if the ACs invested in the case of Halmstad fire station were to 

be used as heat pumps during winter time. This in turn would lower the payback time of alternative 

2. This is, however, not discussed further in this thesis. 

Table 9: System characteristics of Bee and Bumblebee used as a heat pump. Source: Bine information service [22]. 

 Bee Bumblebee 

Rated cooling capacity [kW] 50 160 

Heat capacity [kW] 63 202 

Heating water   

Inlet temperature [°C] 90 90 

Outlet temperature [°C] 72 72 

Volume flow [m3/h] 3 9.7 

 

 

Figure 13: Schematic description of summer and winter operations. Source: Vattenfall, with permission from Roland 
Hellmer [16]. 
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6. Conclusion 
The conclusion of this thesis is that today’s ACs are still too immature for the smaller capacities such 

as space cooling of a villa or a smaller premises. The price for a small promising AC that yet is to be 

commercialized is still too high but there are exceptions for sparse areas where consumers are too 

far spread out and investing in a long DC network is not an option. This would almost be the same as 

in investing in a new DC center for the area in question. Alternative 1 in the case study of Halmstad 

fire station were the better choice because it was located close to the existing DC network, in 

addition to alternative 2’s price range being a little unrealistic. It’s beneficial for companies to have a 

payback time as short as possible on their investments, alternative 1 does not have the shortest 

payback time in this case, it is however the most realistic one.  

It’s important to remember that the economic comparison in this thesis was simplified and a more 

thoroughly calculation should be made for a more detailed project.  

CCs are today still cheaper, ACs are however a good alternative to CCs, lowering the investment costs 

of the ACs would make their competitiveness even greater. They are durable robust chillers with a 

live span of about 25 years. They can be more environmental friendly depending on how the driving 

energy is produced. Countries with a high share of green energy might not have the same problem 

but there are many countries that still make electricity by using fossil fuels. This can also be 

disadvantageous for ACs if fossil fuels are being burned for the drive heat. But they are very 

environmental friendly if they were to get their heat from a MSW burning plant as in Halmstad, and 

where there are humans there will always be waste worth to be taken care of. 

The main conclusions are summarized as: 

 Alternative 2 has the shortest payback time but has also the less likely correct price range. 

 Alternative 2 is more flexible in terms of operation and overall location feasibility. 

 Alternative 2’s AC is yet to be commercialized and therefore not yet feasible.   

 Alternative 1’s payback time is the most realistic one considering the investment cost. 

 Alternative 1 is today feasible. 

 ACs might be too immature for the residence sector today considering the high investment 

cost and the low capacity demand of the sector. The higher the capacity, demand the better. 

ACs are however environmental friendly, robust chillers.    
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Appendix 1 – Interview with Lars Bernhardsen deputy executive 

director of HEM. 
12-03-2014 Halmstad.  

 

1. What is the cost of waste today? 

 

It depends on who it comes from but you could say an average of 350 SEK/ton, note that you 

get paid 350 SEK/ton to take care of the waste and not paying for the waste. Also the trend 

of the price is that it’s lowering and will keep lowering because of the competition. 

 

2. Is there a district cooling network wherever the district heating network is? 

 

No, there is not. This question is easier answered if I show you a picture of the two network 

systems 

 

3. What are the temperatures in the different networks? 

 

The supply/return temperature for the cooling is 6/12 °C, while the supply/return for the 

heating is 120/50 °C during the winter and 95-98/45 °C during the summer 

 

4.  Will Halmstad Energy and Environment expand the cooling network? 

 

No, not so much in the coming years 

 

5. How much does piping of the cooling network cost? 

 

It depends on where you want to do it. If you do it in the center of the town could it cost 

about 7000 up to 10 000 SEK/meter because the earthwork of asphalt in addition to costs 

such as redirection of traffic and footpaths. While earthwork of purely soil only cost about 

5500 SEK/meter. Also the cooling pipes have a bigger diameter than heating network pipes 

because of the mass flow.  

 

6. How much waste does Halmstad Energy and Environment incinerate per year? 

 

180 000 ton/year  and we have permission to incinerate 200 000 ton/year 

 

7. Is the waste accumulating or do you incinerate everything in a steady rate? 

 

The waste is incinerated in a steady rate, however it comes in more domestic waste than we 

can handle during the summer since many tourists arrives to Halmstad, Varberg and 

Falkenberg during the summer. We solve this by lower the share of industrial waste, such as 

wood waste, since domestic waste is prohibited to deposit in Sweden. 
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8. What is the energy density in the waste that you incinerate?  

 

We are counting on an average of about 2.9 MWh/ton. It depends on the composite of the 

waste, if e.g. we incinerate much plastic or domestic waste. The min/max is about 2.3/3.6 

MWh/ton.  

9. How much waste heat can be used for additional energy use? 

 

About 15% of 30 MW is surplus heat so about 10 GWh, if we expect 3 summer months, 

about 2000 hours. Plus 25 GWh that is cooled off, so in total about 35 GWh. 

 

10. Which kinds of customers are likely to be linked to the district cooling network in the future? 

 

Customers who have electrical apparatus that needs to be cooled down or supermarkets, 

grocery stores and other kind of facilities. 

 

11. So no space cooling then? 

 

Only if the client is located along the way so that no additional piping needs to be done. 
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