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ABSTRACT 
Interest in indirect (secondary) refrigeration systems has grown since the discovery of the 
negative effect of environmentally hazardous refrigerants and leakage problems from direct 
expansion systems. Among the positive effects of indirect systems are: decreased quantities 
of primary refrigerant, factory built units and confinement of refrigerant to the machine 
room. Ground source heat pumps, ice rink and indirect system solutions for supermarket 
refrigeration are examples where indirect refrigeration systems are being used in Sweden. 
 
The secondary fluids circulating in the secondary systems are of great interest as its choice 

can affect heat transfer process; the overall performance of system; corrosion problems and 

maintenance costs as well as acceptable risks for the environment in case of leakage from the 

secondary system. A secondary fluid should have low viscosity, high thermal conductivity, 

high volumetric heat capacity, low freezing point, be non-corrosive, non-explosive, non-

flammable, environmentally friendly, non-toxic, give low pressure drop in the system, have 

good material compatibility, chemically stable and have low cost. 

 

The market for secondary fluids worldwide and in Sweden is complex and a comprehensive 

overview of the available secondary fluids has not been available. The purpose of this thesis 

is to compile most of the existing secondary fluids on the Swedish market and present them 

briefly in this report. Different brands of secondary fluids on the Swedish market based on 

ethylene and propylene glycol, ethyl alcohol, potassium formate, potassium acetate, calcium 

chloride and other blends are presented in the thesis. Some of the most common brands are: 

Eco MPG, Dowcal 200, Dowcal N, Zitrec FC, Zitrec LC, Antifrogen L, Frigogel Neo, 

Heliogel CS80, Brineol MPG, Glytherm 20, Zitre MC, Dowcal 100, Antifrogen N, Neutragel 

Neo, Brineol MEG, Glytherm 10, Antifrogen Sol HT, Freezium, Hycool, Antifrogen KF, 



-3- 
 

Brine 25, Swedbrine 25, Brenntag KBS, Brineol Bioethanol, E-Therm KBS Bio, Thermol, 

Zitrec S, Temper, Pekasol 50, Pekasol 2000, Greenway RTU, Greenway Heat Pump -30, 

greenway Solar -30, Thermera R and Thermera AC. 

Additionally, it is important to underline that a permit for installation of ground source heat 

pumps in Sweden is required. Swedish laws and regulations regarding secondary fluids and 

ground source heat pumps are complex and difficult to overview on municipalities’ levels.  

 

Keywords: 

Secondary fluids, ground source heat pumps, indirect refrigeration system, regulations; 

Swedish market 
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NOMENCLATURE 
 

CFC Chlorofluorocarbon  

CO2 Carbon dioxide  

COP Coefficient of performance 

cp Specific heat capacity   J.kg-1.K-1 

F-Gas Fluorinated gas 

HCFC Hydro chlorofluorocarbon 

HFC Hydrofluorocarbon  

HVAC Heating Ventilation Air Conditioning  

GSHP Ground Source Heat Pump  

GWP Global Warming Potential 

MAC Mobile Air-Conditioning units 

MEG Monoethylene glycol  

MPG Monopropylene glycol 

SVEP Swedish Heat Pump Association 

TWh Terawatt hour 

ρCp Volumetric heat capacity   J.K-1.m-3 

ρ Density    kg.m-3 

µ Dynamic viscosity   mPa.s 

ν Kinematic viscosity   m2.s-1 
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1 INTRODUCTION 

 
The Montreal Protocol on Substances that deplete the Ozone Layer is a treaty that entered 

into force on the 1st of January 1989. The agreement, signed by 197 countries, treats the 

phasing out of CFCs (Chlorofluorocarbons) and HCFCs (Hydro chlorofluorocarbons) 

because of their negative effect on the ozone layer. The HFC (Hydrofluorocarbons) replaced 

the CFCs and HCFCs but they are on the other hand strong greenhouse gases. (Tejon, et al., 

2009) 

As stated above the refrigerants are not environmentally friendly and a shift toward natural 

refrigerants should be made. As HFC are still being used focus should be on decreasing the 

refrigerant charge in systems. Experience has shown that it is difficult to prevent leakages 

(zero leakage) and therefore indirect refrigeration systems could be an alternative in 

minimizing refrigerant leakage. (Palm, 2006) Even if natural refrigerants are used they have 

some problems such as an increased risk of fire and/or risk of panic in case of leakage 

(Melinder, 2009). Since the discovery of the negative effects caused by HFC refrigerants used 

in direct expansion refrigeration systems, there is an increased interest in environmentally 

friendly refrigerants such as ammonia, hydrocarbon and carbon dioxide and different 

approaches to the traditional direct expansion refrigeration system, such as a wider use of 

indirect refrigeration systems. (Wang, o.a., 2010) 

The European Union has adopted two legislative acts with the objective of reducing the use 

of fluorinated gases (F-gases). The acts are: The MAC Directive and the new F-gas 

regulation REGULATION (EU) No 517/2014 which is replacing the old one from 2006.  

The MAC (Mobile Air-Conditioning systems) Directive prohibits the use of F-gases with 

higher GWP (Global Warming Potential) of 150 times that of carbon dioxide in air 

conditioning systems fitted for cars and other commercial vehicles. The total ban of F-gases 

in air conditioning systems will come into action from 1 January 2017. The choice of 

technical solution will be left to the car manufacturer. Thus, in practice this will lead to 

situation that cars fitted with air conditioning units with refrigerant having higher GWP than 

150 will not be registered or sold in the European Union from 1 January 2017.  

The new F-gas regulation came into action 1 January 2015 and has introduced a number of 

important changes such as: limitation of the amount of F-gases that can be sold in the 

European Union; banning the use of F-gases in new types of equipment where more 

environmentally alternatives are available; and the prevention of emissions of F-gases 

through proper recovery of gases; more restricted controls and service requirements on 

existing equipment (European Comission, 2014). 

 

1.1 Objectives 

The objective of this master thesis project is to investigate the current situation of secondary 

fluids on the Swedish market. The most commonly used commercial products on the market 

are to be identified and described in this thesis. Commonly found indirect refrigeration 

system applications in Sweden such as ground source heat pumps, ice rink applications and 

supermarket will also be described. The expected outcome is these status reports on 
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secondary fluids is to get better understanding of the current trends and try to forecast future 

needs of industry.    

1.2 Methodology 

A literature study was made on the given topic including ground source heat pumps, ice rink 

applications and systems for supermarket refrigeration. A contact was made with domestic 

and foreign producers of secondary fluids, experts on the topic, sales managers, technical and 

production managers in order to investigate the available secondary fluids on the Swedish 

market. The contact was taken both by telephone and mail. Finally, the results were compiled 

in form of report. 

1.3 Scope and limitation 

The limitations of this study have been: 

 Only non-phase changing secondary fluids are included with emphasis on aqueous 

solutions. 

 Focus of this research is mostly limited to three most important indirect system 

applications in Sweden: ground source heat pumps, ice rink and supermarket 

refrigeration systems. 

 Some producers and distributers of secondary fluids for the Swedish market have 

been unwilling to co-operate with the author and share information about available 

commercial secondary fluids. 

 Some products that may be available on the Swedish market have not been included 

in the thesis report as it has not been possible to validate their existence trough 

reliable sources. 



-12- 
 

2 INDIRECT REFRIGERATION SYSTEMS 

2.1 Introduction 
The purpose of a refrigeration system is to lower the temperature and maintain it at a desired 

level by removing heat from one area to another. One way of accomplishing this is by using 

a vapor compression cycle, also known as the direct refrigeration system, that uses a primary 

refrigerant. The indirect refrigeration system uses an additional circuit to transport energy 

between the desired temperature areas (Granryd, et al., 2011). This chapter will present the 

principles of direct and indirect refrigeration systems and the main differences between 

them.  

 

2.2 Direct refrigeration system  

2.2.1 Principle of a basic vapor compression cycle 

 

A direct refrigeration system is a vapor compression cycle or the heat pump. In the direct 

refrigeration system the working fluid is called the primary refrigerant. Four main 

components in the basic vapor compression can be distinguished: evaporator, compressor, 

condenser and an expansion device. Once the heat from heat source is supplied, the 

refrigerant starts to boil (evaporate) and the formed vapor is introduced to the compressor. 

The compressor is used to compress the primary refrigerant to a higher pressure and 

temperature level. Later primary refrigerant is condensed in the condenser (exothermic 

process), expanded in the expansion device and returns back to the evaporator. The direct 

refrigeration system is characterized by the fact that the primary refrigerant is used to directly 

transport the heat from the heat source to heat sink. (Melinder, 2009) 

 

 

  

 

The compressor is generally electric motor driven and rarely a combustion engine. (IEA) The 

principle of vapor compression cycle is used in many different applications and thus, the 

name changes depending of the application. For example in case of refrigerator application 

the biggest focus is placed on the refrigeration aspects and preservation of products at a 

certain temperature level. (Melinder, 2009) 

Figure 1: Direct refrigeration system (Melinder, 2009) 
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2.3 Indirect refrigeration system 

2.3.1 Principle of indirect refrigeration system 

The indirect refrigeration system consists of two circuits: primary and secondary.  The 

secondary circuit is an additional circuit where the secondary fluid is circulating to transfer 

heat. The secondary circuit can be found on both hot and cold side. Different terms are used 

to define the fluid in the secondary loop: heat transfer fluid, brine, antifreeze, secondary 

refrigerant, secondary fluid, secondary coolant and secondary working fluid. (Granryd, et al., 

2011) The name brines can only be used when referring to salt solutions. (Melinder, 2007)  

Therefore, the term secondary fluid will be used throughout the whole thesis. The secondary 

fluid absorbs heat from the heat source and transports it through piping to the evaporator 

where heat is given away to the primary refrigerant in the primary loop. In this way the 

primary refrigerant has no direct contact with the heat source. On the condenser side the 

same principle can be applied, where a secondary loop using a secondary fluid absorbs the 

heat rejected in the condenser. (Melinder, 2009) 

 

 

Figure 2: Indirect refrigeration system (Melinder, 2009) 

Some of the most common applications of the indirect refrigeration system are: ice rink, 

sport facilities, ground source heat pump, shopping centers, different commercial buildings 

and supermarkets. There are several advantages of using indirect refrigeration systems such 

as minimization of the primary refrigerant charge in the expansion refrigeration systems and 

the possibility of using the factory built direct expansion systems. (Melinder, 2009) 

Water is a very good secondary fluid but only at temperatures above 3ºC since it freezes at 

temperature of 0 ºC. Therefore, a freeze depressant additive must be used in order to take 

advantage of the good thermophysical properties of water. Among freeze depressant 

additives used with water are: propylene glycol, ethylene glycol, potassium formate, 

potassium acetate, glycerol, potassium carbonate, betaine, ethyl alcohol and methyl alcohol. 

(Melinder, 2009) There is no ideal secondary fluid in all the aspects and one must therefore 

find the best secondary fluid for each application. (Granryd, et al., 2011)  

 

2.3.2 Additional components 

An indirect refrigeration system requires additional heat exchangers, secondary fluid, 

expansion devices and pumps. The number of additional heat exchangers depends on 
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whether the indirect refrigeration system solution is used on both evaporator and condenser 

side. (Granryd, et al., 2011) 

2.3.3 Advantages and disadvantages of indirect 

refrigeration systems 

Advantages 

The biggest advantage of the indirect refrigeration systems is the possibility to decrease 

quantities of primary refrigerant in the primary refrigerant loop. Charge reduction between 5 

% and 15 % compared to the direct refrigeration system has been obtained. Local 

construction of refrigerant piping is avoided, thus decreasing the risk of leakage during 

installation. All the piping work such as welding and soldering can be performed in factories 

under controlled forms. The primary refrigerant can be confined to the machine room. 

(Melinder, 2009) 

Indirect refrigeration systems are becoming more popular and that they are able to compete 

with traditional direct expansion refrigeration systems. (Wang, o.a., 2010) The indirect 

refrigeration systems show higher flexibility when connecting additional cooling units. 

Moreover, it is easier to use the condenser heat from the indirect refrigeration system rather 

than from multiple direct condensing units. Another advantage is a lower risk of operation 

stops if a small leakage occurs in the secondary loop compared to leakage in the primary 

refrigerant loop. (Melinder, 2009) 

Disadvantages 

Despite the advantages, there are still some disadvantages. The indirect refrigeration systems 

have higher investment cost due to additional secondary fluid pumps, piping and heat 

exchangers. If the secondary fluid used in the indirect refrigeration system is not chosen with 

great consideration the pump work can be considerable higher. The indirect refrigeration 

system adds an additional temperature difference over the secondary loop. This leads to 

higher temperature difference between the evaporation and condensing temperature which 

leads to a lower coefficient of performance (COP) for the refrigeration system. (Melinder, 

2009) If the secondary fluid is not chosen with care and correct corrosion prevention 

methods are applied one could have corrosion problems leading to increased maintenance 

costs. (Mazzotti, 2014) 

2.3.4 Energy consumption of indirect refrigeration 

systems 

Due to the additional pump work required to pump the secondary fluid and the additional 

temperature difference over the secondary loop and heat exchangers one could think that all 

indirect refrigeration systems have a higher energy consumption compared to the direct 

refrigeration systems. Several comparisons between the direct and indirect refrigeration 

systems have been made reporting a decrease in total energy consumption for the indirect 

refrigeration systems. (Wang, o.a., 2010) One of studies reported that the indirect 

refrigeration system using secondary loops on both evaporator and condenser side 

(potassium formate and propylene glycol) showed lower energy consumption compared to 

the conventional Canadian refrigeration systems and the primary refrigerant charge was 

significantly reduced. (Wang, o.a., 2010) 
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3 INDIRECT REFRIGERATION SYSTEMS IN 

SWEDEN 

Indirect refrigeration systems are and have been used in many different applications such as: 

air-condition, supermarket, slaughter houses, sport facilities and heat pumps. This chapter 

will focus on three most common indirect refrigeration system applications in Sweden: 

ground source heat pumps (GSHP) for domestic use, solutions for supermarket applications 

and sport facilities. An overview on each application will be made and the main focus will be 

the secondary fluids used. 

3.1 Heat pumps for domestic use 

3.1.1 Background 

The popularity of heat pumps has varied through time depending on the world energy 

situations. The first patent on a vapor compression cycle was presented in 1834 by J. Perkins. 

It is the same principle used today. (Björk, et al., 2013) The first big interest in the heat 

pumps started in North America and Europe after World War II when oil and gas became 

easily accessible and development slowed down. During the first oil crisis in 1970s research 

focus was directed toward other cheaper alternatives than crude oil for the space heating. 

During the following decades efforts were made in both research and standardization of 

installation of the ground source heat pumps (GSHP). (Sarbu, et al., 2014) 

3.1.2 Different types of heat pumps 

There are many different types of heat pump and the name depends on the heat source and 

heat sink. For domestic heating applications the most common heat pumps and their heat 

sources are:  

Air to air heat pump 

In typical air to air heat pump the heat is absorbed from the outdoor ambient air and 

through the vapor compression cycle a warmer air is obtained and used to heat the inside of 

the house. An air to air heat pump is not efficient when the outdoor temperature decreases 

during the coldest days of the heating season. Additional heating system in form of electric 

heater is needed to cover the heating needs of the house. The temperature when the electric 

heater is used depends on the size of the house and the construction plan. According to 

Christian Hammargren at Genertion Fyra VVS AB their heat pump Thermia Aura provides 

sufficient heat down to -30°C. No secondary fluid is used in air to air heat pumps and no hot 

tap water production is obtained. An exhaust air to air heat pump has a higher efficiency 

then the one only using the outside air as heat source. (Nilsson, 2005) 
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Figure 3: Statistics of installed heat pumps in Sweden (SVEP, 2014) 

 Air to water heat pump 

In case of air to water heat pump the heat is absorbed from the outdoor air and transported 

to the houses hydronic system. Sweden has had a tremendous development and is world 

leading when it comes to the heat pump technology and amount of installed units. According 

to Jan-Erik Nowacki from SVEP, Swedish Heat Pump Association, more then 1,1 million 

smaller houses in Sweden has installed heat pumps of some kind. Considering that there is 

almost 1,5 million houses where it could be installed say a lot about the interest in the heat 

pumps in Sweden. (Nowacki, 2014) Using exhaust air as heat source is in many ways 

favorable as the air is already heated and can therefore give a higher COP.  

Water to water heat pump 

In case of a water to water heat pump the heat source could be a lake, sea or ground water. A 

problem of using the  lake or sea water as heat source during the coldest periods can be that 

temperatures can be close to 0°C, even if the water inlet point are deep. Indirect systems are 

often used for modest heat pumps using lake or sea water as heat source.  

Using ground water as a heat source has the benefits of giving good operating condition as 

the average temperature is close to the yearly average temperature (Havtun, o.a., 2013). 

Ground source heat pumps 

Sweden alone stands for approximately 25% of the world’s geothermal energy due to GSHP 

applications.  The geothermal energy systems stand for approximately 11-12 TWh of the 

heat supply in Sweden. The geothermal energy is considered as a renewable energy source. 

The potential of shallow geothermal energy is huge since it has no geological or geographical 

constraints. (Björk, et al., 2013) 

Geothermal energy comes mainly from the sun which delivers heat to the ground where it is 

passively stored. The energy from the sun affects the temperature in the ground up to a 

couple of hundred meters and when going deeper heat comes from the inner core of the 

earth. The temperature of the ground varies depending of the time of year up to 

approximately 15 meters and is after that stabilized. This is why ground source heat pumps 

are so effective during the cold periods of the year in Sweden. On contrary to air to air heat 
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pumps, the ground source heat pumps keep a higher effectiveness during the cold winter. 

(Barth, et al., 2012) 

 Horizontal ground source heat pump 

Horizontal ground source heat pumps or shallow ground coils in soil require a large land 

area. Up to 500 m2 of land area can be necessary for a large family house. The horizontal 

tubes, typically with an inner diameter of 35 mm are buried in the soil with a length of 

around 300-400 meters. In most cases a secondary fluid is circulated in the tubes but there 

are also examples where refrigerant is used. The most common application for horizontal 

ground source heat pumps is houses with large land areas such as farms (Havtun, o.a., 2013). 

 

Figure 4 Principle of a horizontal heat pump (Thermia, 2015). 

 

 Vertical ground source heat pump 

Drilling is necessary before installing the vertical ground source heat pump. The heat is 

extracted by a U-shaped tube acting as a ground borehole heat exchanger into the vertically 

drilled hole. The ground water is almost always encountered after a certain amount of drilled 

meters. The borehole is around 100-300 meters deep and the U-tube has around 35 mm 

inside diameter and 40 mm outside diameter. At the bottom of the U-tube there is a weight 

placed to keep U-tube in the place. The secondary fluid is then pumped through the U-tube 

and collects the heat from the bedrock. The secondary fluids used for ground source heat 

pumps in Sweden are mostly mixtures of water with ethyl alcohol or propylene glycol. The 

principle of the vertical ground source heat pump is shown below. (Björk, et al., 2013) 
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Figure 5: Principle of a vertical ground source heat pump (UB, 2006) 

As the heat is extracted from the bedrock the temperature of the bedrock may decrease. The 

process may take months or years and if the storage of energy from the sun is less than the 

extraction it would have a negative influence for the performance of heat pumps.  

A method to counteract that effect is to return heat during the summer. This is called passive 

system with storage. This can be achieved by drilling multiple boreholes close to each other. 

In most storages 30 boreholes make up the storage capability of 100 000 m3 but examples of 

storages with 100 boreholes exist in Sweden. The heat could then be extracted during winter 

with higher COP and the lifespan of the bedrock could be prolonged. Thus, it is important 

to dimension the system so that the heat recharging of the heat source is in balance with the 

heat extraction. An aquifer storage is used in the large scale applications. Excess heat is 

stored in the aquifer using ground water as the heat carrier. The water is then extracted from 

wells.  The aquifer storage can have both a cold and hot side making it highly efficient. 

Aquifer layers exist only in 10-15% of the area in Sweden and therefore having some 

geographical limitations (Barth, et al., 2012).  

 

Figure 6 Principle of energy storage using aquifer layers (Barth, et al., 2012) 
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3.1.3 Secondary fluids used in ground source heat pumps  

Installation of the ground source heat pump is considered as a potentially harmful intrusion 

into the environment and a permit is needed. In the ninth chapter of the Swedish 

Environmental code (Miljöbalken) it is specified that when dealing with activities that may 

have little impact on the environment such as the domestic heat pumps the permits may be 

issued by the municipalities. “Förordningen (1998:899) om miljöfarlig verksamhet och 

hälsoskydd” specifies that the municipalities have the right to assess and make the final 

decision regarding the protection of environment and human wellbeing. When installing 

ground source heat pumps close or in an area that is used as a drinking water reservoir the 

requirements on the secondary fluids can be stricter from the environmental point of view.  

Nowadays, most ground source heat pump installations in Sweden use ethyl alcohol or 

propylene glycol as the secondary fluid. The use of the ethylene glycol having better 

thermophysical properties rather than propylene glycol is forbidden in new installations due 

to its high toxicity. (Melinder, 2009) 

When performing this project none of the contacted experts had a good answer to question 

why ethyl alcohol is predominant as the secondary fluid in ground source heat pumps. Some 

said that it is rather cheap secondary fluid with relatively good thermophysical properties. 

Others pointed out the municipality regulations although Environmental Administration of 

Stockholm says that there are no specific rules concerning the secondary fluids. These rules 

may be different depending on municipality but it has not been investigated further in this 

thesis. Others claimed that it is because of toxicity of other secondary fluids compared to 

ethyl alcohol. 

 3.2 Solutions for supermarket refrigeration 

There are many different types of the supermarket refrigeration systems. There are both 

direct and indirect refrigeration systems and variations of them. A few examples will be 

presented in this chapter. 

3.2.1 Refrigeration in supermarkets 

The main purpose of the supermarket refrigeration is to store and display food in an easily 

accessible way to customers using storage cabinets. Food is first stored in the big walk in 

storage areas and then transferred to the display cases inside the customer areas. In the 

supermarket refrigeration two temperature levels can be defined: 

- Medium temperature level for preservation of chilled food. The temperature 

levels of products are between 1°C and 14°C depending on the kind of product. The 

evaporation temperature for this level is usually between -15°C and 5°C.  

- Low temperature level for preservation of frozen food products. The 

temperature levels of products are between -12°C and -18°C. The evaporation 

temperature is between -30°C and -40°C. (Arias, 2005) 

The three main types of refrigeration systems used for refrigeration in supermarkets are: 

condensing units, stand-alone equipment and centralized systems. 
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Condensing units are small size refrigeration systems with one or two compressors and a 

condenser usually installed in smaller convenience stores where refrigeration is provided to 

fewer food cabinets.  

Stand-alone equipment is for example a display case used often to display cold beverages or 

ice cream. It is a sort of plug-in system having the refrigeration system integrated in the 

cabinet itself. 

Centralized refrigeration systems can be divided into two types: direct refrigeration system 

and indirect refrigeration system and variations of them. They consist of the central 

refrigeration unit localized in the machine room.  

The increased interest in indirect refrigeration systems has led to the development of new 

types of the secondary fluids, e.g.; potassium acetate, potassium formate and their blends. 

When designing the indirect refrigeration system for supermarket with the secondary fluid 

soma aspects such as: material compatibility, toxicity, environmental threat, flammability, 

cost and thermophysical properties have to be considered. (Arias, 2005) 

Phase changing secondary fluids such as ice slurries or carbon dioxide will only be briefly 

described in chapter 3 since thesis focuses on non-phase changing secondary refrigerants 

only. 

3.2.3 Direct refrigeration system 

The direct refrigeration system is the most traditional system used for supermarket 

application. In the direct refrigeration system the primary refrigerant circulates in long pipes 

to the display cabinets where it evaporates and then circulates to the compressor often 

placed in the machine room. The evaporator is actually the display cabinet itself with the 

food products as the heat source. The condensers are sometimes placed on the building’s 

roof.  
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Figure 7: Direct centralized refrigeration system for supermarket application (Arias, 2005) 

In the direct centralized refrigeration system the refrigerant charge is around 4-5 kg/kW.  

The main disadvantages are: the high refrigerant charges, non-existing possibilities of using 

ammonia or HFC refrigerants, the risk for leakage and stricter regulation.  (Arias, 2005) 

3.2.4 Indirect refrigeration system 

3.2.4.1 Fully indirect refrigeration system 

The indirect refrigeration systems have been introduced to minimize the primary refrigerant 

charge. In the indirect refrigeration system the primary refrigerant is kept in the primary loop 

and is never in direct contact with the heat source nor heat sink. On the condenser side 

another secondary fluid cools down the primary refrigerant using e.g.: dry cooler placed on 

the roof. In the fully indirect refrigeration system displayed below there are two secondary 

fluid loops on both the cold and hot side. They provide cooling at different temperature 

levels. One provides the freezing effect and the other provides the chilling effect. 
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Figure 8: Fully indirect refrigeration system for supermarket application (Filipsson, 2011) 

3.2.4.2 Indirect refrigeration system with district cooling 

An alternative solution could be using the district cooling to cool the compressor. In the 

district cooling system the cooling is produced in large scale in a large plant with high 

efficiency (Filipsson, 2011). When using district cooling the temperature of the secondary 

fluid can be kept lower resulting in a lower compressor power compared to other systems. 

The cost of district cooling is something that has to be considered as it may lead to an 

increased energy cost for the whole refrigeration system. 

 

 

 

Figure 9: Indirect refrigeration system with district cooling (Filipsson, 2011) 

 

3.2.4.3 Partially indirect refrigeration system 

This kind of refrigeration system is the most commonly used in Sweden today. The 

condenser is cooled by the secondary fluid which in turn is cooled by air coolers. On the low 

temperature side the direct refrigeration system is used to provide low temperature for the 
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freezers. The indirect refrigeration system is used to provide cooling for the medium 

temperature cooling of the food cabinets. As for the fully indirect refrigeration system the 

disadvantage of corrosion in the secondary loop exist along with the increased pumping 

power and the need for insulating pipes. Despite the drawbacks the refrigeration system has 

good efficiency and high reliability. (Arias, 2005) 

 

Figure 10: Partially indirect refrigeration system. (Arias, 2005) 

  



-24- 
 

3.3 Ice rinks in Sweden 
There are currently more than 360 ice rinks in operation in Sweden. The ice rinks are used 

for figure skating, speed skating, recreational skating, curling and ice hockey matches. The 

energy consumed by these facilities is currently very high and there are many measures that 

can be taken to increase energy efficiency related to the operation. (Mazzotti, 2014) 

A rough estimation of the energy consumed by ice rinks in Sweden is 380 000 MWh/year. 

Among the energy decreasing measures that can be considered are: low emissivity ceilings; 

ice surface temperature control; capacity controlled secondary fluid pumps; waste heat 

recovery; proper air handling and dehumidification; and proper ice thickness. (Makhnatch, 

2011) Another important aspect to be considered is the secondary fluid used in the indirect 

refrigeration system. If not chosen carefully secondary fluid can lead to increased pump work 

and increased total energy consumed by the whole sport facility. 

3.3.1 Ice rink refrigeration system 

The refrigeration system of the ice rink is based on an electrically driven vapor compression 

cycle where ammonia is mostly used as the primary refrigerant. In a few ice rinks R404A and 

R143A is used. The objective of the refrigeration system is to maintain the good quality ice 

need for the sport activities taking place. Different types of the ice rink refrigeration system 

can be distinguished: direct refrigeration system, indirect refrigeration system or partially 

indirect refrigeration system. Most of the ice rinks in Sweden have the indirect refrigeration 

systems where a secondary fluid circulates and takes the heat from the ice pad. In case of the 

ice rink heat rejected from the condenser is suitable to use in the heat recovery system. The 

figure below illustrates the refrigeration system for the ice rink with additional heat recovery 

system. (Mazzotti, 2014) 

 

Figure 11: Refrigeration system for ice rink with a heat recovery system. (IIHF, 2014) 
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The secondary fluids used in ice rinks application could be:  

- Carbon dioxide (CO2) 

- Organic salt solutions 

- Calcium chloride 

- Ammonia-water 

- Ethylene or propylene glycols 

Around 97 % of all ice rinks in Sweden use calcium chloride-water solution as the secondary 

fluid. (Makhnatch, 2011) Although calcium chloride is the most commonly used propylene 

glycol, ethylene glycol, potassium formate and potassium acetate based secondary fluids 

could also be found. 
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4 SECONDARY FLUIDS IN INDIRECT 

REFRIGERATION SYSTEMS 

4.1 Introduction  

Among the necessary aspect to consider when choosing secondary fluid are: environmental 

aspects, economic cost, transport and maintenance issues, corrosion aspects and 

thermophysical properties. There is no secondary fluid available that will meet all the desired 

properties. (Ignatowicz, 2008) 

4.2 Thermophysical properties 

4.2.1 Freezing point 

Freezing point is the temperature when ice crystals form and should always be chosen lower 

than the operating temperature and the lowest expected temperature within the indirect 

refrigeration system in order to avoid damage of the heat exchangers. Lower freezing point 

than necessary should not be chosen since it may affect the properties of the secondary fluid 

which could lead to higher operating cost.  (Melinder, 2010) 

4.2.2 Density 

Density ρ is defined as the ratio of unit mass, m, by unit volume, V. The SI unit of volume 

is kg.m-3 and expressed as ρ=m.v-1.  (Melinder, 2010) 

4.2.3 Dynamic viscosity 

Dynamic viscosity is important property as it affects the pressure drop and heat transfer in 

the indirect refrigeration system. The SI unit for dynamic viscosity is kg·m−1·s−1. Small 

values in dynamic viscosity are desired. The kinematic viscosity, ν, and dynamic viscosity, μ 

relation is as follows μ= ν*ρ. (Mazzotti, 2014) 

4.2.4 Specific heat capacity 

Specific heat capacity 𝑐𝑝, is the quantity of energy that is needed to raise the temperature of a 

certain amount of substance by a given amount of heat. The SI unit of specific heat capacity 

is J.kg-1.K-1 where K is temperature in Kelvin. (Melinder, 2010) The specific heat capacity is 

used when calculating the fluids volumetric heat capacity VHC as follow VHC=𝑐𝑝ρ . A high 

value of volumetric heat capacity is desired since it has a direct impact on the volume flow 

required for a certain heating power. The volumetric heat capacity indicates the secondary 

fluid’s capability to distribute the heat from one location to another. (Melinder, 2010) 

4.2.5 Thermal conductivity 

A high value of thermal conductivity is wanted as is contributes to a small temperature 

difference between the wall and the secondary fluid i.e. small temperature difference in the 

heat exchanger. (Melinder, 2009) Thermal conductivity is in SI units given by W.m-1.K-1. 

Thermal conductivity indicates the ability of the material to conduct heat. (Melinder, 2010) 
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4.2.6 Other important requirements of secondary fluids 

Besides the above described thermophysical properties of secondary fluids there are several 

other features that are important when selecting the secondary fluid. Some of the 

requirements are: 

- Low cost 

- Chemical stability 

- Non corrosive 

- Non explosive 

- Non flammable 

- Environmentally friendly 

- Fast biodegradable  

- Non toxic 

- Give low pressure drop in the indirect refrigeration system 

- Good material compatibility 

- High handling and transport security (Ignatowicz, 2008) 
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5 PRODUCTS ON THE SWEDISH MARKET 

5.1 Propylene glycol based products  

5.1.1 ECO MPG 

ECO MPG is a rather new secondary fluid suitable for applications in the food industry. It is 

based on a renewable byproduct obtained when processing biodiesel. The corrosion 

inhibitors meet the requirements for the products application area.  The product is produced 

by Temper Technology AB. It is available as six different ready to use solutions: ECO-MPG 

-10, ECO-MPG -15, ECO-MPG -20, ECO-MPG -25, ECO-MPG -30 and ECO-MPG -35. 

The numbers correspond to the freezing point of the secondary fluid (Temper Technology, 

2014). 

5.1.2 DOWCAL 200 

Dowcal 200 is propylene glycol based fluid that is suitable for applications where low toxicity 

is a concern. It is suitable for ventilation and air conditioning HVAC systems, solar panels 

and ground source heat pumps. Dowcal 200 is a product from The Dow Chemical 

Company. The recommended operating temperature is between -50°C and 175°C. (DOW 

Information Guide, 2013) 

5.1.3 ZITREC FC 

Zitrec FC is a propylene glycol based secondary fluid produced by Arteco and suitable for 

cooling and freezing applications within the food industry. It is delivered with a corrosion 

inhibition package. Mixtures with more than 70 % of Zitrec FC are not recommended as the 

thermophysical properties like heat transfer decrease to insufficient levels. Zitrec FC can 

provide freeze protection down to -50°C (Zitrec FC Product Sheet, 2010) 

5.1.4 ZITREC LC 

Zitrec LC is another propylene glycol based secondary fluid produced by Arteco. It can be 

used for solar panels, ice rinks, ground source heat pumps and industrial cooling and 

freezing applications. It can provide freezing protection down to -55°C. Mixtures with more 

than 70 % of Zitrec LC are not recommended as heat transfer properties become 

insufficient. The corrosion inhibitors are organic. (Zitrec LC Info Sheet, 2010). In Sweden it 

is available as a ready to use solutions with corrosion inhibitors for freezing point of: -15°C, -

20°C and -25°C.  

5.1.5 DOWCAL N 

Dowcal N is propylene glycol based secondary fluid produced by The Dow Chemical 

Company. It is recommended among the Dowcal fluids as the most suitable for the food and 

beverage industry. It has a recommended operating temperature between -50°C and 120°C. 

It is recognized as safe by the United States Food and Drug Administration FDA and in EU 

its ingredients are on the list in the Commission Regulation EU nr 1130/2011 which means 

that it can be used in direct contact with food intended for human consumption. (DOW 

Information Guide, 2013). 
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5.1.6 ANTIFROGEN L 

Antifrogen L is propylene glycol based secondary fluid.  It is produced by Belgian company 

Clariant and distributed in Sweden by Ahlsell Sverige AB. Antifrogen L is to be mixed up 

with tap water containing a maximum of 100 mg/kg chlorides. The minimum recommended 

amount of Antifrogen L is 25 % by volume and it will give a freezing point of -10°C. Less 

concentration of Antifrogen L will not provide sufficient corrosion protection. Typical 

applications are refrigeration systems in food industry, pharmaceutical industry and ground 

source heat pump systems. Antifrogen L has operating temperature interval between -25°C 

and 150°C. (Clariant, 2014) 

5.1.7 FRIGOGEL NEO 

Frigogel Neo is a secondary fluid based on propylene glycol. It is produced and supplied by 

Climalife. It is available as ready to use solutions with freezing points of: -13°C, -18°C, -

20°C, -23°C, -29°C and -34°C. It is also available in form of the concentrate for dilution. It is 

not recommended to dilute with less than 33% by weight of Frigogel Neo in order to 

maintain the anti-corrosion protection. Applications of Frigogel Neo include low 

temperature refrigeration systems, food factories and air conditioning systems. (Technical 

data Sheet Frigogel Neo, 2007) 

5.1.8 HELIOGEL CS80 

Heliogel CS80 is the secondary fluid based on propylene glycol with its organic corrosion 

inhibitors. It is produced and distributed in Sweden by Climalife. It can be used for the 

sanitary hot water production in solar panels and low temperature central heating systems. 

Heliogel CS80 offers frost protection down to -25°C. The formula used in Heliogel CS 80 is 

approved by the French Superior Council for Public Hygiene as fluid for single exchange 

sanitary water production systems. (Climalife, Heliogel CS 80, 2014) 

5.1.9 BRINEOL MPG 

Brineol is another product based on propylene glycol produced by Kemetyl AB. It can be 

delivered at different concentrations and different quantities. It can also be supplied as a 

ready to use solution with the corrosion inhibitors. (Kemetyl safety Data Sheet Brineol 

MPG, 2008) According to Richard Lagerman at Kemetyl AB the product can be used in the 

following applications: heat pumps, deicing systems for airplanes, frost protection of boat 

motors and solar collectors.  

5.1.10 GLYTHERM 20 

Glytherm 20 is the propylene glycol based secondary fluid that is available in Sweden trough 

Swed Handling AB. It is delivered as the concentrate to be diluted with water and corrosion 

inhibitors. 50 % by weight propylene glycol concentrations deliver frost protection down to -

32 °C. The main applications for the product are solar panels and floor heating installations. 

(SwedHandling Safety Data Sheet Glytherm 20, 2013) 

Table 1, presents the summary of the propylene glycol based commercial products available 

on the Swedish market. 
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Table 1 Summary of commercial propylene glycol products in Sweden. 

5.2 Ethylene glycol based products 

5.2.1 ZITREC MC 

Zitrec MC is an ethylene glycol based secondary fluid produced by Arteco. It can be used in 

solar panels, heat pumps, ice rinks, heating or cooling systems and indirect refrigeration 

systems. The ready to use solutions are inhibited with corrosion inhibitors. Mixtures with 

more than 70 % by volume of Zitrec MC are not recommended as heat transfer properties 

become insufficient. As it is an ethylene glycol based product it is harmful if swallowed. It 

can provide freeze protection down to -55°C at 63.5 vol.% (Zitrec MC Info Sheet, 2008). 

5.2.2 DOWCAL 100 

Dowcal 100 is the ethylene glycol based secondary fluid produced by the The Dow Chemical 

Company. It is suitable for use in the pharmaceutical and chemical industry and also for 

heating ventilation and ground source heat pump applications. The ethylene glycol based 

secondary fluids is forbidden in the heat pumps due to its potential toxicity, health and 

environmental effects in Sweden. Dowcal 100 has the recommended operating temperature 

between -50°C and 175°C (DOW Information Guide, 2013) 

5.2.3 ANTIFROGEN N 

Antifrogen N is produced by the Swiss company Clariant. The main distributor in Sweden is 

Ahlsell Sverige AB. Antifrogen N can be mixed with tap water giving different freezing 

points. The minimum recommended amount of Antifrogen N is 20 % by volume and it will 

give the freezing point of -10°C. Less concentration will not provide enough corrosion 

protection.  Typical applications are heat pumps, refrigeration circuits and heat recovery 

systems. It is not recommended for use within food nor pharmaceutical applications. 

Company Product 
Lowest operating temp 

(°C) 
Applications 

Temper 
Technology 

AB 
ECO MPG -35 Food industry 

The Dow 
Chemical 
Company 

DOWCAL 
200 

-50 Heat pumps, HVAC 

Arteco Zitrec FC -50 
Indirect refrigeration and 
freezing processes 

Arteco Zitrec LC -55 
Heat pumps, ice rinks, 
solar panels 

Arteco Dowcal N -50 Food industry 

Clariant Antifrogen L -25 
Food industry, heat 
pumps, heat recovery 

Climalife Frigogel Neo -34 
Low temp refrigeration 
systems, AC systems 

Climalife Heliogel CS 80 -25 
Solar panels, low temp 
central heating 

Kemetyl AB Brineol MPG N/A 
Heat pumps, solar 
collectors, deicing 

Swed 
Handling AB 

Glytherm 20 -37 Solar panels, heat pump 
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Antifrogen N has a permanent temperature usage interval of -50°C to 150°C (Clariant, 

2014). 

5.2.4 NEUTRAGEL NEO 

Neutragel Neo is an ethylene glycol secondary fluid with corrosion inhibitor package that is 

free from phosphates, nitrites and amines. It is produced and supplied by Climlife. The most 

common applications of Neutregel Neo are the refrigeration systems working at low 

temperatures and central heating systems. It is not recommended to dilute Neutragel Neo 

with less than 33 % by weight since anti-corrosion protection may become insufficient. It is 

also available in ready to use solutions with freezing points of: -13°C, -16°C, -20°C, -27°C, -

32°C and -39°C. Neutragel Neo is only available in Sweden in concentrated form (Climalife, 

Neutragel Neo, 2009). 

5.2.5 BRINEOL MEG 

Brineol is the commercial product by Kemetyl AB. It can be delivered in the different 

concentrations and different quantities. It is also available as a ready to use solution including 

corrosion inhibitors. It can be used as the secondary fluid in heat pumps and floor heating 

systems. Due to the leakage risks it is rarely used in Sweden in the above stated applications. 

(Kemetyl Safety Data Sheet Brineol MEG 10, 2008) 

5.2.6 GLYTHERM 10 

Glytherm 10 is an ethylene glycol based product, free from nitrates, amines and phosphates. 

It is available in Sweden through Swed Handling AB. It is delivered with corrosion inhibitors 

and its applications include heat pumps and solar panel installations. It is classified as a 

health hazardous product. A 50 % by weight Glytherm 10 concentration delivers the frost 

protection of -35 °C. (SwedHandling Safety Data Sheet Glytherm 10, 2013) 

Table 2, presents the summary of the ethylene glycol based commercial products available on 

the Swedish market. 

Company Product 

Lowest 
operating 

temp 
(°C) 

Application 

Arteco Zitrec MC -55 
Ice rinks, solar panels, heat pumps, 
indirect cooling systems 

The Dow 
Chemical 
Company 

Dowcal 100 -50 Heat pumps, ventilation systems 

Clariant Antifrogen N -50 
Heat pumps, heat recovery systems, 
refrigeration circuits 

Climalife Neutragel Neo 
-37 (50 
vol-%) 

Refrigeration systems, low temperatures 
and central heating system 

Kemetyl AB Brineol MEG n.a Heat pumps, floor heating 

Swed Handling 
AB 

Glytherm 10 n.a Heat pumps, solar systems 

Table 2 Summary of commercial ethylene glycol products in Sweden. 
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5.3 Other glycol based commercial products 

5.3.1 Higher boiling glycols 

5.3.1.1 ANTIFROGEN SOL HT 

Antifrogen SOL HT is an aqueous solution based on higher boiling glycols. Antifrogen SOL 

HT is intended for use as the heat transfer medium in solar panels with a maximum 

temperature of 200°C. It is corrosion inhibited and free from borates, nitrites phosphates 

and silicates. The fluid is ready to use and has the frost protection of -23°C. It should not be 

diluted further (Clariant, 2014). 

5.3.2 1,3-Propanediol based products 

5.3.2.1 GREENWAY RTU 

Greenway RTU is a ready to use aqueous secondary fluid based mostly on 1,3-propanediol. 

It is produced and supplied by Climalife. Greenway RTU use anti-corrosion technology that 

is organic and based on neutralized carboxylic acids. The product is free from borates, 

nitrites, amines and phosphates. Greenway RTU comes in form of three ready to use 

solutions with different freezing points: Greenway RTU -25°C, Greenway RTU -30°C and 

Greenway RTU -55°C. In Sweden only Greenway RTU -30 is available (Climalife, Greenway 

RTU, 2012) 

5.3.2.2 GREENWAY HEAT PUMP-30 

Greenway Heat pump -30 is a ready to use aqueous secondary fluid based mostly on 1,3-

propanediol that comes from renewable plant based materials. It is produced and supplied by 

Climalife. The anti-corrosion technology used in Greenway Heat Pump -30 is based on 

neutralized carboxylic acids. It is free from sodium borates, phosphates, amines and nitrites. 

Greenway Heat Pump -30 is specifically intended for use in the geothermal heat pump and 

aero-thermal heat pump applications. In Sweden only Greenway Heat Pump -30 is available 

but Climalife also produces another ready to use Greenway Heat Pump secondary fluid with 

freezing point of -25°C (Climalife, Heat Pump, 2012) . 

GREENWAY SOLAR-30 

Greenway Solar -30 is based mostly on 1,3-propanediol that comes from renewable plant 

based materials. It is particularly used in the central heating systems, hot water production in 

thermal solar systems and high temperature vacuum tubes. The freezing point of Greenway 

Solar -30 is -30°C. The anti-corrosion technology used is as well based on organic neutralized 

carboxylic acids and free from amines, nitrates, phosphates and sodium borates. Compared 

to similar secondary fluids propylene glycol based Greenway Solar has three times slower 

degradability at operation at 150 °C for 150 hours (Climalife, Greenway Solar, 2012). 

Table 3, presents the summary of other glycol based commercial products available on the 

Swedish market. 
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Company Product 

Lowest 

operating 

temp 

(°C) 

Application Composition 

Clariant 
Antifrogen 

Sol HT 
-23 Solar panels 

Higher boiling 
glycols 

Climalife 
Greenway 

Heat pump -
30 

-30 
Heat pumps, aero-
thermal heat pumps 

1,3-propanediol 

Climalife 
Greenway 
Solar -30 

-30 

Central heating 
systems, hot water 
production in thermal 
solar systems, high 
temperature vacuum 
tubes 

1,3-propanediol 

Climalife 
Greenway 

RTU 
-55 

Central heating, floor 
heating, sprinkler, 
refrigeration air 
conditioning systems 

1,3-propanediol 

Table 3 Higher boiling glycols and 1,3-propanediol based secondary fluids. 
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5.4 Potassium formate based products 

5.4.1 FREEZIUM 

Freezium is a multipurpose secondary fluid produced by Taminco in Oulu Finland and 

distributed in Sweden by Brenntag Nordic AB. It is based on potassium formate and has 

specifically been designed for indirect refrigeration systems and heat pumps. Freezium is 

available as four ready diluted solutions with freezing point of: -15°C, -25°C, -40°C and -

60°C respectively.  Freezium should not be diluted with calcium chloride as it can increase 

the risk of corrosion considerably. Soft water should be used when diluting Freezium. It 

should not be used in systems containing aluminum, galvanized steel or zinc parts (Freezium 

Info Sheet, 2010). 

5.4.2 HYCOOL 

Hycool is a potassium formate based secondary fluid produced in Norway by Addcon 

Gmbh. It is available in Sweden as three different ready to use solutions: Hycool 20, Hycool 

45 and Hycool 50. The numbers indicate the freezing point of the secondary fluid. Hycool is 

non-toxic, non-flammable and non-explosive and can therefore be used in a wide range of 

applications like freezing, pharmaceutical industry, heat pumps and heat recovery systems. 

Hycool is not compatible with tin, zinc, galvanized steel and fluorocarbon rubber ( Hycool 

safety data sheet, 2011). Hycool is distributed in Sweden through Stainless Engineering AB. 

5.4.3 ANTIFROGEN KF 

Antifrogen KF is another aqueous secondary fluid based on potassium formate. It is 

produced by Clariant and distributed in Sweden by Ahlsell AB. Antifrogen KF does not 

contain nitrite nor amine corrosion inhibitors. Antifrogen KF has the freezing point of -

53°C if undiluted. The use of distilled water is recommended when diluting Antifrogen KF. 

Mixing with other secondary fluids, especially glycols and chlorides, is not recommended. 

Typical applications are industrial and food refrigeration systems (Clariant, 2014). 

Table 4, presents the summary of the potassium acetate commercial products available on 

the Swedish market. 

Company Product 
Lowest 

operating 
temp (°C) 

Application 

Taminco Freezium 
-15, -25, 
-40, -60 

Indirect refrigeration systems and heat 
pumps 

Addcon Gmbh 
Hycool  20, 

45, 50 
-50 Indirect refrigeration systems 

Clariant Antifrogen KF -53 Indirect closed refrigeration systems 
Table 4 Summary of potassium acetate commercial product on the Swedish market. 
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5.5 Potassium formate and acetate blends 

5.5.1 TEMPER 

Temper is an aqueous secondary fluid based on a mixture of potassium acetate and 

potassium formate. It is produced by Temper Technology AB in Sweden. The fluid is 

suitable for a wide range of applications. It comes in five different ready to use solutions at 

different freezing points with corrosion inhibitors. The available freezing points are: -10°C, -

20°C, -30°C, -40°C and -55°C. According to Swedish National Food Agency 

(Livsmedelsverket) Temper fluid is suitable as a heat transfer medium in food industry 

(Temper Technology AB Manual, 2006). 

5.6 Calcium chloride based products 

5.6.1 BRINE 25 

Brine 25 is calcium chloride based secondary fluid supplied by Brenntag Nordic AB. It has 

organic corrosion inhibitors and is suitable as the secondary fluid in indirect refrigeration 

systems and ice rinks. Brine 25 is a 25% by weight calcium chloride solution having the 

freezing point of -40 °C. (Brine 25 Info Sheet) 

5.6.2 SWEDBRINE 25 

Swedbrine 25 is calcium chloride based product available in Sweden through Swed Handling 

AB. The applications include secondary fluid for ice rinks. According to its safety data sheet 

the concentration of calcium chloride in the product range between 10 and 32 % by weight. 

(SwedHandling Safety Data Sheet Swedbrine 25, 2003) 

Table 5, presents the summary of the calcium chloride based product on the Swedish market. 

Company Product 

Lowest 

operating 

temp (°C) 

Application 

Brenntag Nordic AB Brine 25 -40 Ice rinks, indirect refrigeration systems 

Swed Handling AB Swedbrine 25 n.a Ice rinks, indirect refrigeration systems  

Table 5 Summary of calcium chloride based products on the Swedish market 

5.7 Ethyl alcohol based products 

5.7.1 BRENNTAG KBS 

Brenntag KBS is ethanol based secondary fluid supplied by Brenntag Nordic AB. It is 

supplied as a ready-made product with denaturing agents and is suitable for the borehole 

heat exchangers in ground source heat pumps.  
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5.7.2 BRINEOL BIOETHANOL 

Brineol Bioethanol is another ethanol based secondary fluid supplied by Kemetyl AB. It is 

part of the collection including Brineol MEG and Brineol MPG. It is mainly used as the 

secondary fluid in ground source heat pumps. (Brineol Safety data Sheet, 2010) 

5.7.3 E-THERM KBS BIO 

E-Therm KBS Bio is the ethanol based secondary fluid available in Sweden through Swed 

Handling AB. It is mainly used in the borehole heat exchanger in ground source heat pumps. 

It is highly flammable and delivered without any corrosion inhibitors. (SwedHandling 

Information Sheet, 2012) 

5.7.4 PREMIUM PURE THERMOL 

Thermol is an ethanol based secondary fluid produced by the Swedish company Sekab 

BioFuels Chemicals AB. Thermol concentrate contains a maximum amount of 6 % by 

weight of water. It is suitable for ground source heat pump installations and water source 

heat pump installations. It is a denaturated form of ethyl alcohol made from residual 

products from the Swedish forest industry. (Pure Premium Thermol Product Sheet) 

Table 6, presents the summary of the ethyl alcohol based products on the Swedish market. 

Company Product 
Lowest operating 

temp (°C) 
Application 

Brenntag Nordic AB Brenntag KBS n.a GSHP applications 

Kemetyl AB Brineol Bioethanol n.a GSHP applications 

Swed Handling AB E-therm KBS Bio n.a GSHP applications 

Sekab Biofuels & 
Chemicals AB 

Premium Pure Thermol n.a GSHP applications 

Table 6 Summary of ethyl alcohol based products on the Swedish market. 

5.7 Potassium formate and sodium propionate based 

products 

ZITREC S 

Zitrec S is a blend of potassium formate and sodium propionate produced by Arteco and 

distributed in Sweden by Brenntag Nordic AB. It is rather new product on the market and it 

has been developed especially for the closed indirect refrigeration systems and is delivered in 

form of five ready to use solutions with freezing point of: -10°C, -25°C, -40°C, -40°C and -

55°C. Zitrec S is neither compatible with zinc nor galvanized steel. Further dilution with 

calcium chloride or other potassium formate solutions should be avoided as they could cause 

clogging of the systems (Zitrec S Info Sheet, 2008). 
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5.8 Betaine based products 

5.8.1 THERMERA R 

Thermera R is a betaine based secondary fluid made from natural compound from the 

production of sugar. Thermera R is produced by Climalife and it is provided as a ready to use 

solution providing frost protection down to -35°C. It should be used in closed indirect 

refrigeration system with a minimum temperature of -20°C and a maximum temperature of 

100°C. Thermera R is inhibited with corrosion inhibitors and other additives.  Thermera R 

can be used in the ground source heat pumps and other heat ventilation and air conditioning 

systems (Climalife, Thermera, 2009) 

5.8.2 THERMERA AC 

Thermera AC is as well a betaine based secondary fluid. It is non-toxic, ecological and ready 

to use solution already containing corrosion inhibitors. Thermera AC can be used in circuits 

with a minimum temperature of -10°C but provides frost protection down to -15°C. The 

maximum temperature for Thermera AC is 100°C. Its main application areas are heating 

systems and ventilation and air conditioning applications. It can also be used as the 

secondary fluid in the food industry and refrigeration systems. Although it can be used in 

open systems it is preferably used in closed systems as the water dissolved in the solution 

may evaporate and hence changing the concentration of the ready to use solution (Climalife, 

Thermera, 2009). 

Table 7, presents the summary of potassium formate and sodium propionate products and 

betaine based products on the Swedish market. 

Comapny Product 
Lowest operating 

temperatur °C 
Application Composition 

Arteco 
Zitrec S, -10, -

25, -40, -55 
-55 

Ice rinks, solar 
panels, heat 
pumps, indirect 
refrigeration 
systems 

Potassium 
formate 
sodium 

propionat 

Climalife Thermera R -20 HVAC systems Betaine 

Climalife Thermera AC -10 

HVAC systems, 
supermarkets, 
indirect 
refrigeration 
systems 

Betaine 

Table 7 Summary of potassium formate and sodium formate products and betaine products on the 
Swedish market. 
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6 LAWS AND REGULATIONS CONSIDERING 

SECONDARY FLUIDS IN SWEDEN 

This chapter will give an overview of the different Swedish laws and regulations considering 

the secondary fluids in general and give an example of regulations considering the installation 

and use of the ground source heat pump. 

6.1 Introduction 

The environmental laws and regulations exist to prevent human activities from interfering 

and disturbing with natures wellbeing. These laws exist in order to secure a sustainable 

environment for generations to come. Concerning the secondary fluids used in for example 

ground source heat pump installation the most obvious question is how a leakage from such 

an installation would affect drinking water or biodiversity. If such installation is situated close 

to or within water source used as the drinking water a leakage of secondary fluids could have 

negative effects on both vegetation and animals. There are different factors that affect the 

degree in which a leakage could affect the environment. The soil type, the distance to the 

water source, amount of the secondary fluid that leaked into the soil or ground water and the 

type of corrosion inhibitor are just some of the factors that have an effect on the 

environment. (Miljösamverkan Västra Götaland, 2002) 

6.2 Environmental Code (Miljöbalken) 
The Swedish environmental code is divided in 33 chapters. The main purpose of the 

environmental code in chapter 1 is to assure: 

1. That people’s health and environment is protected from damages caused from 

pollution or other impacts. 

2. Nature and environment is protected. 

3. The conservation of biodiversity. 

4. The use of ground and water is used in such a way that sustainability from a cultural, 

economic, social and ecological point of view is obtained. 

5. Promote recycling and reuse of materials and energy. (Regringskansliets 

rättsdatabaser, 2014) 

6.2.1 General consideration rules (Hänsynsreglerna) 

The second chapter of the environmental code handles the general rules that must be 

considered when conducting an activity that may affect the environment or have an effect on 

human health. The general consideration rules are: 

1. Requirement of knowledge 

2. Principle of precaution 

3. Principle of sustainability 

4. Principle of product choice 
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Requirement of knowledge (Kunskapskravet) 

The knowledge rule specifies that anyone who conduct or intend to conduct an activity have 

to obtain the necessary knowledge to protect the environment and people’s health. 

(Regringskansliets rättsdatabaser, 2014) 

Principle of precaution (Försiktighetsprincipen) 

The principle of precaution specifies that anyone that conducts or intends to conduct 

measures has to take the necessary safety precautions and consider the limitations in order to 

prevent or hinder the activity from causing harm to the environment or human health. These 

precautions have to be considered whenever there is a reason to assume that the planned 

activity may cause harm. When considering the ground source heat pumps one way to ensure 

this principle is to let certified personnel handle installation. One could also demand that the 

products used are tested by an impartial third party. (Regringskansliets rättsdatabaser, 2014) 

Principle of sustainability (Hushållningsprincipen) 

This principle explains that measures for the reuse and recycling of raw materials and 

economize usage of energy and materials should be taken. (Regringskansliets rättsdatabaser, 

2014) 

Principle of product choice (Produktvalprincipen)  

This principle is applied when choosing the primary refrigerant as well as the secondary fluid. 

Thus, the choice of secondary fluid should be made in such a way that the one with lowest 

environmental risks should be chosen. This could explain the reason of having the ethyl 

alcohol based secondary fluid as predominant in the ground source heat pumps. It is more 

environmentally safe than ethylene glycol. (Regringskansliets rättsdatabaser, 2014)  

6.2.2 Environmental assessment statement 

In chapter 6 of the environmental code it is specified when an environmental assessment 

statement must be made. The purpose of the environmental assessment statement is to 

identify and assess the effect of planned activity on the environment. The government may 

specify exceptions from the obligation of conducting an environmental assessment if the 

planned activity is expected to have negligible impacts on the environment. This is the case 

for most domestic ground source heat pump. (Miljöbalken 1998:808) 

6.2.3 Shore protected areas 

Chapter 7 of the environmental code handles the protection of certain areas including shore 

areas. It is the 13th paragraph that specifies that the sea shores, rivers and lakes are in general 

to be considered as the protected areas. When considering installing a new heat pump close 

to or at shore a conflict with the environmental code may arise. The paragraph forbids the 

construction of new buildings, the alteration of existing building if it hinders public access to 

the shore, excavation and or preparation for the construction of building or other activities 

that substantially affects the living conditions of the animals and vegetation. A new domestic 

heat pumps installation should generally not affect vegetation or animal life substantially. 

(Miljöbalken 1998:808) 
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6.3 Regulations concerning heat pumps 

It is mandatory to have the permission from the municipality in order to install the ground 

source heat pump. The process of applying and issuing permits for installation of the ground 

source heat pumps is controlled by chapter 2, 9, 16, 26 and 29 of the environmental code 

(Miljöbalken) and local instructions from the municipality (Lokala hälsoföreskrifter för 

Stockholms kommun). Each municipality has some right to state certain requirements on 

some issues concerning the installation of the ground source heat pumps.  

6.4 Application process for ground source heat pump 

installation in Stockholm 

Some guidelines regarding the application process for installation of the ground source heat 

pump will be given in this section. The main purpose is to point out the most important 

aspects while preparing the application. 

Preparations before application: 

 Take contact with a drilling company which will have to be specified in the 
application form. The SITAC number for the drilling company has to be specified as 
well as the technical data for the system that is to be installed. SITAC number is the 
personal certificate number for collector tube drilling companies.  

 Find existing piping, tunnels and other existing and installed construction work in 
close vicinity to the property. Drawings for the property will have to be obtained. 
This can be done using a web base service for sharing information (Ledningskollen) 
or at city planning office (Stadsbyggnadskontoret). If the property is close to an 
existing subway track make contact with Stockholm County Council and The 
Swedish Transport Administration (SLL Trafikförvaltning och Trafikverket). 

 Speaking to neighbors can provide useful information on existing installations close 
to the property.  

 Exact planning of the borehole location is required. There should be at least 20 
meters between each borehole and 4 meters from closest neighboring facade. In 
Sweden it is possible to use a special map containing information about all borehole 
installations (borrhålskartan) as a helpful tool to locate other boreholes. If the 
distance of 20 meters is hard to obtain compensation by drilling deeper holes is an 
alternative. The reason for the deeper boreholes is to reduce the impact on 
surrounding boreholes. 

 If intended borehole is located outside the property limit, an agreement with the 
owner of the property must be made.  
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CONCLUSIONS 
The most commonly used secondary refrigeration systems in Sweden today including the use 

of secondary fluids are ground source heat pumps, refrigeration systems in supermarkets and 

sport facilities such as ice rinks. The secondary fluid used in secondary refrigeration systems 

for ice rink application is mostly calcium chloride and in ground source heat pump 

applications ethyl alcohol is dominant as the secondary fluid.  

There is research showing that secondary refrigeration systems can be competitive with 

traditional direct expansion systems. The choice of secondary fluid should be done with great 

care to avoid efficiency problems, corrosion damages within the system, material 

incompatibility and low pumping power. The operating temperature of the secondary fluid 

plays the dominant role in the choice of secondary fluid.  

The studies showed that the secondary fluid on the Swedish market can be premixed or in 

concentrate and with or without anti corrosion inhibitors. Premixed secondary fluids with 

anti-corrosion package are preferable.   

Furthermore, the thesis shows there are many different available secondary fluids on the 

Swedish market. It is difficult to get an exact overview of the different secondary fluids as 

there are many different producing and distributing companies. There is no available 

homepage or similar solution for potential users of secondary fluids to find and compare all 

the existing brands on the market.  

This report is the first of its kind giving an overview of the current situation on the Swedish 

market regarding existing secondary fluids. Totally, 32 different commercially available 

secondary fluids on Swedish market have been presented and described in this report. 

Moreover, the most important regulation regarding the installation of ground source heat 

pumps with relevant references to the respective chapters in Swedish law was presented. 
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FUTURE WORK 
The results from this report could be complemented with more commercially available 

secondary fluids that were not yet identified. In case of some existing secondary fluids that 

are missing in this report there is a recommendation to add them in the future after further 

investigation of the Swedish market. The presented commercial secondary fluid products 

could be complemented with data about thermophysical properties. Ideally the testing of the 

thermophysical properties should be performed by an independent actor.  

Alcohols, organic salts and modified blends of ethanol and other alcohols could become 

interesting in the near future. Investigation could be done for other existing applications 

using secondary fluids for example solar collectors. 

An ongoing cooperation with producers and manufacturers regarding existing secondary 

fluids would facilitate an up to date status report.  
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