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Summary 

The Achilles heel of the heat pump technology has for long been the low efficiency occurring during 

domestic hot water production. The problem is the high condensation pressure needed to reach high 

temperatures. To produce domestic hot water, the system need to deliver a supply temperature of about 

60 °C, to be compared with a supply temperature of around 30-50 °C when heat is delivered to a 

radiator circuit. This drawback has for long held the heat pump technology back and instead gave 

room for alternative technologies on the market, like district heating. 

The Energy Machine is a heat pump system developed to bypass the poor efficiency during domestic 

hot water heating. The technology is based on the use of two heat pumps working together. The main 

heat pump delivers heat to the heating system, as usual, whilst the second smaller heat pump heats the 

domestic hot water. As the second heat pump is fed with reject heat from a subcooler in the main heat 

pump, it can operate at high efficiency, even when producing domestic hot water.   

The aim of this master thesis has been to investigate how the performance of the Energy Machine 

differs from that of a conventional heat pump system. In order to do so, models describing the two 

systems have been designed using MATLAB, Simulink. Simulations have then been performed to 

investigate how the two systems perform on an annual basis. 

The results of the simulations show that the Energy Machine performs much better than the 

conventional systems at most operating conditions, especially during domestic hot water heating. The 

annual COP- factor of the Energy Machine has proven to be 33,5 % higher than that of a conventional 

heat pump system. 

  



  Introduction 

V. Hemgren 3 June 2013 

Sammanfattning 

Värmepumpsteknikens akilleshäl har sedan lång tid tillbaka varit den låga verkningsgraden som 

uppstår vid tappvarmvattenproduktion. Problemet är att det krävs mycket högt kondenseringstryck för 

att uppnå den höga framledningstemperatur som efterfrågas vid tappvarmvattenproduktion. Normalt 

krävs en temperatur omkring 60 °C vid tappvarmvattenproduktion, att jämföras med 30-50 °C då 

värme levereras ut på en radiatorkrets. Detta problem har länge hållt värmepumpstekninken tillbaka 

och istället givit utrymme för alternativ teknik på marknaden, såsom fjärrvärme. 

Energimaskinen, eller Energy Machine, är ett värmepumpssystem utvecklat för att kringgå problemet 

med den låga verkningsgraden vid tappvarmvattenproduktion. Tekniken bygger på två värmepumpar 

som arbetar tillsammans. En basmaskin används för att leverera värme ut på värmesystemet, medan en 

mindre värmepump används för att producera tappvarmvatten. Den mindre värmepumpen matas med 

värme från en underkylare i basmaskinen, vilket ger hög förångningstemperatur och därmed hög COP 

faktor, även vid tappvarmvattenproduktion. 

Målet med projektet har varit att jämföra prestandan hos en Energy Machine med ett konventionellt 

värmepumpssystem. För att kunna göra dettta har två modeller designats, en modell som beskriver en 

Energy Machine och en modell som beskriver ett konventionellt värmepumpssystem. Modellerna 

gjordes i MATLAB, Simulink, och simuleringar utfördes varpå resultaten tolkades och jämfördes. 

Resultaten från simuleringarna visar att en Energy Machine presterar mycket bättre än ett 

konventionellt värmepumpssystem i de allra flesta driftfallen , men särskilt vid 

tappvarmvattenproduktion. Simuleringarna visar att COP- faktorn på årsbasis för en Energy Machine 

är 33,5 % högre än den för ett konventionellt värmepumpssystem.  
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Terminology 

Parameter Symbol Unit 

Heat   J 

Specific heat   J/kg 

Heat flux    J/s 

Work   J 

Specific work   J/kg 

Pressure   bar 

Temperature T °C 

Enthalpy   kJ/kg 

Entropy   J/K 

Efficiency   - 

   

 

Abbreviations 

Domestic hot water  DHW 

Coefficient of performance  COP 

Energy Machine  EM 

Heat pump  HP 
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1 Introduction 

1.1 Energy Machines 
This master thesis has been made on behalf of Energy Machines, a company who is developing and 

designing energy efficient solutions for heating, cooling and ventilation. The company has its head 

office in Sliema, Malta, and branches in Gävle and Stockholm, Sweden.  

The company’s main business is to develop and design heat pump systems for heating and cooling of 

buildings. The main product is a patented system solution called the Energy Machine. 

1.2 The Energy Machine 
The heat pump technology’s main drawback has for long been low efficiency occurring during 

domestic hot water production. The problem is the high condensation pressure needed to reach high 

temperatures. To produce domestic hot water, the system need to deliver a supply temperature of about 

60 °C, to be compared with a supply temperature of around 30-50 °C when heat is delivered to a 

radiator circuit. This drawback has for long held the heat pump technology back and instead gave 

room for alternative technologies, like district heating. (Hans- Göran Göransson, 2013) 

Energy Machines has found a solution to the problem, and thus made the heat pump technology 

competitive on the market. The solution is to use a separate heat pump to produce domestic hot water 

and let the main heat pump deliver heat to the radiator circuit. A subcooler in the main heat pump 

delivers reject heat to the evaporator in the additional machine. This enables a high efficiency even 

during domestic hot water production.  

The technology has been ready for the market for some years now and about thirty systems have been 

installed so far. (Hans- Göran Göransson, 2013) 

1.3 Project goal 
To design a model of the Energy Machine and calculate the annual coefficient of performance (COP- 

factor) of the system. This COP- factor is to be compared with the COP- factor of a conventional heat 

pump system, which is also being modeled.  

The annual COP- factor of the systems is defined as: 

           
          
         

 (1) 

 

where Qdelivered is the heat delivered by the system during one year and Econsumed is the electric energy 

consumed by the system during the year.  
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2 Theory 

2.1 The basic heat pump circuit 
The basic heat pump circuit is built up by four separate processes: Evaporation, compression, 

condensation and expansion. Each of these processes can be seen in the pressure- enthalpy diagram in 

figure 1. The evaporation occurs between point one and two, the compression between two and three, 

the condensation between three and four and the expansion takes place between point four and point 

one. 

In theory, the evaporation and the condensation are often assumed to be isobaric, whilst the 

compression is assumed to be isentropic and the expansion is assumed to be isenthalpic, as can be seen 

in figure 1. (Ekroth and Granryd, 2006, 339) 

 

 

Figure 1. To the left: A schematic of a heat pump showing the four components of the machine; Evaporator, 

Compressor, Condenser and Expansion valve. To the right: A pressure- enthalpy diagram showing the heat pump 

process. (Ekroth and Granryd, 2006, 338) 

The basic idea of a heat pump is to move thermal energy from a low temperature heat source and 

deliver it at a higher temperature. As the second law of thermodynamics states that heat cannot by 

itself go from a low temperature- to a high temperature body, work has to be added. This work is 

performed by the compressor, which raises the pressure from p2 to p1. (Ekroth and Granryd, 2006, 

339) 

In the evaporator, the refrigerant is fed with low temperature heat, q2, at low pressure, p2, why it 

evaporates as the temperature rises. This can be seen to the right in figure 1. 

The refrigerant is then compressed by the compressor to a resulting pressure of p1. During the 

compression, additional energy is added to the refrigerant as it absorbs the power added by the 

compressor engine. The pressure increase also results in an increase in temperature.  

From point 3, the super heated steam is then cooled down in the condenser at constant pressure, p1. 

This makes the gas condensate, i.e. emit the thermal energy it holds. The heat sink is typically a 

radiator circuit or a domestic hot water circulation circuit. 
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The refrigerant then undergoes an expansion through an expansion valve whereon the resulting 

pressure is brought back to p2. During the expansion, some of the liquid is vaporized whilst the rest is 

vaporized in the evaporator. (Ekroth and Granryd, 2006, 339) 

2.2 Compression and isentropic efficiency 
The compression process can be described in many different ways. Two commonly used theoretical 

compression processes are the isothermal compression, where the temperature is held constant, and the 

isentropic compression, where the entropy is held constant. Neither of these processes can actually be 

realized, but are used as approximations of real compression processes. (Ekroth and Granryd, 2006, 

103-106) 

One way of measuring the efficiency of a compressor is the isentropic efficiency. This is a measure of 

the efficiency of the compression process compared to an isentropic compression process. The 

isentropic efficiency is defined as: 

             
                   
             

 (2) 

 

where Eisentropic process is the work required by the compressor to raise the pressure from p1 to p2 in the 

case of an isentropic compression process. Ereal process is the work required in reality. (Ekroth and 

Granryd, 2006, 193) 

 

Figure 2 The compression process in a temperature- entropy diagram. An isentropic compression is shown between 1 

and 2is whilst a real compression process is shown between 1 and 2 (Ekroth and Granryd, 2006, 192). 

Figure 2 shows a temperature- entropy diagram describing a compression process. The line between 

point 1 and point 2is describes an isentropic compression process, where the entropy is held constant. 

The line between point 1 and point 2 describes a real compression process. 

The difference between the isentropic compression process and a real compression process can also be 

seen in the pressure- enthalpy diagram of figure 1. The line between 2 and 3is shows an isentropic 

compression whilst the line between 2 and 3 shows a real compression process. The curvature of the 

line between 2 and 3 is depending of the isentropic efficiency. 

The isentropic efficiency is depending not only by Δp between p1 and p2, but also by the pressure level, 

i.e. the absolute values of p1 and p2 as well as the type of compressor etc. (Kjell Pernestål, 2013) 
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2.3 COP-factor 
The COP- factor is a measure of the efficiency of a heat pump. It is defined as: 

     
          
           

 (3) 

 

where            is the heat delivered by the condenser and             is the work done by the 

compressor, as can be seen in figure 3.   

 

Figure 3 The heat pump process shown in a pressure- enthalpy diagram. The work done by the compressor and the 

heat delivered by the condenser are shown. (Ekroth and Granryd, 2006, 338) 

An alternative way of expressing the COP-factor is: 

      
     
     

  (4) 

 

where h2 is the enthalpy before the compressor, h3 is the enthalpy after the compressor and h4 is the 

enthalpy after the condenser, as can be seen in figure 3. (Ekroth and Granryd, 2006, p. 338-347) 
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2.4 Subcooling in heat pumps 
In some applications, it is possible to sub cool the condensate to a temperature below the condensation 

temperature. This increases the heat delivered by the heat pump without affecting the power consumed 

by the compressor, i.e. the COP- factor of the heat pump increases. The subcooling process is shown 

between point four and five in figure 4. (Ekroth and Granryd, 2006, 350)  

 

Figure 4 The heat pump process with subcooling shown in a pressure- enthalpy diagram. The heat delivered by the 

subcooler is shown between 4 and 5. (Ekroth and Granryd, 2006, 338) 

The COP- factor can in this case be expressed as: 

     
              
           

 (5) 

 

where qcondenser is the heat delivered by the condenser, qsc is the heat delivered by the subcooler and 

εcompressor is the power consumed by the compressor. (Ekroth and Granryd, 2006, 350) 

 

2.5 The Energy Machine 
The Energy Machine is a heat pump system designed to achieve high COP- factors not only during 

heating operation, but also during domestic hot water production. The system is built up by two heat 

pumps working together. The main heat pump, called EM01, delivers heat to the heating system, 

whilst a second smaller heat pump, called EM02, is used to produce domestic hot water. As the 

evaporator of EM02 is fed with reject heat from a subcooler in EM01, it works at high evaporation 

temperature. This results in a very high COP- factor, even though the condensation temperature is 

high. (Hans- Göran Göransson, 2013) 

This solution enables the system to deliver heat at very high COP-factor even when delivering 

domestic hot water, unlike a conventional heat pump which suffers from very low efficiencies during 

domestic hot water heating. 

A simplified schematic of the Energy Machine is shown in figure 5. The evaporator of EM01, shown 

to the left in the figure, is usually fed with heat from a geothermal ground source. The evaporator of 

EM02 on the other hand, is fed with reject heat from the subcooler in EM01, as described above. The 

subcooler circuit that is feeding EM02 also pre heats the ingoing domestic cold water, as seen at the 
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top of the figure. The final heating of the domestic hot water is then done by EM02, as can be seen in 

the bottom right corner of the figure. 

Just like EM01, EM02 is also equipped with a subcooler, as can be seen in the figure. This subcooler 

pre heats the return of the heating water before EM01 performs the final heating. This is not shown in 

the figure though. 

Another function that is not shown in the figure is that EM02 is able to deliver heat to the heating 

system when domestic hot water heating is not required. Since EM02 operates at much higher COP- 

factor than EM01, this function increases the system COP also in heating operation. (Hans- Göran 

Göransson, 2013) 

 

 

Figure 5 Simplified schematic of the Energy Machine. EM01 is shown to the left and EM02 to the right. The subcooler 

circuit feeding EM02 can be seen in orange between the two machines. (Patrik Ross, 2013) 

The subcooler circuit of EM01 is actually also connected to the return of the heating water, although, 

this connection has been removed from figure 5 in order to make it simpler to understand. The 

connection in question enables the system to retrieve heat from the heating system to feed EM02 in 

case the heat from the subcooler is not sufficient. This is of course not desirable since it lowers the 

system COP significantly, but cannot be avoided at all times. (Hans- Göran Göransson, 2013) 

 

Both EM01 and EM02 consist of two compressors working in parallel, as can be seen in figure 5. This 

gives two main advantages; the first is that the working range of the machines gets wider since the two 

compressors is used in steps when the heating demand grows. The second advantage is the redundancy 

achieved from two compressors in case one breaks.  
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The basic concept of the Energy Machine is shown in the pressure- enthalpy diagrams in figure 6. The 

idea is to use heat from the subcooler in EM01 to feed the evaporator of EM02. The high temperature 

of the subcooler heat increases the evaporation pressure, p2, of EM02 which, increases the COP- factor 

of the machine.  

 

The more heat that is retrieved from the subcooler of EM01, the higher the COP of EM01 gets, at the 

same time as EM02 is able to deliver more high temperature heat with high efficiency. (Hans- Göran 

Göransson, 2013) 

 

 

Figure 6 Pressure- enthalpy diagram showing the basic concept of the Energy Machine. The evaporator of EM02 is 

fed with heat from the subcooler of EM01. This increases the evaporation pressure, p2, and therefore also the COP of 

EM02. 
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The typical COP- factors of EM01, EM02 and a conventional heat pump are shown in figure 7. The 

COP has been plotted as a function of the condensation temperature and is shown at several different 

evaporation pressures. 

 

Figure 7 The COP- factor of a heat pump process as a function of the condensation temperature. Each line 

corresponds to a specific evaporation pressure, as can be seen in the legend. The typical COP- factor of, EM02, EM01 

and a conventional heat pump are shown at different operating modes. 

The idea of the Energy Machine is that the COP- factor of EM02 increases significantly due to the 

high evaporation pressure, as can be seen in the figure 7. The higher the evaporation pressure, the 

higher the resulting COP- factor gets. 
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3 Method 

Two models were constructed during the project, one model describing the Energy Machine and one 

model describing a conventional heat pump system. The work approach of the project is presented 

below. Roughly, it can be divided into three stages: 

 Definition of simulation conditions 

 Collection of refrigerant data 

 Model construction 

Each of these stages is presented in 3.1 – 3.3.  

3.1 Definition of simulation conditions 
The simulation conditions were set in consultation with Energy Machines. In particular, the following 

parameters were discussed and defined with the company: 

 Outdoor climate 

 System supply temperature 

 Heating demand 

 Degree of subcooling 

 Temperature loss in heat exchangers 

 Evaporation temperature 

 Isentropic efficiency 

3.2 Refrigerant data 
The refrigerant data used to construct the models was provided by National Institute of Standards and 

Technology, NIST.  

The data include: 

 Temperature  

 Pressure 

 Density 

 Volume 

 Internal energy 

 Enthalpy 

 Entropy 

 Cv 

 Cp 

 Speed of sound 

 Joule-Thomson coefficient 

 Viscosity 

 Thermal conductivity 

 Surface tension 

 Phase 

(Lemmon et.al, 2013) 
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 Out of these 15 parameters, 4 are used by the model: Temperature, Pressure, Enthalpy and Entropy. 

The data was downloaded and saved as a number of tables, one table for a specific pressure. The data 

covers a pressure range from 2 bar to 21,2 bar. The temperature range is -10 °C to 120 °C in the 

pressure range from 10 bar to 21,2 bar and -10 °C to 80 °C in the range 2 bar to 10 bar. 

The resolution of the data varies a bit along the data range but is approximately 0,25 bar and 0,25 °C.   

3.2.1 Specially designed tables 
In order to simplify the working process of the model, one table was specially designed to describe the 

state of the refrigerant at the higher saturation curve. This table is named Saturated Vapor in the 

model.  

3.3 Model design 
The models were built in Simulink, which is a block diagram environment simulation tool in 

MATLAB. The foundation of the models is a set of tables containing thermo physical properties 

describing the refrigerant, R134a. The model construction was developed with the data tables as a 

basis. 

The models were designed part by part and the functionality was tested during the model development. 

Therefore it was easy to spot errors early in the construction process.  

During the whole design process, a dialogue was established with Energy Machines and questionable 

results were discussed as soon as they were detected. In that way, errors could be corrected early in the 

construction process and a development into larger errors could be avoided.  
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4 Delimitations 

The following delimitations have been made in the project: 

 Pressure drops in the evaporator and the condenser have been neglected. 

 Constant temperature difference over the evaporator is assumed. 

 Superheating after the evaporator is set to be constant 4 °C.  

 Constant temperature difference over the domestic hot water preheating exchanger is assumed. 

 Constant evaporation temperature in EM01 respectively the conventional heat pump system. 

 Isenthalpic expansion process is assumed. 

 The heating of domestic hot water is divided into a constant ratio between the preheating and 

the final heating. The preheating is set to constantly deliver 40% of the heating need whilst the 

final heating delivers 60 %. 

 The efficiencies of the compressor engines have been neglected. 

 All pumps and valves in the systems have been neglected. 
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5 Model parameters 

The model parameters were defined in consultation with Energy Machines, as described in 3.1. The 

definition was done in order to describe the reality as good as possible. The definition of each model 

parameter is presented in this chapter. All parameters defined can easily be changed in order to 

simulate a different operating scenario. They were kept constant during this project thought.   

5.1 Outdoor climate 

The outdoor climate is set to be the same as in Gävle, Sweden (latitude: 60.674°, longitude: 17.196°). 

Temperature data for this location was provided by Sveriges meterologiska och hydrologiska institut 

(SMHI) and is shown in figure 8. The data was measured at SMHI’s weather station in Gävle on an 

hourly basis during the year 2012. The data include: 

 Date 

 Hour 

 Temperature 

 

Figure 8 The temperature data retrieved from SMHI. Here shown as a function of time. The first of januari is shown 

to the left and the last of december to the right. The data was plotted in MATLAB. (SMHI, 2013) 

5.2 System supply temperature 
The required supply temperature is defined as a linear function of the outdoor temperature according 

to: 

                                  (6) 

 

where the temperatures         and          is given in degrees Celsius.  
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The supply temperature curve described by equation 6 is shown as a function of the outdoor 

temperature in figure 9. 

 

Figure 9 The control curve described by equation 6. The lower and higher limit of the supply temperature is set to 

30°C respectively 50°C by the model. 

 

The lower limit of the supply temperature is set to 30 °C and the upper limit is set to 50 °C, as can be 

seen in figure 9. 

 

5.3 Heating demand 
The heating demand is set as a linear function of the outdoor temperature. It is defined to give a total 

annual energy demand of 2000 MWh/year, given that the temperature data shown in figure 8 is used as 

input signal.  

The heating demand is defined according to: 

                                        °C (7) 

                         °C (8) 

 

where 14 °C is the balance temperature of the building which was chosen arbitrarily.  

The heating demand described by equation 7 and 8 is shown as a function of the outdoor temperature 

in figure 10. 
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Figure 10 The system heating demand described by equation 7 and 8. The balance temperature of the building is set 

to 14 °C by the model. 

The domestic hot water demand is defined as a constant to form a domestic hot water need that is 10 

% of the total energy demand needed for heating at annual basis: 

          kW (9) 

 

Resulting in the annual energy demand shown in table 1:  

Annual heat energy need 

Heating ≈2000 MWh 

Domestic hot water ≈200 MWh 
Table 1 Annual heating and DHW- heating demand. 

5.3.1 Domestic hot water heating 
In order to describe the domestic hot water heating, a domestic hot water circulation circuit is defined 

in the model. This circuit is modeled to hold a temperature between 55 and 59 °C. When the 

temperature drops below 55 °C, the circuit is heated up to 59 °C by the heating system. It is assumed 

that the heating of the circuit is done during one hour, and that the temperature drops in a rate such 

that it takes two hours for the temperature to drop from 59 °C to 55 °C. This means that the actual heat 

that has to be delivered to the circuit during the time it is heated, is three times the constant heating 

demand: 

                           (10) 

 

Furthermore, regarding the domestic hot water production in the Energy Machine; the preheating of 

domestic hot water shall deliver 40 % of the total energy need to heat domestic hot water, whereon 
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EM02 shall deliver the remaining 60 %. The preheating shall be done at all times while the final 

heating is done every third hour, as described above. Under these circumstances, the actual preheating 

and final heating are: 

                           (11) 

 

                                        (12) 

 

5.4 Degree of subcooling 
The evaporation temperature of EM02 is set according to: 

                                        (13) 

 

whilst the return temperature of the subcooler circuit is set according to: 

                                   (14) 

 

where Tsubcooler circuit is the supply temperature of the subcooler circuit after the domestic hot water 

preheating.   

5.5 Temperature loss in heat exchangers 

The temperature loss in the heat exchangers is set to 2 °C. Meaning that the resulting temperature after 

heat exchanger is described by: 

                                       (15) 

 

in the case of heating and 

                                       (16) 

 

in the case of cooling. 

5.6 Evaporation temperature 

The evaporation temperature in EM02 is set to be 10 °C below the temperature of the incoming flow in 

primary circuit.   

                                  (17) 

 

5.7 Isentropic efficiency 
The isentropic efficiency is calculated according to: 

     
    
      

 (18) 
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in accordance with equation 2. Δhis is the enthalpy difference of the compression process in case of an 

isentropic compression and Δhreal is the enthalpy difference in case of a real compression process. 

The enthalpy differences Δhis and Δhreal is in turn calculated according to: 

              (19) 

 

              (20) 

 

where h2, h3 and h3is is defined according to figure 13. 

The isentropic efficiency was calculated at six different operating modes defined by a set of 

evaporation and condensation pressures. The pressures were chosen to reflect a range of operating 

modes typical to the systems. The chosen pressures are presented in table 2. 

Each set of evaporation and condensation pressures correspond to a specific hot gas temperature, both 

in case of an isentropic compression process and in case of a real compression process. The hot gas 

temperature in case of an isentropic compression is given since it is known that the entropy is the same 

before and after the compression, according to 2.2. In the case of a real compression process, the hot 

gas temperatures had to be estimated though.  

The estimated hot gas temperatures was in turn used to find the enthalpies described in equation 19 

and 20, whereon equation 18 was used to calculate the isentropic efficiencies.  

The hot gas temperatures and the calculated isentropic efficiencies are presented in table 2.   

Pressure 
Hot gas 
temperature (real) 
(°C) 

Hot gas temperature 
(isentropic) (°C) 

Isentropic 
efficiency 

Evaporation pressure = 2 bar       

Condensation pressure = 8 bar 54,8 35,9 0,6074 

Condensation pressure = 19,8 bar 115 79,1 0,5306 

Evaporation pressure = 3 bar       

Condensation pressure = 10 bar 54,8 47,6 0,7672 

Condensation pressure = 19,8 bar 105 77,3 0,5402 

Evaporation pressure = 5 bar       

Condensation pressure = 10 bar 45,8 45,35 0,9667 

Condensation pressure = 19,8 bar 80 75,5 0,8299 
Table 2 The isentropic efficiencies and the hot gas temperatures used to calculate the isentropic efficiencies. 

  

A linear polynomial model was fitted to the calculated isentropic efficiencies using the curve fitting 

tool, cftool, in MATLAB. The resulting polynomial model is: 

                                                      (21) 
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Figure 11 The isentropic efficiency described by equation 21. 

The resulting R-square value of the model is 0,9465 with respect to the model data. 
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6 The Energy Machine model 

The model was built upon a framework consisting of three main parts; a Regulator, the Circuit process 

and a Solver. The Regulator basically defines the power demand and the supply temperature needed at 

each time step of the simulation. The Circuit process then defines the heat pump operation mode, 

where on the Solver calculates the heat flows in the system by solving a system of equations defining 

the system. A schematic presentation of the framework is presented in figure 12. 

 

Figure 12 A schematic presentation of the model. 

 

6.1 Regulator 

The regulator takes the outdoor temperature,         , as input signal and gives the required supply 

temperature,        , and the heating demand,           as output signals. The required supply 

temperature and the heating demand are both set according to equation 7 and 8 respectively equation 

6.  

The hot water production is also controlled by the regulator. This is done as described in chapter 5.3.1. 

  



  The Energy Machine model 

V. Hemgren 26 June 2013 

6.2 Circuit process 
The Circuit process defines the heat pump operation of EM01 and EM02. This is done by calculating 

the state of the refrigerant at six critical points of the processes at each time step of the simulation. The 

six points that defines the process of each heat pump are shown in figure 13. 

 

 

Figure 13 The six points of the heat pump process that is stated by the model. (Mistral, 2013) 

1: The intake of the evaporator. 

2: The outlet of the evaporator (intake of compressor). 

3is: Outlet of compressor (intake of condenser), in case of isentropic compression. 

3: Outlet of compressor (intake of condenser), in case of real compression process. 

4: The outlet of the condenser (intake of subcooler). 

5: The outlet of the subcooler.  

The definition of each point calculated by the model is presented in 6.2.1 to 6.2.13. 
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6.2.1 Evaporation pressure - EM01 
At each time step, the evaporation pressure is the first parameter to be stated in the circuit process. 

This is done with the evaporation temperature, which is an input set by the user. The model checks 

what pressure the given evaporation temperature corresponds to in the wet area of the p-h diagram. 

The evaporation pressure is found from the evaporation temperature: 

                           (22) 

 

6.2.2 Point 2 – EM01 
It is assumed that the refrigerant is superheated by four degrees in the evaporator. It is also assumed 

that no pressure drop occurs in the evaporator. The state at point 2 is therefore retrieved by applying 

the evaporation pressure and a temperature that is 4 °C higher than the evaporation temperature.  

Point 2 is stated as: 

                           (23) 

 

                       (24) 

 

 

6.2.3 Point 3 – EM01 
In order to find the state at point 3, the model first calculates the state at point 3is by applying an 

isentropic compression process.  

Point 3is is stated as: 

                     (25) 

 

                           (26) 

 

where pcondensation is found from the condensation temperature which is calculated as: 

                              (27) 

 

where Trequested is the requested system supply temperature which is calculated by the regulator 

and given as an input signal.  

Point 3 is found using the isentropic efficiency at the current evaporation and condensation pressure.  

Point 3 is sated as: 

                         (28) 
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 (29) 

 

where ηis is: 

                                                      (30) 

 

 

6.2.4 Point 4 – EM01 
The state at point 4 is retrieved by finding the state of the refrigerant on the lower saturation curve at 

the current condensation pressure.  

Point 4 is stated as: 

                        (31) 

 

                                  (32) 

 

6.2.5 Point 5 – EM01 
The state at point 5 is retrieved by lowering the temperature at point four at constant pressure. 

Point 5 is stated as: 

                                 (33) 

 

                                        (34) 

 

where Treturn - subcooler circuit is the return temperature in the subcooler circuit of EM01, which is described 

by: 

                                                                                             (35) 

 

where Tsupply – subcooler circuit is the supply temperature in the subcooler circuit, ΔTDHW preheating is the 

temperature drop over the domestic hot water preheating and ΔTevaporator EM02 is the temperature drop 

over the evaporator in EM02. 

6.2.6 Point 1 – EM01 
The state of the refrigerant at point 1 is set using the current evaporation pressure and the same 

enthalpy as in point 5, as the expansion process is assumed to be isenthalpic. 

Point 1 is stated as: 

                   (36) 
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                       (37) 

 

6.2.7 Domestic hot water preheating 
The temperature in the subcooler circuit of EM01, at the outlet of the domestic hot water preheating is 

described by: 

                                                                         (38) 

 

where ΔTDHW preheating is set to be constant 5°C.  

6.2.8 Evaporation - EM02 
The evaporation pressure of EM02 is dependent of the supply temperature of the subcooler circuit of 

EM01. It is assumed that the evaporation temperature is 17 °C below the supply temperature. 

The evaporation temperature is set according to:  

                                    (39) 

 

where Tsubcooler circuit is the supply temperature of the subcooler circuit feeding the evaporator. 

The return temperature in the subcooler circuit of EM01 is set according to: 

                                            (40) 

 

in order to represent a temperature loss of two degrees.   

6.2.9 Point 2 – EM02 
It is assumed that the refrigerant is superheated by four degrees in the evaporator. It is also assumed 

that no pressure drop occurs in the evaporator. The state at point 2 is therefore retrieved by applying 

the evaporator pressure and a temperature that is 4 °C higher than the evaporation temperature.  

Point 2 is stated as: 

                           (41) 

 

                       (42) 

 

6.2.10 Point 3 – EM02 
In order to find the state at point 3, the model first calculates the state at point 3is by applying an 

isentropic compression process.  

Point 3is is stated as: 

                     (43) 
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                           (44) 

 

where pcondensation is found from the condensation temperature. 

 

The condensation temperature is calculated according to: 

                                 

                            (46) 

 

where CDHW is the domestic hot water constant defining whether domestic hot water production is 

required or not. This constant is described in 6.3.1. 

Point 3 is found using the isentropic efficiency at the current evaporation and condensation pressure.  

Point 3 is stated as: 

                         (47) 

 

                   
                   

   
 (48) 

 

where ηis is: 

                                                      (49) 

 

6.2.11 Point 4 – EM02 
The state at point 4 is retrieved by finding the state of the refrigerant on the lower saturation curve at 

the current condensation pressure.  

Point 4 is stated as: 

                        (50) 

 

                                  (51) 

 

6.2.12 Point 5 – EM02 
The state at point 5 is retrieved by lowering the temperature at point 4 at constant pressure. 

Point 5 is stated as: 

                                 (52) 
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                                        (53) 

 

where Treturn - subcooler circuit is the return temperature in the subcooler circuit of EM02 which is described 

by: 

                                      (54) 

 

where Treturn is the system return temperature, i.e. the return temperature of the radiator circuit, which 

is defined as: 

                        (55) 

 

where Tsupply is the system supply temperature.  

6.2.13 Point 1 – EM02 
The state of the refrigerant at point 1 is set using the current evaporation pressure and the same 

enthalpy as in point 5, as the expansion process is assumed to be isenthalpic. 

Point 1 is stated as: 

                   (56) 

 

                       (57) 
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6.3 Solver 
The solver calculates the refrigerant flows needed through the heat pumps to meet up the current 

heating demand. The solver does this by solving a system of equations. There are four different 

operational modes defined in the model, why there are four different systems of equations to be 

solved. The operational modes are presented in table 3:  

Operating mode Definition 

Heating 1 

Heat is delivered to the heating system and to the domestic 

hot water preheating.  

The heat delivered by the subcooler in EM01 is sufficient to 

cover the preheating demand.  

EM02 delivers heat to the heating system. 

Heating 2 

Heat is delivered to the heating system and to the domestic 

hot water preheating.  

The heat delivered by the subcooler in EM01 is not 

sufficient to cover the preheating demand. Heat is retrieved 

from the return pipe in radiator circuit to cover the 

preheating need. 

EM02 is delivering heat to the heating system if possible. 

Heating & DHW 1 

Heat is delivered to the heating system and to the domestic 

hot water preheating as well as to the domestic hot water 

final heating.  

The heat delivered by the subcooler in EM01 is sufficient to 

cover the preheating demand and the heat needed in the 

evaporator of EM02.  

EM02 delivers heat to the domestic hot water circuit. 

Heating & DHW 2 

Heat is delivered to the heating system and to the domestic 

hot water preheating as well as to the domestic hot water 

final heating.  

The heat delivered by the subcooler in EM01 is not 

sufficient to cover the demand in the preheating circuit and 

the heat needed in the evaporator of EM02. Heat is retrieved 

from the return pipe in the radiator circuit.  

EM02 delivers heat to the domestic hot water circuit. 

Table 3 Definition of the operating modes of the Energy machine model. 

The system of equations describing the operating modes states how much heat each component of the 

system needs to deliver/consume to meet up the heating demand. The heat delivered/consumed by 

each component is calculated according to: 

          (58) 

 

where Δh (kJ/kg) is the enthalpy difference of the component, calculated by the Circuit process, and 

   (kg/s) is the mass flow of the refrigerant through the heat pump. The solver solves the system of 

equation for   . 

The system of equations describing each operating mode is presented in equation 59- 69. Each term in 

the equations states the heat delivered/consumed by respectively component.   
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Heating 1 

                                                    (59) 

                                             (60) 

 

Heating 2 

                                                                     (61) 

                              (62) 

                                (63) 

 

Heating & DHW 1 

                                      (64) 

                               (65) 

                                                    (66) 

 

Heating & DHW 2 

                               (67) 

                                                       (68) 

                                                              (69) 

 

Each term in equation 59 to 69 are described below: 

          = The system heating demand 

              = The heat delivered by the condenser of EM01 

              = The heat delivered by the condenser of EM02 

                = The heat absorbed by the evaporator of EM02 

               = The heat delivered by the subcooler of EM01 

               = The heat delivered by the subcooler of EM02 

                = Heat demand for preheating of domestic hot water 

                  = Heat demand for final heating of domestic hot water 

                  = Heat given to/taken from the radiator circuit. 

The solver calculates a solution to each and every system of equations, i.e. every operational mode, 

regardless of which operating mode the model actually simulates at the moment. The actual simulation 

result is then selected by the solver and presented as the result of the simulation. The selection process 

is done based on the domestic hot water constant and the subcooler constant, which are described in 

6.3.1. A schematic flow chart describing the selection process is shown in figure 14. 
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Figure 14 Schematic presentation of the process used by the model to state the current operating mode.  

6.3.1 Choice of operational mode 
The selection of operating mode is based on two parameters, as can be seen in figure 14.The 

parameters used in the selection process are:  

 The subcooler constant, Csubcooler, which shows if heat is available in the subcooler of EM01. 

 The DHW- constant, CDHW, which shows if domestic hot water production is needed or not.  

The domestic hot water production is described by the domestic hot water constant, CDHW, and the 

subcooler heat is described by the subcooler constant, Csubcooler. Both these constants alternate between 

the values zero and one, depending of the current operational mode.  

The domestic hot water constant indicates whether domestic hot water production is needed or not. 

The subcooler constant shows if the heat from the subcooler in EM01 is enough to supply the current 

demand or not. The domestic hot water constant is described by a pulse wave, shown in figure 16, 

whilst the subcooler constant is calculated from the current system operation. A schematic 

presentation of this regulation system is shown in figure 15. 
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Figure 15 Schematic presentation of the process defining the current operating mode. 

The combination of the two constants with two possible values each result in the four different 

operating modes described in table 3. 

6.3.1.1 Domestic hot water constant (CDHW) 

The domestic hot water constant is controlled by a pulse generator which alternates between the 

values zero and one. The period of the signal is set to three and the pulse width is set to 33 % of the 

period. The value one indicates that domestic hot water production is needed whilst zero indicates that 

only heating is requested, i.e. the signal states that domestic hot water is heated for one hour, every 

third hour. 

 

Figure 16 District hot water constant shown as a function of time. 
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6.3.1.2 Subcooler constant (Csubcooler) 

Depending of the operational mode controlled by the domestic hot water constant described above, i.e. 

if domestic hot water production is needed or not, there are different need for subcooler power.  

In the case where no domestic hot water heating is needed, the subcooler circuit just needs to cover the 

preheating of the incoming domestic hot water. The value of the subcooler constant is set to one if the 

available subcooler heat is enough to do so, otherwise it is set to zero. 

If domestic hot water heating is needed, the subcooler circuit needs to feed both the preheating circuit 

as well as the evaporator of EM02 with enough heat to enable EM02 to meet up with the domestic hot 

water need. The value of the subcooler constant is set to one if the available heat is enough to do so, 

otherwise it is set to zero. 
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7 Model of the conventional heat pump system 

The model of the conventional heat pump system was built upon the same framework as the model of 

Energy Machine. The difference between the models basically lies in the number of components. The 

model of the conventional heat pump system has fewer components since the system itself lacks many 

of the components the Energy Machine has. The following components are missing: 

 EM02 

 Subcooler 

 Preheating of domestic hot water 

Since the heat pump system lacks a subcooler, point 5 is excluded from the circuit process. The circuit 

process of the heat pump system then becomes: 

 

Figure 17 The five points of the heat pump process that is stated by the model. (Mistral, 2013) 

The Solver has the same functionality as in the model of the Energy Machine. The only difference is 

that there are just two operational modes in the model of the conventional heat pump system, and 

therefore only two systems of equations to be solved. This is due to the fact that there is no EM02 in 

the system, and therefore no subcooler circuit to be considered. The operational modes of the model 

are presented in table 4. 
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Operating mode Definition 

Heating 
Heat is delivered to the heating system. 

 

Heating & DHW 
Heat is delivered to the heating system and to the domestic 

hot water heating.  

 

Table 4 Definition of the operating modes of the conventional heat pump system. 

The system of equations describing each operating mode is presented in equation 70- 71. Each term in 

the equations states the heat delivered/consumed by respectively component.   

Heating                      (70) 

 

Heating & DHW                          (71) 

 

The terms in equation 70- 71 are described below: 

             = Heat delivered by the condenser of the heat pump 

          = The system heating demand 

     = Heat demand for heating of domestic hot water  

The two operational modes are controlled by the domestic hot water constant CDHW that have the same 

function as in the model of the Energy Machine (see 6.3.1.2). The subcooler constant Csubcooler is 

excluded from this model since there is no subcooler circuit in the system. 
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8 MATLAB programming 

8.1 The Energy Machine 
The MATLAB programming of the Energy Machine model are presented in this chapter. An overview 

of the top level of the model is presented in figure 18. The Regulator, Circuit process and Solver are 

marked.  

 

Figure 18 Overview of the Energy Machine model. 
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8.1.1 Regulator 
The regulator is used in both models. It is presented in figure 19, which basically speaks for itself. The 

regulator calculates the system power demand and the supply temperature needed, which are sent 

through output port 2 respectively 1. The input signal to the model is the outdoor temperature which is 

retrieved from input port 1.    

 

Figure 19 The regulator of the model. 

8.1.2 Circuit process 

8.1.2.1 EM01 

The circuit process of EM01 is calculated by a model called EM01. This model calculates the state of 

the refrigerant at each point of the circuit process according to 6.2.1- 6.2.6. 

The model EM01 is shown in figure 20.  

 

Figure 20 The model describing EM01. 
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The model EM01 contains several sub models. Each of these models calculates the state of the 

refrigerant at a specific point of the circuit process. To find the state at each point of the process, the 

model uses a number of MATLAB functions. The most important functions used are presented below: 

 find 

 isequal 

 if 

The complete MATLAB code used in the sub models of EM01 is presented in appendix 1. 

8.1.2.2 Domestic hot water preheating 

The domestic hot water preheating is modeled by a function called Domestic hot water preheating. 

This model calculates the supply temperature of the subcooler circuit of EM01 according to 6.2.7. 

 

Figure 21 The function describing the preheating of domestic hot water. 

8.1.2.3 EM02 

The circuit process of EM02 is calculated by a model called EM02. This model calculates the state of 

the refrigerant at each point of the circuit process according to 6.2.8- 6.2.13. 

 

Figure 22 The model describing EM02. 

Just like the model EM01, EM02 contains several sub models. The model structure is the same as in 

EM01 with the difference that EM02 is able to handle higher evaporation pressures. 

The complete MATLAB code of EM02 is presented in appendix 1. 
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8.1.3 Solver 
The solver consists of four sets of blocks, each describing one system of equations. The heart of the 

process is the Solve block which solves the ingoing equation for a certain mass flow, as described in 

6.3. The equation itself is described by an Add block which states how the heat from each component 

is to be used in respectively operating mode. Each term in the equations is calculated according to 

equation 58, where the ingoing flow is calculated by the Solve block. As an example, the system 

describing the operating mode named “Heating 1” is shown in figure 23. 

 

Figure 23 The part of the solver calculating the refrigerant flows of the operating mode named “Heating 1”. The Solve 

blocks can be seen to the right in the figure. The Add blocks and the Divide blocks together defines the system of 

equations to be solved. 

Figure 23 shows the set of Solve, Add and Divide blocks describing operating mode named “Heating 

1”. 

The refrigerant flows calculated by each set of system of equations is processed by a model called 

Power Calculation shown in figure 24. This model uses the flows calculated by the solver, and 

enthalpies calculated by the Circuit process, to calculate the heat delivered or consumed by each 

component in the heat pumps (see equation 58). The model then selects the actual values as output 

signals based on the domestic hot water constant and the subcooler constant, according to 6.3.1. 
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Figure 24 The model named "Power calculation", which calculates the heat delivered by each component in the 

system and then defines the current operating mode of the system. 

The model called Power calculation consists of four sub models named: 

 EM01 heating 

 EM02 heating 

 EM01 heating and DHW 

 EM02 heating and DHW 

These four models are named after the operating mode respectively model is handling. The models can 

be seen in figure 25, which shows the top level of the model. Each of these models takes the 

refrigerant flows of respectively operating mode as input signals and calculates the heat delivered or 

consumed by each component. The models then select the correct values based on the value of the 

subcooler constant, Csubcooler, and pass those values out as output signals. The output signals from the 

models in question are then selected based on the value of the domestic hot water constant, CDHW. This 

selection is done by the switches seen to the right in figure 25.    
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Figure 25 The top level of the Power calculation model. The models; EM01 heating, EM02 heating, EM01 heating and 

DHW and EM02 heating and DHW can be seen in the centre of the figure. The switches selecting the output signal can 

be seen to the right. 

 

Figure 26 The top level of the model named EM01 heating. The functions selecting the output signal can be seen to the 

right in the figure. 

As an example, the content of EM01 heating is shown in figure 26. 
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8.2 The conventional heat pump system 
The top level of the model is shown in figure 27. As the model configuration is basically the same as 

the model of the Energy Machine, the details will be left out. For information about the model design, 

the reader is referred to chapter 6. 

 

Figure 27 An overview of the model describing the conventional heat pump system. 
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9 Model validation 

The model validation was done by verify the hot gas temperatures calculated by the model, i.e. the 

temperature at point 3. The resulting COP- factor of the heat pumps is highly dependent of the hot gas 

temperature, why it is very important to verify that this temperature is calculated correctly. 

Figure 28 shows the hot gas temperatures calculated by the model. The temperature is shown as a 

function the condensation temperature, at different evaporation pressures. The evaporation pressures 

are shown in the legend. 

 

Figure 28 The hot gas temperature as a function of the condensation temperature at different evaporation pressures. 

The hot gas temperatures have been confirmed to agree with reality by  5 °C by Tom Hämäläinen at 

EPK cool, and Hans-Göran Göransson at Energy Machines.  

Figure 29 shows the resulting COP- factor of the heat pumps, given the hot gas temperatures shown in 

figure 28. The COP- factor is shown as a function of the condensation temperature at different 

evaporation pressures, just as in figure 28. 
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Figure 29 The COP- factor obtained from the hot gas temperatures shown in figure 30. 
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10 Simulation results 

This chapter shows simulation results produced by the models. The idea is to present how the two 

systems perform at different operating modes and different conditions.  

Chapter 10.1 shows how the heating potential of EM02 depends of the operation of EM01. The system 

performance is then presented in chapter 10.2 and onwards. A base case is presented in 10.2, where it 

is shown how the systems perform with default model parameters, described in chapter 5. The 

chapters following after 10.2 show how the system performance is affected by changes in the different 

system parameters.   

10.1 Potential of EM02 
The operation of the Energy Machine is highly dependent of the heat available from the subcooler in 

EM01. The heat delivered by the subcooler determines how much heat EM02 is able to deliver, which 

in turn determines how much heat EM01 need to deliver. The most profitable operation is always to 

produce as much heat as possible using EM02, as long as there is heat available from the subcooler. 

The amount of heat available in the subcooler of EM01 is dependent of the operation of EM01. The 

more heat delivered by the condenser of EM01, the more heat is available in the sub cooler. The 

subcooler heat is also dependent of the condensation pressure of EM01, i.e. the system supply 

temperature. The higher the supply temperature (condensation pressure), the more heat can be 

retrieved from the sub cooler.  

Figure 30 shows the heating potential of EM02 as a function of the EM01 operation. The operating 

ratio of EM01 and EM02 is stated based on the system of equations described in 6.3. This controls the 

system operation in such a way that EM02 is using all heat available from the subcooler in EM01 in 

order to get the most profitable system operation. Preheating of DHW has been neglected here.    

 

Figure 30 Potential heating production of EM02 as a function of EM01 operation. 
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In reality, the graph in figure 30 would show an exponential trend since the available subcooler heat 

increases with both the supply temperature and the heat delivered by EM01. Although, the 

simplification that the temperature drop in the evaporator of EM02 is set to be constant, as described 

in chapter 4, erases the increase due to a greater temperature drop in the subcooler, why the 

exponential trend cannot be seen in the simulation results. 

The heat available from the sub cooler of EM01 and EM02 is shown in figure 31 as a function of the 

heat delivered by EM01. It can be seen that the difference between the heat delivered by the subcooler 

of EM01 and the heat delivered by the condenser of EM02 is very small. That is due to the high COP- 

factor of EM02.  

 

Figure 31 Available heat from the subcooler in EM01 respectively EM02 as a function of the heat delivered by EM01. 

It can also be seen in figure 31 that the heat delivered by the subcooler of EM02 shows an exponential 

trend. That is due to the fact that the available subcooler heat increases with the heat delivered by 

EM02, which in turn increases when the heat delivered by EM01 increases.   
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10.2 System preformance 
This chapter shows the system performance obtained in the base case, which is defined in chapter 5. 

The system performance is shown as a function of the outdoor temperature. It is shown in both 

“Heating” and in “Heating & DHW” operating mode. 

Figure 32 shows the system COP at “Heating” mode, i.e. when the system is delivering heating water 

but no domestic hot water. The evaporation pressure was set to 2,5 bar. 

 

Figure 32 The system COP- factor at the operation mode named "Heating". The COP- factor is shown as a function 

of the outdoor temperature. 

It can be seen in figure 32 that the Energy Machine has got slightly higher COP- factor than the 

conventional heat pump system. This is because EM02 is free to support EM01 in heating water 

production. When producing heating water, EM02 is working at extremely high efficiency, why the 

total system COP increases compared to the conventional heat pump system. 

The flat line to the left of -25 °C occurs because the system supply temperature reaches its maximum 

value, 50 °C at that point. In the same manner, the flat line to the right of 14 °C is because the 

buildings balance temperature is set to 14 °C. 
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Figure 33 shows the system COP at “Heating & DHW” mode, i.e. when the system is delivering 

heating water and domestic hot water at the same time. The evaporation pressure was set to 2,5 bar 

and the heating demand, system supply temperature and the domestic hot water demand was set 

according to chapter 5. 

 

 

Figure 33 The system COP- factor at the operation mode named "Heating and DHW". The COP- factor is shown as a 

function of the outdoor temperature. 

It can be seen in figure 33 that the system COP of the Energy Machine is much higher than that of the 

conventional heat pump system at most operating conditions. The shape of the red curve clearly shows 

when the optimum ratio between the heating demand and the domestic hot water demand occurs, i.e. 

when the outdoor temperature is around 5 °C.  

The colored line in the bottom of the graph indicates which operating mode the Energy machine is 

operated at. The green line indicates that the system is controlled according to the operating mode 

named “Heating & DHW 1” whilst the black line indicates that the system is controlled according to 

the operating mode named “heating and DWH 2”. The operating mode called “Heating & DHW 1” 

means that the heat from the subcooler of EM01 is enough to feed the evaporator of EM02, why this 

have been stated as “High” in the legend. The black line indicates that some heat have to be retrieved 

from the radiator circuit, as described in chapter 2.5. 

10.3 Dependence of evaporation pressure 
The system COP is highly dependent of the evaporation pressure, which in turn is depending of the 

temperature in the energy storage. In this chapter, it is shown how the system COP is affected by the 

evaporation pressure. In the case of the Energy Machine, the evaporation pressure of course refers to 

the evaporator pressure of EM01, since the evaporator pressure in EM02 is depending of the 

temperature in the subcooler circuit.  

The heating demand and the system supply temperature was set according to chapter 5 in all cases 

presented in this chapter. 
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Figure 34 shows the system COP of the conventional heat pump system at heating mode, as a function 

of the outdoor temperature. It can be seen that the system COP increases with higher evaporation 

pressure, as expected. 

 

Figure 34 Impact of evaporation pressure in the conventional heat pump system. The system COP- factor is shown at 

the operation mode named "Heating". The COP- factor is shown as a function of the outdoor temperature at different 

evaporation pressures. 

Figure 35 shows the system COP of the Energy Machine at heating mode as a function of the outdoor 

temperature. It can be seen that the system COP increases with higher evaporation pressure, as 

expected. 

 

Figure 35 Impact of evaporation pressure in the Energy Machine. The system COP- factor is shown at the operation 

mode named "Heating". The COP- factor is shown as a function of the outdoor temperature at different evaporation 

pressures. 
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Figure 36 shows the system COP of the conventional heat pump system in “Heating & DWH” mode. 

It can be seen that the system COP increases with increasing evaporation pressure, as expected.  

 

Figure 36  Impact of evaporation pressure in the conventional heat pump system. The system COP- factor is shown at 

the operation mode named "Heating and DHW". The COP- factor is shown as a function of the outdoor temperature 

at different evaporation pressures. 

Figure 37 shows the system COP of the Energy Machine in “Heating & DWH” mode. It can be seen 

that the system COP increases with increasing evaporation pressure, as expected. It can also be seen 

that the difference between the curves is bigger where the curves peaks than otherwise. 

 

Figur 37 Dependence of evaporation pressure in the Energy Machine. The system COP- factor is shown at the 

operation mode named "Heating and DHW". The COP- factor is shown as a function of the outdoor temperature at 

different evaporation pressures. 
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10.4 Dependence of domestic hot water need 
In order to show how the ratio between the DWH- need and the heating need affects the system COP, 

this parameter was varied and the system COP was plotted. The results are shown in this section. The 

heating demand and the system supply temperature was set according to chapter 5 in both cases 

presented. The DHW- demand was varied thought. 

In the first case, the domestic hot water demand was set to a third of that of the base case, whilst the 

heating need was kept constant. The results, shown in figure 38, shows that the highest COP-factor, 

which occurs around an outdoor temperature of 7 °C, increases slightly whilst the COP in general were 

about the same as in the base case. It can also be seen that the heat from the subcooler is sufficient up 

to a higher outdoor temperature than in the base case, as indicated by the green line in the bottom of 

the diagram. 

 

Figure 38 The system COP- factor of the Energy Machine respectively the conventional heat pump system. The 

domestic hot water need was set to a third of the base case. 

In the second case, the DHW- demand was set to be three times bigger than that of the base case, 

whilst the heating demand were kept constant. The results, shown in figure 39 shows that the highest 

COP- factor decreases drastically, whilst the lower COP, which occurs in very cold weather, rises 

slightly instead. It can also be seen that the subcooler power is never sufficient to supply EM02 with 

the amount of heat it actually needs to produce all DWH the system demands. Instead, some heat has 

to be retrieved from the return circuit of the heating circuit. 
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Figure 39 The system COP- factor of the Energy Machine respectively the conventional heat pump system. The 

domestic hot water need was set to thiree times that of the base case. 

  



  Simulation results 

V. Hemgren 56 June 2013 

10.5 Dependence of subcooling 
The System COP of the Energy Machine is also depending on how much the temperature is lowered in 

the subcooler in EM01, i.e. how much EM02 is able to lower the temperature in the subcooler circuit. 

The graphs in figure 40 shows how different degrees of subcooling affect the system COP. The red 

line shows the system COP at default operation, when ΔT over the evaporator of EM02 is set to 15 °C. 

The green and black lines show the system COP when ΔT is set to 25 °C respectively 5 °C. It can be 

seen that the top of the curve is shifted slightly to the left in the first case and to the right in the last 

case. The system COP in summer operation is also affected a lot, as can be seen in the figure.  

 

Figure 40 The system COP of the Energy Machine at the operating mode Heating and DHW. The different curves 

shows the COP- factor at different degrees of subcooling as can be seen in the legend.  
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11 Simulation case - Gävle 

In order to calculate the annual COP- factor of the two systems, a simulation of a whole year was 

performed. The results from the simulations are presented in this chapter.  

The simulation conditions were set according to chapter 5, including the temperature data which 

defines the outdoor temperature. The simulation was performed at hourly basis.  

The evaporation pressure of EM01 respectively the conventional heat pump was set to be 2,5 bar, 

which corresponds to a evaporation temperature of about -4,3 °C. 

The temperature data used to define the outdoor temperature is presented in figure 41. 

 

Figure 41 The outdoor temperature used as input during the simulation. 

The outdoor temperature shown in figure 41 and the heating curve defined in chapter 5 gives the 

heating demand shown in figure 42.    
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Figure 42 The system power demand calculated by the model. 

The system supply temperature calculated by the model regulator is presented in figure 43.  

 

Figure 43 The system supply temperature calculated by the model. 

The conditions described above results in a heating demand and DHW- demand of 2000 MWh/year 

respectively 200 MWh/year. Just as described in chapter 5. 
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11.1 Simulation results 
The heat delivered by the conventional heat pump system over the year is presented in figure 44.  

 

Figure 44 The heat delivered by the conventional heat pump system. 

The curve follows the heating demand curve presented in figure 42 with one difference, the domestic 

hot water heating. Since the scale of the figure makes it hard to read any information from it, an 

enlarged figure of the same diagram is presented in figure 45. The range of the x-axis of the figure is 

about 180 hours. 

 

Figure 45 The heat delivered by the conventional heat pump system. The range of the x- axis is 180 hours. 

It can be seen that the delivered heat peaks every third hour, that is when the system heats the 

domestic hot water circulation circuit, why an extra 68 kW of heat is demanded. 
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The heat delivered by the Energy Machine over the year is presented in figure 46. Since the EM01 

does not deliver any domestic hot water, the heat curve of EM01 has got no peaks as the ones shown 

in figure 45. The heat curve of EM02 shows a similar pattern as the conventional heat pump though.   

 

Figure 46 The heat delivered by EM01 and EM02. 

The heat delivered by the EM01 is including the preheating of domestic hot water, but not the heat 

delivered to the evaporator of EM02. The heat delivered by EM02 includes heat from the subcooler of 

EM02. Figure 47 shows an enlarged diagram of the heat delivered by EM02. The range of the x-axis is 

about 150 hours.  

 

Figure 47 The heat delivered by EM02. The range of the x- axis is 150 hours. 
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It can be seen in figure 47 that EM02 is forced to deliver domestic hot water every third hour since the 

heat delivered by EM02 peaks at a constant level of about 41 kW every third hour. The peaks are 

lower than in the conventional heat pump system because EM02 only has to deliver 60 % of the DHW 

since the preheating delivers the remaining 40 %.  
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11.1.1 System performance 

The system COP of the two systems is shown in figure 48. It can be seen that the conventional heat 

pump system is forced to deliver heat at low efficiency during a big part of the year, compared to the 

Energy Machine. The lower COP of the conventional system occurs during DHW- heating due to the 

high condensation temperature. The Energy Machine is able to deliver DHW at much higher COP due 

to the high evaporation pressure of EM02. Instead, the system COP of the Energy Machine decreases 

in the summer operation because EM01 needs to support EM02 with heat to produce DHW. 

 

Figure 48 The system COP of the two systems shown at an hourly basis. 

Since it is hard to read any details from figure 48, enlarged diagrams showing a range of 100 hours in 

winter mode respectively summer mode is shown in figure 49 and figure 50. 
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Figure 49 Enlarged diagram showing the system COP of the two systems at winter operation. The range of the x-axis 

is about 100 hours. 

The obvious difference of performance between the two systems in winter mode is the system COP at 

domestic hot water heating, which is seen as the lower values in the graphs. It can clearly be seen that 

the Energy Machine is performing better than the conventional heat pump system, as was shown in 

figure 31. It can also be seen that the higher COP value, i.e. the COP value in the case of heating, is 

slightly higher in the case of the Energy Machine than the conventional system. This is due to the 

same reason as shown in figure 30. 

 

Figure 50 Enlarged diagram showing the system COP of the two systems at summer operation. The range of the x-

axis is about 100 hours. 
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In summer mode, the Energy Machine performs worse. The COP of the Energy Machine is just 

slightly higher in case of domestic hot water production than the conventional heat pump system. 

Another difference lies in the heating operation. In summer mode the heat pump system does not need 

to deliver any heat when the temperature is higher than 14 °C, why the COP is not defined, as can be 

seen in figure 50. The Energy Machine has to deliver some heat to feed the preheating though. 

The annual COP- factors of the two systems are presented in table 5. The values are calculated 

according to equation 1. 

 

 

 

 Conventional heat pump system Energy Machine 

Annual COP-factor: 3,43 4,58 

Table 5 The resulting annual COP- factor of the two systems. 
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12 Sensitivity analysis 

Almost all model parameters are affected by the isentropic efficiency, why it is important to know 

how much an error in this parameter affects the results. In order to investigate this, a sensitivity 

analysis have been made where the isentropic efficiency have been decreased and increased. The 

resulting hot gas temperature and the COP- factor of the heat pumps have been plotted in each case.   

12.1 Decreased isentropic efficiency 
The model describing the lower isentropic efficiency curve was created by increasing the original hot 

gas temperatures by 5 °C. The isentropic efficiencies and the model describing the isentropic 

efficiency plane were calculated in the same way as described in 5.7. 

The estimated hot gas temperatures and the calculated isentropic efficiencies are presented in table 6. 

Pressure 
Hot gas temperature 
(real) (°C) 

Hot gas temperature 
(isentropic) (°C) 

Isentropic 
efficiency 

Evaporation pressure = 2 bar       

Condensation pressure = 8 bar 60,2 35,9 0,5398 

Condensation pressure = 19,8 bar 120 79,1 0,4993 

Evaporation pressure = 3 bar       

Condensation pressure = 10 bar 60,2 47,6 0,6549 

Condensation pressure = 19,8 bar 110 77,3 0,5006 

Evaporation pressure = 5 bar       

Condensation pressure = 10 bar 49,85 45,35 0,7474 

Condensation pressure = 19,8 bar 85 75,5 0,7018 
Table 6 The isentropic efficiencies calculated from the higher hot gas temperatures. 

   

The calculated isentropic efficiencies are described by the first order model presented in equation: 

                                                        (72) 

 

The plane described by the model in equation 72 is presented in figure 51.  
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Figure 51 The lower efficiency curve described by equation 72. 

12.2 Increased isentropic efficiency 
The model describing the higher isentropic efficiency curve was created by decreasing the original hot 

gas temperatures by 5 °C. The isentropic efficiencies and the model describing the isentropic 

efficiency plane were calculated in the same way as described in 5.7. 

The estimated hot gas temperatures and the calculated isentropic efficiencies are presented in table 7. 

Pressure 
Hot gas temperature 
(real) (°C) 

Hot gas temperature 
(isentropic) (°C) 

Isentropic 
efficiency 

Evaporation pressure = 2 bar       

Condensation pressure = 8 bar 49,85 35,9 0,6864 

Condensation pressure = 19,8 bar 110 79,1 0,5663 

Evaporation pressure = 3 bar       

Condensation pressure = 10 bar 49,85 47,6 0,9128 

Condensation pressure = 19,8 bar 100 77,3 0,587 

Evaporation pressure = 5 bar       

Condensation pressure = 10 bar 45,35 45,35 1 

Condensation pressure = 19,8 bar 75,5 75,5 1 
Table 7 The isentropic efficiencies calculated from the lower hot gas temperatures. 

The calculated isentropic efficiencies are described by the first order model presented in equation 79. 

                                                      (73) 

 

The plane described by model in equation 73 is presented in figure 52. 
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Figure 52 The higher efficiency curve described by equation 73. 
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12.3 Results of sensitivity analysis 
The resulting hot gas temperatures in each case described under 12.1 and 12.2 are presented in figure 

53. Each graph corresponds to a specific evaporation pressure, as can be seen in the legend. 

 
Figure 53 The resulting hot gas temperatures obtained with the isentropic efficiencies described by equation 78 and 

79. 

The hot gas temperatures presented in figure 53 corresponds to a specific COP value. The COP value 

of each case described under 12.1 and 12.2 are presented in figure 54. Each graph corresponds to a 

specific evaporation pressure, just as in figure 53. 
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Figure 54 The resulting COP- factors obtained with the hot gas temperatures shown in figure 53. 

It can be seen in figure 54 that the COP differs more between the different cases at low condensation 

temperatures than at high temperatures.  
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13 Discussion 

13.1 Impact of simplyifications 
It is important to be aware of the simplifications that have been made in the model in order to get an 

accurate picture of the results it is producing. The most important parameters are discussed in this 

chapter. 

The parameter affecting the COP- factor of the individual heat pumps most is the isentropic efficiency.  

The isentropic efficiency is the parameter that separates the isentropic compression process from the 

real compression process. It is therefore important that this parameter is approximated with sufficient 

accuracy. The model validation was made in order to ensure that this is the case, which it proved to be. 

It would have been a good idea to actually measure the hot gas temperature of a real heat pump 

process as well. But as it was hard to arrange such a measurement with enough accuracy, it was 

decided that it was better to ask people with a lot of practical experience to validate the calculated 

efficiencies instead.  

One parameter that has been neglected in the models is the compressor efficiency at part load. A real 

compressor has a maximum efficiency at a certain operation mode, which thus have been ignored in 

this project. The performance of both modeled systems would of course decrease if this parameter 

were taken into account. It is though hard to say how the ratio between the COP of the conventional 

heat pump system and the Energy Machine would be affected. But it would probably not change much 

since EM02, which would make the difference between the two systems, normally delivers quite small 

amounts of heat compared to EM01.    

The efficiencies of the compressor engines have been neglected in the models as well. This parameter 

would of course have decreased the system COP of both systems. It would also affect the ratio 

between the annual COP- factors of the two systems slightly. How much is hard to say, but it would 

probably not change much since EM02, which would make the difference between the two systems, 

normally delivers quite small amounts of heat compared to EM01.    

The fact that the evaporation pressures in EM01 and the conventional heat pump is set to be constant 

is a major simplification that needs to be considered when looking at the results. In reality, most 

installations are connected to a geothermal ground source, whose temperature varies during the year. 

How it varies depends on the conditions at the specific installation, like the number of boreholes and if 

the installation is used to produce cooling or not. 

Another concern about the evaporation is the fact that the temperature drop in the evaporator of EM02 

is set to be constant, 17 °C. In reality, the temperature drop would increase with increasing 

condensation temperature of EM01. This, in turn, results in an increase in the heat retrieved from the 

subcooler circuit as a greater temperature drop results in more heat. As the temperature drop increases 

at the same time as the heat delivered by EM01 increases (in most cases), the available sub cooler heat 

increase exponentially when the power demand rises. As the temperature drop in the evaporator of 

EM02 is set to be constant, the heat exponential trend is erased, as can be seen in figure 30.  

It should also be said that the heat available from the subcooler of EM01 is highly dependent of the 

temperature drop in the evaporator of EM02. It should be further investigated how big this temperature 

drop should be in order to get the most profitable operation of the system. 

In reality almost all Energy Machines installed is used to produce both heating and cooling, whilst the 

model created in this project only takes the heating into account. This lowers the annual COP- factor 
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of the system very much since the cold circuit of the heat pumps can never be used and is instead 

treated as a reject. Another aspect of this is that cooling during summers enables the system to heat the 

geothermal ground source, which makes it warmer when winter comes and the system is to produce 

heat again.  

The fact that the ratio between preheating and final heating in the Energy Machine is constant is a 

simplification which gives the Energy Machine a disadvantage when compared to the conventional 

system. The ratio which has been applied in the model is not optimal at all operating modes, why the 

system COP is slightly lower at some operating modes than in reality. 

The model of the Energy Machine has no storage tank, which means that the heat to/from the 

components of the system has to add up to zero at each time step of the simulation. In the operating 

mode “Heating and domestic hot water production 1” there is more heat available from the subcooler 

of EM01 than needed for preheating and final heating of domestic hot water. Still EM02 is forced to 

deliver only the amount of heat to cover the heating of domestic hot water. This means that some of 

the potential subcooler power from EM01 is lost because there is nowhere to store it. This of course 

makes the annual COP- factor of the Energy Machine slightly lower than it should be. 

The domestic hot water heating in the models differs from reality in the way that it follows a constant 

heating pattern, as described in 6.3.1.1. This does of course not mach reality completely as the demand 

for domestic hot water usually varies during the day. What is most important for the result though is 

that the ratio between the time that the system is heating domestic hot water and the time that it is just 

delivering heat to the heating system agree fairly with reality; otherwise the resulting annual COP- 

factor will be misleading. This ratio is of course dependent of how the system is designed, why it can 

differ a lot, but it should be further investigated how the results are affected by this parameter.  

13.2 Parameter verification 
It is important to check that the definition of the model parameters is mathematically correct and 

behaves as expected during simulations.    

As the subcooler in EM02 is feeding the return circuit of the heating system, it is important that the 

temperature of the subcooler circuit is always higher than the temperature in the return circuit itself. 

Otherwise, the subcooler circuit would actually cool down the return circuit which means that EM01 

would have to deliver more heat than the model actually calculates. Of course it have been verified 

that this is not the case. The subcooler circuit is actually supplying a temperature that is much higher 

than the return circuit at most operating modes. 

Another parameter that is important to verify is the heating demand. It is of course important to check 

that the modeled systems actually deliver the amount of heat that the Regulator demands. It have been 

verified that this is the case as well. 
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14 Conclusions 

Two major conclusions can be drawn from this project.  

First of all, the simulations that have been performed with the models shows that the Energy Machine 

actually is performing better than a conventional heat pump system with the conditions defined in the 

simulations.  

The second, and maybe the most important conclusion that can be drawn, is that the Energy Machine 

model has proved to be very useful for analyzing and develop the Energy Machine technology. The 

model can be used both for testing the system in different operating conditions in a very cost efficient 

way. It can also be used to simulate how different system parameters affect the system performance in 

order to optimize the system. The model gives an opportunity to simulate different conditions instead 

of installing expensive installations to run tests with. 

The Energy Machine model is also a very powerful tool in feasibility studies done together with 

customers in order to calculate the costs and savings in individual projects.   
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16 Appendix 1 – Matlab code 

The model EM01 shown in figure 20 contains several sub models. The first level of EM01 is shown in 

figure 55. 

 

Figure 55 The top level of EM01 

The model seen to the left in the figure, called Circuit process EM01, contains the sub models that 

calculates the state at each point of the heat pump circuit, as described in chapter 6.2. The sub models 

in Circuit process EM01are shown in figure 56. 

 

Figure 56 The top level of the Circuit process in EM01. 
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The code used by the sub models shown in figure 56 is presented in 16.1 to 16.5. 

16.1 Point 2 – EM01 
function [ Evaporator_pressure, Temperature_Superheated_steam ] = fcn( 

Evaporation_temperature, SaturatedVapor ) 

  
x = find( SaturatedVapor >= Evaporation_temperature , 1 , 'first' ) ;  

 
Evaporator_pressure = SaturatedVapor( x, 2 ) ;  

  
Temperature_Superheated_steam = Evaporation_temperature + 4; 

 
 

function [ y, Temperature_Point_2, Entropy_Point_2 ] = fcn( 

bar20,bar21,bar22,bar23,bar24,bar25,bar26,bar27,bar28,bar29,bar30,bar31,bar

32,bar33,bar34,bar35,bar36,bar37,bar38,bar39,bar40,bar41,bar42,bar43,bar44,

bar45,bar46,bar47,bar48,bar49,bar50,bar52,bar54,bar56,bar58,bar60,bar625,ba

r65,bar675,bar70,bar725,bar75,bar775,bar80,Evaporation_Pressure,Temperature

_Super_heated_steam ) 

 
bar_20 = isequal(Evaporation_Pressure,2.0); 

  
bar_20 = double(bar_20); 

 

bar_21 = isequal(Evaporation_Pressure,2.1); 

  
bar_21 = double(bar_21); 

 

 

bar_80 = isequal(Evaporation_Pressure,8); 

  
bar_80 = double(bar_80); 
 

 

if bar_20==1 
    x = find(bar20>=Temperature_Super_heated_steam,1,'first'); 

     
    y=bar20(x,:); 
elseif bar_21==1 
    x = find(bar21>=Temperature_Super_heated_steam,1,'first'); 

     
    y=bar21(x,:); 

 

 

elseif bar_80==1 
    x = find(bar80>=Temperature_Super_heated_steam,1,'first'); 

     
    y=bar80(x,:); 
else 
    y=[0,0,0,0,0,0,0,0,0]; 
    disp('Trycket hittades ej i isobaric evaporation EM01!') 
end 

 
Temperature_Point_2 = y(1) ; 

  
Entropy_Point_2 = y(7) ; 
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16.2 Point 3 – EM01 
function [ y, Pressure_Point_3, Temperature_Point_3, 

Condensation_pressure_table ] = 

fcn(bar60,bar625,bar65,bar675,bar70,bar725,bar75,bar775,bar80,bar825,bar85,

bar875,bar90,bar925,bar95,bar975,bar100,bar1035,bar107,bar1105,bar114,bar11

75,bar121,bar1245,bar128,bar1315,bar135,bar1385,bar142,bar1455,bar149,bar15

25,bar156,bar1595,bar163,bar1665,bar170,bar1735,bar177,bar1805,bar184,bar18

75,bar191,bar198,bar205,bar212,s,t,SaturatedVapor) 

 
t = t + 2; 

  
z = find(SaturatedVapor >= t , 1 , 'first' );  
Condensation_Pressure = SaturatedVapor(z,2); 

  
Z=zeros(1,1); 

  
Z(1)=Condensation_Pressure; 

  
Pressure=Z(1); 

  

  
bar_60 = isequal(Pressure,6); 

  
bar_60 = double(bar_60); 

  
bar_625 = isequal(Pressure,6.25); 

  
bar_625 = double(bar_625); 

 

 

bar_212 = isequal(Pressure,21.2); 

  
bar_212 = double(bar_212); 
 

 

 

if bar_60==1 
    x = find(bar60(:,7)>=s,1,'first'); 
    y = bar60(x,:); 
    Condensation_pressure_table = bar60; 
elseif bar_625==1 
    x = find(bar625(:,7)>=s,1,'first'); 
    y = bar625(x,:); 
    Condensation_pressure_table = bar625; 

 

 

elseif bar_212==1 
    x = find(bar212(:,7)>=s,1,'first'); 
    y = bar212(x,:); 
    Condensation_pressure_table = bar212; 
else 
    y=[0,0,0,0,0,0,0,0,0];  
    Condensation_pressure_table = bar100; 
    disp('OBS! Trycket hittades inte i Isentropic compression EM01!') 
end 
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Pressure_Point_3 = y(2); 

  
Temperature_Point_3 = y(1); 

 

 

16.3 Point 4 – EM01 
function [y, Pressure_point_nr_4, Temperature_Point_nr_4] = 

fcn(Pressure,bar60,bar625,bar65,bar675,bar70,bar725,bar75,bar775,bar80,bar8

25,bar85,bar875,bar90,bar925,bar95,bar975,bar100,bar1035,bar107,bar1105,bar

114,bar1175,bar121,bar1245,bar128,bar1315,bar135,bar1385,bar142,bar1455,bar

149,bar1525,bar156,bar1595,bar163,bar1665,bar170,bar1735,bar177,bar1805,bar

184,bar1875,bar191,bar198,bar205,bar212) 

 
bar_60 = isequal(Pressure,6); 

  
bar_60 = double(bar_60); 

  
bar_625 = isequal(Pressure,6.25); 

  
bar_625 = double(bar_625); 

 

 
bar_212 = isequal(Pressure,21.2); 

  
bar_212 = double(bar_212); 

  
x = 365; %Den rad där data för mättnadskurvan ligger i trycktabellerna 

 

if bar_60==1 
    y=bar60(x,:); 

 
elseif bar_625==1 
    y=bar625(x,:); 

 
 

elseif bar_212==1 
    y=bar212(x,:); 

 
else 
    y=[0,0,0,0,0,0,0,0,0];  
    disp('OBS! Trycket hittades inte i "Isobaric condensation EM01"!') 

 
end 

 

Temperature_Point_nr_4 = y(1) ; 

  
Pressure_point_nr_4 = y(2) ; 

16.4 Preheating of tapwater 
function Supply_temperature_Sub_cooler_circuit_EM01_Preheating   = 

fcn(Supply_temperature_Sub_cooler_circuit_EM01) 
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Supply_temperature_Sub_cooler_circuit_EM01_Preheating = 

Supply_temperature_Sub_cooler_circuit_EM01 - 5;  

 

16.5 Point 5 – EM01 
function [y,v,Temperature_Point_nr_5] = 

fcn(Temperature_point_4,Return_temperature_Subcooler_circuit_EM01,Pressure,

bar60,bar625,bar65,bar675,bar70,bar725,bar75,bar775,bar80,bar825,bar85,bar8

75,bar90,bar925,bar95,bar975,bar100,bar1035,bar107,bar1105,bar114,bar1175,b

ar121,bar1245,bar128,bar1315,bar135,bar1385,bar142,bar1455,bar149,bar1525,b

ar156,bar1595,bar163,bar1665,bar170,bar1735,bar177,bar1805,bar184,bar1875,b

ar191,bar198,bar205,bar212) 

 

bar_60 = isequal(Pressure,6); 

  
bar_60 = double(bar_60); 

  
bar_625 = isequal(Pressure,6.25); 

  
bar_625 = double(bar_625); 

 

bar_212 = isequal(Pressure,21.2); 

  
bar_212 = double(bar_212); 

  
Subcooler_temperature = Return_temperature_Subcooler_circuit_EM01 + 2; 

  
Subcooler_temperature_EM02 = Temperature_point_4 - 0; X=[0, 0]; 

 

if bar_60==1 
    x = find(bar60 >= Subcooler_temperature,1,'first'); 
    z = find(bar60 >= Subcooler_temperature_EM02,1,'first'); 
    X(1)=x; 
    X(2)=z; 
    x=X(1); 
    z=X(2); 
    y=bar60(x,:); 
    v=bar60(z,:); 
elseif bar_625==1 
    x = find(bar625 >= Subcooler_temperature,1,'first'); 
    z = find(bar625 >= Subcooler_temperature_EM02,1,'first'); 
    X(1)=x; 
    X(2)=z; 
    x=X(1); 
    z=X(2); 
    y=bar625(x,:); 
    v=bar625(z,:); 

 

elseif bar_212==1 
   x = find(bar212 >= Subcooler_temperature,1,'first'); 
    z = find(bar212 >= Subcooler_temperature_EM02,1,'first'); 
    X(1)=x; 
    X(2)=z; 
    x=X(1); 
    z=X(2); 
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    y=bar212(x,:); 
    v=bar212(z,:); 
else 
    y=bar60(80,:); 
    v=bar60(80,:); 
    disp('OBS! Trycket hittades ej i underkylare EM01!') 
end 

 
Temperature_Point_nr_5 = y(1) ; 

 

The model EM02 shown in figure 22 contains several sub models. The first level of EM02 is shown in 

figure 57. 

 

 

Figure 57 The top level of EM02. 

The model seen to the left in the figure, called Circuit process EM01, contains the sub models that 

calculates the state at each point of the heat pump circuit, as described in chapter 6.2.8 – 6.2.13. The 

sub models in Circuit process in EM01are shown in figure 58. 

 

Figure 58 The top level of Circuit process in EM02. 

The code used by the sub models shown in figure 58 is presented in 16.6 to 16.9. 
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16.6 Point 2 – EM02 
function [ Evaporator_pressure, Temperature_Superheated_steam, 

Return_temperature_Subcooler_circuit_EM01, Evaporation_temperature ] = fcn( 

Supply_temperature_Subcooler_circuit_EM01, SaturatedVapor ) 

 

Return_temperature_Subcooler_circuit_EM01 = 

Supply_temperature_Subcooler_circuit_EM01 - 15 ;  

 
Evaporation_temperature = Supply_temperature_Subcooler_circuit_EM01 - 17 ;  

 
x = find( SaturatedVapor >= Evaporation_temperature , 1 , 'first' ) ;  

 
Evaporator_pressure = SaturatedVapor( x, 2 ) ;  

  
Temperature_Superheated_steam = Evaporation_temperature + 4; 

 

function [ y, Temperature_Point_2, Entropy_Point_2 ] = fcn( 

bar20,bar21,bar22,bar23,bar24,bar25,bar26,bar27,bar28,bar29,bar30,bar31,bar

32,bar33,bar34,bar35,bar36,bar37,bar38,bar39,bar40,bar41,bar42,bar43,bar44,

bar45,bar46,bar47,bar48,bar49,bar50,bar52,bar54,bar56,bar58,bar60,bar625,ba

r65,bar675,bar70,bar725,bar75,bar775,bar80,bar825,bar85,bar875,bar90,bar925

,bar95,bar975,bar100,bar1035,bar107,bar1105,bar114,bar1175,bar121,bar1245,b

ar128,bar1315,bar135,bar1385,bar142,bar1455,bar149,bar1525,bar156,bar1595,b

ar163,bar1665,bar170,bar1735,bar177,bar1805,bar184,bar1875,bar191,bar198,ba

r205,bar212,u,Temperature_Super_heated_steam) 
 

 

bar_20 = isequal(u,2.0); 

  
bar_20 = double(bar_20); 

  
bar_21 = isequal(u,2.1); 

  
bar_21 = double(bar_21); 

 

 
bar_212 = isequal(u,21.2); 

  
bar_212 = double(bar_212); 

 

if bar_20==1 
    x = find(bar20>=Temperature_Super_heated_steam,1,'first'); 

     
    y=bar20(x,:); 
elseif bar_21==1 
    x = find(bar21>=Temperature_Super_heated_steam,1,'first'); 

     
    y=bar21(x,:); 

 
elseif bar_212==1 
    x = find(bar212>=Temperature_Super_heated_steam,1,'first'); 

  
    y=bar212(x,:); 
else 
    y=[0,0,0,0,0,0,0,0,0,0,0,0,0]; 
    disp('Trycket hittades ej i "Isobaric evaporation - EM02"!') 
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end 

 
Temperature_Point_2 = y(1) ; 

  
Entropy_Point_2 = y(7) ; 

 

16.7 Point 3 – EM02 
function [ y, Pressure_Point_3, Temperature_Point_3, 

Condensation_pressure_table ] = 

fcn(bar60,bar625,bar65,bar675,bar70,bar725,bar75,bar775,bar80,bar825,bar85,

bar875,bar90,bar925,bar95,bar975,bar100,bar1035,bar107,bar1105,bar114,bar11

75,bar121,bar1245,bar128,bar1315,bar135,bar1385,bar142,bar1455,bar149,bar15

25,bar156,bar1595,bar163,bar1665,bar170,bar1735,bar177,bar1805,bar184,bar18

75,bar191,bar198,bar205,bar212,s,t, StyrsignalTappvarmvatten, 

Tap_water_temperature,SaturatedVapor ) 

 

if StyrsignalTappvarmvatten==1 

     
    t= Tap_water_temperature + 2 ;  

     
else 

  
    t= t + 2 ;  

  
end 

  
y = find(SaturatedVapor >= t , 1 , 'first' );  

  
Pressure_Condensation = SaturatedVapor(y,2); 

  
Y=zeros(1,1); 

  
Y(1)=Pressure_Condensation; 

  
Pressure=Y(1); 

  

  
bar_60 = isequal(Pressure,6); 

  
bar_60 = double(bar_60); 

  
bar_625 = isequal(Pressure,6.25); 

  
bar_625 = double(bar_625); 

 
bar_212 = isequal(Pressure,21.2); 

  
bar_212 = double(bar_212); 

 

if bar_60==1 
    x = find(bar60(:,7)>=s,1,'first'); 
    y = bar60(x,:); 
    Condensation_pressure_table = bar60; 
elseif bar_625==1 
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    x = find(bar625(:,7)>=s,1,'first'); 
    y = bar625(x,:); 
    Condensation_pressure_table = bar625; 

 

elseif bar_212==1 
    x = find(bar212(:,7)>=s,1,'first'); 
    y = bar212(x,:); 
    Condensation_pressure_table = bar212; 
else 
    y=[0,0,0,0,0,0,0,0,0];  
    Condensation_pressure_table = bar100; 
    disp('OBS! Trycket hittades inte i Isentropic compression EM02!') 
end 

 

Pressure_Point_3 = y(2); 

  
Temperature_Point_3 = y(1); 

 

16.8 Point 4 – EM02 
function [y, Pressure_point_nr_4, Temperature_Point_nr_4] = 

fcn(Pressure,bar60,bar625,bar65,bar675,bar70,bar725,bar75,bar775,bar80,bar8

25,bar85,bar875,bar90,bar925,bar95,bar975,bar100,bar1035,bar107,bar1105,bar

114,bar1175,bar121,bar1245,bar128,bar1315,bar135,bar1385,bar142,bar1455,bar

149,bar1525,bar156,bar1595,bar163,bar1665,bar170,bar1735,bar177,bar1805,bar

184,bar1875,bar191,bar198,bar205,bar212) 

 

bar_60 = isequal(Pressure,6); 

  
bar_60 = double(bar_60); 

  
bar_625 = isequal(Pressure,6.25); 

  
bar_625 = double(bar_625); 

 
bar_212 = isequal(Pressure,21.2); 

  
bar_212 = double(bar_212); 

 

  
x = 365; %Den rad där data för mättnadskurvan ligger i trycktabellerna 

 

 

if bar_60==1 
    y=bar60(x,:); 
elseif bar_625==1 
    y=bar625(x,:); 

 
elseif bar_212==1 
    y=bar212(x,:); 
else 
    y=[0,0,0,0,0,0,0,0,0];  
    disp('OBS! Trycket hittades inte i "Isobaric condensation EM01"!') 
end 
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Temperature_Point_nr_4 = y(1) ; 

  
Pressure_point_nr_4 = y(2) ; 

16.9 Point 5 – EM02 
function [ y, Temperature_Point_nr_5 ] = 

fcn(Return_temperature_Subcooler_circuit_EM01,Pressure,bar60,bar625,bar65,b

ar675,bar70,bar725,bar75,bar775,bar80,bar825,bar85,bar875,bar90,bar925,bar9

5,bar975,bar100,bar1035,bar107,bar1105,bar114,bar1175,bar121,bar1245,bar128

,bar1315,bar135,bar1385,bar142,bar1455,bar149,bar1525,bar156,bar1595,bar163

,bar1665,bar170,bar1735,bar177,bar1805,bar184,bar1875,bar191,bar198,bar205,

bar212) 

 

bar_60 = isequal(Pressure,6); 

  
bar_60 = double(bar_60); 

  
bar_625 = isequal(Pressure,6.25); 

  
bar_625 = double(bar_625); 

 

bar_212 = isequal(Pressure,21.2); 

  
bar_212 = double(bar_212); 

 

  
Subcooler_temperature = Return_temperature_Subcooler_circuit_EM01 + 2; 

 

X=[0]; 

  
if bar_60==1 
    x=find(bar60>=Subcooler_temperature,1,'first'); 
    X(1)=x; 
    x=X(1); 
    y=bar60(x,:); 
elseif bar_625==1 
    x=find(bar625>=Subcooler_temperature,1,'first'); 
    X(1)=x; 
    x=X(1); 
    y=bar625(x,:); 

 
elseif bar_212==1 
    x=find(bar212>=Subcooler_temperature,1,'first'); 
    X(1)=x; 
    x=X(1); 
    y=bar212(x,:); 
else 
    y=bar60(80,:); 
    disp('OBS! Trycket hittades ej i underkylare EM01!') 
end 

 
Temperature_Point_nr_5 = y(1) ; 

 


