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Disclaimer 

This document reflects only the author’s view and that the Agency and the Commission are not responsible for any 

use that may be made of the information it contains. 

The participants of the COOL DH consortium do not take any responsibility for the further use of the presented project 

results and deliverables as a whole or in part 

Scope of deliverable 

This deliverable describes an analysis of energy efficiency in heat pump systems that recover waste heat from low 

temperature heat sources for District Heating. 

Context of deliverable 

Heat recovery of waste heat available at low temperatures is a key element in both of the demo sites in the COOL DH 

project. 

Perspective of deliverable 

The approach and the output from this working paper will form a base when designing the heat recovery systems in 

the COOL DH project in Lund (SE) and Høje-Taastrup (DK). 

Involved partners 

Kraftringen Energi AB has prepared this paper together with COWI A/S, who has performed the simulations. Setting up 

the simulation cases was a joint effort.  

English summary  

This report studies parameter variations of cascade couplings of heat pumps used to produce district 

heating based on low temperature heat sources of 7-23 oC as basis for demonstration projects in 

Brunnshög district of Lund in Sweden and in Høje-Taastrup in Denmark. 

The study concludes that the way to reach high energy performance is to put effort into several various 

aspects. When combined, these efforts will combine into large potential energy savings. 

The main findings in this study was the highest overall COPH is achieved when similar heat pumps are 

working under similar conditions. This means that each heat pump in the system should work with the 

same temperature differences on both the hot and cold side. It was also concluded that lower district 

heating supply temperatures results in higher COPH values, and that this parameter has significant influence 

on the heat pump performances making it more feasible for low temperature district heating. Furthermore, 

a theoretical study of the refrigerants used as working fluid in the heat pumps showed that R717 

(Ammonia) resulted in the highest COPH of the refrigerants investigated.  

The simulations described in this report are based on real life systems, with a number of assumptions and 

simplifications to reduce the complexity of the calculations. However, the models are still considered close 

to real life operation, and thereby the relationships between COP and system inputs varied in the 

parametric analyses referred to in the appendix can be transferred from the theoretical study to real life 

situations. 
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Case studies 

We have divided the results section into two parts. The first part is dealing with the present set-up of the 

MAX IV heat pump installation, and the consequences resulting from the preparations we made before the 

installation there. The second part is dealing with simulation results of the two sites and a theoretical 

installation. 

The three simulation cases of systems with heat pumps are described below. 

Case 1 – MAX IV: Existing plant where heat pumps are used to deliver cooling for an application and 

transfer the heat to the district heating system. The application with the cooling demand is the particle 

accelerator located at the University of Lund, Sweden. The cooling demand is approximately 1.3 MW and 

three heat pumps are coupled to the system to transfer the heat from the cooling system to the district 

heating system. 

Case 2 – Høje-Taastrup: A theoretical example of heat pumps used for cooling at the shopping mall City 2 in 

Høje-Taastrup. 

Case 3 – Cascade coupled heat pumps supplying district heating: A theoretical example of how heat pumps 

can be used in cascade using different heat sources to supply the district heating network. The electrical 

input to the heat pumps is in this case presumed to come from renewable sources, e.g. solar or wind 

power. 

Results 

This chapter starts with an evaluation of the initial set-up of the MAX IV installation. The results from the 

three simulation case studies investigated in this project are presented individually. This chapter is followed 

by a chapter with a discussion and recommendations based on the findings from this study. 

Evaluation, MAX IV setup 

When designing the MAX IV energy recovery process, we started by identifying all cooling demands and 

their temperature requirements. This will not be treated here. We ended up with two temperatures for the 

cooling demands, one at 7 °C and one at 23 °C. We wanted to recover this heat to our district heating 

network at 80 °C. 

After discussions with suppliers and as a result of the procurement process, we installed heat pumps which 

are nicely cascade-coupled both on the cold side and the warm side. Flow diagrams are found in the 

following section. 

We started operations of the first heat pumps in June 2014 and recovered 20 GWh to the district heating 

network in 2017. Therefore, we now have enough data to make a preliminary evaluation of the efficiency 

measures, even though we expect these figures to increase during the upcoming years with the gradual 

extension of the MAX IV facility. 

Current data: 

Cooling capacity: 2 MW at 7 °C and 1 MW at 23 °C 
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Figure 3: Principal diagram of Heat pump 1B on MAX IV. 

The selected parameters shown with black in Figure 3 are investigated in the parametric study presented 

later. 

Calibration 

As mentioned in the methods chapter, the model of MAX IV was calibrated with operation data. Various 

temperatures and flow distributions were used as model input, and the corresponding outputs was 

compared with the operation data. The results from the calibration are shown in Figure 4. Please note that 

the Heat pump D was not operating at the time of retrieving the operation data, which is included in the 

model for calibration. Heat pump D is included in the parametric study. 

 

Figure 4: Operation data and values from calibration simulation of MAX IV Heat pump 1B.  
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varied from 8 °C to 14 °C, which is considered the maximum possible range, as the supply and return 

temperatures on the cooling circuit are fixed in the model to 7 °C and 15 °C respectively. Results of COPH 

from this study is presented in Figure 5, and the table with values is included in Table 14 in the Appendix. 

 

Figure 6: Graphical presentation of the results from Simulation case C showing variation of the intermediate temperature on cold 
waterside, TInt. 

Calculated COPH values from the parametric study of the intermediate temperature on the cold water side, 

TInt, in Figure 5 ranges from 2.84 to 2.95. The maximum COPH value is found when TInt = 11 °C, which is the 

reference case. A value of 11 °C gives a temperature difference of 4 °C on each heat pump evaporator, as 

the cold water supply and return temperatures are 7 °C and 15 °C respectively. Again, this shows that the 

highest COPH is achieved when all heat pumps, which are similar, in the cascade are working under the 

same conditions, which in this case means equal temperature difference across the evaporator. 

The third parametric study, Simulation case D, is varying both the district heating (DH) supply line 

temperature, TDH,Sup, from 50 °C to 80 °C and temperature difference between district heating supply and 

return line, ΔTDH, from 20 °C to 40 °C. Lowering the district heating supply temperature is particularly 

interesting in this project involving low temperature district heating networks. Results of COPH from this 

study is presented in Figure 6, and the table with values is included in Table 15 in the Appendix. 

 

 

 







https://product-selection.grundfos.com/product-detail.product-detail.html?from_suid=1528195219527047685654667618094&pumpsystemid=386271560&qcid=386274134
https://product-selection.grundfos.com/product-detail.product-detail.html?from_suid=1528195219527047685654667618094&pumpsystemid=386271560&qcid=386274134
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Figure 11: Graphical presentation of the results from Simulation case D showing variation of flow in the intermediate circuit.  

Figure 11 shows that the intermediate flow rate has a significant dependency on the calculated COPH in this 

modelled system. The optimum is close to the reference case, which is expected as the chosen pump was 

selected based on the parameters from the reference case. In this system, an intermediate flow lower than 

1.5 times the cooling mass flow is not desired, as the COPH drops significantly at lower X-values. A high flow 

in the intermediate circuit gives a higher COPH, but at some point the power consumption becomes 

dominating and the COPH decreases. The value of X at which the decrease in COPH occur, depends on the 

pump selected to operate the intermediate circuit. Similarly, the rate of change of COPH also depends on 

the design point of the selected pump. 

The influence of the intermediate temperature, TInt, at the inlet to the evaporator of the Secondary heat 

pump is investigated in Simulation case E. This temperature is varied from 25 °C to 35 °C, and results of 

COPH from this study is presented in Figure 12, and the table with values is included in Table 19 in the 

Appendix. 
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Figure 12: Graphical presentation of the results from Simulation case E showing variation of intermediate temperature. 

From Figure 12 it can be seen that COPH slightly increases with higher intermediate temperatures, but the 

COPH is not very sensitive to changes in the intermediate temperature. A high intermediate temperature 

reduces the temperature difference between the district heating circuit and the intermediate circuit, which 

increases the COPH of the Secondary HP. However, this reduces the COPH of the Primary HP, but as this is 

smaller than the Secondary HP, the overall COPH of the system increases slightly. 

The district heating supply temperature, TDH,Sup, is investigated in Simulation case F, where it is varied from 

45 °C to 65 °C. Results of COPH from this study is presented in Figure 13, and the table with values is 

included in Table 20 in the Appendix. 
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Figure 13: Graphical presentation of the results from Simulation case F showing variation of district heating supply temperature. 

Figure 13 shows the relation between COPH at different district heating supply temperatures. Similar to the 

MAX IV case, a low district heating supply temperature result in higher COPH of the system, as the 

Secondary HP is operating at lower temperature differences. If the district heating supply temperature is 

decreased from 55 °C to 45 °C, then the COPH increases by nearly 18 %.  

The last parametric study carried out for the HP model of City 2 in Høje-Taastrup is Simulation case G, 

where different refrigerants are investigated as working fluid in the heat pump. All other parameters are 

fixed, and thus the working conditions of each refrigerant are not necessarily suitable.  

The four refrigerants investigated in Simulation case G in the City 2 model are similar to those in Simulation 

case E for MAX IV: R134a, R1234ze, R600a (Isobutane) and R717 (Ammonia). 

Results of COPH from this study is presented in Table 7. 

Simulation 
case no. 

Description Input values Refrigerant 
Output values 

COPH 

G 
Variation of heat pump 
refrigerant 

See Table 5 

R134a 3.55 

R1234ze 3.58 

R600a 3.61 

R717 3.61 
Table 7: Results from variation of heat pump refrigerant. 

The calculated COPH values shown in Table 7 only ranges from 3.55 to 3.61, which is considered 

insignificant. The difference between the refrigerants are smaller in this case compared to the calculation 

for MAX IV. This can be due to the lower district heating temperature in the City 2 case, which result in  
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higher COP values, and thereby the influence of the refrigerant is less significant. As for the MAX IV case 

study, the natural refrigerant R717 (ammonia) results in the highest calculated COPH. 

Partial conclusion 

The heat pump configuration City 2, Høje-Taastrup, has now been analysed and different input parameters 

were varied in order to study the effect on the COPH of the heat pump. The main conclusions from each 

simulation case are summed up in Table 8. 

Simulation 
case no. 

Description Conclusion 

A Reference calculation - 

B Variation of load level 

Optimum load level at approximately 90 % load. Low 
load levels result in low compressor efficiency but low 
pump work. The power consumption of the 
compressor are more dominating than the pump 
power, and therefore the COPH decreases at low load 
levels. 

C 

Variation of cooling supply 
temperature and temperature 
difference between cooling supply 
and return line 

Higher cooling supply temperature results in higher 

COPH. The optimum ΔT was found to 8 °C in this study, 

but is depending on the pump selected.  

D 
Variation of flow in the 
intermediate circuit 

A high flow in the intermediate circuit gives a higher 
COPH, but at some point the power consumption 
becomes dominating and the COPH decreases. In this 
system, an intermediate flow lower than 1,5 times the 
cooling mass flow is not desired, as the COPH drops 
significantly at lower X-values. 

E 
Variation of intermediate 
temperature 

COPH slightly increases with higher intermediate 
temperatures, but the COPH is not very sensitive to 
changes in the intermediate temperature. 

F 
Variation of district heating supply 
line temperature 

Low district heating supply temperature result in 
higher COPH of the system. 

G Variation of heat pump refrigerant 
Refrigerant R717 (ammonia) resulted in the largest 
COPH compared to the other refrigerants analysed. 

Table 8: Conclusions from the simulation cases of City 2, Høje-Taastrup. 
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Parametric study 

The different simulations in the parametric study for the cascade coupled heat pump system is shown Table 

10. The intermediate temperature between the heat pumps are studied, i.e. THP1-HP2 and THP2-HP3, including 

the refrigerant used as working fluid in the heat pumps. 

    Input values 

Simulation 
case no. 

Description 
THP1-HP2 

[°C] 
THP2-HP3 

[°C] 

Refrigerant 

B Variation of THP1-HP2 [30 - 60] 60 R134a 

C Variation of THP2-HP3 45 [45 - 75] R134a 

D 
Variation of heat 
pump refrigerant 

45 60 

R134a 
R1234ze 

R600a 
R717 

Table 10: Overview of the parametric study on the heat pumps in the cascade coupled heat pump system. 

Simulation case B studies the intermediate temperature between HP 1 and HP 2, THP1-HP2, by varying this 

from 30 °C to 60 °C, while keeping the temperature between HP 2 and HP 3 fixed at 60 °C. The results for 

COPH are shown in Figure 15. 

              
Figure 15: Results from the parametric study of the intermediate temperature between HP1 and HP2, TInt,HP1-HP2. TInt,HP2-HP3 is fixed to 
60 °C in this case. 

Figure 14 shows that the optimum temperature is at 45 °C and that the difference between the lowest and 

highest COPH is around 0.3 for the cascade coupled heat pump system. The highest calculated COPH is 3.52, 

which is 0.85 higher than the reference case with only one heat pump.  


















