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Measurement Data  for Pilot  System  
Heat Pump S ystem LEO_2  

Arbeitergasse 24, 7012 Zagersdorf, Burgenland, Austria 

 

 

Data collected during routine operations of the pilot system LEO_2. Start: 2012-11-01. 

These data demonstrate how the system works under realistic conditions (e.g. ambient temperature, heating energy demand).  
Performance data should allow for an evaluation of the system. An overview of the setup is given at the end of this document.  

 

The current version of this document and more technical details can be found at: 

http://punktwissen.at/en/downloads-material-resources-links/  
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1 Measurement Data: Overview over all seasons  

Data for full heating seasons: Each season lasts from beginning of September of the current year to end of 
August of the following year (Season 2013: Sept. 2013 to August 2014). Exception: The first heating season 
2012 started November 2012 and ended in October 2013. 

 

 

 

(*) Collector turned off deliberately from beginning of Feb to mid of March. 

Additional details about different are described in the following chapters. 

Heating Season 2012 2013 2014 2015 2016 

Peculiarities: Tests; 'Research'          

Collector 
 

Rebuild in 

Aug 2014 

50% of area, 

Ice Storage 

Challenge 

50% of area 50% of area 

Storeys heated with heat pump Ground+1st Ground+1st Ground floor Ground+1st Ground floor 

Hours          

Total Period [h] 8760 8760 8760 8784 8760 

Operating Hours Heat Pump [h] 2453 2038 1578 1939 1968 

Operating Hours Collector [h] 3030 2746 1839 2894 2794 

Operating Hours Brine Pump [h] 3757 3274 3188 3571 3561 

Temperatures           

Ambient Temperature AVERAGE [°C] 11,8 12,6 13,1 12,6 12,4 

Ambient Temperature MIN [°C] -13,1 -9,2 -9,5 -10,2 -15,5 

Ambient Temperature MAX [°C] 39,2 36,4 39,5 36,9 39,4 

Average Tank Temperature [°C] 10,1 11,0 9,5 9,5 10,0 

Average Brine Inlet Temperature [°C] 4,0 6,1 3,2 4,7 4,1 

Average Supply Temperature (Floor 

Heating) First Floor [°C] 
28,7 27,8 N/A 27,9 25,6 

Average Supply Temperature (Flat 

Radiators) Ground Floor [°C] 
33,5 32,2 30,9 33,9 34,0 

Average Supply Temperature (Wall 

Heating) Ground Floor [°C] 
N/A N/A N/A 30,0 30,1 

Average Supply Temperature Heat Pump 

(Space Heating & Hot Water) [°C] 
40 38,8 39,0 38,7 40,8 

Energy / Power           

Energy Space Heating & Hot Water [kWh] 19736 17352 13273 16725 16570 

Energy Hot Water [kWh] 4657 4352 3858 3163 3046 

Electrical Energy Heat Pump [kWh] 4475 3708 2986 3596 3815 

Electrical Energy Brine Pump [kWh] 58 51 50 56 55 

Ambient Energy           

Ambient Energy Extracted by Heat Pump 

[kWh] 
15261 13645 10287 13129 12755 

Energy Harvested by Solar Collector (incl. 

cooling mode) [kWh] 
12902 11786 7238 10484 11433 

Maximum Volume of Frozen Water [m3] 4,7 2,7 15,1 6,8 14,1 

Performance Factor           

Performance Factor [kWh/kWh] 4,4 4,6 4,4 4,6 4,3 
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2 Measurement Data: Current Heating Season  

2.1 2016 / 2017 (Period: 2016-09-01 to 2017-08-31) 

2.1.1 Peculiarities of this season 

During the whole heating season 2015/16 only half of the collector's area has been used (about 12,3 m2), 
and only the ground floor has been heated with the heat pump.  

January 2017 was the coldest January since 30 years. 

For measuring the volume of ice an automated level sensor has been implemented.  

 

2.1.2 Monthly Overviews 

 

Month (YYYY-MM) 
2016-

09 

2016-

10 

2016-

11 

2016-

12 

2017-

01 

2017-

02 

2017-

03 

2017-

04 

2017-

05 

2017-

06 

2017-

07 

2017-

08 

Hours                         

Total Period [h] 720 744 720 744 744 672 744 720 744 720 744 744 

Operating Hours Heat Pump [h] 18 131 228 334 421 324 222 153 78 21 20 18 

Operating Hours Collector [h] 157 174 288 381 304 494 527 230,3 105,3 19,2 41,4 72,8 

Operating Hours Brine Pump [h] 157 206 337 448 473 497 533 251 118 135 163 243 

Temperatures                         

Ambient Temperature AVERAGE [°C] 20,1 10,5 5,4 1,1 -3,6 3,4 10,0 11,3 17,7 23,7 24,0 24,5 

Ambient Temperature MIN [°C] 6,5 1,5 -5,6 -7,3 -15,5 -5,3 -0,2 0,3 0,0 9,8 12,2 10,2 

Ambient Temperature MAX [°C] 33,3 25,4 19,5 14,6 6,3 19,7 24,8 27,7 36,3 37,3 37,6 39,4 

Average Tank Temperature [°C] 20,6 14,1 7,0 1,8 0,1 0,2 5,4 9,4 11,4 15,5 16,6 17,7 

Average Brine Inlet Temperature [°C] 21,1 12,7 6,3 1,5 -1,1 0,2 5,6 9,3 11,4 15,4 15,5 16,5 

Average Supply Temperature (Floor 

Heating) First Floor [°C] 
20,1     26,1 28,3   22,5 26,4   26,4 27,4 22,7 

Average Supply Temperature (Flat 

Radiators) Ground Floor [°C] 
  33,1 34,7 36,3 37,2 34,7 31,8 31,8 28,8       

Average Supply Temperature (Wall 

Heating) Ground Floor [°C] 
  28,3 27,9 30,0 32,8 31,9 29,7 29,3 27,9       

Average Supply Temperature Heat Pump 

(Space Heating & Hot Water) [°C] 
47,7 39,8 40,4 41,2 42,7 40,2 38,4 38,5 38,7 46,3 46,8 47,2 

Energy / Power                         

Energy Space Heating & Hot Water [kWh] 210 1308 2022 2666 3103 2485 1935 1438 760 222 218 203 

Energy Hot Water [kWh] 205 248 266 282 335 304 292 249 254 218 208 184 

Electrical Energy Heat Pump [kWh] 42 248 434 658 858 622 404 278 142 45 44 41 

Electrical Energy Brine Pump [kWh] 2,4 3,2 5,2 7,0 7,4 7,7 8,3 3,9 1,8 2,1 2,5 3,8 

Ambient Energy                         

Ambient Energy Extracted by the heat pump 168 1060 1588 2008 2245 1863 1531 1160 618 177 174 162 

Energy Harvested by Solar Collector [kWh] 549 640 1084 1271 932 2349 2761 1141 766 100 -46 -114 

Maximum Volume of Frozen Water [m3] 0,0 0,0 0,1 1,9 13,4 14,1 1,2 0,0 0,0 0,0 0,0 0,0 

Performance Factor                         

Performance Factor [kWh/kWh] 4,7 5,2 4,6 4,0 3,6 3,9 4,7 5,1 5,3 4,8 4,7 4,6 
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2.1.3 Figures 

 

Figure 1 

Monthly compilation of the most 
important performance data: 
Heating Energy: Space heating and 
hot water. 
Total Electrical Energy: Heat pump, 
brine pump. 
Monthly Coefficient of 
Performance: Ratio of heating 
energy and electrical energy for heat 
pump and brine pump ï [kWh/kWh]. 
The low performance factor in 
January was caused by record-
breaking cold ï the coldest January 
since 30 years.  
 
 
 
 
 
 

 

Figure 2  

Time curves for the ambient 
temperature (1 day averages) and the 
temperature in the water/ice tank 
(averaged over 1 day and over the 
height of the tank).  

In addition, the frozen volume of 
water is depicted. The volume of the 
whole water tank is about 25 m3. As 
ice starts to melt, the volume derived 
from the measured water level is too 
low systematically because ice 
structures stick out of the water. 

 

Figure 3  

Energy harvested by the ribbed pipe 
solar collector from the ambient air 
(GREEN, dotted). 

Only half the collector has been used 
in this season (~12,3 m2) and the first 
floor has not been heated by the heat 
pump. 

Negative collector energy indicates 
cooling of the water tank in summer. 

Daily energy consumption for space 
heating and hot water (RED, solid). 

 

 

 



 Consulting Engineers in Applied Physics : Heat Pump Systems ï Control ï Monitoring 

 

Last Changed: 2017-10-11 punktwissen Proyer & Stangl OG, 7012 Zagersdorf, Austria, http://punktwissen.at 5/19 

punkt w sseni

3 Historical Measurement Data  

3.1 2015 / 2016 (Period: 2015-09-01 to 2016-08-31) 

3.1.1 Peculiarities of this season 

During the whole heating season 2015/16 only half of the collector's area has been used (about 12,3 m2), 
and the whole building has been heated with the heat pump. The wood stove has not been used. 

After a rebuild of the heat distribution system in summer 2015 there are now 3 heating circuits: (1) First floor 
ï floor loops, unchanged (2) Ground floor: Wall heating loops (in one room): new, (3) Ground floor: Flat 
radiators (in the remaining rooms): unchanged.  

Hot water heating has been re-scheduled and aligned with photovoltaic power production: Water is heated 
up one time per day, at noon. 

Since April the set temperature of the water tank has been 9°C, in order to store 'cooling energy' for summer.  

 

3.1.2 Monthly Overviews 

Month (YYYY-MM) 
2015-

09 
2015-

10 
2015-

11 
2015-

12 
2016-

01 
2016-

02 
2016-

03 
2016-

04 
2016-

05 
2016-

06 
2016-

07 
2016-

08 

Hours                         

Total Period [h] 720 744 720 744 744 696 744 720 744 720 744 744 

Operating Hours Heat Pump [h] 29 134 198 340 436 285 266 121 70 25 17 19 

Operating Hours Collector [h] 154 197 312 419 470 573 477 155 51 0 14 71 

Operating Hours Brine Pump [h] 173 225 355 443 556 574 480 178 76 94 227 191 

Temperatures                         

Ambient Temperature MAX [°C] 36,1 21,8 22,9 15,4 12,6 15,9 24,9 26,6 30,3 36,0 36,9 34,2 

Ambient Temperature MIN [°C] 7,0 1,8 -5,7 -5,1 -10,2 -2,2 -1,1 -0,3 4,6 10,2 12,9 8,4 

Ambient Temperature AVERAGE [°C] 17,6 10,6 8,3 3,3 0,2 6,0 7,2 12,6 16,9 22,0 24,0 22,0 

Average Tank Temperature [°C] 18,6 12,6 9,1 2,9 0,3 2,2 5,2 9,1 9,7 11,7 16,2 16,7 

Average Brine Inlet Temperature [°C] 18,6 11,5 8,4 2,5 -0,4 2,5 5,0 8,9 9,4 10,3 15,1 15,4 

Average Supply Temperature (Floor 

Heating) First Floor [°C] 
24,5 26,3 27,5 28,6 29,5 28,2 28,1 26,7 26,0 N/A  N/A N/A 

Average Supply Temperature (Flat 

Radiators) Ground Floor [°C] 
31,5 33,7 32,8 35,3 36,1 34,4 34,5 30,9 30,0 N/A  N/A N/A 

Average Supply Temperature (Wall 

Heating) Ground Floor [°C] 
25,4 26,2 27,4 30,8 33,1 31,9 30,2 26,8 25,5 N/A  N/A  N/A  

Average Supply Temperature Heat Pump 

(Space Heating & Hot Water) [°C] 
42,6 37,8 37,3 38,4 39,0 38,2 38,3 38,0 39,6 45,9 46,8 47,1 

Energy / Power                         

Energy Space Heating & Hot Water [kWh] 335 1325 1831 2776 3315 2359 2284 1149 675 270 191 214 

Energy Hot Water [kWh] 229 276 284 318 342 301 313 265 259 223 169 184 

Electrical Energy Heat Pump [kWh] 61 244 351 628 819 524 481 221 130 55 38 42 

Electrical Energy Brine Pump [kWh] 2,7 3,5 5,5 6,9 8,6 8,9 7,5 2,8 1,2 1,5 3,5 3,0 

Ambient Energy                         

Ambient Energy Extracted by the heat pump 275 1082 1480 2148 2496 1835 1803 928 545 215 153 172 

Energy Harvested by Solar Collector [kWh] 398 683 1124 1373 1651 2360 1852 815 384 0 -24 -132 

Maximum Volume of Frozen Water [m3] 0,0 0,0 0,0 0,6 6,8 2,7 0,0 0,0 0,0 0,0 0,0 0,0 

Performance Factor                         

Performance Factor [kWh/kWh] 5,3 5,4 5,1 4,4 4,0 4,4 4,7 5,1 5,1 4,8 4,6 4,7 
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3.1.3 Figures 

 

Figure 4 

Monthly compilation of the most 
important performance data: 
Heating Energy: Space heating and 
hot water. 
Total Electrical Energy: Heat pump, 
brine pump. 
Monthly Coefficient of 
Performance: Ratio of heating 
energy and electrical energy for heat 
pump and brine pump ï [kWh/kWh] 
 
 
 
 
 

 

Figure 5  

Time curves for the ambient 
temperature (1 day averages) and the 
temperature in the water/ice tank 
(averaged over 1 day and over the 
height of the tank).  

In addition, the frozen volume of 
water is depicted. The volume of the 
whole water tank is about 25 m3. 

 

Figure 6  

Energy harvested by the ribbed pipe 
solar collector from the ambient air 
(GREEN, dotted). 

Only half the collector has been used 
in this season (~12,3 m2). 

Negative collector energy indicates 
cooling of the water tank in summer. 

Daily energy consumption for space 
heating and hot water (RED, solid). 
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3.2 2014 / 2015 (Period: 2014-09-01 to 2015-08-31) 

 

3.2.1 Peculiarities of this season 

In the whole season 2014/2015 only half of area of solar collector (about 12,3 m2) has been utilized, and only 
the ground floor (radiators) is heated by the heat pump system. The first floor (former attic) has been heated 
by a wood stove. 

On February 1, 2015 the solar collector had been turned off for research purposes; the ice / water storage 
was the sole source of energy for the heat pump. The goal was to gather detailed data of the system's 
operations when the energy storage tank is near depletion. For details see this blog article: 
https://elkement.wordpress.com/2015/04/01/ice-storage-challenge-high-score/ . 

After the heating season the set temperature for the water/ice tank was set to 8°C, to maximize cooling 
energy storage. 

 

3.2.2 Monthly overviews 

Month (YYYY-MM) 
2014-

09 
2014-

10 
2014-

11 
2014-

12 
2015-

01 
2015-

02 
2015-

03 
2015-

04 
2015-

05 
2015-

06 
2015-

07 
2015-

08 

Hours                         

Total Period [h] 720 744 720 744 744 672 744 720 744 720 744 744 

Operating Hours Heat Pump [h] 31 68 137 264 295 293 255 129 44 28 18 19 

Operating Hours Collector [h] 115 140 195 301 406 3 286 306 13 3 12 59 

Operating Hours Brine Pump [h] 130 163 215 354 427 418 463 334 61 84 264 275 

Temperatures                  

Ambient Temperature MAX [°C] 28,7 24,9 20,2 19,0 17,8 14,6 18,1 30,6 28,2 35,3 38,9 39,5 

Ambient Temperature MIN [°C] 6,2 1,7 1,4 -9,5 -4,8 -4,2 -2,8 -0,6 7,8 9,2 11,9 11,2 

Ambient Temperature AVERAGE [°C] 16,9 13,2 8,7 2,8 3,0 2,6 7,3 12,7 16,8 21,8 25,6 25,2 

Average Tank Temperature [°C] 18,7 17,2 11,4 4,4 2,7 0,9 0,4 6,0 8,2 10,8 15,4 17,4 

Average Brine Inlet Temperature [°C] 17,1 14,4 9,1 3,0 2,1 -1,5 -1,6 4,6 7,5 9,9 14,9 16,7 

Average Supply Temperature (Floor 

Heating) First Floor [°C] 
N/A N/A N/A N/A N/A  N/A N/A N/A  N/A N/A N/A N/A 

Average Supply Temperature (Flat 

Radiators) Ground Floor [°C] 
29,2 29,2 29,6 31,5 32,0 32,1 30,0 29,8 29,2 N/A  N/A   N/A   

Average Supply Temperature Heat Pump 

(Space Heating & Hot Water) [°C] 
45,3 40,3 38,1 38,5 38,9 38,6 37,3 38,5 43,6 46,1 46,6 46,7 

Energy / Power                  

Energy Space Heating & Hot Water [kWh] 339 693 1300 2212 2365 2184 1893 1130 436 290 214 216 

Energy Hot Water [kWh] 204 333 338 400 461 417 437 373 295 238 177 185 

Electrical Energy Heat Pump [kWh] 69 132 251 494 549 548 464 239 94 62 42 42 

Electrical Energy Brine Pump [kWh] 2,0 2,5 3,3 5,5 6,6 6,5 7,2 5,2 1,0 1,3 4,1 4,3 

Ambient Energy                  

Ambient Energy Extracted by the heat pump 270 561 1049 1718 1816 1636 1429 891 342 228 172 174 

Energy Harvested by Solar Collector [kWh] 320 420 568 975 1818 4 1808 1395 59 -7 -24 -98 

Performance Factor                  

Performance Factor [kWh/kWh] 4,8 5,1 5,1 4,4 4,3 3,9 4,0 4,6 4,6 4,6 4,6 4,7 

 

https://elkement.wordpress.com/2015/04/01/ice-storage-challenge-high-score/
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3.2.3 Figures 

 

Figure 7 

Monthly compilation of the most 
important performance data: 
Heating Energy: Space heating and 
hot water. 
Total Electrical Energy: Heat pump, 
brine pump, heating circuit pumps. 
Monthly Coefficient of 
Performance: Ratio of heating 
energy and electrical energy (heating 
circuit pumps not included) - 
[kWh/kWh] 
 
The rather low PF in February / March 
is due to the 'Ice Storage Challenge'. 
 
 
 

 

Figure 8  

Time curves for the ambient 
temperature (1 day averages) and the 
temperature in the water/ice tank 
(averaged over 1 day and the height 
of the tank).  

In addition, the frozen volume of 
water is depicted. The volume of the 
whole water tank is about 25 m3. 

Per February 1, 2015, the solar 
collector was switched off on purpose 
ï in order to monitor the gradual 
increase in volume of ice when the 
tank is the only source of energy. 

 

 

Figure 9  

Energy harvested by the ribbed pipe 
solar collector from the ambient air 
(GREEN, dotted). 

Since the collector is turned off in 
February 2015 for research purposes, 
no energy is harvested in this month. 

Daily energy consumption for space 
heating and hot water (RED, solid). 
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3.3 2012 to 2014 (Period: 2012-11-01 to 2014-08-31) 

 

3.3.1 Monthly Overviews 2012-11 to 2013-10 

Month (YYYY-MM) 
2012-

11 
2012-

12 
2013-

01 
2013-

02 
2013-

03 
2013-

04 
2013-

05 
2013-

06 
2013-

07 
2013-

08 
2013-

09 
2013-

10 

Hours                         

Total Period [h] 720 744 744 672 744 720 744 720 744 744 720 744 

Operating Hours Heat Pump [h] 275 438 443 394 362 175 53 45 31 32 59 144 

Operating Hours Collector [h] 300 424 487 470 460 292 40 72 5 109 145 228 

Operating Hours Brine Pump [h] 356 496 539 490 513 304 54 213 117 239 169 267 

Temperatures                         

Ambient Temperature MAX [°C] 16,9 10,7 12,0 10,2 18,8 31,1 27,8 35,8 38,1 39,2 28,3 25,9 

Ambient Temperature MIN [°C] 1,0 -10,3 -13,1 -7,7 -4,2 -0,3 8,4 7,2 10,5 11,6 5,4 0,5 

Ambient Temperature AVERAGE [°C] 7,3 0,6 0,3 1,4 4,0 13,2 16,7 20,3 25,3 23,5 16,2 12,2 

Average Tank Temperature [°C] 7,9 2,2 1,3 1,1 4,1 10,2 13,4 14,4 14,8 18,3 19,0 14,7 

Average Brine Inlet Temperature [°C] 7,2 1,1 0,8 0,8 3,4 6,8 12,8 13,5 13,9 17,5 17,1 13,4 

Average Supply Temperature (Floor 
Heating) First Floor [°C] 

28,4 29,5 29,4 29,2 28,5 28,5 20,7 N/A N/A N/A 26,2 26,5 

Average Supply Temperature (Flat 
Radiators) Ground Floor [°C] 

31,5 34,8 35,2 35,0 34,0 32,2 30,6 30,9 N/A N/A 30,3 31,0 

Average Supply Temperature Heat Pump 
(Space Heating & Hot Water) [°C] 

- - 39,5 39,7 39,4 39,6 43,5 43,6 46,3 46,2 41,2 38,6 

Energy / Power                         

Energy Space Heating & Hot Water [kWh] 2332 3309 3261 2953 2853 1502 505 431 298 320 594 1378 

Energy Hot Water [kWh] 398 460 457 447 442 409 384 332 298 320 339 369 

Electrical Energy Heat Pump [kWh] 474 808 794 727 656 320 105 91 65 67 115 254 

Electrical Energy Brine Pump [kWh] 5,7 7,7 8,4 7,6 8,0 4,7 0,8 3,3 1,8 3,7 2,6 4,1 

Ambient Energy                         

Ambient Energy Extracted [kWh] 1858 2501 2467 2226 2197 1182 400 340 233 253 479 1125 

Ambient Energy Collector [kWh] 1368 1649 1886 2082 2207 1684 300 88 -8 91 481 1075 

Performance Factor                         

Performance Factor [kWh/kWh] 4,9 4,1 4,1 4,0 4,3 4,6 4,8 4,6 4,5 4,5 5,1 5,3 
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3.3.2 Monthly Overviews 2013-09 to 2014-08 

Month (YYYY-MM) 
2013-

09 
2013-

10 
2013-

11 
2013-

12 
2014-

01 
2014-

02 
2014-

03 
2014-

04 
2014-

05 
2014-

06 
2014-

07 
2014-

08 

Hours                         

Total Period [h] 720 744 720 744 744 672 744 720 744 720 744 744 

Operating Hours Heat Pump [h] 59 144 261 395 391 336 200 111 62 32 25 22 

Operating Hours Collector [h] 145 228 255 467 434 475 323 193 132 25 9 59 

Operating Hours Brine Pump [h] 169 267 297 489 483 486 364 218 152 89 143 119 

Temperatures                         

Ambient Temperature MAX [°C] 28,3 25,9 18,5 14,3 13,3 14,2 24,2 25,6 30,0 36,4 34,5 33,4 

Ambient Temperature MIN [°C] 5,4 0,5 -6,2 -4,0 -9,2 -3,8 -0,1 2,8 5,1 9,8 11,8 9,9 

Ambient Temperature AVERAGE [°C] 16,2 12,2 6,2 3,1 2,8 4,2 10,4 13,6 16,3 21,5 23,2 20,6 

Average Tank Temperature [°C] 19,0 14,7 8,7 3,1 4,0 3,2 10,0 11,7 12,0 13,0 15,7 17,7 

Average Brine Inlet Temperature [°C] 17,1 13,4 7,2 2,6 2,9 2,6 8,5 10,7 11,1 12,0 14,6 16,8 

Average Supply Temperature (Floor 
Heating) First Floor [°C] 

26,2 26,5 27,2 28,4 28,7 28,5 27,7 25,2 25,7 N/A N/A N/A 

Average Supply Temperature (Flat 
Radiators) Ground Floor [°C] 

30,3 31,0 32,3 33,2 33,2 32,8 31,1 30,1 30,5 N/A N/A N/A 

Average Supply Temperature Heat Pump 
(Space Heating & Hot Water) [°C] 

41,2 38,6 37,7 38,0 38,2 37,9 38,0 38,6 41,1 45,4 45,9 46,1 

Energy / Power                         

Energy Space Heating & Hot Water [kWh] 594 1378 2277 3117 3116 2642 1783 1026 577 302 256 291 

Energy Hot Water [kWh] 339 369 390 455 443 396 413 362 352 302 246 291 

Electrical Energy Heat Pump [kWh] 115 254 456 702 698 592 350 196 116 68 52 110 

Electrical Energy Brine Pump [kWh] 2,6 4,1 4,6 7,6 7,5 7,5 5,7 3,4 2,4 1,4 2,2 2,2 

Ambient Energy                         

Ambient Energy Extracted [kWh] 479 1125 1820 2415 2419 2050 1433 830 461 234 204 181 

Ambient Energy Collector [kWh] 481 1075 1136 2107 1782 2294 1671 774 297 0 -7 176 

Performance Factor                         

Performance Factor [kWh/kWh] 5,1 5,3 4,9 4,4 4,4 4,4 5,0 5,2 4,9 4,4 4,7 2,6*) 

*) In August 2014 the collector and brine circuit had been re-built, and the electrical heating element was used to heat hot water. 

 

 

3.4 Figures for 2012-11-01 to 2014-08-31 

 

The following plots depict data gathered in the first two seasons. Data for the subsequent seasons can be 
found in the respective yearly overviews. 

 

3.4.1 Performance Data 

The performance factor (PF) is calculated from the heat energies needed for space heating and hot water 
heating in a certain period (day, month, year, or heating period), and the total electrical energy feed into the 
system: 

Total performance factor: 

ὖὊ
(ÅÁÔÉÎÇ %ÎÅÒÇÙ 3ÐÁÃÅ (ÅÁÔÉÎÇ(ÏÔ 7ÁÔÅÒ

%ÌÅÃÔÒÉÃÁÌ %ÎÅÒÇÙ (ÅÁÔ 0ÕÍÐ"ÒÉÎÅ 0ÕÍÐ
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Figure 10 

Monthly compilation of the most 
important performance data: 
Heating Energy: Space heating 
and hot water. 
Total Electrical Energy: Heat 
pump, brine pump, heating circuit 
pump. 
Monthly Coefficient of 
Performance: Ratio of heating 
energy and electrical energy 
[kWh/kWh]. 
Performance was reduced in 
August 2014 as the collector was 
rebuilt.  
 

 

3.4.2 Temperatures 

 

 

Figure 11  

Time curves for the ambient 
temperature (1 day averages) 
and the temperature in the tank 
(averaged over 1 day and the 
height of the tank).  

In addition, the frozen volume of 
water is depicted. The volume of 
the whole water tank is about 25 
m3. 

 

 

3.4.3 Heat demand: Space Heating and Hot Water Heating 

Heat energies delivered to the space heating circuit or the hot water circuit are measured by the heat meter 
integrated with the heat pump.  
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Figure 12  

Energy consumption per day for 
space heating (SP, RED) and hot 
water heating (HW, ORANGE) ï 
provided by the heat pump as the 
only heating system. 

In addition to daily consumptions 
(dotted) the total, integrated 
consumption is shown (solid). 

 

 

3.4.4 Solar Collector and Water Tank 

The ambient energy required by the heat pump is in part provided by the unglazed plastic collector and in 
part by the water in the tank. 

 

 

Figure 13  

Energy harvested by the ribbed 
pipe solar collector from the 
ambient air. 

Energy per day (GREEN, 
dotted), total (integrated) energy 
(RED, solid). 

Maximum harvesting power 
coincides with the onsets of 
spells of warm weather. If the 
water tank is cooled using the 
collector (in summer) the energy 
harvested is negative. 

 

 

The frozen water of water has been determined indirectly via the water level. Since ice has a lower density 
than water the water level rises with increasing volume of ice (assume that ice formations do not float). 

 














