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I ntroduction

Minimum 3 systems in every country are monitored. However, due to the work package delay, only
some of the plants could deliver monitoring results on along enough period so that extrapolation to
get yearly energy balances and comparison could be validly done. Table 1 summarizes
characteristics of monitoring performed. More details on the plants can be found in country reports
and in the annex. Comparisons according the monitoring procedure [1] have been made for 5
countries (A, DK, F, NL and G). In Italy, al 15 solar combisystems were monitored on the level of
function control. The results are presented in a separate report. In Sweden and for 2 plants in
Germany, the monitoring period was too short to allow valuable extrapolation and comparison with
others systems.

(D) : inlet = measured at the inlet of the auxiliary boiler, outlet = measured at the outlet of the auxiliary boiler,

monitoring | extrapolation Auxiliary Solar Parasitic | degree days
period energy (1) | irradiation (2) | electricity 3)
DK1| 09/02 - 02/03 6 months outlet MS E
DK2 | 09/02 - 03/03 5 months outlet MS E
DK3| 09/02 - 03/03 5 months outlet MS E
F1 | 09/02 - 03/03 5 months inlet measured yes yes
F2 [ 09/02 - 03/03 5 months inlet measured yes yes
F3 | 10/02 - 03/03 5 months inlet measured yes yes
Al | 08/02 - 03/03 4 months outlet measured MS
A2 | 08/02 - 03/03 4 months outlet measured MS
A3 | 08/02 - 03/03 4 months outlet measured MS
NL1| 12/02 - 03/03 8 months inlet MS yes MS
NL2 | 11/02 - 03/03 7 months inlet MS yes MS
NL3| 10/02 - 03/03 6 months inlet MS yes MS
G1 | 01/02 - 12/02 - inlet measured measured

Table 1 : Monitoring characteristics

(2) : MS: nearest meteorological station
(3) : E: estimated, MS: nearest meteorological station

Figure 1 shows the great variety in sizes of monitored systems, with small systems in the
Netherlands, intermediate sizesin Denmark and Germany and larger sizesin Austria and France.
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1. Resaults

Following tables and graphs give an overview of extrapolated results for each plant. The
methodology elaborated within the framework of the Altener Combisystems project [1] has been
used to get yearly indicators (Fsav,th and FSC) from available monitoring results.

Monitoring data are yellow, theoretical values are blue and extrapolated data are green.

For each plant, the real "space heating signature’ has been evaluated from winter monitoring
results, and is shown on the left-hand figure. This signature has then been used to calculated the
extrapolated theoretical space heating load for missing months.

The characteristic curve of each plant is shown on the right-hand figure.

Datasheets for each monitored plant are given in the annex. Main energy data, measured and
extrapolated to yearly values are given, and also the representative point of the plant in the
Fsav,th/FSC diagram. When available, the theoretical curve of the system and the theoretical value
for the real plant are shown, which allows to compare the real behaviour of the system and the
theoretical one.

For the German plant, where 12 monitored months were available, no extrapolation was needed,
and it has been possible to give the energy balance of the storage tank.

DK1 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 526 471 304 290 60 0 0 0 36 237 359 520 2803
Irradiation kWh 252 576 | 1170 | 1170 | 1413 | 1323 | 1449 | 1260 | 1332 | 729 288 171 11133
Conventional DHW tank losses kWh 55 49 55 53 55 53 55 55 53 55 53 55 644
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 5083 | 4227 | 2308 | 2152 0 0 0 0 267 186 | 2494 | 5212 21929
DHW load kWh 466 367 320 309 320 | 309 320 320 20 98 409 504 3761
Qaux kWh 5459 | 4478 | 2322 | 2156 4 7 3 20 2 127 | 2837 | 5648 23063
Cref kWh 6593 | 5463 | 3156 | 2958 | 440 426 440 440 400 398 | 3478 | 6789 30982
Usable irradiation kWh 252 576 | 1170 | 1170 | 440 426 440 440 400 398 288 171 6173
FSC 0.199
Cconv kWh 5604 | 4643 | 2682 | 2514 | 374 362 374 374 340 339 | 2956 | 5771 26334
Fsav,th 3% 4% | 13% | 14% | 99% | 98% | 99% | 95% | 99% | 63% | 4% 2% 12%
DHW load kwh/d | 150 | 13.1 0.7 3.2 13.6 | 16.3 10.3
Irradiation/Cconv 0.045 | 0.124 | 0.436 | 0.465 | 3.775 | 3.653 | 3.871 | 3.366 | 3.919 | 2.153 | 0.097 | 0.030
Space heating signature 100% Fsav.th N
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DK2 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 526 471 304 290 60 0 0 0 36 237 359 520 2803
Irradiation kWh 336 660 | 1452 | 1098 | 1287 | 1296 | 963 | 1089 | 1560 | 624 204 108 10677
Conventional DHW tank losses kWh 55 49 55 53 55] 53 55 55 53 55] 53 55 644
Conventional tank losses kWh 173 156 173 168 173 168 173 173 168 173 168 173 2040
Space heating load kWh 8365 | 8061 | 6671 | 5465 | 2092 | 1212 | 1212 | 1212 | 1687 | 3709 | 7010 | 8956 55651
DHW load kWh 83 117 99 97 101 97 101 101 119 65 85 115 1179
Qaux kWh 8476 | 8057 | 6378 | 5324 | 1975 | 1100 | 1213 | 1174 | 1513 | 3632 | 7091 | 9111 55043
Cref kWh 10003 | 9679 | 8029 | 6606 | 2643 | 1602 | 1608 | 1608 | 2187 | 4504 | 8409 | 10736 67616
Usable irradiation kWh 336 660 | 1452 | 1098 | 1287 | 1296 | 963 | 1089 | 1560 | 624 204 108 10677
FSC 0.158
Cconv kWh 8676 | 8384 | 6998 | 5783 | 2420 | 1530 | 1540 | 1540 | 2027 | 4002 | 7316 | 9299 59513
Fsav,th 2% 4% 8% 8% 18% | 28% | 21% | 24% | 25% 9% 3% 2% 8%
DHW load kwh/id | 2.7 4.2 4.0 2.1 2.8 3.7 3.2
Irradiation/Cconv 0.039 | 0.079 | 0.207 | 0.190 | 0.532 | 0.847 | 0.625 | 0.707 | 0.770 | 0.156 | 0.028 | 0.012
Space heating signature 100% Fsav.th
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DK3 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 526 471 450 290 60 0 0 0 36 237 359 520 2949
Irradiation kWh 388 675 | 1044 | 1053 | 1269 | 1314 | 1179 | 1125 | 1688 | 725 275 125 10860
Conventional DHW tank losses kWh 55 49 55 53 55 53 55 55 53 55 53 55 644
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 5320 | 4372 | 4163 | 2933 | 1164 | 703 703 703 890 | 2750 | 3345 | 4065 31111
DHW load kWh 650 721 726 702 726 702 726 726 599 691 718 855 8542
Qaux kWh 5785 | 4813 | 4451 | 3203 | 1384 | 882 965 988 803 | 3181 | 3971 | 4836 35263
Cref kWh 7088 | 6050 | 5816 | 4339 | 2288 | 1716 | 1745 | 1745 | 1814 | 4113 | 4842 | 5853 47408
Usable irradiation kWh 388 675 | 1044 | 1053 | 1269 | 1314 | 1179 | 1125 | 1688 | 725 275 125 10860
FSC 0.229
Cconv kWh 6025 | 5142 | 4944 | 3688 | 1945 | 1458 | 1483 | 1483 | 1542 | 3496 | 4116 | 4975 40297
Fsav,th 4% 6% 10% | 13% | 29% | 39% | 35% | 33% | 48% 9% 4% 3% 12%
DHW load kwh/d | 21.0 | 25.8 200 | 223 | 239 | 276 23.4
Irradiation/Cconv 0.064 | 0.131 | 0.211 | 0.286 | 0.653 | 0.901 | 0.795 | 0.758 | 1.095 | 0.207 | 0.067 | 0.025
Space heating signature 100% Fsav,th
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F1 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 480 465 388 341 224 106 0 14 212 247 293 316 3086
Irradiation kWh 761 1154 | 2606 | 2012 2414 | 2421 | 2627 | 2344 | 1988 1431 735 371 20862
Conventional DHW tank losses kWh 63 56 60 B5] 54 50 50 51 51 56 58 63 667
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 1013 | 927 827 663 388 108 0 0 335 553 474 540 5828
DHW load kWh 271 324 460 266 274 266 274 274 183 205 228 201 3226
Qaux kWh 1235 914 683 378 139 33 13 16 96 291 589 768 5154
Cref kWh 1575 | 1530 | 1578 | 1155 | 843 502 387 387 672 956 888 936 11410
Usable irradiation kWh 761 | 1154 | 1578 | 1155 | 843 502 387 387 672 956 735 371 9501
FSC 0.833
Cconv kWh 1496 1452 1496 | 1094 796 471 361 361 632 904 845 893 10802
Fsav,th 17% | 37% | 54% | 65% | 83% | 93% | 97% | 96% | 85% | 68% | 30% | 14% 52%
DHW load kwh/d | 8.7 11.6 15 6.1 6.6 7.6 6.5 8.9
Irradiation/Cconv 0.508 | 0.794 | 1.741 | 1.839 | 3.033 | 5.137 | 7.284 | 6.490 | 3.145 | 1.582 | 0.870 | 0.415
. . 100%
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F2 J F M A M J J A S ) N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 572 544 419 334 214 0 0 0 221 313 | 411 467 3495
Irradiation kWh 654 1431 2295 2411 | 2905 | 2970 | 3262 | 2907 1788 1363 645 451 23083
Conventional DHW tank losses kWh 60 53 56 53 51 47 A7 A7 48 54 55 59 630
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 3554 | 2962 1372 | 1238 | 496 0 0 0 376 | 1043 | 2229 | 2992 16262
DHW load kWh 132 81 102 98 102 98 102 102 78 85 99 119 1197
Qaux kWh 4197 | 3113 784 646 0 0 0 0 170 930 | 2662 | 3660 16161
Cref kWh 4401 | 3638 1798 | 1634 | 768 178 184 184 596 | 1391 [ 2801 | 3724 21298
Usable irradiation kWh 654 1431 1798 | 1634 | 768 178 184 184 596 | 1363 | 645 451 9886
FSC 0.464
Cconv kWh 4407 | 3641 1800 | 1634 | 764 171 175 175 591 | 1390 | 2804 | 3729 21281
Fsav,th 5% 15% 56% | 60% | 100% | 100% | 100% | 100% | 71% | 33% | 5% 2% 24.1%
Heat losses kwWh | 4349.0] 4090.1 | 2825 | 2416 | 1544 0 0 0 1301.7 | 2152.1 | 2972.1] 3609.2] 25259
Free gains kWh 800 1152 1617 | 1293 | 1325 | 1260 | 1385 | 1422 | 1215 | 1236 | 755 621 14081
Vertical South irradiation kWh/m?3 43 74 110 84 86 82 91 94 78 79 40 29
g % 0.18 0.28 0.57 0.53 | 0.86 093 | 057 | 025 | 017
h % 99% 98% 90% | 91% | 79% | 0% 0% 0% 76% | 90% | 98% | 99%
Calculated SH load 3554 | 2962 1372 | 1238 | 496 0 0 0 376 | 1043 | 2229 | 2992 16262
Irradiation/Cconv 0.148 | 0.393 | 1.275 | 1.476 | 3.804 | 17.381| 18.646 | 16.592| 3.028 | 0.981 | 0.230 | 0.121
Space heating signature 100% Fsav,th
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F3 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 484 414 317 188 0 0 0 0 0 216 280 377 2277
Irradiation kWh 1721 | 1714 | 2707 | 2556 | 2652 | 2592 | 2866 | 2871 | 2507 | 2280 | 1690 | 1188 27344
Conventional DHW tank losses kWh 59 53 56 52 51 46 46 47 47 52 54 59 622
Conventional tank losses kWh 0
Space heating load kWh 2008 | 1672 | 689 379 0 0 0 0 0 220 789 1543 7300
DHW load kWh 277 257 223 267 276 267 276 276 267 311 277 276 3252
Qaux kwWh 2104 | 1686 289 73 5 4 3 B 5 0 457 1605 6234
Cref kWh 2753 | 2327 | 1133 | 823 389 377 389 389 377 688 | 1317 | 2204 13167
Usable irradiation kWh 1721 | 1714 | 1133 | 823 389 377 389 389 377 688 | 1317 | 1188 10505
FSC 0.798
Cconv kWh 2758 | 2331 1138 822 385 369 379 380 370 686 1318 2209 13145
Fsav,th 24% | 28% | 75% | 91% | 99% | 99% | 99% | 99% | 99% | 100% | 65% 27% 52.6%
Heat losses kWh 2960.0| 2517.3] 1618 1169 0 0 0 0 0.0 941.8 | 1599.7 | 2344.9 13151
Free gains kwWh 988 881 1093 1019 1003 950 1023 1075 1045 1055 911 837 11880
Vertical South irradiation kWh/m?q 99 88 125 108 102 95 106 116 113 112 88 71
g % 0.33 0.35 0.68 0.87 1.12 0.57 0.36
h % 96% 96% 85% 77% 0% 0% 0% 0% 0% 68% 89% 96%
Calculated SH load 2008 | 1672 | 689 379 0 0 0 0 0 220 789 1543 7300
Irradiation/Cconv 0.624 | 0.735 | 2.378 | 3.110 | 6.892 | 7.020 | 7.556 | 7.560 | 6.774 | 3.324 | 1.282 | 0.538
. . 100%
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Al J F M A M J J A S ) N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 794 627 549 375 239 132 81 105 207 394 573 750 4825
Irradiation kWh 1578 2656 2420 2640 | 3060 | 3060 | 3360 | 3129 | 2904 | 2394 | 1015 | 735 28952
Conventional DHW tank losses kWh 55 49 55 53 55 53 55 55 53 55 53 55 644
Conventional tank losses KWh 293 264 293 283 293 283 293 293 283 293 283 293 3447
Space heating load kWh 3522 3192 1251 858 133 0 0 1 41 453 696 3487 13635
DHW load kWh 203 186 203 205 212 205 212 327 213 221 213 208 2608
Qaux kWh 3605 2887 663 535 0 0 0 24 0 233 960 3803 12710
Cref kWh 4447 4033 1774 1313 | 470 303 313 450 362 858 | 1131 | 4412 19867
Usable irradiation KWh 1578 2656 1774 1313 | 470 303 313 450 362 858 | 1015 | 735 11828
FSC 0.595
Cconv kWh 4073 3692 1801 1400 | 692 541 559 676 591 | 1022 | 1245 | 4043 20334
Fsav,th 11% 22% 63% 62% | 100% | 100% | 100% | 96% | 100% | 77% | 23% 6% 37%
DHW load kWh/d 6.6 6.6 7 7.1 7.1 7.1 6.7 6.8
Irradiation/Cconv 0.387 0.719 1.344 1.886 | 4.422 | 5.655 | 6.009 | 4.631 | 4.915 | 2.342 | 0.816 | 0.182
. . 100%
Space heating signature Fsav,th
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A2 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 735 585 484 312 217 108 56 68 174 350 480 679 4248
Irradiation kWh 389 1528 1806 | 1984 | 2320 | 2224 | 2576 | 2272 | 1890 | 1078 472 368 18908
Conventional DHW tank losses kWh 55 49 55 53 55 53 55 55 53 55 53 55 644
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 3620 | 3511 | 2315 | 947 308 807 61 180 139 875 | 1717 | 3214 17692
DHW load kWh 128 113 126 118 121 69 91 82 86 123 130 125 1312
Qaux kWh 4253 | 3417 | 2173 | 706 24 293 27 170 279 919 | 1882 | 3720 17862
Cref kWh 4474 | 4322 | 2936 | 1315 | 570 | 1093 | 242 373 327 | 1238 | 2235 | 3992 23116
Usable irradiation kWh 389 | 1528 | 1806 | 1315 | 570 | 1093 | 242 373 327 | 1078 | 472 368 9561
FSC 0.414
Cconv kWh 3803 | 3673 | 2495 | 1117 484 929 206 317 278 1052 1900 | 3393 19648
Fsav,th -12% | 7% 13% | 37% | 95% | 68% | 87% | 46% 0% 13% 1% | -10% 9%
DHW load kwh/d | 4.1 4.0 4 2.9 4.0 4.3 4.0 3.9
Irradiation/Cconv 0.102 | 0.416 | 0.724 | 1.775 | 4.791 | 2.394 | 12.500| 7.175 | 6.801 | 1.024 | 0.249 | 0.108
. . 100%
Space heating signature Fsav th
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A3 J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 766 613 515 342 248 138 87 99 204 381 510 710 4613
Irradiation kWh 292 1146 1442 | 1512 1776 | 1680 | 1956 1728 | 1524 982 354 276 14669
Conventional DHW tank losses kWh 55 49 55 53 55 53 55 55 53 55 53 55 644
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 4129 | 3956 | 2891 | 1609 | 1014 | 259 156 156 678 | 1802 | 2375 | 3694 22719
DHW load kWh 198 219 202 194 201 278 133 187 197 226 155 172 2362
Qaux kWh 5139 | 4674 | 3343 | 1855 | 1150 192 166 213 819 2015 2708 | 4613 26886
Cref kWh 5154 | 4970 | 3704 | 2184 | 1493 | 695 403 468 | 1092 | 2450 | 3039 | 4613 30265
Usable irradiation kWh 292 | 1146 | 1442 | 1512 | 1493 | 695 403 468 | 1092 | 982 354 276 10156
FSC 0.336
Cconv kWh 4381 | 4225 | 3148 | 1856 1269 591 343 398 928 2082 2583 | 3921 25725
Fsav,th -17% | -11% | -6% 0% 9% 68% | 51% | 47% | 12% 3% 5% | -18% -5%
DHW load kwh/d | 6.4 7.8 7 6.6 7.3 5.2 5.6 6.5
Irradiation/Cconv 0.067 | 0.271 | 0.458 | 0.815 | 1.399 | 2.844 | 5.706 | 4.344 | 1.642 | 0.471 | 0.137 | 0.070
. . 100%
Space heating signature Fsav.th
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NL1 J F M A M J J A S o N D Total
Number of days 28 27 35 30 31 30 31 31 30 31 30 35
Degree-days 491 491 445 | 360 | 239 | 144 99 102 | 180 | 295 423 579 3848
Irradiation kWh 123 251 636 | 530 | 632 | 581 | 627 | 590 | 429 | 318 189 118 5023
Conventional DHW tank losses kWh 49 48 62 53 55 53 55 55 53 55 53 62 651
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 2796 | 3048 | 2205 | 2042 | 1422 | 937 | 708 | 724 | 1121 | 1707 | 2365 | 3015 22090
DHW load kWh 235 207 251 | 237 | 245 | 237 | 245 | 245 | 237 | 245 237 294 2917
Qaux kWh 3376 | 3550 | 2502 | 2345 | 1618 | 1093 | 827 | 862 | 1369 | 2082 | 2863 | 3686 26172
Cref kWh 3624 | 3885 | 2962 | 2744 | 2025 | 1444 | 1186 | 1204 | 1661 | 2361 | 3123 | 3966 30186
Usable irradiation kWh 123 251 636 | 530 | 632 | 581 | 627 | 590 | 429 | 318 189 118 5023
FSC 0.166
Cconv kWh 3624 | 3885 | 2962 | 2744 | 2025 | 1444 | 1186 | 1204 | 1661 | 2361 | 3123 | 3966 30186
Fsav,th 7% 8.6% | 16% | 15% | 20% | 24% | 30% | 28% | 18% | 12% 8% 7% 13.3%
DHW load kWh/d 8.4 7.7 7.2 8.4 7.9
Irradiation/Cconv 0.034 | 0.065 | 0.215] 0.193 ] 0.312 | 0.402 | 0.529 | 0.490 | 0.258 | 0.135 | 0.061 | 0.030
Space heating signature 100% Fsav.th
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NL2 J F M A M N J A S o N D Total
Number of days 28 28 35 30 31 30 31 31 30 31 28 35
Degree-days 491 510 445 360 239 144 99 102 | 180 | 295 330 579 3773
Irradiation kWh 82 164 407 354 432 402 432 399 | 285 | 204 148 81 3391
Conventional DHW tank losses kWh 49 49 62 53 55 53 55 55 53 55 49 62 649
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 2893 | 2768 | 1669 | 1196 0 0 0 0 0 526 969 3353 13374
DHW load kWh 124 130 159 126 130 126 130 130 | 126 | 130 88 148 1546
Qaux kWh 3272 | 3126 | 1905 | 1383 78 80 78 88 113 | 709 1172 | 3809 15814
Cref kWh 3608 | 3467 | 2223 | 1617 | 217 210 217 217 | 210 | 836 1302 | 4191 18317
Usable irradiation kWh 82 164 407 354 217 210 217 217 | 210 | 204 148 81 2513
FSC 0.137
Cconv kWh 3608 | 3467 | 2223 | 1617 | 217 210 217 217 | 210 | 836 1302 | 4191 18317
Fsav,th 9% 9.9% | 14% | 14% | 64% | 62% | 64% | 60% | 46% | 15% | 10% 9% 13.7%
DHW load kWh/d 4.4 4.6 45 3.2 4.2 4.2
Irradiation/Cconv 0.023 | 0.047 | 0.183 | 0219 | 1.988 | 1.911 | 1.988 | 1.836 | 1.355| 0.244 | 0.114 | 0.019
Space heating signature 100% Fsav.th
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NL3 J F M A M J J A S 0o N D Total
Number of days 28 27 36 30 31 30 31 31 30 28 28 35
Degree-days 491 491 457 360 239 | 144 99 102 | 180 286 330 579 3759
Irradiation kWh 119 244 619 525 647 | 597 | 647 | 593 | 422 327 216 115 5071
Conventional DHW tank losses kWh 49 48 63 53 55 53 55 55 53 49 49 62 644
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 4895 | 5167 | 4518 | 3377 | 1972 | 876 | 357 | 393 | 1293 | 2378 | 3097 | 5706 34028
DHW load kWh 175 143 200 176 182 | 176 | 182 | 182 | 176 189 118 250 2149
Qaux kWh 5421 | 5480 | 4630 | 3616 | 2074 | 918 | 352 | 413 | 1439 | 2754 | 3448 | 6378 36924
Cref kwWh 6023 | 6302 | 5625 | 4243 | 2599 | 1300 | 698 | 740 | 1790 | 3079 | 3841 | 7079 43319
Usable irradiation kwWh 119 244 619 525 647 | 597 | 647 | 593 | 422 327 216 115 5071
FSC 0.117
Cconv kwWh 6023 | 6302 | 5625 | 4243 | 2599 | 1299 | 698 | 740 | 1790 | 3079 | 3841 | 7079 43318
Fsav,th 10% | 13.1% | 18% | 15% | 20% | 29% | 50% | 44% | 20% | 11% 10% 10% 14.8%
DHW load kwh/d 6.3 5.3 5.6 6.8 4.2 7.1 5.9
Irradiation/Cconv 0.020 | 0.039 | 0.110 | 0.124 | 0.249 | 0.460 | 0.926 | 0.801 | 0.236 | 0.106 | 0.056 | 0.016
Space heating signature 100% Fsav.th
90%
- 7000 y =11.58x - 792.24 80%
£ 6000 R®=0.98 70%
3
§ 5000 { 60%
i 4000 / 50%
'% 3000 40% measured | |
o Py measured
i 2000 30%
U§) 1000 20%
0 10% L —
0 100 200 300 400 500 600 0% \ ‘ ‘ '”ad'af'onl Ceonv
Degree-days 0 1 2 3 4 5
Gl J F M A M J J A S o N D Total
Number of days 31 28 31 30 31 30 31 31 30 31 30 31
Degree-days 620 534 443 335 124 48 24 24 67 284 468 557 3528
Irradiation kWh 340 519 791 | 1029 | 1258 | 1292 | 1394 | 1241 | 952 638 425 272 10149
Conventional DHW tank losses kWh 55 49 55 53 55] 53 55 55 53 55] 53 55 644
Conventional tank losses kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Space heating load kWh 1651 | 1159 | 1068 | 586 323 158 211 147 322 753 | 1062 | 1561 8999
DHW load kWh 171 119 135 177 126 202 121 150 150 177 157 122 1804
Qaux kWh 1803 | 1278 | 945 500 205 0 17 0 261 844 | 1298 | 1847 8998
Cref kWh 2208 | 1561 | 1479 | 959 592 486 454 413 617 | 1158 | 1496 | 2044 13467
Usable irradiation kWh 340 519 791 959 592 486 454 413 617 638 425 272 6505
FSC 0.483
Cconv kWh 2208 | 1561 | 1479 | 959 592 486 454 413 617 | 1158 | 1496 | 2043 13467
Fsav,th 18% | 18% | 36% | 48% | 65% | 100% | 96% | 100% | 58% | 27% | 13% | 10% 33.2%
DHW load kwh/d | 5.5 4.2 4 6 4 7 4 5 5.0 5.7 5.2 3.9 4.9
Irradiation/Cconv 0.154 | 0.332 | 0.534 | 1.072 | 2.125 | 2.660 | 3.071 | 3.004 | 1.543 | 0.550 | 0.284 | 0.133
Space heating signature 100%
90% | Fsav,th
1800 y=2.31x+71.81 80%
g 1600 R?=0.94 & 70%
= 1400
g 1200 T 60%
= 1000 50%
'% 800 / 40% measured
£ 600 - - measured
) 30%
o 200 & o7
0 10% -
0 100 200 300 400 500 600 0% | Irradiation/Cconv |
Degree-days 0 1 2 3 4 5
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2. Comparison and comments
Some points have to be considered when comparing results :

- For Austriag, the outside and indoor temperatures have not been measured. So estimated
indoor air temperatures have been taken into account, and the mean outside air temperatures
of the nearest meteorological stations have been used, in order to evaluate the space heating
signature and for the extrapolation. This extrapolation is made for two missing months.

- For Denmark, data have not been necessarily recorded on a strict monthly timestep. So
corrections have been made to elaborate real monthly data sets. Extrapolation is made for
Six missing months.

- For the Netherlands, data have not been necessarily recorded on a strict monthly timestep.
The extrapolation method has been used with these real monitoring data, and all calculations
has been adjusted with real lengths of monitored months.

- Austrian and Danish results don't integrate auxiliary boiler efficiencies, what is not the case
for French, German and Dutch results.

- Extrapolation is made for Austrian, French, Dutch, German and Danish results for two to
nine missing months. The shorter the extrapolation period, the more accurate the obtained
yearly indicators.

- Thefirst German system has been monitored for atime period larger than a year. Therefore
no extrapol ation was necessary for these results.

When all results are put on the same figure, it is possible to have an overview of al systemsin a
glance (figure 2) :
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Figure 2 : Results of 13 monitored plants

Comments:

The size of the points is related to the length of the extrapolation period, just to have an
impression of the accuracy of the presented results, even if the size of a point doesn't delimit
precisaly the error area.

Results taking or not taking into account the auxiliary boiler efficiency are shown on the
same diagram. But it must be pointed out that first results are more significant, since they
take into account the real behaviour of the auxiliary boiler. Moreover, because of the
definitions of the fractional thermal energy savings with or without boiler efficiencies, the
closer the actual efficiency of the auxiliary boiler to the conventiona one, the smaller the
error in the calculation of the fractional energy savings without boiler efficiency.

Most systems show performances in the range of results obtained with simulations by Task
26 [2]. However, it should not be forgotten that these simulations have been made with a
theoretical solar collector, identical for al systems. In rea plants, solar collector can differ
from this theoretical collector.
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- Reaults for the three Danish houses are gathered. Danish systems are installed in retrofit
houses, usually less insulated as new buildings. Therefore the space heating loads are high.
Moreover, rather small collector areas are installed. That is why Fractional Solar
Consumptions (FSC) and also Fractional Energy Savings are small.

- French systems reach higher Fractiona Energy Savings as others, because the climate is
more favourable for one, and the house is only partly occupied for the other, which leads to
a low space heating load. For the third plant (using oil as auxiliary energy), a bad choice of
the inside setpoint temperature decreased the performances of the system during the six first
months, but it has been corrected since March and it is taken into account for the six
extrapol ation months.

- Two Austrian systems, using gas and wood pellets as auxiliary energy, show poor results,
because they include a large space heating storage tank, which has high heat losses.
Moreover, the insulation of al pipes in the technical rooms of both systems was not
mounted during the measurement period which caused additional high energy losses. A
large amount of solar energy delivered by the collector loop is used to compensate these
losses, which would not be present in conventional heating systems : for the ten months
monitoring period, store losses are comparable to or even higher than solar gains.

0 The wood pellet system aso till now has serious problems with the central
controller. The whole volume of the heating storage tank is kept on set temperature
by the pellets boiler 24 hours a day, because of mal function of the controller. Also
stratification in the heating storage tank all the time is destroyed because of wrong
and to long running periods of different pumpsin the system.

0 The gas boiler system aso showed very bad hydraulic charactericics. Because of
much too high mass flow of the boiler circuit and wrong connection of the pipes at
the heating storage the gas boiler never condensed and therefore boiler efficiency
was less then 80 percent. Corrections at the end of the monitoring period showed
boiler efficiencies of approx. 100 percent, what should be a typical number for
condensing gas boilers.

o For the third system, using wood logs as auxiliary energy in a wood boiler, a space
heating storage tank would be necessary as buffer tank for the boiler, even with no
solar collector. This system shows good performances.

- The Dutch systems are small sized, and show fractiona energy savings in the range of 10 to
15 %. Howerer, they show a good globa behavior. One of the reason is the use of an
auxiliary condensing integrated burner, which has a higher efficiency than the conventional
auxiliary boiler considered.

- The German system uses radiators as space heating devices, which should be a little more
unfavourable compare for example to French systems using low temperature heating floors.
However, the gas boiler efficiency is quite high (more than 95 %) and leads to good
fractional energy savings compared to the conventional boiler with a85 % boiler efficiency.
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3. Conclusion

A common monitoring method has been elaborated in the framework of this Altener project, which
could be used for most measured plants to deliver comparable results. Although for al plants,
except one, the monitoring period was shorter than a whole year, it has been possible to extrapolate
yearly results and indicators with a specific method elaborated especially in this project.

Most systems works according what could be expected, except two of them, which have hydraulic
or control problems. These problems have been solved at the end of this project. Further monitoring
should show improved behaviour and results of these two systems.

One major result of task 26, confirmed by monitoring of systemsin this Altener project is:

Making an energy balance of the store in order to calculate a solar fraction doesn't give a
good indication of the real performances of a solar combisystem compared to a conventional
one. Even high solar gains can be wasted in a poorly insulated system.

Only the Fractional Energy Savings approach gives valuable information on the quality of a
solar combisystem. The FSC method is a powerful tool not only to compare simulation results
as it has been done within the framework of task 26, but also to present monitoring results
obtained with various climates, loads, combisystem types and system sizes.
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