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1 Introduction

1.1 Context of the test

For the WP8-RRT6 a solar combisystem is simulated using the results from WP8-RRT1 (collectors) and WP8-RRT3
(combi store) using the SOLCAL method as defined in the transitional methods (2014/C 207/03). Therefore WPS8-
RRT6 is a purely computational RRT which is based on components measurements and no additional measurements
were required. The system consists of 5 collectors as tested in WP8-RRT1 and the combi store as tested in WP8-
RRT3.

1.2 Time period

See WP8-RRT1, WP8-RRT3

1.3 Laboratories involved

The following labs have been involved in the test of the collector:

ISE

TestLab Solar Thermal Systems

Division Thermal Systems and Building Technologies (TSB)
Fraunhofer-Institut flr Solare Energiesysteme ISE
Heidenhofstrasse 2, 79110 Freiburg, Germany

SPF

SPF Institute for Solar Technology

Hochschule fir Technik Rapperswil HSR
Oberseestrasse 10, 8640 Rapperswil, Switzerland

IGTE/ITW

Institute for Building Energetics, Thermotechnology and Energy Storage (IGTE)
Former Institute of Thermodynamics and Thermal Engineering (ITW)

Research and Testing Centre for Thermal Solar Systems (TZS)

University of Stuttgart

Pfaffenwaldring 6, 70550 Stuttgart, Germany



2 Appliance tested

2.1 Main features of the appliance tested.

See report WP8-RRT1 and WP8-RRT3

2.2 Picture of the appliance

See WP8-RRT1, WP8-RRT3 for pictures of the appliances.
For WP8-RRT6 two software tools were used, screenshots are found below.

LabelPack® =\gvion —

File  Solardevices  Extra

i '%ﬁ

Za2! |
El 1.General data
Tile Solar water heater: 1 f h
RuniD TmSys_1- LD
I n p u t El 2.Tank design [1364] kWh 4‘
TankHeight 075 Y
Vsto_tot 100
Brand / type: [EcoTesT Hato_tet 132 Qbuwhiout
E1 3.Tank design for each loop Ted| ™Mb
Number of collector modules Ny [-] Tank_Loop Collector
RelHeight_inet 0.5
Collector module reference area Asq [m2] Roig Ol 0 Gstoshout I:N
RelHeight_Themost, 1 [o] i
Zero loss efficiency no [-] 0,745 Hexchanger 544
i El 4. Collector module (Solar Keymark)
First-order coefficient a; [W/m2.k] AsolMod 228
Eo 0.856
Second-order coefficient az [W/m?.K2] a1 3688 Pameter  Vale  Unt  Descrption
a2 0.021 1547 [kWh | Collectorloop heat input into the tank.
ipaden-eanalema dheg il ] 1AM 0.96 Qbackup | 1425 [kKWh _|Backup heater contibution
Meol 0.046 |
Nominal storage volume Voo [liter] B 5. Collector loop Qsto:Out| 1364 [kWh | Heat output for the heating services
Pact o 2 Foackup 510% Backup heater fraction
Backup storage volume Vy,, [liter] Peol_ctl 5 Fsolar 55|% Solarfraction
El 6.Backup water heater Qaux 83 [KWh | Auiiary electricty consumption
Standing losses tank S [W] BWH_type Serial Qbackupwhs 1426 [kwh Backup heater contribution to the water heating service
: Pbu_wh 2 Gbackupishs 0|kWh | Backup heater contribuion to the space heating semvice
Location of the storage tank Pou_wh_aute Repeat Quhsout| 1364 [KWh | Heat output for the water heating service
Tou_thm_off 7
thm_ Qshsiout 0kWh | Heat output for the space heating service
PUEw; POV e con=amotion soloume: W - ;b”f‘h"“f”” 7 Qnhsreq | 2791 |kWh | Heat requested for the water heating service
" Backup space heater > =
Sy powiek concsnition solsh v BSH e Not Gshsreq 0kWh | Heat requested for the space heaing service
Pbu_sh 0
Type of control of backup heater Pbu_sh_suto Repeat
CifType_BuSh  Tsto (therm)
Crterum_Off 0
Crterium_On 0
B 8.System design
Calculation -
fsol 228
Hsol_loop 429
Load profile applied for the calculation Sallae Hs
" e i Stoloc HS
Total collector area A, m2 Twosdmax 95
<ol,tot [M?] | 502 | o _—
Collector efficiency neq[%] |57 | ?‘":f f’ﬁ"—“"“
Teto_int 10
Energy label class of the tank [==ciam] LoadProfieWH  EP_SPS_I_L
Auxiliary energy consumption Q.. [kWh] [ 109 | LoadProfileSH None:
Title
Method applied for the calculation SolCal:2017 v Enter the title of solar themmal system
Non solar heat contribution Quonsol [kWh] 475
SolTherm | Version [11.1.20 Last run [25.02.2019 03:33 Run time [0.4445 vAConsult

Figure 1: User interface of SOLCAL (left) and SOLTHERM (right)

2.3 Origin of appliances used for the RRT

See WP8-RRT1 and WP8-RRT3

The SOLCAL software used to compute the results is publicly available, either described in the transitional methods
(2014/C 207/03), or readily implemented under http://www.label-pack-a-plus.eu/solcal-tool/ which has been
developed in the framework of the Labelpack A+ project (GA 649905).

The SOLTHERM software is publicly available! for the time being as it was developed in a project funded by the
SOLAR KEYMARK Certification Fund.

L http://www.vaconsult.net/Software/SolTherm/SolTherm_UK.htm
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3 Testing programme & testing equipment of labs
3.1 Programme

No testing required

3.2 Test protocol(s) used

The WP8-RRT6 consist of applying the SOLCAL method described in the transitional methods (2014/C 207/03) using
the measured data in WP8-RRT1 (collector parameters) and WP8-RRT3 (combi store parameters).

It is important to note that RRT5 and RRT6 shall not be misunderstood as simple "entering-data-into-a-software"
RRTs. RRT5 and RRT6 are summarizing the components tests RRT1-RRT3 and partly RRT4 into an annual performance
prediction which is then the basis for the rating of a system.

3.3 Overview of the main test equipment used by labs

See WP8-RRT1 and WP8-RRT3

3.4 Test conditions

N/A

3.5 Other

N/A



4 Definitions used for the statistical analysis (common to ECOTEST)

1.

Median value

The values are ranked from the smallest to the highest or from the highest to the lowest then the value just in
the middle is the median value (if the number is odd) and arithmetic average of n/2 and (n/2+1) if nis even
Deviation from median value (Delta)

Difference between any value and the median value

Arithmetic mean value

Arithmetic mean of all value (sum of all values divided by the number of values)

Deviation from arithmetic mean value

Difference between any value and the arithmetic mean value

Repeatability standard deviation sr

The standard deviation of the values measured by each lab (in the column of each lab) and the standard
deviation of all the values (in the column "total of all the labs)

Reproducibility Standard deviation (*) sR

The standard deviation of the arithmetic values (if repeatability tests performed) or the value declared by each
lab if no repeatability tests

Difference between maxi and mini arithmetic mean values.

The difference between the maximum arithmetic average value and the minimum arithmetic average value (if
repeatability test are done) or just the difference between the maximum value and minimum value of the
declared values.



5 Measurement results of laboratories, statistics and analyse.

5.1 Overview Table of data measured

In this chapter the test results of the three participating test laboratories are presented as received. The laboratories
are name 1, 2, 3 to avoid linking to the M, S, and T that are used in the text.

5.1.1 Solar water heater performance

Solar water heater data

LABORATORY 1 2 3
EN 12975-1 / EN 12977-4 / EN 12976-2 / EN 12977-2 / SOLCAL 2013
Ann. non-solar heat contribution at av. climate

» . 1332 1278 1209 kWh/a
conditions for load profile M Qronsol
Ann. non-solar heat contribution at av. climate

" . Qnonsol 1563 1487 1467 kWh/a
conditions for load profile L
Ann. non-solar heat contribution at av. climate

" ) Qnonsol 1897 1770 1858 kWh/a
conditions for load profile XL
Ann. non-solar heat contribution at av. climate - Q 2224 5058 5267 Wh/a
conditions for load profile XXL nonsol
Power consumption pump Psolpump 57 39.3 56.1 W
Standby power consumption controller Psolsb 2.5 2.6 2.6 W
Annual auxiliary heat consumption Qaux 136 102.2 135 kWh/a

EN 12975-1 / EN 12977-4 / EN 12976-2 / EN12977-2 / SOLCAL 2017
Ann. non-solar heat contribution at av. climate

e . 158 147 157 kWh/a
conditions for load profile M Qronsal
Ann. non-solar heat contribution at av. climate

. ) Qronsol 524 473 548 kWh/a
conditions for load profile L
Ann. non-solar heat contribution at av. climate

i . Qnonsol 1099 1003 1168 kWh/a
conditions for load profile XL
Ann. non-solar heat contribution at av. climate Q 1571 1445 1700 Wh/a
conditions for load profile XXL nonsol
Power consumption pump Psolpump 57 39.3 56.1 w
Standby power consumption controller Psolsb 2.5 2.6 2.6 W
Annual auxiliary heat consumption Qaux 136 102.2 135 kWh/a

EN 12975-1 / EN 12977-4 / EN 12976-2 / EN12977-2 / SOLTHERM

Ann. non-solar heat contribution at av. climate

i ) Qnonsol 1086 1019 1305 kWh/a
conditions for load profile M
Ann. .n.on—solar heat con.trlbutlon at av. climate Quonear 1786 1740 510 Wh/a
conditions for load profile L
Ann. .n.on—solar heat con.trlbutlon at av. climate Quonear 5726 2689 3086 Wh/a
conditions for load profile XL
Ann. non-solar heat contribution at av. climate

. . 3452 3413 3978 kWh/a
conditions for load profile XXL Qronsal
Power consumption pump Psolpump 57 39.3 56.1 W
Standby power consumption controller Psolsb 2.5 2.6 2.6 W
Annual auxiliary heat consumption for M profile only
(SOLTHERM is computing Qaux depending on the load | Qaux 119 85 117 kWh/a
profile)

Table 1: Measured parameters submitted by the participating test laboratories (final results)



5.2 Statistics on the main parameters

In this chapter the relevant parameters as determined by the participating testing laboratories are presented in the
standard format required by the ECOTEST project. Comments and explanations in chapter 0. As there were only
three testing laboratories the statistical relevance of the presented numbers is limited. Using directly these data for
statistical purposes is not appropriate and should be avoided.

5.2.1 SOLCAL:2013 Annual non-solar heat contribution at av. climate conditions for load profile M

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile M, Solcal 2013
Total over all labs lab 1 lab 2 lab3

test result 1 Testl 1332.00 1278.00 1209.00
Number of test results 1 1 1
Median value 1278 1332.00 1278.00 1209.00
Deviation from median value (Delta) 54.00 0.00 -69.00
Arithmetic mean value 1273 1332.00 1278.00 1209.00
Deviation from arithmetic mean value 59.00 5.00 -64.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 61.652

Max - Min (arithmetic mean value) 123.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 123.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values

|Between—|ab consistency - assumed classif. | correct | correct | correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile M, Solcal 2013
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
1340.0 80.00
1320.0
60.00
1300.0
1280.0 40.00
1260.0 20.00
1240.0
0.00 I
1220.0
1200.0 -20.00
1180.0 40,00
1160.0
1140.0 -60.00
lab 1 -80.00
lab 2 b3 lab 1 lab 2 lab 3
Laboratory 2 Laboratory
STATISTICS
Median 1278.0 kWh/a
Arh. mean value 1273.0 kWh/a
RSTD 61.7 kWh/a
r STD -
Max - Min (M-m) 123.0 kWh/a

Figure 2: ECOTEST statistical representation of the results Quonsol for load profile M computed with SOLCAL:2013




5.2.2 SOLCAL:2013 Annual non-solar heat contribution at av. climate conditions for load profile L

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile L, Solcal 2013
Total over all labs lab1 lab 2 lab3
testresult 1 Testl 1563.00 1487.00 1467.00
Number of test results 1 1 1
Median value 1487 1563.00 1487.00 1467.00
Deviation from median value (Delta) 76.00 0.00 -20.00
Arithmetic mean value 1506 1563.00 1487.00 1467.00
Deviation from arithmetic mean value 57.33 -18.67 -38.67
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 50.649
Max - Min (arithmetic mean value) 96.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 96.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—|ab consistency - assumed classif. | correct | correct | correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile L, Solcal 2013
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
1580.0 80.00
1560.0
60.00
1540.0
1520.0 40.00
1500.0 20,00
1480.0
1460.0 0.00 -
1440.0 -20.00
1420.0
1400.0 -40.00
lab 1 -60.00
. lab 2 b3 lab 1 lab 2 lab 3
aboratory Laboratory
STATISTICS
Median 1487.0 kWh/a
Arh. mean value 1505.7 kWh/a
R STD 50.6 kWh/a
r STD -
Max - Min (M-m) 96.0 kWh/a

Figure 3: ECOTEST statistical representation of the results Quonsoi for load profile L computed with SOLCAL:2013
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5.2.3 SOLCAL:2013 Annual non-solar heat contribution at av. climate conditions load profile XL

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Solcal 2013
Total over all labs lab1 lab 2 lab3

testresult 1 Testl 1897.00 1770.00 1858.00
Number of test results 1 1 1
Median value 1858 1897.00 1770.00 1858.00
Deviation from median value (Delta) 39.00 -88.00 0.00
Arithmetic mean value 1842 1897.00 1770.00 1858.00
Deviation from arithmetic mean value 55.33 -71.67 16.33
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 65.056

Max - Min (arithmetic mean value) 127.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 127.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values

|Between—|ab consistency - assumed classif. | correct | correct | correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Solcal 2013
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
1900.0 20.00
1880.0
60.00
1860.0
1840.0 40.00
1820.0 20.00
1800.0
1780.0
1760.0 -20.00
1740.0 20,00
1720.0
1700.0 -60.00
lab 1 -80.00
lab 2 lab 1 lab 2 lab 3
Laboratory lab3 Laboratory
STATISTICS
Median 1858.0 kWh/a
Arh. mean value 1841.7 kWh/a
R STD 65.1 kWh/a
r STD -
Max - Min (M-m) 127.0 kWh/a

Figure 4: ECOTEST statistical representation of the results Quonsoi for load profile XL computed with SOLCAL:2013
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5.2.4 SOLCAL:2013 Annual non-solar heat contribution at av. climate conditions load profile XXL

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Solcal 2013
Total over all labs lab1 lab 2 lab3
testresult 1 Testl 2224.00 2058.00 2267.00
Number of test results 1 1 1
Median value 2224 2224.00 2058.00 2267.00
Deviation from median value (Delta) 0.00 -166.00 43.00
Arithmetic mean value 2183 2224.00 2058.00 2267.00
Deviation from arithmetic mean value 41.00 -125.00 84.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 110.368
Max - Min (arithmetic mean value) 209.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 209.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values

|Between—|ab consistency - assumed classif. | correct | correct | correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Solcal 2013
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
2300.0 100.00
2250.0
50.00
2200.0 -
2150.0 0.00
2100.0
-50.00
2050.0
2000.0
-100.00
1950.0
lab1 -150.00
lab 2 lab 1 lab 2 lab 3
Laboratory lab3 Laboratory
STATISTICS
Median 2224.0 kWh/a
Arh. mean value 2183.0 kWh/a
R STD 110.4 kWh/a
r STD -
Max - Min (M-m) 209.0 kWh/a

Figure 5: ECOTEST statistical representation of the results Quonsoi for load profile XXL computed with SOLCAL:2013
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5.2.5 SOLCAL:2017 Annual non-solar heat contribution at av. climate cond. for load profile M

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile M, Solcal 2017
Total over all labs lab1 lab 2 lab3

testresult 1 Testl 158.00 147.00 157.00
Number of test results 1 1 1
Median value 157 158.00 147.00 157.00
Deviation from median value (Delta) 1.00 -10.00 0.00
Arithmetic mean value 154 158.00 147.00 157.00
Deviation from arithmetic mean value 4.00 -7.00 3.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 6.083

Max - Min (arithmetic mean value) 11.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 11.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values

|Between—|ab consistency - assumed classif. outlier correct outlier correct

Qnonsol (kWh/a)  Qnonsol, Average Climate, Profile M, Solcal 2017
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
158.0 6.00
156.0
4.00
154.0
152.0 2.00 .
150.0 0.00
148.0
146.0 -2.00
144.0 -4.00
142.0
140.0 -6.00
lab 1 -8.00
lab 2 lab 1 lab 2 lab 3
Laboratory lab3 Laboratory
STATISTICS
Median 157.0 kWh/a
Arh. mean value 154.0 kWh/a
RSTD 6.1 kWh/a
r STD -
Max - Min (M-m) 11.0 kWh/a

Figure 6: ECOTEST statistical representation of the results Quonsoi for load profile M computed with SOLCAL:2017
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5.2.6 SOLCAL:2017 Annual non-solar heat contribution at av. climate cond. for load profile M

(removed outlier)

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile M, Solcal 2017
Total over all labs lab1 lab2 lab3
test result 1 Testl 158.00 157.50 157.00
Number of test results 1 1 1
Median value 158 158.00 157.50 157.00
Deviation from median value (Delta) 0.50 0.00 -0.50
Arithmetic mean value 158 158.00 157.50 157.00
Deviation from arithmetic mean value 0.50 0.00 -0.50
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 0.500
Max - Min (arithmetic mean value) 1.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 1.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—lab consistency - assumed classif. correct correct correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile M, Solcal 2017
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
158.0 0.60
157.8
0.40
157.6
157.4 0.20
157.2
0.00
157.0
156.8 0.20
156.6
0.40
156.4
lab1 0.60
lab2 b3 lab1 lab2 lab3
Laboratory Laboratory
STATISTICS
Median 157.5 kWh/a
Arh. mean value 157.5 kWh/a
R STD 0.5 kWh/a
rSTD -
Max - Min (M-m) 1.0 kWh/a

Figure 7: ECOTEST statistical representation of the results Quonsol for load profile M computed with SOLCAL:2017, not

considering the outlier result (see clause 7.1).
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5.2.7 SOLCAL:2017 Annual non-solar heat contribution at av. climate cond. for load profile L

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile L, Solcal 2017
Total over all labs lab1 lab 2 lab3
testresult 1 Testl 524.00 473.00 548.00
Number of test results 1 1 1
Median value 524 524.00 473.00 548.00
Deviation from median value (Delta) 0.00 -51.00 24.00
Arithmetic mean value 515 524.00 473.00 548.00
Deviation from arithmetic mean value 9.00 -42.00 33.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 38.301
Max - Min (arithmetic mean value) 75.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 75.000 Diff between the max and min of all measured values by all labs

(*) based on the arithmetic mean values

|Between—|ab consistency - assumed classif. correct correct correct correct

Qnonsol (kWh/a) Qnonsol, Average Climate, Profile L, Solcal 2017
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
560.0 40.00
540.0 30.00
5200 20.00
10.00
500.0
480.0
-10.00
460.0 2000
440.0 -30.00
420.0 -40.00
lab 1 -50.00
lab 2 lab 1 lab 2 lab 3
Laboratory lab3 Laboratory
STATISTICS
Median 524.0 kWh/a
Arh. mean value 515.0 kWh/a
RSTD 38.3 kWh/a
r STD -
Max - Min (M-m) 75.0 kWh/a

Figure 8: ECOTEST statistical representation of the results Qnonsoi for load profile L computed with SOLCAL:2017
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5.2.8 SOLCAL:2017 Annual non-solar heat contribution at av. climate cond. for load profile XL

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Solcal 2017
Total over all labs lab1 lab 2 lab3
testresult 1 Testl 1099.00 1003.00 1168.00
Number of test results 1 1 1
Median value 1099 1099.00 1003.00 1168.00
Deviation from median value (Delta) 0.00 -96.00 69.00
Arithmetic mean value 1090 1099.00 1003.00 1168.00
Deviation from arithmetic mean value 9.00 -87.00 78.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 82.867
Max - Min (arithmetic mean value) 165.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 165.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—|ab consistency - assumed classif. correct correct correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Solcal 2017
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
1200.0 100.00
1150.0 8000
60.00
1100.0 40.00
20.00
1050.0 000 r—
1000.0 -20.00
-40.00
950.0
-60.00
900.0 -80.00
lab1 -100.00
lab 2 b3 lab 1 lab 2 lab 3
Laboratory Laboratory
STATISTICS
Median 1099.0 kWh/a
Arh. mean value 1090.0 kWh/a
R STD 82.9 kWh/a
r STD -
Max - Min (M-m) 165.0 kWh/a

Figure 9: ECOTEST statistical representation of the results Quonsol for load profile XL computed with SOLCAL:2017
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5.2.9 SOLCAL:2017 Annual non-solar heat contribution at av. climate cond. for load profile XXL

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Solcal 2017
Total over all labs lab1 lab 2 lab3
testresult 1 Testl 1571.00 1445.00 1700.00
Number of test results 1 1 1
Median value 1571 1571.00 1445.00 1700.00
Deviation from median value (Delta) 0.00 -126.00 129.00
Arithmetic mean value 1572 1571.00 1445.00 1700.00
Deviation from arithmetic mean value -1.00 -127.00 128.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 127.503
Max - Min (arithmetic mean value) 255.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 255.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—|ab consistency - assumed classif. | correct | correct | correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Solcal 2017
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
1700.0 150.00
1650.0
100.00
1600.0
1550.0 50.00
1500.0
0.00 _—
1450.0
1400.0 -50.00
1350.0
-100.00
1300.0
lab 1 -150.00
lab 2 b3 lab 1 lab 2 lab 3
a
Laboratory Laboratory
STATISTICS
Median 1571.0 kWh/a
Arh. mean value 1572.0 kWh/a
R STD 127.5 kWh/a
r STD -
Max - Min (M-m) 255.0 kWh/a

Figure 10: ECOTEST statistical representation of the results Qnonsoi for load profile XXL computed with SOLCAL:2017
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5.2.10 SOLTHERM Annual non-solar heat contribution at av. climate cond. for load profile M

Parameter

Qnonsol (kWh/a)

Qnonsol, Average Climate, Profile M, Soltherm

Total over all labs lab 1 lab 2 lab3
testresult 1 Testl 1086.00 1019.00 1305.00
Number of test results 1 1 1
Median value 1086 1086.00 1019.00 1305.00
Deviation from median value (Delta) 0.00 -67.00 219.00
Arithmetic mean value 1137 1086.00 1019.00 1305.00
Deviation from arithmetic mean value -50.67 -117.67 168.33
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 149.581
Max - Min (arithmetic mean value) 286.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 286.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between-|ab consistency - assumed classif. correct | correct | correct correct
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile M, Soltherm
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
1400.0 200.00
1200.0 150.00
1000.0 100.00
800.0
50.00
600.0
0.00
-
-50.00
200.0
0.0 -100.00
lab 1 -150.00
lab2 b3 lab 1 lab 2 lab 3
al
Laboratory Laboratory
STATISTICS
Median 1086.0 kWh/a
Arh. mean value 1136.7 kWh/a
R STD 149.6 kWh/a
r STD -
Max - Min (M-m) 286.0 kWh/a

Figure 11: ECOTEST statistical representation of the results Quonso for load profile M computed with SOLTHERM
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5.2.11 SOLTHERM Annual non-solar heat contribution at av. climate cond. for load profile L

Parameter

Qnonsol (kWh/a)

Qnonsol, Average Climate, Profile L, Soltherm

Total over all labs lab 1 lab 2 lab3
testresult 1 Testl 1786.00 1740.00 2104.00
Number of test results 1 1 1
Median value 1786 1786.00 1740.00 2104.00
Deviation from median value (Delta) 0.00 -46.00 318.00
Arithmetic mean value 1877 1786.00 1740.00 2104.00
Deviation from arithmetic mean value -90.67 -136.67 227.33
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 198.215
Max - Min (arithmetic mean value) 364.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 364.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between-|ab consistency - assumed classif. correct | correct | correct | correct

Qnonsol (kWh/a) Qnonsol, Average Climate, Profile L, Soltherm
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
2500.0 250.00
200.00
2000.0
150.00
1500.0 100.00
50.00
1000.0 0.00
s B
500.0
-100.00
0.0 -150.00
lab 1 -200.00
lab 2 lab 1 lab 2 lab 3
Laboratory lab3 Laboratory
STATISTICS
Median 1786.0 kWh/a
Arh. mean value 1876.7 kWh/a
R STD 198.2 kWh/a
r STD -
Max - Min (M-m) 364.0 kWh/a

Figure 12: ECOTEST statistical representation of the results Qnonsoi for load profile L computed with SOLTHERM

19




5.2.12 SOLTHERM Annual non-solar heat contribution at av. climate cond. for load profile XL

Parameter

Qnonsol (kWh/a)

Qnonsol, Average Climate, Profile XL, Soltherm

Total over all labs lab 1 lab 2 lab3
test result 1 Testl 2726.00 2689.00 3086.00
Number of test results 1 1 1
Median value 2726 2726.00 2689.00 3086.00
Deviation from median value (Delta) 0.00 -37.00 360.00
Arithmetic mean value 2834 2726.00 2689.00 3086.00
Deviation from arithmetic mean value -107.67 -144.67 252.33
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 219.309
Max - Min (arithmetic mean value) 397.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 397.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between-|ab consistency - assumed classif. outlier | correct | correct | outlier
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Soltherm
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
3100.0 300.00
3000.0 250.00
200.00
2900.0
150.00
2800.0 100.00
2700.0 50.00
0.00
2600.0
-50.00 .
2500.0
-100.00
2400.0 -150.00
lab 1 -200.00
lab 2 b3 lab 1 lab 2 lab 3
Laboratory 2 Laboratory
STATISTICS
Median 2726.0 kWh/a
Arh. mean value 2833.7 kWh/a
R STD 219.3 kWh/a
r STD -
Max - Min (M-m) 397.0 kWh/a

Figure 13: ECOTEST statistical representation of the results Quonso for load profile XL computed with SOLTHERM
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5.2.13 SOLTHERM Annual non-solar heat contribution at av. climate cond. for load profile XL

(removed outlier)

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Soltherm
Total over all labs lab1 lab2 lab3

test result 1 Testl 2726.00 2689.00 2707.50
Number of test results 1 1 1
Median value 2708 2726.00 2689.00 2707.50
Deviation from median value (Delta) 18.50 -18.50 0.00
Arithmetic mean value 2708 2726.00 2689.00 2707.50
Deviation from arithmetic mean value 18.50 -18.50 0.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 18.500

Max - Min (arithmetic mean value) 37.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 37.000 Diff between the max and min of all measured values by all labs

(*) based on the arithmetic mean values
|Between—lab consistency - assumed classif. correct | correct | correct correct

Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XL, Soltherm
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
2730.0 25.00
20.00
2720.0
15.00
2710.0 10.00
5.00
2700.0
0.00
2690.0 -5.00
-10.00
2680.0
-15.00
2670.0 -20.00
lab 1 -25.00
lab2 lab1 lab2 lab3
Laboratory lab 3 Laboratory
STATISTICS
Median 2707.5 kWh/a
Arh. mean value 2707.5 kWh/a
R STD 18.5 kWh/a
r STD -
Max - Min (M-m) 37.0 kWh/a

Figure 14: ECOTEST statistical representation of the results Qnonsor for load profile XL computed with SOLTHERM without

considering the outlier result (see clause 7.1)
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5.2.14 SOLTHERM Annual non-solar heat contribution at av. climate cond. for load profile XXL

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Soltherm
Total over all labs lab1 lab 2 lab 3
test result1 Testl 3452.00 3413.00 3978.00
Number of test results 1 1 1
Median value 3452 3452.00 3413.00 3978.00
Deviation from median value (Delta) 0.00 -39.00 526.00
Arithmetic mean value 3614 3452.00 3413.00 3978.00
Deviation from arithmetic mean value -162.33 -201.33 363.67
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 315.548
Max - Min (arithmetic mean value) 565.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 565.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—|ab consistency - assumed classif. | outlier | correct | correct outlier
Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Soltherm
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
4000.0 400.00
3900.0
300.00
3800.0
3700.0 200.00
3600.0 100.00
3500.0
3400.0 0.00
3300.0 -100.00 .
3200.0
3100.0 -200.00
lab 1 -300.00
. lab2 b3 lab 1 lab 2 lab 3
aboratory Laboratory
STATISTICS
Median 3452.0 kWh/a
Arh. mean value 3614.3 kWh/a
R STD 315.5 kWh/a
r STD -
Max - Min (M-m) 565.0 kWh/a

Figure 15: ECOTEST statistical representation of the results Qnonsol for load profile XXL computed with SOLTHERM
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5.2.15 SOLTHERM Annual non-solar heat contribution at av. climate cond. for load profile XXL

(removed outlier)

correct

Parameter Qnonsol (kWh/a) Qnonsol, Average Climate, Profile XXL, Soltherm
Total over all labs lab1 lab2 lab3
test result 1 Testl 3452.00 3413.00 3432.50
Number of test results 1 1 1
Median value 3433 3452.00 3413.00 3432.50
Deviation from median value (Delta) 19.50 -19.50 0.00
Arithmetic mean value 3433 3452.00 3413.00 3432.50
Deviation from arithmetic mean value 19.50 -19.50 0.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 19.500
Max - Min (arithmetic mean value) 39.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 39.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—lab consistency - assumed classif. | correct | correct |

correct

Qnonsol (kWh/a)

Test 1,2,3 results by lab.

3460.0

Qnonsol, Average Climate, Profile XXL, Soltherm

Deviation (Arithmetic mean value)
Based on individual results

25.00
3450.0 20.00
15.00
3440.0
10.00
3430.0 5.00
3420.0 0.00
-5.00
3410.0
-10.00
3400.0
-15.00
3390.0 -20.00
lab 1 -25.00
lab 2 b 3 lab1 lab2 lab3
Laboratory 2 Laboratory
STATISTICS
Median 3432.5 kWh/a
Arh. mean value 3432.5 kWh/a
R STD 19.5 kWh/a
rSTD -
Max - Min (M-m) 39.0 kWh/a

Figure 16: ECOTEST statistical representation of the results Quonso for load profile XXL computed with SOLTHERM without

considering the outlier result (see clause 7.1)
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5.2.16 SOLTHERM Qaux for Profile M

Parameter QAux (kWh/a) QAux, Average Climate, Profile M, Soltherm

Total over all labs lab 1 lab 2 lab3
testresult 1 Testl 119.00 85.00 117.00
Number of test results 1 1 1
Median value 117 119.00 85.00 117.00
Deviation from median value (Delta) 2.00 -32.00 0.00
Arithmetic mean value 107 119.00 85.00 117.00
Deviation from arithmetic mean value 12.00 -22.00 10.00
Repeatability standard deviation s, - - - -
Reproducibility Standard deviation (*) sg 19.079
Max - Min (arithmetic mean value) 34.000 Diff between max and min of the arithmetic means measured by all labs
Max - Min (arithmetic mean value) 34.000 Diff between the max and min of all measured values by all labs
(*) based on the arithmetic mean values
|Between—|ab consistency - assumed classif. outlier | correct | outlier correct

QAux (kWh/a) QAux, Average Climate, Profile M, Soltherm
Test 1,2,3 results by lab. Deviation (Arithmetic mean value)
Based on individual results
120.0 15.00
100.0 10.00
5.00
80.0
0.00
60.0
-5.00
40.0 -10.00
20.0 -15.00
0.0 -20.00
lab 1 -25.00
lab 2 lab 1 lab 2 lab 3
Laboratory lab3 Laboratory
STATISTICS
Median 117.0 kWh/a
Arh. mean value 107.0 kWh/a
R STD 19.1 kWh/a
r STD -
Max - Min (M-m) 34.0 kWh/a

Figure 17: ECOTEST statistical representation of the results Qau for load profile M computed with SOLTHERM
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6 Comments and explanation on the data tables of this report.

6.1 Journal of corrections made

See WP8-RR5

7 Comments and analysis
7.1 Comments and additional information on the table and figure

See Report WP8-RRT5

8 lIterative test results

There were no iterative test or additional tests planned. However the use of different methods (SOLCAL 2013,
SOLCAL 2017 and SOLTHERM) can be understood as supplementary iterative test.
All findings from WP8-RRT5 apply in a similar way to RRT6.

9 Procedures of standards that need to be modified and justification

9.1 Result from the brainstorming on standard

The brainstormes of WP8 RRT1-RRT5 apply.

9.2 Procedures of standards that need to be modified and justification

See WP8-RRTS5 report.

9.3 Recommendations to CEN

Future systems will be more and more systems which are combined systems consisting of more than one
component/appliance. As a very common example for such a system in central Europe: Solar combined Heatpump,
where "Solar" can be Solar thermal and/or PV. Many other combinations are possible and reasonable - depending on
the location and the user requirements. In Figure 18 a typical modern system is shown in the representation of the
IEA Task 44. Without going into details: It is evident that single component parameters such as standing loss of the
store or PVT performance are important parameters. The overall efficiency is however also (or probably mainly)
defined by the proper matching and interaction of the components, including a correct installation and operation of
course. Furthermore it is evident that more complex systems can be expected with the advent of new/other
technologies such as home batteries, district heating and more: There will be simply more options in Figure 18.
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Figure 18: Schematic representation of the energy flows in a combined system
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It is therefore important to establish performance rating tools which are not limited to isolated appliances such as
"solar". Rating tools (such as the tools used in WP8 SOLCAL, SOLICS, and SOLTHERM) must be designed in a much
more modular way considering also the interaction between different technologies. Furthermore these tools must
be developed so that they can be adapted to new technologies. This implies furthermore that standards must be
developed in such a way that they can serve these simulation tools. This can be partly improved by better
communication/harmonisation between the TCs as well as between the TCs and the commission. It may however be
necessary to develop completely new rating tools and new standards to be able to keep track with the technical
development of heating systems.

10 Conclusion

See reports "WP8-RRT5" and "WP8-Executive summary and proposals"
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