
Proposed addition to Solar Keymark rules

Product families and testing EN 12976 (including part of EN 12975) 

(to be discussed at Rome meeting Solar Keymark) 

Definition product families (factory made) 

A product family is a group of systems with varying configurations, assembled from components with differing dimensions/volumes, with the restriction that these components are of the same design, construction, material-use and supplier. Moreover, a product family has the same installation guidelines. They are marketed as “ready-to-install” kits. 

Conformity of product families to Solar Keymark criteria (EN 12976)

Test results of a single representative test sample, chosen from one product family, may be valid for all configurations within this family, possibly supplemented with some additional tests. In any of these specific cases the manufacturers, applying for a keymark, will explain their system designs at their national certifier and at Solar Keymark secretariat. The national certifier will assign an expert for determining the suitable representative test sample, based on the guidelines explained underneath. 

Guidelines voor chosing representative test sample from a family

A: Conditions for constructive properties

Explanation equivalent constructive aspects- general: 

· Construction and design of collector modules should be similar, especially type of fittings, absorber and coating type, configuration of absorber and collector modules, construction of isolation (that is: frame and glass fixings, thickness and type insulation material). 

· Position of drainback vessel (if present) should be similar in all system configurations with respect to pressure valves, pump, expansion vessel and other accessories. 

· Drainback vessel should be correctly dimensioned. 

· Accessories should be of same type  (fittings, pressure valves, etc.) 

· Vessel: heat exchangers should be correctly dimensioned, position of fittings to vessel should be identical, shape should be similar, and ratio of hot-top volume versus vessel volume should be identical. 

· Pump should be correctly dimensioned

B. 1: Extrapolation of DST results
Extrapolation of DST result should be performed in conformity to NPR 7976. The “50% rules” is in force. Configurations beyond the 50% scaling should be retested. 

In Annex A the concerning clauses are included. 

B.2: Validity of quality tests within product family

Determining the representative test object and necessary additional tests will be based on the guidelines beneath. These guidelines are based on an assessment finding the highest fail chance. Tests not mentioned in this table are considered not to be sensitive for system configuration variation. 

Guideline: choose configuration with
Concerning test
Reason
Remarks

Largest ration aperture area and vessel volume 
Overtemperature protection (EN 12976)
Highest change overheating
This is not in force for systems with vacuum collectors. In this case the configuration with largest collector should be chosen.  

All vessels should be tested for pressure
Pressure test (EN 12976)
Ratio vessel area and volume defines pressure resistance. 
Only system characteristics are tested, not installation aspects. 



Largest ratio absorber area versus volume collector 

(smallest heat buffer) 
High temperature test 

External thermal shock

Internal thermal shock

(EN 12975)
Collector with relatively smallest heat buffer leads to highest temperatures. 


Longest length of joints between glass and frame fitting with respect to smallest volume of collector. 
Rain penetration
Longest glas-frame joints gives highest leak chance. One drop of water has more influence on small collector than in large collector.  


Largest ratio between glas span area and perimeter of fixing. 
Mechanical load
Covers with little  fixings have highest faile chance
In most cases this will mean that the largest collector should be tested.






Remarks

1. All vessels should be pressure tested. In cases where the vessel supplier can supply test reports on pressure tests, these reports could be considered sufficient. 
2. Necessarily, not all tests are performed on the very same test object. Tests could be performed in parallel.  
3. In case of disagreement between expert, certifier and supplier, a second expert will be consulted, assigned by the certifier. 

Annex A: Extrapolation of DST test results 

(Source: NPR 7976: Determination of the thermal performance of factory made solar domestic hot water systems – Conversion procedure based on the Dutch reference conditions, NEN January 2001) 
1. Scope

(…)  

An extrapolation procedure is described for thermal performance prediction of SDHW systems with restricted slightly different dimensions. This Technical Report should be considered additional to European Standards, trying to describe the current Dutch practice. The purpose of this technical report is the determination of the annual energy savings, Qsav,  in order to make the different SDHW systems comparable.

The extrapolation procedure for thermal performance prediction of tested SDHW systems, with slightly different dimensions, is restricted to the following maximum changes in dimension:

· the solar collector area can be reduced to 50 % and enlarged to 150 % of the collector area of the tested system;

· the solar part of the heat store can be reduced to 50 % and enlarged to 150 % of the solar part of the store of the tested system;

· the auxiliary part of the heat store can be reduced to 50 % and enlarged to 150 % of the auxiliary part of the store of the tested system.

Simultaneous change in the dimensions is allowed.

(…) 

4. Symbols and abbreviations

Symbols

Symbol 
Quantity
Unit



Ac
Collector Area
m2

Paux
Auxiliary power
W

Paux,changed
Estimated auxiliary power for a system with slight changes with respect to the tested system, based on the result of DST data processing
W

Paux,cor
Auxiliary power, specific result of DST data processing after correction
W

Paux,DST
Auxiliary power, specific result of DST data processing
W

Paux,mod (aux)
Auxiliary power, calculated with a detailed mathematical SDHW system model for a system with the general control of the auxiliary heater
W

Paux,mod (changed)
Auxiliary power, calculated with a detailed mathematical SDHW system model for a system with slight changes with respect to the tested system
W

Paux,mod (sp.aux)
Auxiliary power, calculated with a detailed mathematical SDHW system model for a system with a special control of the auxiliary heater
W

Paux,mod (tested)
Auxiliary power, calculated with a detailed mathematical SDHW system model for a system like the tested system
W

Paux,mod (Tset)
Auxiliary power, calculated with a detailed mathematical SDHW system model for a specific setpoint of the maximum temperature security switch
W

PL
Solar Power delivered to the load
W

PL,changed
Estimated solar power delivered to the load for a system with slight changes with respect to the tested system, based on the result of DST data processing
W

PL,cor
Solar Power delivered to the load, specific result of DST data processing after correction
W

PL,DST
Solar Power delivered to the load, specific result of DST data processing
W

PL,mod (changed)
Solar Power delivered to the load, calculated with a detailed mathematical SDHW system model for a system with slight changes with respect to the tested system
W

PL,mod (tested)
Solar Power delivered to the load, calculated with a detailed mathematical SDHW system model for a system like the tested system
W

PL,mod (Tset)
Solar Power delivered to the load, calculated with a detailed mathematical SDHW system model for a specific setpoint of the maximum temperature security switch
W

Pnet
Net system power, Pnet = PL - Paux
W

Ppar,op
Parasitic electric power of the SDHW system at normal operation of the collector pump
W

Ppar,sb
Stand-by parasitic electric power of the SDHW system when the collector pump is out of operation
W

Qaux
Annual auxiliary energy
MJ/year

Qaux,ref
Annual heat consumption of a reference non-solar hot water system
MJ/year

QD
(Daily or annual) heat demanded by the user
J

Qext
Annual total external energy
MJ/year

Qpar
Annual parasitic energy
MJ/year

Qsav
Annual energy savings
MJ/year

top
Operation time of the collector pump
s

Taux,i
Water temperature at the inlet of the auxiliary heat exchanger
°C

Taux,o
Water temperature at the outlet of the auxiliary heat exchanger
°C

TCA
Outdoor ambient air temperature
°C

Tmain
Cold water temperature at the inlet of the store or load side heat exchanger
°C

TS
Temperature of the water at the outlet of the store or load side of the heat exchanger
°C

TSA
Indoor ambient air temperature
°C

UA-value
Store insulation
W/K

V
Volume
l

Vaux
Auxiliary part of the store
l

Vtotal
Store volume
l

Vsolar
Solar part of the store
l





Abbreviations
CSTG
Components and System Testing Group;

DST
Dynamic System Testing;

ICS system
SDHW system with integrated collector and store;

SDHW system
Solar Domestic Hot Water system;

TRY
Test Reference Year.

(…) 

5 Requirements

In order to determine the thermal performance of a factory made SDHW system according to this Technical Report, the SDHW system should be tested in accordance with subclause 5.9.2 of NEN-EN 12976-2: 2000.  

NOTE
The DST method is allowed for preheat systems.

To calculate the annual performance prediction the procedure in clause 6 should be followed. The annual performance prediction should all be reported to the user according to subclause 7. 

(…) 
6 Procedure for calculation of the thermal performance of SDHW systems

6.1 Calculating annual net energy savings

The thermal performance of a tested SDHW system for Dutch reference conditions should be calculated by executing the procedure described in table 1.

Table 0 IF  >= 1 "A." 

 SEQ tables 
1
 — Five step procedure for calculating the annual net energy savings of a tested SDHW system
Solar system type
Preheat SDHW systems
Solar plus supplementary SDHW systems

Test method
DST test method
DST test method

Prior to 1
Determine the parameters of the SDHW system according to ISO 9459‑5 or NEN-EN 12976
Determine the parameters of the SDHW system according to ISO 9459‑5 or NEN‑EN 12976

1
Calculate PL for desired reference conditions
Calculate Paux for desired reference conditions 

2
Calculate QL
Calculate Qaux,net 

3
Determine Qpar 
Determine Qpar 









6.2  Extrapolation procedure for differently dimensioned systems

For the determination of the annual thermal performance of SDHW systems with different dimensions, the thermal performance prediction of the tested system should be used as well as a detailed mathematical SDHW system model. The annual performance calculation of this model should be accurate within 10 %. 

The detailed mathematical SDHW system model should be used for two annual performance calculations. This will result in the annual performance prediction for similarly and differently dimensioned SDHW systems as given in table 2.

Table 0 IF  >= 1 "A." 

 SEQ tables 
2
 ( Annual performance prediction for similarly and differently dimensioned SDHW systems

SDHW
SDHW changed

Solar Preheat Systems
Solar Plus Supplementary Systems
Solar Preheat Systems
Solar Plus Supplementary Systems

PL,mod (tested)
Paux,mod (tested)
PL,mod (changed)
Paux,mod (changed)

The type of system used for these calculations is similar to the type of SDHW system tested. The five parameters mentioned in Annex C, such as the collector area, the solar and auxiliary part of the heat store volumes, should be adapted.

The extrapolation procedure for the thermal performance prediction of tested SDHW systems, with slightly different dimensions, is restricted to the following changes in dimensions:

· the solar collector area can be reduced to 50 % and enlarged to 150 % of the collector area of the tested system;

· the solar part of the heat store can be reduced to 50 % and enlarged to 150 % of the solar part of the store of the tested system;

· the auxiliary part of the heat store can be reduced to 50 % and enlarged to 150 % of the auxiliary part of the store of the tested system.

Table C.1 also states the parameters in the detailed SDHW system model which may NOT be changed.

For solar preheat systems, the annual performance prediction for the SDHW system with the changed dimensions should be determined by:
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PL,changed should be used in place of PL for calculating the annual net energy saving of differently dimensioned systems. The procedure in table 1 should be followed.

For solar plus supplementary systems, the annual performance prediction for the SDHW system with the changed dimensions should be determined by:
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Paux,changed should be used in place of Paux for calculating the annual net energy saving of differently dimensioned systems. The procedure in table 1 should be followed.
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