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�EXECUTIVE SUMMARY



Introduction

Prescript – Pre-standardisation activities for the certification of roofs and facades with integrated photovoltaic modules.



On the basis of European and national building and electricity codes, Prescript has carried out the pre-normative research to complement the existing codes with additional requirements and test procedures to assess these requirements in order to show fitness of PV systems for use in buildings.



Two main results were expected from Prescript:

proposals for pre-standards for PV roofs and PV façades;

two test centres experienced in the attestation of PV roofs and PV façades. 



To accomplish this Prescript was subdivided in four tasks: 

Task 1: Definition of testing procedures and criteria

Task 2: Establishment of test facilities;

Task 3: Testing of selected BIPV components;

Task 4: Evaluation.



Task 1 shows the result of a Europe-wide inventory of building regulations and building codes that are relevant for the application of PV in buildings. Each partner of Prescript focused on certain countries by identifying the national building regulations and codes. A summary is given of the European and national building regulations applicable to building integrated PV (BIPV) systems. Also an overview is given for building codes for safety (constructive safety and fire safety), health and energy efficiency. 

The results of the last part of Task 1 served as input for the development of a test procedure for BIPV systems, i.e. input to Task 2 and Task 3 of Prescript, in which, respectively, test set-ups were built and PV roofs and facades were tested. The tests objectives were to clarify if the proposed test procedures were able to identify all possible (known) deficiencies in BIPV systems. In Task 4 the results of the foregoing tasks were evaluated.

Considering the building specific qualities of PV building components the results of this project will be offered to EOTA, in order to pave the way for CE-approval. 

Furthermore results regarding the electrical side were brought to the working groups of IEC TC 82 and possible a new work item will be proposed for the IEC TC 82. The results of Prescript could then serve as input documents. 











Partners

The consortium consists of the following partners:



Ecofys

Ecofys is a Dutch research and consultancy company, employing 100 people, mainly with a technical and academic background. Projects concern the practical introduction of energy conservation and renewable energy. 

Within Prescript, Ecofys was responsible for the main coordination and coordinator or Task 1, definition of testing procedures and criteria.



JRC-ESTI

The Joint Research Centre (JRC) of the European Commission is a European scientific and technical research centre established by the European Commission.

Within Prescript, JRC-ESTI was coordinator for Task 2, establishment of test facilities.



EETS

The Energy Equipment Testing Service is an institute of the University of Wales, College of Cardiff. EETS has experience in testing roof integrated PV systems on durability, weatherability, etc. 

Within Prescript, EETS was coordinator for Task 3, testing of selected BIPV components.



KTH

KTH (Kungliga Tekniska Högskolan) is a Swedish intsitute for building research. The department involved in this project is the Laboratory for Ventilation and Air Quality. 

KTH was responsible for the coordination of the closing seminar of Prescript.



Pilkington Solar International

Pilkington Solar International GmbH (PILKSOLAR), formerly known as Flachglas Solartechnik GmbH, is a 100% subsidiary of the Pilkington Group, one of the world’s largest glass manufactures. Activities in the field of photovoltaics concentrate on the manufacturing, engineering, sales and marketing of PV facade elements for integration into building structures.



Shell Solar Energy BV

Shell Solar BV are fully owned by the Royal Dutch Shell Group of companies. They are a system house for autonomous and grid-connected photovoltaic solar energy systems having their own cell and module manufacturing plant and research laboratory. 



Pilkington and Shell provided the testing material for Prescript.





Achievements

Overall results of Prescript can be summarised as follows:



The survey of the building regulations and standards and electricity codes in the European countries has shown that, on national bases, there are many codes applicable to building integrated PV systems. The tests resulting from the survey were classified as follows.

Standard tests according to conventional building standards (like wind tests, fire tests, noise protection, determination of heat loss coefficients etc.), in which the PV system will not behave differently from glass or other conventional building products. 

Specific standard building tests that might affect the integrity of the electrical circuit and the qualities of the building component (as there are water ingress, condensation, thermoshock).

Specialised PV related tests. These tests define the most severe conditions under which the integrity of the PV component as a building material and its electrical integrity remain intact (so hot spots, robustness of terminations). 

Standard electrical requirements and tests. These are for instance IEC 61215 for modules and EMC-tests for inverters. 



There are two test facilities established, at JRC and EETS, which were equipped to perform tests on PV roofs and PV façades. Both the test centres are not able to perform all the required tests in their own test facilities but they have the knowledge and experience to co-ordinate the required tests.



Four prototypes of building integrated PV systems were manufactured and tested in the above mentioned test centres. Two 1 kWp PV roofs were made by Shell Solar and two 1 kWp PV façades were made by Pilkington



The tests that were performed within Prescript as pre-normative research defined a set of additional requirements. Together with the results of the survey of standard tests, regulations and codes this resulted in a proposal for a pre-standard for testing BIPV systems. This will be offered to EOTA.





Recommendations

The pre-standard for BIPV testing consists of a set of standard building and electrical test together with recommendations for additional requirements. A summary of the recommendations for the additional requirements is given below:

  

Testing on a system level is required: The testing of building integrated PV systems should be performed on a complete system.

System construction: The system under testing should be alike, as much as possible, the PV systems used in practise and they should have the same qualities. The complete system or a characteristic part of a system, depending on the size of the test specimen, must be constructed and tested at the test facility.

Test chamber design: Recommended is a minimum testing capability of systems with the dimension of at least 4x4m (see Rain test). The test chamber should be equipped to perform the recommended tests like temperature cycle, hot spot testing on system level and pressurised rain test.

Durability - temperature strain: The minimum testing temperature of –20 (or lower if required for special locations) should be used instead of –50 degrees.

Hot spot testing on a system level: It is recommended that hot spot testing on a system level should be standardised and that test conditions and procedures for hot spot testing should be defined. Special attention should be given to the temperature levels that are acceptable.

Pendulum loading: The applicability of PrEN12600 for all types of PV roofs and facades has to be investigated.

Extension of rain test: It is suggested to have a more severe test for PV integration systems for larger roofs to test internal drains and flashing with greater water flow.

Durability – wind loads and water tightness: A test procedure for testing the effect of leakage due to deflection of wet seals has to be developed.

Define how to detect leakage: It is recommended that a non-destructive procedure for the identification of leakages and the qualification of the amount of water on a system level should be defined.

Electric properties A testing procedure for the checking of electrical properties could be envisaged. It is recommended to test the inverter separately using standard tests or test currently being developed within IEC and CENELEC.

Components IEC 61215: It should be defined to which level certification is guaranteed when laminates are used instead of modules. Expansion of IEC 61215 for laminates is already in progress in WG2 of TC82.
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�Objectives 



One of the main barriers that impede large-scale introduction of PV elements in buildings, is the lack of certified building products that have integrated PV modules. This is a severe handicap in a community in which all building products should carry the CE mark. In the ongoing harmonisation of European building codes no procedures have yet been established that are suited for certification of PV products for building use. The reason for this is the multi-functionality of PV systems in buildings, together with the way they are built.

PV cells or modules integrated in buildings are generally laminated in or onto a conventional building product. For sloping roofs laminates in profile systems are applied. Also PV roof tiles or shingles and laminations on metal roof elements are available. For façades the PV laminates (cells laminated between glass) are generally applied similar to glass panes, in profile systems or as structural glazing. 

For the harmonisation of standards for roof coverings and curtain walling mandates are given by the EU to CEN [�, �]. These standards cover the conventional building products, and, to a large extent, also PV building products. However, there are a number of aspects in which PV building products differ from standard products. Most importantly, the PV product generates power and therefore requires an electrical installation. This results in the fact that PV systems in buildings not only have to comply with the CPD (Construction Products Directive) but also with the LVD (Low Voltage Directive).

It appears the conventional procedures for testing building products are not able to reveal all possible deficiencies in the building physical and electrical qualities for building integrated PV systems. 

On the basis of European and national building and electricity codes, Prescript will carry out the pre-normative research to complement the existing codes with additional requirements and test procedures to assess these requirements in order to show fitness of PV systems for use in buildings.



Two main results are expected from Prescript:

proposals for pre-standards for PV roofs and PV façades;

two test centres experienced in the attestation of PV roofs and PV façades.











�

�Scientific and technical description of the project



On the basis of European and national building and electricity codes, Prescript has carried out the pre-normative research to complement the existing codes with additional requirements and test procedures to assess these requirements in order to show fitness of PV systems for use in buildings.



Two main results were expected from Prescript:

proposals for pre-standards for PV roofs and PV façades;

two test centres experienced in the attestation of PV roofs and PV façades. 



To accomplish this Prescript was subdivided in four tasks: 

Task 1: Definition of testing procedures and criteria

Task 2: Establishment of test facilities;

Task 3: Testing of selected BIPV components;

Task 4: Evaluation.



Task 1 shows the result of a Europe-wide inventory of building regulations and building codes that are relevant for the application of PV in buildings. Each partner of Prescript focused on certain countries by identifying the national building regulations and codes. A summary is given of the European and national building regulations applicable to building integrated PV (BIPV) systems. Also an overview is given for building codes for safety (constructive safety and fire safety), health and energy efficiency. 

The results of the last part of Task 1 served as input for the development of a test procedure for BIPV systems, i.e. input to Task 2 and Task 3 of Prescript, in which, respectively, test set-ups were built and PV roofs and facades were tested. The tests objectives were to clarify if the proposed test procedures were able to identify all possible (known) deficiencies in BIPV systems. In Task 4 the results of the foregoing tasks were evaluated.

Considering the building specific qualities of PV building components the results of this project will be offered to EOTA, in order to pave the way for CE-approval.

Furthermore results regarding the electrical side were brought to the working groups of IEC TC 82 and possible a new work item will be proposed for the IEC TC 82. The results of Prescript could then serve as input documents.



In the following chapters the main results of these tasks are presented. 









Task 1: Definition of testing procedures and criteria



The research of Task 1 resulted in a report describing test procedures and criteria which PV roofs and façades should follow in Europe. This is the Task 1 report ‘Recommendations for testing PV roofs and façades’ [�].



The contents of the report concentrate on three subjects:

Survey of building regulations in Europe;

Survey of building codes and standards in Europe and its countries;

Survey of European electricity codes and developments in this field.



The report is the result of an inventory carried out by all partners. Each partner was given the responsibility to prepare a report on an appointed set of countries (see � REF _Ref416835437 \h ��Table 2—1�). The report shows which requirements should be met by a PV roof or a PV façade. The report concludes a concise list of standards a building integrated PV systems should comply with and with recommendations for testing, as input to Task 2 and Task 3. These recommendations reflect the consensus of the consortium on the pre-normative tests to be executed.



There have been many contacts with building research centres and national normalisation institutes who knew of the project. Visits were paid to:

Dutch Normalisation Institute (NNI)			NL

TNO-bouw (building research)				NL

SKG (façade testing centre)				NL

SBR (building research)				NL

DIN (German normalisation institute)			DE

DIBt (Building research)				DE

WTCB (Building research)				BE

EOTA (Standardisation)				BE

Danish Standard					DK

DTI (Building research)				DK

Swedish normalisation institute				SE

BRE (Building research)				UK

BBA (British Board of Agreement)			UK

Taylor Woodrow testing (Commercial façade testing)	UK

Centre for window & Cladding Technology		UK

Building Centre					UK

PASLINK eeig					EU



Many other were contacted by phone, mail or e-mail.



For assessment of the report by building research institutes organised in PASLINK, a subcontract was signed with this organisation. On behalf of PASLINK, the report was assessed by BRE, the Building Research Establishment, in the UK. The results of their work appeared very valuable and were used in the report of Task 1.



For the detailed contents reference is made to the actual report. Below a summary is given of the report.

Table � STYLEREF 1 \s �2�—� SEQ Table \* ARABIC \s 1 �1�. Inventory of national building regulations and codes.

Partner�Countries of interest��Ecofys�NL, BE, LUX ��Ecofys Germany/ �Pilkington (only DE)�DE, AT, CH��EETS�UK, IR��JRC�FR, PO, ES, IT, GR��KTH�DK, FI, NO, SE��Shell Solar Energy B.V.�Electricity codes��

The state of research presented is the result of the effort of the partners on one hand, and on the availability of material on the other. In particular in the Mediterranean countries the national standardisation institutes were hesitant to give information on regulations. On several occasions it was pointed out� that Mid- and Northern European standards would be more detailed, more specific and more severe, and therefore that these standards would prevail anyhow to Mediterranean standards, making translation of Mediterranean documents unnecessary.

Survey of Building Regulations

Chapter 2 of the Task 1 report [� NOTEREF _Ref454254586 \h � \* MERGEFORMAT �iii�] presents an overview of building regulations in thirteen European countries. The standards of seventeen European countries were tried to be collected. The thoroughness of the description of the building regulations varies per country. Nevertheless, the description of the different procedures to use standards in each country was considered very useful by the consortium. � REF _Ref422302796 \h ��Table 2—2� shows an overview of the availability of the material per country.

Table � STYLEREF 1 \s �2�—� SEQ Table \* ARABIC \s 1 �2�. Presentation of material quality.

Country�Quality of information on building regulations��NL, BE, DE, UK, DK, SE, FI, FR�Thorough review��LU, CH, AT, NO, IR �Superficial review��PO, IT, GR, ES�No information available��

Survey of European and national building codes and standards

Chapter 3 of the Task 1 report presents the results from the code survey. The following method was applied: codes were compared in each field (constructive safety, fire, health and energy efficiency) and the severest test or requirement was chosen. If a harmonised European standard was available in a particular field, this prevailed. 



For this part of the Task 1 report the working documents [�, �, �, �, �, �] of the partners were used. The chapter gives a good overview of the requirements and tests that exist for roofs and façades in Europe and its nations. However, the harmonisation the consortium has achieved mainly consists of a merger of Dutch, German, British and Scandinavian standards. The Central European and Mediterranean standards form a limited contribution to the report.



Below a summary is given of the recommended standards (see Chapter 3.5 Task 1 report).



�Relevant standards��Subject�PV roof�PV facade��Constructive safety�Calculation method

Weight of the roof itself

Repair personnel & materials

Wind, rain and snow loads

Temperature differences

Impulse loads

(NEN 6702, SFS 3216, ENV 1991)



Test method (non-obligatory but recommended)

Air-box method inducing air-lift (NEN 6707)

Temperature differences (NEN 6702)

Impulse load: sand-bag test (NEN 6702) 



Extensions required for Prescript / PV

Assess possible PV related faults and risks from theoretical point of view

Perform the above mentioned tests on an electricity generating PV roof 

Link step 2) and 3), theoretical with practical findings, and define whether or not tests can still be non-obligatory�Calculation method

Weight of the facade itself

Wind 











Test method (obligatory)

Structural wind resistance (positive & negative test (prEN12179-4, EN 77)

Impact resistance by Pendulum loading (pr EN 12600)

Bending strength by pressurised gas  (prEN 1288-2)



Extensions required for Prescript / PV

Bending test can be omitted as this is included in IEC 61215

Add a temperature difference test similar to PV roof.

Perform the structural wind, impact resistance and temperature test on an electricity generating PV facade

��Fire Safety�Test method

Fire behaviour of roofs on external exposure to flying brands (EN 1187) (basket filled with softwood fibres)

Limitation of fire spreading (NEN 6065) (fire classes: building material is tested for resistance to fire spread by a gas fired infra-red burner)

Limitation of fire propagation (NEN 6082) (fire classes: building material is tested for resistance to fire penetration by a gas burner)

Fire resistance of the external wall (unexposed face: Taverage< 140 °C) (prEN1364-2)

Resistance to flammability (ISO 834) (type approval, defining criteria to load bearing capacity, integrity to seals, insulation)

Limitation of smoke development (NEN 6066, SAI 183)



Extensions required for Prescript / PV

Add fire risk due to hot spot

�See PV roofs��Health – 

Protection against noise�Test method (not always obligatory) (ISO 140)

On site with loudspeaker outside (noise through air)

On site with hammer (contact noise)�See PV roof���Health – 

Protection against water ingress�Test method (EN 490)











Extensions required for Prescript / PV

Measure leakage current by wet megger test (American test)

Include a cooling down test (from 80 °C) by a waterspray test

�Test method

Watertightness (EN 12154, 12155) (classes: waterspray with zero pressure and waterspray with pressure difference)



Extensions required for Prescript / PV

Measure leakage current by wet megger test (American test)

Include a cooling down test (from 80 °C) by a waterspray test

���

Health – 

Protection against condensation�Test method

Moisture control in buildings (NEN 2778) (temperature inside > x · temperature outside)

�See PV roof��Health – 

Protection against vermin�Design rule:

unsealed openings < 0.01 diameter�See PV roof��Health – 

Protection against harmful materials�Design rule:

Avoid use of unacceptable, poisonous, irritating or ionising materials�See PV roof��Energy Efficiency – limitation of air permeability�See PV facade

�Test Method

Limitation of air permeability (prEN 12152) (classes: different pressure levels are applied by which the air permeability m3/m2/h is measured)

��Energy Efficiency – thermal insulation�Test method

Steady-state thermal transmission properties (ISO 8990:1994) (calibrated guarded hot box: U-value) �See PV roof��Energy 

Performance – general�Test method

Calculation method to identify the energy performance of the overall building concept (NEN 2916, NEN 5128)���

Survey of electricity codes

For the electrical aspects of PV in buildings much harmonisation has already taken place in Europe. PV systems in buildings simply have to comply with the EMC (Electromagnetic Compatibility) and LVD (Low Voltage Directive) standards. For the installation aspects (safety) only a few countries have a specific standard or guideline devoted to PV. These countries are The Netherlands, Germany, Austria and Switzerland [�].



A European guideline for safety of PV installations in buildings is currently under preparation, by BTTF 86/2 WG4 of CENELEC. Input to this European guideline are the Dutch, German, Austrian and Swiss documents.

This work is partly subsidised by the Altener programme, and was not doubled by Prescript, though the technical co-ordinator of Prescript, M. van Schalkwijk, participated directly in WG4. The guideline was used in Prescript for the electric design and assessment of the test specimens. The results of Prescript could feed to this WG.



Furthermore a joint working group for the development of safety standards was established between TC 64 (electrical safety in buildings) and TC 82 (PV). Prescript’s result may feed to this WG.



Recommendations for testing

The survey of regulations and standards gives a complete overview of the requirements a building component (roof or façade) in general should comply with. In addition, with this result it is clarified which requirements should be made additionally in order to cover the specific aspects of PV. The complete set of requirements adjusted for the benchmark testing of Task 3 forms the pre-standard that is the outcome of Prescript.



In order to define the set of additional requirements for the pre-normative testing (Task 3), the tests resulting from the survey were classified as follows:



Standard tests according to conventional building codes (like wind tests, fire tests, noise protection, determination of heat loss coefficients etc.), in which the PV system will not behave differently from glass or other conventional building products. 

Specific standard building tests that might affect the integrity of the electrical circuit and the qualities of the building component (as there are water ingress, condensation, thermal shock). These tests are performed under live conditions, so with a solar simulator and continuous monitoring;

Specialised PV related tests. These tests have to be performed to define the most severe conditions under which the integrity of the PV component as a building material and its electrical integrity remain intact (so hot spots, robustness of terminations). These tests are executed at the ESTI-facility of JRC.

Standard electrical requirements and tests. These are for instance IEC 61215 for modules and EMC-tests for inverters. The installation work will be assessed according to pre-standards of IEC TC 82 and CENELEC. The components will be judged on their certificates. 



The important topics for pre-normative research are found under 2 and 3. It was therefore decided that the consortium should restrict itself to these topics, in order to apply the available budget as efficiently as possible.

Below a summary is given of the tests that were recommended to be executed in Task 3. For this, the characteristics of both the test centres and test specimens have been taken into account. For instance, both the roof and the façade are ‘cold’ systems; in their application there will be an insulating layer (sub-roof and warm façade element, respectively) behind them. Therefore thermal insulation and air permeability need not be assessed, and noise protection is not an issue.

 



Pre-normative research was therefore focused on the following topics:



Table � STYLEREF 1 \s �2�—� SEQ Table \* ARABIC \s 1 �3� Recommended tests



�PV roof Shell Solar��PV façade Pilkington����Tests��Tests���EETS�Laminates (+coupling box)��Laminates (+coupling box)����Contacts��Contacts����Wet megger��Wet megger����������System��System����Power check, inspection��Power check, inspection����Durability (IEC68)��Durability (IEC68)����Pendulum loading PrEN 12600��Pendulum loading PrEN 12600����Pressurised rain spray 

(EN86, EN490, NEN2778)��Pressurised rain spray 

(EN86, EN490, NEN2778)����Rain spray on hot system��Rain spray on hot system����������PV roof Shell Solar��PV façade Pilkington����Tests��Tests���JRC�Laminates (+coupling box)��Laminates (+coupling box)����IEC 61215, as much as is �applicable��IEC 61215, as much as is �applicable����Contacts��Contacts����Wet megger��Wet megger����Hot spot��Hot spot����������System��System����Power check, inspection��Power check, inspection����Durability (IEC68)��Durability (IEC68)����Pendulum loading PrEN 12600��Pendulum loading PrEN 12600������Shading – temperature strain���



System tests were performed on live systems, so with a solar simulator. The tests were executed cross-wise: EETS started with PV roof, then JRC tested the PV roof; next JRC tested the PV façade and finally EETS tested the PV façade.





�Task 2: Establishment of test facilities



In order to comply with the objectives of Task 2 two existing test centres were upgraded to be suited for testing PV systems intended for building integration. The two test centres are the EETS at the University of Cardiff and the ETSI laboratories at the JRC in Ispra, Italy.



EETS:

The test centre at Cardiff used the existing Solar Simulator that was built for performance testing of a wide range of solar thermal devices. Several changes were made to the test facility in order to be able to test large PV roofs and façades. Especially modifications of the chamber to allow the uniform rainspray on a surface of 3x4m were carried out. Also a high pressure air blower and a tangential fan were installed. Furthermore computers and computer signal processors were purchased.



JRC:

The JRC test facility used two laboratories for testing, the LS-1 and LS-2. The LS-1 is a climatic chamber. The LS-2 (steady-state solar simulator) is used for typical hot spot endurance test at room temperature. The latter is a smaller test chamber and is not suited to test large BIPV systems but was used to test modules. It was decided not to install a sprinkler installation at the JRC test centre insurance wise. The LS1 was refurbished with Prescript budget. The mounting frame was adjusted to create practical circumstances as can be found on roofs and facades. Additional temperature sensors and monitoring instruments were installed to measure temperature gradient over the whole PV system.



The final capability of the test chambers is given in � REF _Ref454098015 \h ��

Table 2—4�.



Table � STYLEREF 1 \s �2�—� SEQ Table \* ARABIC \s 1 �4� Specification of test facilities



Test facility description�JRC ESTI�EETS������Temperature cycle�Temperature range LS-1 

–40 °C  to +50 °C �Ambient room temperature 

+20 °C to 25 °C ��Irradiation�Up to 1100 Watt/m2 in LS-1�Up to 800 Watt/m2��Hot spot�Up to 1000 watt/m2 in LS-2�Not available��Rain�Not available�2.5 ltr./m2 or 40 ltr./min��Pressure cycle�Not available�Up to 1500 Pa��Size of test specimen: note sizes may differ depending on test to perform�Maximum 4 by 4 m�Maximum 5 by 4 m��



Task 3: Testing of selected BIPV components



The testing took place from August till December 1998 in the test facilities at JRC Ispra and EETS in Cardiff.



The timing and sequence of the tests was dependent on availability of specimens, and test centre equipment scheduling. Tests on the same specimen were performed as near to each other in time as possible, so that information could feed from one test centre to the other.



Test�August�September�October�November�December��Shell roof at EETS�XXXXXX�XX�����Shell roof at ISPRA��    XXXXX�XXXXXX����Pilkington Façade at ISPRA��� XXXXXX�XXXXXX���Pilkington Façade at EETS����          XXX�XXXXXX��



Both test centres performed the proposed tests (Task 1) without any major problems. During a test measurement, which normally took from about two hours till one day, various temperatures, irradiation and IV curves were measured. By visual inspection afterwards any permanent damage (leakage, electrical isolation, breakage, e.g.) was assessed.



The rain- and pressure tests were performed at EETS, special irradiance tests (hot spots) and temperature cycle tests were performed at JRC.



The Pilkington façades were installed in the test chambers by an installation company C.S.A., whilst the Shell Solar roof panels were installed by staff from Shell Solar. 



The measurements and test results are described in the final report of Task 3.



Benchmarking

The test facilities were equipped to perform the pre-normative tests on the test specimens. Due to fact that the test centres were complementary instead of identical a double benchmark on the procedures defined in Task 1 was not possible. Nevertheless most of the proposed pre-normative tests were carried out in one of the test centres.

The test results of the tests performed in Task 3 identified possible (known) deficiencies in the testing of BIPV systems.



Regarding deficiencies, the findings that followed from this benchmark of tests are presented here. 



The pre-standard focuses on building integrated PV (BIPV) systems. The tests to be performed concentrate therefore on building aspects like water tightness and durability. On the other hand the PV systems do have electrical aspects which are not covered by standard building codes.

General

Recommendation 1: Testing on a system level is required 

One of the aspects of BIPV testing that turned out to be important was that testing must be performed on a system level. Some of the effects of problems like hot spots and water ingress are more severe when tested on a complete PV system than on a PV module. Therefore it is recommended that testing should be performed on a complete system level.



Recommendation 2: System construction

In general most of the PV roof and/or facades systems are composed of standard modules or laminates that together with a mounting system (profiles, rubbers, etc.) are integrated into a building component such as a roof or façade. Testing of these integrated PV systems is essentially different from the standard module testing which has been done up until now. Therefore special attention should be given to the system construction. 

The system under testing should be alike, as much as possible, the PV systems used in practise and they should have the same qualities. The installation of the test specimens should be performed by site technicians and not by laboratory personal to assure testing of real practical systems.



Recommendation 3: Test chamber design 

The test chambers should have dimensions large enough to test larger BIPV systems and the minimum test chamber dimensions should be defined. Recommended is a minimum testing capability of systems with the dimension of at least 4x4m (see Rain test).

The test facility should furthermore be equipped to perform the recommended tests for BIPV components. This means for instance temperature cycle, hot spot testing on system level and pressurised rain tests should be possible.

Constructive safety (mechanical resistance and stability)

Recommendation 4: Durability - temperature strain

Test reports show that the PV roof passed the rain penetration test and gave some minor problems with cap strips during the low temperature cycling test. Some discussion has been forthcoming about the appropriate minimum testing temperature for systems for general application in Europe, and it was felt that the initial value of –50 degrees was too low. A value of –20 might be used as it reflects a worst case of 10 degrees below normal winter lows for Europe. For application of PV systems in Northern or alpine countries lower values might be recommended.



Recommendation 5: Hot spot testing on a system level 

During testing at the highest temperature in the environmental chamber (+ 55 °C) the maximum temperature of the individual PV cell’s reached around 80 till 100 °C. In the hot spot test, with adjusted modules, a substantially higher temperature was reached but only under very unusual operational conditions. These conditions are almost never experienced in normal operation.

It is recommended that hot spot testing on a system level should be standardised and that test conditions and procedures for hot spot testing should be defined. Special attention should be given to the temperature levels that are acceptable.



Recommendation 6: Pendulum loading

The PrEN12600 is an impact test method for flat glass used in buildings. PV facades can be regarded as systems that contain glass panels in metal profiles. Thus, from a constructive point of view they are identical to ordinary glass facades and the PrEN12600 is applicable. 

On the other hand it is not at all clear if PrEN12600 will be, in all cases, also applicable for PV roofs. Alternatively, a separate standard for PV roof weight resistance could be envisaged (including classification). This has to be investigated.

Health: protection against water ingress

Recommendation 7: Rain test

In order to test the water tightness of the systems rain tests were performed. It was felt that the rain spray test might be made more severe by simulating the run-off from a plain roof area above the PV area. It was noticed that the roof width would determine the amount of water that any gulley above the PV area has to take away. Thus the system may be watertight for a 4m wide test roof but be unable to cope with, say, 12m width. A discussion has been continuing about having a more severe test for integration systems sold for larger roofs to test internal drains and flashing with greater water flow. A further test was performed at EETS with another PV roof sample to evaluate the difference achieved using an additional amount of water injected above the PV section of the roof. It was possible to find an internal drain which passed the previous test, but which allowed an overflow of water when the extra runoff was present. It is suggested that this test be an optional extra for roofs where the PV is to be used at the bottom of a large area (say more than 7m from ridge to eaves).



Recommendation 8: Durability – wind loads and water tightness

During testing it was noted that some foam glazing tapes are sensitive to the presence of water at the foam/glass interface. This effect means that a dry seal will not leak, yet one which has been deflected in the presence of water may leak thereafter. It is considered possible that wind deflection could open up a leakage path in this way. It is proposed in future that a positive – negative pressure pulse be applied at the beginning of the rain section of the test sequence to test for this effect.



Recommendation 9: Define how to detect leakage

In order to verify the type and location of any leakage some windows were built into the vacuum box for the facade test. These were openable to allow further inspection of any suspect areas. This had not been appropriate for the roof test, since the total roof system was the test specimen, and could not be inspected from the rear without compromising the waterproof membrane. The location of the leakage may be identified as follows: apply a dry powder (talk powder, sawdust) on the under-roof before testing water tightness. When the rain test is performed, remove the roof tiles and the PV system and localise the wet spots. Quantification of the amount of water is harder to identify since altering the test specimen of the manufacturer is not desirable.



Electrical aspects

Recommendation 10: Electric properties

When testing a PV roof or façade in a test chamber with a solar simulator a frequency ripple can be generated on the DC current. This can cause problems with the inverter. This means that the input circuitry of the inverter reacts in a non-standard way and therefore the power produced is not representative of operation in practise. It was decided to test the PV systems not using the inverters.



An alternative testing procedure for the checking of electrical properties would certainly be necessary. It is recommended to test the inverter separately using standard tests or test under development for testing inverters. The electric properties should be tested by measuring the DC current and voltage (IV measurements) or by a set of measurements, e.g. as described in the attachment of the Task 3 report.



Components

Recommendation 11: IEC 61215

The International standard IEC 61215 lays down requirements for the design qualification and type approval of terrestrial photovoltaic modules suitable for long-term operation in open-air climates. It applies only to crystalline silicon types. PV roofs and façades consist of laminates. In general it is specified to use laminates of modules that have been tested according to IEC 61215. However IEC 61215 does not apply for laminates. The question raises therefore if the specific quality aspects are adequately dealt with. 

This uncertainty has its implications for the mentioned contact test (robustness of terminations) and wet megger (insulation) tests, as well as other tests that are described in IEC 61215.

It should therefore be defined to which level certification is guaranteed when these laminates are used instead of modules. It could well be envisaged that IEC 61215 needs to be expanded to laminates. At the moment the (WG2 modules) of TC 82 has started working on the subject of laminates within IEC 61215 in which JRC participates.



Task 4: Evaluation



The findings of the pre-normative testing as performed in Task 3 together with the results from the survey of standards have resulted in a pre-standard for building integrated PV systems. This pre standard will be offered to EOTA.

The effects of hot spots on a systems level and the problem of certification of laminates were presented to the IEC 61215.

Furthermore dissemination activities were undertaken by all partners.

ETA Guideline within EOTA ; development of pre-standards

After the Construction Products Directive (CDP), 89/106/EEC, all building products should carry the CE-mark, showing that the product is fit for intended use. This is the case if the product complies with:

a harmonised European standard

a European technical approval (ETA)

a non-harmonised technical specification recognised at Community level



Considering the specific situation of the PV market is it proposed that PV building components and systems should be assessed following the ETA route The rationale behind this approach is that the situation for PV building products is quite different than for conventional building products, in the sense that for PV building products the market has not yet been established. It is therefore not yet cost-effective for most PV manufacturers to have their BIPV systems certified. An Altener project to carry out this route was submitted and approved (‘Procede – PV roof and façade CE-mark development).



What is an ETAG?

An ETA Guideline (ETAG) is a document drafted by and for the EOTA Approval Bodies as a result of a mandate from the European Commission and EFTA. Its basic aim is to establish how Approval Bodies should evaluate the specific characteristics/requirements of a product or a body of products. According to the Construction Products Directive (CDP), 89/106/EEC, Guidelines must comprise of the following:



a list of the relevant Interpretative Documents

the specific requirements for the product within the meaning of the essential requirements

the test procedures

the methods of assessing and judging the result of the tests

the procedures related to the Attestation of Conformity

the period of validity of the approval



The results of Prescript’s Task 1 and 3 were processed into a document that can be the starting document for an ETAG, a guideline to obtain a European Technical Approval issued by EOTA, which is necessary to carry the CE-mark. The pre-standard focuses on the test procedures as mentioned above. 



The document comprises of the necessary standard test procedure and recommendations to extend the tests with additional requirements so that they are suited for BIPV system testing.

Pre-standard: Points of discussion

Reviewing the pre-standard for testing BIPV systems the following remarks can be made and these points are to be discussed.



The pre-standards for PV Roofs and PV Façades focus on BIPV on a system level and not on a building level. A PV roof can be regarded as a newly developed product for which Prescript ’s PV roof pre-standard can well be used for testing the roof on a system level. The PV facade, though, can still be regarded as a system that contains glass panels in metal profiles. Thus, from a constructive point of view (water tightness, sound and thermal insulation, etc.), such a system is identical to ordinary glass facades. 



One of the aspects of BIPV testing that turned out to be important was that testing must be performed on a system level. Some of the effects of problems like hot spots and water ingress are more severe when tested on a complete PV system than on a PV module.



A discussion is ongoing on the subject of certification of components like the laminates. It will be likely that laminates should have an IEC 61215 certificate. This discussion has not yet finished. An extension of IEC 61215 is then necessary.



Also the occurrence of hot spots on a system level and the system requirements should be thoroughly discussed. 



On a building level, other aspects as daylight effects, thermal effects and fire still need careful consideration.



New Work Item proposal for TC82; development of pre-standards

Gaps in electrical standardisation identified in Prescript were given as input for an NWI for IEC TC 82 WG3.



Discussion is ongoing on the subject of certification of laminates. For BIPV roof and façades usually laminates are used that are normally used in modules that are certified according to IEC 61215. 

The problem raises whether or not the laminates should be complying with the IEC 61215 standard. How the IEC standard should be applied to laminates is not clear. Therefore the applicability of the IEC 61215 standard to laminates is discussed in the working group of the TC82. 



Secondly the observed hot spots phenomena was brought to the attention of the working group. On behalf of JRC dr. J. Bishop participates in the working group. The results of the discussions are not yet known. It also has been presented on an IEC 82 meeting by dr. H. Ossenbrink of JRC.



Results of Prescript will further be forwarded to WG3 of TC82, WG4 of BTTF 86/2 and to the new joint TC82/TC64 work group on safety of BIPV systems.

Dissemination activities

Seminar ‘Solar electricity in building construction’  

On April 12 – 13, 1999 an international seminar was held in Stockholm (SE) on ‘Solar electricity in building construction’. This seminar was the final dissemination activity of Prescript. On the seminar a clear impression was given of needs for CE-marking for PV building products in Europe, of the research and testing needed to get to CE-marking, of the European procedures within the Construction Products Directive and of the involvement of the EU in PV.

The workshop made clear why PV can be integrated in the building, what it’s features are and moreover, what the opportunities are.

Furthermore there were talks about the research on new types of PV cells and applications of PV systems in the built environment.



Invited were those parties who are involved in testing building components as well as PV systems, architects, building designers, consultants, building contractors, project developers, communities, electricity distributing companies.

The number of participants was about 60 people from 10 countries.

Mailing lists for the people to be invited were provided by all partners and included representatives from IEA PVPS Task VII, PASLINK and others.

A separate report on the workshop was prepared by KTH and Ecofys [�].



Other dissemination activities



On national and European levels, the following dissemination activities were undertaken by each partner:





Ecofys 

A poster was presented on the 14th European conference on PV Solar Energy Conversion in Barcelona 1997. [�] 

Prescript was presented on the contractors’ meeting in Brussels, May 1998. [�]

A poster and paper were presented on the 2nd World conference on PV Solar Energy Conversion in Vienna, 1998. [�]

Prescript was presented at the seminar “Solar electricity in building construction‘ held in Stockholm, April 12 –13 1999



JRC

dissemination of extending the hot spot test in IEC 61215 (meeting Japan)



EETS	

lecturing on the University of Cardiff

publication in the World directory of Renewable Energy Supplies

EETS frequently writes articles for the specialist press in the field of PV in buildings, and will be mentioning the Prescript tests within such material

As part of its wider PV activities, EETS acts as visiting lecturer on courses for building professionals at the Welsh School of the Built Environment, The Oxford Brookes School of Architecture, and Nottingham University Buildings Dept. In all these cases the opportunity will be taken to publicise the outcome of Prescript



Shell

presented Prescript on 2 national conferences



�

�Conclusions



The two main objectives of the Prescript project were:

- a proposal for pre-standards for PV roofs and PV façades

two test centres experienced in the attestation of PV roofs and PV façades



Achievements

Overall results of Prescript can be summarised as follows:



The survey of the building regulations and standards and electricity codes in the European countries has shown that, on national bases, there are many codes applicable to building integrated PV systems. The tests resulting from the survey were classified as follows.

Standard tests according to conventional building standards (like wind tests, fire tests, noise protection, determination of heat loss coefficients etc.), in which the PV system will not behave differently from glass or other conventional building products. 

Specific standard building tests that might affect the integrity of the electrical circuit and the qualities of the building component (as there are water ingress, condensation, thermoshock).

Specialised PV related tests. These tests define the most severe conditions under which the integrity of the PV component as a building material and its electrical integrity remain intact (so hot spots, robustness of terminations). 

Standard electrical requirements and tests. These are for instance IEC 61215 for modules and EMC-tests for inverters. 



There are two test facilities established, at JRC and EETS, which were equipped to perform tests on PV roofs and PV façades. Both the test centres are not able to perform all the required tests in their own test facilities but they have the knowledge and experience to co-ordinate the required tests.



Four prototypes of building integrated PV systems were manufactured and tested in the above mentioned test centres. Two 1 kWp PV roofs were made by Shell Solar and two 1 kWp PV façades were made by Pilkington.



The tests that were performed within Prescript as pre-normative research defined a set of additional requirements. Together with the results of the survey of standard tests, regulations and codes this resulted in a proposal for a pre-standard for testing BIPV systems. This will be offered to EOTA.





Recommendations for additional requirements



The results of Prescript will be used in a follow-up EU, DGXVII Altener programme “ Procede - PV roof and façade CE-mark development “. 

The project objective is to develop an ETA Guideline in co-operation with EOTA and the PV industry. To develop an ETAG the results of Prescript can be used.



The pre-standard for BIPV testing consists of a set of standard building and electrical test together with recommendations for additional requirements. These have to be further elaborated and worked out in the Altener project Procede. A summary of the recommendations for the additional requirements is given below:



Summary of recommendations

Testing on a system level is required: The testing of building integrated PV systems should be performed on a complete system.

System construction: The system under testing should be alike, as much as possible, the PV systems used in practise and they should have the same qualities. The complete system or a characteristic part of a system, depending on the size of the test specimen, must be constructed and tested at the test facility.

Test chamber design: Recommended is a minimum testing capability of systems with the dimension of at least 4x4m (see Rain test). The test chamber should be equipped to perform the recommended tests like temperature cycle, hot spot testing on system level and pressurised rain test.

Durability - temperature strain: The minimum testing temperature of –20 (or lower if required for special locations) should be used instead of –50 degrees.

Hot spot testing on a system level: It is recommended that hot spot testing on a system level should be standardised and that test conditions and procedures for hot spot testing should be defined. Special attention should be given to the temperature levels that are acceptable.

Pendulum loading: The applicability of PrEN12600 for all types of PV roofs and facades has to be investigated.

Extension of rain test: It is suggested to have a more severe test for PV integration systems for larger roofs to test internal drains and flashing with greater water flow.

Durability – wind loads and water tightness: A test procedure for testing the effect of leakage due to deflection of wet seals has to be developed.

Define how to detect leakage: It is recommended that a non-destructive procedure for the identification of leakages and the qualification of the amount of water on a system level should be defined.

Electric properties A testing procedure for the checking of electrical properties could be envisaged. It is recommended to test the inverter separately using standard tests or test currently being developed within IEC and CENELEC.

Components IEC 61215: It should be defined to which level certification is guaranteed when laminates are used instead of modules. Expansion of IEC 61215 for laminates is already in progress in WG2 of TC82.
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