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Summary

This document reports on the manufacturing works and technical feasibility of the first batch of
BIPV (Building Integrated Photovoltaics) and BOS (Balance of System) products intended to be
installed in the project’'s demo sites.
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1 EXECUTIVE SUMMARY

This document reports on the manufacturing works of the first batch of (Building Integrated
Photovoltaics) modules and BOS (Balance of System) components intended to be used in the
planned demonstration sites.

1.1 Description of the deliverable content and purpose

Deliverable D8.4 is approached, in general terms, as a first report documenting the proper
development of the manufacturing phase and technical feasibility of the products to be installed in
the demo-sites. Given that prototype manufacturing works are not totally completed as of the date
of the closing of the deliverable, the remaining prototypes fabrication will be included in deliverable
“D8.5 Prototypes for demo sites - Second batch”.

Each chapter of this document includes, as an introduction, the technical specifications and final
design of the corresponding product. Manufacturing processes are then described, as well as the
associated quality control actions. Validation tests of the manufactured prototypes, aimed to
demonstrate the fulfilment of the specific technical requirement established in each case, are also
detailed. In some cases, storing, transport, handling and installation guidelines are included as
additional information, together with a brief analysis of results aimed to provide solutions to the
problems encountered.

1.2 Relation with other activities in the project

As a result of the demonstration installations design tasks, which included the energy pre-audit of
the demo-buildings and the pre-dimensioning, modelling and final design of the installations, a final
design was developed for every BIPV module and BOS components intended to be installed in
each demo-system and production (by FLISOM & ONYX for the modules, CEA & TECNALIA for
inverters) has been launched accordingly. BIPV modules final design has enabled PV modules and
inverters o approach the production works. The manufactured prototypes are being sent to the
demo-sites for executing the implementation works.

Given that the final designs of some of the BIPV systems have been updated over the last months
due to different reasons, manufacturing works of the related components have been consequently
deferred. In this sense, there is an obvious dependency between product manufacturing and
demo-systems implementation.

Tasks and deliverables related to the manufacturing works of PVSITES BIPV products are the
following:

Table 1.1 Relation between current deliverable and other activities in the project

Task Deliverables
Task 8.1. Design of demonstration installations D8.3 Design pack for every demo site
Task 8.2. Manufacturing of prototypes D8.5 Prototypes for demo sites - Second batch

Task 8.3 Installation and commissioning of installations | D8.6 Results of installation and commissioning for
every demonstration site

Prototypes for demo sites -First batch- 7
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2 FLISOM PRODUCTS OVERVIEW

Table 2.1 shows an overview on the status of Flisom prototyping as per end February 2019.

Table 2.1 Overview of Flisom prototypes

Demo Proiect Power (kW) | Number of | Prototypes | Modules
) requested modules produced delivered
1 |Roof-tile Belgium 9.0 150 5 0
2 |EHG 9.0 146 4 0
3 EKZ 8.2 78 5 78 (100%)
Carport
4 EMPA 7.8 74 0 74 (100%)
5 | Cricursa Barcelona 20.2 336 5 0

Prototypes for demo sites -First batch-
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3 SOLAR TILE PROTOTYPES BY FLISOM

3.1 Final module design
Number of modules to be manufactured: 136.

The solar roof tile is pre-formed by Flisom sub-contractor Wittenauer. The lamination of the PV film
is done on the already formed tile and this complicates the production significantly. The complexity
of the forming, did not, however, allow a different procedure. Figure 3.1 shows the final design and
a picture of a prototype.

465
416
394

11

SCHNITT A-A

- Nicht vermasste Konturen gemdss DXFISTEP - Gereimigt fr Anwendung im Hochvakuum
- 3 - Alle Kanten entgratettrowalsient

[Created | 2017-12:13 [MS
| Released | l__

Drawng . | Revsion|
B-0027314

M. Schweizer (044 824 33 25

Figure 3.1: FLISOM’s Solar tile design
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3.2 Manufacturing report

Figure 3.2 shows one of the first FLISOM'’s solar tile prototypes, which reached a very high quality.

—
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Figure 3.2: FLISOM’s solar tile prototype

3.2.1 Manufacturing process

The roof tile is manufactured similarly to the standard eMetal products from Flisom. Its most
specific feature is its thickness. The tile is 20 mm thick, including lamination mats. This has three
implications:

e The tiles need to be supported by a matrix, so that they are not deformed in the pressure
phase of lamination.

e The matrix and the thickness itself reduce the heat-flow from the baseplate to the module.
Therefore, in order to achieve the same temperature, the lamination process must be
prolonged. The corresponding recipe was designed by using temperature indicator stickers.

e The thickness allows only a reduced filling of the laminator.
As matrix to fill the tile Flisom tried three options:

(1) Honeycomb aluminium has proven low thermal mass, acceptable weight for handling. However,
the cost for the 6 matrices needed turned out to be too high.

Prototypes for demo sites -First batch- 10
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(2) Foam aluminium: this material is easy to handle, but thermal conductivity showed to be very
poor.

(3) The Solution that was finally picked was to use square shaped aluminium-tubes connected to a
plate was the optimal solution. The corresponding matrix design is sketched in the graph below.

i Internal connectors
Aluminum square-tubes

Figure 3.3: Matrix of square shaped aluminium-tubes for the solar tile manufacturing

3.2.2 Quality control

With temperature control stickers it was made sure that required lamination temperatures were
kept as specified by the material supplier. The modules were inspected for any fault. Adhesion was
thoroughly tested and modules underwent 120 h of accelerated lifetime testing.

It was made sure that no deformation of the tile occurred.

3.2.3 Lessons learnt for subsequent production

It was found that the increased lamination time and the reduced amount of tiles that can be loaded
needs an adaption in the process flow and manufacturing flow. Handling during manufacturing
does not cause problems. As the product is smaller than usual Flisom products, it does fit in all
processing, testing and storage equipment.

Prototypes for demo sites -First batch- 11
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4 SOLAR VENTILATED FACADE PROTOTYPES
FLISOM

4.1 Final module design
Number of “FLISOM Facade Panel 2x1 P1” modules to be manufactured: 42.
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Figure 4.1: FLISOM’s Facade Panel 2x1 P1 design

Number of “FLISOM Facade Panel 2x1 P2” modules to be manufactured: 104.
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Figure 4.2: FLISOM’s Facade Panel 2x1 P2 design
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4.2 Manufacturing report

The manufacturing of these prototypes will be included in D8.5. The late concession of the
construction permit implies that this work is still in process.

4.2.1 Final desigh EHG

The panel planned for EHG is a 60 W hang-in cassette, as shown in Figure 4.1. The manufacturing
will be similar to the roof tile, as also this module is “non-flat”. The material originally planned,
powder coated aluminium, turned out to have insufficient adhesion for a fagade mounting. The
main concern is the delamination caused by water and repeated humidity freeze cycles.

Coated steel turned out to be too heavy for the brick wall. Therefore elox-aluminium was chosen as
optimal solution. Lamination is then less problematic, compared to steel, and adhesion is excellent.

4.3 Lessons learnt for subsequent production

For both products, roof-tile and facade panel, the thickness has a negative impact on the
production speed. The production is slowed down by approx. 30% and the lamination has to
continue in a separate shift.

In future, it is therefore preferred to find solutions for flat lamination, followed by forming. This is the
case, for example, of Cricursa demonstration site.

Prototypes for demo sites -First batch- 14
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5 SOLAR CARPORT PROTOTYPES BY FLISOM

5.1 Final module design
Number of “FLISOM Carport Module 4x1” to be manufactured: 37 + 39 = 76.

The carport module had a total length of 5.8 m, longer than the one allowed by the laminator. It
was therefore manufactured in 2 pieces and joint later onto 1 large module. Figure 5.1 and Figure

5.2 show the dimensions of the two parts.
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Figure 5.1: FLISOM’s Carport Module 4x1 design

Number of “FLISOM Carport Module 3x1” to be manufactured: 37 + 39 = 76
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Figure 5.2: FLISOM’s Carport Module 3x1 design
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5.2 Manufacturing report
As all modules are already produced in this case, and the installations are completed.

The modules were difficult to produce due to two reasons: in the first place, due the huge length
and weight, which did not allow the modules to be handled by 1 person; therefore, in the future it
might be even considered to split the module in 3 parts. The second reason was a relatively high
failure rate in the high voltage testing. The long metal back plate made it difficult for the operators
to manufacture the module. Also, the low number of modules did not allow the operators to reach a
high level of routine.

5.2.1 Production results

The final outcome, however, was excellent, and the aesthetics of the module exceeds Flisom’s
expectations. The modules appear, nearly completely, homogenously black and are only 2 mm
thin, giving them an elegant appearance. Also, the power on the second carport is significantly
higher than planned.

Figure 5.3: Carport modules installed on demo-site EKZ Seuzach

Prototypes for demo sites -First batch- 17
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Figure 5.4: Carport modules installed on demo-site EMPA

5.2.2 Lessons learnt for subsequent production

The lessons learnt during the development and manufacturing phases can be summarized as
follows:

¢ Lamination recipe developed to account for thermal mass and geometry.

Protection foil purchased and qualified. Sharp edges of metal sheets lead to damage.

Packaging developed.

Avoidance of bubbles in tile manufacturing.

¢ How to improve adhesion between back sheet and edge seal.

Prototypes for demo sites -First batch- 18
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6 SOLAR INDUSTRIAL ROOF PROTOTYPES BY FLISOM

6.1 Final module design
Number of “FLISOM industrial roofing module” to be manufactured: 336.

The drawings are shown in Figure 6.1; a finished prototype is shown in Figure 6.2.
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7 PVODF Steel 0.88mm (withe)

Figure 6.1: FLISOM’s Industrial roofing module design
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6.2 Manufacturing report

The industrial tiles were easy to manufacture, as the tile can be laminated flat and the coating
allows bending the module after being laminated. The production of all the prototypes for the demo
site is ongoing.

The weight of only 6.5 kg and the 1.6 m length allowed easy handling for 1 person. In order to not
damage the PV module after lamination forming, a special protection foil was identified, qualified
and tested. Also, the application of the foil was tested in detail. The modules underwent a full
reliability testing after the forming process to make sure that there was no hidden damage. The
manufacturing and testing went smooth, and no major unexpected issue occurred.

The following picture shows the great result obtained.

‘_ "ﬂf

e |

\"sL P 1““

" !“c

Figure 6.2: Roofing tile for industrial buildings

6.2.1 Lessons learnt for subsequent production

The manufacturing of the industrial tiles turned out to be the “easiest” of all PVSITES products
made by Flisom. This is a welcome fact, as the amount of prototypes to be produced is also the
highest, and also the expected product margin is expected to be the lowest in the future.
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7 OPAQUE SOLAR VENTILATED FACADE PROTOTYPES
BY ONYX

7.1 Final module design

Number of “ONYX solar ventilated fagcade module” for the multi-storey building in France: 18 x 14 =
112 modules.

Front view Back view

B Hﬁb EMEE(EE) L

Cross-sectlon A-A"

PROJECT:
PV SITES (6M3BB 910x1300mm é+6 frit black_fira BS black)

ONYX DEPARTMENT:
MANUFACTURE_ONYX SOLAR

PHOTOVOLTAIC GLASS 1300 x 910

& Mono Crystalline
Electrical data test conditions (STC)
- 151 Prco (WD)
-<i i " 2222 Ves (V)
- $.05 he (A)
18.34 Voo (V)
Current at nominal power 8.26 lvoe (A)
not to *10 =
STC: 1000 W/, AN 1 5 GNG O Cel fempercTure of 255C. HooITes MoSue Hate
anical ription
Lenath 1300 e
Width s10
Thickness 138
Surface area 1.8
Weioht 35.49
CTell type 4" Mono
No PV cells / Transparency degree as
Front Gioss &
Rear Gloss & mm e

Thickness encopsulation 1.80 mm
Category / Colour code

Protection IP6S

Wiring Section 2.5 M2 or 4.0 mms
Limits

Maximum system voltage 1000 Vays (V)

O ing module t = ure -40...+85 —
Temperature Coefficients

T ure o= of Prope -0.451 wroc

Temperature Coefficient of Voo -0.361 "o

Temperature Coefficient of lsc +0.08 Koo

Figure 7.1: ONYX’s solar ventilated facade module design
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7.2 Manufacturing report

7.2.1 Description of manufacturing processes.

The process followed for the manufacturing of the modules intended for demonstration has been
similar to any other Onyx commercial project.

The process begins with the signing of the manufacturing drawings by the client.

DETAIL 1: Cross-Section with Junction Box
Front view Back view
Q10 B ia
) Backsh: b
A A
gl
<
g
DETAIL 2:Junction box/Dimensions:
S, | ¢ -
[
| |
Cell type/Dimensions:
; “Mono-Crystalline 6™ 56
Detail 1 4\ — ‘ mw
L - q OK Spr gaduc A Rl R
= L | (1)
" ArloA |0\S
Cross-section A-A’ Nase W\,;\l‘, VILOGRA | Signed oy Customer

PROJECT:

PV SITES (6M3BB 910x1300mm 6+6 frit black_fira BS black)
LOCATION:

ONYX DEPARTMENT:
MANUFACTURE_ONYX SOLAR

Figure 7.2: ONYX’s solar manufacturing drawings signed by VILOGIA (X5 product)

It is needed to point out that Onyx Solar glass is manufactured under the following standards:

e |EC standard “Crystalline Silicon Terrestrial Photovoltaic (PV) Modules - Design Qualification
and Type Approval”’, and IEC61730 2011:1&2 standard “Photovoltaic (PV) module safety
qualification - Part 1: Requirements for construction & Part 2: Requirements for testing” (factory
and crystalline glass certified by TUV NORD laboratories)

e |EC61701, 2nd ed. 2011-12: Salt mist corrosion testing of photovoltaic (PV)modules.
e UNE-EN 12600:2003 standard (impact resistance).
e UNE-EN 356:2001 standard (Tests for resistance to manual attack).

e UNE-EN ISO 12543-4:2011 standard (resistance to extreme climatic conditions).
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e EN 61215 standard “Crystalline silicon terrestrial photovoltaic (PV) Modules - Design

qualification and type approval” and EN 61646 “Thin-film terrestrial photovoltaic (PV) Modules -
Design qualification and type approval’.

e EN61730-1 and EN 61730-2: “PV module safety qualification”.

e ANSI Z797.1-2015 (Boil test and impact test according), for safety glazing materials used in
buildings - safety performance specifications and methods of test, American National Standard.

e UL-1703 & ULC/ORD-C1703 listed for crystalline and amorphous Silicon glass (“Standard for
Flat-Plate Photovoltaic Modules and Panels” standard).

¢ New standard EN 50583 final content.
Once the drawings were signed, the manufacturing process started.

The first step in the manufacturing process of modules is to classify the cells by power: cells with
similar power are used to manufacture the same PV glass, as it is necessary that the cells have
similar electrical parameters in order to have the same production in all of them. The colour
homogeneity generates an aesthetically balanced panel, as well as similar electrical values in cells
provide a similar electrical response in all of them and in the final product.

Once the cells are selected and after passing through mechanical and electrical inspections, they
are welded together forming strings by means of an infrared welding process. Cells are joined
together by a Sn/Ag/Cu thread or Cu core connections with, Sn / Pb coating and black finish (Sun
wire Deco 1.30 x 15-25 mic 0.22 segmented black coating). The strings are placed on a tempered
extra clear glass covered by a sheet of EVA. Then strings are interconnected by L-interconnection
(Sun 6 x 0.3mm wire Deco 20-30 mic continuous black coating). The thread formed by Sn/Ag/Cu
or the Cu core and the black finished Sn/Pb coating work as evacuator of the power generated in
the set.

In order to provide isolation and resistance, another layer of encapsulant material (EVA) is used.
The Ethyl Vinyl Acetate (EVA) is an excellent transmitter of solar radiation, ultraviolet radiation
does not degrade it, it acts as a protection from vibrations and impacts and it is used as an
adhesive between the front and back covers of the module. Finally, and as an outer sheet, a black
vitrified tempered glass is used in order to achieve the pre-set aesthetical appearance. Tempering
gives mechanical strength to the module.

Once the system is assembled, the laminating process starts. During this process, the system is
subjected to pressure and temperature in a furnace with the aim of removing air and to get the
cells completely isolated. The encapsulant inside the oven reaches a high degree of compaction
and adherence. The excess of encapsulant material (EVA) is removed as soon as the glass is
cured. The manufacturing process of PV glass concludes with the connection box assembly and
the placing of terminals therein. The final technical parameters of the product are obtained by a
solar testing simulator based on a Xenon flash lamp and an electric charge with a multi-meter,
simulating STC conditions.

Figure 7.3 shows ONYX’'s c-Si manufacturing line, starting from automatic laser machine for
welding solar cells and ending in the PV glass laminator.
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Figure 7.3: General view of ONYX’s c-Si manufacturing line. Source: ONYX.

7.2.2 Quality control applied to the manufacturing processes.

1. ONYX SOLAR ENERGY, S.L. is certified by IQNet and AENOR for the following field of
activities:

- Design and production of photovoltaic glass in thin film and crystalline technologies.

- Design and development of projects including photovoltaic glass solutions for architectural
integration.

2. ONYX has implemented and maintains a Quality Management System which fulfills the
requirements of the following standards:

- 1SO 9001:2015.
- 1S0O 14001:2015.

3. CE marked glass is used.

7.2.3 Validation tests applied to the manufactured prototypes.

Once the prototypes are manufactured, the following validation tests are applied to each unit:
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Visual inspection of each unit in order to discard bubbles, cells breakage, rows displacement,

etc.

¢ Validation of the technical parameters by a solar testing simulator based on a Xenon flash lamp

and an electric charge with a multimeter, simulating STC conditions.

Additionally, X5 prototypes were tested under different standards within PVSITES WP3. Results

can be consulted in D3.9.

Table 7.1 Performed tests for X5 prototype

Product name

Test field

Standard and test

IEC 61215: severs dielectric

Comments

damp heat

Photovoltaic rigidity test, thermal cycling,
standards damp heat
X5 - C-Si glazed IS0 1254 3-4: radiation, Fire tests of ETAG 034
products with hidden humidity, high temperature ha}fe been pe_rformed
EN 12600: impact resistance using X5 glazing, thus the
bus bars and L c : EN 356 manual attack results can be used for X5
Interconnections onstruction EN 13823: Reaction to fire and X8 products
standards | EN 11925.2: Reaction to fire -
Single-flame source
EN 410: Optical properties
Photovoltaic 'E(.:d.'i; 31 E; tslf"’emldie"i_“’i“
rigidity test, thermal cycling, -
standards

7.2.4 Lessons learnt for subsequent production.

The prototypes to be installed in the demo site in France are currently in manufacturing process.
D8.5 will report on the specific issues found during this process.
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8 BACK-CONTACT
PROTOTYPES BY

8.1 Final module design

CELL
ONYX

Number of modules to be manufactured: 48 modules size 1.

VENTILATED

FRONT VIEW

Cross-section A-A

PROJECT:
PV SITES X6(CELLS BACK CONTACT 2250X760mm 6+6)

LOCATION:
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REAR VIEW
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Back Contact
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Open-circult voltage 41.60 V.. (M
Short-circult curent 5.70 (A
Voltoge at nominal power aass Voo (M
Current at Nnominal power 5.49 lno (AN
Power toleranc e not 1o exceec +=10 x
STC. 1000 wm* Al 15 and a cell lomperature 6 f 25C . atablized mo dule state
an description

Length 2250 ren
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Thickness 13.8 mrm
Swurface areca 1.71 s
Weight 51.30 s
Cell type 5" Monrno staline Back Contact
No PV cells / Tramsparenc y de gree sa 395

Front Glass & mim Terpersd Glas Low-iron
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Thickness encapsulation 1.80 mm EVA Foils

Category / Color code

Junction Box

Protection Pes
Wiring Section 2.5 mm® or 4.0 mm®
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Temperature Coefficient of Prmpp 0.30 /e
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Figure 8.1: ONYX’s ventilated facade module, size 1

Number of modules to be manufactured: 48 modules size 2.

FACADE
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Avita MANUFACTURE_ONYX SOLAR 13/03/2018
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Electrical data test conditions (STC)
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Operating mockle temperature
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Temperature Coefficient of Voc
Tempercat ure Coefficient of Isc

Figure 8.2: ONYX’s solar ventilated fagade module, size 2
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8.2 Manufacturing report

8.2.1 Description of manufacturing processes.

The process followed for the manufacturing of the modules intended for demonstration has been
similar to any other Onyx commercial project. The process begins with the signing of the
manufacturing drawings by the client.

FRONT VIEW REAR VIEW
Holes position
—
Cross-section A-A k/
N 601

mm 6+6)

FRONT VIEW REAR VIEW

Cross-section A-A

. PVSITES X6(CELLS BACK CONTACT 2212X765mm 6+6)

Figure 8.3: ONYX’s Solar manufacturing drawings signed by Tecnalia (X6 product)

The description of standards applicable to glass-glass products by Onyx provided in section 7 also
applies to this product. The first steps in the manufacturing process are parallel to those described
in section 7: cell classification, inspections, welding and module layout.
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The first step in the manufacturing process of modules is to classify the cells by power: cells with
similar power are used to manufacture the same PV GLASS, as it is necessary that the cells have
similar electrical parameters in order to have the same production in all of them. The colour
homogeneity generates an aesthetically balanced panel; as well as, similar electrical values in cells
provide a similar electrical response in all of them and in the final product, in turn.

Once the cells are selected and after passing through mechanical and electrical inspections, they
are welded together forming strings by means of an infrared welding process. Cells are joined by
specific tabs of back contact solar cells. This allows creating a junction where the stresses and
strains are absorbed by the interconnector. This type of cell eliminates front interconnector wire
(the positive and negative terminals on the lower side) and thus generates an increase in active
area. The strings are placed on a tempered glass extra-clear covered by a sheet of EVA.

Figure 8.4: Detail of specific tabs of back contact solar cells

During the manufacturing process, a high rejection rate was detected on the cells in the different
welding processes. Due to this, a process of exhaustive verification of the voltage was carried out
after each phase, completing this verification process with photoluminescence tests on the cells.
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Figure 8.5: Verification process carried out

In order to provide isolation and resistance, another layer of encapsulant material (EVA) is used.
The Ethyl Vinyl Acetate (EVA) is an excellent transmitter of solar radiation, ultraviolet radiation
does not degrade it, it also acts as a protector of any possible vibrations and impacts and it is used
as an adhesive between the front and back covers of the module.

Figure 8.6: Example of one of the prototypes manufactured
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Once the system is assembled, the laminating process starts. During this process, the system is
subjected to pressure and temperature in a furnace with the aim of removing air and to get the
cells completely isolated. The encapsulant inside the oven reaches a high degree of compaction
and adherence. The excess of encapsulant material (EVA) is removed as soon as the glass is
cured. Manufacturing process of PV Glass concludes with the connection box assembly and
placing terminals therein. The final technical parameters of the product are obtained by a solar

testing simulator based on a Xenon flash lamp and an electric charge with a multi-meter,
simulating STC conditions.

8.2.2 Quality control applied to the manufacturing processes.

Quiality control applied was similar than explained in section 7.2.2.

8.2.3 Validation tests applied to the manufactured prototypes.

Validation tests applied to the manufactured prototypes were similar than explained in section
7.2.3.

X6 prototype was tested under different standards within WP3. Results can be reviewed in D3.9.

Table 8.1 Performed tests for X6 prototype

Product name Test field Standard and test

X6 - Glass-glass . ISO 12543-4: radiation,
products with back Etgzzg:"ldc;mn humidity, high temperature
contact c-5i cells EN 410: Optical properties

IEC 61215: severe dielectric
rigidity test, thermal cycling, -
damp heat

Photovoltaic
standards

8.2.4 Measures applied for storing, transport, handling and installation of
prototypes.
The final units were stored in full closed crates waiting for the shipping order from Tecnalia. The

rejected units were stored in trestles for glass in order to have a balance between a secured
storage and flexible handling.
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Figure 8.7: X6 c-Si back contact modules stored in crates and ready to be shipped
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Figure 8.8: Discarded X6 c-Si back contact modules stored in trestles

Prototypes for demo sites -First batch-

33



 PUSITES

8.2.5 Register of manufactured and validated prototypes.

R HOJA DE CONTROL
TECNOLOGIA |  CRISTALINO (Back Contact) | GLASS-GLASS
PROYECTO | PV SITES X6
PRODUCCION
N° DE SERIE Fecha EI.EECS'ITIEIC(;O OBSERVACIONES

1 280518SUN5M66001 28/05/2018 OK Mo1
2 280518SUN5M66002 28/05/2018 OK Mo1
3 280518SUN5M 66004 28/05/2018 OK Mo1
4 280518SUN5M66006 28/05/2018 OK Mo1
5 280518SUN5M 66007 28/05/2018 OK Mo1
6 280518SUN5M66008 28/05/2018 OK Mo1
7 280518SUN5M 66009 28/05/2018 OK Mo1
8 280518SUN5M66010 28/05/2018 OK Mo1
9 040618SUN5M66015 05/06/2018 OK Mo1
10 040618SUN5M66016 05/06/2018 OK Mo1
n 040618SUN5M66017 05/06/2018 OK Mo1
12 040618SUN5M66018 05/06/2018 OK Mo1
13 040618SUN5M66020 05/06/2018 OK Mo1
14 060618SUN5M66021 06/06/2018 OK Mo1
15 060618SUN5M66022 06/06/2018 OK Mo1
16 060618SUN5M66023 06/06/2018 OK Mo1
17 060618SUN5M66025 06/06/2018 OK Mo1
18 060618SUN5M66026 06/06/2018 OK Mo1
19 060618SUN5M 66027 06/06/2018 OK Mo1
20 060618SUN5M 66030 06/06/2018 OK Mo1
21 070618SUN5M66032 07/06/2018 OK Mo1
22 070618SUN5M66033 07/06/2018 OK Mo1
23 070618SUN5M66034 07/06/2018 OK MO1
24 070618SUN5M66035 07/06/2018 OK Mo1
25 070618SUN5M66036 07/06/2018 OK Mo1
26 070618SUN5M66039 07/06/2018 OK Mo1
27 070618SUN5M66040 07/06/2018 OK MO1
28 070618SUN5M66041 07/06/2018 OK Mo1
29 080618SUN5M66042 08/06/2018 OK MO1
30 080618SUN5M66043 08/06/2018 OK Mo1
31 080618SUN5M66044 08/06/2018 OK MO1
32 080618SUN5M66046 08/06/2018 OK Mo1
33 080618SUN5M66047 08/06/2018 OK Mo1
34 080618SUN5M66048 11/06/2018 OK Mo1
35 080618SUN5M66049 11/06/2018 OK Mo1
36 080618SUN5M66051 11/06/2018 OK Mo1
37 080618SUN5M66052 11/06/2018 OK M02
38 080618SUN5M66053 11/06/2018 OK M02
39 080618SUN5M66057 11/06/2018 OK MO2
40 080618SUN5M 66058 11/06/2018 OK M02
41 110618SUN5M66059 12/06/2018 OK MO2
42 110618SUN5M66060 12/06/2018 OK M02
43 110618SUN5M66061 12/06/2018 OK MO2
44 110618SUN5M66063 12/06/2018 OK M02
45 110618SUN5M66064 12/06/2018 OK MO2
46 110618SUN5M66066 12/06/2018 OK M02
47 110618SUN5M66067 12/06/2018 OK MO2
48 110618SUN5M66068 12/06/2018 OK M02
49 110618SUN5M66069 12/06/2018 OK MO2
50 120618SUN5M66072 13/06/2018 OK M02
51 130618SUN5M66073 13/06/2018 OK MO2
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HOJA DE CONTROL
TECNOLOGIA |  CRISTALINO (Back Contact) | GLASS-GLASS
PROYECTO | PV SITES X6
PRODUCCION
N° DE SERIE Fecha ELTEZSTTSEO OBSERVACIONES
52 130618SUN5M66075 13/06/2018 OK M02
53 130618SUN5M66076 13/06/2018 OK M02
54 130618SUN5M66077 13/06/2018 OK M02
55 130618SUN5M66079 13/06/2018 OK M02
56 130618SUN5M 66080 13/06/2018 OK M02
57 130618SUN5M66081 13/06/2018 OK M02
58 130618SUN5M 66082 14/06/2018 OK M02
59 140618SUN5M66083 14/06/2018 OK M02
60 140618SUN5M 66084 14/06/2018 OK MO02
81 140618SUN5M66085 14/06/2018 OK M02
62 140618SUN5M 66086 14/06/2018 OK M02
63 140618SUN5M66087 14/06/2018 OK M02
64 140618SUN5M 66088 14/06/2018 OK M02
65 140618SUN5M66089 14/06/2018 OK M02
3 140618SUN5M66090 15/06/2018 OK M02
67 140618SUN5M66091 15/06/2018 OK M02
68 140618SUN5M 66092 15/06/2018 OK M02
69 150618SUN5M66093 15/06/2018 OK M02
70 150618SUN5M 66094 15/06/2018 OK MO02
71 150618SUN5M66095 15/06/2018 OK M02
72 150618SUN5M66096 15/06/2018 OK MO02
73 150618SUN5M66097 15/06/2018 OK M02
74 150618SUN5M66098 15/06/2018 OK MO2
75 150618SUN5M66099 15/06/2018 OK M02
76 150618SUN5M66100 15/06/2018 OK MO2
77 150618SUN5M66102 22/06/2018 OK M02
78 150618SUN5M66103 22/06/2018 OK MO2
79 150618SUN5M66104 22/06/2018 OK M02
80 150618SUN5M66105 22/06/2018 OK MO2
81 220618SUN5M66106 25/06/2018 OK M02
82 220618SUN5M66108 25/06/2018 OK MO2
83 220618SUN5M66109 25/06/2018 OK M02
84 220618SUN5M66110 25/06/2018 OK Mo1
85 220618SUN5M66112 25/06/2018 OK Mo1
86 220618SUN5M66113 25/06/2018 OK Mo1
87 220618SUN5M66114 25/06/2018 OK Mo1
88 250618SUN5M66115 26/06/2018 OK Mo1
89 260618SUN5M66116 26/06/2018 OK Mo1
90 130718SUN5M66122 13/07/2018 OK M02
91 130718SUN5M66125 13/07/2018 OK Mo1
92 130718SUN5M66126 16/07/2018 OK Mo1
93 130718SUN5M66127 16/07/2018 OK Mo1
94 130718SUN5M66128 16/07/2018 OK Mo1
95 160718SUN5M66129 16/07/2018 OK Mo1
9 160718SUN5M66130 16/07/2018 OK Mo1

8.2.6 Lessons learnt for subsequent production

The main problems detected are related to the difficulty of working with back-contact cell
technology. The fragility of the cells requires constant control of their integrity, both electrical and
mechanical, during the different phases of the manufacturing process.

Therefore, as described above, the verification processes are carried out in the different
manufacturing phases, during which a large rejection rate has been detected (23%), mainly during
the welding processes of the series and the subsequent interconnection thereof.
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Due to this fact, a new revision protocol linked to this type of technology was incorporated into the
manufacturing methodology, based on the verification of the voltages and photoluminescence tests
after the different manufacturing stages.

Obviously, it was confirmed that the manual welding process induces high rejections rate and, in
order to reduce rejections, a fully automatic welding machine will be preferred. Thus, ONYX is
currently working in the development of automatic tabber/welding machine for back-contact solar
cells within H2020 project BIPVBOOST.
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9 BOS COMPONENTS PROTOTYPES BY CEA

Number of prototypes to be manufactured: 4.

The following sections include the complete characterization of the 5kW 3-phase photovoltaic
inverter design and the list of technical requirements fulfilled, as well as a brief explanation of the
manufacturing and the tests carried out for the validation of the manufactured prototypes.

9.1 Final three-phase PV inverter design

Below are listed the technical requirements considered for the equipment design and detailed the
main technical data and characteristics of the final product.

9.1.1 Technical requirements

The inverter has been designed in order to fulfil the requirements of the European standards
concerning PV inverters. Considered standards are listed bellows:

e Grid requirements:

- IEC62910: Utility-interconnected photovoltaic inverters - Test procedure for low voltage
ride-through measurements.

- EN 50438: Requirements for the connection of micro-generators in parallel with public low-
voltage distribution networks.

- IEC 61000-3-2: Electromagnetic compatibility (EMC) - Part 3-2: Limits - Limits for harmonic
current emissions (equipment input current < 16 A per phase).

e Safety:

- |EC 62116: Utility-interconnected photovoltaic inverters - Test procedure of islanding
prevention measures.

- |EC 62109-1: Safety of power converters for use in photovoltaic power systems - Part 1:
General requirements.

- |EC 62109-2: Safety of power converters for use in photovoltaic power systems - Part 2:
Particular requirements for inverter.

- DIN VDE 0126-1-1: Automatic disconnection device between a generator and the public
low-voltage grid.

o Efficiency measurement:

- EN 50530: Overall efficiency of grid connected photovoltaic inverters.

9.1.2 Technical specifications

The specifications of the SiC inverter developed by CEA are provided in the datasheet below.
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Table 9.1 Technical specifications of the 5 kW three-phase PV inverter developed by CEA

Functionality description 5 kW, three-phase, photovoltaic inverter

Current-source topology (CSI) based on silicon carbide (SiC)

Technology description semiconductors

Number of PV inputs 1

Number of MPP trackers 1

Nominal AC Power 5 (kW)

Maximum PV power 5 (kW)

Dimensions 410x160x290 (mm)

Weight 13 (kg)

Enclosure Metallic box with front door
Protection degree IP65

HMI Front LCD screen and push buttons

Communication Modbus RS485

Refrigeration Natural air-cooling heatsink

Mounting system Wall mounting with screws

Operating temperature 80°C

General protections Metallic box with preventing electric shocks

Before any intervention on the inverter :
1) AC-side electrical separation
2) PV cable disconnection

Safety procedure

PV connectors MC4 PV connectors

AC connectors ‘ Screw terminal blocks
Communication connectors ‘ RJ45 connector and RS485 terminal

HMI Front LCD screen

Maximum Efficiency 98%

Overall efficiency (50530) 97.5% (CEC), 97.1% (EU)

Input voltage Range 140V - 500V

MPPT voltage Range 280V - 400V (at full rated power)

Max Input Current 18 A
Power factor (PF) >0.90
Nominal Output Voltage 230 Vrus
Max Output Current 9 Arms
Frequency 50 Hz
Stand-by consumption 15w
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Night consumption ow

Residual Current Detector es

(RCD) y

Low Voltage Ride through es

(LVRT) y

Anti-islanding protection Detection based on active method
PV array insulation es

resistance detection y

CE conformity yes

9.2 Manufacturing report

The manufactured devices are photovoltaic inverters tied to the 3-phase AC grid. The power of the
inverter is 5kW. It has been designed to work on the 400V, 50Hz grid, with a DC input voltage
range is 280V to 500V.

The inverter is based on 12 silicon carbide MOSFET that are surface-mounted on a printed circuit-
board. The thermal management is made with a naturally cooled heatsink. Common-mode and
differential-mode filters are built with through-holes mounted passive components. Safety
components are also included, such as relays and residual current monitoring unit. Low power
electronic for MOSFET driving and monitoring are placed on the power circuit board too. Control is
implemented on a FPGA chip, which is placed on a daughter board. A human to machine interface,
with push buttons and LCD screen, is assembled through the front door. All components of the
inverter are packed in a metallic housing that can be mounted on a wall. Connections for DC and
AC cables are available.

9.2.1 Manufacturing process

A total of 4 silicon carbide-based inverters of 5kW power have been manufactured to be installed
on 2 demonstration sites (TECNALIA and CRICURSA).

Pictures below show the printed-circuit board of the inverter with electronic components mounted
and the housing of the whole device.
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Figure 9.1: CEA’s inverter printed circuit-board with surface-mounted electronic components

Figure 9.2 shows the inverter's housing, without the circuit board to be screwed to the heatsink at
the bottom. On the door, the human to machine interface board.

Figure 9.2: Front view of the inverter’s housing

Figure 9.3 shows the printed circuit board mounted on the heatsink with through-holes electronic
components.
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Figure 9.3: Back view of the printed circuit board
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Figure 9.4: Back view of the inverter with heatsink and wall mounting system

Figure 9.5: printed circuit-board placed into the housing

Conversion efficiency has been measured according to the EN50530 standard, resulting:
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Figure 9.6: Measured conversion efficiencies
9.2.2 Product validation tests
Validation tests must be applied to the final prototype of inverter. These tests are the following:
e Test of the inverter operation under normal voltage (amplitude and frequency) range.
¢ Interface protection and automatic reconnection test in case of disconnection.
¢ Power quality (current injected to the grid) monitoring.
¢ Islanding prevention to check the automatic disconnection of the inverter in case of grid loss.

¢ Low voltage ride through capacity for not stopping the inverter operation in case of grid voltage
dips.

¢ Power conversion efficiency measurement.

¢ Maximum power point tracking efficiency measurement.

Some of these tests are still in progress, in order to validate the operation and safety of the
inverters before installing the 4 devices in their respective demo-sites. This section will be
completed once the tests are finished, in deliverable 8.5.

9.2.3 Lessons learnt for subsequent production

Below are listed the lessons learnt, from the first inverter prototype, during the design and
implementation of the PVSITES new converter:

o Implementation and driving of specifically packaged 900V silicon carbide MOSFET.
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e Use of the synchronous rectification, with anti-serial connected MOSFET, in order to reduce
the on-state diode losses.

¢ Common-mode filter design and tuning for transformer-less grid connected current-source
inverter, especially concerning the earth leakage current flowing, due to PV modules parasitic
capacitances.

e DC inductor current cancelation procedure, essential in order to allow the inverter stopping,
thanks to a software based method.

e Integration and use of PV inverter specific safety subsystems like PV insulation resistance
measurement, residual current monitoring and anti-islanding detection.
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10BOS COMPONENTS PROTOTYPES BY TECNALIA

10.1Final PV-storage converter design

Number of prototypes to be manufactured: 3.

10.1.1 Brief product description

A high efficiency, low cost and flexible 10kW three-phase DC-coupled PV storage inverter has
been designed by TECNALIA. The equipment can be easily parallelized to make larger systems up
to hundreds of kW and offers a wide DC input range to cope with different BIPV generators (even
affected by mismatching effects) and battery packs. It communicates with the BEMS in order to
provide monitoring data about PV storage inverter performance and receiving the required
commands to implement required energy management strategies. Multilevel symmetrical topology
is used for the DC-DC Converter for battery and PV source management. Both converters and the
Three-Phase DC-AC Converter are coupled in a high-voltage DC link. The control unit is
composed of a DSP controller (TMS320F28335) and FPGA for managing the power transfer inside
the converter and provide external communication.

10.1.2 System and inverter’s basic diagrams

HMI & BEMS
Communication
Interface

BIPv Control Board
Generator
/ Power =
Source B
4
= ~
/‘\ N PR B e | e ey e e /&\ >
Protections  EMI MPPT DC/AC  Output EMI  Protections Distribution
> F_Iltgf _Conv_c_n_?r’ Converter Filter Filter Grid
| < /4\ e e e
Storage Protections EMI Battery DCc/DC
System Filter Converter Converter

DC Coupled PV-Storage System

Figure 10.1: Basic diagram of the DC Coupled PV-Storage System
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Figure 10.2: Basic diagram of the DC-Coupled PV-Storage Converter

10.1.3

Technical specifications

Table 10.1 Technical Data / Specifications of the DC-Coupled PV-Storage Converter

Galvanically

1000V Anti Islanding Pretection YES (UNE EN 62116)

200-800V / 650V LVRT Capability YES (IEC 62910)
Min Input Voltage 200 Direct Current Injection Protection YES
MaxInputPower | o COW e (ACVoltage Protection L T
Min Input Power S0W AC Frequency Protection YES
Ll S— - N Senera) Data
Battery Requiator Dimensions B40%740x 280 (mm)
Max Input Voltage To0v Weight TSkg
Min Input Voltage 250V Enclosure Meatallic cabinet
Max Bat Power 10kw Mounting system ‘Wall mounting
MinBat POWEr oo LW JLTOROIOBY. et ..Transformerless |
Max Bat Current 204 Cooling Forced ventilation
Orifput (Ar) Protection degree (IECH0529) .....
Max AC Qutput Power 10kwW Operating temperature
Nominal AC Voltage 230V/400V Relative humidity
Max AC Qutput Current 15.9A / 27.6A Stand-by consumption
Number of Phases 3 Communication RS5485. Modbus RTU

HMI

External Switches

Start/Stop Selector

LEDs for Indicating Inverter errors/status |

Supply Switch

Power factor (PF) e 03998 At Rated Power
Power factor Range (PF) i 0.95 Overexcited to 0.95 Underexcited
Frequency i 50Hz

PV to Grid Efficiency (Max/European) 96.589% / 95.746%

PV to Bat Efficiency (Max) 0.96249

Bat to Grid Efficiency (Max) 97.23%
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10.2Manufacturing report

Figure 10.3 shows the 3D design developed by TECNALIA for building the converter envelope.
The structure was manufactured in a local company called CISUNOR and the converter was finally
mounted by Elson.

\"r”t

~ sl o) \» : o
WA NN,

Figure 10.3: TECNALIA’s PV-Storage Inverter. 3D Design

The following pictures show the aspect of the first manufactured prototype.
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Figure 10.4: TECNALIA’s PV-Storage Inverter. Prototype 1

Validation Tests

In order to validate the manufactured prototypes, they must be subjected to a minimum list of tests.
The results of these tests must be compared with the data obtained from the reference prototype,
which has been completely tested before, including grid code certification tests according to what
is documented in deliverable 5.4 The list of tests to be applied to each manufactured prototype can
be summarized as follows:

Table 10.2 TECNALIA’s PV-Storage Inverter. Prototype Testing.

Test Description Procedure Duration
Serial Serial The communication might be done using a | Testread/
Communication | communication Modbus Master Simulator in a PC. write of

must be tested several input
first so as to and holding
check if  the registers.
inverter is capable
of receiving
operating
parameters or
sending
monitoring data.
Analog The correct | These measurements can be obtained by
measurements measurement of | connecting the DSP emulator or by using
the different | inverter communications. Some calibrating
analog signals | parameters can be  modified through
(voltages, communications. If any parameter not included
currents and | in the communication map must be changed,
temperatures) calibration should be completed with FW
must be checked | modification.
and calibrated
before starting
inverter operation.
Functional Tests | These initial tests | The correct performance of the inverter must be | No minimum
have the objective | observed for different PV generation levels or | duration.
of checking the | grid power references as indicated in the
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correct operation
of the different
parts comprising
the  PV-Storage
Inverter: Power
Converters
(Battery, PV and
Grid).

following table:

Functional tests
Power Level
Testn? PV GRID BAT
1 100% 100% 0%
2 100% 66% 33%
3 100% 33% 66%
4 100% 0% 100%
5 66% 100% -33%
] 66% 66% 0%
7 66% 33% 33%
8 66% 0% 66%
9 33% 100% -66%
10 33% 66% -33%
11 33% 33% 0%
12 33% 0% 66%
13 0% 100% -100%
14 0% 66% -66%
15 0% 33% -33%
16 0% 0% 0%

It is not necessary to stop the converter to
change the power level, it can be modified by
setting the corresponding references through
communications and modifying the PV
Simulator.

It is recommendable to check the DC current
injection and current harmonic emission for each
test case.

It is enough
to wait until
the inverter
becomes
stable at the
power level
set point.

Continuous The aim of these | In the same manner as seen for the functional | 4 hours/test
Tests tests is to check | tests, continuous operating must be checked for | as long as
the proper | different power levels according to the following | the
performance  of | table: temperature
the Inverter when or power
working under Functional tests conversion
expected Power Level efficiency is
continuous Test PV GRID BAT considered
operation. 1 100% 100% 0% stable.
2 100% 33% 66%
3 100% 0% 100%
4 33% 100% -66%
5 0% 100% -100%
The power conversion efficiency and converter
temperature must be computed and compared
with the expected results obtained for the
pattern prototype.
The efficiency must be computed with a
calibrated wattmeter, while the temperature can
be obtained from communications.
Grid Code The prototype | As explained before it is only necessary to | Complete the
Compliance must meet with all | repeat some representative grid code tests for | required
Tests the connection | each prototype. If the applicable grid code for a | tests.

requirements
established by the
applicable  Grid

certain prototype is equal to the one considered
for the previously tested reference, the following
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Code. It is not
compulsory to

check the
fulfilment of the
complete grid

code for each
prototype, which
has been
previously done
with the reference
prototype, only

some specific
tests are
necessary.

tests apply:

Low Voltage Ride Through Capability: Test
the most restrictive case (Lower Voltage,
Max duration).

Islanding  Protection: Test Islanding
protection at nominal configuration.

Ground fault protection: Connect the
corresponding resistor or capacitance to
ground so as to check the proper ground
protection.

PV Array Insulation protection: Connect the
corresponding limit insulation resistor to
ground so as to verify that the inverter does
not start operation and reporting the
corresponding alarm.

Verify Power Quality: Check the values of
harmonic emission and DC Current injection
measured in the functional tests.

If the applicable grid code is not the same, the
differences between both grid codes must be
analyzed (different interface protection values,
different limits, different test procedure...) to
determine which test must be repeated.

10.2.2

Handling & Installation

The inverter weighs 75kg, so the user must be aware of the injury risk in case of lifting the inverter
incorrectly or in case of dropping when it is transported. Therefore, it must be carried and lift
upright with the help of several people. The Inverter must be mounted following the subsequent

specifications:

¢ Mount the Inverter vertically on the wall or on a solid surface with tilted backwards by maximum

15°C.

¢ The mounting location must always be clear and safely accessible without the use of additional
aids, such as scaffolding or lifting platforms.

e The ambient temperature should be below 40°C to ensure proper operation. Do not expose the
inverter to direct solar irradiation.

e Respect at least the following clearance to the walls or other objects:

Floor: 50cm.

Sides: 30cm each side.
Ceiling: 30cm.

Front: 10cm.
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Figure 10.5: TECNALIA’s PV-Storage Inverter. Wiring.

For wiring the different power sources (Battery, PV and Grid) as well as the communication line,
please, remove the front cover carefully disconnecting the cables connected to it. Inverter terminals
must be connected as indicated in Figure 10.5.

To avoid damaging the inverter and electrical shock hazard, please, disconnect all the power
sources and be sure the inverter is not operating and energized (wait at least 5 minutes from
switch off) before manipulating the inverter. The correct order for switching off the equipment is:

e Stop Inverter operation through communications or set front selector to off (see below).
e Switch off the supply switch (see below).
e Disconnect all the power sources connected to the Inverter.

Please, follow the reverse order for turning on the inverter. Figure 10.6 shows the different
indicators and switches provided by the Inverter, which can be listed as follows:

e Front switch: To enable/disable inverter operation.
¢ Right side switch: To switch on/off inverter power supply.

e LED Indicators: Three LED Indicators (red, yellow and green) to inform about different inverter
status according to what showed in Table 10.3.

Table 10.3 TECNALIA’s PV-Storage Inverter: LEDs Code
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State DN veow | Green |
NORMAL OFF X X
Battery S0OC HIGH oM X bt
LOW Blinking X X
ALARM ON OFF ON OFF
CHARGING X ON ON/Blinking
Battery Status
DISCHARGIMNG x Blinking ON/Blinking
Grid_ON + o
NO PV X X Blinking
Inverter Operation Grid _DN
rid ON+
PV_ON X X ON

LED indicators can be seen in the front side of the equipment.

Figure 10.6: TECNALIA’s PV-Storage Inverter. LED Indicators and External Switches.

10.2.3

Prototype Registration

Table 10.4 assigns a serial number and version to each prototype manufactured.

Table 10.4 TECNALIA’s PV-Storage Inverter. Prototype registration.

Prototype Serial Number | HW Version FW Version
Prototype 1 1 v2.0 v3.l
Prototype 2 2 vZ2.l v3.2
Prototype 3 3 vZ2.1l v3.2
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10.2.4 Lessons learnt for subsequent production

Until now, only two minor problems, which will be considered for futures HW versions, have been
identified for the last prototype. They can be listed as follows:

e LED connectors: The CPU board does not provide terminal connectors for wiring the
corresponding signals to the led indicators. In the present version, this has been solved by
welding cables directly into the board.

e Pull-up resistors in microcontroller relay signals: A problem regarding unintended relay
activation was detected when switching off Inverter power supply. The microcontroller seemed
to be switched off before than other parts of the circuit, so relay signal are left in high
impedance and then unintended short relay activations occurred. Despite being a very short
period activation, high currents can appear at battery and grid terminal. The signals provided
by the microcontroller for this purpose are low active, so to avoid this it is necessary to add a
pull-up resistor for each one.
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