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1 EXECUTIVE SUMMARY

1.1 DESCRIPTION OF THE DELIVERABLE CONTENT AND PURPOSE

This deliverable is the result of 30 months of work dedicated to the design and simulation of BIPVYBOOST
solutions to be implemented in four demo-sites in Spain, Belgium and Italy. In October 2019, it was submitted
a preliminary version of this deliverable including the Pre-design of all the demo-sites, as a mean of
verification of Milestone 1 (MS1) Predesign of all demo-sites completed.

The design of the demo-sites has evolved according to the work performed in the project (development of
BIPVBOOST technologies and demo-sites characteristics) to a state of maturity. The design detailed in this
deliverable is the executive design for each BIPYBOOST demo-site.

This deliverable highlights the main information for the complete design and implementation of the work to
be performed at the demo-sites, with the aim of achieving the optimal conditions for demonstration of
viability, performance, reliability and cost-effectiveness of project results.

The current status of demo-site implementations, the different scenarios considered, and the relevant
partners that will supply the product, can be found in the following table. Each demo-site currently considers
at least two scenarios, one of which has been selected based on the preliminary assessment of the projected
impact on the KPls of the project.

|| Demo1 | [ Demos | Demod

Demo
ISFOC MASS OPTIMAL PIZ
manager
PRODUCT PRODUCT SCEN. SCEN. SCEN. SCEN. SCEN. SCEN SCEN. SCEN. SCEN. SCEN. SCEN.
1 2 1 2 1.1 1.11 1.12 .1.2 2 Al A2 B E
Scenario 4 fagades,
2m panels ) . . . . 3-phase 1-phase
1m panels 2sizes 2sizes 2 sizes 3sizes 1size . . 3 facades 1-phase
(var. 38) inverters inverters .
inverters
Glass-glass  Glass-glass c-Si modules
flassigla=ciy R with different CIGS modules (FLISOM). - _
Product bifacial modules from  configurations (ONYX). |'\‘/|Ll|tIfLII'ICtIC?na| BII“V element with
modules integrated insulation (ONYX+PIZ)
(ONyy ~ 2utomated Fagade structure Roof structure (SCHWEIZER)
tabber (ONYX) (TULIPPS) oot structure
Impleme Walkable
. Rk Balustrades Ventilade fagade Roof retrofitting Opaque cladding
ntation floor
Orientati SHE4W S SE LW SW+SE+NW+ SW+SE SW+SE+
on NE + NW NW + NE
Surface 126 m’ 69m’ 152m’  155m’ 150 m* 120 m’ 131m’ 110m’
10,2 10,26 9,81 9,42 10,9
Power 12,8 kWp 9,22 kwp 21,6 kwp 22,2 kwp 9,99 kwp 10,2 kWp 9,83 kWp
kWp (10,38kWp) kWp kWp kWp kWp
FDD and BEMS for BIPV and
O&M FDD tool and BEMS for BIPV, HVAC and storage

potential flexible demand

Figure 1.1 Demo-Site design Scenario Chart
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Figure 1.2: Location of the four demo-sites: ISFOC, MASS, OPTIMAL and PIZ.

1.2 RELATION WITH OTHER ACTIVITIES IN THE PROJECT

This task focuses on the implementation and testing of the KPIs identified within the project within WP 1 and
Deliverables D1.1 and D1.2, as well as the monitoring objectives identified within task T8.3. The design of the
demo sites is performed on the basis of the pre-audit of the demo-site in T8.1, the BIPV technologies
developed in WPs 2 — 4 and using the digital tools developed in WPs 6 and 7. This deliverable will serve as a
plan for the implementation phases in Tasks 8.4, 8.5 and 8.6.
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2 DEMO SITE 1: ISFOC

2.1 DEMO-SITE BUILDING DESCRIPTION

This demo-site building corresponds to ISFOC’s Headquarter building. ISFOC’s Headquarter is located in
Puertollano (Ciudad Real) at the centre-south area of Spain.

Location details:

e Address: C/ Francia 7. Poligono Industrial La Nava lll. 13500 Puertollano.
e Industrial Area, 5km away from Puertollano city.
e Geographic coordinates (Latitude, Longitude): 38.67, -4.156.

Figure 2.1: ISFOC Headquarter satellite view (Google maps)

ISFOC operates a Concentration Photovoltaic power plant of 800 kW that it is installed at the facilities.

Figure 2.2: ISFOC 800kW CPV power plant

The only energy supply of the building is electrical, reason why ISFOC is interested in PV self-consumption
systems.
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The building hosts an area of offices and a warehouse including laboratories and mechanical and electrical
areas with different purposes. The overall area of the building is of 135m x 14.5m, being the long dimension
practically oriented to the south.

B NN NRE N AN |||ﬂii
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Figure 2.3: Drawing of ISFOC building

2.2 ARCHITECTURAL BIPV DESIGN

From an architectural point of view and looking for the integration of BIPV solutions, it is important to remark
a couple of issues of ISFOC building:

e |t has a long fagade (135m) oriented to the south with large windows in the office area. But the
building includes shadowing eaves for the first and the second floors that allows the entrance of the
sunlight through the windows during the winter period to permit the illumination and heating of the
interior areas and avoids the entrance during the summer period to prevent the warming and to
reduce the air conditioning necessities.

e The rooftop floor is a walkable floor, normally circulated by people, whether employees or visitors.

Taking into account these considerations, it results that the south fagade (the windows area) is not
appropriate to make a BIPV installation since the area is shaded every day during the central hours and even
more during the summer months. But the rooftop seems to be ideal to test PV balustrades and PV walkable
floor in real people circulation conditions.

Figure 2.4: ISFOC building — South fagade
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2.2.1 Existing demo-site building

Currently, the rooftop includes a metal balustrade and a walkable floor based on removable tiles. The
approach at this demo site is to replace part of the balustrade and part of the walkable floor with the
BIPVBOOST solutions.

e Balustrades. The rooftop has a perimeter balustrade for the complete building (floor section: 135m
x 14.5m). The current balustrade is only composed of a metallic frame, without glass or similar
closure.

e Walkable floor. The floor of the rooftop is of removable tiles. The current tiles are of concrete, of
60cm x 40cm.

Figure 2.5: ISFOC building — Rooftop floor

2.2.2 Architectural BIPVBOOST design

Initially, in the proposal of the project, the installation of the BIPV solutions at ISFOC building demo site was
as follows:

e Product 1: Glass-glass bifacial modules.
o Implementation: Balustrades.
o Orientation: East, West, South.
o Surface: 13.5 + 13.5 + 73 = 100m?.
o Installed power: = 8.7kW.
e Product 2: Glass-glass back contact modules from automated tabber.
o Implementation: Walkable floors.
o Orientation: South.
o Surface: 100m?2.
o Installed power: = 14kW.

Once the partners of the project, Viriden, Onyx and Tecnalia, visited the demo site, it was decided, in
accordance with all the partners involved that the complete area of the balustrade should be covered by the
BIPVBOOST solution, in order to favour the aesthetic of the building and fully integrate the system. Next, the
reasoning offered by Viriden is presented.

The Design of the building and the integration of the BIPV installations has to be handled as a whole. The
existing building has a very clear concept and from the point of view of the architects (Viriden) we should
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work towards that concept by integrating BIPV and not just randomly place it somewhere just to achieve the
amount of 100m°. Due to the presented dimension of the two areas (floor and balustrade) we would
recommend focusing on the East, West and South facade to place balustrades. Therefore, we would need to
add some of the 100m? walkable floor area to the area of the balustrade. To fully add to the architectural
quality of the existing building we would highly recommend adding a PV balustrade on all facades. The Demo
site installations should present the work and the results of the BIPVBOOST project. It should be seen and it
should be obvious. If we just add small parts of PV elements it will not appear as a Demo site for the results
of the whole project but rather as a presentation of samples of the producers.

Therefore, the area to be covered by BIPV balustrades (identified in blue in the following picture) is going to
be increased and the area of walkable floor (in green) is going to be reduced. The idea is to maintain, as much
as possible, the total area and/or power of both BIPVBOOST solutions as a whole in accordance with the
original proposal. The following image of Figure 2.6 shows the first proposal of areas to be covered by the
solutions.

-n------—.--—-.------.- W-----_--—'--_
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Figure 2.6: ISFOC building, areas to cover with the BIPVBOOST solutions

The first approach is to make the walkable floor based on back-contact solar cells at the center of the rooftop,
around the exit to the rooftop from the elevator in order to increase the visibility of the demo installation.

The final design of the BIPVBOOST installation is as follows:

e Product 1: Glass-glass bifacial modules.
o Implementation: Balustrades.
o Orientation: East, West, South.
o Surface: 124.58 m?.
o Installed power: = 12.80 kW.
e Product 2: Glass-glass back contact modules from automated tabber.
0 Implementation: Walkable floor.
o Orientation: South.
o Surface: 69.12 m?.
0 Installed power: = 9.22 kW.

A first approximation of the estimated costs of implementation of these solutions is detailed below.
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Table 2.1: South balustrade - PV glass module data-sheet

Glass-glass bifaciaTGIass—glass back cont

1. Materials Price [€] Price [€]

"1 Fastening and mounting system 4092.00€ 275.40€

"2 BIPV modules 62 260.68 € 48 867.84 €

13 Cabling included in L6

"1.4 Inverters 2 708.00€ 2009.00 €

15 Monitoring system 391.33€ 195.67 €

"1.6 Hectrical installation mate rials 3532.67€ 1766.33 €

"7 Battery System to be defined in WP7

MATERIALS SUBTOTAL 72 993.68 € 5311424 €
- __________________________________________________________________________________________________________________________|
i 2. Labor Price [€] Price [€]

2.1 Permit obtaining 650.00€

.2 Detailed Executive Project 1280.00€

.3 Structural and me chanical installation 1580.00€

2.4 Eectrical installation 3816.00€

.5 Certification of the installation 250.00€

"6 Operation and Maintenance (optional)

LABOR SUBTOTAL 7 576.00 € 0.00 €

This cost estimation does not include neither the reinforcement of the balustrade nor the manufacture of
the custom-made parts for fastening the PV modules since these are specific costs of our installation and are
not directly attributable to the integration of PV in buildings. An approximated cost of this actuation could
be around 40 000.00%€.

2.3 BIPV STRUCTURE DESIGN

In this demo site, the existing structure of the building to be analysed for the proper implementation of the
BIPVBOOST solutions are the elements of the existing balustrade and its supporting structure and supporting
elements of the walkable floor.

2.3.1 Existing building structure

The existing elements of the balustrade and the walkable floor have been analysed to define the
modifications required in order to make the replacement of the existing elements with the BIPVBOOST
solutions.

After the visit of Onyx, ISFOC has contracted a technical consultancy and engineering to analyse the existing
elements and their attachment to the structure of the building to ensure a safe and reliable assembly of the
BIPVBOOST solutions in the building.

2.3.1.1 ISFOC rooftop balustrades

The existing balustrade of the building, which is surrounding the whole rooftop floor, is shown in Figure 2-7.
As it can be observed, the balustrade is built with consecutive elements, being each element an open metallic
frame, and the elements are grouped in groups of 6. The total number of elements and their dimensions are
different in the south and the west/east balustrades.

e South balustrade.
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o 108 elements

o Dimensions: 1230mm x 910mm
e FEast/West balustrade.

o 12+12 elements

o Dimensions: 1200mm x 880mm

3 ‘ e SRR

Figure 2.7: ISFOC rooftop balustrade

The following drawing is a scheme of the measurements of the elements of the balustrade.

Figure 2.8: Balustrade element

The frame is made of 50mm wide and 10mm thick metal plate. The frames are crossed by two tensioner

threads, as shown in Figure 2.8. The holes (10mm diameter) in the plate for the tensioner threads can be
used to mount the modules in the balustrade structure.

The fixing of the balustrade to the building is done through metal plates as shown in Figure 2.9. This
mechanical connection has to be analyzed to ensure the safety of the balustrade itself and for the people.
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Figure 2.9: Attachment of the balustrade to ISFOC building

2.3.1.2 ISFOC walkable floor

x 400mm, of 50mm thickness and weighs around 24kg. The tiles are placed on a system of adjustable plastic
plots. Water tightness is guaranteed by the membrane underneath.

Figure 2.10: ISFOC walkable floor, concrete tiles

After the visit of the technicians of Onyx it seems that the same support elements used with the current tiles
(see the detail in Figure 2.11) can be used to assembly the BIPVBOOST tiles based on back-contact solar cells.

Figure 2.11: Detail of the supporting elements (plots)
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2.3.2 BIPVBOOST structure

ISFOC has subcontracted a third party, a technical consultancy and engineering specialized in building
facades, to analyse the integration of the BIPVBOOST solutions in ISFOC building. The analysis is based on the
main requirements defined by the Spanish Building regulations (CTE?!) that should be fulfilled by the
BIPVBOOST solutions to be installed, for instance to withstand wind load, to have a proper impact
classification, guarantee the fire resistance, service overload...

2.3.2.1 ISFOC rooftop balustrades

In the case of the rooftop balustrade, there are two main issues to analyse:

e On the one hand, the effect and forces generated over the balustrade frame and its fixation to the
building because of the introduction of the PV modules. The current balustrade is only a metallic
frame that does not offer any resistance to the wind, but once the modules are installed, the effect
of the wind load over the balustrade itself and its fixation to the building (see Figure 2.9) can be
critical. Therefore, it is mandatory to calculate the forces that must be supported by the balustrade
because of the wind mainly and also by the type of use according to the CTE.

e On the other hand, the fixing of the PV glass-glass bifacial modules to the frames of the balustrade
must be designed according to the CTE requirements also. The holes in the metal plate for the
tensioner threads of the balustrade can be used to support the modules.

The conclusion obtained is that the current balustrade and its fixation will not be able to withstand the wind
and thrust loads, so it must be reinforced. The reinforcement solution proposed for the South and East/West
balustrade is different.

The reinforcement proposed for the South facade is a structure of galvanised steel plate that will be soldered
to the existing frame of the balustrade and fixed to the shadowing eaves, as shown in Figure 2.12. This design
has been proposed to avoid, as much as possible, intervening in any element of the building that could put
at risk the watertightness of the roof, and to avoid problems of dampness in the future.
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Figure 2.12: Reinforcement of the south balustrade

L CTE - Cédigo técnico de la Edificacién (Building technical code)
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For the East/West facade, at the end it has been impossible to find a suitable option for the attachment of
the reinforcement to the building, so it is going to be anchored to the roof slab of the building, modifying the
waterproofing layer of the rooftop inevitably. Currently, the balustrade is fixed with some metal sheets to a
brick wall that it is built on top of the roof slab with apparently no mechanical junction between them. The
solution proposed is to build some anchoring metallic pieces that will be soldered to some of the balustrade
pillars, which will permit the attachment directly to the roof slab, removing an area of brick wall to make this

fixation. Then the wall surrounding the new fixations will be rebuilt and the watertightness layer should be
laid again. A first drawing of this solution is shown in Figure 2.13.
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Figure 2.13: Reinforcement of the east/west balustrade

The installation of the PV modules in the balustrade frame will be done following the scheme of Figure 2.14.
They will be installed using 2 longitudinal steel angle profiles that will be attached to the sides of the PV
modules and an horizontal plate will be soldered to the larger angle at the lower part to support the weight
of the module. To avoid direct contact of metal and glass, all the parts where a contact between the glass of
the modules and the steel is foreseen will be protected using plastic spacers or silicone. Then, these steel

profiles will be fixed to the frame of the balustrade using the existing holes of the tensioner threads of the
current balustrade.
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Figure 2.14: Detail of the assembly elements to use for the installation of the PV modules in the balustrade

2.3.2.2 ISFOC walkable floor

The walkable floor will be installed using the same support elements that are currently used to support the
concrete tiles. Two options have been considered at pre-design stage: the first one considered the use of a
metallic sub-frame over the plots where the PV tiles could be attached, as shown in Figure 2.15, in this way
the tiles are not supported only in the 4 corners and the forces are distributed. A second option is to install
directly the PV tiles on the support elements (plots). by gluing the BIPV modules to the support elements to
ensure that the suction of the wind will not be able raise them and generate a contact with another tile,

which could lead to the breakage of the modules.

As observed in Figure 2.16, the result of the calculations concludes that the tiles of the walkable floor can
withstand the forces generated when they are installed using only the support elements on the 4 corners.
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Figure 2.15: Walkable floor. Metallic frame over the plots to mount the PV tiles

The FEM simulation of the walkable floor demonstrates that both stress and deformation levels are within
the admissible range when applying a concentrated load of 4 kN. As a consequence, the installation of the
BIPV modules will be performed directly over the existing plots. The solution will be in any case validated as
per EN 12825, using a 5kN uniform load and 4kN concentrated load over real prototypes.
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Figure 2.16: Walkable floor. Forces calculation
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Figure 2.16 shows the results of the FEM calculations carried out to the 10T.10T.1, 600mm side, BIPV tiles of
the walkable floor when they are supported only on the four corners and applying a concentrated load of
4kN and a uniform load of 5kN/m2. The picture of the left shows the result of the stress verification, the
stress obtained from the simulation is within the admissible limits of the material, tempered glass. And the
picture from the right shows the result of the deformation simulation, where the deformation obtained it is
also below the admissible limit of the tempered glass.

2.4 BIPV MODULE DESIGN

Two different products of ONYX Solar are going to be tested at ISFOC demo site: a balustrade based on glass-
glass bifacial modules and a walkable floor based on back-contact solar cells.

Next, the characteristics of the modules to be installed are described.

2.4.1 Balustrades based on glass-glass bifacial modules

As explained in previous sections, the glass-glass bifacial modules will be installed in the balustrades (South,
East and West). The modules are going to be assembled into the existing balustrades. It has been also
mentioned before that the dimensions of the elements of the balustrade are not the same for the elements
of the South and the elements of the East/West.

As a consequence, Onyx Solar has designed two different options taking into account the difference in the
dimensions between the elements and the implementation of the PV modules in the inner area of the existing
balustrade.

T

.
30
1

1

Figure 2.17: PV glass module design for South (left) and West/East (right) balustrades respectively

The design of the PV glass module for the South balustrade is shown in the photo of the left of Figure 2.17
and its characteristics are collected in its data-sheet shown in Table 2.2.

The design of the PV glass module for the East and West balustrades is shown in the photo of the right of
Figure 2.17 and its characteristics are collected in its data-sheet shown in Table 2.3.
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Table 2.2: South balustrade - PV glass module data-sheet

PHOTOVOLTAIC GLASS

FRONT SIDE

1.180 x 810

4" Mono

Electrical data test conditions (STC)

Crystalline Bifacial

Nominal peak power 7.2
Open-circuif voltage 15,94
Short-circuit current 8.0v
Voltage at nominal power 12,59
Current at nominal power 772
Power tolerance not to exceed +10

Pope (WpE)
Vae (V)

fsc (A)
Vinpe (V]
lmpp (A)

%

STC: D00 wim* AM 15 and a cell temperature of 25T, stabilized module state.

Mechanical description

Length 1180 mm
Width 810 mm
Thickness 21.8 mm
Surface areaq 0,94 sgqm
Weight 48 Kags
Cell type &" Mono Crystalline bifacial
No PV cells / Transparency degree 24 42%,

Front Glass 10 mm Tempered Glass Low-lron

Rear Glass 10 mm Tempered Glass Low-lron
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code

Junction Box
Protection IP&5
Wiring Section 2,5mm’ or 4,0 mm’
Limits

Maximum system voltage 1000 Vsys (V)
Operating module temperature -40...+85 °C

Temperature Coefficients
Temperature Coefficient of Pmpp -0,451 %/°C
Temperature Coefficient of Voc -0.361 %/°C
Temperature Coefficient of Isc +0,08 %/°C

* All technical specifications are subject to change without notice by Onyx Sclar

GLASS PROPERTIES

Onyx Equivalent Glass

Light Transmission
U-value [W/sgmK]
Peak Power [Wp/sqm]

47%
52
97,8
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Table 2.3: East and West balustrades - PV glass module data-sheet

PHOTOVOLTAIC GLASS 1.150 x 810

FRONT SIDE 4" Mono  Crysialline Bifacial
Elecfrical data test conditions (STC)

Nominal peak power $5,70 Prope (Wp)

Open-circuit voltage 15,93 Voo (V)

Short-circuit current 7.88 lee (A

Voltage at nominal power 12,47 Vimpe (V)

Current at nominal power 7.68 Impp (A)

Power tolerance not to exceed 10 %

STC: D00 wim* AM 15 and a cell temperature of 257, stabilized mo dule state.

Mechanical description

Length 1150 mm
Width 810 mm
Thickness 21.8 mm
Surface area 0,93 sgqm
Weight 47 Kas
Cell type &" Mono Crystalline bifacial
No PV cells / Transparency degree 24 41%

Front Glass 10 mm Tempered Glass Low-Iron

Rear Glass 10 mm Tempered Glass Low-Iron
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code

Junction Box
Protection IP&5
Wiring Section 2,5 mm® or 4,0 mm®
Limits

Maximum system voltage 1000 Vsys (V)
Operating module temperature -40...+85 °C

Temperature Coefficients
Temperature Coefficient of Pmpp -0.451 %/°C
Temperature Coefficient of Voc -0.361 %/°C
Temperature Coefficient of Isc +0,08 %/°C

* Al technical specifications are subject to change without notice by Onyx Sclar

GLASS PROPERTIES

Light Transmission
U-value [W/sgmK]
Peak Power [Wp/sqm]

Onyx Equivalent Glass
42%
52
107,7
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The aim of Onyx with this design is to maintain the same aesthetics, as much as possible, in all the orientations
by using the same number of cells and the same disposition of these cells in the glass respect to its centre.

For the two types of PV modules for the balustrades the glass configuration is as shown in Figure 2.18.

EXT.

10 mm Tempered Glass Low-Iron

6" Mono-Crystalline Solar Cells (BIFACIAL)

0.90 mm EVA Foils

10 mm Tempered Glass Low-lron

INT. Total thickness: 21.80 mm
Figure 2.18: Glass configuration of the PV glass module design for the balustrades

All this work has been developed following the previous steps linked to WP3 (Task 3.3: Low cost, large thickness
glass-glass bifacial cell modules for integration in balustrades), with the design and manufacturing of the small
modules.

Front view Back view

Jal

Terpered gloss .,

Celis i Eva \

irr amm

Figure 2.19: Small module design. Front and back side of the manufactured bifacial module

2.4.2 Walkable floor based on back-contact solar cells

As explained in previous sections, the back-contact solar cells modules are going to be installed as a walkable
floor in the rooftop of the building by the replacement of some of the tiles of the floor.
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Onyx has designed the PV tiles based on the work developed in WP3, Task 3.4: Back-contact cells modules

for walkable floors and curtain walls, as it is shown in Figure 2.20.

Figure 2.20: Front side of the PV tile manufactured: 8mm anti-slip / back-contact / 8mm glass

In this case, Onyx Solar has designed different solutions based on the glass size, number of cells and
distribution of the cells. The three options proposed are shown in Figure 2.21 and the characteristic
parameters of each of them are collected in their data-sheets from Table 2.4 to Table 2.6

750 mm . 600 mm )

750 mm
r -

750 mm
750 mm
600 mm

Figure 2.21: PV designs for the walkable floor
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Table 2.4: 750 x 750 (25 cells) walkable floor tile data-sheet

PHOTOVOLTAIC GLASS 750 x 750

5" Mono Crystalline
Electrical data test conditions (STC)

Nominal peak power 75 P (WD)
Open-circuit voltage 17 Voe (V)
Short-circuit current 571 lse (A)
Voltage at nominal power 14 Venpp (V)
Current at nominal power 5,28 Impp (A)
Power tolerance not to exceed *10 %

STC: 1000 Wwm2, AM 15 and a cell temperature of 25C, stabilized module state.

Mechanical description

Length 750 mm

Width 750 mm

Thickness 17.8 mm

Surface area 0,56 sgm

W eight 23 Kgs

Cell type 5" Mono Back Contact Cells

No PV cells / Transparency degree 25 0%
Front Glass 8 mm Tempered Glass Anti-slip
Rear Glass 8 mm Tempered Glass

Thickness encapsulation 1,80 mm EVA Foils

Category / Color code

Junction Box

Protection IP65

Wiring Section 2,5mm? or 4,0 mm?
Limits

Maximum system voltage 1000 Vsys (V)

Operating module temperature -40...+85 °C

Temperature Coefficients

Temperature Coefficient of Pmpp -0,451 %/°C
Temperature Coefficient of Voc -0,361 %/°C
Temperature Coefficient of Isc +0,08 %/°C

*All technical specifications are subject to change without notice by Onyx Solar

NOTE: Anfi-slipery glass induce a 5% of power loss. It has been considered in this data

sheet.

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 0%

U-value [W/sgmK] 53

Peak Power [Wp/sqm] 133.,8
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Table 2.5: 750 x 750 (16 cells) walkable floor tile data-sheet

PHOTOVOLTAIC GLASS 750 x 750

5" Mono Crystalline
Electrical data test conditions (STC)

Nominal peak power 48 Prpo (WP)
Open-circuit voltage 11 Voe (V)
Short-circuit current 571 lse (A)
Voltage at nominal power 9 Venpp (V)
Current at nominal power 5,28 Impp (A)
Power tolerance not to exceed +10 %

STC: 1000 Wwm2, AM 15 and a cell temperature of 25C, stabilized module state.

Mechanical description

Length 750 mm

Width 750 mm

Thickness 17.8 mm

Surface area 0,56 sgm

W eight 23 Kgs

Cell type 5" Mono Back Contact Cells

No PV cells / Transparency degree 16 0%
Front Glass 8 mm Tempered Glass Anti-slip
Rear Glass 8 mm Tempered Glass

Thickness encapsulation 1,80 mm EVA Foils

Category / Color code

Junction Box

Protection IP65

Wiring Section 2,5mm? or 4,0 mm?
Limits

Maximum system voltage 1000 Vsys (V)

Operating module temperature -40...+85 °C

Temperature Coefficients

Temperature Coefficient of Pmpp -0,451 %/°C
Temperature Coefficient of Voc -0,361 %/°C
Temperature Coefficient of Isc +0,08 %/°C

*All technical specifications are subject to change without notice by Onyx Solar

NOTE: Anfi-slipery glass induce a 5% of power loss. It has been considered in this data

sheet.

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 0%

U-value [W/sgmK] 53

Peak Power [Wp/sqm] 85,7
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Table 2.6: 600 x 600 (16 cells) walkable floor tile data-sheet

PHOTOVOLTAIC GLASS 600 x 600

5" Mono Crystalline
Electrical data test conditions (STC)

Nominal peak power 48 Prpo (WP)
Open-circuit voltage 11 Voe (V)
Short-circuit current 571 lse (A)
Voltage at nominal power 9 Venpp (V)
Current at nominal power 5,28 Impp (A)
Power tolerance not to exceed +10 %

STC: 1000 Wwm2, AM 15 and a cell temperature of 25C, stabilized module state.

Mechanical description

Length 600 mm

Width 600 mm

Thickness 17.8 mm

Surface area 0,36 sgm

W eight 14 Kgs

Cell type 5" Mono Back Contact Cells

No PV cells / Transparency degree 16 0%
Front Glass 8 mm Tempered Glass Anti-slip
Rear Glass 8 mm Tempered Glass

Thickness encapsulation 1,80 mm EVA Foils

Category / Color code

Junction Box

Protection IP65

Wiring Section 2,5mm? or 4,0 mm?
Limits

Maximum system voltage 1000 Vsys (V)

Operating module temperature -40...+85 °C

Temperature Coefficients

Temperature Coefficient of Pmpp -0,451 %/°C
Temperature Coefficient of Voc -0,361 %/°C
Temperature Coefficient of Isc +0,08 %/°C

*All technical specifications are subject to change without notice by Onyx Solar

NOTE: Anfi-slipery glass induce a 5% of power loss. It has been considered in this data

sheet.

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 0%

U-value [W/sgmK] 53

Peak Power [Wp/sqm] 133.,8
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For the three types of PV glass tiles of the walkable floor the glass configuration will be as shown in Figure 2.22.

EXT.

10 mm Tempered Glass Low-Iron

6" Mono-Crystalline Solar Cells (BIFACIAL)

0.90 mm EVA Foils

10 mm Tempered Glass Low-Iron

INT. Total thickness: 21.80 mm

Figure 2.22: Glass configuration of the PV glass tile design for the walkable floor

2.4.3 BIPVBOOST modaules electrical design

As it has been indicated in Section 2.2.2, the total area to demonstrate the BIPVBOOST balustrades is going
to be increased, so that the entire balustrades of the East, South and West facades are replaced by the glass-
glass bifacial module balustrades. With the modules presented by Onyx in Section 2.4.1 and 2.4.2, the
premises of maintaining a total power (22.7kW) or a total area (200m?) like in the original proposal and taking
into account all the technical (electrical) and aesthetical characteristics of the building, the definitive
distribution of power between the balustrades and the floor can be calculated as well as the number of
modules to install. ISFOC has selected the 600x600mm tiles, as shown in Table 2.7, where the main
characteristics of the installation are summarized:

Table 2.7: ISFOC demo installation characteristics

BIPVBOOST INSTALLATION AT ISFOC

BALUSTRADE

Power 12.80 kWp

Area 125.58 m?

Balustrade South East West

Modules N2 108 12 12

Total 132

Area 103.23 m’> [11.18 m* [11.18 m’
125.58 m?

Power 10.50 kWp | 1.15 kwWp| 1.15 kwp
12.80 kWp

Option 3

Dimensions | 600x600mm?

Tiles N2 192

Power 9.22 kWp

Area 69.12 m?

Total Power | 22.02 kWp

Total Area | 194.70 m?
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The total numbers of the installation are very similar to the initial ones included in the proposal, 22kWp in

195m?.

The power of the balustrades based on glass-glass bifacial modules to install at ISFOC is increased to
12.80kWp in 126m? instead of 8.7kWp in 100m?2.

The power of the walkable floor based on back-contact solar cells to install at ISFOC is reduced to
9.22kWp in 69m? instead of 14kWp in 100m?2.

In this way the entire East, West and South facades will be converted into PV balustrades.

The first approach for the installation of the PV floor is as shown in Figure 2.23, a rectangular area, in the
South section of the floor, at the exit of the elevator.
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Figure 2.23: Walkable floor based on back-contact solar cells. ISFOC rooftop design

2.5 BIPV ELECTRICAL SYSTEM DESIGN

Next, the design of the electrical installation of the BIPV installation is presented.

In a first approach, the installation at ISFOC demo site is going to include a battery component in order to
manage the energy generation and the building demand, (analysed in WP7). It is going to be an installation
without excess energy, which means that it will not inject electricity to the distribution grid.

The PV installation is composed by the different modules provided by ONYX SOLAR divided in three PV
generators:

PV GENERATOR 1: East and west balustrades. These two strings of 12 modules will be connected to
one PV inverter. Each string will be connected to one MPPT of the HUAWEI SUN2000L-2KTL inverter,
it is a one-phase inverter. The modules of each string will be connected all in series.

PV GENERATOR 2: South balustrade. These are all the modules installed in the south fagade. They
will be connected in two serial strings of 96 modules, each one connected to one MPPT of the
HUAWEI SUN2000-10KTL-M1 inverter, it is a three-phases inverter. Additionally, the Li-on battery
pack will be connected to this inverter.

PV GENERATOR 3 Walkable Floor. These modules will be connected in four serial strings of 48
modules. This generator will use a HUAWEI SUN2000L-8KTL-M1 inverter with two MPPT, connecting
two strings in parallel to each MPPT. It is also a three-phase inverter.
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All the components of the electrical installation are shown in Figure 2.24.
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Figure 2.24: BIPVBOOST ISFOC demonstration — Electrical installation

The installation includes a net metering, Janitza UMG 604-PRO, to measure the total power consumption of
the building and an energy logger, HUAWEI SmartLogger 3000A, to make the smart zero export control to
avoid the electricity injection to the grid.
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2.5.1 BIPVBOOST system components

Next, a brief description of the different components of the installation is presented. Different energy meters
will be installed where needed to make the detailed monitoring of the installation (as presented in section

2.6).

2.5.1.1 Photovoltaic inverters

Following, the inverters to use in the different PV generators are presented:

PV GENERATOR 1. The east and west balustrades will be connected to the inverter HUAWEI
SUN2000-2KTL. The inverter is shown in Figure 2.25 and its efficiency curve and circuit diagram are
shown in Figure 2.26.

TTEwmy- ' -

Figure 2.25: Photovoltaic inverter HUAWEI SUN2000-2KTL-L1

Curva de eficiencia Diagrama de circuito

Figure 2.26: Efficiency curve and circuit diagram - HUAWEI SUN2000-2KTL inverter

PV GENERATOR 2. The south balustrade South will be connected to the inverter HUAWEI SUN2000-
10KTL-M1. The inverter is shown in Figure 2.27 and its efficiency curve and circuit diagram are shown
in Figure 2.28.
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Figure 2.27: Photovoltaic inverter HUAWEI SUN2000-10KTL-M1
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Figure 2.28: Efficiency curve and circuit diagram - HUAWEI SUN2000-10KTL-MO inverter

e PV GENERATOR 3. The walkable floor is composed of 192 modules. In this case, the modules will be
grouped in four strings of 48 modules connected in series and the strings will be connected in parallel
two by two. The two resulting strings will be connected then to each MPPT of the HUAWEI
SUN2000L-8KTL-M1. The inverter is shown in Figure 2.27 and its efficiency curve and circuit diagram

are shown in Figure 2.28.

2.5.1.2 Li-ion batteries.

For the storage of the generator there are two possibilities, there are two different Li-ion batteries
compatible with the HUAWEI inverters; LG CHEM and HUAWEI. But, trying to avoid any issues related with
the compatibility of the components, the batteries to be installed will be HUAWEI LUNA2000-10-SO of
10kWh. The battery pack will be managed by the inverter of the PV GENERATOR 2. The battery pack is shown
in Figure 2.29 and its main characteristics are collected in Table 2.8.

Figure 2.29: Li-ion batteries pack HUAWEI Luna 2000-10-S0O

Table 2.8: Main characteristics - HUAWEI Luna 2000-10-SO storage

Power module

Number of power modules

Battery module

Battery module energy

Number of battery Modules

Battery usable energy '

Max. output power

Peak output power

Nominal voltage (single phase system)
Operating voltage range (single phase system)
Nominal voltage (three phase system)

Operating voltage range (three phase system)

1
5 kWh
2.5 kw
35kwW, 10s

Performance
LUNAZ2000-5KW-C0
1
LUNAZ2000-5-E0
5 kwh
2
10 kWh

5 kw
7kW,10s

450 v
350 - 560V

600V
600 - 980 V

3
15 kWh
5 kw
7 kW, 10 s
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2.5.1.3 Smart zero export control unit.

As it has been said before, the demonstrator at ISFOC is going to be a PV generation installation without
surplus, which means that it will not inject electricity to the distribution grid. The smart zero export control
is carried out by the HUAWEI SmartLogger 3000A, equipment that must be verified by the distribution
company. The total power consumption of the building is measured by a Janitza UMG 604-PRO (see section
2.6) equipment, which sends data to the SmartLogger. The SmartLogger unit is shown in Figure 2.30 and its
main characteristics are collected in Figure 2.28

2 HUAWE!

Figure 2.30: Smart zero export control - HUAWEI SmartLogger 3000A

Table 2.9: Main characteristics - HUAWEI SmartLogger 3000A

Technical Specification SmartLogger3000A03EU SmartLogger3000A01EU

Device Management
Max. Mumber of Connected Devices B0

Communication Interface

WAN WAN x 1, 10 / 100 / 1000 Mbps
LAN LAM x 1, 10 / 100 / 1000 Mbps
RS485 COM x 3, 1200 / 2400 / 4800 [ 9600 [ 19200 / 115200 bps, 1000 m
MBUS MBUS x 1, 115.2 kbps, Compatible with PLC No MBUS Communication |nterface
LTE(FDD) : B1,62,63,B4,85,B7 88,620
2G 3G J4G1T DC-HSPA+/HSPA+/HSPA/UMTS : B50/900/1900/2100 MHz
GSM/GPRS/EDGE: 850/500/1800/1900 MHz 2

Digital / Analog Input / Output Dl x4, DO x2 Alx 4

Active DO 12W, 100mA {connection with relay, sensor)
Communication Protocol

Ethernet Madbus-TCP, IEC 60870-5-104

RS485 Modbus-RTU, IEC 60870-5-103 (standard), DL / TG45

2.5.2 BIPVBOOST electrical diagram

The basic electrical diagram of the installation is shown in Figure 2.24. The PV installation is organized in
smaller PV generators, so that each different orientation is connected independently to one MPPT.

e One inverter HUAWEI SUN2000-2KTL for West and East balustrade:
o 1 MPPT for East Balustrade.
o 1 MPPT for West Balustrade.
e Oneinverter HUAWEI SUN2000-10KTL-M1 for South Balustrade
o 1 MPPT for a half of the south balustrade
o 1 MPPT for a half of the south balustrade
e One inverter HUAWEI SUN2000-8KTL-M1 for Walkable Floor
o 1 MPPT for a parallel association of 2 strings of PV tiles connected in series. Half of the
walkable floor.
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o 1 MPPT for a parallel association of 2 strings of PV tiles connected in series. Half of the
walkable floor.

The installation will be connected to the grid but without surpluses and up to now it is going to include some
batteries for storage purposes. The first approach is to have a storage capacity of 10kWh using the Li-ion
HUAWEI LUNA2000-10-S0 connected to the SUN2000-10KTL inverter of the south balustrade.

The controllable loads at ISFOC, which are also included in the BIPVBOOST project, are the air conditioning
system and the lightning.

Next, the wiring of the electrical installation is presented. Figure 2.31 shows the single-line diagram of the
installation, where the type, length and sections of the cables can be observed. All the calculations are
presented in Table 2.10.

e The DC wires will have a section of 25mm? for the west string of generator 1 and of 10mm? for the
east string of generator 1, for the rest of generators it will be of 4mm?.

e The AC wires from the inverters to the interconnection point will have a section of 4mm? and of
70mm? from the interconnection point to the connection to the grid point.
The length of each cable is indicated in the diagram, being the longest for the east/west balustrade
since the inverters will be located in one of the rooftop cabinets of the centre.

Table 2.10: BIPVBOOST - ISFOC installation. Wiring calculations

Calculo Cableados CC
Dimensionamiento por caida de tensién

imensionamiento por intensi

dad maxima admisible

Longitud Potencia Intensidad Tensién Caida tensién Coeficiente Seccién Seccién minima Seccién

[m] [w] Isc[A] V] V] 1% [Cu] [mm?] [mm?] [mm?]
Rama 1 Serie 1 - Oeste 129 1.224 8,67 180 1,80 56 22,19 25 25
Rama 2 Serie 2 - Este 53 1.224 8,67 180 1,80 56 9,03 10 10
Rama 3 Serie3-Surl 86 5.832 8,67 810 8,10 56 3,27 1,5 4
Rama 4 Serie 4 - Sur2 49 5.832 8,67 810 8,10 56 1,87 2,5 4
Rama 5 Serie5 - Suelo 1 45 2.304 8,67 720 7,20 56 1,94 2,5 4
Rama 6 Serie 6 - Suelo 2 57 2.304 8,67 720 7,20 56 2,46 2,5 a4
Rama 7 Serie 7 - Suelo 3 48 2.304 8,67 720 7,20 56 2,04 2,5 4
Rama 8 Serie 8 - Suelo 4 60 2.304 8,67 720 7,20 56 2,56 4 4

Tipo instalacidon Potencia Intensidad Tension | Tipo conductores | Factor reduccion Seccion Imax seccion Seccién

W] Isc[A] V] [mm?] [A] [mm?]
Rama 1 Serie 1 - Oeste B2 1.224 8,67 180 2PVC-Cu 1 25 84 25
Rama 2 Serie 2 - Este B2 1.224 8,67 180 2PVC-Cu 1 10 50 10
Rama 3 Serie3-Surl B2 5.832 8,67 810 2PVC-Cu 1 4 27 4
Rama 4 Serie 4 - Sur 2 B2 5.832 8,67 810 2PVC-Cu 1 4 27 4
Rama 5 Serie 5 - Suelo 1 B2 2.304 8,67 720 2PVC-Cu 1 4 27 4
Rama 6 Serie 6 - Suelo 2 B2 2.304 8,67 720 2PVC-Cu 1 4 27 4
Rama 7 Serie 7 - Suelo 3 B2 2.304 8,67 720 2PVC-Cu 1 4 27 4
Rama 8 Serie 8 - Suelo 4 B2 2.304 8,67 720 2PVC-Cu 1 4 27 a4

Dimensiona o por caida de tensid

Longitud Potencia Intensidad Tensién Caida tensién Coeficiente Seccidn Seccién minima Seccién

[m] [w] Isc [A] vl [V] 0,5% [Cu] [mm?] [mm?] [mm?]
Invl Inv1-CAG 5 2.000 8,70 230,00 1,15 56 1,35 1,5 4
Inv2 Inv2-CAG 5 10.000 14,43 400,00 2,00 56 1,12 1,5 4
Inv3 Inv3-CAG 5 8.000 11,55 400,00 2,00 56 0,89 1,5 4
CAG CAG-PCC 130 20.000 28,87 400,00 2,00 56 58,04 70 70

Dimensionamiento por intensidad maxima admisible

Tipo instalacion Potencia Tension Intensidad | Tipo conductores | Factor reduccion Seccidn Iméx seccion Seccidn

[W] V1 [A] [mm?] [A] [mm?]
Invl Invl-CAG B2 2.000 230 8,70 2XLPE- Cu 1 4 27 4
Inv2 Inv2-CAG B2 10.000 400 14,43 3XLPE- Cu 1 4 27 4
Inv3 Inv3-CAG B2 8.000 400 11,55 3XLPE- Cu 1 4 27 4
CAG CAG-PCC A2 20.000 400 28,87 3XLPE- Cu 1 70 149 70
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String 1 - 12 modules.

Onyx Solar Bifacial
West balustrade

2 x 25mm’ Z7-F 1,51 kW
(129m)

String 2 - 12 modules.

Onyx Solar Bifacial
East balustrade

2x 10 m ZZF 1501 K
(53 m)

String 3 - 54 modules.

3 G4 mm* RV-K 0.6 kv

Onyx Solar Bifacial
4 South balustrade

2 x4 mm™ Z7-F 151 bV
(36 m)

String 4 - 54 modules.

Onyx Solar Bifacial
< South balustrade

24 oo’ 22 151 KV
4om)

String 5 - 48 modules.

Em)

5G4 mm*RV-K 081 kV

5G 70 mm™ RVK 0.8 kv

Onyx Solar Back-contact
4 Walkable ficor

2x4 mm* Z-F 1,51 &V

{45 m)
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Onyx Solar Back-contact
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Onyx Solar Back-contact
3 Walkable ficor
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Figure 2.31: BIPVBOOST - ISFOC installation single-line diagram

2.6 BIPV MONITORING DESIGN

2 x4 o Z-F 151 kW
{80 m)

Inverter 3
Huawei Sun2000L-8KTL

Em)

{130 m)

2.6.1 Definition of monitoring objectives: BIPV performance validation,

economic viability and progress towards NZEB requirements

The main objective of the monitoring system is to verify and validate the Energy performance of the
BIPVBOOST project developments implementations through the measurement of key variables. The
measurement methodology and key variables to be measured were defined in deliverable 8.3. The
monitoring methodology described in deliverable 8.3 is base in the inter-comparison of two monitoring

periods, defined as the pre-intervention period (base line) and the post intervention period.

The implementation of pre-intervention period monitoring system has been finished in June 2020 and
measurements are being gathered since august 2020.The post-intervention monitoring system will be

implemented after the intervention described in this document in September 2021.

Next the pre-intervention period monitoring system is presented and later this document will be updated
which the implementation of e post-intervention monitoring system.
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2.6.2 Definition of variables to be monitored

The monitoring objectives will be reached through the measurement of the energy variables shown in Figure
2.32. Table 2.11 shows a short definition of the variables shown in Figure 2.32 and additional information
about instruments used for the measurements. The variables monitored during pre-intervention period are
written in blue and, during the post-intervention period, variables written in red will be also measured.

As it can be seen, during the pre-intervention period, the monitored variables are related with meteorology
and building consumption and during the post intervention period the energy production of BIPV modules
will be also measured.

Demo 1-ISFOC

Post-intervention

Storage
Batery Pre-intervention
inverter | oresinrervention.
| e ' O -
i =M i i
é = alT ! Gi, Tatmn, Sw i

wemem e LT
:( PIaned-Nonint& } —-[PowerEIectronics}—jg’;r'l;l' — i d Do

.__mseveoosST | [ | .
| BiPvsystem B v __p, h : o
' Walkable floor P.LT, *( Power Electronics J 77 ] :
Tm.,Gi,, SW., E
BIPVsystem: Y 1. If 3 _Power Electro > i i
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Figure 2.32: Main measuring variables of Puertollano demo site. Blue variables will be monitored since the pre-
intervention year and the red variables will be monitored from the postintervention onwards
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Table 2.11: Description of the variables shown in Figure 2.32 and the intruments used to for the measurements

Variable Description instrument Range | Units | Time Resolution | Accuracy

BIPV components

Balustrades east

Meteo -

Gileast_1 Irradiance East plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
Giwest_1 Irradiance West plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
Trb_east Module temperature Thermocouple type T | 0-100 | °C <1min 1K

DC .

Iy east DC Intensity Amperimeter A <1min 1% of the reading
Vb _east DC Voltage Voltimeter <1min 1% of the reading
Py east DC Power Power meter 1,2 Kw <1lmin 2% of the reading
ETh east DC Energy Energy meter Kw/h | <1min

AC -

Py east | AC Power Power meter 1,2 Kw <1min 2% of the reading
ETh east | AC Energy Energy meter Kw/h | <1min

Balustrades West

Meteo _

Gieast 2 Irradiance East plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
Giwest_2 Irradiance West plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
T1b_zwest Module temperature Thermocouple type T oC <1min 1K

DC -

Ib west DC Intensity Amperimeter A <1lmin 1% of the reading
Vb_west DC Voltage Voltimeter \Y <1min 1% of the reading
P west DC Power Power meter 1,2 Kw <1min 2% of the reading
ETh west DC Energy Energy meter Kw/h | <1min

AC -

Pb west | AC Power Power meter 1,2 Kw <lmin 2% of the reading
ETh west | AC Energy Energy meter Kw/h | <1min

Balustrades South

Meteo ~

Gi_south Irradiance south plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
Gi_north Irradiance North plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
Tm_south Module temperature | Thermocouple type T eC <1min 1K

DC .

Iy south DC Intensity Amperimeter A <1lmin 1% of the reading
Vb_south DC Voltage Voltimeter <1min 1% of the reading
Py south DC Power Power meter 6,4 Kw <1min 2% of the reading
ETh south DC Energy Energy meter Kw/h | <1min

AC .

Pb_south_| AC Power Power meter 6,4 Kw <1min 2% of the reading
ETb south | AC Energy Energy meter Kw/h | <1min

Walkable Flor

Meteo
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Variable Description instrument Range | Units | Time Resolution | Accuracy

Giw Irradiance azimut Reference cell 0-1200 | w/m2 | <1min 5% of the reading
Tmw Module temperature | Thermocouple type T | 0-100 |°C <1min 1K

DC

lw DC Intensity Amperimeter A <1min 1% of the reading
Vw DC Voltage Voltimeter <1min 1% of the reading
Pw DC Power Power meter 14 Kw <1min 2% of the reading
ETw DC Energy Energy meter Kw/h | <1min

AC

Puw | AC Power Power meter 14 Kw <1min 2% of the reading
ETw AC Energy Energy meter Kw/h | <1min

Ist in Intensity Amperimeter <1min

Vst in Voltage Voltimeter \Y <1min 1% of the reading
Pst in Power Power meter 89 Kw <1min 2% of the reading
ETst in Energy Energy meter Kw/h | <1min

Ist_out Intensity Amperimeter <1min 1% of the reading
Vst out Voltage Voltimeter Vv <1min 1% of the reading
Pst out Power Power meter Kw <lmin 2% of the reading
ETst out Energy Energy meter Kw/h | <1min

Building

HVAC

Ihvac Intensity Amperimeter <1min 1% of the reading
Vhvac Voltage Voltimeter Vv <1lmin 1% of the reading
Phvac Power Power meter Kw <1min 2% of the reading
Existing PV field

DC -

lov DC Intensity Amperimeter A <1lmin 1% of the reading
Vv DC Voltage Voltimeter \Y <1lmin 1% of the reading
Pov DC Power Power meter 89 Kw <1min 2% of the reading
ETo DC Energy Energy meter kW/h | <1min

AC -

Pov_i AC Power Power meter 89 kw <lmin

Etpy | AC Energy Energy meter kW/h | <1min

Grid

Pgr Power Power meter kw <Imin

ETov ) Energy Energy meter kW/h | <1min
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2.6.3 Existing monitoring system

ISFOC has already a monitoring system in its building in charge of measuring the energy consumption of the
building, complete, and also some circuits independently. The purpose of this monitoring was different so
only some of the measurements will be taken into account and it will be completed with additional

components.

The different energy circuits monitored are shown in Table 2.12.

Table 2.12: List of the pre-existing monitoring equipment at ISFOC

UPSTREAM ELECTRIC METER 11
LEVEL3
Grid analyzer
v
UPSTREAM ELECTRIC ELECTRIC ELECTRIC ;l:éﬂg
LEVEL2 METER2 METER 7 METER 10 g
13,14
Grid analyzers
ELECTRIC GENERAL ELECTRIC METER
LEVEL1 1
Energy meter
ELECTRIC METER Short explanation about the loads being measured by the spepecified electric meter or similar device ACCES TDVIS'S DATA?
1 Total energy consumption of ISFOC headquarter Ve
2 "Red IRIS" server and ISFOC servers consumprion. Ve
3 Urbanization (exterior lights, irrigation, door...) Ve
4 Climatic chambers laboratory consumption Ve
5 Power consumprions to be protected by a UPS (not installed) for workers computers Ve
6 Office lights
YES
7 General Power consumptions
YES
8 HVAC system unit 2
YES
9 Kitchen
YES
10 HVAC system unit 1
YES
11 Solar Simulator laboratory
YES
12 Third company (offices and workshops) consumption. Offices Ve
13 Third company (offices and workshops) consumption. Workshps power ves
14 Third company (offices and workshops) consumption. Workshops lights Ve
OBSERVATIONS
The numbers of the meters are also marked as in the " Esquema_Unifilar_ISFOC_Num.pdf"
the electric meter 1is the utility gri energy meter. We access to the data and we store it. You can have acces to this data stored but not to the instantaneous value
the electric meters from 2to 14 are grid analyzers. The data of all of them are stored in a DB where you can acces or we can generate the file you need. | think itis not possible to have acces to
i value neither.
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Figure 2.33: Pre-existing monitoring equipment at ISFOC

2.6.4 BIPVBOOST monitoring system

As mentioned, the installation of the pre-intervention monitoring system was finished in June (2020) and
data are being gathered since august (2020). This monitoring system will be updated after the BIPYBOOST
intervention in the demo site and the results will be reported later.

Pre-intervention monitoring system.

In order to measure all the key variables, it have been used the already installed instruments of the ISFOC
pre-existing monitoring system and additional variables have been measured with a complementary
monitoring system installed within the frame of BIPVBOOST project.

Figure 2.34 shows the variables measured by the pre-existing monitoring system (Highlighted in yellow) and
the variable measured with the monitoring system installed during the BIPVBOOST project framework
(Highlighted in GREEN).

As it can be seen, the BIPVBOOST monitoring system is measuring the meteorological (irradiance in the
module plane, Ambient temperature and wind direction) data and the pre-existing monitoring system in
ISFOC is measuring the energy consumption of the building and its temperature.
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Figure 2.34: Main measuring variables of Puertollano demo site.

Blue variables will be monitored since the pre intervention year and the red variables will be monitored from the
post intervention onwards. Green variables are already being monitored

The meteorological instruments have been installed on the roof. The Figure 2.35: shows the layout and some
detailed photo of the finished installation. The ambient temperature (Tawm) is being measured by the PT100;
the East (Gip_east), West (Gib_west), North (Gis_soutn), South(Gib_south) and azimuthal plane(Giy) Irradiance is being
measured at certain height to avoid the albedo effect and additionally at low height (near the ground) to
evaluate the albedo effect with a cube formed by reference cells; Gi with a pyranometer and wind direction
with a anemometer.
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anemometer

Pt 100 with windand  / Reference cells Albedo Reference cells
radiation shield / cube cube

Data logger

=

m‘\.\\\_\'r.

T o
# Reference cells cube
*# Anemometer

“ Ppiranometer
@i Datalogger

Figure 2.36: Layout of pre intervention monitoring system at Puertollano demo site

The data measured by the instruments are sent to the data logger via Modbus communication. Figure 2.37
shows all the connections between the instruments and the datalogger.

e 1l e

Cable apantaliado prandmetio

COM1 BUS >

Cable apantallado trenzado de 4 x 0,25 mm2

Figure 2.37: Detailed schema of the installed monitoring system connections

Data collection
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On the one hand the gathered data are send to TECNALIA via internet by a modem integrated in the
monitoring system. On the other hand, the data gathered by the pre-existing monitoring system in ISFOC are

sent to TECNALIA through FTC. The data can be check online in the website prepared for this purpose (see
Figure 2.38).

ProfiSfgnal

East balustrade

South balustrade

Walkable flour =k _— * Racarcn Measurerme

Figure 2.38: Screenshot of the web-datalogger

2.7 BIPV MODELLING AND PERFORMANCE SIMULATION

EnerBIM, as WP6 leader and BIMsolar tool developer, has completed BIPV systems digital modelling and
simulation works as a pre-study.

2.7.1 Element level to building level methodology using 3D modelling and
simulation tools

2.7.1.1 Overall methodology

a. EnerBIM develops BIMsolar as a BIPV dedicated software, first for integrated simulation performance
at building level with BIPV and BAPV systems, second for BIPVBOOST products virtualization with
significant level of information.

b. Inputs
BIMsolar software (version BIPVBOOST) is designed to import 3D geometry through various formats:
e Trimble SketchUp native (.SKP)
e AutoDesk REVIT native (projects and families) through dedicated plugins
e Generic ISO/open BIM (.IFC)
e Green Building open format (gbXML)
e EnergyPlus open format (.IDF)
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Weather data come from various reliable sources such as METEONORM®, PVGIS®.
Each BIPVBOOST demo site is geo-localized with the highest level of accuracy (WGS84 coordinates)
to generate the most reliable TMY as an epw file from PVGIS®.

c. BIPV Modelling-Simulation
BlMsolar software runs contextual simulation in real time to bridge the gap between 3D modelling
and performance calculation:

Primary modelling comes from an architectural design (architect, designer): 3D CAD 3D file;
SKP preferred as BIM is not necessary for preliminary studies,

Step#1 — Environment: 3D model generation, weather data, albedo selection, sun course,
shadowing, sun exposure,

Step#2 — Irradiation: global yearly to hourly direct and diffuse irradiation simulation
(kWh/m2) using our own raytracing technologies. Shading effects on energy ratio are
highlighted in 3D,

Step#3 — BIPV layouts: configuration of pre-series of BIPVBOOST products (cell editor to
glazing editor) using SCHWEIZER and ONYX Solar datasheets. Virtual objects handling from
user (mouse+click) enables integration of modules, tiles, on selected surfaces; global
performance is computed and displayed: installed power (kWp), modules area (m2), array
yield (kWh/kWp), module yield, yearly PV generation (kWh), shading losses, heat losses. The
software enables KPIs calculation at element level (module),

Step#4 — Inverter selection and wiring: the user can set-up any inverter or select inverter(s)
from the PHOTON database or project database. Sizing of the inverter and strings strategies
are performed with a dedicated algorithm (design support); cable / wiring specifications
enable users to interact with the balance of system. Mismatching of modules and ohmic
losses in strings are computed and displayed.

Step#5 — Results: array production is displayed at PV layout level at various time steps (yearly
to hourly). Several outcomes are computed and displayed in a contextual mode: shading
losses, heat losses, ohmic losses, leading to DC & AC production and final yield. Sets of data
can be extracted as outputs (production, hourly figures) through CSV files at any moment, to
feed the downstream processing (Energy Management, specific studies with external tools).

Locations and configurations of the BIPV systems are considered as inputs for EnerBIM 3D modelling;
they are detailed upstream in this report.

2.7.2 Modelling strategy retained for transparent and opaque BIPV

The software is being developed to fit with ONYX Solar strategies regarding glazing systems and transparent
BIPV products. The BIPV module configurator is based on 4 editors:

Cell editor

Pattern editor
Transparent Glass editor
Glazing editor

To design a transparent BIPV system, we have fixed the following steps:

BIPV Layout

Select/Edit CELL

Select/Edit Select/Edit
Transparent GLAZING

GLASS
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Balance of System (downstream studies)

R A

2.7.3 DEMO#1 - ISFOC building, 3D design from 2D plans, simulation with
BIMsolar

2.7.3.1 Hypothesis

BIPV modules have been set up from ONYX Solar datasets (up to date version).

BIFACIAL technologies: the full development of these specific innovations for BIPV is not completed for
BIMsolar software at this stage (WP6 T6.3 — M48).

On the other hand, the bifacial modules have not been tested in laboratory to set-up their bifaciality. In this
sense, the simulation of bifacial features is not possible yet.

To perform design simulations, we have selected mono crystalline cells and glass modules from ONYX
datasheets (modules front side as specified). We have created “digital twin modules” to capture front side
irradiation (mainly direct + diffuse irradiance). This is a first approach before going into deeper investigations.

2.7.3.2 Walkable floor modules

Specifications from ONYX Solar:

Photovoltaic glass - General view Front & Rear Glass

FRONT VIEW FRONT VIEW

600

[0
i

FRONT VIEW FRONT VIEW
00 . ]

€00
00

e

Fhotovoltalc Glass specifications: Cell Type/Dimensions:
Medule Slazs-Glass: 1.8mm Mono-crystalline Back contact 5
Glass dimenzion (mm): 6006010 mim, ,\.‘::
Cell Technalogy: Mano crystalline back contact ¢ 125 o
Cell dimension (mm): 125 x 125mm (5°x 57) 1 2eer Glass 0 mm Tempered black &
Humbet of cells: 16 (4 thrings / & cells per skring) - Rear Glass: 10 mm Tempered black frit
Encapavlant: EVA o
Junction box: QC102043 N
Length cables: F00mm N
Front view Rear view
PROYECT: IMER: QUANTITY: n°
BIFVBOOST_T5.3_Indoor festing bated on the existing stondardization framework. EN 12825 3 8 uniis
T5.3_FO1

% DEPARTMENT: DATE:

II:*Dvi_ONYXSOlAR 03/03/2021

Figure 2.39 Walkable floor - ONYX Solar
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Table 2.13 Configuration of ONYX Solar Walkable floor modules

GLASS

Front: 10mm tempered Low-
Iron

Back: 10mm tempered Black
Frit

Front

Supplier: |0NYX Solar

| Load from..

Madel: |ﬂumm tempered glass low iron

| Save to My Database

Epaisseur

Conductivite :

Transmittance solaire :

Réflectance solaire avant:

Réflectance solaire arriére :

Transmittance visible :

Réflectance visible avant

Réflectance visible arrigre :

Emittance thermique avant

10,0 mm

I

Ll

0,900 Wim.K

@
2
=)
Ed

-y
2
=
R
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2
=
R

©
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=1
ES

[

=}
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[

=}
*®
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Save to Server Database

Emittance thermique arrigre : |0,837 :
Couleur
Back
) Glass editor ? X
Supplier: |0NYXSo\ar | | Load from..

Model: |‘10rl‘lrl‘l_ElL‘\CK FRIT_Tempered

| Save to My Database

Epaisseur:

Conductivité :

Transmittance solaire :

Réflectance solaire avant:

Réflectance solaire arriére :

Transmittance visible :

Réflectance visible avant

Réflectance visible arriére :

Emittance thermigue avant

Emittance thermique arriére :

Couleur

iy
=}

=]
3
3

1,000 Wim K

=}

el (el [5](e] [e] [E
= = =1 = = T

=l = = (B

=] |[F||e] |2 |F
[ [ (4] 4] (4] (4

=
o
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=
4

=
o
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4

Save to Server Database
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GLAZING system

2 Glazing editor

Supgiler |'Jm.-. solar

7 e

Moel:  [13FOS_Flonc_vi

Sane to My Datsbase

Save Ip Server Database

Tipe de irage Simple B
Epalzsaur: 2181 mm
u: 4881 Wom* K.
Facteur sulaire (*) 0%
Iransmission lumine: 1Y
[") Hars cautha FY.
Couchas (da Fanidaurvars nténsur) :
Ceniche Forr eimemp  Suppr Frtérieur Tnkérieur
vilragz WYX Solar - 10mm tempered glass lowiran | 12,000 X
Intarmédiaire QONYX Solar - EV& TIm S00um 0800 x
- e =
|

Intermédiaing ONYX Solar - EV&§lm S00um 0800 X |
Witraga O Solar - 10mm_BLAGK FRIT_Temgarad | 13000 x

- vilrage

+Interméd e
FLOOR MODULES — T2 BIPV Module editor ? s
Supplier: ‘ONYXSnIar ‘ | Load from.

48Wp

Model ‘\SFOC_Flwr_EUUxEUU_4B’.’Vp_21USUS

‘ Save to My Database

Configuration
Physical

Peak power:

Power coef.

NOCT.

Electrical:

Strings:
Voc:
Vmpp:

Isc:

Technical Glazing

48.000 Wp

-0.300 %i"C

450°C =
x

4 -

11.000V

9.000V

5708A

Save to Server Database
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2.7.3.3 Balustrade modules

Specifications from ONYX Solar:

PHOTOVOLTAIC GLASS 1.180 x 810 PHOTOVOLTAIC GLASS 1.150 x 810

FRONT SIDE 4" Mono Crystalline Bifacial FR 4" Mono Crystalline Bifacial
Electrical data test conditions (STC) Electrical data test conditions (STC)

Nominal peak power 97.2 Pree (WP Mominal peak power 95,20 Prce (WE)

Open-circuit voltage 1594 WVae (V] Open-circuit voltage 15.93

Short-circuit curent 807 L [A) Short-circuit current 7.88

Voltage at nominal power 12,59 Vooe V] Voltage at nominal power 12,47

Current at nominal power 772 | —] Current af nominal power /.68

FPower tolerance not to exceed 110 % Power tolerance not to exceed +10 %

STC: 100 wm®, AM 15 and a cell temperature of 25T, stablized module state.

STC: 000 wim*, AM 15 and a cell temperature of 25T, stabilized module state.

Mechanical description

Mechanical description

Length 1180 mrm

Width &10 mm

Thickness 21.8 mrr

Surface area 094 sqQm

Weight 48 Kgs

Cell type 4" Mono Crystaline bifocia

No PV cells / Transparency degree 24 4%
Front Glass 10 mm Tempered Glas Low-lron
Rear Glass 10 mm Tempered Glas Low-lron

Thickness encapsulation 1,80 mm EVA Foils

Category / Color code

Length 1150 mm

Width 810 mm

Thickness 21.8 mm

Surface area 0,93 sqm

Weight 47 Kgs

Cell type & Morno Crystaline bifacial

No PV cells / Transparency degree 24 41%
Front Glass 10 mm Temperaed Glass Low-lron
Rear Glass 10 mm Temperad Glass Low-lon

Thickness encapsulation 1,80 mm Eva Fols

Category / Color code

Junction Box

Junction Box

Frotection IP&5 Protection IP&5
Wiring Section 2.5 mm? or 4.0 mm? Wiring Section 2.5’ o 4.0 mm?
Limits Limits

Maximum system voltage 1000 wsys [v) Maximum system voltage 1000 vsys (V)

Operating module temperature A0 485 oo Operating module temperature -40...+85  oC
Temperature Coefficients Temperature Coefficients

Temperature Coefficient of Prmpp -0.451 %/°C Temperature Coefficient of Prmpp -0.451 RfC

lemperature Coefficient of Voc 0,361 ®fC Temperature Coefficient of Yoc 0.361 Hl"C

Temperature Coefficient of Isc +0,08 %B/C Temperature Coefficient of lsc +0.08 KfC

* Al technico

specifications are subject o change without notice by Onyx Solar

Figure 2.40 Data sheets of the front face of the
prototype of 1180 mm x 810 mm

* Al technical specificalions are subject to changes withaul nolice by Onyx Solar

Figure 2.41 Data sheets of the front face of the
prototype of 11580 mm x 810 mm

Table 2.14 Configuration of ONYX Solar Balustrade modules

Conductivité :
Transmittance solaire :
Réflectance solaire avant:
Réflectance solaire arriére
Transmittance visible
Réflectance visible avant
Réflectance visible arriere
Emittance thermique avant :
Emittance thermique arriére

Couleur :

,000 Wim.K

80,0%

10,0 %

10,0 %

90,0 %

o

& ==
E (=] e

= 213

3

| [ [ (¥ [<p] [dp] [€n] [<»

m
=]
&

0,837

II

0,837

GLASS ) Glass editor ? X
Front' 10mm tempered LOW' Supplier: |ONYXSuIar | | Load from
Iron
Model |1ﬂmm tempered glass low iron | Save to My Database
BaCk: lomm tempered LOW_ Save to Server Database
Iron
Epaisseur:
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GLAZING system

Supglier. |OAYX Solar

Model. I570C_Bifacial_vi

Load from...

Save (o iy Database

Save to Borver Datahase

Tops e irags - simpla >

Epaissaur 7181 mm

u 4520 W0 K

Fachaur sokaire (') 6%

Tranamizsion lumineuss () 66 %

1"} Hers couche Py

Couches {(de Mestérieur vers lintéreur) .

Couche Hem wimm)  Supgr
Exldrieur Inkérieur

Vitage ONYX Solar - W0mm tempered giass low iron | 10,000 x

Inamédiare GV Bt - BV A00pm 0.800 x

- w2

Imemédiarn NV Baiar - BN S00m 0.000 x

iirage. QN Solar- 10mm tempersd giass lowiron  10.000 ®

|
+irags
+ Inleimédiare

SOUTH BALLUSTRADE PV Module etor rx
MODULES Supplier |0vi5u\ar ‘ | Load from.

FRONT side

Model |\sFoc,Ba\uslradefmnumnxmn

‘ Save to My Database

Save to Senver Database

Configuration  Technical  Glazing . l:l - ETT e
Physical
Peak power: 97.200 Wp
Power coef. -0.451 %/"C
NOCT: 450°C —
Elecirical
Stiings: 3 =
Voc: 15936V
Vmpp: 12592V
) h lII' lII' lII' lII' lII' lII'
EAST/WEST BALLUSTRADES ) BIPV Module editor 7
MODU LES Supplier ‘ovi Solar ‘ | Load from
F RO NT . d Mode! ‘\s;oc,eauus«raueﬁontmsuxew ‘ Save to My Database
Save to Server Database
Configuraon ~ Technical  Glazing o |:| = S
Physical
Peak power 95,904 Wp
Power coef. -0.451 % C
NOCT. 450°C s
Electrical:
Strings: El =
Voc 15,028V
vmpp 12472V
Isc 78814
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2.7.3.4 Weather data and Irradiation modelling

We chose to use the European open access reference tool PVGIS to generate meteorological and site data at

the exact location of the demo site. Visualization from satellite enable considering terrain modelling, albedo
evaluation and masking effects.

GEO LOCATION e o .o
=>» Google Maps Ry,
2 PVGIS = o | R e

ALBEDO

= 50% for
surroundings

ORIENTATION
> -15° (EAST)

.. .. EdificiolSFOC

Parcela 1C-01
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IRRAD'ANCE Typical Metrorolagical Year: @abal horizontal irradiance ‘utiine af hartzan .
Perios: d 1 i Eir i —
TMY data from PVGIS® to
generate weather file as
input for BIMsolar (epw
import format) .
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Time step: hourly TS ey W,
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2.7.3.5 3D modelling — setup — existing building

Figure 2.42 Modelling has been made as much realistic as it could be from the existing 2D plans to address BIPV

issues (Trimble SketchUp model from EnerBIM)
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STEP#1- BIMsolar IMPORTATION - Building settings

UETEIET M LMY TR

(L Gaday o S Aoty

e J 1R

Figure 2.43 Close and far shadowing calculation are made through 3D modelling of realistic buildings - Sun course
for full year is displayed at hourly step time

Figure 2.44 Albedo effects (reflected irradiance) are generated selecting groups and types of surfaces 50% as a setup
for surroundings and for the building envelop as a general approach

2.7.3.6 Simulation — Results
STEP#2-IRRADIATION
We perform simulation of irradiance with BIMsolar raytracing algorithms to deliver irradiation 3D mapping.
We use markers to record and visualize values.

Sets of data can be exported in CSV files.
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Global survey on
horizontal surfaces
+ vertical south

Yearly kWh/sgm

South balustrade
Yearly

1515 kWh/sgm
recorded

East balustrade
Yearly

21070 kWh/sgm
recorded

East balustrade
Average day

-2240kWh/sgm
recorded
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East balustrade
Direct ratio

—>44% recorded

West balustrade
Yearly

->880 kWh/sgm
recorded

West balustrade
Average day

-2200kWh/sgm
recorded

West balustrade
Direct ratio

-55% recorded
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Roof floor
Yearly survey

1700 kWh/sgm
recorded as
average value on
the targeted area

Roof floor
Daily survey

385 kWh/sgm
recorded as
average value on
the targeted area

STEP#3 — BIPV layouts

We use virtual modules set-up from manufacturer’s datasheets (see above) to generate BIPV systems.
Production, shading losses, temperature losses are calculated in real time from module level to BIPV layout
level. Every single module is computed as a system and the software displays individual KPIs.

Detailed results can be obtained at STEP#5 (BIMsolar reference process).

Figure 2.45 c-Si walkable floor=192 modules — Total 9.2kWp / 69.1sqm
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Mame Maodules

BAPY systems
' BIPV systems
OMYH Solar- 1SFO_. 192

Figure 2.46 Global results at array level — Year#1 - Walkable floor layout

Figure 2.47 Bifacial c-Si south balustrade= 108 modules; bifacial c-Si east + west balustrade= 24 modules — Total
12.8kWp / 125.6sqm
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Power: 12.8 KWp

Module area: 125.6 m*

Estimated prod.: 14931.0 kWh

Array yield: 1166.5 KWhikWp

Shadow losses: 0.0 %

Heat losses: 45%

Mame Modules

BAPY systems

“ BIPV systems
OMYX Solar - 15FO... 108
OMYX Solar - 1SFO. 12
OMYX Solar - 1SFO.. 12

=

Figure 2.48 Global results at array level — Year#1 - Balustrades layouts

Handling a specific layout is possible as a ‘What If’ analysis: it was used for the walkable floor to size the
shading effects due to the relating position towards the south balustrade. The ‘What if’ analysis is aimed at
supporting design options so we can learn how to mitigate mismatching of irradiance between modules by
optimization of the placement of the full array. Then the string strategy is influenced: zoning and selection
of groups of modules by irradiance level / expected shading. The choice of the inverter(s) is also supported,
as well as cost optimisation together with energy production (in this case 1 single inverter with 2 MPPTs / 4
strings)"

Detailed shading effects are visualized in real time:

Figure 2.49 Shading computation: walkable floor — Highest losses=13.5% (module 26-6)

STEP#4 — INVERTERS / WIRING

This step consists in building the best strategy for the implementation of inverters and connect to them the
strings of modules to optimise the DC and AC productions.
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BIMsolar enables considering the mismatching between modules (gaps in irradiance due to shading effects),
then proposes the best wiring configuration for each MPPT to maximise the energy production.

Electrical layout specifications from ISFOC:
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PVinverter 1 PV inverter 2 o PV inverter 3
One-phase Three-phases Three-pha.ses
Huawei . d Huawei Huawei
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Figure 2.50 Electrical layout

Invertor slots: 192/ 192 Taniprmne3 20 e s
w300 e SN ITL | Az
Connected modules: 192/ 152 we saver weny

Figure 2.51 INVERTERS and strings configuration in BIMsolar — Walkable floor
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Figure 2.52 INVERTERS and strings configuration in BIMsolar — South balustrade

lewarlar slots: 24128 sz e o Omrmens.
[ I,
Connwoled modules: 21124 - ey ey

L wi]«]+]O)

Figure 2.53 INVERTERS and strings configuration in BIMsolar — East & West balustrades

STEP#5 — RESULTS

BIMsolar offers a comprehensive set of detailed results, from yearly to hourly timestep, covering irradiance,
shading losses, heat losses, production, yield... from module level to layout level.

Examples:
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Echelle auto |Enregistrerimage...| Enregistrer CSV...

I Procuction
N Shacow loss

Figure 2.54 PV generation + shading: walkable floor (module 26-6)

Figure 2.55 PV generation + shading: East balustrade (module 3-1)
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WALKABLE FLOOR - Table of results:

PV Generation — Shading losses

GLOBAL - YEAR #1

I Production (95.5 %)
I Shadow loss (4.5 %)

PV Generation — Shading losses

MONTHLY

I Production
I Shadow loss

PV Generation — Shading losses

AVERAGE DAY / MONTH

Pruductlun
Shadnw loss

A
ll
i i

A A
A A
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PV Generation — Shading losses

DAILY

B Production
I shadow loss

AC Production (Inverter Out) — AC/DC ratio
GLOBAL
Final yield = 1531kWh/kWp

I AC Production (98.6 %)
I DC to AC loss (1.4 %)

Electrical Losses (Inverter OUT)

GLOBAL

I DC Inverter In (92.5 %)
[ Mismatch losses (5.4 %)
I Ohmic losses (2.1 %)
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SOUTH BALUSTRADE - Table of results:

PV generation — Shading losses

GLOBAL - YEAR #1

I Production (100 95)
I Shadow loss (0 %)

PV Generation

MONTHLY

I Froduction
I Shadow loss

PV Generation

AVERAGE DAY / MONTH

I Production
B Shadow loss
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AC/DC Production

GLOBAL _ YEAR #1 I AC Production (98.6 %)

I OC 0 AC l0ss (1.4 %)

FINAL YIELD (Inverter Out)
1163 kWh/kWp

Electrical Losses (Inverter OUT)

GLOBAL

I DC Inverter In (94.7 %)
1 Mismatch losses (3.1 %)
I Ohmic losses (2.2 %)
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EAST BALUSTRADE - Table of results:

PV generation — Shading losses

GLOBAL - YEAR #1

Echelle auto Enregistrer image. . Enregistrer CSV..

PV Generation

MONTHLY

. Froducion
| - cnadow lozs

PV Generation

AVERAGE DAY / MONTH

I Froduction
I Shadow 1055

—rr
-
ro—
- -
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AC/DC Production
GLOBAL - YEAR #1

I AC Production (98.4 %)

I DC to AC loss (1.6 %)
FINAL YIELD (Inverters Out)

776 kWh/kWp

Electrical Losses (Inverter OUT)

GLOBAL

I DC Inverter In (78 %)
T Mismatch losses (0.2 %)
I Ohmic losses (21.8 %)
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WEST BALUSTRADE - Table of results:

PV generation — Shading losses

GLOBAL - YEAR #1

PV Generation

MONTHLY

PV Generation

AVERAGE DAY / MONTH

I Production

N Shadow loss

i 4 1 4
d 11
4 ki
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AC/DC Production
GLOBAL - YEAR #1

FINAL YIELD (Inverters Out)
662 kWh/kWp

I AC Production (98.4 %)
I DC to AC loss (1.6 %)

Electrical Losses (Inverter OUT)

GLOBAL

I DC Inverter In (77.9 %)
[ Mismatch losses (0 %)
I Ohmic losses (22.1 %)

2.7.4 Summary of the results

Array Inverters YIELD
Unit KWh kWh kWh Wh | kwh | % | % kWh kWh/kWp
Irradiation Panel orientation PV generation DCinverter IN Losses AC inverter OUT ACiinverter OUT
South East West
Floor Azimut* Floor |Balustrades| Floor [Balustrades| Floor |Balustrades| Floor |Balustrades| Floor |Balustrades| Floor |Balustrades
Balustrade | Balustrade | Balustrade
Direct 77 537| 82 409 6987 4745|East -105! 1182,8 907,0| 17 1,9%| 893 776
Diffuse 37 409 31102 3386 3323|South -15,0| 15141,7| 12801,7 14 310,0| 12 389,0| 201,0 173,0 1,4%| 1,4%| 14109 12216 1531 1163
Indirect 3731 17883 1772 1816|West 75,0 941,0 728,0) 12,0 1,6% 716 622
‘ 118 577,0‘ 131 394,0‘ 12 145,0‘ 9884,0 south =0 15141,7| 149255| 14310,0) 14024,0 201,0 202,0 5%) 5%| 141090 138250]  1531,0 853,7
TOTAL: 272100,0 30067,2 28334,0 403,0 27934,0
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2.7.5 Conclusions

At the current stage of the performance of the software and provided the fact that products and project are
submitted to updates we consider that the first results are positive and converging towards expectations.

In particular:

The impact of albedo is promising to consider the BIPV floor layout: gains for reflected irradiance
from the tower enable to maintain a correct yield for the modules below this close obstacle,

The balustrades have no shading losses and receive reflected irradiance from the ground,

Spring, autumn months and December are profitable for the south balustrade.

We did not face critical difficulties in the process except difficulties in converting 2D plans into 3D model
(geometrical issues to get a readable 3D mesh).

Considering bifacial gains, we could not proceed with proper simulation in this phase because of missing
parameters. But we could assume that a gain in production outcomes between 15% and 25% is realistic.

Next steps will be:

1.
2.

Update of the building 3D model, related to final BIPV integration (demo site manager),
Implementation of BIFACIAL simulation (rear irradiance calculation on every single cell depending on
elevation and orientation is crucial to perform reliable computation) with bifacial outcomes and
settings from the testing phase of the modules,

BIM upgrade of the modules following ONYX Solar and ISFOC specifications, to enable technical
design of the system,

Comparison between measurement and simulation as soon as the real modules will be integrated
and monitoring available.
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2.8PLANNING TIMELINE

A4 2023

Demo Site Man

Key partners identification: P and stucture manufacurers, architects, permit obtaining
A5S80S ...

Demo site visits with key pariners

T8 9 0 23456 T 8
6 46 47

34 35 3 3940 4 & 5

3 |Penodic meetings (Demo Managers and involved partners)
Modification of the demonstration installafions: increase balustrades ! decrease walkatle

gF
g
75
53
H
2
E
£

Definiion of works to be carried out by ISFOC and the installer

-

Local tum-key installer contract according to best value money

8oL it i af the balustarde

Calcutation of the reinforcment of the balustrade

0 |Balustrade reinforcement

1 linital demosite (T3.1)

P& Diagram (depends of the installer for the selaction of the invertars)

=

Predesign of demo site (T8.2)

=

Simulation

Discussion with local authorities - Permit Aog Process

£

Technical project definition - Permit Acg Process

=5

(Grid connection permits - Permit Aog Process

Town hall icenses (construction permits) - Permilt Acq Process

' 19 ing d consiuct Permit Acg Procass
Monitoring and continuous assessment (T8.3) " H " H " H " H " H ||| H " m "
Execulive design
SP—— UL
PR —— ML
234 Construction and nsiallalion - Permit Acq Process

-3

-4

232 |Installiation certficate - Permit Acq Process

Legal Inspection - Permit Acg Procass

ion of operation - Permit Acg Process.

Aciitynse, regstation i regionaladminiaton and rational register - Permit Acq
Process

Comissioning

B3
74
23.5 |Grid acoess conracis - Permit Aog Process
ne
o
%5

Operation and maintenance (8M)

Postintevent
% | and energy offcency relsted impacts [TB5)
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3 DEMO SITE 2: MASS

3.1 DEMO-SITE BUILDING DESCRIPTION

MASS demo site, located in Aretxabaleta (Spain), corresponds to the headquarters and factory of Mondragon

Assembly. The building is connected to the general electrical grid and PV panels are already installed on the
roof with nominal power of 100kW.

Fagor et Mondragon
&=, Sistemas-Mondragon... ~—Assembly S.Coop
\\ =

\.

Figure 3.1: Google maps top view of the factory.

3.1.1 General topology

The building, an industrial pavilion, is divided into two different factories, the external dimensions of the
MASS factory are 103,4 m long and between 51 and 66,6 m wide resulting in a ground floor area of about
5700 m?. From those 5700 m?, 790 m? are divided in three heights where the offices are located, the
remaining 4.910 m? is a workshop with a height between 11 and 12 meters.

Figure 3.2: CAD rendering of the pavilion.
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3.2 ARCHITECTURAL BIPV DESIGN

The BIPV installation will partially cover the South-East fagade of the building. The solution will consist of
glass-glass panels and c-Si technology, manufactured by Onyx, using the line developed by MASS within WP2.
The BIPV modules will be installed using Tulipps’ lock-&-go mounting system.

Figure 3.3: East fagade of MASS building

For this demo, the final design has been selected between two different configurations, 1 with 114 panels of
2mx0.667 m and another composed of 228 panels of 1.02m x 0.667 m.

SCEN. 1 SCEN. 2
2m panels 1,02m panels

Glass-glass c-5i modules with different configurations [ONYX).
Facade structure (TULIPPS)

Ventilade fagade

SE

152 m? 155 m?
21,6 kWp 22,2 kWp

Figure 1.4 Different configurations for Demo2

Since both designs, the 2 m panel and the 1.02 m panel, met the project specifications and met what MASS
as the final owner required in aesthetic and production terms, the decision to select the design of 2m panels
was taken, due to the fact that the economic valuation raised both by the local installer and by the project
partners, was more economical than the option of 1.02 m panels.
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Ty nsolaton gotsbontorndomeste
Scenario 1,02 m [4+4) Scenario 2m [E+6) Scenario 2m [4+4) ¥+
1. Materials Price [€] Price [€]

1.1 Fasteningand mounting system 29.302,00€ 20.817,00€ 20.475,00€

1.2 |BIPV modules 50.651,20€ 53.378,30€ 42.309,12€

1.3 Cabling 1.200,00£€ 1.200,00€ 1.200,00€

1.4 Inverters 4.750,00€ 4.750,00€ 4.750,00€

1.5 Monitoring system

1.6 Electrical installation materials 3.100,00€ 3.100,00 € 3.100,00£€

1.7 Battery System 6.200,00£€ 6.200,00€ 6.200,00€

MATERIALS SUBTOTAL 95.203,20 € 89.445,30 € 7803412 €

2. Labor Price [€] Price [€] Price [€]

2.1 Permitobtaining 2.500,00€ 2.500,00€ 2.500,00€

2.2 Detailed Executive Project 95.000,00€ 5.000,00€ 95.000,00£

2.3 Structural and mechanical installation 66.500,00 £ 66.500,00£ 66.500,00£

2.4 Electrical installation 5.500,00 € 5.500,00€ 5.500,00 €

2.5 Certification of the installation 2.500,00£ 3.500,00£ B.500,00£

2.6 Operation and Maintenance [optional) 0,00£€ 0,00£€ 0,00£€

LABOR SUBTOTAL 92.000.00 € 92.000,00 € 92.000.00 €

Figure 1.5 Economic table for different options of Demo2

With those data the selected option is the variant 38 designed by Viriden, from now on “demo 2 selected
design”.
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3.2.1 Demo 2 selected design

6 var. modules 121 x 3 medules =| 63 modules é var. modules
= sheet metal

" 51600 sideways

+ below
sheet metal
sideways 30; 2040 |, 2040 |, 2040 , 2040 |, 2040 4, 2040 |, 2040 (, 2040 , 2040 |, 2040 |, 2040 , 2040 I,ZOAO 20!.[] 2040 ZIJA[I , 2040 20.60 L, 2040 |, 2040 |, 2040 ‘,ZDAO 2040 |, 2040 4, 2040 | OD//
) AC # # 7 # t
l |
!
I

+ below
S¢ |

Figure 3.6: Demo 2 final design
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Figure 3.7: detail of the variable module design

4p.

&p.

Lp.

4p. i p.

BIPVBOOST Deliverable D8.2

82



Grant Agreement 817991

3.3 BIPV STRUCTURE DESIGN

The facade structure design can be divided into in two parts, on the one hand, the necessary structure able
to tie the modules to the existing building, whose designer has been AGM, as a local installer hired by MASS
and a second structure, which is properly fixed to the BIPV module that has been designed by Tullips as part

of the project.

3.3.1 Building to module structure.

For the structure necessary to be able to place the panels for this demo the following documents of the

Technical Building Code (CTE) have been taken into account:

DB SE: Structural safety

DB SE AE: Actions in the building

DB SE C: Foundation
DB SE A: Steel
DB SE SlI: Fire Safety

In addition, the following regulations in force have been taken into account:

EHE-08: Structural Concrete Instruction.

EAE: Structural Steel Instruction

NSCE-02: Seismic resistant construction standard: general part and edification.

RC-08: Instruction for the reception of cements

For the structural parts, Rolled steel in S-275-JR profiles built by welding in the workshop and on site by
electrode E.43.3.B in two phases with surface treatment by blasting SA 2.5 and application in the workshop
of a coat of anticorrosive primer of ZINC PHOSPHATE with a thickness of 40 microns are used. Anchor plates
for support and fixings to existing structural elements (with studs, pins, tubular elements, plates, HIT-V 5.8
dowels of different metrics, HIT-RE 500 resin, all according to detail of structure drawings), losses, bushings,
layout, auxiliary means and cleaning, according to CTE, DB-SE-AE and DB-SE-A.
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1600
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Figure 3.8: MASS substructure for Tulipps framing assembly
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3.3.2 Module fixing structure

The frame for the demo design has been done by Tulipps, which has worked towards demonstrating a
significant cost reduction through adjustments in the substructure design and components towards lower
bill of materials, flexibility in sizing, ultra-easy installation processes.

This system consists of a distinctive click-&-go technology which is mounted in a rail system installed in the
wall., with 1600 mm pitch distance. The system is presented in the public deliverable D4.3. Functional
samples of cost effective glass facade systems complying with specifications.
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Figure 3.9: Framing provided by Tulipps
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3.4 BIPV MODULE DESIGN

For this demo2, the panels will be manufactured by Onyx. The initial design of the same will consist on the
geometry shown in the following image where there will be a transparent front glass of 4 mm, 6 "and 5 BB
cells, 2 foils of 0.9 mm EVA to make the seal and rear glass with colour RAL 3020, which will give the selected
aesthetic to the whole of the facade. Regarding this design, it remains to be validated in the WP5 that the
dimensions of 4 + 4 mm of glass is sufficient.

EXT.

4 mm Tempered Glass Low Iron
6" Poly-Crystalline Solar Cells

0.90 mm EVA Fois
4 mm Tempered Glass (RAL 3020)

INT. Tntal thickness- 9 80

Figure 3.10: Composition of the panels

As an example, the first module manufactured in Onyx with the specifications of this demo?2 is shown.

Figure 3.11: 2000m x 667 mm with 48 cells module manufactured by Onyx
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3.4.1 BIPVBOOST module/s

The panels to be manufactured for this demo2 in terms of geometry and quantity, as can be seen in Section
3.2 where the design of the facade is exposed, would be the following:

- 90 modules of 2000mm x 667 mm and 48 cells
- 4 modules of 2000mm x 667 mm and 44 cells
- 4 modules of 2000mm x 667 mm and 40 cells
- 4 modules of 2000mm x 667 mm and 36 cells
- 4 modules of 2000mm x 667 mm and 32 cells
- 4 modules of 2000mm x 667 mm and 28 cells
- 4 modules of 2000mm x 667 mm and 24 cells

Each of the designs is detailed below. In all cases the module configuration is composed by the following
materials:

EXT.

4 mm Tempered Glass Low lron
&" Poly-Crystalline Solar Cells

0.90 mm EWVA Fois
4 mm Tempered Glass

INT.

Total thickness: 9.80 mm

Figure 3.12: Glass-glass laminate composition for demo prototypes
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66T mm 667 mm

2000 mm
2000 mm

Figure 3.13: Facade glass-glass with 48 poly-crystalline cells and tempered rear glass RAL 3020
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Data sheet of glass-glass module with 48 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS

48 cells

2000 x 667

é" Poly

Electrical data test conditions (STC)

Crystalline

MNominal peak power 202
Open-circuit voltage 31
Short-circuit current 8.27
Voltage at nominal power 25
Current at nominal power 7.81
Power tolerance not to exceed +10

Poes (WPE]

mpp |
Vae (V)
e (A]
Venge (V)
e (A
%

STC: D00 wm?® AM 15 and a cell temperature of 257, stabilized module state.

Mechanical description

Length 2000 mm
Width L mm
Thickness 2.8 mm
Surface area 1.33 sgqm
W eight 27 Kgs
Cell type &" Poly Crystaline
Mo PV cells / Transparency degree 48 12%
Front Glass 4 mm Tempered Glass Low-Iron
Rear Glass 4 mm Temperaed Glass RAL 3020
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code
Junction Box
Protection IP&5
Wiring Section 2,5mm’ or 4,0 mm’
Limits
Maximum system voltage 1000 Ways (V)
Operating module temperature -40,..+85 °C
Temperature Coefficients
Temperature Coefficient of Pmpp -0,451 %/°C
Temperature Coefficient of Voc -0.361 %/°C
Temperature Coefficient of lsc +0,08 %/°C

* All technical specifications are subject o change without notice by Onyx Solar

GLASS PROPERTIES

Onyx Equivalent Glass

Light Tranzmission

U-value [W/sqmk]

Peak Power [Wp/sgml

12%
54
151.2
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E67 mm B87 mm

2000 mm
2000 mm

3 3 3

Figure 3.14: Fagade glass-glass with 44 poly-crystalline cells and tempered rear glass RAL 3020
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Table 3.2: Data sheet of glass-glass module with 44 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS

44 cells

2.000 x 667

6" Poly

Crystalline

Electrical data test conditions (STC)

Mominal peak power
Open-circuit voltage
Short-circuit current
Veoltage at nominal power
Current at nominal power

Power tolerance not to exceed

185
28
827
24
7.81
+10

Porce IWPE]

mep |
Ve (V)
. (A)
Venep {v)
mee (A)
%

STC: D00 w/m= AM 15 and a cell temperature of 257, stabilized mo dule state.

Mechanical description

Length 2000 mim
Width 67 mm
Thickness 2.8 mm
Surface area 1.33 sqm
Weight 27 Kgs
Cell type &" Poly Crystaline
Me PV cells / Transparency degree 44 20%
Front Glass 4 mm Temperad Glass Low-Iron
Rear Glass 4 mm Temperad Glass RAL 3020
Thickness encapsulation 1.80 mm EVA Foils
Categoery / Color code
Junction Box
Protection IP&5
Wiring Section 25mm” or 4,0 mm”
Limits
Maximum system voltage 1000 Ways (V)
Operating module temperature -40...+85 °C
Temperature Coefficients
Temperature Coefficient of Pmpp -0,451 %/°C
Temperature Coefficient of Voc " -0.361 %/°C
Temperature Coefficient of lsc " +0,08 %/°C

* All technical specifications are subject to change without notice by Cnyx Solar

GLASS PROPERTIES

Light Transmission
U-value [W/sqmK]
Peak Power [Wp/sgm]

Onyx Equivalent Glass
20%
54

&

138,46
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667 mm

867 mm

2000 mm
2000 mm

Figure 3.15: Facade glass-glass with 40 poly-crystalline cells and tempered rear glass RAL 3020
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Table 3.3: Data sheet of glass-glass module with 40 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS 2.000 x 647

40 cells 6" Poly Crystalline
Electrical data test conditiens (STC)
Mominal peak power 168 Pres (WD)
Open-circuit voltage 24 Vo (V)
Short-circuit current 827 e [A)
Voltage at nominal power 22 ]
Current at nominal power 781 [
Fower tolerance not to exceed +10 %

STC: DD wim?, AM 15 and a cell temperature of 251, stabilized module state.

Mechanical description

Length 2000 mm

Width 467 mm

Thickness 9.8 mm

Surface areaq 1,33 sgm

Weight 27 K.gs

Cell type 8" Poly Crystaline

No PV cells / Transparency degree 40 27%
Front Glass 4 mm Tempered Glass Low-Iron
Rear Glass 4 mm Tempered Glass RAL 3020

Thickness encapsulation 1,80 mm EVA Foils

Category / Color code

Junction Box

Protection IP&5
Wiring Section 2,5mm” or 4,0 mm®
Limits

Maximum system voltage 1000 Ways (V)

Operating module temperature -40...+85 °C
Temperature Coefficients

Temperature Coefficient of Pmpp 4 0,451 FfoC

Temperature Coefficient of Voc " -0,361 FfoC

Temperature Coefficient of lsc g +0,08 ®/C

* All technical specifications are subject to change without nofice by Cnyx Sclar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 27%

U-value [W/sgmK] 54

Peak Power [Wp/sgm] 1260
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Figure 3.16: Facade glass-glass with 36 poly-crystalline cells and tempered rear glass RAL 3020

BIPVBOOST Deliverable D8.2 97



Grant Agreement 817991

Table 3.4: Data sheet of glass-glass module with 36 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS 2.000 x 667

36 cells 6" Poly Crystalline
Electrical data test conditions (STC)
Nominal peak power 151 Poee (WP)
Open-circuit voltage 23 V.. (V)
Short-circuit current 8,27 L (A
Woltage at nominal power 19 N
Current at nominal power 7.81 [
Power tolerance not to exceed 10 %

STC: 000 w'm?, AM 15 and a cell tem perature of 257, stabilized module state.

Mechanical description

Length 2000 mrm
Width L mm
Thickness 9.8 mm
Surface area 1.33 sgqm
Weight 27 kgs
Cell type &" Poly Crystalline
MNo PV cells / Transparency degree 36 34%
Front Glass 4 mm Tempered Glass Low-Iron
Rear Glass 4 mm Tempered Glass RAL 3020
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code
Junction Box
Protection IP&5
Wiring Section 2.5mm’ or 4,0 mm®
Limits
Maximum system voltage 1000 Ways (V)
Operating module temperature -40...+85 %C
Temperature Coefficients
Temperature Coefficient of Pmpp v -0,451 R/°C
Temperature Coefficient of Voc " -0,361 %./°C
Temperature Coefficient of lsc " +0,08 %/°C

* Al technical specifications are subject to change without notfice by Gnyx Solar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 34%
U-value [W/sgmK] 54

Peak Power [Wp/sqmi 1134
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Figure 3.17: Facade glass-glass with 32 poly-crystalline cells and tempered rear glass RAL 3020
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Table 3.5: Data sheet of glass-glass module with 32 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS 2.000 x 667

32cells 6" Poly Crystalline
Electrical data test conditions (STC)

Mominal peak power 134 Pege (WP

Open-circuit voltage 20 Voo (V)

Short-circuit current 827 e [A)

Voltage at nominal power 17 N —

Current at nominal power 7.81 —

FPower tolerance not to exceed +10 %

STC: 000 w'm?, AM 15 and a cell temperature of 257, stabilized module state.

Mechanical description

Length 2000 mm
Width 667 mm
Thickness 2.8 mm
Surface area 1.33 sgqm
W eight 27 Kgs
Cell type &" Paoly Crystaline
Mo PV cells / Transparency degree 32 42%
Front Glass 4 mm Tempered Glass Low-Iron
Rear Glass 4 rmm Tempered Glass RAL 3020
Thickness encapsulation 1.80 mm EvA Foils
Category / Color code
Junction Box
Protection IF&5

Wiring Section

25 mm” or

4,0 mm®

Limits

Maximum system voltage 1000 Ways (V)

Operating module temperature -40...+85 °C
Temperature Coefficients

Temperature Coefficient of Pmpp -0,451 %/°C

Temperature Coefficient of Voc " -0,361 %/°C

Temperature Coefficient of lsc " +0,08 %/°C

* All technical specifications are subject to change without notice by Onyx Solar

GLASS PROPERTIES

Onyx Equivalent Glass

Light Tranzmiszion
U-value [W/sqmKk]
FPeak Power [Wp/sgm]

34%

54
1134
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Figure 3.18: Facade glass-glass with 28 poly-crystalline cells and tempered rear glass RAL 3020
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Table 3.6: Data sheet of glass-glass module with 28 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS 2.000 x 667

28 cells 6" Poly Crystalline
Electrical data test conditions (STC)
Nominal peak power 118 Pree (WP)
Open-circuit voltage 18 Voo (V)
Short-circuit current 8,27 ;e (A
Voltage at nominal power 15 Verge (V)
Current at nominal power 7.81 lmpe (A
Power tolerance not to exceed *10 %

STC: DM0wm? AM 15 and a cell temperature of 25%C, stabilized module state.

Mechanical description

Length 2000 mm
Width &67 mm
Thickness 9.8 mm
Surface area 1.33 sqm
Weight 27 Kgs
Cell type &" Poly Crystalline
No PV cells / Transparency degree 28 49%
Front Glass 4 mm Tempered Glass Low-Iron
Rear Glass 4 mm Tempered Glass RAL 3020
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code
Junction Box
Protection IF&5
Wiring Section 2,5mm?* or 4,0 mm®
Limits
Maximum system voltage 1000 Ways (V)
Operating module temperature -40...+85 °C
Temperature Coefficients
Temperature Coefficient of Pmpp " -0,451 %,/°C
Temperature Coefficient of Voc " -0.3861 %/°C
Temperature Coefficient of lsc " +0,08 %,/°C

* All technical specifications are subject to change without nofice by Onyx Solar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 49%
U-value [W/sgqmk] 54
Peak Power [Wp/sqm] gg2
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687 mm 667 mm

2000 mm
2000 mm

Figure 3.19: Data sheet of glass-glass module with 24 poly-crystalline cells and tempered rear glass RAL 3020
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Table 3.7: Data sheet of glass-glass module with 24 poly-crystalline cells and tempered rear glass RAL 3020

PHOTOVOLTAIC GLASS 2.000 x 667

24 cells 4" Poly Crystalline
Electrical data test conditions (5TC)
MNominal peak power 101 Pree (WE)
Open-circuit voltage 15 Ve (V)
Short-circuit current 827 Lo (A
Voltage at nominal power 13 A —
Current at nominal power 781 [
Fower tolerance not to excesd +10 %o

STC: 000 wm? AM 15 and a cell temperatura of 257, stabilized module state.

Mechanical description

Length 2000 mm
Width 667 mm
Thickness 2.8 mm
Surface area 1.33 sqm
Weight 27 Kgs
Cell type &" Paly Crystaline
Mo PV cells / Transparency degres 24 56%
Front Glass 4 mm Tempered Glass Low-Iron
Rear Glass 4 mm Tempered Glass RAL 3020
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code
Junction Box
Protection IP&3
Wiring Section 2,5mm’ or 4,0 mm®
Limits
Maximum system voltage 1000 Ways (V)
Operating module temperature -40...+85 “C
Temperature Coefficients
Temperature Coefficient of Pmpp 4 -0,451 %/°C
Temperature Coefficient of Voc g -0,361 %./°C
Temperature Coefficient of Isc ¥ +0,08 %/°C

* All technical specifications are subject to change without notice by Onyx Solar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 56%
U-value [W/sgmK] 54
Feak Power [Wp/sqm] 73,6
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To connect the solar panels as well as to offer all the advantages that a J-box offers, such as avoiding the
entry of water, the following option was selected.

667 mm

Figure 1.16 JB approximate location (equal to all the variants)

DETAIL : Junction Box
L=1000

| "lf'._;:'h \‘:_‘: }:II_:',. !| ! =
.['.'.: ol lE i
—_ | T
N =) x
o ] I
Al I e EE il
| (S

111.2

Figure 1.17 PV-1B/WL-V MC (4 spring clamps) junction box

All the junction boxes of these variants use MC4 connectors
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3.5 BIPV ELECTRICAL SYSTEM DESIGN

3.5.1 BIPVBOOST electrical diagram

Electrical diagram for demo 2 selected design is defined by Ekilor, MASS local installer, which has proven
experience in the installation of solar panels, including those that are currently on the roof of MASS
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Figure 3.20: Electrical diagram provided by Ekilor
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3.6 BIPV MONITORING DESIGN

3.6.1 Definition of monitoring objectives: BIPV performance validation,
economic viability and progress towards NZEB requirements

As described previously in this document the Mondragon assembly demo site will be equipped with a BIPV
ventilated facade and new BEMS system. The objective of the monitoring system is to measure and verify
the energy performance of the BIPVBOOST project developments and implementation in Mondragon
assembly demo site. In this context the energy performance is understood as the non-used energy (energy
savings), the self-consumption ratio, the reduction in the energy bill and the performance ratio. Next the
implementation of monitoring system is presented.

3.6.2 Definition of variables to be monitored

In order to achieve the monitoring system objectives, the monitored variables have been selected following
the monitoring guidelines defined in deliverable 8.3. The following figure 3.9 shows in a graphical way the
main variables that will be measured, and the table 3.1 summarised the measured variables, the monitoring
instruments and the required accuracies. These variables will be aqcuired in two-time steps, the pre-
intervention (In red font in figure 3.9) period and the post intervention period (inside the red box in figure
3.9)

Demo- Aretxabaleta-Preintervention Monitoring Period

Storage
Batery
inverter O
Varlsr 1
PsrETsyr Gi, Tatm, Sw
( Pv system p
Planed-Nonin the —-[ Power Electronics ]t-‘jf_l' -

N BIPVBOOST

Power Electronics }- 7 ——»

| BIPV system ‘ 1
Ventilated Facade

HVAC office

Giyf 1 Giyf 5
Pyoac ws1 HVAC
Eivae wei Workshop 1
e — HVAC
. . . - Workshop 2
Post-intervention measured variables

Pre-intervention period measured variables

Figure 3.21: Main measuring variables of Aretxabaleta demo site
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Table 3.8: Aretxabaleta demo site variables measurement information: required instruments, range, units, Time

resolution and accuracy

Time
Variable Description instrument Range | Units | Resolution Accuracy
BIPV
components
Ventilated
facade
Meteo _
Irradiance in the ventilated facade 0- w/m 5% of the
Giv plane Reference cell 1200 |2 <1min Reading
Tmof Temperature of the reference cell Thermocouple type T | 0-100 | eC <1min 1K
DC 3
1% of the
Ivf Intensity DC Amperimeter A <1min Reading
1% of the
Vit Voltage DC Voltimeter \Y <1min Reading
2% of the
Pyt Power DC Power meter 24 kw <1min Reading
kw/
ETy Energy DC Energy meter h <1min
AC 3
2% of the
Put | Power AC Power meter 24 kW | <Imin Reading
kw/
ETve Energy AC Energy meter h <1min
1% of the
| st Intensity Amperimeter A <1min Reading
1% of the
Vst Voltage Voltimeter Y, <1min Reading
2% of the
P Power Power meter 24 kW | <Imin Reading
kw/
ET & Energy Energy meter h <1min
Building
0- w/m 5% of the
Gi Global irradiance Pyranometer 1200 |2 <1min Reading
Tamb Ambient temperature Thermocouple type T | 0-50 | °C <1lmin 1K
Sw<5m/s---
>0,5m/s;Sw>5m/
Ultrasonic s--->10% of the
Sw Wind Speed anemometer 0-100 | m/s |<1min reading
HVAC
Office
1% of the
Ihvac_office Intensity Amperimeter A <1lmin Reading
1% of the
Vhvac_office Voltage Voltimeter \Y <1lmin Reading
2% of the
Phvac_office Power Power meter kW | <1min Reading
kw/
EThvac_ office Energy Energy meter h <1lmin
WorkShop 1
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1% of the
Ihvac_wst1 Intensity Amperimeter A <1lmin Reading
1% of the
Vhvace ws1 Voltage Voltimeter Vv <lmin Reading
2% of the
Phvacc ws1 Power Power meter kW | <Imin Reading
kw/
EThvacc ws1 Energy Energy meter h <1min
WorkShop 2
1% of the
Ihvac_c ws2 Intensity Amperimeter A <1lmin Reading
1% of the
Vhvace ws2 Voltage Voltimeter 1 <1min Reading
2% of the
Phvace ws2 Power Power meter kW | <Imin Reading
kw/
EThvacc ws2 Energy Energy meter h <1min
Existing PV field
AC -
2% of the
Pov | Power AC Power meter 89 kw <1min Reading
kw/
ETov Energy AC Energy meter h <1min
Grid
2% of the
Pgr Power from the grid Power meter kW | <1min Reading
kw/
ETgr Energy from the grid Energy meter h <1min

3.6.3 Existing monitoring system

Mondragon assembly has already a PV plant installed on the building’s roof. This PV plant is not part of the
BIPVBOOST project, but it has an impact in the self-consumption ratio of the building during the project
period. Therefore, the monitoring of the production of this plant is important to evaluate the project KPIs.
Fortunately, the energy produced by this existing PV plant is being monitoring by the existing a monitoring
system and the data are shared with TECNALIA.

3.6.4 BIPVBOOST monitoring system

The monitoring system is composed by all the instruments required to measure the variables listed in Table
3.8 connected to a data logger (via Modbus). Figure 3.22 shows the preintervention period connection
diagram between all the instruments and the main board where the data logger is installed. The installation
of all these instruments was carried out before August 2020. The installation lay out can be divided in two
main groups: The roof installation and the indoor installation.

The instruments installed on the roof (near to the pre-existing PV plant) are devoted to measure the
meteorological data (See Figure 3.23).

e Reference cell to measure the irradiance in the ventilated facade plane

e Pyranometer to measure the global irradiance

e PT100 to measure the ambient temperature, protected from sun radiation and wind.
e Anemometer to measure the wind speed.
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Moreover, the instrument devoted to measure de building climatization consumption (HVAC) were installed
indoor in the workshop 1, workshop 2 and the offices.

CUADRO CONEXIONES MASTIL ESTACION

was | R [ was | R s
LRI AR SN ] LRI RS TNy LR R B8 $r e i tregiing
L] L] ? ? L] L ] L] L ° 8

Figure 3.22: Pre-intervention monitoring system connection schema

Temperature sensor with

Existing PV field Piranometer Reference cell windshield and radiation shield

W anemometer

Figure 3.23: Roof installation of the instruments devoted to meteorological data.

Regarding the data collection, the gathered data are sent to TECNALIA via internet connection (provided by
Mondragon Assembly) and the data of the pre-existing PV plant will be sent to TECNALIA. The data can be
checked online in the website prepared for this purpose (see next figure).
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Figure 3.24: Screenshot of the web datalogger.

3.7 BIPV MODELLING AND PERFORMANCE SIMULATION

EnerBIM, as WP6 leader and BIMsolar tool developer, has completed BIPV systems digital modelling and
simulation works as a pre-study.

3.7.1 Element level to building level methodology using 3D modelling and
simulation tools

3.7.1.1 Overall methodology

The same methodology presented in Section 2.7.1.1 has been used.

3.7.2 Modelling strategy retained for transparent and opaque BIPV

The software is being developed to fit with ONYX Solar and TULIPPS combined strategies regarding BIPV glass
modules to integrate cladding systems. The BIPV module configurator is based on 4 editors:

e Cell editor

e Pattern editor

e Transparent Glass editor
e Glazing editor

To design a transparent BIPV system, we have fixed the following steps:
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BIPV Layout

Select/Edit
Transparent
GLASS

Select/Edit

Integrate BIPV
GLAZING . SetupPATTERN . LAYOUTS into
SYSTEM

Select/Edit

CELL

the 3D model

Balance of System (downstream studies)

Select/Edit Select/Edit Generate/Edit

INVERTER STRINGS WIRING

As a pre-study approach - conceptual design - for cladding systems without advanced BIPV considerations at
this stage, the module builder is based on 2 editors working as a BAPV configurator:

e Cell editor
e Module editor

We have fixed the following steps:

BAPV Layout

Integrate BAPV

it . setup PATTERN [ "3l LAYOUTS into
the 3D model

Select/Edit

3.7.3 DEMO#2 — MASS building, 3D design from 2D plans, simulation with
BlIMsolar

3.7.3.1 Hypothesis

BIPV modules have been set up from ONYX Solar datasets.

COLOURED modules: the development of these specific innovations for BIPV is not completed for BIMsolar
software at this stage (WP6 T6.3 — M48). We use a first level of optical properties related to BIPV glass quality
and modules resultant efficiency (from lab tests by ONYX Solar).

To run first simulations, we have selected mono crystalline cells and glass modules from ONYX Solar standard
modules datasheets in accordance with Viridén+Partner’s variant ref.38 (25.09.2019) amended during the
5% General Assembly (05.05.2021).
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Figure 3.25: Viriden+Partner — Project East Fagade — Variant 38 design (vertical configuration)

ONYX Solar has set up single sized modules as defined below, where only the cell density is changed in certain

modules:

1.7 PV module with 24 poly crystalline cells.

1.1 PV module with 48 poly crystalline cells.

667 mm 6867 mm

B67 mm 86T mm

=

T
2000 mm
2000 mm

2000 mm
2000 mm

e

] £ 3
Figure 1.2 Facade glass-glass with 48 poly-crystalline cells, and tempered Glass RAL 3020 Figure 1.14 Fagade glass-glass with 24 poly-crystalline cells, and tempered Glass RAL 3020

ST 4 mm Tempered Glass Low Iron 4 mm Tempered Glass Low Iron
B~ Poly-Crystalline Soiar Cells 6" Poly-Crystalline Sclar Celis

0.80 mm EVA Folls 0.30 mm EVA Fols

4 mm Tempered Glass 4 mm Tempered Glass
INT. H .
Total thickness: 9.80 mm it Total thickness: 9.80 mm

Figure 3.26: Onyx Solar — Detailing modules — Double sized (final choice)
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3.7.3.2 CLADDING MODULES VARIANT 38 — BAPV features
E/ll F(;VD E T_ : 2/ alent Erm— T x| [S II
(source ONYX Solar) :
48 cells / 202Wp “— ,,,,,
667mm x 2000mm m -
BIPV equivalent
MODULES e
(source ONYX Solar) : ) )
44 cells / 185Wp “— ,,,,,
667mm x 2000mm ““ o
BIPV equivalent
MODULES o
(source ONYX Solar) : ) )
40 cells / 168Wp “— ,,,,,
667mm x 2000mm m -
BIPV equivalent
MODULES
(source ONYX Solar) ‘
36 cells / 151Wp “— ,,,,,
667mm x 2000mm m -
BIPV equivalent
MODULES - T
(source ONYX Solar) : ) )
32 cells / 134Wp “— ,,,,,
667mm x 2000mm ““w
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BIPV equivalent e B
MODULES = -
(source ONYX Solar) - ’ ) rM

28 cells / 118Wp _ —
667mm x 2000mm m - , :
BIPV equivalent e B
MODULES = =
(source ONYX Solar) X ’ ) rM

24 cells / 101Wp w “— [
667mm x 2000mm ““ s " :

Figure 3.27: Configuration of ONYX Solar V38 modules

3.7.3.3 WEATHER DATA and IRRADIATION MODELING

We chose to use the European open access reference tool PVGIS to generate meteorological + site data at
the exact location of the demo site. Visualization from satellite enable considering terrain modelling, albedo

evaluation and masking effects.

GEO LOCATION
= Google Maps

= PVGIS
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Figure 3.28: Modelling has been made as much realistic as it could be from the existing 2D plans to address BIPV

issues (Trimble SketchUp model from Viridén+Partner)
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STEP#1-BlMsolar IMPORTATION - Building settings
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Figure 3.29: Close and far shadowing calculation are made through 3D modelling of realistic buildings - Sun course
for full year is displayed at hourly step time
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Figure 3.30: Albedo effects (reflected irradiance) are generated selecting groups and types of surfaces 20% for
surroundings; 50% for the building envelop; 80% for cladding as a general approach

BIPVBOOST Deliverable D8.2 119



Grant Agreement 817991

3.7.3.5 Simulation — Results

STEP#2-IRRADIATION

We use markers to record and visualize values. We compared 2 versions of the building 3D model: with
cladding detail (corrugated surface) and without

Sets of data can be exported in CSV

Corrugated cladding version — Mapping at maximum potential

Global survey on e . ; —in|
- bz x e H

East facade - e .
Yearly kWh/sgm .
= n

o

Some discrepancies
may be due to
complex surfaces
(corrugated
cladding)

—1200 kWh/sgm
minimum recorded | | ...
on top row

Global survey on
East facade

Direct reception
ratio

->60% recorded

Global survey on
East facade

. »
Average daily
- 5|

irradiance

2270 kWh/sgm
minimum recorded .
on top row —

I i

L
L e
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Detail on on East
and North facades

Yearly kWh/sgm

STEP#3 — BIPV layouts

We use virtual modules set-up from manufacturer’s datasheets (see above) to generate BAPV systems. PV
generation, electrical production, shading losses, temperature losses and other performance indicators are
calculated in real time from module level to BIPV layout level. Every single module is computed as a system
and the software displays individual KPIs.

Detailed results can be obtained at STEP#5 (BIMsolar reference process).
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Figure 3.31: Global results — All layouts — V38 version — non tilted BAPV modules

Figure 3.32: Mapping of shading losses — No issue — No significant shading

STEP#4 — INVERTERS / WIRING

This step consists in building the best strategy for the implementation of inverters and connect to them the

strings of modules to optimise the DC and AC productions.

BIMsolar enables considering the mismatching between modules (gaps in irradiance due to shading effects),
then proposes the best wiring configuration for each MPPT to maximise the energy production.

We used this functionality to deliver representative KPIs at pre-study stage before the selection of the final

inverter.

For this study, we selected a typical SMA Solar string inverter: Sunny Tripower 15000TL-30
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Figure 3.33: Inverter selection and optimized wiring — 1 string inverter / 2 MPPTs

STEP#5 — RESULTS

BIMsolar offers a comprehensive set of detailed results, from yearly to hourly timestep, covering irradiance,
shading losses, heat losses, production, yield... from module level to layout level.

Example:
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Figure 3.34: Monthly AC generation + ohmic losses: inverter output
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EAST FACADE — Variant 38 - non tilted modules - Table of results:

IRRADIATION share - Annual

57 %

GLOBAL BAPV ARRAY 87022 kWh

[ 1 Direct Irradiation (56.6 %)
[ Diffuse Irradiation (30.8 %)
1 Indirect Irradiation (12.6 %)

31 %

47335 kWh

PV Generation — Shading losses
GLOBAL —Year #1
219 833 kWh

No shading issue

Array Yield = 918 kWh/kWp

I Production (100 %)
B Shadow loss (0 %)
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PV Generation — Shading losses
MONTHLY
No losses

August is the top production
month

I Production
I Shadow loss

PV Generation — Shading losses
AVERAGE DAY / MONTH

—best months Feb, Aug & Oct
10:00AM, over 10kWh

I Production
N Shadow loss I

s A
O \
i i
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DC Production (Inverter IN)
Year #1 =17 061 kWh
Losses (strings)

Significant mismatch losses
(from wiring)

I DC Inverter In (84.7 %)
0 Mismatch losses (13.8 %)
B Ohmic losses (1.5 %)
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AC Production (Inverter OUT)
Year #1 =16 788 kWh

Losses (strings)

Final Yield = 776 kWh/kWp

I AC Production (98.4 %)
B DC to AC loss (1.6 %)

3.7.4 Summary of the results

Unit kWh degree kWh kWh kWh | % kWh kWh/kWp
Irradiation Panel orientation PV generation | DC inverter IN Losses AC inverter OUT| AC inverter OUT
East facade Azimut*|  Tilt East facade East facade East facade East facade East facade East facade
Direct 87 022 |East -60,0 90,0 19 833,0 17 061,0 273 1,6% 16 788,0 776,0
Diffuse 47 335
Indirect 19 400
*South = 0°
153 757,0 19 833,0 17 061,0 273,0 0,0 16 788,0 776,0
TOTAL: 153 757,0 19 833,0 17 061,0 16 788,0 MEAN VALUES

3.7.5 Conclusions

At the current stage of the validated performance of the software and provided the fact that products and
project are submitted to updates we consider that the first results are exploitable and converging towards
performance expectations. Even if we did not face critical difficulties in the process, discussions must be
engaged to fix the electrical strategy so to work in detail on the string/inverter calculation. Some key points

about this pre-study:

e East facade (before modules integration) is homogeneous regarding irradiance mapping. Simulation
seems to perform correctly, with 10 years based Typical Meteorological Year file from PVGIS,

e No shading issues, no irradiation mismatching,
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e Direct reception ratio seems correct (60%),
e Arrayyield: 918 kWh/kWp,

e PV generation seems to be quite well balanced within a full year period (January production is 43.5%
of August),

e The AC production could be optimized with a stronger strategy mitigating the mismatching for strings
and more technical studies on the inverter side. Final yield is 776 kWh/kWp.

Next steps will be:

1. Update of the building 3D model, related to final and detailed BIPV studies (demo site manager +
partners),

2. Implementation of COLOURED BIPV modules expert configurator and simulation models (T6.3) into
BIMsolar,

3. Final set up of the modules and the mounting structure following ONYX Solar and TULIPPS
manufacturing specifications,

Comparison between measurement and simulation as soon as the real modules will be integrated
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3.8 PLANNING TIMELINE

Below is the planning timeline for the MASS demonstration site at the time of writing. The Gantt chart is a
living document and available via the BIPVBOOST shared platform.

DEMO SITE 2- ARETXABALETA
Dema Site Manager: MASS

2018 2019 2020 2021 2022 2021
[ol11i2l 1 [2 314 s 6] 8]9fmw11[i2f1/2/3/als6°7 8 9ltinitzf1/2/3/4/5 6 7elslwiiili]2]3/a/s5/6/789wmlililars ]

12 345 6 7 8 9 1011 1213 14 15 16 17 18/19/20|21 22 23 24125 26 27 28 29|30|31 32 33 3435 36 37 38 39 40|41|42 43 44 4546 47 48 49 50|51 52 53 54 55 56

Demo Site Management Tasks

ey parmers idensicaton: PV and stuckire manufsciurers, anchiscis, Dermit 0biENg
sssessors

Demo sie visis will key parners

Periodic mestngs (Demo Managers and involved parmners)

Initial energy performance assessment of the demo site (T.1)

Predesigns of demo site (T8.2)

Simnulasion

Execuive design

1
2
3
4
5 |Pal Disgram
[]
7
8
9

Buiking permit obiaining according flocal reguiafon

10 | Stucture cerfiicafions

11 |Blectical cerfiicafions

12 |Pratotype manufacturing (18.4)

13 [installation and building integration (T8.5)

14 |Conisioning

15 | Monitoring and continuous assessment (T8.3)

16 | Operafion and mamienance (08M)

17 Post-i performance and i of cost reduction and|
energy efficiency related impacts (T8.6)

Figure 3.35: MASS Demo-site Gantt Chart
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4 DEMO SITE 3: OPTIMAL

4.1 DEMO-SITE BUILDING DESCRIPTION

4.1.1 Building description

The house is in Belgium, Saint-Denis (close to the town of Mons), which is located close to the French border
(Lat. 50°28’). The building is a residential family house for a family of 5 persons constructed in 1997 (Figure
4.2). Next to this building there is a small office and a kitchen room added in 2011 (Figure 4.313). The main
house is constructed in blocs and bricks while the office is constructed in wood with a beam structure and a
very good insulation level with triple glazing.

Figure 4.1: Google and CAD view of the whole building

The building is connected to the electrical public grid network with a single-phase connection and a 40 A
meter. The building is also connected to the gas network in order to feed the gas boiler.

4.1.2 General topology

The external dimensions of the main house are 13.4 m long and 8.8 m wide resulting in a ground floor area
of 118 m2. At the first floor the area is a little bit smaller and equal to a value of 92.4 m2. The dimensions of
the added rectangular office are 10 m long and 4.3 m wide providing a ground floor area of 43 m2. The kitchen
room area is 17 m?. Therefore, the total floor area of the building including the external walls is 270 m2.

The house contains a cellar and ventilated room of smaller height under its total surface making it an ideal
place to install the batteries. There is a good technical connection between the roof and the cellar in order
to place the wiring between the roof and the batteries including any monitoring devices.
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Figure 4.3: Picture of the office next to the house (left) and top view of the whole building (right)

4.1.3 Grid connection & Equipment

The building is connected to the electrical public grid network with a 2 phases connection and a 40 A meter.
The building is also connected to the gas network in order to feed the gas boiler. In order to support the
increased power brought by the BIPVBOOST panels, the general meter will require to be upgraded to 3
phases connection of a power of 13,9 kVA.

The main building is equipped with 2 heating systems: a gas boiler of a power of 21 kW to heat the water
radiator and to produce the Domestic Hot Water (DHW). The building is also equipped with a HVAC air/air
HP of a power of 8 kW and capable to heat or cool the main house building. This HVAC in the main building
is controllable. This will require to buy a device making the interface between BEMS system and the HVAC
equipment. The internal HVAC unit is a Toshiba RAV-SM806BTP-E and an interface IntesisBox TO-RC-KNX-1i
or similar (IntesisBox TO-RC-MBS-1 or IntesisBox TO-RC-BAC-1).

The office attached to the main building is equipped with a small HYAC Heat Pump (HP) capable to produce
heat in winter and to cool the office in summer. The power of this HP is 2.5 kW. This HP cannot be controlled.

This setup offers various possibilities to control the building temperature mainly by using either the HVAC of
8 kW or the gas boiler to heat the main house.

In the scope of the BIPVBOOST project, this demonstration site will be equipped also with electric batteries.
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There are already PV panels: 3.5 kWp on the west roof slope and 1.4 kWp on the flat roof next to the main
building. The plan is to replace the one on the roof slope (3.5 kWp) with the one coming from BIPVBOOST.

4.1.4 Energy consumption

The electricity contract is a dual Day and Night meter. The night schedule is from 10pm until 7 am and also
includes the weekend. The electricity tariff increased a lot in the last year. In 2016, the ‘Night’ tariff was
around 4 c€ / kWh and the ‘Day’ tariff was around 7 c€ / kWh. In 2017, the ‘Night’ tariff was around 5 c€ /
kWh and the ‘Day’ tariff was around 6.5 c€ / kWh. Additionally, there are also other costs to be added: the
network cost (including the distribution and transportation costs), the fixed cost and the green energy cost.

For the gas, the price was between 2.2 c€ and 2.4 c€ / kWh (2017), while it was 1.8 c€ in 2020. As for the
electricity there is also several other cost such as the network cost (including the distribution and transport
costs) and a fixed cost in addition

The history of electrical consumptions of the house is available for many years. An extract of these available
datais provided in Figure 4.4. A second table is provided containing the daily measure of the current building
during the month of December 2017 (Figure 4.5).

DUAL RATE METER
Yearly Total | Yearly 'Day' | Yearly ‘Night'
Year Consumption [ Consumption | Consumption
(kwh) (kwh) (kwh)
2020 8198 4186 4012
2019 8144 4433 3711
2018 8164 4440 3724
2017 8941 4934 4007
2016 6442 3259 3184
2015 6049 3078 2970
2014 5839 3255 2583
2013 6143 3368 2774
2012 6589 3760 2829
2011 5166 3059 2107
2010 3869 2167 1702
2009 4126 1911 2215
2008 3542 1490 2052
2007 3687 1702 1985

Figure 4.4: Yearly electrical consumption of the house

Total Building House Office Weather
L - L Electricity All . . - - External
Date Day Electricity Electricity Electricity - [m3] Qe Electricity All  Electricity Electricity Electricity e —
'Day' [kwh] 'Night' [kwh] Total [kwh] [kwh] ([kwh] Light [kwh]  Plugs [kwh] HVAC [kwh] el
3/12/17 15:30|  Sunday 0,7 To115 12,2 4,2 8,2 4 0 4 0 0
4/12/17 8:00 | Monday 21,6 53 26,9 41 13,9 13 1 8 4 1
5/12/17 9:30 | Tuesday 16,3 51 21,4 5,2 11,4 10 0 8 2 4
6/12/17 7:30 | Wednesday 18,3 6,9 25,2 5,8 13,2 12 1 8 3 6
7/12/17 8:30 | Thursday 16,3 6,0 22,3 3,8 11,3 11 1 8 2 4
8/12/17 8:00 Friday 15,7 6,0 21,7 6,6 13,7 8 0 6 2 3
9/12/17 8:30 | Saturday 0,0 17,2 17,2 10,3 11,2 6 0 5 1 1

Figure 4.5: Measure of daily electrical and gas consumption of the current building

4.1.5 BIPV system to be installed

BIPV panels will be installed on the roof of the main building (residential house). This will consist of metal-
based roofing shingles. The product will be the FLISOM CIGS module with Schweizer roof structure. The
implementation will consist of a retrofitting of the current roof.
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There are 2 slopes to the roof one with an orientation East and one with an orientation West. The dimension
of each slope of the roof are 5.84 m large by 13.8 m long resulting in an area of 2 * 80.5 m? = 161 m? for the
2 roof slopes. From this surface, the useful area must be reduced by the ridge, the 5 roof windows, and the

chimney. This provides a useful area between 140 and 150 m?to setup the PV panels. The new panels will be
installed on both roof slopes.

Figure 4.6: Cross section of the house showing the roof slope and dimensions

4.1.6 Monitoring system

As of 2019, before the project starts, there is no monitoring system installed in the house. Setting up the
monitoring system will be part of the BIPVBOOST project.

The house is equipped with a normal residential internet connection. So, it will be possible to access or push
data outside.

Regarding the weather data, there is a weather station on the residential house in Belgium used during the
BFIRST project. The distance between the houses is about 4 km.
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4.2 ARCHITECTURAL BIPV DESIGN

4.2.1 Existing demo-site building

Figure 4.7: Demo-site 3 building, east and west side

Table 4.1: Available roof area

Roof east Roof west Total roof
Roof area (m?) 81.48 79.23 160.71
Obstacles (m?)(roof windows, chimney, canopy) 6.46 591 12.38

4.2.2 Architectural BIPVBOOST Design Options

Two initial possible design options have been elaborated with different objectives. The first one foresees to
maximize the power of the installation (10.2 kWp) while the second one tries to have the best possible
architectural integration, while slightly scarifying PV performance (9.3 kWp).

Moreover, for the maximum power option, three different scenarios have been established and studied in
detail.

In these scenario, 3 types of panel format have been used. They are called 1V, 2V and 3V. They are
approximatively 1 unit large, 2 unit large and 3 unit large.
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4.2.2.1 Design option 1.1 (“Max Power”)

This option is represented in Figure 4.8. In this scenario 2V modules are mainly used because they offer the
best compromise between maximizing the cell area per roof surface area. These 2V modules are completed
by 1V modules in order to fill in as much as possible the usable roof surface. The number of each type of0
module is summarized in Table 4.2. The total power of this configuration is 10.2 kW.

4.2.2.2 Design option 1.11 (“Max Power”)

With the option (Figure 4.9: Scenario 1.11 (Max power).: East (top), West (bottom), one row of 1V panel is
added inside the east roof and 2 rows of 1V panel on the west roof in order to gain a little more power. The
total power is 10.38 kW.

4.2.2.3 Design option 1.12 (“Max Power”)

This option (Figure 4.10) is identical to the previous one except that no active panels are placed on the east
roof in the small triangular part in the centre. The total power is 10.26 kW.

4.2.2.4 Design option 1.2 (“Max Power”)

With the option (Figure 4.11), 3V panels are used in order to check if the panels offering the highest power
density but smaller geometrical flexibility could bring more power. However, the total power is smaller than
the previous options mainly because spaces is lost on the left and right part of the roof slopes. The total
power is 9,81 kW.

4.2.2.5 Design option 2 (“Best architectural integration”)

The two inclined roofs are completely implemented in the roof area with frameless modules (Figure 4.12).
With the color-coordinated sheet steel, profiles and modules, the roof can be perceived as a total area. With
dummy modules, the remaining areas can be connected to the existing skylights and the chimney as well as
the porch.

Option 2, unlike option 1, is based on two types of modules. The main part of the roof area is provided with
the narrow, vertical module types (1V). Only on the edge do the broad module types occur. By this division,
a uniform image is generated, despite the different location of the existing skylights, which cut through the
roof surface. The total power is 9.42 kW.

Table 4.2: Summary of panel placement options and their power

East West

1V modules 2V modules 3V modules kWp]1V modules 2V modules 3V modules kWp| Total
Option 1.1 15 80 0 5,25 11 77 0 4,95 10,2
Option 1.11 12 83 0 5,34 22 73 0 5,04| 10,38
Option 1.12 12 81 0 5,22 22 73 0 5,04] 10,26
Option 1.2 6 23 41 5,25 9 16 37 4,56] 9,81
Option 2 162 0 0 4,86 144 4 0 4,56] 9,42
Optionl.11 (refined) 24 75 0 5,22 19 70 0 4,771 9,99
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4.2.3 Detailed selected architectural design

4.2.3.1 Final Design

All these scenarios present preliminary designs of different options. However, the final setup requires to
consider placing flashing material at the top, the edge, the bottom and in the small triangular part of the east
roof.

The evaluation of buying and installing the panels together with the flashing material all around the panel
perimeters was then performed (Figure 4.13). The cost of buying the flashing material is evaluated to 10000
€ while the labour cost is 4800 €. This was evaluated based on a cost per square meter rule of the flashing
material provided by the local architect.

This makes the cost of the flashing material quite expensive and therefore it was decided to minimize this
cost as much as possible. The solution was to use dummy panels as much as possible and to use 2V panels
equipped with only one active cell in order to be able to ‘cut’ these specific dummy panels at the exact
dimension. These panels will be produced on specific dimension in order to provide a proper overlap with
the sheeting of the roof windows. Only the special shapes around the chimney and the bay will be cut on
site. Also, dummy panels or onsite flashing will be used at the junction between the panels surface and the
bottom gutter. This will reduce a lot the extra cost of the flashing material required initially.

This leads to the final design presented in Figure 4.14. This setup has a power of 9.99 kWp. The power is a
little smaller than the initial option 1.11 (10.38 kWp) but it will reduce the cost of the flashing material
required around the panel surface.
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Common Scenario 1.1 Scenario 1.11 Scenario 1.12 Scenario 1.2 Scenario 2
1. Materials Price [€] Price [€] Price [€] Price [€] Price [€] Remarks
1.0 Removing / preparing
Setup + security 1000
Removing existing tiles + removing
. . 2000
underlayer + removing underlating (*)
New wood sub-structure (*) 2000 Is the underlating different for one Scenario to another?
New sublayer (*) 1500
Gutter placed back (*) 500
1.1 Fas»tening and mounting system (FCA 1.563,96 1.581,29 1.581,29 1.356,36 1622,95 Structure. ant includel..‘lz Structure_ provided b\‘/TULIPPS/SCHWEIZER
Switzerland) Battery limits of provided material to be defined.
1.2 BIPV modules (FCA Switzerland) 46.469,44 47.257,16 47.257,16 45.107,13 49.921,32 Modules not included: Modules provided by ONYX/FLISOM/PIZ. Battery
1.3 Cabling This is an_actual cost for CC Cable only. Total cost can only be
calculated after finalization of the elctrical design for demosite. This
1.4 Inverters 2000 Based on Fronius Galvo solution (inverter with transformer): 2 * 3 kWp
inverters
1.5 Monitoring system Cabling included. Monitoring equipment not included: Monitoring
equipment to to be provided by TECNALIA. Battery limits of provided
1.6 Electrical installation materials 500 We can provide this information only after the choice of right scenario
1.7 Battery System 9000 Budget of 6000 € for the batteries and 3000 € for the inverter
1.8 Flashing + Velux windows (*) 10.000,00 7.500,00 10.000,00 10.000,00 10.000,00 There 'wiII be some difference in ma’:erial surfface and the'refore on
material cost but cannot be determined at this stage. Estimated to
MATERIALS SUBTOTAL 18500 58.033,39 56.338,45 58.838,45 56.463,50 61.544,27
Lab
2. or Price [€] Price [€] Price [€] Price [€] HEEIS
2.1 Permit obtaining 250 This is an Estimated Cost.
2.2 Detailed Executive Project We can provide this information only after the choice of right scenario.
2.3 Structural and mechanical installation We can provide this information only after the choice of right scenario.
3.200,00 3.200,00 3.200,00 3.200,00 4.000,00 ) )
Estimated to 4 days / 2 persons + 25% for the option 2
2.4 Electrical installation 1600 Estimated to 1 day, 1 person + Upgrade of the GRD connection
2.5 Certification of the installation 250
2.6 Operation and Maintenance (optional)
2.7 Flasing + Velux windows 4.800,00 4800 4800 4800 4800 Estimated to 6 days / 2 persons
LABOR SUBTOTAL 2100 8.000,00 8.000,00 8.000,00 8.000,00  8.800,00

Figure 4.13: Cost evaluation
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Figure 4.14: Final design

This final design also considers the following details (which might still get slightly modified until the final
production):

The details in order to place the Velux flashing material and how the panels are connected at the top,
the bottom (Figure 4.15, Figure 4.16) and the side of the Velux (Figure 4.17)

the placement of the roof top (Figure 4.18)

The junction of the panels with the bottom gutters (Figure 4.19)

The design of the triangular part of the east slope

The design of the roof edge (Figure 4.20)
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Attention top level Solrif battens are gpprox. Smm higher

as top level old brick battens ond thus higher thon "red line" (Velux).
(Should still work)

Note:

IF-the counter botiens ore replaced or enlorged iIn size, the floshing frome and
the skylight hast to be increcsed much higher (z—oxis).

Reason: guorantee of tightness for the connection

to the existhg roof window type: GGL 606 300 / B12 AFOI C

oI’ —botten, new

Flashing frome is to replace
Typ EDW upper port

t e VELUX

existing underfeld collar BDX

S

Figure 4.15: Junction details at the top of the Velux

. metal shest, new (Solrif)

existing counter battens
(assumption 30x60mm)

counter lothing— and brick bottens:
check the dimension on site

BFX fixing slot
VELUR

vapor control opron BBX
VELUX

LSB inner lining

SIAE. N //////// A

Figure 4.16: Junction details at the bottom of the Velux
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- is solrf
| 870 & f
i 469 axis solil axrs typ|1x1
- i '’
(Format D%, 29.07 20) VELUX; Fashing frame is to replace
114( Typ EDW side element

. 1180 (assumption wide

VELUX existing

/ underleld collar BDX
Solrif profile left Solrif battens, new
existing counter lathing | ]
/ (assumption 30x60mm)
77 R

30-64 \ ,’

existing compensoting frome

Figure 4.17: Junction details on the side of the Velux

Ridge cover, new

ooden shuttering

erforated metal sheet, new
Top flashing, new
Standing seam, new

?upport botten, new
Construction, existing
Add Solrif system

"Salrif” batten. new
&.

ounting clamp profile, new

odule, new
Underroof film (woter barrier loyer), existing
recommendation new underroof fim:

temperature resistance 85°,
butt joints tightly welded

heck on—sil
construction

Figure 4.18: Ridge details
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OPTION :

MPORTANT: STATICALLY VERIFY
UNDERCONSTRUCTION

At most plocement snow guard,
depending on requirements

Subroof faoil*

existing water borrier layer
Module, new

"Solrif” batten, new
Mounting clemp, new

design with
Solrif system OR small panel

Eaves flashing, new
Plank, continuous

Flashing, new/tolerance
Fixing, new

Eaves board, existing

SE—

Gutter hook, existing
Fly screen, existing
Gutter, existing
Front panel, existing

/

INNN ONNN\N\ME 3

O

Construction, existing

*Recommendation new
underroof foil.

Temperature resistonce 85,
joints tightly welded
reference oxes: from the
existing wall

Figure 4.19: Details at the bottom junction with the gutter

13770 _(according roof lenght}

Roof lenght (existing tile root"ng)

Flashng profile nght, new.
Module, new Module frame profile, new
Solrif batten, new '

Construction, existing \

—T. N 5

S . i =« [ i

\ ." [ \‘,‘ ‘." = 120

\ / {

\/ \

{):. = ‘X‘

|\ L D T L] |\ /

38 x180 ren

i —

£00

appeox. every 600 mm

R

X

A

reference axes: from the
exsting wall

Figure 4.20: Details at the side edge of the roof

Finally, a summary of all the type of features and type of panels are

summarized in
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(7) 1V Panel. No cell. (6) 2V Panel EAST ROOF SLOPE
Will be cut on site equipped with 1 cell. | |
Will be cut on site.

*  (5)2Vwith 2 cells (75)

Number of standard panels

« (3)iVwith1cell (13)

S—

T/|$||||||

-

262

Voo

(1) Roof ridge zinc
(2) Solrif

(3) 1V Panel

(4) 2V Panel cut
at real dimension
Equipped with 1 cell

Specific panels cut on si

Ry

-#— * (6)2V 1 cell onright (#1)

(8) 1V panel produced at 75x2V
the exact dimension or 24x1V
onsite flashing material. [

« (7)1Vnocell
*  (10)2Vno cell

ite (#)

(#1)
(#4)

uf
L

No cell. ‘l /

(9)2V panel producedat the | | (10) 2V Panel. No cell. (11) Velux frame +
exact dimension or onsite Will be cut on site. Solrif at the bottom

flashing material. No cell.

Figure 4.21: East roof details

| WEST ROOF SLOPE (7) 2V Panel. No cell.

Will be cut on site (5) 2V Panel

Panels manufactured at exact dimensions

i
B

‘ VELUX-02 ‘ VELUX-04 !
V\\ ¥
AN
4 TN : >
8) 2V panel produced 70x2V
Bl 2vp 2 : 19x1V

at the exact diny

or onsite flashing -
material. No cell.

(11) Velux frame +
Solrif at the bottom

(9) 2V panel produced at the
exact dimension or onsite
flashing material. No cell.

Figure 4.22: West roof details

The building permit was obtained in August 2020 (Figure 4.23).

(4) 2V 1 cell on right (#2)
(4) 2V 1 cell on left (#2)
*  (4)2V1 cell onleft (#6)
+ (8)1Vnocell (#2)
* (8)2Vnocell (#1)
(9) 2V no cell (#10)
Number of standard panels
|+ (5)2Vwith 2 cells (70)
|+ (3)1Vwith 1cell (4)
(1) Roof ridge
(2) Solrif
(3) 1V Panel
(4) 2V Panel cut
at real dimension
Equipped with 1 cell
Specific panels cut on site (#)
« (7)2Vnocell (#1)
«  (10)2Vno cell (#4)
Panels manufactured at exact dimensions
* (4)2V1cell on left (#4)
*  (4)2V1cell on left (#2)
* (4)2V 1 cell on left (#5)
* (4)2V1cell onright (#2)
* (4)2V1cell onright (#2)
*  (8)2Vnocell (#2)
*  (9)2Vnocell (#14)
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B 1
i)
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.
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Figure 4.23: Building permit

4.3 BIPV STRUCTURE DESIGN

4.3.1 Existing building structure (roof)

The basic roof structure consists of a wooden beam structure overarching the walls of the building. The roof
structure seems to be around 200 mm thick. The insulation sits within the vertical beams and is covered and
protected by a plastic sheet (see Figure 4.24 and Figure 4.25)

Figure 4.24: Existing roof structure of Demo-site 3
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The lath for the tiles is 30 mm in height and with the same width (see Figure 4.25). At the eaves lead the tiles
lead directly into the gutter.

Figure 4.25: Details at the eves of Demo-site 3 roof.

4.3.2 BIPVBOOST roof/tile structure

It has been decided by the Demo-site owner, that the basic structure of the roof should not be changed (e.g.
additional insulation). However, the roof structure for mounting Solrif® based BIPV roof modules will require
some changes to the original roof structure:

—  Width of the tile lath: Must be 100 mm in order to mount the clamps for the modules.
— The protective plastic sheet must withstand 80°C, otherwise it must be changed.
— The detail at the eaves to the gutter must be adapted (detail see proposal Viridén + Partner).

cm

i ~7

= 7
I 7

Tl
/ -—
) |
. Al —r1

Figure 4.26: Vertical section detail eaves and gutter.
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4.4 BIPV MODULE DESIGN

For cost reasons, the largest possible PV module size should be used for BIPV complete roofs. For small roofs
and roofs with obstacles, this is often a challenge in terms of layout. Large modules often lead to too much

unused roof area.

It has been shown that by using a "module family" with two to three compatibles, but differently sized
modules, the flexibility for the complete roof covering is significantly greater and thus the roof surfaces can

be optimally used for solar power.

4.4.1 BIPVBOOST module/s

In the framework of BIPVYBOOST WP4 (T4.2) two module families have been developed. They differ in the
orientation of the CIGS subcells (vertical/portrait and horizontal/landscape).

CIGS on metal module options Version 5.0 (21.7.2020)
Type Lver [mm] Lhor [mm] |Rver [mm] |Rhor [mm] |LverTotal [mm] |LhorTotal [mm] |net area [m2] [power [W[ =
1x1H 430 820 430 852 462 870 0.366 30
2x1H 430 1650 430 1682 462 1700 0.723 60
1x1V 821 437 821 469 853 487 0.385 30
2x1V 821 838 821 870 853 888 0.714 60 |
3x1V 821 1220 821 1252 853 1270 1.028 90 | E E
¥ 3
| s
Typ 1x1H - Typ 1x1V Typ 2x1V Typ 3x1V | E E
L
|z 2
IEHE
oo [ Rt
253
2| =

]
|

@% |

[Anzahl Module x Rastermass) + 18 mm

Il Il
I ﬁfg; Il
Rastarmass = Laminatifinga + 32 mm
f t

[Anzehd Madule x Rastermess) + 43 mm

Figure 4.27: Structural design of the CIGS on metal roof module families (vertical and horizontal oriented CIGS

subcells)
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4.4.2 BIPVBOOST module/s electrical Design

Solrif® CIGS on metal BIPV roof modules

Module Type

Dimensions

Width total

Height total

Width grid

Heigt grid

Thickness at module frame
Thickness at J-Box

Weight (prelimiary estimation)

area (based on layout grid)

Electrical characteristics at STC!
Nominal Power

Short Circuit Current

Open Circuit Voltage

MPP Current

MPP Voltage

Solar Cell Efficiency (subcell)
Module Efficiency

Power Output Tolerance
Maximum Revere Current
Maximum System Voltage

LhorTotal [mm]
LverTotal [mm]
RhorTotal [mm]
RverTotal [mm]
[mm]
[mm]
Lo

Puep [W]
Isc [A]
Voc [V]
Ivpp [A]
Vwee V]
Ne [%]
Nm [%]

Version 5.1 (7.9.2020)

XIH | 2aH | ] wav | b o2av | 3xav
870 1700 487 888 1270
462 462 853 853 853
852 1682 469 870 1252
430 430 821 821 821

17
2341
40 || 70 [ | 40 || 70 || 100
0.4 | o7 | o4 P07 I 10
30 60 30 60 90

0.97 1.91 0.97 1.94 2.91
46 48 46 46 46
0.88 1.66 0.88 2x0.88 3x0.88
34 36 34 34 34

12
o1 | | e2 || 87 || 94 || o8
-0%/+5%
10A
1000 V

Figure 4.28: Preliminary datasheet of the CIGS on metal modules, part 1

Thermail charactersistics
Temperature coeffficient
Temperature coeffficient
Temperature coeffficient

Operating conditions
Temperature range
Max. mechanical load [Pa]

Additioal data

Cell type

Junction Box

No. of junction boxes
Cable lenght (4mm?)
Encapsulation

Warranty & certification
Performance guarantee

Warranty
Certification
Fire safety class

Voc [%/°C]
Isc [%/°C]
PPmpp [%/°C]

[°C]

[mm]

-0.3
0.01
-0.35

-40 to 85
open

CIGS
Back side including bypass diode, IP 67, MC4 type / MC4 connectors STC1
1 1 1 2 thd
tbd tbd 900 900 thd
Fluorpolymer front sheet / back plate: aluminium 3 mm black anodized

10 years on 90% of Pmpp under STC1 and 20 years on 80% of Pmpp under
5 years' workmanship after delivery date

EN IEC 61646; EN IEC 51730-1 & 2
according to hard roofing (B root T1, Euroclass) (attempted)

Figure 4.29: Preliminary datasheet of the CIGS on metal modules, part 2

Note: The fire safety tests need to be performed prior to the final design and production of the Demo-site 3

installation.
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4.5 BIPV ELECTRICAL SYSTEM DESIGN

In this section the choice of the inverter, the panels connection wiring, and the electric board will be
described.

However, first it is important to review the current existing legislation in Belgium which will drive some of
our choices hereafter.

As now (2021), the electricity can be injected back on the public network and the main general meter counts
in the reverse side when the electricity is injected into the public network. However this is changing and it is
becoming mandatory to install a general meter that will count both the energy used from the network and
the energy feed in into the network. Based on this new meter and new regulation, there will be 2 options to
pay the energy bill:

(1) The first option will be to pay a flat tax depending on the installed power together with the net
consumption (energy taken from the network minus energy feed in into the network). This plat tax is based
on the minimum of the following 2 powers: panels installed power and inverter total power. So a good
solution to minimize the cost of this scenario is to minimize the power of installed inverters.

(2) The second option will be to pay only the energy taken from the network. In that case the electricity feed
in to the network is not at all taken into account for the bill. This energy is send completely free to the energy
provider.

Based on the power that is scheduled to be installed using the BIPVBOOST panel (10.8 kWp) and the
installation of batteries, it is very strongly desired to base the future scenario on the option (2) and to
minimize the energy taken from the public network.

This will put a large pressure on self-consumption for the Belgian demonstration site.

4.5.1 PV Inverter

The design of the electrical system is not an easy task for the Optimal demonstration site. This is because this
design must meet several constraints. The 3 major ones are summarized here after:

1. Inorderto be considered as a prosumer in Belgium the size of the installed inverters must not exceed
10 kWp. If the power of inverters (sum of all inverter installed) exceeds this limit, the installation is
considered as a producer. Being a producer imposes to face additional administrative tasks. As stated
in section 4.1.6 there are already 2 inverters installed (1.4 kWp and 3.5 kWp). This leaves ‘only’ the
possibility to install an additional inverter of 5.1 kWp (if the building must remain prosumer).

2. The second point is the new TAX imposed since the end of 2020 as summarized in 4.5.Ggoing for the
flat TAX based on the installed PV power would lead to an annual TAX of around 1200 € which is
probably as much as the energy saving price. This is not an option. As stated in that section, the goal
is to minimize the cost of exploitation of the PV installation and therefore to limit the TAX imposed
on the PV inverter power. To achieve that a new meter will be set up that is capable to measure the
electricity consumed from the network and the electricity fed into the network. Having that will allow
to pay ‘only” for the electricity that is consumed from the public network.

3. |Installing inverter for a total peak power between 5 and 10 kWp imposes to use a tri-phase electricity
supply although the building is currently equipped with a single-phase supply.

4. Having CIGS modules has some consequences on current leaks imposing to make sure that the
inverter as a good galvanic insulation.
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For the first constraint here above, there are several possible scenarios:
1. Being a producer and therefore do not consider the limit of 10 kWp for the total power of all
inverters.
2. |Install aninverter < 5.1 kWp
3. Replace the existing inverter with slightly lower power in order to be able to use an inverter of or
around 6.0 kWp for the BIPVBOOST panels.

However, the specificity of this demonstration site is that the panels are almost equally distributed on 2 roof
slopes having 2 orientations at 180 deg. (East and West). This means that the panels production on each
slope will not be maximum at the same time. The East roof will have its maximum peak power around 10-11
am while the west side around 14-16 pm. Moreover, none of the slope are oriented towards the South
meaning that the peak power will never reach the theoretical maximum power of the panels.

This means that the total daily production of the field will be smaller than for an equivalent south oriented
field of PV panels. However, this also means that the electricity production will start earlier in the morning
and will produce more in the evening than for a south oriented field (Figure 4.30). Therefore, this offers the
possibility to install an inverter of lower peak power that the 9.9 kWp of the PV systems.

AL power profile
—— Emst-Generator [1,013 M) " est-Genemror (1,012 KWa]
— EmstWest-Ganarmor [1,711 kW]

11231 D7 &6 018 12:43 16:87 173 18:68
Thme

Figure 4.30: Comparison PV Field South and East-West oriented (from Fronius: "Efficient East-West Oriented PC
Systems with one MPP tracker”)

The East-West orientation could suggest installing one inverter per roof slope. However, that would mean to
install 2 inverters of around 3 to 4kWp each leading to 6 - 8 kWp. That would not allow to reach the limit of
10 kWp of installed capacity.

However, installing only one inverter (with one or 2 MPPT entry) will allow to use a lower max power inverter.
Some simulations have been performed while design the roof set up. These simulations were performed
during the first year project in order to validate the concept and to forecast the electricity meter adaptation.
These simulations were performed with PVSyst free edition. The first simulation uses 2 inverters of 3kWp,
one for each roof slope. The second configuration study the use of a single inverter of 5 kWp for both roof
slopes. For these simulations we have considered 170 1V panels on the west roof and 160 1V panel on the
West roof. The main results are:

e Forthe 2 inverters case (2*3 kWp):
o Electricity produced in one year = 3’282 + 4’259 = 7'541 kWh
o Losses due to overpower inverter east: 4.36 %
o Losses due to overpower inverter west: 4.75 %
e Forthe 1inverter case (5 kWp):
o Electricity produced in one year: 7°270 kWh
o Losses due to overpower : 7,49%
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This simulation shows that there are only 3.5 % of different in the annual electricity amount produced.
However, in the simulation, it can be noted that on the single inverter case, there are 8.65% losses called
“Global incident on the plane of the PV cells”. This is not clear in this output and we could not figure out the
meaning for that.

On the page 3 bottom, of the 3 simulations, it can be noted that there are some productions which are lost
due to the overpower of the PV production compared to the power of the inverter. This is particularly visible
for the 2 inverters case.

These simulations allow to validate the possibility to use a single inverter of a lower total power without
losing annual production.

The search for inverters was not an easy task for the reasons exposed above and because it was required to
have first the final count of the number of PV panels installed on each slope of the roof.

Based on the precise definition of the panels presented in section 4.2.3.1 a first price request was performed
to a reseller of SMA inverters. This was also important for us to have a third-party validation of our design
and conclusions. This reseller proposes us to use SMA STP4.0 or STP5.0 inverters (Figure 4.33). The Figure
4.31 shows that with 170 1V equivalent panels on the east roof slope and 154 1V equivalent panels on the
west roof slope, the total annual production is 7 772 kWh so even better than with our simulation above.
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s p aiques ~

Ici, vous pouvez procéder 3 Iz configuration des générateurs photovoltzigues & I'zide du dimensionnement visuel de la toiture ou du dimensionnement manuel.

Nom Fabricant/Panneau photovoltaique/Electronique du Nombre de panneaux Orientation/type de montage
panneau photovoltaiques/puissance de créte
OpC* o 174 panneaux photovoltaiques ‘a'i‘;:;:rw/, . -
HE cIGs* Q 5,22 kwp /S = 3| W
opC* o 159 panneaux photovoltaigues ‘a'i‘;:gwﬁ 5 . -
2 | Ouest ‘ ‘ il a 477 ki v :1:] a0 s | W

=+ Ajouter générateur photovoltaique

Configuration des onduleurs '
Onduleurs ~
Type 1. Est 2. Quest 3. Facteur de déphasage Limitation de la
170/ 174 154/ 159 (cos ¢) puissance active AC
@ 1xSTP5.0-3AV-40
Pv/onduleur compatibles sous certaines [ ] A:17x 10 B:14x11 /7 1,00 5,00 kW w
conditions
‘ Remarques et propositions de solutions (3 remarques) hYd
Puissance de créte: 9,72 kWp Coefficient de dimensionnement: 194,4 % Facteur d'util. de I'énergie: 97,4 % ~
Performance @ PV/onduleur compatibles sous certaines conditions
Coefficient de dimensionnement: 194,4 % Paramétres Onduleur Entrée A Entrée B
e— ¥ Puissance DC max. 5,18 kW 5,10 kWp 4,62 kwWp
74,1 % 153,8% - .
o Tension DC min. 1zV 303V 334V
Taux d'utilisation de I'enduleur: 96,4 % . B A
- Tension photovoltaigue caractéristique & 324V & 356V
T
90 % 100 %  Tension DC max. (Onduleur ) 850V & 512V & 563V
Rendement énergétique annuel: 7 772,32 kwh Courant d'entrée max. par MPPT 12/12 A & 150A o 123A
Rendement énergétique speécifique; 800 KWh/KWp Courant de court-circuit max. par MPPT 18/18 A & 165A @ 136A
Indice de performance: 80,6 %
Heures & pleine charge: 1554,5h
Pertes dans les lignes (en % de ['énergie photovoltaigue): 0,01 %

Figure 4.31: SMA simulation provided by a third-party SMA reseller.

Another aspect that must also be taken into account is the string connection. In the simulation above, each
string was composed of 9 x 1V equivalent panels. So the East roof is composed of 17 strings and the West
roof of 14 strings. This leads to 170 / 174 panels used on the East roof and 154/159 panels on the West roof.

The options to connect the panels together, to create string are calculated on the Figure 4.32: Options to
connect the panels and design the strings
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Options to design the Strings
Number of cells per string 9 10 11 12 13 14 15 16 17 18 19 20
East Face

Total number of 1V modules 174

Number Strings 19 17 15 14 13 12 11 10 10 9 9 8
Total number of connect 1V panels 171 170 165 168 169 168 165 160 170 162 171 160|
Unconnected panels -3 -4 £ -6 =5 -6 -9- -4- -3-
Nominal Power (W) 5130 5100 4950 5040 5070 5040 4950 4800 5100 4860 5130 4800
Short Circuit Curren (A) 18,4 16,5 14,6 13,6 12,6 11,6 10,7 9,7 9,7 8,7 8,7 7,8
Open Circuit Voltage (V) 414 460 506 552 598 644 690 736 782 828 874 920
MPP Current (A) 16,7 15,0 13,2 12,3 11,4 10,6 9,7 8,8 8,8 7,9 7,9 7,0
MPP Voltage (V) 306 340 374 408 442 476 510 544 578 612 646 680

West Face

Total number of 1V modules 159

Number Strings 17 15 14 13 12 11 10 9 9 8 8 7|
Total number of connect 1V panels 153 150 154 156 156 154 150 144 153 144 152 140
Unconnected panels -6 -9 -5 -3 -3 -5 -9- -6- -7-
Nominal Power (W) 4590 4500 4620 4680 4680 4620 4500 4320 4590 4320 4560 4200
Short Circuit Curren (A)t 16,5 14,6 13,6 12,6 11,6 10,7 9,7 8,7 8,7 7,8 7,8 6,8
Open Circuit Voltage (V) 414 460 506 552 598 644 690 736 782 828 874 920
MPP Current (A) 15,0 13,2 12,3 11,4 10,6 9,7 8,8 7,9 7,9 7,0 7,0 6,2
MPP Voltage (V) 306 340 374 408 442 476 510 544 578 612 646 680

Figure 4.32: Options to connect the panels and design the strings
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Figure 4.33: SMA Sunny Tri-power
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4.6 BIPV MONITORING DESIGN

4.6.1 Definition of monitoring objectives: BIPV performance validation,
economic viability and progress towards NZEB requirements

As mentioned earlier in this document, Optimal demo site will be equipped with a BIPV roof retrofitting and
new BEMS system that will optimise the thermal inertia use of the building, the optimal use of produced
energy by shifting some loads and optimal use of batteries. The objective of the monitoring system is to
measure and verify the effect of this implantation in the overall building performance. In this context the
energy performance is understood as the non-used energy (energy savings), the self-consumption ratio, the
reduction in the energy bill and the performance ratio. Next, the implementation of the monitoring system
is presented.

4.6.2 Definition of variables to be monitored

In order to demonstrate the project objectives, the monitored variables have been selected following the
monitoring guidelines defined in Deliverable 8.3. The following Figure 4.34shows the variables to be
monitored, and the Table 4.3 summarises the measured variables, instruments and required accuracies.
These variables have been divided in two-time steps, the pre-intervention (Inside the Blue box in Figure 4.34)
period and the post intervention period (inside the red box in Figure 4.34). As can be seen the selected
variables are related with the energy balance of the demo; energy production (by the existing PV field and
the one to be installed), the energy consumption from the grid, energy consumed by HVAC system, gas boiler
and movable charges and meteorological data.

The variables of the pre-intervention period are being measured since August 2020 and the post-intervention
variable will be monitored after the new BIPV roof and BEMS interventions have been carried out.
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Figure 4.34.Measured variables on optimal demo site. In Blue the variables measured during the preintervention
period and in red the variables that will be also measured during the postintervention period.

Table 4. 3.0ptimal demo site variables measurement information: required instruments, range, units, Time

resolution and accuracy

Time
Variable B instrument Range | Units | Resolution Accuracy
BIPV components
Roof retrofiting
Meteo ~
Irradiance in the roof 0- w/m 5% of the
Girr retrofiting Reference cell 1200 |2 <Imin reading
Temperature of the reference
Tmr cell Thermocouple type T | 0-100 | 2C <1lmin 1K
DC N
1% of the
ler BIPV generated Intensity DC | Amperimeter A <1min reading
1% of the
Vi BIPV generated Voltage DC Voltimeter Vv <1min reading
2% of the
P BIPV generated Power DC Power meter 15 kW | <Imin reading
kw/
ET BIPV generated Energy DC Energy meter h <1min
AC
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2% of the
Prr | BIPV generated Power AC Power meter 15 kW | <Imin reading
kw/
ETe BIPV generated Energy AC Energy meter h <1min
Intensity flux of storage 1% of the
Ir st system Amperimeter A <1min reading
1% of the
Vir st voltage of storage system Voltimeter \Y <1min reading
2% of the
Prr st Power flux of storage system | Power meter kW <1lmin reading
kw/
ETr st Energy flux of storage system | Energy meter h <1min
Building
0- w/m 5% of the
Gi Global irradiance Pyranometer 1200 |2 <1min reading
Tamb ambient temperature Thermocouple type T [ 0-50 |°C <1min 1K
Sw<5m/s---
>0,5m/s;Sw>5m/
Ultrasonic s--->10% of the
Sw Wind speed anemometer 0-100 | m/s |<1min reading
HVAC controled by
de BEMS
1% of the
Ihvac_c Intensity Amperimeter A <1min reading
1% of the
Vhvac ¢ Voltage Voltimeter Vv <1min reading
2% of the
Phvac ¢ Power Power meter kW | <Imin reading
kw/
EThvac ¢ Energy Energy meter h <1min
HVAC Not
controled by de
BEMS
1% of the
Ihvac_nc Intensity Amperimeter A <1min reading
1% of the
Vhvac_nc Voltage Voltimeter \" <1min reading
2% of the
Phvac_nc Power Power meter kW | <Imin reading
kw/
EThvac nc Energy Energy meter h <1min
Existing gas Boiler
Pgas Thermal Power Gas flow meter kg/s | <1min
Egas Thermal energy water calorimeter kW | <Imin
Existing PV field 2009
AC .
2% of the
Povos | Power Power meter 3,4 kW | <Imin reading
kw/
ETpvo | Energy Energy meter h <1min
Existing PV field 2012
AC .
2% of the
Poviz | Power Power meter 1,35 kW | <Imin reading
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kw/
ETpv12 Energy Energy meter h <1min
Grid
2% of the
Pgr Power Power meter kW | <1min reading
kw/
ETgrid Energy Energy meter h <1min
Movable charges
Whasing machine energy kw/
E whasing machine consumption Energy meter h <1min
E Swining poll heat pump and SSining p00| energy kW/
pump consumption Energy meter h <1min
Dish washer energy kw/
Edishwasher consumption Energy meter h <1min

4.6.3 BIPVBOOST monitoring system

The pre-intervention period instruments have been installed in the building as detailed in the following
figures:Figure 4.35, Figure 4.36, Figure 4.37..
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Figure 4.35. Monitoring system elements located in the Cellar.
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Figure 4.37. Monitoring system elements located in the south and north facades.

Starting from the cellar, it has been installed just one instrument, the calorimeter that it is measuring the
thermal energy produced by the existing gas boiler for heating the house (not the domestic hot water). See
the installation schema in theFigure 4.38.
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Figure 4.38. Calorimeter installation schema

Next, at ground level, the main BIPV board and the secondary board have been installed. On one hand, the
main board contains the data acquisition system and 6 energy meters that measure the energy consumption
from the grid, the swimming pool, the HVAC system controlled by the BEMS, and the energy production from
the 2 existing PV fields. On the other hand, the secondary board contains the energy meters that measure
the energy consumption of the HVAC system not controlled by the BEMS and the Dishwasher. Figure 4.39and
Figure 4.40 show the main board and secondary board components, layout and connections.
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Figure 4.39. Main board components, lay-out and connections.
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Figure 4.40. Secondary board components, lay-out and connections.

Finally, the meteorological instruments (pyranometer, temperature sensor, reference cell and anemometer)
have been installed in the North and South fagades, as shown in the next figure.

Meteorological instruments Main Board

Figure 4.41. Monitoring system installed components; meteorological instruments and main board.
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4.7 BIPV MODELLING AND PERFORMANCE SIMULATION

EnerBIM, as WP6 leader and BIMsolar tool developer, has completed BIPV systems digital modelling and
simulation works as a pre-study.

4.7.1 Element level to building level methodology using 3D modelling and
simulation tools

4.7.1.1 Overall methodology

The same methodology presented in Section 2.7.1.1 has been used.

4.7.2 Modelling strategy retained for CIGS films mounted on roof tiles
(integrated system by SCHWEIZER) — Opaque BIPV
The software is being developed to fit with SCHWEIZER/FLISOM® strategies regarding CIGS PV technologies
mounted on metal substrate (steel, aluminum) to generate cladding modules and roof tiles. As a pre-study
approach, the module builder is based on 2 editors working as a BAPV configurator:

e Cell editor
e Module editor

To design a CIGS roof tile system, we have fixed the following steps:

BIPV Layout

Select/Edit CELL Setup PATTERN
nd

Balance of System

Select/Edit INVERTER » Select/Edit STRINGS - Generate/Edit WIRING

4.7.3 DEMO#3 — OPTIMAL building, 3D design from 2D plans, simulation with
BlIMsolar

4.7.3.1 Hypothesis

BIPV modules have been set up from SCHWEIZER datasets (final revision). Layouts options decided
by VIRIDEN & FD2 (as architects) and OPTIMAL (as the demo site owner).

To run first simulations, we have set-up selected CIGS cells and CIGS modules from FLISOM®
standards (known from PVSITES sister project) and set up features from SCHWEIZER datasheets and
recommendations.
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4.7.3.2 CIGS ROOF TILES

Specifications from SCHWEIZER

Solrif® CIGS on metal BIPV roof modules Version 50 (21.7.2020)

Madule Type 1wiH | | 2xiH 11y 241 | Emtv
Dimensions

Width total LhorTatal [mm] &70 1700 4587 G588 1270
Height total LvarTotal [mm] 482 452 B53 53 853
Width grid RharTatal [mm] 857 1682 459 a7 1252
Heigt gric! RwerTotal [mm] 430 430 221 821 521
Thickness at module frame [mim] 17

Thickness at J-Baox [rmm] 23 +1

Weight (prefimiary sstimation) gl 40 | | 7.0 40 70 | 1om
area (basaed on layaul grid) a4 | 0.7 04 a.r | 1.0
Electrical characteristics at STC'

Wominal Pawer Php= W] a0 &0 an B0 a0
Shart Circuit Currant [A] 0.87 1.81 087 1.84 ¢
Cpen Circuit Voltage War V] 48 45 48 46 A6
MPP Current Ihge= (4] n.88 1.68 088 Zx0 B8 30 85
MPF Voitags Wiges V] 34 36 34 34 34
Solar Cell Efficiency {subcell) e [3] 12

Maodule Efficiency M [%] a1 | | 8.2 a7 9.4 9.8
Pawer Output Taleranes EARTE e

Maximum Revere Current 104

Maximum System Voltage 1000 W

Thermail charactarsistics

Temperature coeffficient Voo [3°C] -03

Temperature coaffficiant lze [#C] a.01

Temperalure coslllicient PPmpa [#0C] -0.38

Operating conditions

Temperature ranga [ A0tz 85

Maix. mechanical load [Pa)] apen

Additioal data

Cell type cles

Junction Box Back side including bypass diode, IP E7, MC4 type [ MC4 connectors STC1
Mo, of junction boxes 1 1 1 2 thd
Cable lenght i¢mm*) [rm] thd thd 500 thd the
Encapsulatian Fluorpalymer front sheet ! back plate {open)

Wamanty & certification

Parformanca guarantag 10 years on B0% of Pmpp under STC1 and 20 vears an 80% of Pmpp under
Wamanty S years worsmanship after delivery date

Certfication EM IEC 616445; EM IEC 31730-1 & 2

Fire safety class according ta hard roofing (B raot T1, Euroclass) (attempted)

Configuration of virtual modules into BIMsolar

1X1V MODULE [ imv btodute ecitor

Suplar | SCHASTER

? E

Load ram

Technical specifications

Madel:  Sakl_ffy

Save In My Database

Techmicsd

Cele

Wspadng

Informatizn

Glzary

|32t mm

. SCHAEZER - Suskozule Vertcal_Solim_tx1y

Fave to BnverCalzzaze

. - - Eply rmage..
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BIPY Module editor ? E

Supplar | SCHAS

Made:  SakL_Any Save In My Database

Fawe to Szrver Cal

ol mage.

Elecreal
sung :

1X2V MODULE =) BIPV Module editor ? X

Technical specifications Supplrs [SCHWEIZER Load from..

Model:  [Soinf_2X1V

Save to Server Database

Configuration Technical Glazng 4 l:l + apply image...

Physical:
Peak power: 60.000 Wp
Power coef.: -0.350 %/°C
NOCT: 45,0 °C s
Electrical:
senas
Voc: 46.000 V
vmpp: 34.000 V
Isc: 1.840 A

7 BIPY Module editor ? X

Supplier: [SCHWELZER |

Model:  [Soirf_2x1v |

Save to My Database

Save to Server Database

Configuration Technical Glazing + l:l + apply image...

Size

Width:
Length: 821 mnl e
cels

. SCHWELZER - SubModule Vertical_Solrf_z
H spacing: 1mm =
V spacing: 1mm e
Information

Area: 0.714 m?
Cells: 1
Rows: 1
Columns: 1
Occupancy: 94.6 %
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4.7.3.3 WEATHER DATA and IRRADIATION MODELING

We chose to use the European open access reference tool PVGIS to generate meteorological + site data at

the exact location of the demo site. Visualization from satellite enable considering terrain modelling, albedo
evaluation and masking effects

GEO LOCATION

= :
X e
=>» Google Maps : :
9 PVGIS 2 : L)/‘; des
. Auinois
N6 2
o
o %
g X Bous de
® . fa vignette
Bois du
Gard
el 2 hurg,l,"& ¢ 1
/b‘iﬁihi — ~ m’ Saint-Denis ¥
g A ne 9
T E19 Rl g 30liee w"&
€42 %‘ >
; 3 2 :
oS . Y “""‘1,0 B
Address: =g W co | Lat/Lon: 50.496635 4.012335 | [ {ESN)

ALBEDO
= 20% for vegetation
= 50% for buildings

ORIENTATION

=> Set-up from
architectural design and
urban integration
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4.7.3.4 3D MODELING - SETUP- EXISTING BUILDING

= BIPVECGOAT 2-MD3 Optmal by D2 20190526 3 CNAEGIST

Figure 4.42: Modelling has been made as much realistic as it could be from the existing 2D plans to address BIPV
issues (Trimble SketchUp model from FD2 Architecture)

STEP#1-BlMsolar IMPORTATION

Weather datia;  SANT-DENE iatitude:  50° ¢ <0 b North offset: 0,0 B

Time zone: uTC 11 Longitude: & 43" [ Ground height: n000m  $

e 5 /(l)&“j_:—:—l:’!:j:—z?- :
P2

Figure 4.43: Close and far shadowing calculation are made possible through 3D modelling of realistic buildings - Sun
course for full year is displayed at hourly step time
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Figure 4.44: Albedo effects (reflected irradiance) are generated selecting groups and types of surfaces 20% as a setup
for surroundings and 50% for the building itself and other buildings

4.7.3.5 Simulation — Results

STEP#2-IRRADIATION
We use markers to record and visualize values.

Sets of data can be exported in CSV.

Global survey on
roof

Yearly kWh/sgm
Max=1002

Min=775 (shading
from chimney)

January

Worst case 3
kWh/sgm
Max=22

Min=13 (shading
from chimney)
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STEP#3 — BIPV layouts

We use virtual modules set-up from manufacturer’s datasheets (see above) to generate BIPV systems:
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Figure 4.45: Layout generation within 3D interface using BIPV BIM objects (from BIMsolar®)

Production, shading losses, temperature losses are calculated in real time from module level to BIPV layout
level.Every single module is computed as a system and the software displays individual KPls.

Detailed results are obtained at STEP#5 (BIMsolar reference process)

Figure 4.46: East roof for Solrif® modules combination following architect + demo owner requirements. Total
5.2kWp / 62.8 sqm
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Figure 4.47: East roof — Shading losses at module level

Note: skylights are not perfectly positioned in the original 3D model. For that reason, the BIPV modules
layouts may enter in collision with the geometry which generates local shading.

Dummy modules are not created for simulation. 2x1V modules equipped with one cell are set-up as 1X1V
modaules.

Power: 5.2 KWp

Module area: 62.8 m*

Estimated prod.: 4658 4 KWh

Array yield: 892 4 KWhikWp

Shadow losses: 0.4 %

Heat losses: 8.4%

Mame Modules ~

% BIPV systems
SCHWEIZER - . 2
SCHWEIZER - . 5
SCHWEIZER - . 12
SCHWEIZER - ... 32
SCHWEIZER - ... 2
SCHWEIZER - ... 20
SCHWEIZER - ... 4

- SCHWEIZER - . 2 W
SHIWEIFER Wl

Figure 4.48: East roof — Global results — Array level
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Figure 4.49: West roof for Solrif® modules combination following architect + demo owner requirements.Total
4.8kWp / 62.8 sqm

0.0%

Figure 4.50: West roof — Shading losses at module level

Note: skylights are not perfectly positioned in the original 3D model. For that reason, the BIPV modules
layouts may enter in collision with the geometry which generates local shading.

Dummy modules are not created for simulation. 2x1V modules equipped with one cell are set-up as 1X1V
modules.

BIPVBOOST Deliverable D8.2 176



Grant Agreement 817991

Power: 4.8 KkWp
Module area: 57.3m?
Estimated prod.: 4335.0 KWh
Array yield: 908.8 KWhikWp
Shadow losses: 0.4 %

Heat losses: 3.5%

Mame Modules ~

% BIPV systems
SCHWEIZER - _.. G
SCHWEIZER - ...
SCHWEIZER - ...
SCHWEIZER - _ .
SCHWEIZER - _..
SCHWEIZER - ...
SCHWEIZER - ...
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Figure 4.51: East roof — Global results — Array level

STEP#4 — INVERTERS / WIRING

This step consists in building the best strategy for the implementation of inverters and connect to them the
strings of modules to optimise the DC and AC productions.

BIMsolar enables considering the mismatching between modules (gaps in irradiance due to shading effects),
then proposes the best wiring configuration for each MPPT to maximise the energy production.

Methodology for simulations:

Because the 1X1V and 2x1V modules are different in size to fit with the architectural grid configuration, we
need to address only individual cells to set-up connections of modules to build strings and to meet inverters
input requirements (same Isc values to connect in series).

For these reasons we rebuilt the 3D models with one cell equivalent modules.

This allows to count the exact number of cells and to connect the appropriate ones to meet the electrical
engineering strategy.

Electrical layout specifications from OPTIMAL:

As presented above (section 4.5.1 “PV inverter”), OPTIMAL chose to limit the total power input for the
inverter. This means disconnect 3 cells on each roof.

BIMsolar allows mismatching of modules analysis to support wiring strategies. This is useful to build well
balanced strings to be connected on the inverter’s MPPTs.

In this way we let the software build the strings of 9 modules for the two roofs and we disconnected the
most shaded modules (nb=6 around the chimney).

We obtain a total of 327 cells connected to the SMA INVERTER.
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Figure 4.53: disconnection of modules following the demo site manager’s strategy

STEP#5 — RESULTS

BIMsolar offers a comprehensive set of detailed results, from yearly to hourly timestep, covering irradiation
distribution, shading survey, heat losses, production, yield... from module level to layout level.
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EAST roof - Table of results:

IRRADIATION share - Annual
GLOBAL BIPV ARRAY

[ Direct Irradiation (43.5 %)
[ Diffuse Irradiation (54 %)
[ Indirect Irradiation (2.5 %)

26329 kwh
43 3

32689 kWh
54 5

Production — Shading losses
Year #1
GLOBAL BIPV ARRAY

I Froduction (99.6 %)
I Shadow loss (0.4 %)

BIPVBOOST Deliverable D8.2

179




Grant Agreement 817991

PV Generation — Shading losses

MONTHLY I Froduction

I Shadow loss “
PV Generation — Shading losses

AVERAGE DAY / MONTH I Production |
I Shadow loss

ik k
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DC Production (Inverter IN)

Year #1 = 4 452 kWh B DC Inverter In (96.6 %)
[ Mismatch losses (2.9 %)
Losses (strings) B Ohmiclosses (0.5 %)

AC Production (Inverter OUT)
Year #1 =4 372 kWh B /C Production (95.2 %)

I DC to AC loss (1.8 %)

Final Yield = 881 kWh/kWp
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WEST roof - Table of results:

IRRADIATION share - Annual

GLOBAL BIPV ARRAY [ Direct Irradiation (44.1%) L
[ Diffuse Irradiation (52.9 %)
[ Indirect Irradiation (3 %)

1688 kWh
22

Production — Shading losses

Year #1 W Production (99.6 %)
I Shadow loss (0.4 %)

GLOBAL BIPV ARRAY
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MONTHLY I Froduction

I Shadow loss
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PV Generation — Shading losses

AVERAGE DAY/ MONTH I Froduction

R B |
i A
A i

PR |
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DC Production (Inverter IN)

Year #1 =4 201 kWh B DC nverter In (981 %)

[ Mismatch losses (1.3 %)
I Ohmic losses (0.6 %)

Losses (strings)

AC Production (Inverter OUT)

Year #1 = 4 126 kWh I AC Production (98.2 %)

I OC to AC loss (1.8 %)

Final Yield = 881 kWh/kWp
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4.7.4 Summary of the results
Unit kwh degree kWh kWh kWh [ % kWh kWh/kWp
Irradiation Panel orientation PV generation | DCinverter IN Losses AC inverter OUT| AC inverter OUT
East Roof West Roof Azimut*|  Tilt House House House House House House
Direct 26 329 24 870|East  [-112,9 39,4 4 660,0 4452,0 80 1,8% 4372,0 852,0
Diffuse 32 689 29 847
Indirect 1565 1688|West |69,1 39,4 4336,1 4201,0 75,0 1,8% 4126,0 881,0
*South = 0°
60 583,0 56 405,0 8996,1 8653,0 155,0 0,0 8 498,0 866,5
TOTAL: 116 988,0 8996,1 8653,0 8498,0 MEAN VALUES

4.7.5 Conclusions

At the current stage of the validated performance of the software and provided the fact that products and
project are submitted to updates we consider that the first results are positive and converging towards
expectations. We did not face critical difficulties in the process except difficulties in positioning the virtual
objects with the highest accuracy into layouts to fit with 2D drawings and 3D original model provided by the
BIPV designers.

The two roofs seem to be well balanced in final yield. Connected to the same inverter, the strings do not
show unacceptable mismatching.

5 months (OCT-FEB) reveal low expected production due to meteorological conditions and the important
share of diffuse irradiation.

Next steps will be:

1. Update of the building 3D model, related to final BIPV integration (demo site manager),

2. Implementation of enhanced features to generate BIPV BIM objects related to virtualization of
SOLRIF® systems and enabling accurate positioning on the 3D model,

3. Comparison between measurement and simulation as soon as the real modules will be integrated
and monitoring available.

4.8 PLANNING TIMELINE

Below is the planning timeline for the Optimal demonstration site at the time of writing. The Gantt chartis a
living document and available via the BIPVBOOST shared platform.
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Figure 4.18: Optimal Demo-site Gantt Chart

The next big steps for the demonstration site setup are:
e August 2021: ordering of the PV inverter.

e September 2021: delivery of the PV inverter.
e October 2021: Delivery of the panels and equipments
e November 2021: Panel placement
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5 DEMO SITE 4: PIZ

5.1 DEMO-SITE BUILDING DESCRIPTION

The demosite at which BIPV modules will be installed is located in the town of Morbegno situated in the
North of Italy. Itis a residential complex consisting of twin buildings separated from each other. The buildings
were built in 2007 and are multi-family residential complex consisting of 17 residential units and 4
commercial spaces. Commercial spaces are located on the ground floor and are intended for office use. Both
buildings have been constructed of bricks with the mainframe structure of reinforced concrete beams and
pillars. Building facades have been realized with PIZ H89 panel which provides a good level of insulation.
Images of the building are shown in Figure 5.2 and Figure 5.3.

Figure 5.1: Satellite view of demosite 4, Latitude 46°7°54" Longitude 9°33°64°" (Source: google earth)

Figure 5.2: Demo-site 4, Images of the building
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Figure 5.3: Demo-site 4, Building’s image from 1t underground level

The electricity produced by the BIPV installation will be consumed primarily to power common light points
and elevators. If there is any excess electricity produced during the day, it will be used to control common
heat pump for the hot/cold water of the building.

5.2 ARCHITECTURAL BIPV DESIGN
5.2.1 Existing demo-site building

The Demo-site consists of two adjacent buildings, both buildings have an identical cube-like shape. Each
building consists of 5 floors above ground and 2 underground levels. The area of each floor is about 200 m?2.
The underground level comprises car garages and common areas (metering room, heat pump room). The
components of the building electrical system are present in the metering room on the 2nd underground
level. All building facades have been realized with the PIZ H89 panel. 3D drawing of the demo site can be
seen in Figure 5.5 and Figure 5.5.
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Figure 5.4: Demo-site 4, 3d drawing of the existing building

O Sl 0 W

Figure 5.5: Demo-site 4, 3d drawing of the existing building

5.2.2 Architectural BIPVBOOST Design

In the initial design stages, two architectural designs were prepared with different purposes, first one focused
on maximizing the power installation (10,9 KWp) whereas the second one aimed at the best architectural

integration while slightly compromising the energy production (10,2 KWp).

5.2.2.1 Design option Al and A2 (best architectural integration)

The design is shown in Figure 5.6. In this design top two rows of PIZ cladding panels are replaced by two rows
of ePIZ glass-glass BIPV modules in all four facades of each building. The new installation runs in a wreath
shape thereby covering all four facades of each building. This design option integrates well with the existing
building design. In total 120 m?of ePIZ BIPV cladding would be installed which would generate 10,2 KWp of
energy. The design option A is further divided into category Al (three number of three-phase inverters for
each building) and A2 (4 number of monophase inverters for each building) based upon the type of inverter

used.
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5.2.2.2 Design option B (maximum power)

The design is shown in Figure 5.7. In this design top three rows of PIZ cladding panel are replaced by three
rows of ePIZ glass-glass BIPV modules in all facades except the North-West facade. This design has four
dummy modules for each building at the position of emergency overflows. In total 140 m? of ePIZ BIPV
cladding would be installed which would generate 10,9 kWp of energy. This option generates more power
output compared to option A but the design doesn’t blend in well with the existing building design.

Viridén 4 Frortend pa comstetino -ty
FPartner

Viridén + Partner AG.

acunme s wniziee  Scenario A

Faccasiwon 2 module rows
wawsiriden-partaer.ch

Pre-design - Demosite 4

number of modules

surface =121 m? =

icture house A, south-west facade icture house A, north-east facade
number of cells = 2'544 cells P p
approx. power totaly =10.17 kWp

The color of the new PIZ panels is the
same as the current color of the
panels (white].

The definitive decision of the color of
the panels is possible only with
sampling

picture house A and B, south-east facade

dimenstion b

B [according to present planning documents)

I
I
- T e
= izgEE=se S 252
= == i =} o
= =l
south-west facade - house A south-east facade - house A north-west facade - house A north-east facade - house A

Figure 5.6: Design option A (best architectural integration)
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’m BIPVBoost - Horizon 2020 Projekt c2011
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same as the current color of the
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the panels is possible only with
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picture house A and B, south-east facade

anstion between axes - house B [according to present planning documents!

south-west facade - house A south-east facade - house A north-east facade - house A
Figure 5.7: Design option B (maximum power)

5.2.2.3 Choice of final design

For the final choice of architectural design, both design options A and B were presented and discussed in the
local municipality office. The office was requested to choose one of the two presented design options.
Municipality accepted design option A because this design blends in well with the current cladding design of
the building and the difference in power output is not much when compared to design option B.

A cost estimation analysis as seen in Figure 5.8 was carried out for all design options in order to support the
final design choice based upon best value for money rule. It can be seen that architectural design A has been
further divided into two categories Al (three number of three-phase inverters for each building) and A2 (4
number of monophase inverters for each building) based upon the type of inverter used.

Design A2 turned out to be the best option because the architectural layout is accepted by the municipality,
has the least cost among the three options and uses monophase inverter for every fagade of each building.
Therefore, it was decided to study this design option A2 in detail and make further improvements in the
design.
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Scenario A2 Scenario AL Scenario 8
1. [Materials Price [€] Price [€] Price [€] Remarks

1.1 [Fastening and mounting system 1500,00€ 1.500,00 € 1.600,00 €[For demosite-4 structure is not provided by TULIPPS/SCHWEIZER. Partial cost of fastening systemis already included in price of
BIPV module. This is the estimated cost of additional componenets to be purchased.

12 [BIPVmodules 79.773,14 € 79.779,14 € 87.001,74 €[ This cost is sum of the cost of modules provided by ONVX and PIZ This cost is estimated considering current production process for
both ONYX and PIZ.

13 |Cabling 740,00 €| 12%0,00 € 1.290,00 €| Cable distances are calculated from pre-design. Cost is estimated from quotation recieved an 04/12/2018, Price may change over
time.

14 [inverters 2392,00¢€] 2.092,00€ 3.138,00 €[The cost of the invertors taken from the quotation recieved on 04/12/2019. Price may change over time.

15 [Monitoring system 200,00 €| 200,00 €] 200,00 €] Cabling included. Manitoring equipment not i itori i to tobe p 7y TECNALIA,

16 |Electrical installation materials 500,00 € 3.000,00 € 3.248,00 €[ This is an estimated cost of all required material. A Part of this cost is taken from quotation received on 4/12/2019 and a part is
estimated based on previous experience.

1.7 |Battery System Not Applicable for Demosited

[MATERIALS SUBTOTAL 85.111,14 € 87.861,14 € 96.477,74 €

2.|Labor Price [€] Price [€] Price [€] Remarks

2.1 [Permit obtaining '4.000,00 €| 4,000,00 € 4.000,00 €] This is an estimated cost.

2.2 |Detailed Executive Project 2.000,00 €] 2.000,00 €] 2.000,00 €| This is an estimated cost.

23 [Structural and mechanical installation 8.000,00€ 8.000,00 € 8.660,00 €] Cost estimated based on previous experience. It includes disinstallation cost of PIZ, installation cost of new BIPV system and
platform rental cost.

24 |lectrical installation 4800,00€ 6.400,00 € 6.928,00 €] Cost estimated after consulting electrical installer.

25 |certification of the installation 1.000,00 € 1.000,00 € 1.000,00 €] Cost estimated for certification of only electrical installation of the system (not for the complete BIPV system).

2.6 |Operation and Maintenance (optional)

LABOR SUBTOTAL 19.800,00 € 21.400,00 € 22.588,00 €

Figure 5.8: Cost estimation analysis of Design option A1, A2 and B

5.2.2.4 Design option E, final design (Improved version of design option A2)

The design is shown in Figure 5.9 and Figure 5.10, it is an improved version of design option A2 and is the
final design. In this architectural design, the top three rows of the PIZ cladding panel are replaced with the
two rows of ePIZ glass-glass BIPV modules and two small rows of conventional PIZ H89 modules. ePIZ glass-
glass BIPV modules are placed in between the two small rows of conventional PIZ H89 modules in order to
avoid production losses due to the shadow of flashing elements in the top row.

In this design, 178m? of facade cladding is replaced with 110m? of ePIZ BIPV cladding and 68m? of PIZ H89
cladding. 204 standard ePIZ BIPV modules and 8 special ePIZ BIPV modules are required for this installation.
All ePIZ BIPV modules have the same width and solar cells will be evenly distributed in the individual BIPV
module which gives a raster image look overall. The approximate power of this PV installation is 9,8 kWp.

An emergency water overflow in the BIPV installation area exists, located on the North-East facade of each
building which will be redirected to the lower row of conventional PIZ H89 modules during the installation
process. The new ePIZ panels will be of white color same as the existing PIZ cladding panels of the building.
The solar cells are of sparkling-gold color, contrast in colors with sparkling gold PV cells is more balanced
compared to black or blue solar cells. Overall, the design of the demo site integrates well with the building
surrounding. Figure 5.11 shows rendered images of the demo-site building before and after BIPV installation.

The cost comparison analysis of all the design options can be seen in Figure 5.12. The increase in cost of
design option E compared to design option A2 is due to addition of 68m? of PIZ H89 cladding in the design
which is required in order to avoid power losses due to shadowing effect.
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Figure 5.9: Demo-site 4, North-west and north-east facade
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Figure 5.10: Demo-site 4, south-west and south-east facade design
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A\ STATO Di FATTO - Rilievo fotagrafico vista nord-est & PROGETTO — Inserimento ombientale vista nord-est

2 STATO DI FATTIO - Rilievo fotografico vista est 2 PROGETTO — Inserimento ambientale vista est

Figure 5.11: Demo-site 4, 3D design of demo-site building design with and without ePIZ BIPV modules

Scenario A2 Scenario AL Scenario B |Scenario E
1.|Materials Price [€] Price [€] Price [€] Price [€] Remarks
1.1 |Fastening and mounting system 1.500,00 € 1.500,00€ 160000 € 1.500,00€|For demosite-4 structure is not provided by TULIPPS/SCHWEI ZER. Partial cost of fastening system is already included in price of
|BIPV module. This is the est d of additional be purchased.
1.2 [BIPV modules 79.779,14 €| 79.779,14 €] 87.001,74 €] 79.779,14€[ This cost is sum of the cost of modules provided by ONYX and PIZ. This cost is estimated considering current production process
for both ONYX and PIZ.
13 [Cabling 740,00 €| 1.290,00€ 129000€ 740,00€| Cable distances are calculated from pre-design. Cost is estimated from quotation recieved on 04/12/2019. Price may change
over time.
14 [Inverters 2.392,00 € 2092,00€ 313800€ 2.392,00 €| The cost of the invertors taken from the quotation recieved on 04/12/2019. Price may change over time:
15 |Menitoring system 200,00€ 200,00 € 200,00 €] 200,00€|Cabling included. Monitoring equipment not included: Monitoring equipment to to be provided by TECNALIA.
16 |Electrical installation materials 500,00 € 3.000,00€ 324800€ 500,00€(This is an estimated cost of all required material. A Part of this cost is taken from quotation received on 4/12/2019 and a part is
estimated based on previous experience.
1.7 |Battery System Not Applicable for Demosite4
1.8 [PIZH89 cladding modules 5.916,00¢]
MATERIALS SUBTOTAL £5.111,14€ 87.861,14 €| 96.477,74 € 91.027,14 €
2.|labor Price [€] Price [€] Price [€] Remarks
2.1 [Permit obtaining 4.000,00 €| 4.000,00€] 4.000,00 €] 4.000,00€[This is an estimated cost
2.2 | Detailed Executive Project 2.000,00 € 2.000,00€ 200000 € 2.000,00 €| This is an estimated cost
23 [Structural and mechanical installation 8.000,00 €| 8.000,00€] 8.660,00 €] 8.000,00 €[ Cost estimated based on previous experience. It includes disinstallation cost of PIZ, installation cost of new BIPV system and
platform rental cost.
2.4 |Electrical installation 4.800,00 €| 6.400,00€ 6.92800€ 4.800,00 €| Cost estimated after consukting electrical installer.
2.5 | Certification of the installation 1.000,00 € 1.000,00€ 100000 € 1.000,00 €| Cost estimated for certffication of only electrical installation of the system (not for the complete BIPV system)
2.6 | Operation and Maintenance (optional)
LABOR SUBTOTAL 19.800,00 €| 21.400,00 €| 22.588,00 €| 19.800,00 €
110.827,14 €

Figure 5.12: Cost estimation analysis of Design option A1, A2, B and final design E
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5.3 BIPV STRUCTURE DESIGN

5.3.1 Existing building structure

The building walls have been constructed in bricks and the facades have been realized with PIZ H89 cladding
system. The existing PIZ H89 cladding panels are in white colour with photocatalytic behaviour, rough surface
finish, 0 mm vertical and 0 mm horizontal joint. The PIZ H89 cladding panel as shown in Figure 5.13 consists
of mortar combined with an insulating layer. The panel has a total thickness of 89 mm and is made up of 9
mm external mortar skin and 80 mm insulation. The mortar is reinforced with alkaline resistant fiberglass
and contains modified cement with metal oxide coloured pigments which are resistant to atmospheric
agents. This mortar is joined with a layer of NEOPOR which is synthesized polystyrene with retarded
expansion. Overall, the thickness of the installed system with mounting rails is 92 mm.

The PIZ cladding product is CE certified and follows ETAG 017. It has a lower specific thermal conductivity and
very low water absorption capacity. It shows good resistance under wind suction test, a good resistance
under impact test and a great resistance under fire test. PIZ system is a breathable system with open joints,
so it has good water vapor permeability.

z I : F]
. |
o = 1
3 P :
& o~ 7o
) § x “T" profile
. Ve
Ib’bvb 3 o 0" jont
% g A Horizontal section showing “T~ pve profi-
| le vertical “0” joint or aluminium omega
profile “15" vertical joint
\ [
4
0" ot b
PIZH 89 1 80 e I ] l
mm 80 e
mm 7 Vetical section - H profie with gee-Oniied siotied

oles pich 450 mm. for mechenical festening and
vertical levelling. Panel thickness 83 mm, System
thickness 92 mm

Figure 5.13: Demo site 4, PIZ H 89 cladding system

PIZ panels can be mounted using a special profile mounting system specific to PIZ product. This mounting
system makes installation of panels easier and less time consuming. It consists of horizontal profiles in
aluminum (start profiles, H-profile and top profile), vertical T spacer profile in PVC and corner profiles in
aluminum. Aluminium profiles are secured to the substructure using expansion plug distanced at 90 cm.
These profiles are fixed in the grooves prepared on the horizontal and vertical edges of the panels. Over
Horizontal edges, mortar is thickened and grooved to allow insertion of continuous extruded aluminium
profile and on vertical edge rockwool is grooved to allow insertion of PVC T spacer profile.
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5.3.2 BIPVBOOST structure

ePIZ can be mounted on substructure using the same fastening and mounting system as traditional PIZ
panels. The mounting system will comprise the same profile system as explained in the previous section.
Horizontal profiles will be fixed to the walls using metal expansion plugs. The pitch between the expansion
plugs will be 45 cm. The modules will be installed with 0 mm vertical joint and 15 mm horizontal joint.
Additional aluminium safety clamps will be used to provide extra protection to the glass. Safety clamps are
recommended considering the behavior of polymeric materials under high temperatures. In ePIZ modules,
EVA encapsulant and silicone are the polymeric materials. These materials could melt in case of fire and result
in glass detachment therefore safety clamps can enhance protection in such a scenario.

1484.2
1568,2
%
15 ..
1509

457

15

A 275

525

Figure 5.14: Demo-site 4, typical wall Figure 5.15: Demo-site 4, typical wall section after BIPV installation
section before BIPV installation

Typical wall sections before and after BIPV installation is shown in Figure 5.14 and Figure 5.15 respectively.
Three rows of PIZ H89 cladding panels will be replaced by two rows ePIZ BIPV panels and two small rows of
conventional PIZ H89 cladding panel.

5.4 BIPV MODULE DESIGN

5.4.1 ePIZ glass-glass module description

ePIZ consists of a composite element, obtained by integrating PIZ cladding product with different
photovoltaic (PV) technologies. The main concept of combining PIZ product with a PV element was to have a
BIPV cladding system that can offer energy production, a high level of thermal insulation and a good level of
acoustic insulation within one product along with an easy installation process. In the BIPVBOOST project, two
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different ePIZ products were prepared by integrating the PIZ rock metabio H89 panel with ONYX glass-glass
PV module and FLISOM CIGS modules.

For the demo-site installation, it was decided to use ePIZ prepared with ONYX glass-glass PV module,
functional prototype is shown in Figure 5.16. PIZ rock metabio H89 consists of 8-9 mm thick mortar external
skin joined with 80 mm thick wool rock insulation that has a density of 135 kg/m3. The mortar is reinforced
with alkaline resistant fiberglass and contains modified cement with metal oxide coloured pigments which
are resistant to atmospheric agents. The glass-glass PV laminate consists of two layers of 3.2 mm thick glass
with PV cells packed in between the two layers through EVA encapsulant sheets. A Junction Box (JB) is
attached at the back of the module containing all necessary electrical components. Silicone adhesive was
used to join the surface of the mortar with the rear glass surface of the glass-glass PV module. Silicone was
applied only behind the solar cells and along the edges.

Figure 5.16: Demo-site 4, ePIZ prototype with glass-glass PV Figure 5.17: Demo-site 4, Aluminum H-profile
mOdu|e (Color Of the Ce||S is different from the one that Wi" be placed inside the upper horizontal grooves
installed)

The vertical edges of the wool rock are grooved to allow the insertion of a PVC "T" profile for the "0" mm gap
joint. Top horizontal edge of the wool rock is grooved as shown in Figure 5.18 to create a passage for the
electrical wiring thus providing a defined path for wiring inside the module. A hollow cavity of 102 mm
diameter is created inside the PIZ module to accommodate JB. Horizontal edges of mortar are thickened and
grooved to allow insertion of aluminium H-profile as depicted in Figure 5.17.
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Figure 5.18: Demo-site 4, Groove created on the top Figure 5.19: Demo-site 4, Middle safety clamp

horizontal edge to provide cable passage

Figure 5.20: Demo-site 4, ePIZ prototypes with glass-glass PV laminate mounted on wall

Prototypes in golden-brown and sparkling-gold color solar cells were prepared for the Architect VIRIDEN
Partner in order to make the right design choice for the demo-site building. Architect chose sparkiling gold
color cell and white color PIZ mortar surface with rought finish for demo-site building.

5.4.2 Demo-site module/s design

Architectural design of demo-site is shown in Figure 5.9 and Figure 5.10, we have six different module designs
in total; two standard modules and four special modules which will be used to adjust spaces at building
corners. Design of all demo-site modules is shown In Figure 5.21, Figure 5.24, Figure 5.23, Figure 5.24, Figure
4.21 and Figure 4.22.
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module Al module A2
1070 o+ 4»
O
l
= ! o
[ E (el
7S ‘ 2
2l

#—170.6——156—=—156 15— 155_*‘_9«5544% 156—*4’«*

t +—170.6—+—156—+—156
SECHST RN Y

1 ++—156
v \-1

Figure 5.26: Demo-site 4. front view of standard ePI1Z
module B2

Figure 5.25: Demo-site4, front view of special ePIZ
module B1
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Figure 5.27: Demo-site 4, front view of special ePIZ
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Figure 5.28: Demo-site 4, front view of special ePIZ
module C2
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Table 5.1 Total number of BIPV modules required for *
demo-site 4 installation [
Type Required Numbers
Standard module - Al 102 o~
Standard module - A2 102 E

Special Module - B1

Special Module - B2

Special Module - C1

L L

r

NN NN

Special Module — C2

Figure 5.29: Demo-site 4, Lateral view of standard ePIZ
module

Table 5.1 shows total number of modules required to complete the demo-site BIPV installation.

5.4.3 BIPVBOOST module/s electrical Design

This section provides data sheet and design of glass-glass PV modules provided by ONYX. Data sheets can be
seen in Table 5.2, Table 5.3 and Table 5.4, it contains all necessary details of the PV modules that will be
integrated with PIZ panel to manufacture BIPV modules. The design of the PV modules can be seen if Figure
5.31, Figure 5.32, Figure 5.33, Figure 5.34 and Figure 5.35
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Table 5.2 Demo-site 4, technical data sheet of ONYX PV module type Al and A2

PHOIOVO A A 0 A
eole O QOIQ - - - 0 O PO 010 O e
Elecirical data test conditions (STC)
Nominal peak power 47 Pmee (WP)
Open-circuif voltage 7 Voo (V)
Short-circuit curent 8,22 I (A)
Voltage at nominal power 6 Vinge (V)
Current at nominal power 7.68 Imep (A)
Power tolerance not to exceed +10 %
STC: 000 Wm?, AM 15 anda cell temperature of 25°C, stabilized module state
Mechanical description

Length 1110 mm
Width 451 mm
Thickness 7.8 mm
Surface area 0.50 sqm
W eight 7.5 Kgs
Cell type 6" Poly Color Crystaline sparkiing gold
No PV cells / Transparency degree 12 42%

Front Glass 3 mm Tempered Glass Low-Iron

Rear Glass 3 mm Tempered Glass
Thickness encapsulation 1.80 mm EVA Foils
Category / Color code

Junction Box
Protection IP65
Wiring Section 2.5mm? or 4,0 mm?
Limits

Maximum system voltage 1000 Vsys (V)
Operating module temperature -40...+85 6

Temperature Coefficients
Temperature Coefficient of Pmpp q -0,451 %/°C
Temperature Coefficient of Voc o -0.361 %/°C
Temperature Coefficient of Isc i +0,08 %/°C

* All technical specifications are subject to change without notice by Onyx Solar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 42%
U-value [W/sqmK] =

Peak Power [Wp/sqm] 93,7
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Figure 5.30: Demo-site 4, design of ONYX PV module, type Al
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Figure 5.31: Demo-site 4, design of ONYX PV module, type A2
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Table 5.3 Demo-site 4, technical data sheet of ONYX PV module type B1 and B2

PHOTOVOLTAIC GLASS 1.064 x 451
Sparkling gold 16.3-16.1% 6" Poly Color  Crystalline
Elecirical data test conditions (STC)
Nominal peak power 39 P (WP)
Open-circuit voltage 6 Voe (V)
Short-circuit current 8,22 I (A)
Voltage at nominal power 5 Voo (V)
Current at nominal power 7.68 Impp (A
Power tolerance not to exceed +10 %

STC: 1000 wm? AM 15 anda cell temperature of 25°C, stabilized module state.

Mechanical description

Length 1064 mm
Width 451 mm
Thickness 7.8 mm
Surface area 0,48 sam
W eight 7.2 Kgs
Cell type 6" Poly Color Crystalline sparkling gold
No PV cells / Transparency degree 10 49%
Front Glass 3 mm Tempered Glass Low-iron
Rear Glass 3 mm Tempered Glass
Thickness encapsulation 1,80 mm EVA Foils

Category / Color code

Junction Box
Protection IP65
Wiring Section 2,5mm? or 40 mm?
Limits
Maximum system v oltage 1000 Vsys (V)
Operating module temperature -40...+85 °C
Temperature Coefficients
Temperature Coefficient of Pmpp ¥ -0.451 %/°C
Temperature Coefficient of Voc y -0.361 %/°C
Temperature Coefficient of Isc i +0,08 %/°C

* All technical specifications are subject to change without notice by Onyx Solar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 49%

U-value [W/sqmK] -

Peak Power [Wp/sgm)] 81,5
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Figure 5.32 Demo-site 4, design of ONYX PV module, type B1
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Figure 5.33 Demo-site 4, design of ONYX PV module, type B2
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Table 5.4 Demo-site 4, technical data sheet of ONYX PV module type C1 and C2

PHOIOVOLIA A 6468 4
ele o Nelolle - D v o O PO Ol10 ° =
Electrical data test conditions (STC)
Nominal peak power 23 P oo (WD)
Open-circuit voltage 4 Voo (V)
Short-circuit curent 822 I (A)
Voltage at nominal power 3 Voo (V)
Current at nominal power 7.68 Impp (A)
Power tolerance not to exceed +10 %

STC: 1000 wm? AM 15 anda cell temperature of 25°C, stabilized module state

Mechanical description

Length 668 mm
Width 451 mm
Thickness 78 mm
Surface area 0.30 sgm
W eight 4,5 Kgs
Cell type 6" Poly Color Crystalline sparkling gold
No PV cells / Transparency degree 6 52%
Front Glass 3mm Tempered Glass Low-Iron
Rear Glass 3 mm Tempered Glass
Thickness encapsulation 1.80 mm EVA Foils

Category / Color code

Junction Box
Protection IP65
Wiring Section 2.5mm? or 4,0 mm?
Limits
Maximum system voltage 1000 Vsys (V)
Operating module temperature -40...+85 °C
Temperature Coefficients
Temperature Coefficient of Pmpp q -0.451 %/°C
Temperature Coefficient of Voc 4 -0.361 %/°C
Temperature Coefficient of Isc i +0,08 %/°C

* All technical specifications are subject to change without notice by Onyx Solar

GLASS PROPERTIES Onyx Equivalent Glass
Light Transmission 52%
U-value [W/sqmK] -

Peak Power [Wp/sqm] 77,9
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Figure 5.34 Demo-site 4, design of ONYX PV module, type C1
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Figure 5.35: Demo-site 4, design of ONYX PV module, type C2
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5.5 BIPV ELECTRICAL SYSTEM DESIGN

5.5.1 BIPVBOOST system components

The electrical design of the system was studied in detail and all electrical components were selected
accordingly. It was decided to realize the PV installation using a mono phase inverter for every facade as each
facade is oriented in different direction and generates different power. Electrical components required for
demo-site installation are listed in Table 5.5. Figure 5.36 provides technical data sheet of the inverter.

Table 5.5 Demo-site 4, list of electrical components

SR. NO. ITEM Qry.
1 "QE-A" / "QE-B" ELECTRICAL PANEL 2 units
2 "QE-PAR" ELECTRICAL PANEL 1 unit
3 GENERAL CIRCUIT BREAKER TO BE INSTALLED ON AN EXISTING FRONT ELECTRICAL PANEL 1 unit
4 PARALLEL CIRCUIT BREAKER TO BE INSTALLED ON “QE-A” AND “QE-B” 2 units
5 CABLE TYPE H1 Z272-K RED 1 X6MMQ 220 m
6 CABLE TYPE H1 7272-K BLACK 1 X6MMQ 220 m
7 FG1 60R1 6 5G6 TYPE CABLE 45m
8 CATEGORY 6 U / FTP DATA CABLE 90m
9 INVERTER ZCS AZZURRO 1 1 00TL-WS 8 units
10 EMERGENCY CIRCUIT BREAKER FOR EACH INVERTER 8 units
11 WATERPROOF SWITCHBOARD GEWISS TYPE EMERGENCY SYSTEMS - GW42201 1 unit
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TECHNICAL DATA

DC Input data

Typical DC power

Ne. of independent MPPTs/No. of strings per MPPT
Maximum DC input voltage
Activation voltage

Nominal DC input voltage

MPPT range of DC voltage

D€ voltage range at full load
Maximum input current for each MPPT
N Ac output data

Nominal AC power

Maximum AC power

Maximum AC Current

Type of connection/nominal grid veltage
Grid Voltage range

Grid nominal frequency

Grid frequency range

Total current harmonic distortion
Power factor

Active Power adjustable range
Grid feed-in limitation

Efficiency

Maximum efficiency

Weighted efficiency (EURO)
MPPT efficiency

Night-time consumption
Protections

Safety protections

DC reverse polarity protection
DC switch

Surge protection

Protection class/Surge category
Integrated dischargers

Standard

EMC

Safety standard

Grid connection standard
Communication

Communication interfaces
Additional inputs or connections
Data storage on SD

General information

Permissible ambient temperature range
Topology

Environmental protection rating
Permissible relative humidity range
Maximum operating altitude

Noise

Weight

Ceoling

Dimensions (H*L*D)

Display

Warranty

NOOTL 1600TL 3000TL

1200w 1800W 2400W 2900w 3300w
11
450V 500V
100V 120V
360V
8§0-450v 100-500V
110-450V 165-450V 170-500V 200-500V
104 13A 13.5A 15A
1000w 1550w 2100w 2600W 3100w
1000VA 1550VA 2100VA 2600VA 21CCVA
4.54 7A .54 1.54 134

Single-phase L/N/PE / 220V,230V,240V
180~270V {according to the local grid standards}
50/60Hz
45~53 / 57~63 Hz (according to the local grid standards)
3%
1{programmable +/-0.8}
0~100%

Feed in adjustable from zero to the nominal power value*

97% 971% 97.2%
95.2% 95.9% 96.1% 96.4% 96.5%
>99.9%
<AW

Anti islanding, RCMU, Ground Fault Manitering
Yes
Opticnal (only WS models)
Yes
11
AC/DC MOV: Type Il standard

EN 61000-6-1/2/3/4,
IEC 62115, IEC 61727, |EC 61682, IEC 50068-1/2/14/20, IEC 62109-1/2
AS ATTT, VDE V 0124100, VDE ¥ 0126 11, VDE AR N 4105, EN50438, 683/2, CIO/11, RDI6S9, CL10 21

Wi-Fi {only WS models), RS485 (proprietary protocoly, SD card
Input for current sensor connection
25 vears

25°C...+60°C (power limitation above 45°C)
Transformerless
IP65
0%.....25% senza condensazione
2000m
< 25dB @ Imt
1lkg 12kg
Natural ventilation
405mm*214mm*I35mm
LCD
10 years

*Possible by connecting a current sensor (ZST-ACC-TA)

Figure 5.36: Technical data sheet of inverter Azzurro 1100TL

5.5.2 BIPVBOOST electrical diagram

The electrical scheme of the demo-site BIPV installation is shown in Figure 5.37:
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Figure 5.37: Electrical diagram for the demo-site installation
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5.6 BIPV MONITORING DESIGN

5.6.1 Definition of monitoring objectives: BIPV performance validation,
economic viability and progress towards NZEB requirements

The main objective of the monitoring system is to verify and validate the Energy performance of the BIPV
installation at the demo-site through the measurement of key variables. The measurement methodology and
key variables to be measured were defined in Deliverable 8.3. The monitoring methodology described in
Deliverable 8.3 is based in the inter-comparison of two monitoring periods, defined as the pre-intervention
period (base line) and the post intervention period.

The implementation of pre-intervention period monitoring system has been finished in July 2020 and
measurements are being gathered since August 2020.The post-intervention monitoring system will be
implemented after the intervention described in this document in September 2021.

Next, the pre-intervention period monitoring system is presented and later this document will be updated
with the implementation of e post-intervention monitoring system.

5.6.2 Definition of variables to be monitored

The monitoring objectives will be reached thought the measurement of the energy variables shown in Figure
5.38. Table 5.6 enlists short definition of the variables depicted in Figure 5.38 and additional information
about instruments used for the measurements. In Table 5.6, variables that are being monitored during
preintervention period are in blue and the variables that will be monitored during the post intervention
period variables written in red.

It can be seen that during the pre-intervention period variables are related to the meteorology, building
energy consumption from the grid and energy consumption by the heat pump. Moreover, during the post
intervention period, energy production of BIPV modules will also be measured.

BIPVBOOST Deliverable D8.2 210



Grant Agreement 817991

Demo PIZ
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Figure 5.38: Main measuring variables of PIZ demo site. Blue variables are being monitored since the start of
preintervention year and the red variables will be monitored afterwards postintervention period.

Table 5.6. Description of the variables shown in Figure 5.38 and the intruments used for the measurements.

Variable Desciption Instrument ‘ Range ‘ Units ‘ Time Resolution Accuracy
BIPV components
Opaque cladding
East
Meteo
Goc_east Irradiance East plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
TMoc_east Module temperature | Thermocouple type T 0-100 |°C <1min 1K
DC
| oc_east_DC DC Intensity Amperimeter <1min 1% of the reading
V oc_east_DC DC Voltage Voltimeter Vv <1min 1% of the reading
P oc_east_DC DC Power medidor de potencia 10 kw <1min 2% of the reading
ET oc east oc DC Energy Energy meter kW/h | <1min
AC
P oc_east_AC AC Power Power meter 10 kw <1min 2% of the reading
ET oc_east AC AC Energy Energy meter kW/h | <1min
South
Meteo
G _oc_south Irradiance south plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
TM oc_south Module temperature | Thermocouple type T 0-100 |°C <1min 1K
DC
| oc_south_DC DC Intensity Amperimeter A <1min 1% of the reading
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V _oc_south_bC DC Voltage Voltimeter Vv <1min 1% of the reading
P oc_south_pC DC Power medidor de potencia 10 kw <1min 2% of the reading
ET oc_south_DC DC Energy Energy meter kW/h | <1min
AC
P _oc_south_AC AC Power Power meter 10 kw <1min 2% of the reading
ET oc south_Ac AC Energy Energy meter kW/h | <1min
West
Meteo
G_oc_west Irradiance west plane | Reference cell 0-1200 | w/m2 | <1min 5% of the reading
TM oc west Module temperature | Thermocouple type T 0-100 |°C <1min 1K
DC
| oc_west_pc DC Intensity Amperimeter A <1min 1% of the reading
V__oc_West_pC DC Voltage Voltimeter Vv <1min 1% of the reading
P oc west DC DC Power medidor de potencia 10 kw <1min 2% of the reading
ET oc west DC DC Energy Energy meter kW/h | <1min
AC
P oc west AC AC Power Power meter 10 kw <1min 2% of the reading
ET oc west Ac AC Energy Energy meter kW/h | <1min
Building
Meteo
G_iHorizontal Horizontal Irrradiance | Pyranometer 0-1200 | w/m2 | <1min 5% of the reading
Tamb ambient temperature | Thermocouple type T 0-50 oC <1min 1K
Sw<5m/s---
Sw Wind speed Ultrasonic anemometer | 0-100 | m/s | <1min ig’i;}ﬁ?‘gfm/s_
reading
Grid
Per AC Power Power meter kw <1min 2% of the reading
Egr AC Energy Energy meter kW/h | <1min
Heat Pump
Php AC Power Power meter kw <1min 2% of the reading
Enp AC Energy Energy meter kW/h | <1min

5.6.3 BIPVBOOST monitoring system

The installation of the pre-intervention monitoring system was carried out in two main group of components;
Meteorological station and the main board.

The meteorological station was installed on the roof and consist of the following components (see Figure
5.39 and Figure 5.40);
e 1 anemometer for measuring wind speed (Sw)
e 3 references cells in the equivalent plane that will be installed the opaque cladding BIPV modules
for measuring the irradiance (Gioc_east, Gioc south, Gioc_ west)
e 1 pyranometer for measuring the horizontal global irradiance (Gi)
e 1 temperature sensor (PT-100) for measuring the ambient temperature.
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Roof installation

Anemometer

Cube of reference cels (Gi,.

east, Gloc_ south, Gloc_ west)

Piranometer (Gi)

Temperature sensor with
wind and radiation shield
(Tatm)

Figure 5.39: pre-intervention monitoring system meteorological station installed on the roof.
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MET STATION

GENERAL BOX

COM2 PYRANOMETER

COMI
SHELD

_______ e |

Wire shieid 8 x 0.22mm2
——————————

Wire shiedd 4 x 0.22mm2

Figure 5.40: Pre-intervention monitoring system meteorological station connections diagram.

On the other hand, the main board was installed in the metering room as seen in Figure 5.41 and Figure 5.42.
It contains following components.

e The data logger

e The heat pump energy meter to measure heat pump consumption (Pps,Enp ).

e The grid connection energy meter for measuring the building energy consumption. (PgrEgr)
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Monitoring system main board

w e pess pens

/ / P . Pg
Data logger Grid energy meter Eir Heat pump energy meter F,

Figure 5.41: Monitoring system main board installed in the counter room.
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Figure 5.42: Monitoring system main board connections diagrams.
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Data collection

The measurements of the sensors are collected by the data logger via Modbus and sent to Tecnalia
headquarters through internet connection using a modem integrated in the monitoring system. Data
gathered by the monitoring system can be checked online on the web datalogger prepared for this purpose,
screenshot of online web datalogger is shown in Figure 5.43

ProfiSfgnal Web

Figure 5.43: Screen shot of the web datalogger.

5.7 BIPV MODELLING AND PERFORMANCE SIMULATION

EnerBIM, as WP6 leader and BIMsolar tool developer, has completed BIPV systems digital modeling and
simulation work as a pre-study.

5.7.1 Element level to building level methodology using 3D modeling and
simulation tools

5.7.1.1 Overall methodology

The same methodology presented in Section 2.7.1.1 has been used.

5.7.2 Modeling strategy retained for transparent and opaque BIPV

The software is being developed to fit with ONYX Solar strategies regarding glazing systems and transparent
BIPV products. The BIPV module configurator is based on 4 editors:
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e Cell editor
e Pattern editor
e Transparent Glass editor
e Glazing editor
To design a transparent BIPV system, we have fixed the following steps:
BIPV Layout
Select/Edit Select/Edit Integrate BIPV
Select/Edit CELL Transparent GLAZING . SetupPATTERN . LAYOUTS into
GLASS SYSTEM the 3D model

Balance of System (downstream studies)

Select/Edit Select/Edit Generate/Edit

INVERTER STRINGS WIRING

5.7.3 DEMO#4 - PIZ building, 3D design from 2D plans, simulation with
BlIMsolar

5.7.3.1 Hypothesis

BIPV modules have been set up from ONYX Solar and PIZ datasets (up to date version).

COLOURED cells: the development of these specific cells and patterns databases for BIPV with
adequate models is not completed for BIMsolar software at this stage (WP6 T6.3 — M48)

To run first simulations, we have selected mono crystalline cells and glass modules from ONYX
standards and set up features from ONYX Solar modules datasheets.

5.7.3.2 FACADE CLADDING MODULES — ONYX Solar BIPV glass for simulation

Table 5.7 Configuration of ONYX Solar Cladding modules

73 BIPV Module editor 7 X

Al & AZ BIPV MODULES Supplier: [ONYX Solar | [Coadirom |
Model:  [PIZ_Sparkling-Gold_A1aA2] | [save to by Database]
1110mm x 451mm Configuralion | Technical ~ Glazing =0 ] [ = | [|avplyimage |
Size
. i wieth
Cell color : Sparkling gold =

102 panels distributed over all
the contours

Total : 204 panels

Occupancy: 58.3%
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B1 & B2 BIPV equivalent
5 BIPV Modlule editor rox
MODU LES Supplier: [ONYX Solar | [ Loadfrom |
Madel:  [PIZ_Sparking-Gold_B182 | |save to y Datavase
1064mm X 451mm Configuration  Technical  Glazing + 1 - applyimage
Size
Cell color : Sparkling gold i
Lengin
2 panels on North-East facade
of each building. Illvx 'I 'I 'I 'I 'I
Total : 4 pane|S Vspacing IIII'I'I'I
Information
Area: 0.480 me
Cols: 12
22“:";“5: | _
Occupancy: 507 %
C1 & C2 BIPV equivalent
P x
MODULES .
upplier: [ONYX Solar | Loaatrom.
Model:  [PIZ_Sparking-Gold_C1aC2 | |save to iy Database:
668mm X 451mm Configuration  Technical ~ Glazing 2 1 . SR
. size
Cell color : Sparkling gold o _
Lengin
2 panels on South-West facade cals
Of each bu||d|ng I.IDvismar—eP\z,spammg,Gmm
Total : 4 panels Vspacing
Information
Area 0301 m? ! ] 1
Calls: 5
Rows: 2
Columns: 3

5.7.3.3 WEATHER DATA and IRRADIATION MODELING

We chose to use the European open access reference tool PVGIS to generate meteorological + site data at
the exact location of the demo site. Visualization from satellite enable considering terrain modelling, albedo
evaluation and masking effects.

GEO LOCATION
=>» Google Maps
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5.7.3.4 3D MODELING - SETUP- EXISTING BUILDING
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Figure 5.44: Modelling has been made as much realistic as it could be from the existing 2D plans to address BIPV
issues (Trimble SketchUp model from PIZ)

STEP#1- BIMsolar IMPORTATION - Building settings
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i
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Figure 5.45: Close and far shadowing calculation are made through 3D modelling of realistic buildings - Sun course
for full year is displayed at hourly step time — 4 seasons illustration
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A .
/&L 21 Dec
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Figure 5.46: Close and far shadowing calculation — Specific illustration — DEC 21 — 12:00
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Figure 5.47: Albedo effects (reflected irradiance) are generated selecting groups and types of surfaces

20% as a setup for surroundings and 50% for the buildings envelops as a general approach

5.7.3.5 Simulation — Results

STEP#2-IRRADIATION
We use markers to record and visualize values

Sets of data can be exported in CSV

SOUTH FACADES mapping & survey

Yearly kWh/sqm | [ 57 o : T

EEW--«
—2620kWh/sgm 3
recorded for
facade A

—2570kWh/sgm
recorded for
facade B

Hi

goe

(exclusion of
shading issue
due to beam)

Average day

140kWh/sgm
recorded for
facade A

—2128kWh/sgm
recorded for
facade B

paae i |

(exclusion of
shading issue
due to beam)

BIPVBOOST Deliverable D8.2 224



Grant Agreement 817991

Direct ratio

—2>70% recorded
for facade A

—268% recorded
for facade B

(exclusion of
shading issue
due to beam)

Shading

—only external
beam generates
shading issues

EAST FACADES ma

Yearly kWh/sgm

—2>800kWh/sgm
recorded as
average value
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Average day

180kWh/sgm
recorded as
average value

Direct ratio

—261% recorded

Shading

->no issue
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Yearly
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side
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side
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Average day

2119kWh/sgm
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facade A East
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222%
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facade A East
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side

222%
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Shading

->no issue

WEST FACADES mapping & survey

Yearly
kWh/sgm

-2500kWh/sgm
recorded as
average value
for fagade A

->530kWh/sgm
recorded as
average value
for facade B

Wi e D1

Average day

-2113kWh/sgm
recorded as
average value
for facade A

2119kWh/sgm
recorded as
average value
for facade B
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Direct ratio

236%
recorded

Shading

->no issue

STEP#3 — BIPV layouts

We use virtual modules set-up from manufacturer’s datasheets (see above) to generate BIPV systems.
Production, shading losses, temperature losses are calculated in real time from module level to BIPV layout
level. Every single module is computed as a system and the software displays individual KPls.

Detailed results can be obtained at STEP#5 (BIMsolar reference process).

BIPVBOOST Deliverable D8.2 229



Grant Agreement 817991

Building A

= o x
Martootst spacieg: [0000m 3]
- 0 605 9]

North-East facades — Total

230

102 modules) on South, East, West and North facades + 2 rows

TR — m
B zﬁ—————— /ﬁ//”// .m R EELE
| L RARI
I I§ WA Lo
. s 2 3338533
\\\\N\\\%\W. ! T e % m.m 5555555
l\\\\\\.\wﬁq\\\ < mwmmmmmmmm

2 modules) on South-West + 2 rows of 1064x451mm (

Figure 5.48: Building A — 2 rows of 1110x451mm (
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Figure 5.49: Global results building A — All layouts
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Figure 5.50: Shading mapping at module level — Main issue is shading from external beam (south, 70% on 2

modules)
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Figure 5.52: Global results building B — All layouts
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Figure 5.53: Shading mapping at module level
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STEP#4 — INVERTERS / WIRING

We have implemented the inverters as listed on the single line diagram:
e Azzuro-1100-TL: 30 panels
e Azzuro-1100-TL: 24 panels
e Azzuro-1100-TL: 24 panels

e Azzuro-1100-TL: 28 panels

Building A

i wlols P80 7 106
Connected modules: 106/ 106

=lolx 2607 106 Tt pewar 11 AT

" P — s "
P Vi 80 Ay - 112072 ETEEoT——
N Connected modules: 106/ 106 e niA Ao wvna i v

22 anels

Figure 5.54: Building A - 1 inverter on each fagade for all the panels (=4 inverters Azzuro-1100-TL), there is 102
module types A1&A2, 2 module types B1&B2 and then 2 C1&C2
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Figure 5.55: Building B — 1 inverter on each fagade for all the panels (=4 inverters Azzuro-1100-TL), there is 102
module types A1&A2, 2 module types B1&B2 and then 2 C1&C2
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BIMsolar offers a comprehensive set of detailed results, from yearly to hourly timestep, covering irradiance,

shading losses, heat losses, production, yield... from module level to layout level.

STEP#5 — RESULTS
Example on building A:
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Figure 5.56: Production + shading losses: building A — Monthly analysis
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Building B - Table of results:

Production — Shading
losses

GLOBAL
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2 740kWh (96%)
->Shading losses=
128kWh (4%)
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Production — Shading . T
losses
DAILY

Building A - Layouts YIELD survey & mapping

Array yield and KPIs displayed at module level
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SOUTH-WEST FACADES

SOUTH-WEST FACADES
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Building B - Layouts YIELD survey & mapping
SOUTH-WEST FACADES | ==~
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NORTH-EAST FACADES

NORTH-EAST FACADES

5.7.4 -Summary of the results

kWh | 0 kWh kwh kWh | kwh | % | % kWh kWh/kWp
Irradiation Panel orientation PV generation DCinverter IN Losses AC inverter OUT AC inverter OUT
Building A | Building B Azimut* Building A | BuildingB | BuildingA | BuildingB | BuildingA | BuildingB Building A Building B Building A | BuildingB | BuildingA | Building B
Direct 10 289 East I -60 824,9] 784,0| 37, 4,8%| 747,0] 661,0]
Diffuse 15 016 South 30 765,1] 427,0 20 4,8%| 407,0] 298,0|
Indirect 6406 West 120 536,3 497,0 23 4,8% 474,0 419,0
North 150 569,4/ 462,0) 22| 4,8%) 440,0 338,0]

*South =0°

5.7.5 Conclusions

At the current stage of the validated performance of the software and provided the fact that products and
project are submitted to updates we consider that the first results are positive and converging towards
expectations. We did not face critical difficulties in the process.

e Shading issues: potential discrepancies with electrical production on south layouts due to shading
effects from the external beams / poles. Up to 40% of shading for two modules, 20% for four
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modules, may create mismatching effects and lowering of the MPP for the entire string (modules are
connected in series, 1 string per facade),

Direct reception ratio discrepancy to be considered (max 70% south, min 16% maximum North); the
fact that each facade is independent with its own inverter avoids the mismatching between strings,

Production seems to be quite well balanced within a 7-month period. Winter should be very low (less
than 20% of the summer production) because of the lack of irradiation due to the horizontal masking
(valley effect)

July is the most productive period for both buildings,

Building B is more productive than building A. For both buildings, the East facades are the most
productive, the South facades the less.

Figure 5.57: Highlight of mismatching of irradiation between extreme modules

Next steps will be:

1.
2.

Update of the building 3D model, related to the final BIPV integration (demo site manager),

BIM upgrade of the modules following ONYX Solar and PIZ specifications, to enable technical design
of the system,

Comparison between measurement and simulation as soon as the real modules will be integrated
and monitoring available.
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5.9 PLANNING TIMELINE

Below is the planning timeline for the PIZ demonstration site at the time of writing. The Gantt chart is a living document and available via the BIPYBOOST
shared platform.

DEMO 4: Morbeanao (ktalv)

24 0z
[516]7]8]altltiltl1]2[34]s5]6[7]8]0[l1l1z]1]2]

T -
. PARTNERS INVOLVED |56 1456
Demo Site M Task:
e — 2 304 5 6 7 8 0 011 12 13 14 15 16 47 1810 (20|24 22324 25(26 27 26 20 30 31 32 13 3 35 3 37 38 30 40 41 4 43 44 45 46 47 48 49 50 51 52 53 54 55 56
Key partners idendfication: PV and structure manufacturers, architects, permilt oblaining PIz
2 |Demo site visits with key parners ESZ\IT‘Q gﬁg}!ﬂﬁ%ﬁéu}“lsu
3 |Periodic meeings (Demo Managers and involved parners) ;?ZCNAUAMRIDEN"SUPSL‘
Contact local mstallers and nifial demo sée assessment: PIZ
| |lecnichal requisiony and Dermd iSsues
5 |Local tum-key insialler contract acoonding fo best value money PIZ
. . TECNALIAVIRIDEN/COMS/
6 |Initial energy performance assessment of the demo site (T8.1) EURACIPIZ
T | P&l Diagram FIZ
& | Predesign of demo site (T8.2 e ——
EnerBIMTECNALIANVIRIDEN
9 |s fon
e [ONYX
10 | Building permit obtaming according to local regulaton FIZ
10.1] Sbmet archetectural design o bulding admanisiraior and ask for No Objecton Certfcats PIZ
10.2| Upload 2l the documents on online application portal of muncipaity FIZ
10.3| Present our design in muncipality technical offce and revise design i necessory PIZ
10.4| Have condominium assembly mesing and updais the residens about the project. PIZ
11 [ Monitoring and continuous assessment (T8.3) TECNALIAVIRIDEN/PIZ
11.1| Detalled fechnical design of monitoring achivities for the demo site (T8.3.1) TECNALIAPIZ
11.2| Monitoring and evaluation of energy parformance baseline of the demo site (T6.3.2) TECNALIAPIZ
Monitaning and of the buiting p affer impk o of BIPV i
1.3 solutions (7833 TECNALIAPIZ
11.4| Measurement and evaluation of the perfarmance gap (T8.3.4) TECNALIAPIZ
12 | Executve design VIRIDEN/PIZ
13 | Prototype manufacturing (T8.4) COMSANIRIDEN/ONYX/PIZ
14 [ Installation and building integratian (T6.5) I
15 | Electrical and sirucure cerfiications FIZ
16 | Commissioning ONYX/PIZ
17 | Cperaion and mamienance (O&M) TECNALIAVIRIDEN/PIZ
Past-intervention performance assessment and quantification of cost reduction and S n
i energy efficiency related impacts (T8.6) eSS

Figure 5.59: PIZ Demo-site Gantt Chart
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6 NEXT STEPS

The following steps are focused to the validation of the design of the prototypes for each demo-site according
to the test results performed in WP5. Once the design is completely validated and accepted by the demo-
owners, the partners of the consortium will start with the manufacturing of the BIPV modules and structure.

In the following months it has been planned to install all the equipment and prototypes for the BIPVBOOST
installation in the four demo-sites according to the design and Gantt chart detailed in the present deliverable.

The monitoring installation will continue with the data acquisition before and after the BIPVBOOST
installation. This task will be performed until the end of the project.

The baseline of each demonstration site will be evaluated according to monitoring data gathered from each
demo-site. This will allow to define the energy demand baseline to be compared with the demand after the
BIPVBOOST installation.

Each demo-site is being developed aligned to project objectives, and a post-intervention performance
assessment and quantification of cost reduction and energy efficiency related impacts will be performed for
each demo.
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