B Ref. Ares(2025)246927 - 14/01/2025

W, Symbiosyst Goant Agroement No. 101096352
Datasheets and
instruction manuals for
agri-PV solutions for
demos

Funded by
the European Union

Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the

European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.
public



GA No. 101096352

Deliverable D.3.3

W, Symbiosyst

Document control sheet

Project

Topic identifier
Grant Agreement N°
Coordinator
Duration

Work package N°
Work package title
Work package leader
Task n°®

Task leader
Document title

Lead Beneficiary
Dissemination level

Authors

Contributors

Reviewer(s)

Issue date

History of versions

Version Date

V1.0 15/12/2024

V2.0 14/01/2025

SYMBIOSYST — Create a Symbiosis where PV and agriculture can have a mutually
beneficial relationship

HORIZON-CL5-2022-D3-01-06

101096352

ACCADEMIA EUROPEA DI BOLZANO (EURAC)

01/01/2023 -31/12/2026

WP3

Innovative solutions for climate and crop-based reliability and performance of agri-PV
Convert

3.3

Datasheets and instruction manuals for agri-PV solutions for demos
EF SOLARE ITALIA
PUBLIC

Angelo Pignatelli, Pietro Felici

Giuseppe Demofonti, Barry Van Marrewijk, James MacDonald, David Caballero Flores,
Cinja Seick, Giacomo Bosco, Enrico Dalla Maria, Giovanni Borz, Martin Thalheimer,
Walter Guerra, Marcel Macarulla

Giovanni Borz, David Moser

14/01/2025

Author - Beneficiary Comments
Angelo Pilgnatelll - EF Final Draft
Solare ltalia

David Moser - Eurac Final review

0]©

This work is licensed under a Creative Common Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0)

Dissemination Level [PUBLIC]

Page 2 of 28



GA No. 101096352  Deliverable D.3.3 w7, Symbiosyst

Acknowledgements

The work described in this publication has received funding from the European Union Horizon Europe research and
innovation programme under grant agreement N2 101096352.

Disclaimer

This document reflects only the authors’ view and not those of the European Commission or CINEA. This work may
rely on data from sources external to the members of the SYMBIOSYST project Consortium. Members of the
Consortium do not accept liability for loss or damage suffered by any third party as a result of errors or inaccuracies
in such data. The information in this document is provided “as is” and no guarantee or warranty is given that the
information is fit for any particular purpose. The user there of uses the information at its sole risk and neither the
European Commission, CINEA nor any member of the SYMBIOSYST Consortium is liable for any use that may be made
of the information.

Dissemination Level [PUBLIC] Page 3 of 28



GA No. 101096352  Deliverable D.3.3 w7, Symbiosyst

Executive Summary

The SYMBIOSYST project, supported by the EC Horizon Europe Programme, aims to bridge the gap between solar
energy production and agriculture by developing tailored photovoltaic (PV) solutions for both greenhouse and open-
field agriculture across diverse climatic conditions in three nations. The initiative includes the creation of several agri-
PV demonstrators, encompassing scenarios from vegetable farming to fruit cultivation with traditional and other
training systems under adjustable tracking systems or into greenhouses with roof partially covered by PV modules. In
particular the agri-PV demonstrators are:
e Bolzano (Italy) demonstrator is an open apple orchard combined with a PV tracking system that partially cover
the apple trees
e Barcelona (Spain) demonstrator is an open cultivation of short-stature and trellised seasonal vegetables such
as tomatoes, onions, lettuce, and fava beans.
e Schipluiden (Netherlands) demonstrator is a greenhouse in which tomatoes are cultivated.
e Scalea (ltaly) demonstrator is an open citrus fruit production, with existing PV systems (this is also a demo
driver).

Within the SYMBIOSYST project the aim of the Work Package 3 (WP3) is to develop innovative solutions to deliver
reliable agri-PV systems, for climate and crop-based reliability and performance of agri-PV.

The scope of this deliverable is to collect all datasheets, instruction manuals for installation, commissioning and
tuning of the relevant equipment for agri-PV projects to be installed into the demonstrators. It is recommended to
read this deliverable taking into account the executive designs of the demo plants that are described in the
deliverable 5.3 of the Working Package number 5.

Some indications will be provided with regards to permitting tasks, request of grid connection as well as on-site
delivery of the equipment.
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Abbreviation list

Table 1: Abbreviation list.

Abbreviation
1P

AC
Agri-PV/ AV
BEG

DC

DHI

DLI

DNI

E-W

EOT

FS

Gav

GCR

GHI

GPU

Gref

GTI

HSAT
kWh/m?
MWh/m?
N-S

PAR

POA

PV

Ta

W/m?
Wp

Ws

Meaning

PV layout with 1 row of PV modules installed in Portrait mode
Alternating current

Agrivoltaics

Bifacial energy gain

Direct current

Diffused horizontal irradiance

Daily light integral

Direct normal irradiance

East-West

Electrical, optical and thermal

Full sun

Global irradiance for the agrivoltaic system
Ground cover ratio

Global horizontal irradiance

Graphics Processing Unit

Global irradiance for the reference system
Global tilted irradiance

Horizontal Single-Axis Tracker
Kilowatt-hour per square metre
Megawatt-hour per square metre
North-South

Photosynthetically active radiation

Plane of array

Photovoltaics

Air temperature

Watts per meter square

Watt peak

Wind speed
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Symbiosyst demonstrators are composed of both prototypes and standard equipment usually available over the PV or
electrical market. For each of the demonstrators along this chapter the list of the equipment is provided. Components

like electrical cables, switches and other general electrical equipment are not mentioned.

For each demonstrator, a summary table of all components is shown, of which a complete datasheet will be provided
in the Annexes. It is specified here that the first column of the summary tables identifies each datasheet in the

Annexes.

Subsequently, the components is briefly discussed to give the reader a brief but comprehensive overview, by dividing
them into three subcategories: tracker structures, photovoltaic modules and monitoring system. The latter could be
also divided into sensors related to the PV system and those related to the agricultural part, i.e. plants, soil and
microclimate. For this publication, it was decided to leave the photovoltaic part to the annexes, apart from the initial

table listing all the sensors present.

For some of the prototypes not all the documents are already available because some manuals can be finalized only
after the installation or the system tuning in reason of the not standard features or the demo plants.

1.1. Barcelona demonstrator

Equipment of Barcelona agrivoltaics demonstrator based on PV tracking system are listed in the table below.

Identifier Type of system Producer Model/Type Prototype / | Notes
Standard
system
BA.1 Mono-axial -1 P - | Valmont — | Agri-Tracker for | Prototype
Tracker (not | Convert Barcelona
Hyperstatic) demonstrator
BA.2 Autonomous CDElI — UPC | CDEI - UPC | Prototype
Robot with | Centre de | Autonomous Robot
sensors Disseny with Sensors
d’Equips
Industriales
BA.3 PV modules—400 | Aleo Solar R'n’'D — module Anti | Prototype “full” module
Wp Glare 400 W — Type 1
- Premium PV panel
BA.4 PV modules—270 | Aleo Solar R'n’'D — module Anti | Customized Module with 40%
Wp Glare 270 W — Type 2 | product transparency degree
- Premium PV panel
BA.5 Inverter Brand 20 KW and 15 KW | Standard String inverter with
available on | power classes product multiple MPPT
the market
BA.6 AGRI e-PAR | Apogee SQ-618-SS Standard Extended
sensor product photosynthetically
active radiation
sensor
BA.7 AGRI air temp. | Epluse Standard Sensor to study the
sensor product agriculture activity
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AGRI air relative HTP 201 4- 20mA
humidity sensor HTP201-M1-A6- E8-
KL150
BA.8 AGRI soil temp. DeltaOhm HD3910.1.10 Standard
sensor product Sensor to study the
AGRI soil agricultural activity
humidity
BA.9 WEATHER air | Epluse HTP 201 4- 20mA | Standard
temperature HTP201-M1-A6- E8- | product Weather sensor
WEATHER air KL150
relative humidity
BA.10 WEATHER Luft ws100 UMB Standard
L . Weather sensor
precipitation/rain product
BA.11 WEATHER wind | PCE PCE-WS 4-20mA Standard Weather sensor
speed product (anemometer)
BA.12 PV irradiance | Hukseflux SR05-D2A2 Standard PV-DUrDOSe Sensor
(G_POA) sensor pyranometer product purp
BA.13 PV albedo | Hukseflux SRO5-D2A2 Standard
. . PV-purpose sensor
irradiance sensor pyranometer product
BA.14 PV module | General PT100 class b Standard
PV-purpose sensor
temperature product

1.1.1. Tracking System Structures (Trackers)

In the Symbiosyst project, two different trackers were developed for Agri-PV applications by Convert, tailored to the
needs of the two Demo plants in the project: Demo in Ora/Bolzano and Demo in Barcelona.
The two developed trackers are different in terms of the track frame, while they are completely similar in terms of the
mechanical handling part, the power supply system, the control system and the weather sensors.
More in detail:
e the structure of both trackers is completely innovative in shape and in many design solutions,
e the part concerning movement, power supply and control, refers to solutions already used to some
extent by Convert in its standard trackers

The Trackers power supply, movement control and handling is a system composed of many different devices:

1. QCC or Central Control Switchboard: it is the control unit (PLC) embedding all the functions that allow the
monitoring and the control of the entire solar power plant (SCADA).

2. QP or Remote Switchboard: it is a local unit that acts as an extension of the QCC, enabling to add additional
weather sensors and/or to control one or more subfields.

3. PS or Power Switchboard: It is connected to LV or auxiliary transformers and is responsible to supply all the
DS within the subfield.

4. DS or Distribution Switchboard: it is supplied by the PS and is responsible to supply the power and the
communication to all the actuators connected to it.

5. Sensors: provide useful information and enable to set strategies for the safety of the entire system and
optimal tracking.

6. Accessories: their existence depend on the PV plant requirements. For instance, whether wireless antenna
(WLAN) are optional devices, they may become mandatory for a specific architecture, used for redundancy
in case fiber optic is in use or to reach isolated portions of a plant.

The auxiliary sensor system for tracker movement essentially consists of:
e Anemoscope (Wind Direction)
e Anemometer (Wind Speed)

Dissemination Level [PUBLIC] Page 8 of 28



GA No. 101096352  Deliverable D.3.3 W, Symbiosyst

e Snow sensor

e Irradiance sensor (Pyranometer)
e GPS

e Ultrasonic wind sensor

The following figures show the general dimensions of the structures for the Barcelona demonstrator. The main
difference between the trackers used for the various demonstrators are the different minimum heights, which are
measured by considering the minimum height of the PV module edge at the maximum tracker angle. This is done to
best adapt to the various crops. In the case of the Barcelona demo, the minimum height is 2.22 m.
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Figure 2: Lateral and top view of the Structure

1752
1 _E
—
Ll
]
e
& T « ¥
g 3 8 & 9
o™ o g
o
Ry

Figure 1: Front View of the Structure
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1.1.2. Photovoltaic Modules

Two types of photovoltaic bifacial modules were chosen for the Barcelona demonstrator, one with a transparency
degree of less than 10% and one with a transparency degree of 40%. The special feature of the modules developed by
Aleo Solar specifically for the Barcelona demo is the presence of an anti-glare layer. This is because they want to study
its performance, and also its application. The Spanish demo is in fact close to an airport, and having reflected light
could create problems.

Figures 3 and 4 summarise the characteristics of the two types of modules utilized.

DIMENSIONS [mm] BASIC MODULE DATA
Length = width = height [ 1752 T4 » 40
& Waigh kal 22
Nak NP Veight [kal 22
e _ = Mumber of cells 108
-
40
||||||||||| T Cell size [mrm] 182 x 71
—r Cell material Menocrystelline i, PERC
13.47
Mumber of Bushors 10
L A profile shart frama 3.2 mm Sclar glass (TSGE)
Front sheet with anti-refla codating,
minimal reflection
Back shast Palymer shest, transporant
&0 Frame material Al alloy, block
il O ]
= u &
- = + 3
30
B profile lang frame
BASIC DATA JUNCTION BOX
2 %1200 Ports of junction baox eft B right: 47 « 58 < 14
e | 1o nce. to IEC 62790 el iciie: 49 2 55 x 14
¢
Bypaszs diodes 3 (one per bax)
- IP class IP&E
MC& (=) MCE (4] L
41 <+ 206 O ¢
. o 1200 (+), 1200 (=)
- C ax mounting haole Calle [rmim] ace. to EN 50818
genuina MC4
fornectars are. to EN 62852
ELECTRICAL DATA (STC) TYPE1 CLASSIFICATION
Roted powear Pl MW 400 Classification range {(positive classification)  [W] 054959
Roted voltoge Ve [w] N5
Roted current Lt Al 12.7
Crpan-circuit voltoge Wi | 3Ts
Shert-circuit current [ (Al 137
Efficiency i} [%%] 20.0
Electrical walues meoswred under stondord test conditions (STC): 1000 WeYm?, 35 °C; AM 1.5
ELECTRICAL DATA (LOW IRRADIANCE) TYPE1 TEMPERATURE COEFFICIENTS
Power Fros Wi 776 Temparature coefficient |, afl.) [%/K] 003
Electrical waluas measured undar: 200 25°C; AM 1.5 Ternperoture coefficient Vo B OWood [%/K] -0.26
Magsurement tolerance of P, under STC -3/+3 %; Accuracy of ether electrical values 10410 % B ) .
Efficiancy ralated to gross module area Temiperature coefficient B LG [/l -0.34
REFLECTION PROPERTIES
Anghe [deg.] 10 20 30 &0 50 &0 el BD
Lurminonce [ed/m?] 1.0E+Dd 1IE+Ds TIE+D4 1.7E+0O% A0E+O4 BIE+04 34E+05 3SE+O&
2] 0.0 .00 0,007 0.0 .002 0,006 0.0M 0.9

Partial reflectian factar

Figure 3: Standard transparent PV modules datasheet (Aleo Solar)
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DIMENSHINS [mm] BASIC MODULE DATA
Length x width = height Lrrurmi] 1752 % &4 x &0
L 1144 J 40 Waight [kg] 22
|
J— S — Numbar of calls 72
"
‘lllll"ll" ' -+ 2 Cell size [mm]  182x91
— Cell material Manocrystalline 5, PERC
13.67 .
Nurmber of Busbars L
H A prafila shert frame mm Solor glass (TSG)
1 Front shaeet with anti-reflective coating,
minimal reflecticn
Back sheat Polymer sheet, tronsparent
40 Frame material Al allay, black
=1 =] [~
w
El & = k-
EL
B profile long frame
BASIC DATA JUNCTION BOX
)
4.5 = l{— Parts of ¥
i 'arts of junction box " P
+ i 2x 1200 il |I' ate. to [EC 62790 mm]  left & right: 83 % 58 14
e T
16
| L5 bypass diedes £ [one per box)
O = e I IP chass IPGR
L MC& (-} MICH (+) i — [
- Cabl . 1200 {+}, 1200 (-}
— - C 4 mou nting hole she ] [mm] aco, to EM 50618
't IS4
Conrectors AIEED
ELECTRICAL DATA (STC) TYPE2 CLASSIFICATION
Raoted power Pps 1 270 Clossification range (positive clossification)  [W] Q059
Rated voltage Vs LW 211
Rated current - LAl 128
Open-circuit valbage - [V 253
Short-circuit curmant - [&] 32
Efficiency n [%&] 13.5
Electrical walues measured under standord test conditions (STC): 1000 Wyém?; 25 °C; AM 15
ELECTRICAL DATA (LOW IRRADIANCE) TYPE 2 TEMPERATURE COEFFICIENTS
Powar Pure [ 52.4 Termperature coetficient |, afl, [#e/K]  +0.03
Electrical values measurad under: 30 Temperature coefficient V. B Vged [3/K]  -0.28
M ent balerance of P unde i Accuracy of other electrical values -10/-10 % _ o . ) } .
Fi v relotad to gross modula aren emperature eoefficient P, ¥ (Pp) /K] -0.34
REFLECTION PROPERTIES
Angle Ideg.] o 20 30 40 20 6Q e =]
Lurminance [ealfmn®] TOE-D& TIE+04% TIE+D& LIE+D4 3.0E+04 BYE+DG 3.4E-05 3.5E+De
[%:] [sKstey] 0,007 oo 0,00 Q002 0,008 0,021 025

Partial reflection foctor

Figure 4: Semitransparent modules datasheet (Aleo Solar)

1.1.3. Fixed Agricultural and biological sensors

The fixed monitoring system developed for this demo takes into account both the photovoltaic and agricultural parts
of the agrivoltaic system. The sensors that will be mounted in the Barcelona demo are schematised in Figure 5.
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Pyranometers
Temperature
Probe "
Air Temperature Air Temperature
Air Rel. Humidity Air Rel. Humidity|

Soil Temperature Soil Temperature
Soil Humidity Soil Humidity

Figure 5: Fixed sensors in Barcelona demo

With regard to the datasheets of the fixed sensors prepared for the Symbiosyst project, please refer to the attached
documentation in the separate annexes. The ePAR (effective active radiation for photosynthesis) sensors is the sensor
that monitors the radiation incident on plants, which is responsible for the biological differences that can take place
in an advanced agrivoltaic plant compared to a traditional agricultural plant. Table 2 shows the specifications of the
ePAR sensors used in the Spanish Symbiosyst demo. These sensors are manufactured by Apogee Instruments.
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SPECIFICATIONS

Input Voltage
Average Max Current Draw

Calibration Factor
Calibration Uncertainty

Measurement Repeatability

Long-term Drift
[Non-stahility)

MNon-linearity

Field of View

Spectral Range
Directional (Cosine) Response
Azimuth Error

Tilt Error

Temperature Response
Uncertainty in Daily Total
Detector

Housing

IP Rating

Operating Environment
Dimensions

Mass (with 5 m of cable)

Cable

1.1.4. Robot

50Q-618-55
5.5to 24V DC
RS-232 37 mA,;
R5-485% guiescent 37 mA, active 42 mA
Custom for each sensor and stored in the firmware

+5 % (see calibration Traceability below)
Less than 1 % (up to 4000 umaol m s1)

Less than 2 % per year

Less than 1 % (up to 4000 umal mE 52)
180°
383 to 757 nm + 5 nm (wavelengths where response is greater than 50 %)
+2 % at 45" zenith angle, £ 5 % at 75° zenith angle (see Directional Response below)
Less than 0.5 %
Less than 0.5 %
-0.11 £ 0.04 % per C (see Temperature Response below)
Less than 5 %
Blue-enhanced silicon photodiode
Anodized aluminum body with acrylic diffuser
IF68
-40 to 70 C; 0 to 100 % relative humidity; can be submerged in water up to depths of 30 m
30.5 mm diameter, 37 mm height
140 g

5 m of shielded, twisted-pair wire; TPR jacket (high water resistance, high UV stability,
flexibility in cold conditions); pigtail lead wires; stainless steel (316), M8 connector

Table 2: ePAR Sensors characteristics

At Symbiosyst's Spanish demo in Barcelona, researchers of UPC also developed a robot equipped with a complete
sensor system for monitoring an agrivoltaic plant. The development of the robot is one of Symbiosyst's goals. Please
refer to the annexes for the complete documentation, but general information is presented in the main text. Figure 6
summarises the characteristics, both in terms of size and mounted sensors, of the robot. The table in Figure 7 shows
the sensors mounted on the robot with a brief description.
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RGBD camera for

measuring plant vigo
and crop yield

=

GPS, IMU

For navigation and
georeferenced data
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Thermal camera
- For plant hydric stress

.= For monitoring solar panel’s

backface

3D LIDAR
for navigation RGBD camera ﬁfm"‘-“”"
o " for navigation i
[ I =
¥ y =
R // = —
- o Sensors/robot
- - publish
- georeferenced

data to a server

740 mm

Robot communications (4G, WiFi, Bluetooth)

Figure 6: UPC Robot characteristics

Sensor

Function

Description

Intel RealSense D457
RGB-D Camera

Navigation  and
plant monitoring

Combines high-resolution RGB imaging and depth sensing to
create 3D models, enabling spatial awareness and object
detection.

Measurement Unit)

stabilization and
motion tracking

Optris Xi 400 Thermal | Crop and solar | Captures temperature variations to detect water stress in
Camera panel plants (e.g., CWSI) and overheating in photovoltaic panels.
temperature
monitoring
Integrated Environmental Measures ambient temperature and wet bulb temperature
thermometer monitoring for analyzing environmental conditions.
ACS-211 Crop Circle | Crop health | Measures plant reflectance at 670 nm and 780 nm to
Sensor assessment calculate NDVI and 3DNDVIindices for crop vigor and health.
LIDAR (Light Detection | Navigation  and | Generates detailed point clouds for precise environmental
and Ranging) mapping mapping, navigation, and obstacle avoidance.
IMU (Inertial | Navigation Provides real-time orientation and motion data by tracking

accelerations and rotational velocities.

GNSS (Global
Navigation  Satellite
System)

Geolocation and

path tracking

Ensures accurate positioning and heading estimation,
optimizing field coverage with RTK corrections when
available.

Figure 7: Sensors mounted on UPC Robot
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Deliverable D.3.3
1.2. Bolzano demonstrator

As far as the Bolzano Demo is concerned, the main differences to the one in Barcelona are to be found in the height
of the tracker beam and the photovoltaic modules that do not have the antiglare coating.

Equipment of the Bolzano agrivoltaic demonstrator based on PV tracking system are listed in the table below.

Identifier | Type of system Producer Model/Type Prototype / | Notes
Standard
system
BO.1 Mono-axial -1 P - | Valmont — | Agri-Tracker for | Prototype
Tracker Convert Barcelona
(hyperstatic) demonstrator
BO.2 PV modules — 400 | Aleo Solar R'n’'D — module Anti | Prototype “full” module
Wp Glare 400 W —Type 1 -
Premium PV panel
BO.3 PV modules — 270 | Aleo Solar R'n’'D — module Anti | Customized Semi-transparent
Wp Glare 270 W —Type 2 - | product module
Premium PV panel
BO.4 Inverter Brand 30 KW, 25 kW and 15 | Standard String inverter with
available on | KW power classes product multiple MPPT
the market
BO.5 AGRI PAR sensor | Apogee SQ-202X-SS Standard Photosynthetically
product active radiation
sensor
BO.6 AGRI air temp. | Epluse HTP 201 4- 20mA | Standard
sensor HTP201-M1-A6- E8- | product Sensor to study the
AGRI air relative KL150 agricultural activity
humidity sensor
BO.7 AGRI soil temp. | DeltaOhm HD3910.1.10 Standard
Sensor to study the
sensor product . L
AGRI soil humidity agricultural activity
BO.8 WEATHER air | Epluse HTP 201 4- 20mA | Standard
temperature HTP201-M1-A6- E8- | product Weather sensor
WEATHER air KL150
relative humidity
BO.9 WEATHER Luft ws100 UMB Standard
L . Weather sensor
precipitation/rain product
BO.10 WEATHER  wind | PCE PCE-WS 4-20mA Standard Weather sensor
speed product (anemometer)
BO.11 PV irradiance | Hukseflux SR05-D2A2 Standard PV-purpose sensor
(G_POA) sensor pyranometer product
BO.12 PV albedo | Hukseflux SR05-D2A2 Standard
. . PV-purpose sensor
irradiance sensor pyranometer product
BO.13 PV module | General PT100 class b Standard
PV-purpose sensor
temperature product

Dissemination Level [PUBLIC]

Page 15 of 28




GA No. 101096352  Deliverable D.3.3 W, Symbiosyst

1.2.1. Tracking system structures

The height of the tracker structure developed by Convert for the Bolzano demo was defined, together with researchers
from Laimburg, to allow the passage of agricultural machinery, while also leaving space for anti-hail nets and anti-frost
system. In addition to this, the structure designed for this demo features orthogonal beams that make the structure
more rigid. This modification was made following wind tunnel studies, which showed a greater load on the poles. The
dimensions of the trackers developed for Bolzano are shown in the figure. The minimum height is around 3.5m.

|

25600
1762 1752 1752 1752 17
50.0°) 50.0° 50.07) 50.0° 5007 50.0° 50.0" 50.0° 50.0 500"
6400 6400 5400 6400
e ——
waomm s samom am e
e " 2
o - i gt o
¥ o [\ = | g
-l ] =
4 ]
& i
g
-
g Og
5 a
=3 n
£400 B400 5400 6400

Figure 8: Tracker dimensions and scheme
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1.2.2. PV Modules

For the Bolzano demo, Aleo Solar developed modules with standard transparency, less than 10 per cent, and with 40
per cent transparency. In this case, unlike the Spanish demo, an anti-glare layer was not included. Figures 9 and 10

show the datasheets of the two module types.

DIMENSIONS [mml BASIC MODLULE DATA
Length = width « height [rnrn] 1752 2 Tl % 40
44 = &2 Waight [lg] 72
— = Mumber of cells 108
-
40 - -
||||||||||| T K3 Cell size [mem] 182 =%
“— Cell moterial Manocrystalline Si, PERC
1267
Mumber of Busbors 10
L A profile short frame
Eront sheat 3.2 mm Selar glc.a.‘- o1 5’.':3
with anti-raflactive coating
Back shast: Palymar sheat, tronsporant
&0 Frame material Al allay, Black
o ~
= N -
- - % Y
30
B profile long frame
BASIC DATA JUNCTION BOX
Ports of junction b et B right: &2 « 58 « 14
=y 2 %1200 b orts of junction box frrm] l ‘ r g. _z_x x
oee. to IEC 42790 micidie: 47 x 55 x 14
I./ \.
Bypass diodes 3 (one per baox)
= - 1P class IP&&
MC4 (-] MICE (+) 1 -
Cable [l 1200 (+), 1200 {-)
C s mounting hole ace. to EM 50418
§ ) genuine MC4
Cannectars acc. to EM 62852
ELECTRICAL DATA (STC) TYPE1 CLASSIFICATION
Roted powar Prse W] 400 Classification range {pasitive clossification)  [W] 0/+359
Roted voltoge t— vl NS
Roted current [ Al 12.7
W | 378
Short-circuit current [ LAl 1341
Efficienicy 1 %] 20,0
Electrical walues meosured unders stondard best conditions (STC): 1000 Wm?, 25 °C; AM 1.5
ELECTRICAL DATA (LOW IRRADIANCE) TYPE1 TEMPERATURE COEFFICIENTS
Power Prce [ Tid Temparoture cosfficient IS: a fl,_:k [3e/k] +0.00
Elactrical woluas measured urndar; 200 Wim= 25 °C; AM 1.5 Ternperature coefficient W BV ) (/K] 3,26
Maasurament talaronce of P, undar 5TC -3,/+3 %; Accuracy of other elactrical values <10/010 % ~ o
Efficinncy related to gross moduls aren Temperoture coefficient B P et (/K] 0.34

Figure 9: 400W Standard transparency modules (Aleo Solar)
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DIMEMNSIOMNS [mm] BASIC MODLULE DATA
Length x width = haight [rrirm] 1752 x 1144 x 40
1144 _}| L0 )] 23
e - 72
IIIII". 1 40
T H frmm] 182 %91
s Cell materia Menoerystalline Si, PERC
13,67
MNumber of Busbars 10
A profile short frame - _
0 3.2 mm Solar gloss (TSE)
Front sheat ¥
with anti-reflective coatirg
Back sheet Paolyrner sheet, transparent
40 Froms matarial Al allay, black
1 = ™
4 = L i
- - % >
30
B profile long frame
BASIC DATA JUNCTION BOX
11
85— Parts of junction ba
—1 — i ace. ta IEC 62750 [mm]  left & right: 62 x 58 x 14
P " L cccte tEC 62790
&
—F__ Bypass diodes 2 (one per box)
== = e i IP class P&E
MC4 (-) MC4 (4] - —
L <4 20 bl . 1 1200 (+], 1200 (-]
- C 4x mounting hole - MM e, ta EN 50418
o M Qendine MO
-annectars ace. to EM 428532
ELECTRICAL DATA (STC) TYPE2 CLASSIFICATION
Raoted power e w1 270 Classification range {positive classification) [W] n EE=l=
Roted voltage p— vl 211
Roted current | A 128
Cpen- € woitage Vioc Ry 252
Shart-cirevit eurrent loe LAl 13.2
Efficiency i %] 135
Electrical values messured under stondard test cenditions (STC): 1000 Wem?; 25 °C; AM 1.5
ELECTRICAL DATA (LOW IRRADIANCE) TYPE2 TEMPERATURE COEFFICIENTS
Power Fogr W1 524 Ternperature coefficent |, ail,.] [%%/K] +003
Electrical values measured under: 200 W/m 25 “C; AM 1.5 Temparoture coafficient "1":‘_. B ':""::cj [36/K] 0,26
Measurement tolerance of B, under STC -3/+3 3 Accuracy of other electrical values -10/470 % i ) I .
Efficiency related te gress medule area Ternperoture eoefficient P Y P ) [Fedk]  -0.34

Figure 10: 40% Transparency modules (Aleo Solar)

1.2.3. Fixed monitoring system

For this demo, the fixed monitoring system, developed by EURAC following the indications of the other partners, is
used to monitor the system as a whole (PV and agricultural part), as well as to validate the models for simulation. In
the following figure, the monitoring system is schematised; it can be seen that in this case the PAR is measured at two
different heights. It is also noticeable that the PAR sensors used in this demo have a different and more limited spectral
range, switching from ePAR (Effective Photosynthetically Active Radiation, 380-750) to PAR (Photosynthetically Active
Radiation, 400-700 nm). This choice came about as a result of requests from the various teams involved in the
agricultural part.

For a complete description of the fixed monitoring system, please refer to deliverable 5.2, and for the complete
datasheets, please refer to the Annexes.

Figure 11 shows the diagram of the monitoring system, while Table 3 shows the characteristics of the PAR sensor
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mounted in the Bolzano demo.

Pyranometers
y Wind Speed and Direction
Rainfall
Temperature Temperature
Prob
robe Relative Humidity
S I] ™ [|

pres

Air Temperature
Air Relative humidity

Soil temperature
Soil Humidity

Figure 11: Fixed monitoring system

SPECIFICATIONS

50-202X-55 50-205X-55

Power Supply 5 %o 24 W DC; nominal current draw 300 pA 5.5to 24 W DC**; nominal current draw 300 pA
Output Sensitivity 0.6 mv per pmalm 54 1.25 mV per pmal m2 5
Calibration Factor 3.1 2 gl
{Reciprocal of Sensitivity) iz Ll b= i il sl ok
Calibrated Qutput Range Dta25V Otosv
Calibration Uncertainty + 5 % (see Calibration Traceability below)
ME“UET?M Less tham 0.5 %
Repeatability
Long-term Drift
{Non-stability) Less than 2% per year
Mon-linearity Less than 1 ¥ (up to 4000 pmal m-* 577)
Eesponse Time Less than 1 ms
Field of View 1807

370 to 650 nm (wavelengths where response is greater than 50 % of maximum; see Spectral
sl Response below)

Directional (Cosine) + & % at 75" zenith angle (see Cosine Response below)

Response

Temperature Response 0.05 + 0.06 % per C (see Temperature Response below)

Operating Environment -40 to 70 C; 0 to 100 % relative humidity; can be submerged in water up to depths of 30 m
Dimenslons 30.5 mm diameter, 37 mm height

Mass (with 5 m cable] 140 g

Cable 5 m of two conductor, shielded, twisted-pair wire; TPR jacket (high water resistance, high v

stabilitv. flexibility in eold conditions)- pigtail lead wires: stainless steel (3161, ME connectar
Table 3: PAR sensors characteristics
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1.3. Schipluiden (Netherlands) demonstrator

A, Symbiosyst

Equipment of Schipluiden agrivoltaic demonstrator based on greenhouse are listed in the table below.

Identifier Type of system Producer Model/Type Prototype / | Notes
Standard
system
NE.1 PV  modules — | Aleo Solar R'n'D — module Anti | Customized Semi-transparent
360 Wp Glare 360 W - - | product module
Premium PV panel for
GreenHouses
NE.2 PAR+ diffusive | Fotoniq PAR+ Diffusive | Customized Coating for glasses of
coating Product product greenhouses
NE.3 Inverter Brand 50 KW power class Standard String inverter with
available on product multiple MPPT
the market
NE.4 Daily Light | Quantified Firefly platform | Standard Measurement of the
Integral (DLI) | Sensor sensor node FF02 product . .
light during one day
sensors Technology

1.3.1. Agricultural Sensors

The light intensities and levels in the greenhouse will be monitored. Next to the conditions in the greenhouse, also
conditions outside the greenhouse (light, temperature, humidity, shading, etc.) will be monitored.

For on-field Daily Light Integral (DLI) measurements, a total of 90 Quantified PAR light sensors will be employed. Figure
11 depicts a Quantified sensor attached to a tomato plant for illustration purposes. Each zone comprises 9 to 16
sensors positioned in a grid-like formation, as demonstrated in Figure 12.

Figure 12: Quantified sensor a
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Figure 13: Each zone containing 9 to 16 sensors placed in a grid-like formation

Dissemination Level [PUBLIC] Page 21 of 28



GA No. 101096352  Deliverable D.3.3 W, Symbiosyst
1.3.2. PV modules

For the greenhouse application, Aleo Solar developed bifacial modules specifically for this project. These have a
smaller size than those developed for field use.

Ir] |
A
=
2% 1200
T
=1 =
MC4 () M4 (o)
ELECTRICAL DATA (STC) BASIC MODULE DATA
Roted powear P [ 360 Langth x width x haight [mmn] 1557« N37 x5
Roted veltoge Ve [¥] 27.85 Weight [kl 18
Rated current [F—] 292 Murnber of cells P
Cpan-circuit voitnge \",,r (R4 306 Cell size [rmem] 132 v
Shart-circuit current [~ [&] 13,53 Call matarial Manocrystalling Si, PERC
Efficiency /] [55] 203 MNumber of Bushars 10

3.2 mm Sclar glass (TSG)
with anti-reflective coating

Electrical walues mecsured under stondard test conditions (STC): 1000 Wim'; 25 °C; AM 1.5 Front sheat

Back sheat Palyrner sheet, white
Frame material Fromelsss
ELECTRICAL DATA (LOW IRRADIANCE) BASIC DATA JUNCTION BOX
Poweer [ Fiel 2 ports junction box ) left B right: 62 x 58 x 14
mm

o, ta IEC 62790 rmicele: 4% x 55 x 14

Electrical values messured undes: 200 W/m
Measurement tolerance of F__ un

3G AM 1S

Accuracy of other electrical valves Bypass diodes 3 fone per bax)
Efficiency relating to gross module area IP closs IP&R:
1200 {+), 1200 (-
Cahble [mrm] “ - A

oo, to EM 50418

genuine MC4

Sl e, to EN 62852

CLASSIFICATION TEMPERATURE COEFFICIENTS

Classification range (positive classiflication)  [W] Of+839 Ternperature coefficient | afl,) /K] +0.03
Termperature coefficient W BV ) /K] -0.38
Ternperature coefficient P Y (P [%/K]  -0.34

Figure 14: PV module characteristics (Aleo Solar)

1.3.3. PAR+ Diffusive Coating

For this project, Fotoniq developed a spray coating that improves the diffusion of radiation inside the greenhouse.
Diffuse light penetrates deeper into the crop, resulting in more photosynthesis in the plant.
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Figure 14 shows the main characteristics of the coating layer, please refer to the Annexes for the complete
datasheet.

Product
description

PAR+ is a durable and sprayable coating that brings diffusivity inside your
greenhouse year-round without losing grow light (PAR?. Diffuse light penetrates
eeper into the crop, resulting in more photosynthesis in the plant.

Intended for exterior greenhouse covers. It does not have to be removed at the end

e S all of the season due to its 8-year durability.

Hortiscatter : 35210%
Hemispherical transmission’ : 80+ 1%
Dry thickness : 3510 pm
Technical - )
e Durability . Guaranteed = 5 years
Chalk compatible . Yes
Cleanable . Yes, resistant to common cleaning agents

The diffuse light results in a more even light and temperature distribution in the

reenhouse, both horizontally and vertically. The improved distribution dampens the
3 peak light intensities and ii) peak temperatures, and removes any shading that is
created by the greenhouse structure. This allows the plant to use the available light
more efficiently and delays the moment at which the plant reaches water stress due
to the lower plant temperature under the coating.

Effect on
crops

Figure 15: Fotonig PAR+ coating main characteristics

1.4. Scalea (CS - Italy) demonstrator

Scalea agrivoltaic plant based on PV tracking system is not an official Symbiosyst demo plant, but being an interesting
agrivoltaic system already working, data and best practices are shared with the stakeholders of the Symbiosyst
program. Not being an official demonstrator, the components of the system are mentioned without providing
datasheets.

Identifier | Type of system Producer Model/Type Prototype / | Notes
Standard
system
SC.1 Mono-axial -1 P - | Valmont — | Agri-Tracker for | Prototype -
Tracker Convert Scalea demonstrator
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SC.2 PV modules — 550 | JA Solar JAM72D30 550/MB Standard “full” module
Wp
SC.3 Inverter Brand 17 KW power classes | Standard String inverter with
available on product multiple MPPT
the market
SC.4 AGRI PAR sensor Apogee SQ-202X-SS Standard Photosynthetically
product active radiation
sensor
SC.5 AGRI air temp. | Epluse HTP 201 4- 20mA | Standard
sensor HTP201-M1-A6- E8- | product Sensor to study the
AGRI air relative KL150 agricolture activity
humidity sensor
SC.6 AGRI soil temp. DeltaOhm HD3910.1.10 Standard
Sensor to study the
sensor product . L
AGRI soil humidity agricolture activity
SC.7 WEATHER air | Epluse HTP 201 4- 20mA | Standard
temperature HTP201-M1-A6- E8- | product Weather sensor
WEATHER air KL150
relative humidity
SC.8 WEATHER Luft ws100 UMB Standard
L . Weather sensor
precipitation/rain product
SC.9 WEATHER wind | PCE PCE-WS 4-20mA Standard Weather sensor
speed product (anemometer)
SC.10 PV irradiance | Hukseflux SR05-D2A2 Standard PV-purpose sensor
(G_POA) sensor pyranometer product
SC.11 PV albedo | Hukseflux SR05-D2A2 Standard
. . PV-purpose sensor
irradiance sensor pyranometer product
SC.12 PV module | General PT100 class b Standard
PV-purpose sensor
temperature product
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2. Project Permitting

Typically, stakeholders interested in Agri-PV initiatives include medium to large-scale farmers and investors focused
on renewable energy who also wish to support agricultural activities. These investors are often drawn to Agri-PV
projects that have capacities in the several megawatt (MW) range or occupy significant areas of land. Consequently,
it is highly recommended to conduct a legal evaluation of the current national regulations to determine the allowable
size (in MWs or hectares) and the permitted structure of Agri-PV installations.

Following the national legal assessment, it is also crucial to check for any regional or local restrictions regarding the
types or sizes of Agri-PV projects that can be developed and approved. In addition to the Agri-PV facility itself, the
connection to the electrical grid must also be authorized, especially if the energy generated is not consumed on-site.
Therefore, civil and electrical works may need to be carried out to connect the Agri-PV plant to the national grid.

2.1. Bolzano demonstrator authorization process

While Italian national law permitted Agri-PV installations, Symbiosyst partners faced more restrictive regulations from
the Autonomous Province of Bolzano. In the past the province through the provincial law readily approved rooftop
solar installations through a streamlined authorization process, but banned ground-mounted solar systems to protect
agricultural land from energy development. However, the local regulations didn't differentiate between conventional
ground-mounted arrays and innovative elevated Agri-PV systems that enable continued farming underneath.

To gain approval for their Agri-PV research demonstrator, Symbiosyst partners engaged in ongoing discussions with
local policymakers to highlight how these systems could complement agricultural activities rather than compete with
them. Following this consultation process, the province amended its laws to specifically permit Agri-PV demonstration
projects.

The stakeholders prepared the executive design for the agri-PV demonstrator and submitted it to the local municipality
to inform them of the planned start date for construction. Although a recent amendment to provincial law suggested
that the approval process would be as straightforward as that for rooftop installations, the actual process turned out
to be more complex for two main reasons.

Firstly, because the new law is recent, the municipality opted to involve the provincial authorities to ensure a thorough
review of the stakeholders' request for approval. Secondly, even though the agri-PV demonstrators occupy a relatively
small area, the sun-tracking structures are anchored into the ground and have a rotation axis that reaches
approximately 4 meters in height. Therefore, comprehensive structural calculations must be submitted to the qualified
authority, the Italian Genio Civile, to obtain a submission receipt. This receipt must be shared with the municipality
before construction of the agri-PV plant can commence, indicating that all official processes have been completed.
The authorization process was then formalized by having a 2 steps approval, from the Province and from the
municipality to declare together the conformity of the project.
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2.2. Barcelona demonstrator authorization process

For Barcelona demonstrator the national and regional rules did not present particular restrictions to the realization of
the Agri-PV demonstrator. As the project is nearby the BCN airport, a permit was required and obtained by the AESA
(the Spanish Aviation Safety and Security Agency: Agencia Estatal de Seqguridad Aérea).

The procedure at local level to be followed by the stakeholders is very similar to the one applicable for the Italian
demonstrator. It means that the first step is to submit a detailed project description to the municipality that has to be
informed about the intention of the stakeholder to build the agri-PV demonstrator. Afterwards, if the stakeholders do
not receive denials from the municipality, a detailed executive design for the Agri-PV system has to the submitted
including the structural calculation in order to begin the plant construction.
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3. Procedures for Agri-PV plant grid connection

Agri-PV installations are typically built in rural areas where the electrical grid may be weak or distant from the
installation site. Therefore, conducting a grid connection feasibility study is essential before beginning any project. The
intended use of the generated electricity then determines which specific grid connection procedure must be followed.
For example, the demonstrator sites in Barcelona, Bolzano, and Schipluiden each required different grid connection
procedures based on their distinct plans for utilizing the produced energy.

3.1. Bolzano demonstrator grid connection procedure

Since this Agri-PV demonstrator is not connected to any existing buildings, it cannot directly power local electrical
loads. However, due to its proximity to the national grid, the stakeholders submitted a request to the local electricity
grid operator for technical specifications and cost estimates for grid connection. The request detailed the system's
power output and technical specifications.

The Distribution System Operator (DSO) responded favorably, indicating that connecting the Agri-PV plant to the low
voltage grid would be straightforward and cost-effective.

3.2. Barcelona and Schipluiden demonstrators grid connection procedures

For both these demonstrators there were already points of common coupling to the grid available to manage the
energy provided by the PV equipment.

Barcelona demonstrator has already an existing electric grid connection to the Agropolis site to serve offices, other
agricultural loads, such as irrigation system, electric tools & perhaps future vehicles. The output of the PV inverters
will be directly connected at low voltage cabinet (400 VAC, three-phase) and the electricity will be thus used onsite.
Due to local regulations, excess solar energy cannot be exported to the grid, so the Agri-PV system includes a smart
meter able to manage the inverters so that the energy produced doesn’t exceed the one requested by the loads.
Schipluiden demonstrator consists in a rooftop PV system fully integrated in the roof of the greenhouse that is already
connected to the national grid. Also, in this case the energy coming from the PV inverter is fully used by the loads
connected to the main circuit of the greenhouse.

4. Logistic aspects

Stakeholders have to care about logistic details of the Agri-PV demonstrators for the following aspects:

e Sometimes Agri-PV plants are developed in lands quite far from important roads, so equipment including
tracker structures or power conversion stations or other heavy and big systems have to be delivered to the
plant site through country roads. It is necessary to check how wide and robust are the roads to reach the Agri-
PV plant and if there are obstacles for heavy trucks to reach the plant site (for example small/weak bridges).
If there are already agriculture activities in the Agri-PV site, it’s likely that trucks can reach the site to take
away fruits or vegetable, but a check is always recommended.

e Depending on the size of the Agri-PV installation a proper storage area has to be dedicated to store the
equipment before installation. Civil, mechanical, electrical works have not to interfere with agricultural
activities that may be already established in the project land, and also the safety of farmers working in the
area where the PV equipment has to be installed has to be guaranteed.

e some mechanical and electrical works have to the performed at height of 3 — 4 meters from the ground level.
So safe and strong elevation tools are used for Agri-PV installation based on elevated trackers, fixed structured
or PV modules integrated into the roof of greenhouses. In case the installation of trackers has to be performed
in the same piece of land where plants are already present (for example the apple trees in the Ora/Bolzano
demonstrator), the stakeholder has to find the ramming machine for the poles and the elevation platform to
mount the PV modules whose dimensions are compatible with the space between the orchard tree lines.
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5. Annexes

This deliverable D 3.3 includes the datasheet collected for Barcelona, Bolzano, Schipluiden demonstrators. These
documents are included in a compressed folder D3.3_Datasheet_Folder_Demonstrators, available at the Symbiosyst’s
website.

Manual installation and commissioning Agri-PV Trackers for Barcellona e Bolzano Field.

Valmont/Conver ltaly, in order to ensure correct installation and commissioning of its trackers, provides the following
documents/manuals:

e A manual for the installation and commissioning of the power supply and control system for the motors in
each tracker.

e A manual for using the power supply and control system.

e A manual for assembling and commissioning the trackers with regard to their structural component.

In general, the above-mentioned documents are valid for a wide range of trackers and are finalised for the specific
scenario of interest by means of two other tools:

e The Construction Drawing Set, which for the specific field under consideration provides detailed information
on the structural part of the tracker: type and number of components, specific assembly tolerances, etc.
e Executive Design, which details the assembled tracker in all its parts.

As a result of the Symbiosyst Project, Valmont Convert ltalia, has developed two tracker solutions to meet the needs
of the Bolzano and Barcelona agro-photovoltaic fields, characterised by:
e Aclear height below the PV panels > 2.1 metres,
e A Monitoring and Control System that is able to acquisition more parameters (e.g. humidity area,
temperatures, etc.) than those of a standard PV system; all this through an up-grade of the Scada System
already available in Convert and indicated as ‘100 Motors'.

Consequently, the following documents were produced by Convert Italia and are available as annex:
e The ‘100 Motors’ control system installation and commissioning manual.
e Auser manual for the ‘100 Motors’ control system.
e A general assembly manual for the structural solutions developed.
e The Construction Drawing Set and the Executive Design, respectively for the two demonstration plants in
Bolzano and Barcelona.

Finally, it is pointed out that these documents are to be considered ‘non-definitive’ as all the solutions developed are
to be considered prototypical; they will be definitive once they have incorporated the indications from the
assembly/field start- up experience.
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