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Projects PV Alpine ground mounted and dams

Construction of alpine ground mounted PV (Swiss Solar Express)
Digitization of alpine ground mounted PV

Experiences alpine ground mounted test facilities

Conclusion for the first Solar Express summer
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REECH fields of activities
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Alpine Ground Mounted PV Planning and Construction Management
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Alpine PV power plants on hydro dams and road infrastructure PV Test Lab REECH AG: Qualification, QA & Failure Analysis Plant ions and i i repowering

Renewable Energy Solutions

System solution for alpine ground mounted PV
Business ecosystem - pooling skills & experiences, doing pioneering work together

ZENDRA

A joint venture of of metrology and monitoring

EASTATIK] REECH | Gantner

Renewable Energy Solutions

Consortia since since 2022, foundation of ZENDRA 2024

Syste solution SW solution Solar field planning
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PV projects on hydro dams
on water side

Oberaar, 2023 (334kWp, KWO) [ EW - Lac de I’ Hongrin, 2024 (313kWp, Force Motrices Hongrin-Léman)

REECH=

Renewable Energy Solutions

 Monitoring data of Albigna Solar
Update yearly report 2024

~ Comissioning September 2020
1'280 monofacial double glass modules in 5 arrays
410 kWp
2'170 masl
Monitoring project supported by FOE (BFE OFEN)
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Update on operational data of Albigna Solar
Hydro dam PVPP with monofacial PV modules, 2021 bis 2024

Abweichungen vom @ bei Globalstrahlung, Einstrahlung, gew.
Jahresertrag Gemessener Anteil Modultemperatur, Umgebungstemperatur, Ertrag und Performanz -

Winterstrom #2021-2024
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= Winterhalbjahr = Sommerhalbjahr

_o% ® Abweichung Globalstrahlung (F3) m Abweichung Einstrahlung (F3)
2022 « Abweichung Ertrag m Abweichung Performanz Gesamtanlage
©Abwsichung gew. Modultemp. (F3) Abwsichung @-Umgebungstemp

v/ Very high winter electricity share; average </ Flawless operation, after ~ No anomalies found on PV modules (drone
specific winter electricity yield at 585 kWh/kWp initials issues with string based thermography, lab measurements
fuses 1V, EL)

Aktueller Bericht (2024) https://www.aramis.admin.ch/Default?DocumentID=72914&Load=true
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Renewable Energy Solutions

Start of construction 2025
Last test and design adjustment before

AI pi ne g rou n d m o u nted p roj ects series & start of construction 2025
Utility scale PV

Development history and focus topics
*

- - :
Conception, logistics, pre-assembly, assembly, MBonstruction logi re-assembly, drilling,
environmental topics, operating experience, rances, M_oorlng Snow transport, radiation situati
monitoring, team building , s .

\ (
'ZENDRA test plant Plantahof G3, 07/2024

Swiss PV Conference 2025
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Test plant Tschers; Surs‘é‘sf—
s yplipk

Foundation tolerances
Focussing on shading angle conformity

As built (point cloud)
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Construction of | field with 20 racks of ALPIN QUATTRO © AQ8 and AQ6 at Sedrun Solar (Source: Sedrun Solar, ZENDRA, CRESTAGEO)
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Foundation tolerances

Focussing on shading angle conformity

» Accuracy of the anchor/foundation positions (XYZ) is central
for avoiding self-shading (adherence to shading angle)

» Position correction of the rows is hardly possible

+ Digital terrain model (DTM): inhomogeneous accuracy due to
limited vegetation penetration of the LiDAR Methodology

» For efficient construction and assembly processes, knowledge
about the (local) difference of the digital terrain model to the
real topography is important

o

At -E-AR PR

,\\AI.PKN QUATIRO

........

* Adjustment and comparing the anchor position (planned vs.
actual) with ALPIN QUATTRO ® Field App, calculation of rack
related adjustment settings

Y

Sedrun A
Operation: comparison of table field sizes ‘\‘ Solar /\

Clear day, Ja
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Day time lapse on small table field test facility SedrunSolar Day time lapse larger field of 20 racks at SedrunSolar
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Operation: comparison of table field sizes Solar
Clear day, March 18th, 2025 (early spring)
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14:00 5 14:00 15:00
Day time lapse on small rack field test facility SedrunSolar Day time lapse larger field of 20 racks at SedrunSolar

Digital Twin

‘.
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A

5'700 racks 23'000+ drill holes 8'000+to material logistics* 4 yrs of construction 18 racks/d 404 FTE's on site

Challanges of ground mounted alpine PV systems
As part of the program «Solarexpress»

Alpine conditions: this requires:

configuration optimized for the

complex terrain position in the terrain

Algorithm, the yield and construction costs of several
thousand tables optimized automatically

Precise planning and efficient

construction site processes
Avoidance of delays during the construction months
in the field

Harsh environmental
impact

Data-driven operation
Limited Enabling efficient maintenance operations and

. . timizi ield
construction time e

large quantity of ‘-'
components digital twin. One data source.
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Data landscape AQ digital twin /\

Planning — Construction - O&M
« Coordination of planning engineers and specialists
* Quality assurance, early detection of errors
* AR supported site visits o o o
« Visualizations [ 4 [ )
iy Y V W) I
" l | " Stake out, Verification

(Construction)

Comissioning i %

\\777777”//, [
\./, \ Input for PV simulation and

yield predictions

digital twin
ALPIN QUATTRO ®

One data source

+ Reports
+ Bill of materials ;
« Configuration records E

Data feedback to AQ digital twin /\

)

LLIP &

Serial numbers Digital comissiong
« Traceabilty + System Configuration
+ Warranty claims « Parameterization
+ Regulatory requirements
+ Measurement records

« Serial numbers of main p
« Inspections

components

<

Drilling records

+ Quality figures . Operation & Maintenance

+ System documentation System solution ALPIN QUATTRO ° + Monitoring and Power Plant Control
o « Asset Management

+ Minimizing analogue data « Replacement

+ Allocation to individual rack level - Repowering

* Progress dashboards
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Evaluation of grazing and dual use
Test facilities Tschers, Surses and Plant_ahof, Landquart

XUzY-YY-yz EplTrl 234s

% Plantahof

Beurteilung der Doppelnutzung
Solartisch Alpin Quattro®

ZENDRA AG, Chur
b 4
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Die Tiere haben keine Schwierigkeiten,
unter den Solarpanels zu weiden

Batist Spinatsch

Multi-site observations of grazing, Summer 2024
Agricultural college Plantahof, Landquart (09/2024)

Test plant Tschers, Surses: Grazing on 02.07.2024 (Source: ewz, X STATIK, REECH, ZENDRA)

Wind direction and speed

Air temper. uﬁ’g’.’?‘ -
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Seasonal comparison of the 2024

Test facility Tschers, Surses

B mPmp-MID3-0TF22

YA: Array Yield, measured at PV module (Earray)
Gi_Sum_PVModule_Front_Back

Total year 1’651 kWh/kWp (based on P,,,, 560 Wp)

1000-

;Z PVSyst 7.4 Simulation (Earray) is around 1'660kWh/kWp
B (based on multiyear weather data)
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Winter Summer

Reference period 01/2024 to 12/2024, filter: Gh > OW/m2

Location 1 (46.556144, 9.535712):
ewz Test facility Tschers (Surses)

e R TS
Azimuth 0°S, module inclination 65°, shading angle 15°, 2"130masl. . = - )
(Source: ewz, ZENDRA, Gantner Instruments) E’sohs‘lz;or; 1c)/fzccl)ez\g}l():e under test (DUT), Solitek SOLID Alpin prototype 560Wp

Non-shaded DUT
~MID3"

Impact of back side partial shading
IV-Scan by minute, April 2024 until March 2025

Partially shaded DUT ,MID 5%,
Beam simulation, gap 12cm

W mPmp-MID3-0TF22
W mPmp-MIDS-OTF22

MID3: 1'649kWh/kWp
MID5 (shaded): 1'569kWh/kWp
Shading effect -4.9% at module level

Delta YA: Sum YA, YR [kWh/kWg]

Difference of MID5-MID3

YA (Array-Yield) of module positions MID3 and MID5 (April 24 - March 2025)

[kWhikWp]

dYA_d_MID3_5-0TF21

g,

Shading mock-up on module back side at

||‘I ‘m |‘|||||||||||“||I||||| hlmlll"|||||||||||||I||||||||I||||I||||||||I|||||||I|||||"||||||||||||I|I|||I|||||||I|||I||| ‘llllllilllullh |l|m.||nm|.||||u|||||n||||l1|m.|| |I|||II|||||I‘"||MII||||I||||||II|l||||Ih|.|||||"|||I||||I||||||I|I“|||"|.|I|||‘ "||| |||||’ test facility Tschers (144HC Alpin, portrait)

May 2024 2u2024 Sep 2024 Nov 2024 Jan 2025 Mar 2025 azimuth 0° S, inclination: 65° (OTF22)

] M‘
u_m ‘|I‘|| I‘

Difference of YA (Array-Yield) between energy measured of MID3 and MID5 Source: ewz, ZENDRA, Gantner Instruments
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Module power and temperature distribution
throughout the year, December 23 until March 25

mPmp-MID3-0TF22 vs Time
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Performance measurement by month on prototype alpine modul 144HC, Solitek SOLID Alpin 560Wp test facility
Tschers (Surses) of the ewz: azimuth 0°S, module inclination 65°, filter Gh > 50W/m2

Tmod_1-Tmod-101 vs Time

“ Low module temperatures
2> minimize the risk for certain
L degradation mechanisms

. (e.g., LeTID)

a0 208 05 08 a0 a0 a0 = = Research?
YYMM

Measured by Pt100 Module temperature on module front side by month, Test facility Tschers (Surses) of ewz:

azimuth 0°S, module inclination 65° (Source: ewz, ZENDRA, Gantner Instruments)

module temperature [°C]
Tmod_1-Tmod-101

\

Estimation of Clipping losses
Site test facility Tschers, Surses

rel loss_dc_limit_ mPmp-MID3 Dl TS et s
Histogram and Cumulative Distribution for anpp -MID3-OTF22 with 22 bins DC_Limit Lol "'P'mzi - NP
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Azimuth 0°S, module inclination 65°, shading angle 15°, 2'130m.ms.

(Source: ewz, ZENDRA, Gantner Instruments) Annual losses as function of AC/DC factor by month at factor 1.0 by month at factor 1.2
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\
Online performance and degradation analysis /\

Monitoring systems for the operation of alpine utility scale PV power plants

PRdc Delta PRdc PRdc Delta PRdc MPM analysis for alpine PV

Performance (Meas, pred) More efficient O&M
Analysis \ . Quick feedback

: 7 Operations management
at inverter and site k I
level by means of p - TE A, e —-— MPM: Online target vs is comparison based on a
MPM 3 ‘ «mechanistic performance» model. Calculation with

irradiation, module temperature and wind speed.
Also important for location-based day-ahead
production forecasts.

Goal: reduction of efforts
for expensive off-site
measurements in
laboratories

Degradation analyses need
time series

Data set for potential
failure analyses

Degradation
monitoring
on module level,

using LFM (Loss
Factor Model)

Minute IV-scan on single module Filtering by weather type
level (e.g. by type, supplier, Visualization of long-term trending of
delivery period). Metrology module parameters in stack charts

identical to test facilities.

Conclusion

PV test facmtles and hydro dam PVPP provide valuable operatlng expenence untllthe Large plants deliver data

... an exciting summer is coming T m
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ZENDRA

a joint venture of X STATIK, REECH and InfraDigital
with the system solution ALPIN QUATTRO®

www.zendra.ch

Alpine utility scale photovoltaics

Doing pioneering work together
Share experiences and best practices
Further develop methods and processes

Contact us
fosrens— 1]

Create interesting jobs and value added

Many thanks to our valued customers, partners and supporters



