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Herausforderung Monitoring Solare Grof3anlagen

AEE INTEC

1) CAPEX: Solare Grol3anlagen haben hohe Anfangsinvestition.

2) OPEX: Amortisation uber Laufzeit von 20-30 Jahren. Betreiber muss langfristig hohen
Solarertrag sicherstellen.

3) Bewertung der Anlagenperformance selbst fir Expert*innen anspruchsvoll.

4) Es gibt am Markt keine Standard-Software flur Performance-Nachweise und detallliertes
Anlagen-Monitoring.

Komponenten, Design, Regelung

ﬂw\ﬂmw
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SunPeek Software

Zlelsetzung, Methodik

Performance Check

1) Transparente Klarung der Frage e <775
,<Anlagenperformance ok?*
(Performance-Nachweise, laufende Betriebstuiberwachung)

491.4 W/m?

2) Wissenschaftliche Verfahren:
Performance Check (ISO 24194:2022),

D-CAT (Dynamic Collector Array Test) D-CAT (Dynamic Collector Array Test)

0 100 200 300 400 500

Specific thermal power [W/m?]

Efficiency

3) Open Source: Transparenz fur alle Stakeholder, L

08 E

Branchenlosung, frele kommerzielle Nutzung. o7 f

4) Gunstiges Monitoring durch Automatisierung. el

collector, datasheet
collector array, at inauguration
collector array, after 4 years of operation
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MORE IHFURMATIDHE

SunPeek

SunPeek

Nice work!

You have successfully launched SunPeek.
Add a new system to check its performance

and monitor guaraniees.

ADD NEW SYSTEM
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SunPeek MORE INFORMATION [}

New Plant
Add Plant Plant
Add Arrays Please enter required information about the solar thermal plant

Add Sensors Basics

Map Sensors

Plant Name'”

Set Details

Add Data Position

Latitude’”
Longitude’”

Altitude

Optional Information
Owner
Operator

Description Arcon South sub-array of Fernheizwerk plant. Volume flow and

‘ BACK |
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SunPeek MORE INFORMATION [

New Plant
Add Plant Collector Arrays
Add Arrays Configure which collector arrays are installed at the solar thermal plant

Add Sensors ADD ARRAY
Map Sensors

Name Collector Area i Collector Type

Set Details Arcon South 515.66 m? : Arcon 3510

Add Data

Further Information

Fluid Type

O
Fluid Pekasolar_FHW (Fluid used in plant FHW, Pekasolar. Fixed concentration as used in plar -

For more information see the CoolProp library.

| BACK ‘ ‘ NEXT |
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SunPeek MORE INFORMATION [}

New Plant
Add Plant Array Details
Add Arrays Please enter required information about the collector array

Add Sensors Basics

MEI[J Sensors
Array Name" ’

Set Details

Gross Areg"’

Add Data
Position
Tittt"
Azimuth®

Row Spacing

Collector Type

Collector T1.!r I:.E' )

| BACK ‘
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SunPeek MORE INFORMATION [

New Plant
Add Plant Add Sensors
Please provide a measurement data file to register available sensors
Add Arrays P 9
Separator
Add Sensors @J Click to select a file or drop it here ;

Map Sensors

Set Details

Add Data

isshadowed rdbti rddni rddti rdgti rhamb teamb tein teout wvewind «f
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SunPeek nresR A ::' ' MORE INFORMATION [

New Plant

Add Plant Sensor Mapplng

Add Arrays Configure which sensor belongs to which part of the system.
Add Sensors

Channel Sensor
Map Sensors
Thermal power

Set Details

Volume flow
Add Data

Mass flow
Inlet temperature te_in
Outlet temperature te_out

Ambient temperature te_amb

Wind speed ve_wind

Relative humidity rh_amb

Air pressure

Dew point temperature

Global radiation input

Direct radiation input
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SunPeek

MORE INFORMATION E

New Plant

Add Plant

Add Arrays

Add Sensors

Set Details

Add Data

WWW.aee-intec.at

Map Sensors

Sensors

Configure the sensor details so SunPeek can interpret the data.

Sensor

is shadowed @
rd_bti €

rd_dni @

rd_dti €@

rd_gti €
rh_amb €
te_amb
te_in

te_out
ve_wind €

vf @

‘ BACK ‘
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Sensor Type

bool

direct_radiation
dni_radiation
diffuse_radiation
global_radiation
float_0_1
ambient_temperature
fluid_temperature
fluid_temperature
wind_speed

volume_flow

SunPeek

Unit

dimensionless

watt / meter ** 2

watt / meter ** 2

watt / meter ** 2

watt / meter ** 2

dimensionless

kelvin

kelvin

kelvin

meter / second

meter ** 3 / second

Info

Status
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SunPeek MORE INFORMATION [/

New Plant
Add Plant Data Upload
Add Arrays Please use the input below to upload the measurement data

Add Sensors

Map Sensors

Set Details

@J Choose files or drag them here
Add Data

Datapoints
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SunPeek MORE INFORMATION [/

DemoPlant_20230...

Thermal Power Check
£} Configuration W N

(i)

L

Method | 1SO Equation

=  Data Upload

=T

& Performance Check

@ FPC-Guarantee fulfilled (with 108.6 %)

Performmance Check Results Timeseries

140

—
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2
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2

Measured Power [Wim?]
-
Oifference to estimated power [

60
400 500 Apr 30 May 7 May 14 May 21 May 28
2017

Eztimated Power [W.m*]

Estimated Power O

Arcon South No Data 23,500.9 [W/m?] Mo Data
Plant Total 25,525.6 [W/m3] 23,500.9 [W/m3] 108.6 %
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Performance Check (PC)

1ISO 24194:2022
Now

= Neue Norm fur Performance-Uberprifung von

ISO 24194:2022

Kollektorfeldern, seit 2022-05 im Status ,Published 60.60"  je=»es

= Performance Check — Thermische Leistung

— Soll-Ist Vergleich fur Betriebspunkte mit hoher Leistung, geringen
Temperaturschwankungen, ohne Verschattung (1h Intervalle)

— Soll-Leistung mit Hilfe von ISO 9806 Parametern berechnet

Average power
Average power

0 100 200 300 400 500

Specific thermal power [W/m?]
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Adaptionen ISO 24194:2022 in der Praxis (1)

AEE INTEC

1) Mehrere Kollektorfelder, mehrere Kollektortypen
v' Berechnung Soll-Leistung pro Teilfeld, Summation Soll-Leistungen

Qestimat& — AGF ] [no,hemKhem (QL: QT)Ghem — a4 (19m — 79:;1) — dy (ﬁm — '9::1)2 — Us (dﬁm/dt)] ' fsafe

2) Unterschiedliche Messausstattungen
v Virtuelle Sensoren, Stoffwerte Warmetragerfluid

Ein- oder Austrittstemper t
im Solarkre

Pyranometer Temperatur.
G!b!t h! ng in Kollektoreben Umgebun gtmp t
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Abnehmerseite

und Aus ttttmp ratur
fAb ehmerseite
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Adaptionen ISO 24194:2022 in der Praxis (2)

AEE INTEC

3) Strahlungsmodellierung
- Unterschiedliche Ausrichtungen Kollektorfelder
- Interne Verschattung
- Korrekte Diffusstrahlung fur faire Bewertung

v’ Strahlungsalgorithmen

4) Vordefinierte Kollektoren
v' Anbindung an Solar Keymark Datenbank

5) Datenverfugbarkeit

v' Mehr Intervalle (im Teillast-Bereich) durch

: The Solar K k
verbesserte Datenfilterung e solar lleymar

CEN Keymark Scheme

6) Vollautomatische Datenaufbereitung & Datenanalyse
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Exemplarische Ergebnisse
Beispiel-Anlage ,FHW Graz®

AEE INTEC

Performance Check nach ,,ISO“
1h Intervalle fur volle Stunden

Check of Performance (PC Method 'ISO DIS 24194'. Equation: 1).

Data from 2017-04-15 12:00:00+00:00 to 2017-10-31 12:00:00+00:00. . O/
n=274 intervals, interval duration 1 hour. SOI I VS 0 I St - 102 . 9 O

Average_ power| A77.5 W/m2
estimated
measured

0 100 200 300 400 500

Specific thermal power [W/m?]

‘ Soll-Wert ‘
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Performance Check ,,Erweitert*
1h Intervalle flexible Grenzen

n =334

Check of Performance (PC Method 'ISO DIS 24194' extended. Equatior

Data from 2017-04-15 12:00:00+00:00 to 2017-10-31 12:00:00+00:00. . 0
n=334 intervals, interval duration 1 hour. SOI I VS . I St - 102 . 6 /0

‘ Soll-Wert ‘
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Specific thermal power [W/m?]
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Kollaborativer Entwicklungsprozess

AEE INTEC

ul Mentimeter \ Ze,fﬂb V GitLab

Open Innovation Open Data Open Development

= Veroffentlichung Messdaten = Transparente Entwicklung auf

auf Zenodo & Data-in-Brief Public Repository
Artikel https://gitlab.com/sunpeek/

= Open Innovation Kampagnen
mit Betreibern solarer Grol3-
anlagen (Herausforderungen
& Monitoring Tools) e

| M e ntl M ete r l ' m f r a e One year of high-precision operational data including measurement uncertainties from
g a large-scale solar thermal collector array with flat plate collectors, located in Graz, Austria SU n Peek Configuration Variables Troubleshooting Python API Reference Web API Reference Developer Docs

Tschopp, Daniel; (%) Ohnewein, Philip; (&) Stelzer, Roman; (&) Feierl, Lukas; (&) Hamilton-Jones, Marnoch; (3 Moser, Maria;
Holter, Christian;

Highlights: High-precision measurement data acquired within a scientific research project, using high-quality measurement S :
unPeek Documentation

equipment and implementing extensive data quality assurance measures. The dataset includes data from one full
operational year in a 1-minute sampling rate, covering all seaso

7 Plant performance: How well are performance Urloaded on March 16,2023 Contents
changes and errors detected?

Configuration Variables
Troubleshooting

Python APl Reference

7
Web API Reference
6 Developer Docs
Core:
0 0

WebUl:

Allchanges / Most changes Some Only very Thereis no €

errors in [ errorsin changes / significant system : : X
performance performance errors in changes / monitoring in i A N2 X L St L , Collector array asse m I*
are detected. are detected. performance errors in place. it ¢ NN A South
are detected. performance SESTIC oyt NS y N i > e rcon Sout

are detected.
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Ergebnisse, Nutzung

AEE INTEC

Outcomes Usages

web Ul 1 User

) Lokale Nutzung as
Grafische Oberflache,
Interaktive Nutzung

open source Betreiber / Firma

Ap,;.fl'ﬂﬂtﬂ}ﬁinse@ Gehostet im eigenen
web APl Firmennetzwerk

Kommerzielle Nutzung
ausdricklich erlaubit.

Restful API. Integration in
eigene Software Tools.

Offentlichkeit

" Forderstellen, Open Data
@ Jdocker
Python package
e Nutzung mit anderen Forschung & Entwicklung

Projekten. Weiterentwicklung Forschungsinstitute,
Industrie
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Roadmap & Perspektiven

AEE INTEC

Phase | Phase Il Phase Il Phase IV )
Innerhalb Konsortium Open Development Early Adopters Deployment v Gltl_ab
iy

WE WAN YOU

[

Interesse?

Sofﬁware Ql'gsl{éznermzit’ Moglichkeiten zur Mitarbeit:
Architektur, 5 Beispiel- Early Open Source
Basis- Anla Adopters Deployment ) .
T gen, Auswertung eigener Anlagen
Verbesserung « Mitentwicklung / Developer

* Entwicklungsprozess
einsehen & mitgestalten

bis Dez 2022 Jan - Jul 2023 Aug — Okt 2023 Ende Okt 2023

BlUndelung Branchenaktivitaten: IEA SHC Task 68, ISO/TC 180/SC 4, Solar Keymark,
Europaische/internationale Forschungsprojekte

Transparenz: Open Data, Auswerteplattform, Anlagen-Benchmarking

Methodische Weiterentwicklungen: D-CAT (Dynamic Collector Array Test),
Strahlungsmodellierung, Messunsicherheit, Verbesserungen Usabillity & Performance
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Besten Dank flr Ihre Aufmerksamkeit! Fragen?

AEE INTEC

Links

= Projektwebsite: https://www.collector-array-test.org

= GitLab Repository: https://gitlab.com/sunpeek/
= Zenodo Datensatz: https://zenodo.org/record/7741084#.ZFmGYc/P1/M

Publikationen

= Tschopp, D. et al. (2023) One year of high-precision operational data including measurement
uncertainties from a large-scale solar thermal collector array with flat plate collectors, located in Graz,
Austria, Data in Brief (In press)

= Tschopp, D. et al. (2021) Application of Performance Check (PC) Method to Large Collector Arrays.
IEA SHC FACT SHEET 55 B-D1.1. Available at:
https.//task55.1ea-shc.org/Data/Sites/1/publications/IEA-SHC-T55-B-D.2-FACT-SHEET-Collector-Fields-
Check-of-Performance.pdf

= Fahr, S. et al. (2019) ‘Review of in situ Test Methods for Solar Thermal Installations’, in Proceedings of
SWC 2019/SHC 2019. International Solar Energy Society, pp. 1-10. Available at:
https://dol.org/https://doi.org/10.18086/swc.2019.06.02.
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https://www.collector-array-test.org/
https://gitlab.com/sunpeek/
https://zenodo.org/record/7741084#.ZFmGYc7P17M
https://task55.iea-shc.org/Data/Sites/1/publications/IEA-SHC-T55-B-D.2-FACT-SHEET-Collector-Fields-Check-of-Performance.pdf
https://task55.iea-shc.org/Data/Sites/1/publications/IEA-SHC-T55-B-D.2-FACT-SHEET-Collector-Fields-Check-of-Performance.pdf
https://doi.org/https:/doi.org/10.18086/swc.2019.06.02
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AEE - Institut fir Nachhaltige Technologien (AEE INTEC) Daniel Tschopp
8200 Gleisdorf, Feldgasse 19, Osterreich d.tscho

aee.at

. . +43 (0)3112 5886
Website: www.aee-intec.at

Twitter: @AEE_INTEC https://www.collector-arra


https://www.collector-array-test.org/
mailto:d.tschopp@aee.at
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