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solar energy syslems
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Solar. Seit 1981.

Source: Picfly.at Thomas Eberhard
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Background and Need

AEE INTEC

= CAPEX: Plants have high initial investment costs.

= OPEX: Amortization over 20-30 years. Consistently high solar yield / good plant performance
IS essential.

= Performance assessment is difficult, even for experts.
= More and more data Is collected, we should make use of it!

= No common standard evaluation software for power / yield guarantees and advanced
monitoring available.

weather conditions components, design, control
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SunPeek Software

Goals, Methods

Performance Check

0 100 200 300 400 500

Clear and transparent answer to question
,Plant performance ok?*
(performance check, on-going monitoring)

Implemented procedures:
Performance Check (ISO 24194:2022)

Specific thermal power [W/m?]

D-CAT (Dynamic Collector Array Test)

D-CAT (Dynamic Collector Array Test)
3) Open source: Transparency for all stakeholders, solution 0 e Lo

0.8 E

for whole solar thermal industry, free commercial use o7}

4) Inexpensive monitoring through automation L

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

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
AT*/G [Km* /W]
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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

Please enter required information about the solar thermal plant
Add Arrays q P

Add Sensors Basics

Map Sensors

Plant Name®"

Set Details

Add Data Position
Latitude

Longitude'”

Altitude

Optional Information
Owner
Operator

Description

‘ 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

Map Sensors
Array Name" ’
Set Details
Gross Area*’

Add Data

Position
Tilt")
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 ‘

Sensor Type

bool

direct_radiation
dni_radiation
diffuse_radiation
global_radiation
float_0_1
ambient_temperature
fluid_temperature
fluid_temperature
wind_speed

volume_flow

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES

Unit

dimensionless

watt / meter ** 2

watt / meter ** 2

watt / meter ** 2

watt / meter ** 2

dimensionless

kelvin

kelvin

kelvin

meter / second

meter ** 3 / second

SunPeek

Info Status

IEA SHC Task 68 - SunPeek open source software
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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 E

DemoPlant_20230...

L Configuration >

®  Data Upload

-

=

l&{ Performance Check

WWW.aee-intec.at

Thermal Power Checkg

(i)

kL

Method | 150

Equation | 2

Safety Factors:

. PC-Guarantee fulfilled (with 102.4 %)

Performance Check Results
aD0
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Arcon South
Plant Total

E=timated Power WS m=]
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Mo Data
512.12 [W/m?]

—
fnd
[

100

&0

&0

40

DOWNLOAD RESULTS

Timeseries
. #4° @ ¢ o0 ol b~
May 7 May 14 May 21 May 28
EEI’I"

499,88 [W/m3]
49988 [W/m?]

SunPeek

Mo Data
102.4 %
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Performance Check (PC)

1ISO 24194:2022
Now

= New standard for performance check of solar thermal

ISO 24194:2022

collector arrays, since 2022-05 in status "Published 60.60" p=ss

= Performance Check — Thermal power

— Estimated-measured comparison for close to stable full power
operation, no shadows (1h intervals)

— Estimated thermal power calculated based on ISO 9806 parameters

. Average power
Average power
M easu red measurEd_491-4 mez

0 100 200 300 400 500

Specific thermal power [W/m?]
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Adaptions of ISO 24194:2022 in SunPeek (1)

From ,paper” to ,software implementation”

1) Multiple collector arrays, multiple collector types

v Estimation of thermal power output per sub-array, sum up results

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

2) Different measurement instrumentations
v' Virtual sensors, heat transfer fluids

und Aus ttttmp ratur
fAb ehmerseite

mmmmmmmmmmmmm

Ein- oder Austrittstemper t
im Solarkre

Pyranometer Temperatur.
G!b!t h! ng in Kollektoreben Umgebun gtmp t
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Adaptions of ISO 24194:2022 in SunPeek (2)
- From ,paper” to ,software implementation”

3) Radiation modeling
- Different tilt/azimuth of sub-arrays
- Internal shading
- Diffuse Irradiance masking

v radiation conversion algorithms

4) Pre-defined collectors
v' Connection to Solar Keymark Database (planned)

5) Data avallabilty

v Find more intervals for partial load conditions,

due to iImproved data filtering The Solar Keymark

CEN Keymark Scheme

6) Fully automated data pre-processing & analysis
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Example results
Demo plant ,FHW Graz — Arcon South”

Performance Check ,,ISO* Performance Check ,,Extended*
1h intervals for full hours 1h intervals with rolling windows

Check of Performance (PC Method 'ISO DIS 24194,

owsion oo s oo o0 EStiMated vs. Measured: 102.9% oo 00015 000 EStimMated vs. Measured: 102.6%

n=334 intervals, interval dure

|Estimated| |Estimated|

Average power Average power 5
Average power M e aS re d Average power

0 100 200 300 400 500 0 100

Specific thermal power [W/m?]

200 300 400 500

Specific thermal power [W/m?]
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Collaborative Development

AEE INTEC

 Mentimeter I

Open Innovation

Open Data

Open innovation campaigns
(Challenges & Monitoring tools)
MentiMeter Questionnaire

7 Plant performance: How well are performance
changes and errors detected?

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES

7
6
4
0 0
Allchanges / Meost chang Some Only very Therei
rrors in /er hanges / significant system
performance perform rors in changes / monitoring
are detected. re detected performance errors in plac
detected. performance
re detected.

= Measurement data on Zenodo
& Data-in-Brief article
https://doi.orq/10.1016/j.dib.2
023.109224

Data in Brief

Volume 48, June 2023, 109224

Data Article

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

Daniel Tschopp * ! 0 =, Philip Ohnewein * I ®, Roman Stelzer °, Lukas Feierl ©,

Marnoch Hamilton-Jones ? ¢, Maria Moser ¢, Christian Holter ¢ @

SunPeek

@ GitlLab

Open Development

= Transparent development on
public repository
https://gitlab.com/sunpeek/

su n PeEk Configuration Variables Troubleshooting Python APl Reference Web API Reference Developer Docs

SunPeek Documentation

Contents

Configuration Variables
Troubleshooting
Python APl Reference

Web API Reference

SunPeek
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Measurement data on Zenodo / Data-Iin-Brief article

AEE INTEC

= QOperational data of a large-scale solar thermal

collector array (516 m=A,,), located in Graz, Austria

= One full operational year (2017) of high-precison

data, 1-minute sampling, measurement uncertainty

calculation

= Zendo data set:
https://dol.org/10.5281/zenodo.7741084

= GitLab Repository (for easy use):

https://qgitlab.com/sunpeek/zenodo-fthw-arconsouth-

dataset-2017

= Data In Brief article:
https://doi.org/10.1016/].dib.2023.109224

= Please use the dataset for your projects and
share your data as well!

ArcS

SunPeek

Collector array
Arcon South

te_out_rowd
te_in te_out_row3 e out
te_out_row2
vf te_out_rowl

O o~ 4 %

rh_amb ve_wind rd_gti te_amb

IEA SHC Task 68 - SunPeek open source software |

Source: Picfly.at Thomas Eberhard

radiation
platform

N\

rd_dni

O

rd_ghi

Webcam

4
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https://doi.org/10.5281/zenodo.7741084
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https://doi.org/10.1016/j.dib.2023.109224

How to use SunPeek?
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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

Commerical use
explicitly allowed

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 & perspectives
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Phase | Phase Il Phase Il Phase IV
Within consortium Open development Early adopters Deployment

Vision

Make SunPeek the
reference implementation
for the 1ISO 24194

OS license,
test runs with

Software

architecture, Early Open source Performance Check.
basic S plants, adopters deployment
- - software
functionality - ¢ C .
Improvements Have the scientific

community use the tool in
their projects and develop
it further.

untill Dec 2022 Jan - Jul 2023 Aug/Sep — Oct 2023 Oct 2023

= How to get SunPeek? Just go to https://gitlab.com/sunpeek/ and
follow the Installation instructions!

= Feel free to try out the tool already now, official ,,early adopter”
use will start in Aug/Sep 2023
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https://gitlab.com/sunpeek/

- https://forms.qgle/gv/bFDN4skmedf4M9
AEE INTEC

SunPeek

& GitLab

WE WANT YO U What are your planned use cases for the SunPeek software? *
() Early Adopter
) User
|_) Developer
« Become an Early Adopter 3 somtaes

- Online Q&A meeting In Aug/Sep 2023

Please send me updates on the following *

D Q&A session for early adopters (Aug/Sept 2023)

* Become a User and evaluate your own plants D e s
- get regular updates/newsletter ) sonsiges

Please add optional comments here.

 Become a Developer and use SunPeek In your
own projects
% regular eXChange With the team Of maintainers Please leave your email address here to get in touch. *
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Discussion for joint work within IEA SHC Task 68

AEE INTEC

= Collect experiences / iImprovements from
application of ISO 24194:2022 and formulate joint

recommendation of IEA SHC Task 68 experts to
ISO/TC 180/SC 4

= Create a short guide to ISO 24194:2022 for

practioners (similar to ,Guide to standard ISO g
9806:2017%, but much shorter) B

A Resource for Manufacturers, Testing

Regulatory Agencies

= Create a handbook on ,,Digital Tools for Solar
Thermal Plant Monitoring”

(upcoming project at AEE INTEC)

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES SUI'\PQEI(
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Thank you for your attention!
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Links

= Project Website: https://www.collector-array-test.org
= GitLab Repository SunPeek: https://gitlab.com/sunpeek!/
= Zenodo Dataset: https://dol.org/10.5281/zenodo.7741084

Publications

= 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 48, 109224, https://dol.org/10.1016/].d1b.2023.109224

= 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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AEE - Institute for Sustainable Technologies (AEE INTEC) Daniel Tschopp
8200 Gleisdorf, Feldgasse 19, Austria 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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