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Measurement and modeling of diffuse irradiance masking on tilted planes for /==& Data Article
. . Large-scale solar thermal systems in leading countries: A review and solar engineering applications
D at a & J O u r n al P u b I I C atl O n S comparative study of Denmark, China, Germany and Austria Daniel Tschopp®, Adam R. Jensen "', Janne Dragsted ", Philip Ohnewein *, Simon Furbo !
Globel Marat Dovulopmont Daniel Tschogp", Zhiyong Tian™*, Magdalena Berberich®, Jianhua Fan”, Bengt Perers’,
; Detailod Marko Figuros 2020 Simon Furbo

* ARE - Insduue for

One year of high-precision operational data
oty Pl 19, 4200 Gl Asria including measurement uncertainties from a
© Deparmuens of Chvil Engineering, Techmiosl Untersity of Denmark, Brove), Blding 118, Kg. Lynghy, 2800, Denmank .
large-scale solar thermal collector array with
: e 1, 7, Ausria ARTICLE INFOD ABSTRACT flat plate collectors, located in Graz, Austria
rmofmm and mmﬁ?m:mm Reywards: Phowrvolsic and solar thermal projects require acowate solar imadiance data and modek for the design,
a . ol radiation model ames sment, and forecating of pawer ous ar panek and salar colleckirs i inar view Bwa . T .
Deparemens of CH Engineesng, Tectrdal Ustvarsty of Dermt, Brave] Buiing 118, Lyngey, 2500, Demart Thed e b T e e Daniel Tschopp®'#, Philip Ohnewein®', Roman Stelzer®,
- o the diffige eadarce diprilusion in foedlt arvays, addcessicg she lopadficlens rewasch cowrage o dus. Lukas Feierl, Marnoch Hamilton-Jones*d, Maria Moser®,
e fremen Trradiance was memired using high precison pyranometers placed at ten positiomns thrmughout =n experimental o e
HIGHLIGHTS salar collector amray for 3.5 and 6 m row spacings and 30°, 37.5%, and 45° tilt angles (relative mw spacings Christian Holter
between 068 and 1.51). A novel ani i ition model was develaped o calaul. the diffuse tilted
. Tensive analysts of bouna aditions and Bt imadiance alang the callsctor height, accounting for diffise iradiancs making d‘\: 10 \d:n'lzmwﬁuu‘.lm 3 AEE — Institute for Sustainable Technologies (AEE INTECF, Feldgasse 19 8200 Gleisdorf, Austria
. m . 1‘* analy i, “""‘"r:ﬁm‘if‘ "'"l;'-" o f:l’ FoEss fAclors. made] was 2o mbved inversely, sbizining kical gobal harimmial imsdizne frm gobal lied imdiance. The ® Farschung Burgenland, Campus Eisenstadt, Campus 1, 7000 Eisenstadt, Austria
i 7 & al SUpply systems and incentive palicles are essential. validation showed that the moded aceurately captumes the distinet shape. of the diffe iradimes distribution ©SOLID Solar Energy Systems GmbH (SOLIDY, Am Ffangherg 117, 8045 Graz, Austria
- - y * Role of district heating utflities in Denmark for solar disirict heating success. Resuls indicate a strong effect of view obstructions for mamow mw spacings and steep tilt angles. For the most 4 Graz University of Technology’, Institute of Software Technolagy, Inffeldgasse 1651, 8010 Graz, Austria
I I l I n r I n o TechcIngical SIIOAS S DS peaclice examples 0 Large Seale tems. extreme configuration (15 m mw spacing, 45° 11t angle, 167 relative mw spacing), the difie imdizmes ¢ salarnaivwaerme.at Energiecantracting GmbH, Puchstrasse 85. 8020 Graz, Austria
I T A ® First-hand market research on China shows higher market penetraiion than assumed, was rechiced to 64% =t the bottom and 8% on average, relstive to the tap of the callector. As 2 mnsequence,
¢ 5 mezmrements &t the ©ip can el in bimed perfimmance mwesments.
. . . ~y Edition 2022
Solar thermal and District Heatin - Srpmvsmase
’ Eeywords: large-scale solar thermal systems are a cosi-efficlent technology to provide renewable heat. The rapld marked
large-scale solar thermal systems sm'lﬂ] In the Last decade has been concentrated on a small number of countries, with meomstamjng F‘ISJLWEI of
" [ Renewable hest Denmark followed by China, Germany and Ausirla. This paper provides a comprehensive overview of the market
Cost efficiency
large storages, SHIP applications s
’ L ]
project.

ARTICLE INFO

ABSTRACT
and common technological solutlons for large-scale solar (hermal systems In ese couniries. Country-specifc
Country analysis

factors, Including selar rescurces, haat Supply Systems, competing technologhes, promotin schemes and business
models, which put these countries In A leading role, are analyzed in detall using an Integrated assessment fra-
mework. For each country, a best practice solar heafing sysiem Is introduced. The analysis shows thal heal
supply by largescale solar themal systems s 2 mature tachnology with a broad feld of applications and that
mainky country-specific boundary conditions regarding the heat supply system and inceniive pollcy are re-
sponsiide for the presminent role of Mese four countries. The unlgues mie of district heating utfitles in Denmark,

height The parts of the collectors closest to the ground typleally
A major tak in solar emergy pmjects s the measirement and recelve less diffuse irradiance than the upper parts. A bottom PV panel
modeling of the incident solar irradiance on the collecting surfaces. The may generate &% less power than a top panel due solely to diffise
growing markets of large-seale photovoltale and solar thermal systems irradi masking ilha and 1t 2020). Case stadies
pose ever higher demands on the accuracy of solar radiation data and  of typical PV systems show that simple shading caleulations, which
models (Gueymard, 2014; Tahopp et al, 2020). Eros as low as only consider beam irmdiance shading, underestimate shading loses
+ 5% in solar resource caleulations may jeopardize the profitability of by S09-50% compared to caleulitions incduding diffuse irradiance
a project (Gueymard, 2009).
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Climate Action, Envirorment,
Erergy. Mobility,
Innovation 318 Techno ogy

This work presents operational data of a large-scale solar
thermal collector array. The array belongs to a solar thermal
plant located at Fernheizwerk Graz, Austria, which feeds into
the local district heating network and is one of the largest

Dataset link: Omne year of high-precision
Almest all flat-plate solar thermal collectors and a large share of PV

AN A 0 A
ATV SN O

‘which are subject to a natlonal emissions frading system and often act both as investors and operators of large-
seale solar fharmal systems, can serve as & role model for ofher countries,

1. Intreduction

About 50% of the total final energy consumption in the world at-

efficiency increases cannot be limited to the electricity sector. The
transformation of the heat sector must also be accelerated [4].

Solar thermal supply of low tempersture heat demand (not ex-

panels (henceforth summarized in the term “collector’”) are installed in
fwed-tilt systems Modeling the direct irradiance incident on a tilted
collector surface, including self-shading in uniformly armnged armys,
involves only geometric calculations if either the Direct Horizontal
Irradiance (DHI) or Direct Normal Irvadiance (DNI) is known (A ppel
baum and Bany, 1979). In contrast, estimation of the Diffuse Tilted
Irradiance (1) is much more complex. For collector rows within an
array, view obsructions reduce the incident diffuse radiation from

the sky (an effect called masking) and alter reflection patterrs (A ppel
baum, 2018). Not only does this reduce the average diffuse irradiance,

masking (Varga and Mayer, 2021 Masking effects are ako relevant for
bifacial PV, which make improved wse of diffise irmdlance (Gu ef al.,
2020). The nor-uniform diffuse irmdiance dibtribution may distornt

radiation measurements during the operational stage, leading to a bias
in performance assessment (Ohnewein et al, 20200

The starting point for modeling the tilted for “plane-ofarray'
irmdiance in the planning phase is typlcally time series of Global
Herizental Irmdiance (GHI). Then, following the teminology of Guey-
mard and Myers (2008), a separation model is deployed to calculate the
direct and diffuse irmdiance components if they are not alread v known.

Solar District Heating installations in Central Europe. The col-
lector array deploys flat plate collectors with a total gross
collector area of 516 m? (361 KW nominal thermal power).
Measurement data was collected in situ within the scientific

research project MeQuSo using high-precision measurement
. and imol B :

operational data including measurement
uncertainties from a large-scale solar
thermal collector array with flat plate

collectors, located in Graz, Austria (Original
data)

data guality assur-
ance measures. Data compromises one full operational year

(2017) in a 1-minute sampling rate with a share of miss-
ing data of 8.2%. Several files are provided. including data

* Corresponding author.

Mext, a rangueiion model is applied, which predicts the tramsposed

E-mai address: d.tschopp@aee.at (D. Tschopp).
Social media: @philip_chnewein (P. Ohnewein

icholter_Solar (C. Holter)

Accompanying Research / "Begleitforschung"

Scientific developments,
Large solar thermal plants in Austria

Digitalization, Performance assessment,
e.g., radiation modeling,

In-situ test & monitoring procedures
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https://indheap.eu/

Large-scale solar thermal plants

AEE INTEC
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Standards & solar thermal monitoring

AEE INTEC

Plant Design Operation
Manufacturing Commissioning

1ISO 9806
EN 12975
EN 12976

1SO 24194 Timescale:
“Solar energy — Collector fields — Check of performance” Plant lifetime

SunPeek

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



AEE INTEC

1ISO 24194 “"Check of Performance”

Solar energy — Collector fields — Check of
performance

(ISO 24194:2022)

Life cycle General information

Status : Published
Publication date : 2022-05
Published Stage : International Standard published

1ISO 24194:2022 [60.60]

Edition : 1
Number of pages : 30

Now

Stage: 60.60 v

Technical Committee : ISO/TC 180/SC 4
ICS: 27160

Corrigenda / Amendments

Under development Will be replaced by

1ISO 24194:2022/Amd 1

Under development

ISO/CD 24194

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

= New ISO standard for assessing performance
of solar thermal collector fields / plants.
v In-situ, for plants in operation!
Refers to ISO 9806 (single collector lab tests)

X X

Refers to ISO 9488 (solar vocabulary)

= Defines 2/ 3 methods on paper:
v" Power Check
v Dally Yield Check
v" (Annual Yield Check)

= Applicable Collector types:

v Glazed flat plate collectors
Evacuated flat plate collectors
Evacuated tube collectors
Tracking, concentrating collectors

NN X

IEA SHC Solar Academy 2024 | 2024-11-19

Refers to ISO 9060 (instruments for solar radiation)

SunPeek



AEE INTEC

Solar Keymark
S U n Pe e k Collector

Database

,Quality assurance of solar
thermal plants in operation.”

Free
commercial Avallable for

HSE 1ISO 24194 Windows/
reference Mac / Linux

software

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



Steps to SunPeek Power Check

AEE INTEC

Add Describe Configure Upload Set
solar collector fields and and map measured safety
plant select collectors sensors data factor

0000

Run Power Check

@ ; ] i i —» W/m?
100 200 300 400 500

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek




SunPeek: Demo & Graphical User Interface

AEE INTEC

https://demo.sunpeek.org/

-Ilt

Settings: Method: ISO Formula: AUTO (2) fu: AUTO (93%) fp: AUTO (99%) fo: AUTO (98%) use wind: AUTO (true)

Start End
Measurement Period: 04/30/2017 9 06/01/2017 (9 X

Measured-Estimated Comparison Timeseries

1 Q
I within safety within safety
— = L3
£150
. — 600 -
SunPeek : : g
E ,..f o
il - a
... E 540-132 ElUD [ ] [ ] L "- L ™ [ s P @ -‘l"l
= & o
= E
o 200 o ® =
(W ™ w
2 2
3 e
% o ° E 50
> 400 & o
" =
0
0
400 m 600 May 7 May 14 May 21 May 28 i
) 2D1? RESIZE
Estimated Power [W/m?2]
(with safety factor) 3
EXPORT
Saftey Factor: 90 % ® with safety factor
i @ io @
Gross Area @ Measured © 9 E.stln'iated R atio Valid Intervals ©
(with safety) (with safety)
Arcon South Array 515.66 [m2] 512 [W/m?] 488 [W/m?] 104.9% 47 [h]
— Plant Total Total 515.66 [m?] 512 [W/m?] 488 [W/m?] 104.9% 47 [h]

WWWw.aee-intec.at AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



https://demo.sunpeek.org/

SunPeek Usage: Power Check Benchmarks

AEE INTEC

A

550

500

450

400

Check performance
of large collector fields

Measured Power Output, W/m?

® Each dot represents
a valid one-hour operating
interval. This plot considers
a safety factor of 90 %.

&

CHECK PASSED

CHECK FAILED

Automated Power Check
according to ISO 24194

Power Check is fulfilled if measured power output during valid operating
Intervals is greater than target power output including safety margin.

A check requires at least 20 hours with stable plant operation.

[_1 Target power output with 90% safety factor: 468 W/m?

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

350
[ ] i y ] ] —» W/m?
A
300 } 1 } } ! } Target Power Output, W/m? 100 200 300 400 500
300 350 400 450 500 550
IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



SunPeek Usage: Ongoing Monitoring

Before / After Cleaning Collectors
Ratio of Measured to e Each dot represents a valid one-hour operating
Target Power Output interval. This plot considers a safety factor of 90 7.
120 7% .
I
® ® | cusgsso
100% . s ° _§ &
® < P
30. o 8 A : . " 5 ® °
80%
60%
COLLECTOR
CLEANING
40%
207%
0% :
Mar Apr May Jun Jul Aug Sep

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



SunPeek Usage: pdf Reporting, Guarantees
ISO 24194 Power Check

AEE INTEC

Power Check according to ISO 24194:2022

Power Check fulfilled:

Ratio measured / estimated power = 104.8%

. This takes a combined safety factor fg, = 0.9 into account.
POWeI‘ CheCk aCCOI'dlng tO ISO 2 4 1 94 . 2 02 2 The minimum number of intervals (20, defined in ISO 24194:2022) has been reached: n=64 intervals found, each 1 hour long.
Thermal Power Output: Measured vs. Estimated Intervals used for Power Check
Plant FHW Arcon South Test n=64 intervals, each 1 hour long. Total interval duration: 64 hours 0 minutes.
Included arrays  Arcon South Algorithm details: Formula: 2. Wind: Used. Averaging mode: Extended.
Without safety factor With safety factor fg,r = 0.9 24:00 BN Sun below horizon
800 T T T T T 800 T T T T T T T - AITayS ShadDWEd
1 Missing data
I Performance Check intervals
700 A 700 F .
600 - ® 1 600 [ e .
. © 18:00
B B
ey 500 r T ey 500 r T
= =
» ® o ®
f ; -
2 400 . g 400 : o
o o 5
e A g o 2
5 2 2 12:00
© 300 . © 300 f 1 ©
2 2 ©
£
200 - . 200 - 1 a -
100 . 100 - .
6:00
00 100 200 300 400 500 600 700 800 00 100 200 300 400 500 600 700 800 Page 2 /11
Estimated power [W/m?] Estimated power [W/m?], with fsafe
Notes
0:00
Each dot in the plots is the average thermal power output of a 1 hour interval.
The left plot is based on estimated and measured data without safety factor. The right plot takes the combined safety factor fsar = 0.9 into account. 2017-May
Algorithm details: Formula: 2. Wind: Used. Averaging mode: Extended.
https://docs.sunpeek.org S https://docs.sunpeek.org
—_— Generated with SunPeek version dev a933a3d on branch 625-power-check-pdf-report-fix-line-too-long. Page 4 /11 —_— Generated with SunPeek version dev a933a3d on branch 625-power-check-pdf-report-fix-line-too-long. Page 3/11
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Power Check: Required Data

Case example

Which sensors do you nheed
to run the Power Check?

The required sensors depend on the system hydraulics.
This is one possible measurement setup.

DNI H

Temperature

Collector field #2 H Wind Speed

Hemispherical

irradiance in
collector plane

H Fgl EE] Heat Meter

i Direct Normal
DNI .
Collector field #1 H Irradation

)
© J e

\

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



SunPeek: Enhanced Implementation
of ISO 24194:2022 Power Check

AEE INTEC

1) Multiple collector fields

v Data treatment & estimated power per array

2) Mixed collectors

v E.g., single & double glazed, flat-plate & concentrating
v' Different collector data sheets (ISO 9806 versions SST/QDT, IAM,...)

3) Non-standardized measurements

v E.g. Heat transfer fluid properties, database

v’ Auto-treat data formats, valid data, time zones, ... -

5) Extended filtering method it R
v Modern data analysis -

v' Faster results, more partial loads Warmemengenzahler /

Volumenstrom-Sensor
Pyranometer: Temperatursensor:
Globalstrahlung in Kollektorebene Umgebungstemperatur

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek




SunPeek: Planned Features

AEE INTEC

1) Link to Solar Keymark Database

»  Open-source access to all collectors in Solar Keymark Database

The Solar Keymark
CEN Keymark Scheme

2) More Automation

3) Radiation modelling

»  Concentrating collectors, and radiation modeling
»  Multiple collector fields

v Internal Shading (done)

Feedback to Standardization
Inputs to ISO 24194 via TC 180/ SC4

Roadmap

https://gitlab.com/sunpeek/sunpeek-governance/-/wikis/Roadmap/

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



https://gitlab.com/sunpeek/sunpeek-governance/-/wikis/Roadmap/

SunPeek: Platform

AEE INTEC

Open-source, web-based software

 Designed as Reference Implementation of ISO 24194 & and more.

 Objective: Simplify operation & increase trust in solar thermal plants = Reduce LCOH
 Features: Transparency, Automation, High quality implementation

Platform / Development Hub

 Governed by community / Research, Industry. Open to new stakeholders.
 Objective: Extend methods & useful implementations.
 Objective: Efficient development, exchange with ISO 24194 / TC 180.

SunPeek '

Contributors are Welcome.
* [nitial development by AEE INTEC, SOLID, GASOKOL, Schneid.
 Objective: Participation
 How? Project Governance Basics ("How to be SunPeek?”) are defined.

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek


https://www.aee-intec.at/
https://www.solid.at/
https://www.gasokol.at/
https://schneid.at/

Who Is SunPeek?

AEE INTEC

Initiators Steering Committee & Maintainers Community, Users & Enablers

Funding

NUMFOCUS

OPEN CODE = BETTER SCIENCE

¥ GitLab [

sOLID

solar energy systems

+

Technische Hochschule

~ Fraunhofer

ISE Ingolstadt
Solar. Seit 1981. # Deutsches Zentrum s lSFH - |
DLR fiir Luft- und Raumfahrt J/))
& SCHNEID
), Solartngineering noh En =8 Btllll'l stu Rl
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SunPeek Governance

AEE INTEC

https://gitlab.com/sunpeek/sunpeek-governance/

Steerl N g CO mm |ttee Steering Committee Membership
Eligibility

To be eligible as a Steering Committee (SC) member, an individual must be a project contributor who has produced contributions

S u n P ee k IS g O V e r n ed by th e Stee rl n g CO m m Ittee : that are substantial in quality and quantity, and sustained over at least one year. Potential SC Members are nominated by existing

SC members and approved by the existing SC after asking if the potential Member is interested and willing to serve in that

Anybody can become SC member: research,
iIndustry, associations, private. Contribution & Diversity

When considering potential Members, the SC will look at candidates with a comprehensive view of their contributions. This will
include but is not limited to code, code review, infrastructure work, mailing list and chat participation, community help/building,
education and outreach, design work, etc. We are deliberately not setting arbitrary quantitative metrics (like “100 commits in this

" I " " I " repﬂ"} to avoid encuuraging behavior that pla'_u,rs to the metrics rather than the prnjer:t's overall weLL—being. We want to encourage
H O W to J O I n Stee rl n g CO m m Ittee ) ru eS ] VOtI n g - a diverse array of backgrounds, viewpoints and talents in our team, which is why we explicitly do not define code as the sole
Defined in an open repository.

metric on which SC membership will be evaluated.

Inactivity

If an SC member becomes inactive in the project for a period of one year, they will be considered for removal from the SC. Before
removal, inactive Members will be approached by the SC to see if they plan on returning to active participation. If not they will be
removed immediately upon a decision of the SC. If they plan on returning to active participation soon, they will be given a grace
period of one year. If they don't return to active participation within that time period they will be removed. All former SC members
can be considered for membership again at any time in the future, like any other project contributor. Retired SC members will be
listed on the project website, acknowledging the period during which they were active in the SC.

WWw.aee-intec.at AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek



https://gitlab.com/sunpeek/sunpeek-governance/

SunPeek: Software & Licenses

https://demo.sunpeek.org/
AEE INTEC

Web UI BSD'B Clause ‘,

Graphical user interface. = _Permissive”, virtually no restrictions open sorc
. . . . . . . Initiative

Interactive use in browser. = Used in similar open-source projects (e.g., pvlib). Approved License’

= Simplifies integration with own software.

web API

Restful APIl. Automate
with other software tools.

Python package
Algorithm development.
Integrate with other projects.

Backend: LGPL (GNU General Public License)

B
HEN N
EEEEE Docker =  Weakly Protective 0
Standardized distribution = Must release changes under same license.
and installation. _ ] _ open source
= Ensures consistent implementation of ISO 24194. Ao e

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN IEA SHC Solar Academy 2024 | 2024-11-19 SunPeek


https://demo.sunpeek.org/

SunPeek

Testimonials

AEE INTEC

PIERRE DELMAS
CTO and Co-founder NewHeat,
France

SunPeek is a great service tool
for project developers of large
collector fields. In the future,
we plan to use it to check our
performance guarantee agreements
between different stakeholders
being part of EPC contracts, or
eventually to contribute to our
periodic performance checks
during operation phase.

Photos: Project Newheat | IMAGESIinAIR Productions
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Guide to ISO 24194 Power Check

AEE INTEC

sm Task 68: Efficient Solar District Heating Systems i} S H C T a S k 6 8£ 4
| Efficient Solar District Heating Systems
Guide to Deliverable

ISO 24194:2022
Power Check

 Comprehensive: 100+ pages document, 47 authors.
* Application of ISO 24194 Power Check & SunPeek.

 Target groups: Plant operators, Plant designers,
Collector manufacturers, Researchers.

i Publication expected early 2025.
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SunPeek: Development Platform
Open-source scientific platform for solar thermal analysis

AEE INTEC
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AEE INTEC

Open Data

E.g., FHW Open dataset,

Solarheatdata,

Pata in Brief 48 (2023) 109224

Contents lists available at ScienceDirect

Data in Brief

journal homepage: www.elsevier.com/locate/dib

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®!* Philip Ohnewein®', Roman Stelzer®,
Lukas Feierl¢, Marnoch Hamilton-Jones®9, Maria Moser®,
Christian Holter“¢

3AEE — Institute for Sustainable Technologies (AEE INTEC)’, Feldgasse 19, 8200 Gleisdorf, Austria

b Forschung Burgenland, Campus Eisenstadt, Campus 1, 7000 Eisenstadt, Austria

<SOLID Solar Energy Systems GmbH (SOLID)®, Am Pfangberg 117, 8045 Graz, Austria

4 Graz University of Technology®, Institute of Software Technology, Inffeldgasse 16b/Il, 8010 Graz, Austria
¢ solarnahwaerme.at Energiecontracting GmbH, Puchstrasse 85, 8020 Graz, Austria

PRAESTQD

AKTUEL PRODUKTION

@ Seneste maling

P 2ltuel solvarmeproduktion
b Aktuel solvarmeproduktion
bu Aktuel solindstraling

HISTORISKE DATA

#8 FRA DATO

2022-11-09

22 GRAFER

Ikke tilgeengelig

OWVERSIGT

Lukas Emberger presentation

B TIL DATO

2022-11-16

& QUICK LINKS

Sidste 7 dage  w

ARTIT ELE L N'EO

ABSTRACT

Article history:

Received 16 April 2023
Accepted 5 May 2023
Available online 10 May 2023

Dataset link: One year of high-precision
operational data including measurement

This work presents operational data of a large-scale solar
thermal collector array. The array belongs to a solar thermal
plant located at Fernheizwerk Graz, Austria, which feeds into
the local district heating network and is one of the largest
Solar District Heating installations in Central Europe. The col-
lector array deploys flat plate collectors with a total gross

Samlet varmeproduktion | perioden
Samlet varmeproduktion | perioden pr. m2

Samlet solindstraling i perioden

collector area of 516 m? (361 kW nominal thermal power).
thermal collector array with flat plate Measurement data was collected in situ within the scientific
collectors, located in Graz, Austria (Original research project MeQuSo using high-precision measurement
data) equipment and implementing extensive data quality assur-
ance measures. Data compromises one full operational year
(2017) in a 1-minute sampling rate with a share of miss-
ing data of 8.2%. Several files are provided, including data

uncertainties from a large-scale solar

* Corresponding author.
E-mail address: d.tschopp@aee.at (D. Tschopp).
Social media: ’ @philip_ohnewein (P. Ohnewein), ’ @cholter_Solar (C. Holter)
! These authors contributed equally to this work.
2 @AEE_INTEC.
3 @Solid_Austria.
4 @tugraz.

https://doi.org/10.1016/j.dib.2023.109224
2352-3409/© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0])
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SunPeek


https://solarheatdata.eu/

SunPeek Information

https://www.sunpeek.org

AEE INTEC

Support support@sunpeek.or

Software Repository https://qitlab.com/sunpeek/

Public Demo https://demo.sunpeek.org/

Open FHW Dataset https://doi.org/10.5281/zenodo.7741083
Data-in-Brief Article https://doi.org/10.1016/}.dib.2023.109224

Publications Hub https://zenodo.org/communities/sunpeek
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IDEA TO ACTION &

AEE — Institut fur Nachhaltige Technologien (AEE INTEC) Daniel Tschopp

Philip Ohnewein
8200 Gleisdorf, Feldgasse 19, Osterreich

d.tscho aee.at p.ohnewein@aee.at
. . +43 (0)3112 5886 +43 660 4741783
Website: www.aee-intec.at

Linkedin: linkedin.com/company/aee-intec/mycompany/ https://www.sunpeek.or

sunpeek@sunpeek.org
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