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System integration

& Comprehensive analysts of country-specific boundary conditlons and succeEss Eackors,
® National heat supply systems and Incentive policls are essantial,

# Role of district heating uiflities in Denmark for solar district heating success.

@ Technological solutions and best practice examples of large-scale systems.

# Firsi-hand market research on China shows higher market penetrafion than assumesd.

Edition 2022

Solar thermal and District Heating,

ARTICLE INFO

ABSTRACT

large storages, SHIP applications.

Eeywords: large-scale solar thermal systems are a cosi-efficlent technology to provide renewable heat. The rapld marked
Largescale solar themmal systems ErOWEh In the Last decade has been concentrated on & small number of countres, with (e oulstanding position of
Renewable hest Denmark followed by China, Germany and Austrla. This paper provides a comprehensive overview of the market
Cost efficiency
Energy palicy
Country analysis
-
project.

and common technologlcal solutlons for 1arge-scale solar (hermal systems In these counirles. Country-specifc
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,

‘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,
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1. Intreduction

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

About 50% of the total final energy consumption in the world at- Solar thermal supply of low tempersture heat demand (not ex-
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Measurement and modeling of diffuse irradiance masking on tilted planes for

Daniel Tschopp®, Adam R. Jensen™"!, Janne Dragsted®, Philip Ohnewein *, Simon Furbo !

b Depermmant of (il Engineering, Techmicel University of Dewmark, Brove), Bullding 118, Kgs. Lyngly, 2800, Dewmark

ARTICLE INFO ABSTRACT
Fepwirds:

salar radiation modsling
Tilted trradiance

b3
Zolar thermal
View facmrs

1. Introduction

between 068 and 1.51). A novel

Phowvaliaic and solar thermal projects mequire acorate solar imadiance data and modek for fhe design,
amessment, and forsemting of power output. For paneks and solar collectrs installed in arrays, the view gwand
the sky and ground & restricted by the swrnmnding rows. This paper analyzes the impact of view obstructions
an the diffuse irmadiance distribution in fixed- 1t arrys, addressing the imufficient ressarch coverage to date.
Trradimnce was memsured using high-precision pymnometers placed at ten positiors thmugheut an experimental
salar collector array for 3.5 and 6 m row spacings and 30°, 375%, and 45° it angles (relative row spacings

made]l was devel

ped o caloulate the diffuse tlied
imadiance alang the callector height, acoounting for diffise iradisnce making due to view obstructions. The
made] was ako salved inversely, abtzining local global horimntal imadizne from global tilted imadianes. The
validation shawed that the model accurately capture: the distinet shape of the diffus iradimee disribution
Resubis indicate a strang effct of view dbstructions fir narmow mw spacings and stsep (il angles. For e most
extreme omfiguration (35 m row spacing, 45° tlt angle, 167 relative mow spacing), the diffise imadiance

wan reduced to 64% =t the bottom and 894 on average, relstive 1o the tap of the callector. As 2 @nssquence,
mezmurements at the Bip cm et in bimed perfimmance amesments.

A major tak in solar emergy pmjects s the measirement and
modeling of the incident solar irradiance on the collecting surfaces. The
growing markets of large-seale photovoltale and solar thermal systems
pose ever higher demands on the accuracy of solar radiation data and
models (Gueymard, 2014; Tahopp et al, 2020). Eros as low as
+ 5% in solar resource caleulations may jeopardize the profitability of
a project (Gueymard, 2009).

Almest all flat-plate solar thermal collectors and a large share of PV
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,

but it also leads to a non-uniform distribution along the collector
height The parts of the collectors closest to the ground typleally
recelve less diffuse irradiance than the upper parts. A bottom PV panel
may generate E% less power than a top panel due solely to diffise
irmadi masking illa and 1k 2020). Case stadies
of typleal PV systems show that simple shading caleulations, which

only consider beam irmadiance shading, underestimate shading loses
by 50%%-80% compared to caleubitions incuding diffsse 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.
Mext, a rangueiion model is applied, which predicts the tramsposed

[Pata in Brief 48 (2023) 109224
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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 Feierlt, Marnoch Hamilton-Jones®4, Maria Moser,
Christian Holter~*

AAFE — Institute for Sustainable Technalogies (AEE INTECF, Feldgasse 19, 8200 Gleisdorf, Austria
b Forschung Burgenland, Campus Eisenstadr, Campus I, 7000 Eisenstadt, Austria
©SOLID Solar Energy Systems GmbH (SOLIDF, Am Ffangberg 117, 8045 Graz, Austria

@ Graz University of Technology, Institute of Software Technology, Inffeldgasse 16811, 8010 Graz, Austria
® solarnahwaermeat Energiecontracting GmbH, Puchstrasse 85, 8020 Groz, Austria

ARTICLE INFO ABSTRACT
Article histary:
Received 16 April 2023
Accepted 5 May 2023

Awvailable online 10 May 2023

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
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 . -

Dataset link: Omne 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 (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.

E-mail address: d.tschoppdace.at (D. Tschapp).

Accompanying Research/ nBegl ei t f

Saiemtific developments,
Large solar thermal plants in Austria

e.g., radiation modeling,
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Large-scale solar thermal plants
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Standards & solar thermal monitoring

AEE INTEC

Plant Design Operation
Manufacturing Commissioning

1ISO 9806
EN 12975
EN 12976

1ISO 24194 Timescale:
ARnSol ar 1 €ollectordigidsi Check of per fPantlifad C

SunPeek

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



1ISO 24194n Check of Perf or manceo

AEE INTEC

Solar energy — Collector fields — Check of A New ISO standard for assessing performance
performance of solar thermal collector fields / plants.

V In-situ, for plants in operation!

(1SO 24194:2022) V Refers to ISO 9806 (single collector lab tests)
V Refers to ISO 9060 (instruments for solar radiation)
V Refers to ISO 9488 (solar vocabulary)
Life cycle General information
Now Status : Published A Defines 2 / 3 methods on paper:
Publication date : 2022-05
Published Stage : International Standard published V' Power Check
1SO 24194:2022 [60.60] V Dally Yield Check
Stage: 60.60 - Edition : 1 V  (Annual Yield Check)

Number of pages : 30

A Applicable Collector types:

Technical Committee : ISO/TC 180/SC 4

Corrigenda / Amendments  |cs: 27160 V Glazed flat plate collectors
Under development Will be replaced by V Evacuated flat plate collectors
1SO 24194:2022/Amd 1 Under development
ISO/CD 24194 V Evacuated tube collectors
V Tracking, concentrating collectors

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



AEE INTEC

Solar Keymark
Open SU n Pe e k Collector
Source Database
AQuality assurance o

t her mal pl ants/ -1 n operation.

Free
commercial Avallable for

HSE 1ISO 24194 Windows/
reference Mac / Linux

software

AEE i 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 7 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]
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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 T 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
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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
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