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Energie & Erneuerbare
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Energie & Erneuerbare
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POLITISCHE RAHMEN-
BEDINGUNGEN IN EUROPA

e EU-Mitgliedsstaaten sollen den 11
shere o Reneuabl Enero +1g§ 5o Q? Anteil erneuerbarer WARME bis = PN
I - % 2030 jedes Jahr um 1.3 % erhdhen. ERNEUERBARE WARMEQUELLEN
209% p SOLARE FERNWARME HILFT, DIESES ZIEL

ZU ERREICHEN.

o +9.7 % m
100  co———————— &/
5% +15.1% G 2012 bis 2017: 2021 bis 2030:
: 2015 2016 2017 2018 2019 O . 6 % 1 . 3 %
wurden pro Jahr erreicht. sollen pro Jahr erreicht werden.
% REN21 ) .

IEA SHC TASK 55

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare GroR3anlagen | 2022-06-23



LST: Large Solar Thermal
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?/ Large Solar Heat Plants, Global Annual Additions and Total Area in Operation, 2011-2021

Number of systems added

World
Total

522

Systems

Collector area in m?

Cumulative
collector
area in
operation
in Europe

\ v
~ P

~ ~
/N

80 ~ 3,000,000
W Number of systems
added outside Europe —
70 = 2,650,000
Number of systems —
added within Europe —
60 = 2,250,000
50 = = 1,825,000
40 = = 1,500,000
30 = = == 1125,000
20 = = = = = = 50
- — 375,000
0
20M 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2% REN21

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

Source: Based on |[EA SHC.

Note: Figure includes plants
with collector fields of at
least 350 kilowatts-thermal
(kWth) (500 m?), either for
solar district heating or

for solar hot water and/

or solar space heating of
residential, commercial and
public buildings. Data are for
solar water collectors and
concentrating collectors.
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ST & PV
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?/ Solar Water Heating Collectors Global Capacity, 2011-2021 ?{ Solar PV Global Capacity and Annual Additions, 2011-2021
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LST Danemark
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DANISCHE ERFOLGE BEI SOLARER
FERNWARME Stand 201 9 e\ W\

— 1 [

RO MANSR RN NNY | el l \
R 7
— ““““““

ERFOLGSFAKTOREN VON SOLARER
FERNWARME IN DANEMARK

MAXIMALE INVESTOREN- AUSSTIEG AUS
TRANSPARENZ DENKEN FOSSILEN ENERGIEN

SOLAR l KAPAZITAT
in Warmenetzen

ST U

» SOLARWARMEPREISE:
von 20 €/MWh* bis 40 €/MWh

Dérfer und Stadte -  KOSTENOPTIMALE SOLAR-
verwenden LOSUNGEN GUNSTIGER ALS GAS
SOLARWARME

*Bedingungen: 2% Zinsen Uber 25 Jahre, kein Speicher, inkl. O&M-Kosten (2 €/ MWh)

https://solvarmedata.dk

Offentlich zugangliche Blrgerfinanzierte Hohe Steuern auf fossile
Ertragsdaten der solaren Energieerzeugung Energietrager machen
Fernwdrme erzeugen verfolgt langfristige Solarwarme wettbewerbsfahig
Vertrauen. Investitionsstrategien. gegentber Erdgas.

IEA SHC TASK 55
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ESTIF: solariseheat.eu
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(Levelised Cost of Energy) per kWh for different Energy Sources
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IEA SHC Tasks
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2011 2014 2016

Task 45

.Large Systems: Large Solar , rowards the integration
of large SHC Systems

Heating/Cooling Systems,
Seasonal Storage, Heat Pumps

Task 55

into DHC Networks”

/\

History of tasks in the context of solar
district heating (SDH) systems

Task 68

,,Efficient solar
district heatmg
systems”

Q

"

Source: IEA SHC Task 68
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Begleitforschung 2010 — 2019
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. . _ Kategorie @Klim. ®NT ® PrWW @SD @ WN @ WP
» Special funding program since - -

NUmnmberg D46
2010 for solar thermal plants %
> 100 m? %
* Investment incentive of 40-50% . @ & A —

of the eligible costs

 Accompanying research:
Consulting, Monitoring,
Knowledge Transfer Manchen

.....
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Bubble size == plant size [100 m? ... 6.922 m?]
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Solare Netzeinspeisung

spezifischer Solarertrag [kWh/m?a]
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Planung vs. Messung
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Abweichung Ertrag Abweichung Verbrauch
Simulation vs. Messung Simulation vs. Messung

@ Solare Einspeisung  © Prozesswarme @ hohe solare Deckung O Kihlung  © Neue Technologien @ Solare Einspeisung O Prozesswarme @ hohe solare Deckung O Kiihlung  © Neue Technologien
900 100000
800
—_ O 10000 @
2 700 o © ®.- ° @
€ o 9) -
£ — Be
< 600 ® © s o
s ’” ° = OF
< ® ® = 1000 @ ® )
= 500 e o 5 @% o
" o 0@ O ®9 % o 5 o o%
£ o 0 g ® 00 - Qo g ® /Q.‘)f)
7] v - ~ @) >
£ 400 o . Scl' ® o % ° 3 e® , °
o .—.—'.—.—. Q 100 . @)
wy - -
: e 000 ° : vo . & B
S 300 @ £ S o 'O °
g -l Qo @ ® @) e gjn )
g ® e © o ® b
5 o ® o ® o°
a0 200 -0 ® 10 .
) @
100 e
-0
0 1
0 100 200 300 400 500 600 700 800 900 1 10 100 1000 10000 100000
simulierter Solarertrag [kWh/m?,,. . fizche) simulierter Verbrauch [MWAh]

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare Gro3anlagen | 2022-06-23



Garantieverfahren

Motivation flr praktische Anwendung

Umfeld a) Es gibt am Markt keine Standard-Software fur Solarthermie-Garantien.
b) Garantie & Performance-Bewertung ist schwierig, auch fur Experten.
c) Big Data. Daten stehen zur Verflgung, nutzen wir sie.

Finanzierung = CAPEX: Solare Grof3anlagen haben hohe Investitionskosten.

= OPEX: Betrelber muss langfristig hohen Solarertrag sicherstellen,
damit sich die Investition rechnet.

Garantieverfahren Kernfragen & Ziele HarvestIT:

1) Leistungs- und Ertragsgarantie fur Kollektorfelder

2) Bewertung der Kollektorfeldperformance unter
Berlicksichtigung des Anlagenbetriebs (Temperaturen, Verbrauch etc.)

3) Anwendung fur kommerzielle Anlagen im Betrieb

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare Gro3anlagen | 2022-06-23
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Garantieverfahren
Rollen & Verantwortung

Anlagenplanung

Wirkungsgradkurven / Kollektorparameter

aus Solar Keymark I,

Simulationsmodell O

Simulationsdaten,

Klimadaten
simulierter
Solarertrag
angenommene Betriebs-
und Regelstrategie _
Y
herechnEter B b BB EE K EEEEEEEEEEEESEEEESSEESSEAEEEsdNdEEAdAAAdAdAAAdAAaTaaaaa
Profit

WWW.aee-intec.at

Kollektorhersteller,
Komponentenhersteller

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

Mdchte die Haftung auf bereitgestellte
Komponenten und Dienstleistungen
beschrénken, z.B. Kollektoren und Montage

Anlagenplaner

Mochte kosteneffiziente Konstruktion und
Komponenten wdhlen

Anlagenbetreiber

Médchte den verkauften Solarertrag maximieren
und Betriebs- und Wartungskosten gering halte

Eigentumer, Investor

Mochte Risiken minimieren und
Einnahmen maximieren
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2022-06-23



AEE INTEC

Garantieverfahren
Rollen & Verantwortung

Anlagenplanung

Wirkungsgradkurven / Kollektorparameter

aus Solar Keymark I,

Simulationsmodell O

Simulationsdaten,

Klimadaten
simulierter
Solarertrag
angenommene Betriebs-
und Regelstrategie _
Y
herechnEter B b BB EE K EEEEEEEEEEEESEEEESSEESSEAEEEsdNdEEAdAAAdAdAAAdAAaTaaaaa
Profit

WWW.aee-intec.at

Kollektorhersteller,
Komponentenhersteller

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

Mdchte die Haftung auf bereitgestellte
Komponenten und Dienstleistungen
beschrénken, z.B. Kollektoren und Montage

Anlagenplaner

Mochte kosteneffiziente Konstruktion und
Komponenten wdhlen

Anlagenbetreiber

Médchte den verkauften Solarertrag maximieren
und Betriebs- und Wartungskosten gering halten

Eigentumer, Investor
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R O . tatsachliches Wetter

Anlagenbetrieb

unbekannte Wirkungsgradkurven /
Kollektorparameter aus dem Feldbetrieb

Q tatsichliche Anlagenplanung

tatsachlicher
Solarertrag
tatsdchliche Betriebs-
und Regelstrategie
Y
tatsachlicher
.................................................................. Prnﬁt
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Garantieverfahren

Bedeutung

Klarung der Frage ,,Anlagenperformance ok?“
Glaubwiurdigkeit & Vertrauen in Technologie Solarthermie / LST
Eindeutigkeit durch Normen: Beruht auf ISO 24194 & Solar Keymark / ISO 9806

Gunstiges Monitoring durch Automatisierung / HarvestlT Software
Hoher Output durch Monitoring: Niedriger Energiepreis/ LCOE
Bankability: Vereinfachte Vertrage & Finanzierung
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Source: Picfly.at Thomas Eberhard

Projekt HarvestIT

AEE INTEC

HarvestlT:
Advanced monitoring of large-scale solar

| thermal plants with open-source software
» FFG - FastTrackDigital 1st Call
=  Project duration: 2021-11 to 2023-10

AEE INTEC

sOLID

solar energy systems

T Ao
- e,

GASOKOL

Solar. Seit 1981.

& SCHNEID
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HarvestlT Software

Roadmap to Deployment

Tool development

Phase | Phase Il Phase Il Phase IV
wihtin consoritum public repository public repository public repository

Basic building Refinement, Ear Open Source
blocs / new modules, Adarty Deployment
structure new algorithms AR

ongoing ~autumn / winter 2022 ~spring 2023 10/2023

WWW.aee-intec.at
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HarvestiT: Bitte mitmachen
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Questionnaire Development Phase |l - IV

Monitoring Tools Early Adopter oder Developer
ab Ende 2022

https://www.menti.com
code 2742 8296

=],

Write to d.tschopp@aee.at

HarvestIT Projekt Updates
Any feedback welcome!

www.collector-array-test.org

WE WANT YOU
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Fragebogen Monitoring
26 Tellnehmer (19 davon Grol3teil der Fragen beantwortet)

AEE INTEC

 Mentimeter

HarvestIT

¢ |Inthe project HarvestIT a freely available open source software
will be developed for advanced monitoring of solar thermal
systems.

e With this questionnaire you can help us to design a good

software tool.

¢ [he questionnaire may take about 5-10 minutes.

e Multiple answers are possible.

¢ |f several systems are being considered, please provide us with
typical answers!

Next
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Fragebogen Teilnehmer
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lama..

3
0 0
solar solar control solar district heat scientific other
thermal thermal engineer thermal heating costumer  researcher
plant plant collector grid
operator designer producer operator
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Zufriedenhelt Monitoring

AEE INTEC

1 Satisfaction: How satisfied are you with the current
monitoring procedures of the solar thermal plants you
operate or deal with?

5
4
2
- 1
Very Satisfied Neutral Less Not at all
satisfied satisfied
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Monitoring aktuell
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4 Tool: Which tools do you use to analyse the
system?

5
Measurement Existing system Monitoring is Use of an
datais transferred visualizations are oufsourced to evaluation tool
to other tools used for another company, especially
(Excel, etc.), where monitoring (e.g. we only get developed for us
KPIls and graphics SCADA systems, reports
are created based FLC
on existing visualizations)
templates and
algorithms
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Performance indicators used
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Specificsolar  Solarefficiency Solarefficiency  Losses during Max and min Comparisonto Comparisonte  Target/actuadl Estimation of Real-time
yield (daily, { utilization [ utilization heating/cooling values of yield of yield as comparison collector simulation /
monthly, ratio (solar ratio relative to temperatures, previous simulated with parameters digital twin
yearly) yield vs. solar ambient power output, periods during planning Performance based on
irradiation) temperature / etc. phase Check method measurement
collector mean data
temperature
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Monitoring aktuell
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8 Detection time frame : How quickly are performance
changes and errors detected?

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

/
2
0
Within a Within a Within a Within a Not at all
few few days month year
hours
0 0
Allchanges/ Most changes Some Only very Thereis no
errors in [ errorsin changes / significant system
performance performance errors in changes / monitoring in
are detected. are detected. performance errorsin place.
are detected. performance
are detected.
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Monitoring aktuell
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3 Process: How is the monitoring of the system

achieved in your field of work?

Fully Semi- Manually
automated: automated: periodically:
Errors and There are System
performance algorithms evaluations
problems are that support are carried out
detected the staff in the manually on a
automatically. assessment. periodic basis.

Manually on
demand:
System
evaluations
are carried out
manually if
required.

ERFA Solare GroRanlagen |
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Challenges
What are the biggest challenges?

Insufficient measurement data / bad quality of

Data security m measurement data @

Poor documentation of system events (maintenance,

Excessive personnel expenditure change of settings, etc.)

Errors/performance issues in the system are recognized

Excessive time expenditure @ too late m

Missing appropriate emluc:tion;goftwore Key performance indiootozr: are not meaningful

Framework conditions make evaluation difficult (e.g.

Missing expertise of Iorge-sie solar thermal plants temperatures and weather iﬂences)

strongly disagree
strongly agree
strongly agree
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Typische Auswertungen
Kollektorfeld-Performance
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Typische Auswertungen
Kollektorfeld-Performance
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Monatliche Solarertrage [kWh/Monat] 22009
320,000
300.000 =2010
280,000 w2011
260,000
230'000 »2012
100 8
15080t
120 80
80,000 =2016
60,000 m2017
40,000
20,00{? m2018
Janner  Februar Marz April Mai Juni August September Oktober NovemberDezember u2019
Input / output
Specifi ¢ Power Solar radiation // Solar heat production
S000
600 1200 -
SRR .
500 1 /’MW ‘A‘g’\ 1553 4000
' s\ '\ ~
"J /wﬂv \A“’"‘\w_ VAN E
S K.Y -
400 1 o Y o WS [ 800 < 3000
i .\ -
300 4 v v// ' \ L a00 El
’ /./ E 2000
I \ £
200 1 ‘l ! VJ‘ - 400 5
| A '\} I 1000 __,_F-:—""'_J
100 - , / / 200 _ - " ag
/) u . P .
0 —— i 0 : 0 1800 3600 5400 7200 Q000
06:00 08:00 10:00 12:00 14:00 18:00 Solar radiation (Wh/m2)

Trend line 1 Error band Trend line for all other systems

ERFA Solare GrofRanlagen | 2022-06-23

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

WWW.aee-intec.at




Agenda

AEE INTEC

1 Markt & Chancen

2 Status Quo & interaktiver Tell
3 HarvestiT Garantieverfahren & Software

4 Ausblick D-CAT

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare GroR3anlagen | 2022-06-23



Performance Check Anwendung
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CSV
= —— =
1
JSON —
/
Configuration HarvestlT Plant Daten Einbindung Performance Check
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Web Front-End

Plant Basics

@ waccess a Dateien - ownCloud [ UNI

AEE INTEC

! Meonitoring
C @

¢ O B8 192.1683.205
E BMDWeb 2.0 (2018.21.... E E-Mail - | feierl@solid.at Bl Webmail ) SOLID - Wissensportal ... &% SOLID Redmine E Dash KAS Kasserver @3 http://schatzkiste.soli...

Plant Basics
please enter required information about the plant.
Basics
Position
O atiude: ([N ° (o posiive)
C) Longitude* _ ° (east of meridian positive)
Altutide _ m (above sea level)
Additional Information
operator (NS

O
Owner

. Plant Basics

16:06
— 21.03.2022 E5

& @ [F ) P
2022-06-23

@® 11:C Sonnig A im

ERFA Solare Grof3anlagen

L Zur Suche Text hier eingeben
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Web Front-End

Measurement Data

@D waccess a Dateien - ownCloud [ UNI

AEE INTEC

\ D 2

[ Weitere Lesezeichen

! Meonitoring
C @

¢ O B 192.1683.205
E BMDWeb 2.0 (2018.21.... E E-Mail - | feierl@solid.at 1 Webmail ) SOLID - Wissensportal ... &% SOLID Redmine E Dash KAS Kasserver @3 http://schatzkiste.soli...

Measurement Data
Connect HarvestIT with your measurement data

Manual Upload

d Plant Basics

. Measurement Data

O

Manually upload data via csv
files

L Zur Suche Text hier eingeben

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

Automatic Upload (advanced)

Use the Harvest IT APl to
automatically provide your system
with measruement data

@® 11°C Sonnig A im

& <5 F Q) p

DEU

16:06
21.03.2022 E5

ERFA Solare Grof3anlagen

2022-06-23



Web Front-End

Sensor Detalls

AEE INTEC

® Monitoring * + — .
&« S O & 192.168.3.205:88/#/login?redirect=%2Fhome i In O & ¥ O =

) w:access Q Dateien - ownCloud [ UNI [0 Weitere Lesezeichen

A

E EMDWeb 2.0 (2018.21.... E E-Mail - | feierl@solid.at Bl Webmail 3 SOLID - Wissensportal ... &™ SOLID Redmine E Dash KAS Kasserver @3 http://schatzkiste.soli...

Harvest/ T

Sensor Details
Specify what sensor data can be used by Harvest IT

Name Type Unit Is Valid Metadata for "rd_gT"
teAmb Ambient Temperature ¥ °C v
y Plant Basics rd_gT Radiation (global) '  W/m? L
v_wind Wind Speed 7 mys A
yData Connection teSolHtmDhtFlo Fluid Temperature ¥ °C
teSolHtmDhtRet Fluid Temperature e
yPlant Mapping ViSolHtmDht T imeEen Y
teSol01HtmFlo Fluid Temperature Description
@ sensor Details teSol01HtmRet ~ Fluid Temperature ¥

2 ;i 1606
. 11°C SDnnig LA ?E - H—J._.-I E-;—l E:] D) Cﬁj DEU 21.03.2022 ES

——fll © Zur Suche Text hier eingeben Si
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Web Front-End

Results

AEE INTEC

® onitoring * + — >
&« G o O 8 192.168.3.205:88/#/login?redirect=%2Fhome ke I O £ ¥ [ =
E BMDWeb 2.0 (2018.21.... E E-Mail - Ifeierl@sclidat Bl Webmail (3 SOLID - Wissensportal ... @™ SOLID Redmine E Dash KAS Kasserver @0 http://schatzkistesoli., @ waccess E Dateien - ownCloud [ UNI [0 Weitere Lesezeichen

Performance Check

Evaluation Method Equation Safety Factors f [EHEA f, [EA . [EA

Results (Plant Total)

2 |l
g 0o o
H & (o]
Fernheizwerk 3 %
3 o +10%
g oo Mesured
: S e0 vs Guarantee
Overview . % o .
Data Upload o8
KPIS expected Power [kW o Date
Performance Check

Array-Name Expected Measured Difference Trend
XXXXXXX KWh xxxxxxx kWh +2% ——
XXXXXXX KWh xxxxxxx kWh +3% T~—
XXXXXXX KWh xxxxxxx kWh +5% T~—
XXXXXXX KWh xxxxxxx kWh +1% ——
XXXXXXX KWh xxxxxxx kWh -5% T~
XXXXXXX KWh XXXXXXX KWh +2% ——
XXXXXXX KWh xxxxxxx KWh +79 —
XXXXXXX KWh xxxxxxx KWh +39, —_—
XXXXXXX KWh xxxxxxx kWh *+5% S

/O Zur suche Text hier eingeben 6 B W o™ T m *\ - . 11°C Sonnig A e 45 E-:_l ] Cf?l"?J DEU 211]&3'2]?}2.1 Eﬁ
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Performance Check Methode

Grafischer Output, Beispiel

Performance Check (PC Method 'ISO DIS 24194', equation 2) for plant collField_ArcS,
data 2017-03-01 to 2017-10-31, n=328

200 ® 1hintervals

— y = 0,879 x

600

500

Measured power [W/m?Z]

300

200
200 300 400 500 600 700

Expected power [W/m?]
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Performance Check Methode
Grafischer Output, Beispiel

AEE INTEC

Performance Check (PC Method 'ISO DIS 24194', equation 2) for plant collField_ArcS,
data 2017-03-01 to 2017-10-31, n=328

200 ® 1hintervals

600

Performance Check (PC Method 'ISO DIS 24194', equation 2) for plant collField_ArcS,
data 2017-03-01 to 2017-10-31, n=328

@
=
S 095
o
g * .
% 0.9
4
=]
E
m  0.85
m
i
E
=
'
= 0.8

0.75

Apr 2017 May 2017 Jun 2017 Jul 2017 Aug 2017 Sep 2017
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Open Source License

AEE INTEC

= All partners committed to releasing HarvestlT under an OSI approved license.
= Most likely the permissive “3-Clause BSD” - enables commercial use.
= No need to share / upload data to the “cloud”. Open Source <> Open Data.

Note: This license has also been called the "New BSD License” or "Modified BSD License". See also the
2-clause BSD License.

Copyright <YEAR=> <COPYRIGHT HOLDER=

Redistribution and use in source and binary forms, with or without modification, are permitted ﬂpE“ SGUFEE
provided that the following conditions are met: initiative
Approved License

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.
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Performance Check Methode

AEE INTEC

=  Soll-Ist-Vergleich fur stationare Zustande

= Neue ISO Norm fur Kollektorfelder:
ISO/DIS 24194 Solar energy — Collector fields — Check of performance

=  Aktueller Status: 60.60 = International Standard Published

DRAFT INTERNATIONAL STANDARD N
ISO/DIS 24’194 l,f;':DD 2,1IDD Z,E:DD 3,1:00

Average Power (est.)

ISO/TC180/SC 4 Secretariat: SAC
Voting begins on: Voting terminates on: Average Power (meas.)
2021-04-14 2021-07-07

Solar energy — Collector fields — Check of performance

% of estimated

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare Gro3anlagen |

2022-06-23


https://www.iso.org/standard/78074.html

Performance Check Methode

Stationare Zustande

Stationare Zustande
* nurin diesen Zustanden gilt die Gleichung

* 1h Mittelwerte der Messwerte als Input

Operation Limits | Comments

condition Eq.1 Eq.2 Eqg.3

Shadows No shadows See section 5.4

Incidence angle =< 30° See section 5.5

Change in collector B K To avoid big change in collector

mean temperature B temperature during one hour

Ambient temperature - g o 'I:'-D avoid snow, i.L'E,I condensa-
tion on solar radiation sensors
To be measured so it is repre-

, , sentative for the wind velocity 1

Wind velocity <10m/s - 3 m above highest point of ¥
collectors

(rhem = 300 W/m?* - -

Gy = 600 W/m?* | = 600 W/m?

Table 1. Restrictions on operation conditions (power method). Measured and calculated power shall only
be compared for data fulfilling restrictions above.

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN

Quelle: ISO/DIS 24194:2021(E)

ERFA Solare Gro3anlagen |
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Performance Check Methode
- ISO Norm 24194 ein Kollektorfeld, gleiche Kollektoren, gleiche Aufstanderung
AEE INTEC

. _ __ dl’
Qﬁst = Nggl - AG}CG.E “ [ 7]0,hem G — ﬂl(T _ Ta) — ‘—IZ(T — Tu)g — a5 It ' fsafe

b —

Anwendungsvoraussetzungen

1. Kollektorparameter
— Solar Keymark / 1ISO 9806

2. Berechnung Soll-Leistung (Gl. 1)

3. Messung Leistung

— G Gesamtstrahlung Kollektorebene

Warmemengenzéhler / — T Vor- und Rucklauftemperaturen

Volumenstrom-Sensor
Pyranometer: Temperatursensor:
Globalstrahlung in Kollektorebene Umgebungstemperatur — Ta Au B en te m p e rtu I

Ein- oder Austrittstemperatur
im Solarkreis

Ein- und Austrittstemperatur
auf Abnehmerseite
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Performance Check Methode
Weiterentwicklung HarvestlT: mehrere Kollektorfelder

Anwendung auf mehrere Tellfelder

— unterschiedliche Kollektoren
— unterschiedliche Ausrichtung und Aufstanderung
— In der Regel Strahlungsmessung nur fur 1 Tellfeld

Anwendungsvoraussetzungen
1. Kollektorparameter - pro Kollektortyp
2. Berechnung Soll-Leistung (Gl. 1)

— G Gesamtstrahlung Kollektorebene
-> pro Tellfeld = Algorithmus fur Strahlungsumrechnung

— T Vor- und Rucklauftemperaturen = pro Teilfeld
— T, Aul3entemperatur = 1x pro Anlage
— WiInd - optional

3. Messung Leistung
- gesamt pro Anlage (optional auch pro Teilfeld)

e o NEIS==,
wu.,,, o = - | | - Stoffwerte (Datenblatt, CoolProp)

AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare Gro3anlagen | 2022-06-23



EnableDigitalDH

AEE INTEC

(KnOow = Bad data is a major barrier to ML applications in energy sector.

= Statistical / ML based outlier detection and imputation pipeline
— Based on seasonality, trend detection and imputation.

— Not possible to fully automate, good results with some manual input.

* Further imputation of longer missing periods using physical component models.
— Only works with specific types of missing data, hard to apply to arbitrary data.

= Sample implementation code to be released later in 2022.

Seasonality/Trend Regression/Movin
i J 9 Model Based Downstream ML
based Outlier Average/Seasonality .
. . . Data Imputation Methods
Detection based imputation
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HarvestIT Testanlagen

Fernheizwerk Graz

Bruttoflache: 8.206 m2 / 5,7 MWp
Bauzeit 2007 - 2018

Solare Fernwarme
7 verschiedene Kollektorhersteller
Unterschiedliche Technologien.

PAON R
503,76 m?

'.‘\', \ < f
§ i Solaranlage

Eermmheizwerk A
v\‘ 2 »:'/’ -
- s }

¥

= ' ’-'f:\:. W ; '
“- o > < . ' ) h '}’ be - - - !
P o J\ — - : "":‘].. ‘f“'..‘ V p . ,?’
A \ < SERVUS ABFALL &8 N Ve v .3
o | : Dienstleistungs L ) . . '
.‘.- g " .' '.(" - | ‘._'.
! LS >
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HarvestIT Testanlagen

Nahwarme St. Ruprecht a.d. Raab

. - - :
A x >.7
- ‘ - - = - P4

r
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b -

5

.

e
A

pu ‘-
A
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L »”*

>
N

o
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i

o

-
-
. -

£
‘‘‘‘‘‘‘‘‘
""""
dddddddd

~&J F-T>

Bruttoflache: 1.590 m2 / 1,1 MWp

117 Stk. Grol3flachenkollektoren a 13,6 m?
13 Reihen mit je 9 Kollektoren

Gesamtes Kollektorfeld: ca. 60m x 60m
Pufferspeicher: 100 m3
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HarvestIT Testanlagen
AVL Graz

AEE INTEC

Bruttoflache: 3.463 m2 / 2,4 MWp
' Solarthermische Prozesswarme & Kalte

Spezif. Solarertrag: 358 kWh/m?
Absorptlonskaltemaschme 650 kW

R o T e ST el S e I8 Speicher: 70 m3 (auch Lastmanagement)
= = W = W  CO,Einsparung: 320 Tonnen pro Jahr
e ‘ S 3

- —
— — —
————— e

=
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HarvestIT Testanlagen

Desert Mountain High School
AEE INTEC

o T R N6 Bruttoflache: 4.935 m2 / 3,5 MWp
g [ M| o\ L* Solare Kiihlung

S 2y y == - ‘

< ) A - — {
y 5' B A | P 393,53 m?
: v ! ! o
- " ! 3 i A B B Pt B B B 4 ’p‘.
< ~ t'-f-?i:*k
~.‘A'I » | %‘ B

A s e | = |
/ S N oo oo E——

Spezif. Solarertrag: 757 kWh/m?2

_ " , B8 Okotech und Arcon Sunmark Kollektoren
sime=——— aml ' | g KuhlungJAZ: 0,57

[ i — * .Y Absorptionskaltemaschine: 1.750 kW
Kdhlturm: 4.250 kW

Speicher: 34,5 m3

/

' o i N o ol g
| ‘ ! =¢ Elevated Structure -
0 g o e e e B R
| g 1.500,0 m”
| | { . l--l' ,%,__ i 4 ::

il
[

]
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N al ew Joe o fuoa
I )

. || |
' - - ‘.\.g|‘<|;1‘ JEE .
. . ' —— . v.'=‘-|~——
Sy : 2 ’ J | _“’

: Ny . { \ ! ‘ { =4 — (

R X | Gym locker Roof
| 600 m* § ;
3 SrmE %

a
iillﬂllllmm

D eli .

77 5. Ol Ausdehnungsanlage
£ & :'- », -t —— ; { "
- - - ' be 4 '. I v. ]

Gesamtflache
. 49350 m?
Y G =8
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HarvestIT Testanlagen

Nahwarme Friesach

> o
Bruttoflache: 5.750 m2? / 4 MWp
Pufferspeicher: 1.000 m3

Inbetriebnahme: 2021, Betrelber: KPV
GreenOneTec Groldflachenkollektoren
| GK31BS/GK 1:_33D
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HarvestIT Testanlagen
Nahwarme Friesach

AEE INTEC
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Agenda

AEE INTEC

1 Markt & Chancen

2 Status Quo & interaktiver Tell
3 HarvestiT Garantieverfahren & Software

4 Ausblick D-CAT
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D-CAT
- Dynamic Collector Array Test

Einzelkollektoren = Normtest ISO 9806 / QDT / Solar Keymark Datenblatt
= |aborsetting

Kollektorfeld Kollektoren Kennlinie, Verschmutzung, Warmedammung
Anlage Design, Hydraulik
Abstande, Aufstdnderung, Verschattung
Betrieb Betrieb, Regelstrategie, Volumenstrome
SUCIHERSLRIHIERE Wetter; Abnahme Temperaturen, Volumenstrom
Messung Wind- & Strahlung reprasentativ? Messunsicherheit?

Kein standardisiertes Testverfahren.

Anforderungen D-CAT.:
1) In-situ = Kollektorfeld unter realen Betriebsbedingungen
2) Kein Eingriff in den laufenden Anlagenbetrieb!
3) Automatisierung: Betriebsdaten - Parameter ~Solar Keymark
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D-CAT

Vision beispielhafte Resultate

Performance parameters related to aperture area no al al --
Units - W/ m2K) W/ m2K?)
Test results - Flow rate and fluid see note 1 0.769 2.67] 0.009
Bi-directional incidence angle modifiers? |No K& values are obligatory for 50°.
Incidence angle modifiers KB(8) Angle 10° 20° 30° 40° S0° 60 m 90"
Ke(a) 1.00 0.99 .98 0.95 0.91 0.84 .65 0.24 0.00
Incidence angle modifier not bi-
directional - leave fields blank Yield datasheet Yield in-situ
431 KWh/m?2,, 417 KWh/m2,, (-3.2%)
Efficiency Incidence angle modifier
0.9 T | | 1 1.02 I T 1 T I T
0.8 & .
’
0.7
0.6 0.98 - D_C AT
I 0.5 'L i -
= 0.4 =i =
3 0% 1) Bewertung Energie-Ertra
0.3 0.94 : :
- 2) Vorhersage Energiepreis / LCOE
: collector, datasheet i collector, datasheet
collector array, at inauguration 0.92 - collector array, at inauguration ] " "
0.1r co::egor arra:, a:‘lerilfrear:-‘. of operation i co::egor arra:: a:’ter' 4393:5 of operation 3) P redICtlve / On-dema’nd
D | | 1 | | 1 | | . | | | | | 1 | | | | ] L] ]
0 002 00+ o006 088 D1 012 D4 0I5 o 5 10 15 20 5 & o 4 Maintenance z.B. Reinigung
/G ([Km= /W f# |deg
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Kollektorfeldmodelle

Erweiterungen fur D-CAT

A) Single collector model m) ogly 1 temloglrawlreI T T = (Tin + Touw) /2
- t t : tant
1SO 9806 (QDT) ssumes O travel time, instantaneous power

B) MeQuSo 1N model m) N temperatures, 1 for each compartment
- Takes travel time into account

- Simplest extension of classic QDT to collector arrays

solid part
C) MeQuSo 2N model 2N temperatures
- 1 for each solid compartment (radiation, heat loss)
- 1 for each fluid compartment
- Realistic modeling of collector array temperatures

=)

fluid transport part
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D-CAT Kollektortemperaturen

10:10
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hrere Segmente

ur me

In Str

B =
;
8 3 <
= c  —
S o =
w o ] c
o) o)
ks
(=
©
2
@)
P W T LT | LELTT [ LY | LL Y T T 5
AP W 11 L 1 il L I O
B R Lt L T LT 5
_ &
- _1 e n
=4 <
LL
ii
__ﬁaﬁﬁf
A ittt m.._......__..u__
N o W
A AR \Eﬂﬁt B T,
__._M-ﬂ::%&axﬂ_ﬂﬂﬂ“ﬂﬂmﬁ T
Nt T e,y o
Nt AN O _:::::_:_ -3
ARSI Rttt TU T LU T tt
SRR RERLLLLLL
ST il
I éﬁ?ﬁﬁﬁ?ﬁ&E=_H___ ML
N ________,..%,.,..as._.._____= i Hinn
e - 4 E&&%ﬁ%&ﬁ%ﬁh&___=
pIE M h%.ﬁ.%ﬁ%%ﬂ.555.&..3\\% P
I I
gttt ==.. - s..___Ea_.,.aa%%&%%&%&ﬁﬁ___. w
——— §§_§a e o
| TR — G_.u
o
P
L
O
AT N m m
a2
_ Lo S O
L L —
@)) R 0L L O
e — i
m LT __=___====._ I N
— — IRV (W ~
H g T =
& s .._s.____,b.__._s.s_._,.__,ﬁs_.s._,.E_aE pe— T
0 .___________..__h_5___.%:.....,.:__.&__..“.,..“_==____________ Q
I
sy 2
@) . %__________.._______..E.._,...._S.._....E__====__ =
- et ] P
S — B LU LEUILL =
m | 2@&:..::::: =
@) R %
B <
B T N
S A o)
g .....__ __
|
o o Ly o Lo o Lo
a3 a3 (v 0] cC P~ P w
&)

&)
L
-
-
L
L
g

)
©
&)
&)

=
=

@
]
©




D-CAT

Vergleich mit Messdaten

AEE INTEC

Temperaturen [°C]
I

100 - | .
Q0 |- o A ’ " .
) fj:' (s _, o ..(:’-‘_: N Vs —
P T 5 ‘ . i "} .. A""\. D A L e o SRR .
; ™ y 3 . N A Nesrersiatny = —O—Austrittstemp. Feld, Modell D-CAT 2-N
801 2 N4 ' et N — Austrittstemp. Feld, Messung -
L o ~ Austrittstemp. der 4 Reihen, Messung
20 — Eintrittstemp. Feld, Messung
60 .
50 -

Volumenstrom [I/m?h]
[

15 \_—’ i

——Spezifischer Volumenstrom |

5_ —

Einstrahlung [W/m?]
1000 [+ ]

730 — Globalstrahlung in Kollektorebene

500 - Direktstrahlung in Kollektorebene -

Diffusstrahlung in Kollektorebene
250 n

0 | | I l I I
09:00 09:30 10:00 10:30 11:00 11:30

Mar 24, 2017
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D-CAT

Parameter + Unsicherheiten

AEE INTEC

(O Estimated value /
®  |Initial guess
I 90% confidence interval

A | |
0 0.01 0.02 0.03 0.04
150 . O stimated value
: @ itial guess
1 90% confidence interval -
100 :
50 . o
0 0.01 0.02 0.03 0.04 50 100 150 o
1 1 1 1
3500 ] 35000 1 3500 : Estimated value o~
£ : : : Initial guess s 04 .
I 1 1 1 90% confidence interval
a'3000 ' 3000 ' 3000 [
7] b : . L 0.3
=1 ) "
O 2500 - = === ==~ @ ---------- 25001 - @ --------------------- 2600 - = - -~ @ ----------------
1 1 1
1 1 1
2000 L 2000 - : : 2000 ' = 0.2 —_— ect tas m
1 2 3 4 0 0.01 0.02 0.03 0.04 50 100 150 2000 2500 3000 3500 collector, datasheet
-~ collector array, at inauguration
1 1 1 1 1 .
- - : - 01F . .
g 085 ! 0.85f ! 0.85 : 0.85 ! collector array, after 4 years of operation
1
o 08 0.8 0.8 0.8 0 1 1 A L L L 1 L
| - L ] -
== TP B 11 1 I /o 1 1 O | & | N 1 |
§O75 0.75 0.75 0.75 0 0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18
L] Tre ' » 2y ’
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D-CAT

Exemplarische Ergebnisse

Parameter Info Solar Keymark Umrechnung Modell Parameter Ergebnis
1-N =2 2-N aus FHW-Daten

AEE INTEC

Bezug: Umrechnung Rahmenbedingungen:
Apertur Bezug: Brutto | bei dT=55 K, rdE=500 W
Umrechnung Datenblatt 2.2261 2.0670 2.0120 - 2 4768
Umrechnung Datenblatt 0.0097 0.0090 0.0102 - 0.0058
Berechnung bei 2.573 a eff 2 796 +8.7%
Rahmenbedingungen i
Umrechnung Datenblatt 0.8024 0.7450 0.7729 - 0.7550 -2 300
lam_b0 ohne Umrechnung 0.1501 0.1501 0.2348 30°: -1.3%
45°: -3.7%
60°: -10.0%
ohne Umrechnung 0.93 0.93 lam d 0.9120 -1.99%
cp Umrechnung Datenblatt & 7876 7313 2838 cp_m 2516
Schatzung B
Schéatzung 0.95 55.5 a|pha 66.5

Parameterumrechnung: Umrechnung der Parameter von Datenblatt / Solar Keymark 1-N - 2-N unter folgenden Rahmenbedingungen:
« Typical temperature difference absorber — ambient: dT = 55 K

« Effective radiation: rdE = 500 W/m?

* Volumenstrom = 16 lit/m2h
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ACR Innovationspreis 2021

fur D-CAT an SOLID + AEE INTEC
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Projekt HarvestIT

AEE INTEC

FFG Fast Track Digital, 1. Ausschreibung: Projekt 887648
,/Advanced monitoring of large-scale solar thermal plants
with open source software solution®.

Dieses Projekt wird aus Mitteln des Klima- und
Energiefonds gefordert.

FFG

Forschung wirkt.

Das Land
Steiermark

Der DIH Sud wird gefordert und unterstitzt von FFG,
Land Steiermark und Land Karnten.

LAND o KARNTEN

GASOKOL

AEE INTEC —
solar energy systems SOLAREVOLUTION 4
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HarvestlT

AEE INTEC
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HarvestiT

HarvestIT is an R&D project focusing

on developing an open-source
software for a comprehensive
performance and yield analysis of

large-scale solar thermal plants.

Learn about the project =

www.aee-intec.at AEE — INSTITUT FUR NACHHALTIGE TECHNOLOGIEN ERFA Solare Gro3anlagen | 2022-06-23



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

-"

Ty
_fﬁ e
AEE INTEC f
BUALNNLL L _ | e A
IDEA TO ACTION ——r i

AEE — Institut fur Nachhaltige Technologien (AEE INTEC) DI Philip Ohnewein

8200 Gleisdorf, Feldgasse 19, Osterreich p.ohnewein@aee.at
+43 (0) 3112 5886 255

Website: www.aee-intec.at

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