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Einleitung EEPIB

= Schnellansprechende Zahler sind notig bei

» Warmwassersystemen ohne Speicher
» Kombinierten Heiz- und Warmwassersystemen ohne Speicher

> Fernwarme-Ubergabestationen ohne Speicher
= Marktanteil solcher Systeme wachst (10-15 % der Neuinstallationen),
» Messgerate fir thermische Energie betroffen

» Volumensensor (Tragheit, Sampling-Rate)
» Temperaturfuhlerpaar (Tragheit)
» Rechenwerk (Sampling, Integration, Adaption)

1: Quelle: Dr. Kahler, EMATEM-Sommerschule 2019
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https://ematem.org/wp-content/uploads/2022/07/11_Kaehler_Fast-response-thermal-energy-meters_190816.pdf

Einleitung EEPIB

= Fehler in Abrechnung kénnen die Folge sein
* Problem wurde als Work Item im CEN TC 176 WG 2 ernannt
= Dynamische Modellierung wurde durch Dr. Kahler (1, 2) vorgenommen

» Zapfprofile
» Dynamisches Verhalten der Trinkwarmwasseranlage

» Zeitdiskretes Verhalten (Abtastung, Integration) des Warmezahlers

= Abgeleitete Empfehlungen fufdten in konkreten Anforderungen in EN 1434
(Testprofil fir Durchflusssensorprifung sowie response, sampling &
Integration times)

= Dynamische Durchflussexperimente mit realen Zapfprofilen wurden bisher
,nur’ mit Wasserzahlern durchgefuhrt (PTB) bzw. konzipiert (CETIAT,
RISE)

Messgerat flr thermische Energie in Ganze wurde noch nicht untersucht
= Die Prifung der Energiemessung ist bisher nicht rickgefihrt moglich
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https://ematem.org/wp-content/uploads/2022/07/11_Kaehler_Fast-response-thermal-energy-meters_190816.pdf
https://www.oiml.org/en/publications/bulletin/pdf/oiml_bulletin_april_2021.pdf
https://www.degruyter.com/document/doi/10.1515/teme-2019-0087/html
https://com-mendeley-prod-publicsharing-pdfstore.s3.eu-west-1.amazonaws.com/664a-CC-BY-2/10.1051/metrology/201917001.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEBcaCWV1LXdlc3QtMSJHMEUCIQDi57A8LaOmV7yymMTsqem%2FEXtkZ9os8s6IJsb1A9K1%2FwIgb7rBFaDOXA54OzgcbkBj5x0rrVTge9Vy8IynjtN%2FSuwqgwQIMBADGgwxMDgxNjYxOTQ1MDUiDJXYOZKsM5ST7NCP1CrgA8yaeA1j3Mp676TDKRq8Wriq7hNianUOYr%2F0mxB3eMVcUplOwjBa6CvPIGcGPrYitINXVQfJ5k20OkGyv%2BcL6XnCKvPI5hfXEsSXEInOBoAeD%2FNcMCCU4BW3OpvI9iwTZTPIDnrW02IoljAFpCUSiEaha8bE%2Bx0UFnYyWz62mLcq7nSq5cqHgYHarIrRGm9%2FtfcnG%2BXMEUcCWKhDlIEfQym7kM4Qg84Kez%2B8BFPYyDU7Fj9XVwq%2FKpeSujy3Cs4kuEBIvD4iQXw%2FQ7R2DpZcZFbw9U5WgfGvCD%2B9H8VQ%2FHhd0inWXTiFXaOokij2jCP1BlNVU40mXWTh2YqkdnPCAAqokBLKp9%2FDEeE1uiQCmF4GAXyo7QIWQAE%2Fyi3cc3c7foDqTNdjM%2B1O37KD0NqONyNliBymbQva0G3JIJpTxwuLUOf7UgYsnkZww33SKZub29c9rBZsIeEWLwOZpALcj2Y5Nw%2BoSvKyHb1kdrrq79JrnRMxaHkova6iH6F%2FdmToBDXJq5ytcOwYWGeBR%2FsjzJ6V895pposFswC9ot%2BTdWkpqbBeZLfMUk5hrMUcMT1Yg4qFODq4TuTfA1cd87up%2B5dHJF%2F54nvr9yBiTYLI48y%2FTrQ5s0CTjY2fWVnlDytArjDTrfaOBjqlAdsQ%2BM%2F%2BqDvsnM92t18z30LDw5Q%2FlW1%2FR8ypI8VajlP0K7KUDGwFS6gwoYSnxwEvHZTiEhv4pwhw2jgexyi4HV%2BQblx7CgTLvm2pXAgE3CAvR2JpkTXigYWg6BwCRtV42r1Z%2FditxDseYa5fqu5wUOfD1Bif7VmRFvzjqbaDSwx790bwS84ZN98wkeZG4YjgZkqb64W1VD%2FUMrxGAEgIfNztAF1y3g%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220111T172341Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIARSLZVEVEXLPRTV4E%2F20220111%2Feu-west-1%2Fs3%2Faws4_request&X-Amz-Signature=c5112bb6c922ae7bb505c13ead02f3578e8bf248eb1099bcf37630a38fc5cc79
https://www.sciencedirect.com/science/article/pii/S0955598621000480#fig3

Einleitung EEPIB
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Nachbildung realer Temperatur- und Volumenstromprofile aus Modell

Bildquelle: https://www.oiml.org/en/publications/bulletin/pdf/oiml_bulletin_april_2021.pdf
—
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Projektidee Bz PIB

» Aufbau eines Prifstands, um Verhalten des WMZ bei dynamischer
Energiemessung zu ermitteln (Input aus Modell oder aus anderen Quellen)

= Untersuchung der Teilgerate des Warmemengenzéahlers:

» Flow: frei darstellbare Temperatur- und Durchflussprofile
» Temperature: Schnelle Umschaltvorgange

» Calculator: Sampling und Integration Time

Durchfluss- Rechenwerk
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Anlagenschema EEPIB
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Projektplanung EEPIB
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Projektplanung EEPIB

Zeitplan:
= 1,5 Jahre Aufbau und Validierung

= 1,5 Jahre Messprogramm (abhangig von Anzahl der Priflinge) und
Auswertung, Veroffentlichung und Einbringung in Gremien

Ziele:

» Vergleich der erfassten Warmemenge mit der tatsachlich
Ubertragenen Warmemenge

» Ruckgefuhrtes Verfahren
» Fehlerbetrachtung wird ermdglicht

Konseguenzen im normativen Bereich:

» Welche Zahler sind zulassig flr dynamische Systeme?
= Diskussion zu erlaubten Fehlern?

» Klassenbildung auf Basis der Performance?

» Zulassungsverfahren nach Klassen denkbar
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Introduction @PTB

= Fast response meters are necessary for

» Hot water systems without storage tank
» Combined hot water and heating systems without storage tank

» district heating distribution station without storage tank

» Market share of such systems is growing (10-15 % of newly installed
systems),

= Consequences for all components of the heat meter
» Volumetric flow sensor (delay and responsiveness, sampling rate)
» Temperature sensor pair (responsiveness)

» Calculator (sampling, integration, adaption)

1: Source: Dr. Kédhler, EMATEM summer school 2019
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https://ematem.org/wp-content/uploads/2022/07/11_Kaehler_Fast-response-thermal-energy-meters_190816.pdf

Introduction @PTB

= Could lead to unfair billing
* Problem was identified as a work item in CEN TC 176 WG 2
* Dynamic modelling has already been done by Dr. Kahler (1, 2)

» Tapping profiles
» Dynamic behaviour of the tap water system

» Time-discrete behaviour of the heat meater (sampling,
Integration)

» Deducted recommendations yielded to specific requirements in EN
1434 (test profile for flow meter verification as well as guidelines for
response, sampling & integration times)

= Dynamic flow experiments using real tapping profiles have so far
,only“ been carried out with (PTB) or designed for (CETIAT, RISE)
tap water flow meters

= So far, no traceable validation of the heat metering is possible
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https://ematem.org/wp-content/uploads/2022/07/11_Kaehler_Fast-response-thermal-energy-meters_190816.pdf
https://www.oiml.org/en/publications/bulletin/pdf/oiml_bulletin_april_2021.pdf
https://www.degruyter.com/document/doi/10.1515/teme-2019-0087/html
https://com-mendeley-prod-publicsharing-pdfstore.s3.eu-west-1.amazonaws.com/664a-CC-BY-2/10.1051/metrology/201917001.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEBcaCWV1LXdlc3QtMSJHMEUCIQDi57A8LaOmV7yymMTsqem%2FEXtkZ9os8s6IJsb1A9K1%2FwIgb7rBFaDOXA54OzgcbkBj5x0rrVTge9Vy8IynjtN%2FSuwqgwQIMBADGgwxMDgxNjYxOTQ1MDUiDJXYOZKsM5ST7NCP1CrgA8yaeA1j3Mp676TDKRq8Wriq7hNianUOYr%2F0mxB3eMVcUplOwjBa6CvPIGcGPrYitINXVQfJ5k20OkGyv%2BcL6XnCKvPI5hfXEsSXEInOBoAeD%2FNcMCCU4BW3OpvI9iwTZTPIDnrW02IoljAFpCUSiEaha8bE%2Bx0UFnYyWz62mLcq7nSq5cqHgYHarIrRGm9%2FtfcnG%2BXMEUcCWKhDlIEfQym7kM4Qg84Kez%2B8BFPYyDU7Fj9XVwq%2FKpeSujy3Cs4kuEBIvD4iQXw%2FQ7R2DpZcZFbw9U5WgfGvCD%2B9H8VQ%2FHhd0inWXTiFXaOokij2jCP1BlNVU40mXWTh2YqkdnPCAAqokBLKp9%2FDEeE1uiQCmF4GAXyo7QIWQAE%2Fyi3cc3c7foDqTNdjM%2B1O37KD0NqONyNliBymbQva0G3JIJpTxwuLUOf7UgYsnkZww33SKZub29c9rBZsIeEWLwOZpALcj2Y5Nw%2BoSvKyHb1kdrrq79JrnRMxaHkova6iH6F%2FdmToBDXJq5ytcOwYWGeBR%2FsjzJ6V895pposFswC9ot%2BTdWkpqbBeZLfMUk5hrMUcMT1Yg4qFODq4TuTfA1cd87up%2B5dHJF%2F54nvr9yBiTYLI48y%2FTrQ5s0CTjY2fWVnlDytArjDTrfaOBjqlAdsQ%2BM%2F%2BqDvsnM92t18z30LDw5Q%2FlW1%2FR8ypI8VajlP0K7KUDGwFS6gwoYSnxwEvHZTiEhv4pwhw2jgexyi4HV%2BQblx7CgTLvm2pXAgE3CAvR2JpkTXigYWg6BwCRtV42r1Z%2FditxDseYa5fqu5wUOfD1Bif7VmRFvzjqbaDSwx790bwS84ZN98wkeZG4YjgZkqb64W1VD%2FUMrxGAEgIfNztAF1y3g%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220111T172341Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIARSLZVEVEXLPRTV4E%2F20220111%2Feu-west-1%2Fs3%2Faws4_request&X-Amz-Signature=c5112bb6c922ae7bb505c13ead02f3578e8bf248eb1099bcf37630a38fc5cc79
https://www.sciencedirect.com/science/article/pii/S0955598621000480#fig3

Introduction PTB
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—
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Project idea EEPIB

= Build a test stand to determine the behaviour of a heat meter under
dynamic energy loads (input from simulation model or other sources)

= Evaluation of the heat meter's components:

» Flow: as freely configurable temperature and flow profiles as possible
» Temperature: Fast transients

» Calculator: Sampling and integration time

, Flow Calculator
T inlet
£ sensor : :
4;5 Heat
exchange
| g 7
T outlet n
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Test bench concept PTB
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Projekt planning EEPIB
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Projekt planning EEPIB

Schedule:
»= 1,5 years commissioning and validation

= 1,5 years experiments (depending on amount of MUTSs) as well as
analysis, publication and standardization committee work

Goals:

= Comparison between the actual transfered thermal energy and the
thermal energy determined by the heat meter under test

= Traceable testing procedure
= Enabling analysis of potential error sources

Conseguences for standardization.

= Which meters are permitted to measure in dynamic systems?
= Discussion of permitted errors?

= Determining classes dependent on the meter's performances?
» Class-based type approval could be a possibility?
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