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1 Explanatory note on scope of report 

This report contains a memo (Section 3) that describes a validation study of the soil temperature model STM+ with 
temperature measurements from the ICAIR experimental facility of the University of Sheffield. The memo was 
quality controlled by TNO and its material is to be included in a peer reviewed paper (Van Esch & Van Summeren, in 
preparation). For a more detailed contextualization (that falls outside the scope of this report) the reader is 
referred to Blokker & Pan (2022) and Blokker & Pan (in preparation). As a help to the reader, a succinct 
introduction to the main concepts is given in Section 2. 
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2 Introduction 

Dutch drinking water companies are legally obliged to distribute drinking water at the customers’ tap at a 
maximum temperature of 25 oC. To meet this requirement in the future is expected to become more difficult 
because of progressive climate change, urbanization, and a denser subsurface infrastructure linked to the energy 
transition. Within the TKI-project ENGINE, two numerical models were concurrently developed for the prediction of 
drinking water temperatures in the distribution network: the soil temperature model STM+ (Van Esch, 2022) and 
water temperature model WTM+ (Blokker & Pan, 2022). Conceptually, the purpose and relation between the two 
models is summarized as follows: 

- Soil temperature model STM+: A 2-D time-dependent finite element model that calculates the heat 
exchange in the soil in a cross section perpendicular to the stream direction of a drinking water pipe. The 
soil may contain one or more (perpendicular) drinking water pipes, energy cables, and district heating 
pipes that acts as subsurface heat sources or sinks. Furthermore, the soil temperature is influenced by 
variable weather conditions that influence the soil temperature via a micro-climate model. Within TKI 
ENGINE, the STM+ model was developed by Deltares, in cooperation with and building on previous model 
development by KWR Water Research Institute and Deltares (Blokker & Pieterse-Quirijns (2013); Van der 
Zwan e.a., 2019).  

- Water temperature model WTM+: An (EPANET-based) hydraulic network model that incorporates the heat 
exchange between drinking water pipes and the surrounding soil by assigning temperature boundary 
conditions to the pipe walls. Central to the description of heat exchange by the WTM+ model are two 
model parameters:  

o an equilibration temperature (Tboundary): the temperature that the drinking water will converge 
to with increasing residence time. This value of Tboundary is scenario-specific and calculated by 
the STM+. 

o a heat exchange rate factor (k) that describes how fast the drinking water will converge to 
Tboundary. The drinking water, despite its comparatively small volume, does not merely passively 
attain the soil temperature. For example, flowing drinking water that cools the surrounding soil 
over a longer period of time, thermally ‘shelters’ the incoming water from its warmer 
surroundings, slowing down the temperature rise. The WTM+ takes this thermal buffering effect 
into account by factoring in a resistive term in the heat equation. This buffer term mimics a 
thermally insulating cylindrical soil layer that envelopes the drinking water pipe. The size of this 
insulating soil envelope is validated with field experiments described in Blokker & Pan (2022). 
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3 Memo 

 

 
 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 8 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 9 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 10 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 11 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 12 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 13 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 14 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 15 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 16 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 17 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 18 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 19 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 20 



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 21 

 

 
  



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 22 

 

 

4 Acknowledgments 

The author thanks the University of Sheffield and in particular dr. Will Shepherd and Prof. Simon Tate for 
demonstrating the ICAIR facility and sharing and clarifying data sets. The data has been collected t the National 
Distributed Water Infrastructure Facility at the University of Sheffield as part of the grant ‘UKCRIC – PLEXUS – 
Priming Laboratory Experiments on infrastructure and Urban Systems’ funded by EPSRC, ref EP/R013535/1. Figures 
2 and 3 have been created by the University of Sheffield. 
 
Dr. A. (Aris) Twerda (TNO) is thanked for quality control of the memo (Section 3) that forms the basis of this report. 
 
 
 
 
 
  



 
KWR 2022.120 | December 2022  Validation of STM+ model with heat transport measurements of ICAIR test facility 23 

5 Literature 

Blokker, E.J.M., Pan, Q. (2022). “Invloed warmtenetten op temperatuur drinkwater – Inzicht in invloed onderlinge 
afstanden” KWR 2022.121. 
 
Blokker, E.J.M., Pan, Q. (in preparation). “Validation of an enhanced drinking water temperature model during 
distribution”. 
 
Blokker, E.J.M., Pieterse-Quirijns, E.J. (2013). “Modeling temperature in the drinking water distribution system. J. 
American Water Works Association. http://dx.doi.org/10.5942/jawwa.2013.105.0011, p.E19-E28. 
 
Van der Zwan, S., Blokker, M., Agudelo-Vera, C., Nugroho, D. (2019). “The influence of subsurface heat sources on 
the drinking water temperature”. Deltares report 11201825-000-HYE-0008. 
 
Van Esch, J.M. (2022). “Engine – BTM+ model and Expert tool”. Deltares report 11205555-006-GEO-001. 
 
Van Esch, J.M. & Van Summeren, J. (in preparation).  
 
 
 

http://dx.doi.org/10.5942/jawwa.2013.105.0011

	Samenwerkingspartners
	Rapport
	Inhoud
	1 Explanatory note on scope of report
	2 Introduction
	3 Memo
	4 Acknowledgments
	5 Literature


		KWR 2022.120 | December 2022

		

		Validation of STM+ model with heat transport measurements of ICAIR test facility

		2







		KWR 2022.120 | December 2022

		

		Validation of STM+ model with heat transport measurements of ICAIR test facility

		4







 (
KWR 2022.120 | 
December
 2022
Validation of STM+ model with heat transport measurements of ICAIR test facility
)




[bookmark: _Toc116299896][bookmark: _Toc122082255]
Samenwerkingspartners

TKI Watertechnologie, Brabant Water, Dunea, Evides, Oasen, PWN, Vitens, Waterbedrijf Groningen, Waternet, WMD Drinkwater, Waterleiding Maatschappij Limburg, Energie-Nederland N.V., Nederlandse Gasunie, Convenant Samenwerken in de buitenruimte, samenwerkingsverband tussen gemeente Rotterdam, Stedin en Evides.





		[bookmark: _Hlk122076017][image: ]

		

		[image: A picture containing text, clipart

Description automatically generated]

		

		 [image: A close-up of a logo

Description automatically generated with medium confidence]

		

		[image: A picture containing text, clipart

Description automatically generated]



		

		

		

		

		

		

		



		[image: A picture containing text, clipart

Description automatically generated]

		

		[image: ]

		

		[image: A blue logo with white text

Description automatically generated with low confidence]

		

		[image: Icon

Description automatically generated]



		

		

		

		

		

		

		



		[image: A picture containing text, clipart

Description automatically generated]

		

		[image: Logo, company name

Description automatically generated]

		

		[image: Logo

Description automatically generated]

		

		[image: Icon

Description automatically generated]



		

		

		

		

		

		

		



		[image: Logo

Description automatically generated]

		

		[image: Diagram, logo, company name

Description automatically generated]

		

		[image: Logo

Description automatically generated]

		

		[image: A picture containing text, clipart

Description automatically generated]



		

		

		

		

		

		

		





[bookmark: FrontPage][image: ]

   

 

		KWR 2022.120 | December 2022

		

		Validation of STM+ model with heat transport measurements of ICAIR test facility

		1













[bookmark: _Toc122081276][bookmark: _Toc122082256]Rapport

		Validation of STM+ model with heat transport measurements of ICAIR test facility



KWR 2022.120 | December 2022



Opdrachtnummer

403298

Projectmanager

Ir. F.I.H.M. (Frank) Oesterholt (opvolger van ir. P.M. (Petra) Holzhaus)

Opdrachtgever

TKI onderzoek ENGINE

Auteur(s)

Dr. J.R.G. (Joost) van Summeren

Kwaliteitsborger(s)

Dr. ir. K.A. (Karel) van Laarhoven (opvolger van dr. P. (Peter) van Thienen)







Dit rapport is openbaar.

Werkwijzen, rekenmodellen, technieken, ontwerpen van proefinstallaties, prototypen en door KWR gedane voorstellen en ideeën alsmede instrumenten, waaronder software, die in het onderzoeksresultaat zijn opgenomen, zijn en blijven het eigendom van KWR. Ook alle rechten die voortvloeien uit intellectuele- en industriële eigendom, alsmede de auteursrechten, blijven bij KWR berusten en derhalve eigendom van KWR



Keywords

Drinking water distribution, temperature, heat transport modeling





		Jaar van publicatie

2022



Meer informatie

dr. Joost van Summeren

T	+31 (0)30 60 69 667

E	Joost.van.Summeren@kwrwater.nl

		PO Box 1072

3430 BB Nieuwegein

The Netherlands



T	+31 (0)30 60 69 511

E	info@kwrwater.nl

I	www.kwrwater.nl

		



December 2022 ©

Alle rechten voorbehouden aan KWR. Niets uit deze uitgave mag - zonder voorafgaande schriftelijke toestemming van KWR - worden verveelvoudigd, opgeslagen in een geautomatiseerd gegevensbestand, of openbaar gemaakt, in enige vorm of op enige wijze, hetzij elektronisch, mechanisch, door fotokopieën, opnamen, of enig andere manier.





[bookmark: _Toc357501806][bookmark: _Toc366064254][bookmark: _Toc366066271][bookmark: _Toc366070021][bookmark: _Toc368314513][bookmark: _Toc529803844][bookmark: _Toc33531003][bookmark: _Toc52375644][bookmark: _Toc122081277][bookmark: _Toc122082257]Inhoud

Samenwerkingspartners	2

1	Explanatory note on scope of report	5

2	Introduction	6

3	Memo	7

4	Acknowledgments	22

5	Literature	23




[bookmark: _Toc368314514]



[bookmark: _Toc122082258]Explanatory note on scope of report

This report contains a memo (Section 3) that describes a validation study of the soil temperature model STM+ with temperature measurements from the ICAIR experimental facility of the University of Sheffield. The memo was quality controlled by TNO and its material is to be included in a peer reviewed paper (Van Esch & Van Summeren, in preparation). For a more detailed contextualization (that falls outside the scope of this report) the reader is referred to Blokker & Pan (2022) and Blokker & Pan (in preparation). As a help to the reader, a succinct introduction to the main concepts is given in Section 2.




[bookmark: _Toc122082259]Introduction

Dutch drinking water companies are legally obliged to distribute drinking water at the customers’ tap at a maximum temperature of 25 oC. To meet this requirement in the future is expected to become more difficult because of progressive climate change, urbanization, and a denser subsurface infrastructure linked to the energy transition. Within the TKI-project ENGINE, two numerical models were concurrently developed for the prediction of drinking water temperatures in the distribution network: the soil temperature model STM+ (Van Esch, 2022) and water temperature model WTM+ (Blokker & Pan, 2022). Conceptually, the purpose and relation between the two models is summarized as follows:

· Soil temperature model STM+: A 2-D time-dependent finite element model that calculates the heat exchange in the soil in a cross section perpendicular to the stream direction of a drinking water pipe. The soil may contain one or more (perpendicular) drinking water pipes, energy cables, and district heating pipes that acts as subsurface heat sources or sinks. Furthermore, the soil temperature is influenced by variable weather conditions that influence the soil temperature via a micro-climate model. Within TKI ENGINE, the STM+ model was developed by Deltares, in cooperation with and building on previous model development by KWR Water Research Institute and Deltares (Blokker & Pieterse-Quirijns (2013); Van der Zwan e.a., 2019). 

· Water temperature model WTM+: An (EPANET-based) hydraulic network model that incorporates the heat exchange between drinking water pipes and the surrounding soil by assigning temperature boundary conditions to the pipe walls. Central to the description of heat exchange by the WTM+ model are two model parameters: 

· an equilibration temperature (Tboundary): the temperature that the drinking water will converge to with increasing residence time. This value of Tboundary is scenario-specific and calculated by the STM+.

· a heat exchange rate factor (k) that describes how fast the drinking water will converge to Tboundary. The drinking water, despite its comparatively small volume, does not merely passively attain the soil temperature. For example, flowing drinking water that cools the surrounding soil over a longer period of time, thermally ‘shelters’ the incoming water from its warmer surroundings, slowing down the temperature rise. The WTM+ takes this thermal buffering effect into account by factoring in a resistive term in the heat equation. This buffer term mimics a thermally insulating cylindrical soil layer that envelopes the drinking water pipe. The size of this insulating soil envelope is validated with field experiments described in Blokker & Pan (2022).
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