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Programma

12.30 Ontvangst met koffie, thee en water

13.00 Opening door dagvoorzitter Henk van Zoelen

13.10 Welkomstwoord en visie — Martin Bloemendal (TU Delft & TNO)
13.20 Uitreiking WKO Duurzaamheid Award

13.45 Bodemenergie in ontwikkeling — Martin Bloemendal (TU Delft & TNO)
14.20 Pauze | WKO-tool & kaartlaag Indicatieve energieprestaties OBEs
15.00 Parallelsessies in drie zalen (3 x 25 min, 5 min wisseltijd)

16.35 Plenaire terugkoppeling en afsluiting — Henk van Zoelen

16.45 Netwerkborrel

17.30 Einde programma



From invisible asset to energy infrastructure backbone:

Het success van bodemenergie,
what is next?
Dr.ir. M. Bloemendal

Nationaal symposium WKO Duurzaamheid Award
Bodemenergie

2026-05-28
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From innovation to the standard
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Transition phase to other roles

Existing buildings
Scarcity in subsurface space

More complex subsurface

Newly built conditions

Individual systems

Collective systems

Limited E-availability

Increasing cooling demand

]
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Transition phase to other roles

Seasonal buffering of LT heat

& Hybrid systems with higher temperatures
7 Key technology for cooling
¥ Flexibility for E-grid
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“De uitwerking van de rot
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Sabine Sluijters 28 mei 2024

Het opschalen van projecten voor warmteopslag loopt
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Heat storage, a hot topic!

Uitde hoek  Alle Ernst

Kan grootschalige buffering
warmte het verschil maken?

Sjak Lomme & 17 maart 2025
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Opslag komt in norm voor
energieprestatie nieuwbouw

Katrijn de Ronde @ 26 maart 2025

De energieprestatienorm voor nieuwbouw omvat vanaf mei
volgend jaar ook opslag van energie. Dat schrijll minister
Sophie Hermans (Klimaat en Groene Groei, VVD) aan de
‘I'weede Kamer. De deur naar stimulering voor
thuisbatterijen zet zij op een kier.

‘payiidwis Apybiis seunbiq 6102 ‘SGO :©24N0S



Challenges &

* Optimal and sustainable use of subsurface
- Planning & governance

» Integration in wider energy system
-> control and robustness
- link with building facilities and distribution

» Technology development

]
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The proof in the pudding

De toekomst van bodemenergie wordt niet alleen bepaald door ambities
en innovaties maar door systemen die daadwerkelijk presteren.

* Jaarin, jaar uit

' twerp
sorgvuldig on
g profess'\onee\ beheer

TNO ~_

2 Kwaliteit en prestatie
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Criteria

>
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Gemiddelde injectietemperatuur:
» koude bron < 9 graden;
» warme bron > 15 graden;
Gemiddelde dT over het jaar is tenminste 6 graden;
OBES levert >70% van de jaarlijkse warmte- en koude behoefte
Thermische balans
>2 jaar draaien, met monitoring.
SPF?




EBRUIKERSPLATFORM

= bodemenergie

D-Pier Schiphol

Dang Nguyen, technical expert bij AMS Schiphol
Siem Opschoor, adviseur bij DWA
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EBRUIKERSPLATFORM

= bodemenergie

Rijksmuseum Amsterdam

Lester Bonn, hoofd gebouwenbeheer en techniek bij het Rijksmuseum
Sabine de Bijl, contractmanager bij Kuijpers
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odemenergie
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GEBRUIKERSPLATFORM .
bodemenergie

Genomineerd voor de WKO Duurzaamheid Award 2026

En de winnaar 1is...
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Rijksmuseum Amsterdam

Lester Bonn, hoofd gebouwenbeheer en
techniek bij het Rijksmuseum

Sabine de Bijl, contractmanager bij Kuijpers




Unlocking UTES for the next phase of the
energy transition
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Challenges &

* Optimal and sustainable use of subsurface
- Planning & governance

 Integration in wider energy system
-> control and robustness
- link with building facilities and distribution

 Technology development

]
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Optimal and sustainable
use of the subsurface




The Crowded Subsurface
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The Crowded Subsurface

ATES systems in
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The paradox: scarcity by design

Spatial claims in permits




Vision: from separation to co-existence
—> Sustainable dense subsurface space use

* Vertical stacking of functions
* Lateral placement in same layer

* Temporal Sequencing for Reuse

Structured co-existence involves managing interactions to minimize negative impacts and maximize benefits for society.

I
tormwater infiltration

L{={IL1] adha

O Aquifer
B Aquitard

Process/Drinkingwater



Need for innovative policy and tools

Growing subsurface demand calls for new governance models and technical solutions to enable coexistence of multiple uses.

i.e. the invisible stakeholder: fUtU re users Of our common resource

'

vater infiltration
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Need for innovative policy and tools

Growing subsurface demand calls for new governance models and technical solutions to enable coexistence of multiple uses.

Dynamic management of actual use and
adaptive planning

4D-modellering ondergrond en energieplanning in m‘.{ w.
. . Rotterdam - Ruimtewinst door gedetailleerdere modellering

Assess / NElERSS subsurface interactions Gemeente Rotterdam heeft zelf een nieuw bodemenergieplan opgesteld voor het

gebied Rotterdam Central District-XL. Uit de inventarisatie van dit gebied bleek dat

er voor de toekomst een (te) groot aantal systemen zijn voorzien. Met een 4D model

( X-,Y-,Z- en Tijd-) hebben we de filters van bestaande en nieuwe systemen ingepast

en doorgerekend. Daaruit bleek de grote meerwaarde
van het doorrekenen van de daadwerkelijke filterstelling.
Tijdens onze presentatie zullen we met de Rotterdam
viewer resultaten laten zien in 4D. We leggen uit hoe deze
4D-modellering past in de verdere energieplanning en
welke stappen daarbij worden gezet.

Door Roland van Rooijen en Tobias Mulder, van
ingenieursbureau gemeente Rotterdam.

martin.bloemendal@tno.nl




Need for innovative policy and tools

Growing subsurface demand calls for new governance models and technical solutions to enable coexistence of multiple uses.

Dynamic management of actual use and Holistic / cross sectoral assessment of
adaptive planning subsurface space allocation

Assess / manage subsurface interactions Quantify subsurface space use broader
impacts

m innovation
for life

martin.bloemendal@tno.nl
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The good news!

What the law actually allows:
* Omgevingswet: “evenwichtige toedeling van functies” = balanced allocation of subsurface space

* Nota Ruimte: “meervoudig ruimtegebruik” = multipurpose use

en daerde id, In acht genomen.

Artikel 4.2. (toedeling van functies aan locaties) 2 i

Het omgevingsplan bevat voor het gehele grondgebied van de gemeente in ieder geval de regels die nodig zijn m

een evenwichtige toedeling van functies aan locaties.

Bij omgevingsverordening kunnen alleen regels worden gesteld over activiteiten die gevolgen hebben of kunnr »
fysieke leefomgeving met het oog op een evenwichtige toedeling van functies aan locaties, als het onderwerp #

worden behartigd.
Artikel 4.3. (grondslag rijksregels)

innovation
TNO @5 28
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EEEDD Keuze HT-systemen vs. ZLT-systemen/MKBA rapport CE Delft (mogelijke uitbreiding
met beschouwing COz-emissie materialenkant).
Het is bekend dat de warmte- en koudetransitie veel meer is dan een optelling van
euro’s. Het is een soclale transitie waarin we maatschappelijke voor- en nadelen
moeten meenemen in de afwegingen en keuzes voor duurzame oplossingen voor het
C ro s S - S e cto ra I a S S e s S m e n t fra m ewo r k verwarmen en koelen van de gebouwde omgeving. Namens TKI Urban Energy hebben
CE Delft, To Realize Concepts (2RC) en Tri-Es Consultancy een raamwerk ontwikkeld
voor de maatschappelijke afweging van de juiste keuzes in de transitie. Een keuze
die niet alleen is gebaseerd op de financiéle parameters, maar ook op leefbaarheid,
gezondheid, comfort, schaalbaarheid, ruimtegebruik en sociale dimensies. Met dit

Societal Cost Benefit Analysis (SCBA) = Broad prosperity perspective:

plotform Bodemene

* Direct effects: (re)investments, maintenance, usage costs, etc.

* Indirect effects: labour market, housing market, etc.

raamwerk kan men een betere keuze maken voor een langetermijnoplossing
. q . . . . e q die in de breedte het beste is voor de maatschappij. Deze presentatie
* External effects: climate impact, refrigerant leakage, impact on electricity grid, heal i oeic i reamwert sl stoesinaerader et sobraioon en waar
de ontwikkelpunten zitten om dit in de komende jaren nog verder uit te
werken.

Not a zero-sum game: gains in one domain can contribute or facilitate to gains and/or l0s  ocor senno schepers van ce pet.

Challenge 1. Identifying these effects Challenge 2. Quantifying these effects

Not just a trade off between societal value for drinking water, energy Value for society by shifting the norm

storage, or climate change mitigation/adaptation * Shared costs
*  Multipliers
* De-risking effects

. innovation
martin.bloemendal@tno.nl m for life 29




The core idea: adaptive/dynamic governance

* Continuous Management

Adaptive governance relies on ongoing monitoring and updated dynamic subsurface models for effective management.

* Dynamic Permit Adjustment
Permits and strategies are dynamically adjusted based on actual use and risk profiles.

* Better Regulation Approach

Adaptive management represents better regulation, not deregulation, using real-time data effectively.

Re-evaluate Plan for
subsurface subsurface
plan use

Run
. . Plan unfolds
simulation to
for
see actual

. . # years
spatial claims y

martin.bloemendal@tno.nl Gather data of
actual use

innovation
for life
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Take-home!

ll* Subsurface is a common resource in high demand!
, he subsurface is a collective and strategic resource essential for multiple sectors and various
ocietal challenges.

s P e

- evalyggy
s g,

Flap

* Adaptive / dynamic governance accommodates optimal utilisation
Static separation of subsurface use is unsustainable; adaptive, data-driven multipurpose use is

Ran
“Lateionto necessary and possible.
i) gy,
EEEI] Keuze HT-sy vs. ZLT-sy /MKBA rapport CE Delft (mogelijke uitbreiding
met besch ing CO2- issie mater )

Het is bekend dat de warmte- en koudetransitie veel meer is dan een optelling van
euro’s. Het is een soclale transitie waarin we maatschappelijke voor- en nadelen
moeten meenemen in de afwegingen en keuzes voor duurzame oplossingen voor het
verwarmen en koelen van de gebouwde omgeving. Namens TKI Urban Energy hebben
CE Delft, To Realize Concepts (2RC) en Tri-Es Consultancy een raamwerk ontwikkeld
voor de maatschappelijke afweging van de juiste keuzes in de transitie. Een keuze

die niet alleen is gebaseerd op de financiéle parameters, maar ook op leefbaarheid,
gezondheid, comfort, schaalbaarheid, ruimtegebruik en sociale dimensies. Met dit

uikersplotform Bodemenergie 2026

raamwerk kan men een betere keuze maken voor een langetermijnoplossing
die in de breedte het beste is voor de maatschappij. Deze presentatie

toont hoe je dit raamwerk als afwegingskader kunt gebruiken en waar

de ontwikkelpunten zitten om dit in de komende jaren nog verder uit te
werken.

Door Benno Schepers van CE Delft,

innovation
martin.bloemendal@tno.nl —— TNO 31




Integration in wider energy system




Campus South

]
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Developments

» Education buildings
- Data centres |
* New faculty building Physics

* Cleanroom research facilities

o © Quantum computing and associated
research facilities

]
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Developments

Heating demand: ~20 TJ
Cooling demand: ~200 TJ

~180 TJ of heat to get rid of.

TNO No sources for cooling available,
only outside air via dry-coolers

]
TUDelft
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Developments

Space cooling requires <5C outside air
temperature for charging cold wells

- Only possible for 800hr/year - >60MW

]
TUDelft




Developments

Space cooling requires <5C outside air
temperature for charging cold wells

- Only possible for 800hr/year - >60MW

~ >50% is for process cooling,
also possible with higher temperatures

Process cooling can be at higher temperature
- cold well temperature at ~12C
TNO - 2500 hr/yr to harvest “cold” > 10 MW

]
TUDelft




Normal ATES

* Space heating

Winter with heat pump

I

]
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Normal ATES + cold harvesting

“cold” harvesting with dry coolers
* B Space heating
Winter . with heat pump i

BN - -

TNO

]
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Normal ATES cooling

Summer

T Space cooling -
] |

]
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Space and process co

o - — Process cooling

-,
7\
Summer

-

il

T Space cooling -
. | | |

BN - -

TNO
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Innovation highlights

ATES for cooling at different temperatures

Subsurface interactions, optimal design & operation
Sector coupling
Optimal control

]
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Additionally charge cold wells: P2C
0 — I iow o

’ Use HP to
Summer alalebeeteges Heat pump el A i additionally
charge cold wells

: = Space cooling " : :
B D

B - I - I

TNG 21-23 PRE
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(§\ Case Study: Delft Campus Zuid

Heating and Day-Ahead Iﬁ Subsurface 8‘

Cooling Demand Price EIec:cricity Data

1 1 1]
v

Pre-Processing

*  Rule-based operation of the ATES: |
— Temperature threshold Tip,resnoi1q: decides if f:,,':;;ffg;,sg;'"'aﬁo"
heating or cooling mode Groundwater Flow
— Price threshold p,4x p2c: decides if P2C is Model
applied (when in heating mode) Crowmelaier Sy

Transport Model
'

Post-Processing
|

j-m.bloemendal@tudelft.nl 44
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Well Temperature

Temperature at cold and warm well in year 5

C
N

Heating Mode Cooling Mode

Temperature (°

" A U

3720 4720 5720 6720

Time (hours)

1720 2720

Warm Well Cold Well
—— No P2C —— No P2C
---- P2C if p < 0 €/ MWh ---- P2C if p < 0 €/ MWh
------- P2C if p < 10 €/ MWh e P2C if p < 10 €/ MWh
—— P2C if p < 20 €/ MWh —— P2C if p < 20 €/ MWh
—— P2C if p < 30 €/ MWh —— P2C if p < 30 €/ MWh

7720

8720

Cooling Mode: lower extraction
temperatures at the cold well

Price threshold:

+ Biggest difference from no
P2C to P2C if p < 0 €/ MWh

« Small additional reduction of
cold well temperature by
increasing price threshold

j-m.bloemendal@tudelft.nl 45



Cost of Heating and Cooling with ATES

P2C reduces costs of cooling with ATES

P2C also affects LCOE of heating
LCOE of P2C scenarios after 5 years

32F ]
30.2 ATES subsy§tem
30t A 29.0 () Complned ]
A A Heating
-~ 28 223 065 V¥ Cooling
= A 25.9
= 267 A
) 24.5
W 24 ® 23.3
§ 9 21.6 ¢ 2%0 512
v 205 o 20.9
20 v 19.5
18.9 18.5
v
¢ N N O N
p oq"L Q%\\Q\ . \\&Q\\ g@\“ . @@\“
Ui W@ {‘QD ’{‘Qﬂ ‘*Qﬁ j.m.bl dal@tudelft.nl 46
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Cost of Heating and Cooling with ATES

P2C only P2C and P2H
| ; .
20k I 1 ATES subsystem _
| I H
302 | | ® Com_bmed
30 - A : 290 : : rieating
! A | Cooling
o8 L : 273 |
26.5
~ 5 | : A A 259 |
L i 1
g I 24.5 | A I
| ]
S 2t o | 233 .
| 1
e | ! ® 22.0 , 214
w B | 21.4 | 21.2
8 2 v | L Y 209 [ A 205
O I 21.6 | 4 [ ] 1 20.1
- B | I 19.4 A A
20 | 205 v |
I ! . 195 v v ' . 1:4 17.8
i | . I : 17.4
18 | 189 185 | \ 4 o ®
: : 176 v
16 i i 16.7 v v
! I 16.1 15.8
| 1
| 1
NoP2CorP2H p<O0€MWh p<10€MWh p<20€MWh p<30€MWh p<O0€MWh p<l0E€MWh p<20€MWh p<30€MWh
+P2H + P2H +P2H + P2H

]
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Preliminary takeaways

P2C and P2H operation of ATES in cooling dominated systems is
promising to provide additional flexibility to the electricity grid
while reducing costs for heating and cooling.

P2C reduces cost for cooling with the ATES

P2H reduces costs for heating, but needs P2C

Benefits of P2C strongly depend on electricity price and demand
uncertainties

“]
TUDelft |
j-m.bloemendal@tudelft.nl 48




PRININ
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EEXT} Duopresentatie:
1) Innovatieve monitoringtechnieken voor OBES-bronnen, gericht

op optimale realisatie en exploitatie (0.a. MOOI-Diameter).
M I M f I e X Door Roeland Nieboer van Deltares. "
a X 2) MaxFlex-ZLT, ook een MOOI project.
\ Dit project gaat over het ontsluiten van flexibiliteit voor het P
<Y, lektriciteitsnet met OBES-b tiliteit)geb .| @
H KERSTEN TECHNIEK THE \b" 2 R C elektriciteitsnet me ronnen en (utiliteit)gebouwen. ' ‘. K
roie. Tra \ g:. I
i 25\

SRmen. Energie. Transitie. gy g ey p g N SF 5 L S Door Ivo Pothof van Deltares.

KROPMAN VILLAGE [?:ltares

A
@ TUDelft

]
TUDelft

Other MOOI project on system integration aspects:
CONNECT

Joule 4 Joule

CHILL

Buildinflexergy

j-m.bloemendal@tudelft.nl 49



ATES Triplet Robustness for Varying
Building Supply Temperatures

]
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Summer operation
A

W,
<]
1/ \ DV
\
I/ \

v
>
Q

1S

A
L4

’

3. Charge hot well with
solar collectors

)

2. return flow building,
extraction for recharge

]
TUDelft
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Winter operation

1S

W1,
P

L \

\
\

— _I_ 1. Solar collectors

TN

el

Charge cold well
th dry coolers

—

]
TUDelft 3. return flow building, 2. hot well
extraction for recharge
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xample Operational Mode

YES-

HD (Solar)
Heat Storage
Cold Storage

]
TUDelft

Heating Sources & Storage Well Operation
[ ] Heating | Storage ] ColdWell ] MedWell W Hotwell
MoDEs | Solar | ates |Cotd[Heat| op.Mode [conn.| op.Mode [conn.| oOp.Mode |conn.

MODE H1 ® [ B ] rﬁ Charge | 012 | & Discharge | 11 | g charge c1
MODE H2 ° o | ona [ Discharge | c2 | W charge | ot
MODE H3a e| o |@® B charge | ©18 | B chamgs 2| il Oischarge | 1
MODE H3b [ ] eo|® |-f| Charge <13 | B3 pischarge | c11 | il Discharge | 1
MODE Ha o @ O na B Chargs 2 | il Discharge | ©1

MODE H5 ® ) B charge | 12 | B Discharge | c11 | @ na.
MODE HE ® O na O na O na o
i heating * MODE H7a eo|e Cichage | =12 | 4 chomge 2| i Discharge | ©1
' eati e go to cooling MODE H7b e|e B charge | 12 | B Dischorge | 611 | Wl Discharge | <1

demand
(HD) >0 MODE Ha ° O na & Charge o2 | il Discharge [ ©1
YESﬁ
e heat gen. P
i >0? o
b cold gen.
YES »07? NO
heat gen. e
*=HD ?
ve HD (ATES) HD [ATES)
Cold Storage

N01
HD (Solar)
Heat Storage

Mode H2

@ cold gen.
>0? |
YES NO
"D;;’;” HD (Solar +
ATES)
Cold Storage

Mode H3

Mode H4

@ : Mode H7
cold gen.
|7 =072 I

YIS N

Mode H5 Mode H6

Mode H8
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Hot well production temperature

s T
|
70 4 / i
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5 | Year g
o : Injection Temperature
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2 | 60°C
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Ongoing work TUDelft &

Co-simulation captures the complexity of

building operations, but is computationally 7
expensive {WR
. ] ] ] o TU/e ||||||||||||
Higher injection temperatures hot well beneficial.
S
7 Haskoning

Future steps will entail:
* Co-Simulation in 3D KROPMAN
 Extreme years in the dataset

* Novel approaches for building heat
distribution/delivery

b g NbEgEdRﬁmenergle

% provincie
Zuid-Holland
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The Temperature Gap

(Existing Buildings)

BTES LT-ATES HT-ATES Geothermal
Borehole thermal Low temperature High temperature Utilizing geothermal heat
energy storage Aquifer Thermal Energy Storage  Aquifer Thermal Energy Storage

il Aoty
ump um ? m
11 oc Heatexchanger Heat exchanger Heat exchanger -0m
-50m
-250m
20 - 40°C
26 °C -500 m

m 170 °C "0 e - 5000 m

<&
<«

v
A

»
»

TUDelft Thermal equilibrium Net heat injection Net heat extraction
j-m.bloemendal@tudelft.nl 58

A

»
»




]
TUDelft

MT/HT-ATES
in NL

A. &

HT-ATES A/' / Yshel

¥ research phase (Leeuwarden)

v test well complete
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W abandoned
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HT-ATES Middenmeer

. Hot well
(O Monitoring well
@ ‘Wwarm' well

aardwarmte

190 m

groundwater sampling wells
1

4

monitoring welli+-30 m
| | DTS interrogator
| 1 1

67 m

\fiber optic cable
229 m

360 m
383 m

422 m

463 m
471 m

 500/450 mm not to scale
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HT-ATES Middenmeer

aardwarmte
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°
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2 50%
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g 30% - Design
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>2026
Novel combination of M
geothermal & HT-ATES
World-wide unique research &
education infrastructure
- . : : 5-10% - - Geothermal + HT-ATES

70-90°C Winter

. —demnd tol < 4 Boiler peaks are
=) ——supply
i: :3 Jm m m delivered from store at charging capacity * mUCh fewer
35 | .‘ ol M kL b ||H — p Atlow E-price, Boiler / CHP
: fg I additionally charge
B1s | M 1k HT-ATES
R TTTNPATY T AUANE N B >
o 0.1 0.2 0.3 0.4 05 0.6 0.7 u.;' 08 1

year

Summer I_
11| -]

- 5)  1r8sc
9 @ L. PUSHEIT

78°C ~400.000 m3
2200 m ~40TJ j.m.bloemendal@tudelft.nl 63



Filter flow measurement, 16-05-2025

-
8

Innovation Highlights

1. Impact & performance

[y
=
o

=y
X
o

g

2. Wells -
3. Societal :
4. .

0% 20% 40% 60% 80% 100% 120%
relative flow (-)

System integration and control .
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Borehole legend

F1-F9

Fibre optic boreholes (10 confirmed)

01, 02

Observation wells

H1-H3
Hot wells (HT-ATES)

CF1-CF3
CPT + DAS

L1-1L3

Lukewarm wells

3 cable loops planned

. AH-DTS hot wells

power + burial cable - housing
() AH-DTS lukewarm wells

power + burial cable /A TBD
FO: F1-F9 + 02

fibre only = housing (1 or 2 cables)

Site Layout —monitoring network Hot wells

Warm wells
Parking garage

Hot wells

WV Plankenkeort:

S
\ Homespot
m

N?FS may also be

ﬂcated northwest of 01 = i
Location option 2
] Google
V Location option 1
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(A)

o

Injection
t=30d

Processes included in model

Depth below top screen (m)
o
(=]

-
—304 ™ , === Constant density & viscosity
l L] === \/ariable density
» == \/ariable density & viscosity
-40 T ] .' T T
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Beernink et al. 2026 (in press)

(A)
=" 0
£ Injection
s t=30d
o -10 4
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S . Processes included in model
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E° r
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Normalized flow distribution g, (-)
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Variable inj./ext. across screen

== \/ariable density & viscosity

(B)
v h " (A) 01 Y
s Hhydrostatic . " g after 30 days of injection
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Beernink et al. 2026 (in press)
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Prmyps

HEmeyr dnygitetizan Comtralier
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Apparent transmissivity [m2/day]
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Injectivity test
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T

40

p———
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— Pz
— Pu]
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Time [hr]

Deformation

Heating element

Koulidis et al. Geothermal Energy (2026)

Thermal loading = mechanical stress in annular material >formation of a micro-annulus
Compromising the well integrity



Wellbore Strengthening and Well Development

Enzyme-triggered degradation

of filter cake

_120
3100 _ M a——
o - -
€ 80 R .
= 1 DF#1 8
260 o pryis | '
A o)
----- 220 | wh =
S ) e — |
0 200 4q'?m690[%e%?0 10001200
Impact:

« 100% biodegradable enzyme additives. *  High-pressure/High-temperature

+ Replaces harsh chemical breakers/acids. custom core flooding system.

+  Reduces wellbore damage and long-term  Assess the effectiveness of drilling

environmental risk. muds and well development

Internal filter cake
methods.
j-m.bloemendal@tudelft.nl 70
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Home Smart Energy (HSE) /\ HOME SMART ENERGY
Geothermal heating for dense urban retrofit | . B R

The retrofit problem

* Poorly insulated old housing stock
* Limited access for conventional GSHP drilling
+ Drilling depth limited by aquifer protection

» District heating slow and expensive

HSE in one line

A fan of shallow diagonal boreholes drilled from a 1 m?
platform in a constrained backyard — coupled to a heat
pump with seasonal solar recharge.

Small footprint High output Seasonal recharge

1 m? platform

]
TUDelft

9 boreholes Solar recharge

— I — —
D t v R t t D t N Radial diagonal BHE array beneath an existing house.
f; Medegefinancierd door
fuDelft ‘W IR

de Europese Unie j.m.bloemendal@tudelft.nl ' 71




The retrofit problem

Home Smart Energy (HSE)

Geothermal heating for dense urban retrofit

* Poorly insulated old housing stock

* Limited access for conventional GSHP drilling

» Drilling depth limited by aquifer protection

Small footprint

1 m? platform

High output

9 boreholes

Seasonal recharge

Solar recharge

]
TUDelft

DE VREEDEN
TUDelft "W amerwormes -

pY P
=

/\ HOME SMART ENERGY

Radial diagonal BHE array beneath an existing house.

Medegefinancierd door

de Europese Unie
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Various other ongoing MT/HT-ATES projects

Existing ATES - to Higher T
ElevATES

ACCELUTES
WarmingUPGOO

5
TU Delft j.m.bloemendal@tudelft.nl 73




Various other drilling/well developments/projects

« Wells in Sulphate Reduction Transition Zone
— Manage mitigate Clogging risks

3V-HTO

— Well design standards for (HT-) ATES

* |nnovative Pilot borehole

GEO-Loop model

Collective BTES

Geheco

]
TUDelft
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Closing and
take home messages




I i i Existing buildings
Tlpplng pOInt More complex subsurface conditionssceer

yariable inj./ext.

oblo Senaity BECY

Higher temperatures
Stronger integration

Scarcity in subsurface space .. it

€alls for new governance models and technica solutions to enable coexistence of multipfe
5 ‘ ‘
€ the Invisible stakeholder: future users of our common resource

Collective systems
Limited E-availability

Well Temperature

Temperature at cold and warm well in year

Cooling Mode: lower extraction
amperalures at the cold well

Price threshold: romno

+ Biggest difference from n
P2C 1o P2C if p < 0 EMWR

. Small additional reduction of
cold well temperature by
increasing price threshold

]
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Take home

* Via research and demos towards cheap and robust novel
UTES innovations and sustainable use of the subsurface

» Challenges for improvements/developments
— Upscaling (temperature, placement density)

— Integration in in wider energy system / conversion / grid congestion
issues

— Performance (operational control, both HT and LT!)

— Market conditions

m Standalone Integrated
Low-temp  Full spectrum
] Static design  Adaptive
e First-come Coordinated




Promotions
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UTES symposmm

—————— e Bt c ol S

URBAN ENERGY SYMPOSIUM 2026 1!5\ M

STORING HEAT
POWERING CITIES

'|9 NOVEMBER 2026

THE GREEN VILLAGE TU DELFT p |
.

m Event organised in collaboration between TU Delft Urban
4 Energy Institute and the PUSH-IT project consortium
TUDelft

REGISTER HERE
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MSc Sustainable Energy Technology
Electrical Energy track

Power Engineering  Economics & Society Power Engineering  Economics & Society Waste & CHP

Solar Energy

]
TUDelft
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Developing and demonstrating Underground Thermal Energy Storage
Unlocking UTES for the next phase of the energy
transition A = S

Dr.ir. M. Bloemendal

_www.push-it-thermalstorage.eu

2026-06-28 =
j.m.bloemendal@tud
martin.bloemendal@tr
Stay in touch / connect?

TU Delft geothermal get toqet;
TU Delft Urban energy institut
Delft Aardwarmte project

Contributions from:
Tessel Grubben, Alexis Koulidis;-Stijn M
Schans, Phil Vardon, Niels Hart a,
Kukrer, Amirhossein Hashemi, Jana Riederer, Saghar
Sarshar, Marielle Koenen, Hester Huisman, Thijs van
Esch, Rik Molenaar, Dorien Dinkelman

Delt A, | A = ¥ =
Sty e gmif KWR Muisman .20



mailto:j.m.bloemendal@tudelft.nl
mailto:martin.bloemendal@tno.nl
https://www.tudelft.nl/citg/over-faculteit/afdelingen/geoscience-engineering/research/geothermal/geothermal-science-and-engineering/geothermal-get-together
https://www.tudelft.nl/urbanenergy
https://www.stichtingdap.nl/
https://www.stichtingdap.nl/
https://www.stichtingdap.nl/
http://www.push-it-thermalstorage.eu/
http://www.push-it-thermalstorage.eu/
http://www.push-it-thermalstorage.eu/
http://www.push-it-thermalstorage.eu/
http://www.push-it-thermalstorage.eu/
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