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Challenges

DECARBONIZATION of the built environment

Creation of a comfortable and healthy indoor climate
In a carbon-neutral society at an affordable cost

But also energy efficiency
RESILIENCE N
INDEPENDENCE

SECURITY OF SUPPLY ﬁ
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Energy efficiency and R°ES

» Demand reduction for heating/cooling Ke Investments inbric

efficiency reduce

» Decarbonization of heat/cold supply building hestdeman
undal

BALANCED APPROACH

B: Remaining heat supply
is fully decarbonised

Optimal balance?

Building heat demand

C: Unclear how far to
optimally go with

Do not go too far with any specific
demand reduction

measure
(¢ keep it cost-effective and sustainable Decarbonisation of the remaining heat supply

Source: Rosenow, J., & Hamels, S. (2023). Where to meet on heat? A conceptual framework for optimising demand reduction and decarbonised heat supply.
Energy Research & Social Science, 104, 103223.
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Towards a climate-neutral Belgium

Different scenarios

1. ROTORS
2. REACTORS
3. IMPORTS
Sectors
1. Cross-sectorial
2. Power
3. _Industry
4. | Residential and commercial
5. Transport
6. molecules

150
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Fossil

Rotors

Bioenergy

Reactors

2025 2030 2040

Electricity ﬂ District Heat Show all

Imparts Show all

Source: EnergyVille, Paths 2050 study, https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector (2025)

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team

Al

KU LEUVEN



https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector
https://perspective2050.energyville.be/results/main-edition-2025/residential-commercial-sector

Electrification - Heatpumpification

Growing electricity demand ———
Increasing share of variable RES

Tapononeofthe abs
buildings to learn J""
more.

Grid expansion
Demand flexibility exploitation

» Building thermal capacity
» Network capacity

» Active energy storage

» Heat pump

» Hybrid (collective) supply

FLEX ENABLERS

Anticipating system integrator

Source: EHPA

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




Model Predictive Control (MPC)

MODEL CONSTRAINTS OBJECTIVE | ... BUILDING
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Source: Damien Picard and Filip Jorissen (2021)
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Optimal operation De Schipjes fWO

MPC automatically optimizes and lowers network temperature
= to increase COP and reduce network losses > OPEX |
» thereby preheating (at lower power) to fulfil demand.

™ | — RBC — MPC
erma
Eel [kWh] discomfort [Kh] COPGSHP ['] 60
Winter o 50 -I
RBC 541 3.2 3.7 P
6% -3.2 Kh +19% = 40
MPC,.. 507 0.0 4.3 £
Spring & 30
RBC 228 '290A) 01 +01 Kh 38 +30% 20 T T T 1 T T
MPC,,. 163 0.2 50 39 40 41 42 104 105 106 107

Time [day] Time [day]

Source: Jelger Jansen, Integrated non-linear model predictive control of a small-scale fourth generation district heating system, PhD Thesis, KU Leuven,
Supervisors: Lieve Helsen and Filip Jorissen (2024).
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@ SEEDS

FLEX in Design De Schipjes

Increase and exploit FLEX in design
- Further hybridisation (GSHP + ASHP)
- Two extra boreholes (glass fibre)

- Hydraulic switch ® ,\T |
- MPC implementation ! |

& P
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Source: Sweco

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




. . .  [EeL .
FLEX in Design De Schipjes @ SEEDS

XV‘M

Bore-
field
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Source: Louis Hermans, Integrated Optimal Control and Sizing of Low-Carbon Multi-Energy Vector Districts, PhD Thesis,
KU Leuven, Supervisor: Lieve Helsen (2026).
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Use case 2 — Stijn Streuvelsstraat
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Co-design Stijjn Streuvelsstraat SEEDS

Model-based co-design using optimal control

Sizing of HPs — Load-duration curves

ASHP-only - Max. avail. (sim)
GSHP-only 0 Con'f:rol
Hybrid = . nEY
_ ) o ) Static heat losses — OC
Hyb%‘ld +20 mZPVT %ﬁ 40 , P
S 20 —ron — = CSHP
@ n,:’,.t -~ ~
[kWh /m2a] . ~1:::_\\w,g.L weeenn ASHP
1 1 1 1 1 1
Control 0.0 0.2 0.4 0.6 0.8 1.0

BN RBC W OC Ratio operation time [-]

Source: Karl Walther, Louis Hermans, Lone Meertens, Lieve Helsen, Simplifying decision-making in model-based co-design of building energy systems through automatically
generated optimal controls, presented at the BS2025 Conference, Brisbane (2025).
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Use case 3
Integrated Optimal Control and Design (I0CD)

Simultaneous Optimisation ]
Centralised Energy Hub —® I
* Optimal sizing
« Optimal control @7—_
» Minimal TCO D 7@@

OPEX and CAPEX >

e Stress tests
« Typical weather (( nex

STC ]

Source: Louis Hermans, Integrated Optimal Control and Sizing of Low-Carbon Multi-Energy Vector Districts, PhD Thesis, KU Leuven, Supervisor: Lieve Helsen (2026).

 Extreme weather
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De Schipjes - |IOCD SEEDS

Technol Uni TMY XMY
echinology nit REF REF OPT | REF REF OPT
RBC  OC RBC  OC

ASHP kW 28 28 13.8 28 28 9.1
GSHP KW 44 44 11.0 44 44 32.8
Borefield length  m 1250 1250 315 | 1250 1250 770
Borefield depth ~ m 125 125 105 125 125 55
Borefield config. m 5x2 5x2 3x1 | 5x2 5x2 7Tx2
ASCHI kW 0 0 0.0 0 0 0.0
TTES m?3 1.9 1.9 0.8 1.9 1.9 1.2
PV m?2 0 0 20.0 0 0 20.0
STC m?2 176 176 0.0 176 176 0.0
PV-T m?2 0 0 15.8 0 0 15.7
Battery kKWh 0 0 0.0 0 0 0.0

- Discomfort N 34 31 44 158 59 84
CAPEX k€ 1122 1122 51.0 | 1122 1122 713
OPEX k€ 2122 182.0 1639 | 232.8 2084  192.5
Maint. cost k€ 30.0  30.0 142 | 30.0 300 180
TCO k€ 354.3 3241 2291 | 375.0 350.6 2819

ATCO

Source: Louis Hermans, Integrated Optimal Control and Sizing of Low-Carbon Multi-Energy Vector Districts, PhD Thesis, KU Leuven, Supervisor: Lieve Helsen (2026).

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




Stijn Streuvelsstraat - |OCD

Funded by
R the European Union

@ SEEDS

Technol Unit TMY XMY
echnology m REF REF OPT | REF REF OPT
RBC  OC RBC  OC
ASHP KW 28 28 17.6 28 28 17.6
GSHP KW 40 40 7.1 40 40 19.0
Borefield length  m 1000 1000 220 | 1000 1000 525
Borefield depth m 125 125 110 125 125 105
Borefield config. m 4x2 4x2 2x1 | 4x2 4x2 5x1
PRIMARY SIDE SECONDARY SIDE (15X) ASC:HI kvv U U 00 U 0 0'0
TTES m3 0.5 0.5 1.9 0.5 0.5 1.1
, G PV m? 100 100 100.0 | 100 100 100.0
%i Housel  House2 ] STC m? 0 0 2.4 0 0 0.0
Bore- i i ; PV-T m? 20 20 0.0 20 20 0.0
A (¥ 1Y | Battery kWh 0 0 0.6 0 0 1.0
R ) (EE ! Discomfort Eh 7 19 30 50 24 40
sV L i FH i FH E
Y = ! : l CAPEX k€ 130.5 1305 652 | 130.4 1304 795
Y 3 i i i OPEX k€ 188.6  119.4  146.0 | 216.9 143.1 172.8
;— ; : i Maint. cost k€ 354 354 181 | 354 354 213
V3
old TCO k€ 354.4 285.2 229.3 | 382.7 308.9 273.7
B ATCO 20%  -35% -19%  -28%

Source: Louis Hermans, Integrated Optimal Control and Sizing of Low-Carbon Multi-Energy Vector Districts, PhD Thesis, KU Leuven, Supervisor: Lieve Helsen (2026).
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Cooling-Dominated Virtual Case - |OCD g sgeps

Technology Unit TMY XMY
............ REF REF OPT | REF REF OPT
RBC ocC RBC ocC
House 1 Office 1

ASHP kW 0 0 0.0 0 0 0.0

Energy GSHP kW 30 30 15.3 30 30 21.8

Hub Borefield length m 3060 3060 520 3060 3060 660
Borefield depth m 170 170 130 170 170 110
Borefield config. m 6x3 6x3 2x2 | 6x3 6x3 3x2

ASCHI kW 0 0 7.6 0 0 13.6

TTES m3 0.5 0.5 1.6 0.5 0.5 1.2

PV m? 0 0 31.8 0 0 40.4

STC m? 0 0 0.0 0 0 0.0

PRIMARY SIDE SECONDARY SIDE (6X) PV-T m? 0 0 0.0 0 0 0.0

£l ! Battery kWh 0 0 0.0 0 0 0.0

@ P P4 P61
@ —P , Discomfort Xb 44 23 28 171 27 36
Ej i & V2
Bore- — r . E3 E CAPEX k€ 133.4 1334 46.4 133.4 1334 63.5
field ] ®_ i[ HEX ] % OPEX k€ 45.9 27.7 19.3 50.4 34.6 29.9
P3 L HEX | E @ Maint. cost k€ 24.9 24.9 11.5 24.9 24.9 16.6
H P7

i TCO k€ 204.2  186.0 77.2 208.7 1929  110.0
ATCO 9% -62% -8% -47%

Source: Louis Hermans, Integrated Optimal Control and Sizing of Low-Carbon Multi-Energy Vector Districts, PhD Thesis, KU Leuven, Supervisor: Lieve Helsen (2026).

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




® Base case ¥ Min A Max

House 1 Office 1

QY
< 80
5
5 63.7
S 62.20
5 60
v
o 56.1 49.5
o 4730
O 40 37.3 37.0
:; 3548 3524 2.6 383
2> v 26.0 v 28.5¢
w 28.1 24.8$ 28.4 2!1
E 20 20.7 ‘
TMY XMY TMY XMY TMY XMY
0
DeSchipjes StijnStreuvel MixedUse

Source: Louis Hermans, Integrated Optimal Control and Sizing of Low-Carbon Multi-Energy Vector Districts, PhD Thesis, KU Leuven, Supervisor: Lieve Helsen (2026).
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m HeriTACE

Use case 4
Neutral-Temperature Thermal Network

Cooling-Dominated Virtual Case — Energy Circularity

BD
« Different building functions
« Synergy S ™
« MPC determines §©:T| <

optimal operation = entral pum
p p Eﬂ Cent Ip e
ID

Balamc ing Uni it Subs‘ta‘t ons

Source: Anna Dell’'lsola, Karl Walther, Lieve Helsen, Building renovation level requirements for a 5th Generation District Heating and Cooling Network,
presented at the BS2025 Conference, Brisbane (2025).

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




m HeriTACE

Synergy in a mixed-use neutral-temperature network

Energy circularity - MPC activates heat pump in lower-performing residential buildings,
thereby reducing the network temperature to avoid overheating in well-insulated offices

2 26 -
©
€
[}
a 24
E o
: o
[E %.—.22
07-19 07-22 07-25 07-28 gu
E 20
House 2 —— House 3 —— House 4 =
o 18 - S VNN Soteen EREND o ey e I ceaee am— P |
=
©
e
a 16
E misyugs L) [&d & A |ud
E 07-19 07-22 07-25 07-28
= V Day
07-22 07-25 07-28
Day — TDayl TNigh!Z — TDay4 = TSetMaxDay
Office 2 —— Office.3 —— Office4 e Thnightt  —— Tpays = Thighta ~ ====- TsetminNight
TDayZ TNight3 — TSetMinDay """ TSetMaxNight

Source: Anna Dell’lsola, Karl Walther, Lieve Helsen, Building renovation level requirements for a 5th Generation District Heating and Cooling Network,
presented at the BS2025 Conference, Brisbane (2025).
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. .
Use case 5 - Multi-energy vector tiny cluster IESHPED

Individual electrification scenario

& A S

&

Source: Lucas Verleyen, Lieve Helsen, The role and CO, emission reduction cost of battery energy storage in fully integrated, optimally controlled micro energy communities.
Energy & Buildings 357 (2026) 117123.

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




. . _ (D
CO, emission reduction cost for tiny cluster TEGHPED

900 O pPv-A W No battery PV-A based on plug load demand
800 PV-B W Individual battery PV-B based on plug load + heat pump demand
200 B rvC Collective battery PV-C full roof
600 > Energy community with PV-A performs best
500 € 215/ton CO,
[€/ton]
400
300 \ Compare to:
o | N > EU ETS: € 32-80/ton CO,
> EU-ETS2 (starts in 2027): € 46/ton CO,
100 \ \ > To reach CO, targets in 2030:
o LI\ | IN € 261/ton CO, (Glnther et al. 2024)

Individual Electricity sharing scenario Energy community scenario € 130-286/ton C02 (Abrell et al. 2024)
electrification scenario

Source: Lucas Verleyen, Lieve Helsen, The role and CO, emission reduction cost of battery energy storage in fully integrated, optimally controlled micro energy communities.
Energy & Buildings 357 (2026) 117123.

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN




Use case 6 — Social District Egelsvennen

Source: Naomi Adam, Lieve

OR

( r ISII_ -I 4 EEE § EEE § EEN § EESN § BN § BN § B 5 B O BN O BN § B O § Ee 8 H \
by { -
' I 1 X3, X10, X20 !
| | : :
| ! | !
OR I Primary - Secondary o "
—— Bufr N circulation | | Two-way circulation Two Zones |
________ uifer tan . .
f - | E"m || b Heat exchanger ~ PorP _@m |
Borefield GSHP _@7 _@__[EI_E]” |3
| circulation | . .
I um I Pum | I @ |
* DHW .
: ! E—— |
I : Return pipe * mm o mm o Em or Em o Em 5 BN EEm 5 Em O EE 3 Em o Em o omm R -— _)
|
| |
\ ) — - - - — — \
e - OR ot csap )
\ circulation |
L I — —_
| — Two Zones
|
|
|
|

———————— - J

Helsen, Environmental trade-offs in collective heating systems: A life cycle perspective on cluster size,
presented at the SES 2025 Conference, Copenhagen (2025).
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Co-funded by
the European Union
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Environmental Life Cycle Impact

__ 12000~ —
&0
= .
= 10000- Cluster Size
5 ] Individual
% 2000 - Cluster3
= B Cluster10
"g 6000 - I Cluster20
=
é -
» 4000~ | _
Lfl ) Categories
= 2000- [Z—A Building Envelope
é ) K= Technical Installation
/ Energy Use
| Ren0 | |
| GSHP | |
| RBC |

Source: Naomi Adam, Jelger Jansen, Els Van de moortel, Lieve Helsen, Environmental Trade-Offs in Collective Heating Systems: A Life Cycle Perspective on Cluster Size, submitted
to Renewable and Sustainable Energy Transition (2026).
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System Solutions

Enabler for all-inclusive energy transition

sustainable & circular economy

KU LEUVEN
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YSTEMS

System Solutions §§|MULAT|0N

Physics as foundation - Data as leverage

\ ¢

Informed decisions
Correct and robust sizing
System FLEX exploited
Minimal energy use/cost and maximal comfort
Automated Optimization, Scalable Workflow through distributed MPC
From TRL to SRL (S = system, society, social, synergy, smart ...)
Innovative Integrated Solutions

More in the RHC-ETIP session “From Insights to Action: digitalisation and Al for Next-Generation Renewable Heating & Cooling Systems”

Department of Mechanical Engineering, Thermal Systems Simulation (The SySi) Team KU LEUVEN



,sa
pﬁﬁssggiﬁgﬁmi,
G I |

Al
iﬁn%&f_

| W

[

!

1 =)
PRl VgL gl
‘_ ,__- :z :ﬂﬂ __‘
L (R )
LU WL RGO (O (o Nl Dl Nl
AR o
AUVOVTAUVIVUORR, VB WG, WY ] b I (M JET] A
T Y | | , , |
- RER RN _ﬁ_ﬁigg,
W |l IhE| DERD L N
2%3a__;
\ r
R RER R
T L

-

Ve A A A

[’

lg| |
g Kl N
Il NE R
1T LT T
g IR
__= I

BUILTWINS

|
==

Sustainable Building Control

Al
N ..5
__ |




tIBPSA Modelica Working Group
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