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Context and Motivation

City of Ghent’s assessors: Energie in Ekkergem

A local advisory thematic group of volunteer
experts in environment and energy

Ekkergem is a Ghent district with around 2500

homes and others non-residential buildings.
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Multiple Requirements

Energy Positive District

Financial Analysis
* Levelized Total Cost
« CAPEX & OPEX
« Pay Back (PB)

Environmental Impact: CO: ton
Renewable Energy

Different Heating System
Thermal Comfort

Long-term System Efficiency
Seasonal Thermal Storage
Geothermal Energy

Drilling Space Limitations

o Active and Passive Cooling
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Ground Thermal Balance
Urban Heat Island Effect



Subjects

» Study Case Characterization
» Methodologic and Framework
» Results and Discussion

» Closure Remark

What is the most cost-effective pathway to decarbonize neighborhood heating?

* building envelope renovation or collective electrified systems?
* how can different options be fairly compared?



Study Case Characterization

4 Companies

37 Apartments

29 Single house
25 Student rooms

Construction year Number  Energy End User type Number Heating Use [kWh/m?/year]?

1850-1900 20 Single house 29 99
1901-2000 6 Apartments 39 69
2001-2025 18 Student Rooms 25 62
Unknown 3 Commercial building 2 104




Study Case Characterization

Characteristics of the Buildings

Q Type:
 Residential and None-Residential

Q Surface : 15746 m?
O Average Dwelling surface :166 m?

Energy Demands
0 Peak demand: 2230 kW
O Annual Heating Use: 1200 MWh
O DHW share: 26 % (2300 kWh/year/unit)
O Post-renovation 20% heating demand reduction

Dwelling Heating System
0 Baseline system: Gas-fired condensing boiler

O Domestic Hot Water Supply Temperature: 60°C
0 Space heating Supply Temperature : 60°C
0 Space heating system: Radiators

Aalready Renovated Partially Renovated
60

45

30

Number of Dwellings

15

0
Floor Insulation External Wall Window Roof Insulation
Insulation Insulation

Number of dwellings to be Renovated m Total Area of dwellings to be renovated
60 12000

S
[

9000 E

3
6000 <
5
k]
I 3000
0 0

Floor Insulatiol Ex| t IW I Window Insulatio Roof Insulation

Number of Dwellings
w
o

o
o

Heating Demand of the Dwellings (Current situation, Not Refurbishment)

mmm Domestic Hot Water Space Heating =——Cumulative Heating Use

3
g 200 1500
2

3 160 1200
o

£

S 120 900
I

[:]

o

g 80 600
w

2

S 40 300
z EEEEEEEEEN.

= 0 0

Jan Feb Mrch Apr May Jun Jul  Aug Sep Oct Nov Dec
Month

Cumulative Heating Use [MWh]



Methodologic and Framework

State of the Art - Energy Performance Evaluation

Costs CO2

OR“;/

/Common Metrics \

Primary Energy use
* Thermal Comfort
e CO, Emissions
« CAPEX
« OPEX

X Partial Evaluation

Single  metrics  provide
limited insight into Buildings

Costs CO2

VS. “;,

/Composited Metrics \

 Levelized Cost of Heat
(LCOH)
[Euro/kWh Supplied heat]

Degelin et al. 2024
Wack et al. 2025

X Limited Evaluation

Heating systems designed
to meet the same demand,

Costs CO2

& S

ﬂmposed A pproach

 Environmental Levelized
Cost of Heat
(eLCOH)
[Euro/COz2 ton saving]

\/ Combined Evaluation

Integrates environmental
impacts into the economic

complex interactions

provide comparable heat

output. /

ﬁessment /
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Methodologic and Framework

Heating Devices Configuration
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Methodologic and Framework

mmm Gas simulation (MWh)

HVAC Digital Twin

200 1200
150 | ‘ 900

Gas meting (MWh) =—Gas simulation Cum. (MWh) ===—Gas meting Cum. (M\Wh)

1500

100

50 I
0
Jan Feb Mrt Apr Mei Jun Jul Aug Sep Okt Nov  Dec
Month

Monthly gas consumption [MWh]
Cumulative gas consumption [MWh]

0

= o
W Ground Temperature Response
Dry 8 e
Cooler, =y O —— Peak cooling temperature
It " —— Peak heating temperature
m 5 —— Borehole wall temperature
o ©
R o 10
o | YVVUMAMARARAAR AR A X
BTES % ...................
= e e SN N Y
O -
I I I I I I I I I I I I I I I

I [
10121416 18 20222426283032343638404244
Simulation period [year]

<
ro -
N
oY —
o -

Hydronic System Optimisation for prediction
of building and HVAC system performances

hysopt

Bore field sizing combining transient
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Results and Discussion
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o Thermal Comfort levels of all scenarios around 90 %

o Scenario 41 presents the largest yearly CO:2 Emissions Saving
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Results and Discussion

m HVAC Investing  ® Cost O&M ®m OPEX Device Replacement Cost Renovation Cost  m Electricity Net Additional Investing  ®CO2 Tax

S 1250

&

g 1000 S

. —_—

=

E 750

E 500

=

= 250

: mE B H BN

3 0

2 Se1x5 Sch Sc8 Sc14 Sc 20 Sc 29 Sc 35 Sc41 Sc 46 Sc 50

]

@ Dry Cooler Dry Cooler Dry Cooler Dry Cooler Dry Cooler DryCooler DryCooler DryCooler DryCooler Dry Cooler Dry Cooler

2 0 kW 0 kW 0 kW 0 kw 0 kw 0 kw 0 kW 0 kW 165 kW 0 kW 0 kw

‘E 100% 100% 50% GWHP 100% 50% GWHP 50% GWHP 100% 50% GWHP 50% GWHP 100%

4]

E CGB AWHP 50% AWHP AWHP 50% AWHP 50% AWHP  AWHP 50% AWHP 50% AWHP GWHP

=]

E Individual Collective Individual  Collective Collective  Individual Collective Collective  Individual

=

= DHW Direct DHW HIU DHW Direct DHW HIU DHW BHP DHW Direct DHW HIU DHW BHP DHW Direct

SH 60°C SH 60°C SH 45°C SH 45°C SH 45°C SH 35°C SH 35°C SH 35°C SH 45°C
Group | Group II Group [I1 Group IV Group V Group VI Group VII Group VIII ~ Group IX

CURRENT SITUATION OF THE DWELLINGS: NOT REFURBISHMENT FUTURE SITUATION OF THE DWELLINGS: REFURBISHMENT

o Renovation Cost. reach values larger than 45 % of all costs

o Device Replacement Cost: represents a high share on Individual Heating Systems (Sc 14 ; Sc 58)



Results and Discussion

Environmental Levelized Cost of Heat (eLCOH) m |Levelized Cost of Heat (LCOH)
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CURRENT SITUATION OF THE DWELLINGS: NOT REFURBISHMENT FUTURE SITUATION OF THE DWELLINGS: REFURBISHMENT

o The LCOH and the eLCOH values of Sc 46 and Sc 50 shows a divergence in the results.
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Results and Discussion

Cost-effective pathway to decarbonize neighborhood heating

eLCOH vs Yearly Average CO:z Emission Saving

Non-refurbished Scenarios g 800 T OASHP (111, Il IV, V)
5 B o ®GSHP (1,11, 11,1V, V)
Sc 6 E °% ) Ao, 250 ASHP + GSHP ; (Il , IV, V)
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Closure

Remark

O Although scenarios with refurbished buildings achieve

higher CO, abatement, the resulting emission
reductions are insufficient to compensate for the
additional investment costs needed for renovation.

For the evaluation of heating systems configurations
meeting the same building heating demand, the
Environmental Levelized Cost of Heat (eLCOH) better
captures the complex interrelation of energy,
economic, and environmental impact than the traditional
Levelized Cost of Heat (LCOH).

Findings emphasize trade-offs between CO, reduction
and eLCOH, demonstrating the added value of
simulation-based scenario analysis and the replicability
of the methodology for urban climate-neutral energy
system transitions.
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Thank you!

Van Marcke

ENGINEERING
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