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Case Description

» Transition from industrial zone to a vibrant
city-center district

 Comprises 10 distinct sub-areas

» Total built-up area exceeds 450,000 m?

* 60 % residential and 40 % commercial

« Accommodates 5,200 residents and 4,000
jobs

» Fully self-sufficient in heating and electricity,

without adding demand to existing networks

- Photos from nyhavna.no
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Heat Demand and Supply

—— Waste incineration

» Estimated 34 GWh annual heating o g
energy demand for space heatingand | | | i
domestic hot water gw

* 120 GWh annual surplus waste heat g
from the waste incineration plant § 1

» Potential for seasonal thermal energy -
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- District load provided by Sintef AS using PROFet model
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Local District Heating Network

(1 Heat demand direct supply by surplus heat
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Simulation Model
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g-function Generation

Steady gfunction computed with
pygfunction library

Transient gfunction generated using a
TRC network

Hybrid gfunction assembled by merging
transient and steady solutions at breaking
time

Resolves long-term seasonal trends and

short-term load dynamics
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Model Calibration

*  Minimizing sum of squared errors to fit
simulation and experimental outlet
temperatures

Comparison of Experimental vs. Simulated Outlet Temperatures

—e— Experimental Outlet Temps
149 —e Simulated Outlet Temps
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Borehole thermal resistance based on equivalent grout

conductivity: R, = 0.073 K/W

Objective Function Evaluations During Optimization

%  Optimal Point

300
250

300

200

SSE

100

0.14
% 0.13
eyt 010011012 e kW)
Qg_ 1) 0.07 0.08 0.09 "_mu\ REE“S‘N
. 0.06 Y7 " pole The

Bor

T/”-,fa Effective




Results
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Resu Its 7 BN Charging BN Discharging

« Total injected energy per year: Ly ‘
— styear: 19.8 GWh e |
— 5thyear: 16.6 GWh 5 ‘

» Total recovered energy per year:

— lstyear: 12 GWh ‘
— 5thyear: 12.2 GWh E |
»  Recovery efficiency on annual level: =]
— lstyear:61% | |
— 5Sthyear:73.1%
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*  Minimum borehole wall temperature 12.6°C

20 1

Borehole wall temperature (°C)

0 i 2 3 4 5
Time (Years)

10 @ NTNU




11

Results

20-year simulation links borehole size
with operating strategy, revealing long-
term trade-offs

Longer borehole stores more heat, but
the gain diminishes with depth.

Energy recovery lags injection in
deeper wells, driving storage efficiency
down.

Design trade-off: shallow wells
maximize efficiency, while deeper wells
cut heat-pump power demand.

Extended pre-heat/charge windows
further lower GSHP work, but at the
cost of additional efficiency loss.
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Contributions and Next Steps

 Impacts so Far

12

Multiscale simulation framework,
accounting for long-term effects and
hourly fluctuations

Reduced computational cost while
preserving accuracy

Calibrated to site-specific data,
replicating the case study

Fully coupled thermal integration
among system components

Flexible model supporting exploration
of design and operation schedules

Path Ahead

Parametric sensitivity analysis to rank
the most influential design and
operating variables

Quantification of system-boundary
uncertainties and their impact on key
performance indicators

Design and control optimization
exploring various objectives

Techno-economic assessment of the
entire heating network

Development of a transferable, case-
specific design
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