AEE INTEC

IMPROVING THE COMPUTATIONAL
PERFORMANCE OF DISTRICT
HEATING NETWORK SIMULATION

Basak Falay*, Carles Ribas Tugores,
Ingo Leusbrock

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE




Complexity Increases
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« Technical components

« Potential interaction of different
sources (especially renewables)

* the constraints from these
intermittent characteristic of
renewable energies

« dynamic characteristics of all
heat sources and the distribution
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Complexity Reduction
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Model Simplification

AEE INTEC

« Can we mix dynamic and static pipe model ?

« Replacing dynamic pipe models with static ones are
defined based on the study of the networks’ topology
(pipes’ diameters and lengths, connections types and
mass flow rates)

« Through this study Python (NetworkX library) and Modelica
environment for the simulation in the software Dymola

COMRED

« All the simulations in this study are performed on the
virtual machine with Intel® Xeon® CPU E5-2420 v2 @
2.20 GHz.

« solver DASSL
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The virtual network — Demand side
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117 consumers

The route length 7.6 km

The total nominal load is 9.5 MW

The minimum annual total load is 16.5 kW
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The virtual network — Supply Side
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« Gas boiler -- 4 MW peak

« Biomass -- 2 MW max. capacity
« CHP -- 125 kW

» Solar -- 180 kW
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The virtual network — Distribution Side
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Dynamic vs Static Pipe Model
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Topology Assesment - Diameter
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Topology Assesment - Length
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Topology Assesment -Connection
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Topology Assesment
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Threshold Definition
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Threshold 1

DN20 - DN50 < 100 m & end-user connections

1699
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Threshold Definition
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Name Condition

Corresponding length (m)

Threshold 1

DN20 - DN50 < 100 m & end-user connections

1699

Threshold 2

DN20 - DN50 > 0 m & end-user connections

2183
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Threshold Definition
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Name Condition Corresponding length (m)
Threshold 1 DN20 - DN50 < 100 m & end-user connections 1699
Threshold 2 DN20 - DN50 > 0 m & end-user connections 2183
Threshold 3 DN20 - DN80<40m 2219
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DNO032

Threshold Definition
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Name Condition Corresponding length (m)
Threshold 1 DN20 - DN50 < 100 m & end-user connections 1699
Threshold 2 DN20 - DN50 > 0 m & end-user connections 2183
Threshold 3 DN20 - DN80<40m 2219
Threshold 4 DN20 — DN80 <60 m 3299
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DNO032

Threshold Definition
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Name Condition Corresponding length (m)
Threshold 1 DN20 - DN50 < 100 m & end-user connections 1699
Threshold 2 DN20 - DN50 > 0 m & end-user connections 2183
Threshold 3 DN20 - DN80<40m 2219
Threshold 4 DN20 — DN80 <60 m 3299
Threshold 5 All but not DN100, DN125, DN150 4452
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DNO032

Threshold Definition
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40.6 % SV 457 % SV 62.9% S 71.1% 76.2 % 23.8%
a oA a A g )) o .\‘_\’ S
?"\ e, 3“\ N <. &\ . \\ < .\\ < of N
- - p i —
. E . L ” < v N\ C /5\\\
A e ) v < i U ” - A e - s
DY 2V S VAN NdL ™7 N, &< 2 e A'} ‘\2‘ ") "-\S\/ . i S
- - - ‘ P ” S : -y el (' -
. 7 . e . % 'l -
\’ i Ty A £ '“\.f 3 ™ \ I -\fl ( . '\»,

Name Condition Corresponding length (m)
Threshold 1 DN20 - DN50 < 100 m & end-user connections 1699
Threshold 2 DN20 - DN50 > 0 m & end-user connections 2183
Threshold 3 DN20 - DN80 <40 m 2219
Threshold 4 DN20 - DN80 <60 m 3299
Threshold 5 All but not DN100, DN125, DN150 4452
Threshold 6 Only DN100, DN125, DN150 3135
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Trade-off Accuracy
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RMSE represents the distance of a data point from the simulated threshold to the simulated model with only dynamic pipe model.
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Name Condition Corresponding length (m)

Threshold 1 DN20 - DN50 < 100 m & end-user connections 1699
I rad e - Off Threshold 2 DN20 - DN50 > 0 m & end-user connections 2183

Threshold 3 DN20 — DN80 < 40 m 2219
Threshold 4 DN20 — DN80 < 60 m 3299
Threshold 5 All but not DN100, DN125, DN150 4452
AEE INTEC Threshold 6 Only DN100, DN125, DN150 3135
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Trade-off
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Name Condition Corresponding length (m)
" Threshold 1 DN20 - DN50 < 100 m & end-user connections 1699
( : P l | < :O I I I pa rI S O n Threshold 2 DN20 - DN50 > 0 m & end-user connections 2183
Threshold 3 DN20 — DN80 < 40 m 2219
Threshold 4 DN20 — DN80 < 60 m 3299
Threshold 5 All but not DN100, DN125, DN150 4 452
AEE INTEC Threshold 6 Only DN100, DN125, DN150 3135
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Percentage of replaced pipes

RMSE of production unit1, production unit 2 and the losses for T6 is the highest with 0.034, 0.0065 and 0.012 respectively among

the rest of the thresholds
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Introduction to Box Plot
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Monthly error plot
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Conclusion
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« 76.2% replaced pipes (Threshold 5), the CPU has been decreased 30%,

« 23.8% replaced pipes (Threshold 6), the CPU has been decreased even
further to 65%.

Instead of the quantity of replaced pipes or the total length (Threshold 6: 4452
m, Threshold 5: 3135 m), which pipes will be replaced is the most dominant
factor to reduce the simulation time.

« the summer period = it is crucial to use the dynamic pipes for the network
in summer period where the mass flow rates are less.

« appropriate to split a typical yearly evaluation in

I) an evaluation of high demand periods with high percentage of static pipe
models or main pipes with static pipe models, and

i) an evaluation of low demand periods with low percentage of static pipe
models.
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