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an algorithm to simulate tree and meshed district heating
networks dynamically
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The share of renewables in DHSs is roughly
14 %. The renewable energy source is mostly

BMU 2019 he waste heat from waste incineration.
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Targets:
Examine thermo-hydraulic restrictions occurring while lowering DHSs operating temperatures.

1
2. Compare restrictions with restrictions of today’s operational mode.
3. Quantify and qualify impact of thermo-hydraulic restrictions using hydraulic load factor

I}'operation

. = Equ. 1
frig - (Equ. 1)

The sum of the length of pipes where fpir>1

) fHLF - Overall district heatin (Equ. 2)
g network length

Elaborate on actions to bridge thermo-hydraulic restrictions:
Measures help to bridge thermo-hydraulic restrictions, such as:
- Decentralised heat sources (heat boosters) - Demand-side-management
- Centralised or decentralised heat storages - Reduction of return temperature
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Small example DHS with inscribed variables for pressure (P, p?,p?), temperature (T,t%,t°), heat-

Node
Pipe

Heat source

Heat sink

flow () and mass flow (172); For clear view some variables are not inscribed.

. ' . . .
1st Kirchhoff's theorem Constitutive relations
— Edges Dependencies Equations
0= l (n—1,e) m -
All edges thermal 0=1;-cp- (tf - Tﬁ’) + Qi
a1 aio - Ale m Straight pipe thermal 0= (kA); - (if’b - t“’"b) + Qi
’ ’ ’ . 1 hydraulic 0= (p,‘;’ - pf) - ;?‘;:gg Sl mi+o-g- (h,‘} - h,i-’)
as 1 ma2 Heat source and heat sink thermal 0= tf’m -
0= ’ Main heat source hydraulic 0= pist — pg
i - . : hydraulic 0= p"{"m - p?
1, . . Additional heat source thermal 0=0Q5 —Q;
e e m Heat sink thermal 0=Qr —Q;
an—1,1 (n—1,e € @ @
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Set initial guess

Solve system of

equations with
scipy.optimize.fsolve

right solution 1
long solving time (5 min. for a network with 250 consumers)
= !l no sparsity of matrices possible !!
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Solve the linear system for the
unknown p, pa, pb, m and forward
the variables to the next step.

Solve the linear system fothe
unknown p, pa, pb, t, ta, tb, Q and

forward results to the next step after

calculating friction seperately.

Solve system
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Using ipopt

right results

fast solving (from 5 min.
down to 0.7 sec.)

sparsity of matrices possible
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® nodes

[ | Temperature in K
B Pressure in Pa
B Nane
Heatsource
o 128 kW
Heatsinks

o 10 kW

o 15 kW

ol 40 kW

Pipes

0,124 - 0,2 kg/s

— 0,2-04kg/s
— 0,4-0,463 kg/s
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Nod /7309 /7363
300000 800000 o odaes
s/ @ED. N/ : ;I)‘emperat?ure in K ‘%" D_. %"’
ressure in Pa
= Name
JAETRN /355
270780 Heatsource
‘ W ‘ W @D‘ 198 kKW -.,1510 @:@ -ullbU
@geatsinks
eI 10 KW
o8 15 kW
R 39840 W @@
Pipes
/313N VTN 0,364 - 0,4 kg/s
: . - 05-0526 ke/s | s @:ﬁ y
Start End Q m Th L D HaHbk Fric h Start End Q m b L
70349 70350 -5673 0.364 309.42 3000.1 & 5 0.0001 0.0352 70349 70350 2912 0.319 310.97 300 0.05 8
70350 20351 -6220 0.469 307.1 3000.155 8 0.0001 0.0371.6 70350 Z0351 -2236  0.411 310.16 300 0.055
70351 70352 -5718 0.526 305.15300 0.2 8 5 0.0001 0.039 1.2 20351 20352 -2594 0.463 309.16 300 0.088
70353 70354 -7249  0.463 359.41 300 0.08 5
70353 70354 -17627 0.526 355.153000.2 5 8 0.0001 0.032 1.2 70354 70355 6749 0.216 351.96 360.6 0.05 8
70354 Z0355 -15810 0.469 347.1 300 0.158 5 0.0001 0.031 1.6 70356 70355 7192 -0.125 351,96 359.70.05 8
70355 70356 -11692 0.364 339.42 300 0.1 5 8 0.0001 0.0312 70354 70356 -10723 0.195 346.27 596.8 0.05 8

D HaHbk Re

wt

oo ot Ot 0o Ut 00

Fric h
0.0001 12157 0.03 2
0.0001 15299 0.028 1.6
0.0001 10556 0.031 1.2
0.0001 22821 0.026 1.2
0.0001 15993 0.028 1.6
0.0001 8019 0.033 2
0.0001 13914 0.029 1.6

m diff percentage

t_diff percentage

10 10
= =
g g °
ol ey m B W =, | 5,
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[mn] a

-10 -10

1 2 2 4 5 6 1 2 3 4 H 6 7 8
Index of edge Index of node

«

AALBORG UNIVERSITY
DENMARK

BEEINVEST

(AL

environment

m_ diff percentage

t_diff percentage

Deviation in %
Deviation in %

[

& o

=3

1 2 3 4 a 6 7
Index of edge

Powered by

sEEnergies

DISTRICT ENERGY
INCITIES
INITIATIVE

.
&

1 2 3 4 5
Index of node

Fonden Energi- & Miljedata
www.erndfonden.dk

/nnovation Fund Denmark

6

8



5' International Conference on Smart Energy Systems

Copenhagen, 10-11 September 2019

Deviation in %

#SESAAU2019
TN AN ® Nodes e  Nodes
@ED_. [ | Temperature in K] RN ETRN | Temperature in K
' s/ B Pressure in Pa @A}. B Pressure in Pa
. Name B Nowe
Heatsource S i Heatsources
s/ @Jﬁ s/ | el 110 ol 15-50 kW
Heatsinks N3/ @z@ Nasss/ | oo 50 - 89 kW
TN SN o 10 kW Heatsinks
N A 15kW gor6r0 20 10-20 kW
Nl s/ M 40 kKW o 20-30 kW
Pipes ofl 30 - 40 kW
TN VTN 0,124 - 0.2 kg/s Pipes
-2735411) -70[)20[1
. @:ﬁ . — 0.2-04 kg/s 0,12-0,2 kg/s
— 0,4-0,463 kg/s T Sags/ | — 0,2-04ke/s
Start End Q m Tb L D HaHbk  Re Fric h — 04-06kg/s
70349 70350 -3258 0.124 306.89 360.6 0.058 5 0.0001 4552 0.039 2 — 0,6-0,61 kg/s
70350 Z0351 -2450 0.217 306.85 360.6 0.055 8 0.0001 7648 0.034 1.6 Start End Q m Tb L D HaHbk Re  Fric h
70351 70352 -2323 0.463 306.23 300 0.088 5 0.0001 9944 0.032 1.2 70350 Z0351 -2026 0.267 309.05282.90.055 8 0.0001 9708 0.033 1.6
70353 70354 -7249 0.463 359.41 300 0.085 8 0.0001 22839 0.026 1.2 70351 70352 -2479 0.607 308.05300 0.088 5 0.0001 13460 0.03 1.2
70354 70355 -6750 0.217 351.98 360.6 0.058 5 0.0001 16026 0.028 1.6 70353 70354 -5511 0.607 340.95300 0.085 8 0.0001 23490 0.027 1.2
70355 70356 -7212 0.125338.15360.6 0.055 8 0.0001 8051 0.033 2 70354 70355 -4121 0.266 337.25282.90.058 5 0.0001 15819 0.031 1.6
70354 70356 -10775 0.195 346.2 600 0.058 8 0.0001 13904 0.029 1.6 70354 70356 -8414 0.255 332.95600 0.058 8 0.0001 14690 0.031 1.6
70349 70351 -5387 0195 306.56 600 0.058 8 0.0001 7122 0034 2 70349 70351 -5528 0.254 300.05600 0.058 8 0.0001 9487 0.033 2
m diff percentage t_diff percentage 70349 70359 -2193 0.229 310.85282.90.058 5 0.0001 8712 0.034 1.6
< 0 70359 70350 -1754 0.118 310.55200 0.055 5 0.0001 4385 0.04 2
= : 70356 70360 -3805 -0.228 336.65 282.9 0.058 5 0.0001 12762 0.032 1.6
S A Rl 70360 20355 -3311 -0.117 337.25 200 0.055 5 0.0001 6780 0.036 2
g -5
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7
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0000 B Pressure in Pa
\Z0352/ \20353/
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Please feel free to ask any question!

Johannes Pelda
johannes.pelda@hawk.de
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