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Comsof Heat — GIS based Automated %2
Routing
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Comsof Heat - Features
4DH
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* Automatic routing & clustering
— Cost optimized routing (graph theory) & clustering
— Based on heuristics
— Scalable up to multiple thousands of connections
— Manual adjustments possible

* Dimensioning of transport network and distribution network
— Cluster size dependant on chosen power of substation
— Dimension for 6, 10, 16, 25 bar
— Calculation of heat losses (EN13941+A1 standard)

e Cost estimation of network deployment cost
* |Investment analysis module (NPV, IRR, Payback time)
* Allows fast comparison of multiple scenarios in feasibility study phase
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Comsof Heat — Design Principles -~
4DH

Heat source S
200m /10 _@ (1) Q=20 kW

. 1000m/10 N*  800m /10
N1

600 m /10

300m /10

(2) Q=20 kW

300m /8 (3) Q=10 kW

200m /8

Example with 5 demand points
Space heating demand Q
Length of every segment
Reference cost in €/mm/m

(4) Q=10 kw
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Comsof Heat — Design Principles

* Simultaneity for space heating:

— SFSHi= 0,62 + (1'0,62)/N|

— Where

* SFgy; = simultaneity factor for space heating at node i

 Ni=number of houses at node |

* Space heating load: Qsy1; = SFoy; * Qcsypri

— Where:

* (Qsyi = space heat load at node i (Watt)

* QcsypLi = cumulative space heating peak load

demand at node i (Watt)

4DH
i Ceraton Dt oy
Ni SFi
1 1.000
2 0.810
3 0.747
4 0.715
5 0.696
6 0.683
7 0.674
8 0.668
9 0.662
10 0.658
11 0.655
12 0.652
13 0.649
14 0.647
800 0.620
1000 0.620
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Comsof Heat — Design Principles -~

Heat source

' Q=48,72 KW

Node Cumulative nr of houses SFi Load at node
peak load (kW) (kW)
N1 1 40 2 0.81 32.40
N2 2 20 2 0.81 16.20
N3 3 30 3 0.75 22.40
N4 4 70 5 0.70 48.72
Edge Load demand (kW)
(1)-N1 20.00
(2)-N1 20.00
N1-N4 32.40
(3)-N2 10.00
(4) - N2 10.00
N2 - N3 16.20
(5)- N3 10.00
N3 -N4 22.40
N4 - Source 48.72
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Comsof Heat — Heat flow equation -~

Heat flow equation: 4DH

4th Generation District Heating
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where,
Q - heat demand (W)

m - mass flow rate (ka/s)
cp - specific heat capacity (J/kg.K)
AT- temperature difference

Mass flow rate:
m = A;.p.v

Where,

A; - internal area of pipe (m?)
p - density (kg/ m3)

v — fluid velocity (m/s)
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Comsof Heat — lookup table N
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e Calculate Q for all standard pipe diameters with given input

para meters (from |nput rUIeS): Max Heat transfer Q (kW) | Nominal diameter
5.0 DN15
— Supply and return temperature 109 D20
— Surface roughness 416 DN32
62.3 DN40
— Max allowed pressure loss 1183 DNS0
236.3 DN65
364.5 DN80
737.5 DN100
1307.6 DN125
2180.2 DN150
4497.4 DN200
8189.9 DN250
12987.0 DN300
16790.3 DN350
23973.9 DN400
33042.5 DN450
44072.8 DN500
71846.1 DN600
107963.8 DN700
154196.4 DN800
209899.6 DN9S00
277612.8 DN1000
449961.6 DN1200
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Comsof Heat — Pipe selection
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e Select the pipe diameter that is big enough to
transport the requested power in each edge
of the network.

Max Heat transfer Q (kW) Nominal diameter
5.0 DN15
10.9 DN20 .
Edge Load demand (kW) 12 DN2S Edge Load demand (kW) |Selected pipe
(1)-N1 20.00 416 DN32 (1)-N1 20.00 DN25
(2)-N1 20.00 j;; gzgg (2)-N1 20.00 DN25
N1-N4 3240 2363 DNG5 N1 - N4 32.40 DN32
(3)- N2 10.00 364.5 DN8O I (3)- N2 10.00 DN20
(4)- N2 10.00 7375 DN100 —
N2 - N3 16.20 1307.6 DN125 (4) - N2 10.00 DN20
(5)-N3 10.00 ﬁigi BZ;;S N2 - N3 16.20 DN25
N3 - N4 22.40 2189.9 DN250 (5)-N3 10.00 DN20
N4 - Source 48.72 12987.0 DN300 N3 - N4 22.40 DN32
167903 DN350 N4 - Source 48.72 DN40
23973.9 DN400
33042.5 DN450
44072.8 DN500
71846.1 DN600
107963.8 DN700
C COMSOF
209899.6 DN900
277612.8 DN1000
449961.6 DN1200
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Comsof Heat — Network Cost N7

Estimation
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Heat source Technologies and Systems
200 m /10 (1) Q=20 kW
. 1000m/10 N*  800m /10 5
oHaD PN32 N1 > 300m/10
: a\&0Nm /10
Edge Selected pipe | Reference cost Cost €/m (2) Q=20 kW
(€/mm/m)
(1)- N1 DN25 10 250
(2)- N1 DN25 10 250
N1- N4 DN32 10 320
(3)-N2 DN20 8 160
(4) - N2 DN20 8 160
N2 - N3 DN25 8 7 200
(5)- N3 DN20 8 160
N3-N4 DN32 10 320
N4 - Source DN40 10 400

(4) Q=10 kW
((( C comsoF
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Comsof Heat — Network Cost

N Lo
Estimation
4DH
Edge Load demand | Selected pipe | Length (m) |[Reference cost |Cost €/m| Total cost (€)
(kW) (€/mm/m)
(1)- N1 20.00 DN25 200 10 250 50,000.00
(2)- N1 20.00 DN25 300 10 250 75,000.00
N1-N4 32.40 DN32 800 10 320 256,000.00
(3)-N2 10.00 DN20 200 8 160 32,000.00
(4)- N2 10.00 DN20 300 8 160 48,000.00
N2-N3 16.20 DN25 400 8 " 200 80,000.00
(5)- N3 10.00 DN20 300 8 160 48,000.00
N3-N4 22.40 DN32 600 10 320 192,000.00
N4 - Source 48.72 DN40 1000 10 400 400,000.00
4100 1,181,000.00
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Case Study: Nijmegen - Hengstdal .
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Network Design Parameters
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* Heat demand estimation from ] Bl W Gormmerial Avedinest D
yearly gas consumption data i -
* DH network designed for peak Lm' i |
load £ i
* Network operating temperature Vs | - _ i
levels: 04 |
— Transport network - 65 degC

00 - L U L - - L
Oct Nov Dec

and 40 degc Jan Feb Mar  Apr  May Jun Jul Aug Sep
Monthly heat load factors

Source: Dalla Rosa, A., et al. "District heating (DH) network design and operation toward a

— Distribution network — 60

system-wide methodology for optimizing renewable energy solutions (SMORES) in
d egC a n d 3 5 d egc Canada: A case study." Energy 45.1(2012): 960-974.
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Designed Network with Transport and <7

Distribution Layers
4DH

4th Generation District Heating
Technologies and Systems

FEQ N-Z2-L-2B-A-¢Le-BH0Cx-08
Layers Panel & X
o @ ®TVE~HAD

v {8 Transmission Layer

OUT_TransportClusters

— OUT_TransportPipes
OUT_TransportConnect...

v [m] Lm Distribution Layer

" Distribution Points

J Distribution Clusters [...

/" Distribution Pipes

/" Distribution Connections

«
<

4

<
=]

%

O

@,, Area

:' Demand Points [2326]
/" Possible Routes
O

SEPSHHANMS
iy

4

— Street Center Lines

_| Multiple Design Rules P...
(2 Buildings

N

AALBORG UNIVERSITY
DENMARK 4th International Conference on Smart Energy Systems and 4th Generation District Heating 2018

#SES4ADH2018



Design Choice Scenarios

Design by flow velocity

Design by pressure

number (Distribution and
Transport pressure levels)

— PN6 and PN10
— PN10 and PN16
— PN16 and PN25

Substation:
e Substation size

AALBORG UNIVERSITY

DENMARK

?} HeatPlanIT - Designer - v0.11.1.1470

File Settings  License Help

Rules & Material 4§

v @ Rules TH -~ X
Common Heat

Demand

Distribution

Transport

Return on Investment

.

Hengstdal

®

Standard heat strategy ~

Design constraint
Design by flow velocity
Design by pressure gradient
V| Design by pressure number

Pressure number

Supply temperature (°C)

Return temperature (°C)

Pressure margin (bar)
Min. pressure at heat exchanger (bar)
Min. pressure at end of return pipe (bar)

Extra pressure loss (%)

Max. distance to heat exchangers (m)

Lower threshold simultaneity factor
Use fixed fluid density
Fluid specific heat (kJ/(kg.K))

®
Capacity of Substation | 5.0
(]
Equipment Type

Substation (€)
Pump (€)

PN6

60.0

350

0.0
0.5
2.0

100

5000.0

0.62

4.186

Mw >

Material
€ 50.000
€2.000

W”

4DH
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Rules - Distribution

Cost
Labour
€ 4.000
€500 +
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Design Choice Scenarios (1
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Different pressure levels:
Impact on pipe diameter Impact on pressure loss

6000,0
1000

5000,0 900

800
4000,0

700
3000,0 600
500

2000,0
400
1000,0 300
200

0,0
DN20 DN25 DN32 DN40 DN50 DN65 100
Distribution pipe diameters (mm) 0

Flow velocity PN6 / PN10 PN10/PN16 PN16 / PN25
EPN6/PN10 MPN10/PN16 ®mPN16/PN25 MFlow veIocity Network pressure levels

( C COMSOF
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Length (m)

Pressure loss (bar)
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Design Choice Scenarios (1
4DH

Heat loss (W)

Different pressure levels:
Impact on heat loss Impact on cost
460000 120
450000
440000 100
430000
< 80
420000 )u::
410000 § 60
400000 E
390000 < 40
380000 20
370000
360000 0
Flow velocity PN6/PN10 PN10/PN16 PN16/PN25 Flow velocity PN6 / PN10 PN10/PN16 PN16 / PN25
Network pressure level Network pressure levels
Reduction up to 13% Reduction up to 18%
( C COMSOF
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Design Choice Scenarios S
4DH
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Different substation sizes: Technologles and Systems
Impact on cost Impact on total trench length
46000
108 45500
45000
106
_ 44500
E
X 104 £ 44000
: oo
2 @ 43500
o 102 <
2 £ 43000
[1°] -
2 100 T 42500
= 42000
98
41500
96 41000
1MW 2 MW 3 MW 4 MW 5 MW
o 40500
Substation size 1 MW 2 MW 3 MW 4 MW 5 MW

Substation size

(‘ Reduction up to 8%
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Repetition Scenarios — Coefficient of 52

Variation
4DH
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* Number of trials — 7 1005
w100 .
 Coefficient of variation
(COV) iS 0.6% l;'% 99,5
* Calculated with relative %
[ i = 95
difference in cost
o8
1
Trails

[] Relative cost difference on trails
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Demand Reduction Scenarios N
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Red uction in space Primary Energy Supply & CO2 for Heating Buildings from 2010 to
. 2050
heating demand and EU CPI vs. HRE RE
keeping hot  water T ®
3500 600

demand constant

Additional CHP & DH

3000 - ® 500 Existing CHP & DH
2500 - o 400

® Other renewable
2000 - 300

" m Biomass

1500 — 200

M Natural gas
1000 - — 100 = 0il

0 -

CO2 Emissions (Mt)

Reduction in  space
heating demand and

Primary Energy Supply (TWh)

having separate electric e | wor | me | won | we | e
o 12% DH 10% DH 20% DH 10% DH 50% DH mission

boilers for hot water with RE with RE

demand 2010 2030 2050

Figure 34: Primary energy supply and carbon dioxide emissions from hot water and the heating of buildings in the 2010, 2030, and
2050 EU27 energy system under a business-as-usual scenario and if district heating and CHP is expanded to 30% in 2030 and to 50%
in 2050, in combination with the expansion of industrial waste heat, waste incineration, geothermal, and solar thermal heat for
district heating.

Source: HEAT Roadmap Europe 2050 — Study for the EU27
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Demand Reduction Scenarios S
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|mpaCt on pipe diameters: Technologies and Systems
With hot water demand constant Without hot water demand

E Base scenario B 10% reduction & 20% reduction E Base scenario B 10% reduction ® 20% reduction
= 30% reduction = 40% reduction = 50% reduction = 30% reduction = 40% reduction = 50% reduction

4500,0 7000,0

4000,0 6000.0

3500,0

5000,0
3000,0

2500,0 4000,0

2000,0 !; 3000[0

Length (Meters)
Length (Meters)

1500,0 EBEES- EECEE: EECEE- EE .5 EEET -
S CEE L E R E CER | E ER | B EE 2000,0 . E
1000,0 SRE= BNSEE= BREBE= BHSRE: EECEE= | L
E88= ESS= SEES EEEE EEE= EEEE EEE=
sooo JHEREE RNEREE RREAEE REERE: RReME: MMGNE 10000
SREE RREAES RNGHEE RRGAE: MMGAES BE _.ls= 0.0 i H | g EECEE B

0,0
DN20 DN25 DN32 DN40 DN50 DN65 DN8O DN20 DN25 DN32 DN40 DN50 DN65 DN80

Distribution pipe diameters Distribution pipe diameters
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Demand Reduction Scenarios

Impact on network deployment cost:
With hot water demand constant

Total network cost

102

3\[]17

84

A 0 O N

Base 10% 20% 30% 40% 50%
scenario reduction reduction reduction reduction reduction

«
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Reduction up to 9%
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Without hot water demand

100

95

9

o

8

2]

8

o

75

Trench length dominates!

Total network cost

il

Base 10% 20% 30% 40% 50%
scenario reduction reduction reduction reduction reduction

Reduction up to 16%
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Demand Reduction Scenarios

Impact on heat loss:

With hot water demand constant

200
180
160
140
120
100

80

60

Heat loss (% of total demand)

40
20

0 -
Base 10% 20% 30%

480
470
460
450
440
430
420
410
400
390

380
40% 50%

scenario reduction reduction reduction reduction reduction

Space heating demand

E===d Heat loss (% of total demand)

( Increase up to 80%
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Heat loss (kW)
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Without hot water demand

200
180
160
140
120
100

Heat loss (% of total demand)
N S D (o]
o o o o

o

Base 10% 20% 30% 40% 50%
scenario reduction reduction reduction reduction reduction

Space heating demand

=== Heat loss (% of total demand) e Heat loss (KW)

Increase up to 98%

Reduce network supply temperature!
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Summary N
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Comsof Heat reduces the calculation time significantly

Network pressure levels and substation size:
— Impact on cost, heat and pressure loss

Reduction in heat demand:
— doesn’t lead to corresponding reduction in network deployment cost
— Increase heat loss substantially
Action:

— Integration of localised / decentralized energy production and storage
inside networks
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