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Heat Pump System Topology — Definition Annex 61 _Sbi_z __energieplus
) r—i high temperature level 67 /40°C
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Cases for the study siz energieplus

steinbeis innovations zentrum

No. of buildings No. of example districts

4 to 134 buildings 12 districts (concepts)

Gross floor area Heat grid length

4,800 to 168,400 m? 110to 4,725 m

Specific heat demand Heat line density

6 to 105 kWh/(m?2a) 142 to 9,984 kWh/m
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Methode: calculation and analyses

Kapitalkasten (alle Angaben netta)

[Betrachtungszeitraum 202 [Bnrwitatentsktor I 0,0704] 0,0704 0,0704
|Kapialzing 357 [Freisdynam. Barvenfakior | 16,581
[Preizanderungsfaktar 2.0
Kapitalkosten Brutno
Konzept HT central HP MT +Di P AT+(DHW+SH}-H LT decentral HP  dec. w/o. Erdsonden Konzept HT central HP
Variante Al A2a A2b Ad B3 Variante Al
Irwestitionsbetrag Investitionsbet] #HEEEEE | $HEREEEE
Finanzierungsbedarf nach Farderung 1 Finanzierungsl #5583833 | HEERERE3
Fardersumme gesamt [I] - -1 -1 -1 - - Férdersumme - -
Kapitalgebundene Annwitst [I1s] 337.8731 | 362.7641 | 375.0401 | 320.0481 | 2315751 | 317791 Kapitslgebund| 402.0691 | 431.6831
Beetricbsgebundane Annuitst (2] 42.0941 [ 50.2251 55.8011 45.9531 29.5051 [ 32.6021 Betricbsgebun| 500921 |  53.7681
AL o________________________________________________________________________|
Ni. Name Relativer Preis [#z] Di Srdery 5 g Fufwand Aufwand Aufwand
ung trag AD I etrag AD" erT_N Instandsetzu [ Wartung & |Betrieb f_Op
nach ng [_Inst Inspektion [hta]
0 icher, Erdbecken, o 0 0 [ - 0 a0a 0 0,3% 0
1 Warmenetz, Feinw arme. Trasse 1.200 m 303 090,800 ] [ -1 [EOE0.E00] 40a 05% 0
2 . Fernwdrme, H. i 400 m 480 ] 192,000 [ - 1|1 19e000 a0a 0,5% 0
3 . Fernw dime, Hausibergab 15 K _th 34 72,267 [ - [T tre.zeT #0a 05% 0
] Eleku: Hei; Elekurodenk | Kw_th 0 0 [ - 0 20a 20 0
5 Warmepumpe Luft-Wasser 5 K _th 1426 |L | 236,908 [ - 1| 1Z36.508 Ba 157 5
6 Wiimepumpe Sole-Wasser 65 Kw_th 0 0 [ - 0 Ba 157 5
7 Erdw Srmesonden m [1] ] [ - 0 40a 05% 0
8 AuBenluftkihler Fir WP K_th 0 0 0 - 0 Ba 0
E] Solarthermi: o [1] 0 [ - 0 #5a 0
10 Photovoltaik 500 KWp 2407 |i20360d | i SR S T 25a 0
T Warmespeicher. Behalter zentrall 045 m 34 I 42507 0 - 1 _4zsO7 40a 0
12 Elektro— & Anlagentechnik A %= 1 455110 A - 1 8,110 5a 0
13 Encrgi Gebaud BGF 1000 ] 0 - 0 S0a 0
i i Doku, E; Inb__ d5% B3 1 152,802 A - 1|1 152802 S0a 0
15 Monitori Stk 1] ] [ - 0 20a 0
16 itung Pittel bene inkl_Verk m i ] A - 0 52 0
17 dez. Wirmepumpe (1w und { oder RH] Kwth 0 ] [ - 0 B2 S
18 dez_ Pufferspeicher ™ 0 0 0 - 0 20a 0
13 A : Endh 0 0 [ - 0
20 Anzahl Gebaude 1 Stk 18 ] [ = 1 0
21 Heizstab { Durchlauferhitzer (TWw] Stk 0 0 [ - 0
22 [1] ] [ - 0
23 0 0 [ - 0
FZ] [1] ] [ - 0
25 0 0 [ - 0
Z6 [1] ] [ - 0
27 0 0 [ - 0
Z8 [1] ] [ - 0
23 0 0 0 - 0
30 Unvorhergesehnes 207 % 3.545.395 | 704680 [ - #0a 0.0% 0.0% 0
31 Planung 207 % 4755078 | E51616 i - 20a 0.0% 0.0% 0
32 Personalkosten 1 000
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» Annual energy balance
Inputdata:
» No. of buidings
» Gross floor area

» Heating demand for space heating and

domestic hot water
» Thermal peak load (total and DHW
» Grid length

» Economic efficiency calculation according to the

annuity method in accordance with VDI 2067
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System utilisation rate (SUR) siz energieplus

System boundary for performance factor calculation > Power requirements for auxiliary energy (peripherals
| in the technical centre and in the network) not taken
into account

» Highest SUR:
central heat pump and booster heat pump (var. 2a)

e °° |
8 45 max B Min average on average 3,3
L 40 » Lowest SUR:
5 35 ’ hightemperatur grid (var. 1)
g 30 on average 2,2
= 25 -
= > Low-temperatur grid (var. 3) 2,7
£ 2
© 15
w
1,0
0,5
0,0

Var1-HT Var 2a- MT Var 2b - Var3-LT
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Energy demand (electricity) sizvgggygieplus

steinbeis inno

» Average electricity demand of
16.8 to 25.4 kWh/(m?a)

> Little variation between variants:
based on different energy

60

E

= . requirements and network losses
2T — (network lengths)

~§. N Z » Significant differences between the
°Z 5 — districts

g 20,7 -8

No20 9

g 10 > Lowest energy requirement:

10 central heat pump + booster heat

e averege pump (variant 2a) - high system

Var1 - HT Var2a-MT Var2b - MT Var3-LT Var 4 - dezentral efﬁmency

» Highest energy requirement:
high-temperature grid (variant 1)
Note: —> low system efficiency and

Districts 5, 10 and 12: high thermal energy demand influence of high temperatures
District 9: very low thermal energy demand
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Specific total annual costs (gross) — heat production cost (LCOH)

>
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» 600
392 376 391
- — 0
217 220 227
172 N 202 I >
) - Ti v - :
0 . . .
Var1-HT Var 2a - MT Var2b - MT Var3-LT Var 4 - dezentral

Note:
Districts 5,10 and 12: high thermal energy demand, high net length L heat line density
District 9 and 11: very low thermal energy demand < 500 kWh/m
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Reduction in heat production costs
by reducing the network
temperature and moving the heat
pump from a centralised to a
decentralised location

On average
333 to 391 €/ MWh
(172 to 220 €/MWh)

Lowest heat production costs:
semi-supply with central heat pump
+ booster heat pump (var 2a) and
low-temperature network (var 3)

Decentralized supply without
heating grid is most cost-effective



Specific total annual costs (gross) sizvgngrgieplus

steinbeis inno

» Similar trend to heat production

costs
— 60 1 » On average
2 14,8 to 16,8 €/(m?a)
5, 50 —. (9,4 to 10,3 €/(m?a))
,g? 5
5 40 —-
2 -
T‘; 30 ° .
b > Highest cost/m?:
g 2 16,8 - 62 ”» 2 central heat pump with high-
° F s , —e—average . .
3 . 03 e AP o leraq;g,.mom,m,m temperature grid (var. 1)
0 low-temperature grid (var. 3) and
Var1-HT Var2a-MT Var2b - MT Var3 - LT Var 4 - dezentral SemI-SUpply W|th Central heat pump

+ booster heat pump (var. 2a)

» Decentralised supply without a

Note: | | | | heating grid is the most cost-
Districts 5, 10 and 12: high thermal energy demand, high net length L heat line density effective option

District 9 and 11: very low thermal energy demand < 500 kWh/m
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Summary and conclusion of the evaluation si_z‘__energieplus
ﬁﬁ Preliminary study with very rough assumptions (annual balance sheet) \
t'..ﬂ Various options are available for the design and integration of HP
\ ) = Central heat pump with high temperature level
R = Semi-central supply — central heat pump + decentralized booster for DHW / DHW+SH
i & i = Decentralized heat pump with low-temperature grid

\'—@—J BUT: System topology and integration options depend on the neighbourhood and local conditions. J

can generally achieve better efficiency (lowest heat losses, best heat pump performance) than

/ » Decentralised heat pump integration outperforms centralised solutions: decentralised heat pumps
. centralised heat pumps.

Q)

= Semi-centralised (with booster heat pump) achieves good energy efficiency, but is challenging from
an economic perspective (investment costs).

= Not economically viable if the neighbourhood
» requires a too large grid (network length)

= has too low heat demand

\ » heat line density is below 500 - 1,000 KWh/m /
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Workflow and Design Guidelines siz energieplus

Workflow to support decision-making for cost-optimal design - future integral planning approach
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26.05.2026

M Starting point - basis of the design:

specification of boundary conditions (total heat demand (kWh/a), network length and

layout, heat line density (kKWh/m), source availability, climate, renewable potential)

il Optimization of buildings:

high efficiency standards with low-temperature distribution systems and maximum PV yield

M Limitation of network size and complexity: compact neighborhoods with corresponding

grid are more economical and energy-efficient than widely scattered buildings and large
neighborhoods.

[0 Preference for decentralized or semi-centralized heat pump concepts:
decentralized heat pumps with minimal distribution losses and maximum performance.

[0 Topology of the heat pump system determines its efficiency!

0 Minimization of grid temperatures:
design of grid for the lowest possible temperatures that are still compatible with the

requirements of the buildings - cold district or medium temperature semi-central systems.

HPC 2026 | Workshop IEA HPT Annex 61

10



Workflow and Design Guidelines siz energieplus
~ || | D Placement of the source:
|[“|| restrictions on the choice of heat source for the heat pump in decentralized solutions
LA without a grid. More options and easier connections of sources with network topologies.
_+.] M Cold local heating grids enable buildings to be cooled in summer within the framework of
a network/system.
S D
O Simultaneous operation of heat pumps for various building requirements enables waste
:j;;— heat recovery for other functions.
"
ing 0 High energy efficiency of heat pumps and systems makes it possible to achieve ambitious
energy/emission targets.
€ M Annuity method for calculating total annual costs.
[0 Safety aspects to be considered with natural refrigerants are becoming more relevant from
@ a centralized to a decentralized perspective.
s
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- ' |
steinbeis innovations zentrum ;

Lr.il} Thank you for your interest!
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