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Heat Pump System Topology – Definition Annex 61

HPC 2026 | Workshop IEA HPT Annex 61
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Cases for the study
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Specific heat demand

6 to 105 kWh/(m²a)

Heat grid length

110 to 4,725 m

Gross floor area

4,800 to 168,400 m²

No. of buildings

4 to 134 buildings

Heat line density

142 to 9,984 kWh/m 

No. of example districts

12 districts (concepts)
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Methode:  calculation and analyses
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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)
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➢ 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)

on average 3,3

➢ Lowest SUR: 

hightemperatur grid (var. 1)

on average 2,2

➢ Low-temperatur grid (var. 3) 2,7

System boundary for performance factor calculation 



26.05.2026 6

Energy demand (electricity)
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➢ Average electricity demand of 

16.8 to 25.4 kWh/(m²a) 

➢ Little variation between variants:

based on different energy 

requirements and network losses 

(network lengths)

➢ Significant differences between the 

districts

➢ Lowest energy requirement: 

central heat pump + booster heat 

pump (variant 2a) → high system 

efficiency

➢ Highest energy requirement: 

high-temperature grid (variant 1) 

→ low system efficiency and 

influence of high temperatures

Note: 

Districts 5, 10 and 12: high thermal energy demand

District 9: very low thermal energy demand
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Specific total annual costs (gross) – heat production cost (LCOH)

HPC 2026 | Workshop IEA HPT Annex 61

➢ 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-effectiveNote:

Districts 5,10 and 12: high thermal energy demand, high net length heat line density 

District 9 and 11: very low thermal energy demand       < 500 kWh/m
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Specific total annual costs (gross)

➢ Similar trend to heat production 

costs

➢ On average

14,8 to 16,8 €/(m²a)

(9,4 to 10,3 €/(m²a))

➢ Highest cost/m²:

central heat pump with high-

temperature grid (var. 1)

➢ Lowest cost/m²:

low-temperature grid (var. 3) and 

semi-supply with central heat pump 

+ booster heat pump (var. 2a)

➢ Decentralised supply without a 

heating grid is the most cost-

effective option

Note:

Districts 5, 10 and 12: high thermal energy demand, high net length heat line density 

District 9 and 11: very low thermal energy demand  < 500 kWh/m
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Summary and conclusion of the evaluation

HPC 2026 | Workshop IEA HPT Annex 61

Preliminary study with very rough assumptions (annual balance sheet)

Various options are available for the design and integration of HP

▪ Central heat pump with high temperature level

▪ Semi-central supply – central heat pump + decentralized booster for DHW / DHW+SH

▪ Decentralized heat pump with low-temperature grid

BUT: System topology and integration options depend on the neighbourhood and local conditions.

▪ Decentralised heat pump integration outperforms centralised solutions: decentralised heat pumps 

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

centralised heat pumps.

▪ 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
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 Starting point - basis of the design: 

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

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

 Optimization of buildings: 

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

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

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

neighborhoods.

 Preference for decentralized or semi-centralized heat pump concepts: 

decentralized heat pumps with minimal distribution losses and maximum performance.

 Topology of the heat pump system determines its efficiency!

 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. 

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

✓

✓

✓
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Workflow and Design Guidelines
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 Placement of the source: 

restrictions on the choice of heat source for the heat pump in decentralized solutions 

without a grid. More options and easier connections of sources with network topologies.

 Cold local heating grids enable buildings to be cooled in summer within the framework of 

a network/system.

 Simultaneous operation of heat pumps for various building requirements enables waste 

heat recovery for other functions.

 High energy efficiency of heat pumps and systems makes it possible to achieve ambitious 

energy/emission targets.

 Annuity method for calculating total annual costs.

 Safety aspects to be considered with natural refrigerants are becoming more relevant from 

a centralized to a decentralized perspective.

✓

✓



Thank you for your interest!
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