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Abstract 

Heat pumps (HP) for space heating and domestic hot water are well-established and considered to be a decisive 

technology for carbon emission reduction. However, in existing multi-family homes (MFH) their market share 

is still very low. In this work, the sufficient availability of the heat sources ambient air, ground probe and 

ground collector is assessed for one common MFH type in three different urban contexts. The heat demand of 

a reference building is calculated for the refurbishment state EnEV 2016 and for more ambitious refurbishment. 

The building is placed in the urban space types row house, perimeter block and city development. For each, 

the average open space around the building is estimated. Two bivalent air-source and ground-source HP system 

variants with gas backup boiler are designed. The necessary ambient heat extraction rates are simulated and 

the necessary size/distance of the heat source is calculated by using the design methods of TA Lärm, VDI 

4640, Geo Hand and SIA 384/6. Finally, the resulting source demands are compared to the available space.  

The results show that typical row house developments have sufficient open space for either bivalent air-source 

or ground probe HP systems; it is also the only investigated urban space type suitable for ground collectors. In 

perimeter blocks, air-source HPs and ground probes are usually possible. The open space in city developments 

is often too small for the investigated HP system types. Here, air-source HPs may be possible if additional 

acoustic enclosures are installed. For HPs in city developments, combinations with photovoltaic-thermal or 

solar thermal collectors, multi-source systems, or cold district heat networks should be further investigated. 

Keywords: LowEx-Bestand, heat pump, multi-family building, building renovation, carbon emissions 

1. Heat Pumps for Multi-Family Houses 

In Germany, 54 % of all flats are situated in multi-family houses (MFH), i.e. in buildings with three or more 

flats. This represents a share of 41 % of the overall residential living area (Bürger et al. 2016, p. 121). The 

focus of this study is on MFHs, because related to living area they have a smaller plot size than single-family 

homes and consequently a more restricted heat source availability for HPs. A study on monovalent HP systems 

(i.e. systems without another heat generator) by Vollmer et al. (2018) concluded that the space around MFHs 

is in many urban contexts not sufficient. The study presented here investigates the heat source sufficiency for 

the more realistic case of bivalent HP systems (i.e. systems with additional boiler or heating element). 

In 2016, space heating for MFHs in Germany was mainly provided by central heating systems (57 %), district 

heating (19 %) or apartment block heating (6 %), so the share of central heating types is already at 82 %. In 

these systems, the main heat generators are gas boilers (67 %) and oil boilers (26 %). Other technologies like 

cogeneration plants or wood/biomass boilers only have small shares. Heat pumps are only in 1 % of the Ger-

man MFH building stock the main heat generator (all values calculated from Cischinsky and Diefenbach 2018, 

p. 82). The shares of single-story and single-room heating decrease, since in new MFHs the systems are almost 

exclusively central ones and after building renovation some decentralized systems are changed to central ones. 

It is estimated that hot water is in 92 % of all MFHs provided centrally by the same heat generator as space 

heating. In 8 % provision is separate and decentralized, e.g. by electric boilers (Forthuber and Hartner 2017).  

The market share of HPs in Germany strongly increased over the last years, reaching 40 % at newly built single 

and double family houses in 2017 and 18 % at newly build multi-family homes (Destatis 2018). At renovation 

of existing heating systems, HPs have a still small, but growing share of 5.5 % (Bundesverband Wärmepumpe 

(BWP) e.V. 2018, p. 17). 
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2. Reference Building, System Variants and Urban Space Structures 

This study is performed for one specific reference building, selected based on its relevance for renovation of 

the German MFH building stock. Ebert (2018, p. 57 ff.) proposed four characteristic MFH building age classes 

(BAK), which have been aggregated based on literature data from Loga et al. (2015) und IWU (2012). Aim of 

the aggregation is to summarize similar construction periods, since it is expected that the refurbishment poten-

tials only significantly differ between clearly distinguishable periods. The MFH in LowEx-BAK I were con-

structed before 1957 and show very little standardization. In LowEx-BAK II (1958-1978), building construc-

tion was already unified to a large extent, but with no energy saving requirements. LowEx-BAK III (1979-

1994) has been constructed according to the Thermal Insulation Regulations (Ger.: Wärmeschutzver-

ordnungen), LowEx-BAK IV (1995-2009) after 2002 with Energy Saving Regulations (Ger.: Energieeinspar-

verordnungen EnEV). In both regulations, the permitted heating demand regularly decreased over time. 

For the potential impact of certain energetic refurbishments, both the frequency of a building type, but also its 

current energetic state (i.e. heating demand) are relevant. Under both aspects, the buildings of LowEx-BAK I 

and II are of particular interest for this study. However, for about 35 % of the German residential building 

stock monument and ensemble protection laws apply. This can result in more individual and cost-intensive 

refurbishment measures, e.g. for building wall insulation. It is assumed that the majority of the protected build-

ings were constructed before 1958 (Ebert 2018, p. 57). It is therefore concluded that LowEx-BAK II has the 

best cost/savings relation and thus the highest relevance for energetic refurbishment and subsequently heating 

system modernization. Accordingly, a MFH from this BAK was chosen as a reference for this study.  

2.1. Reference Building 

The dimensions and energy-related parameters for a typical medium-sized apartment building of LowEx-BAK 

II were derived from data of Loga et al. (2015) and IWU (2012). Figure 1 shows the reference building defined.  

 

             

Figure 1: Typical medium-sized MFH built between 1958 and 1978 (LowEx-BAK II) 

The building covers a base area of 232 m². The conditioned living area of 581 m² is distributed over three 

floors and three apartments per floor; the attic is not developed. Statistically, the available living area per 

person in Germany is currently about 45 m2, averaged for all building types (Ebert 2018, p. 27). Thus, a number 

of 13 residents is assumed (e.g. five single person flats and four flats with two persons). 

For this generic building, the annual heat demand and heating load was calculated for three different refurbish-

ment states: State 0 is the state of construction1, state 1 is the fully refurbished building according to the current 

requirements of the German Energy Saving Regulations (EnEV 2014/2016) and state 2 is an ambitious refur-

bishment, achieving a thermal loss reduction similar to the passive house standard2. Table 1 gives the param-

eters used to characterize the different refurbishment states of the reference building. 

                                                 
1 energetic state as constructed, except for the windows, which are assumed to have been exchanged once 
2 no ventilation heat recovery assumed 
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Table 1: U-values of building components and other building parameters of the refurbishment states 

Building  

element / parameter 
Unit 

No  

refurbishment 

State 0 

Conventional  

refurbishment 

State 1 

Ambitious  

refurbishment 

State 2 

window W/(m²*K) 3.25 1.30 0.70 

window (g-value) [-] 0.75 0.75 0.47 

outer wall W/(m²*K) 1.13 0.23 0.13 

pitched roof  W/(m²*K) 0.55 0.19 0.16 

top floor ceiling W/(m²*K) 0.60 0.19 0.13 

lowest floor ceiling W/(m²*K) 1.33 0.30 0.20 

thermal bridging factor W/(m²*K) 0.10 0.10 0.05 

infiltration rate 1/h 0.20 0.10 0.05 

hygienic ventilation rate 1/h 0.40 0.40 0.40 

internal loads W/m² 3.00 3.00 3.00 
 

2.2. Heating System  

A central heating system with two variants for the main heat generator was simulated: An ambient-air-to-water 

heat pump and alternatively a brine-to-water heat pump. The backup heater is always a condensing gas boiler. 

The heat transfer system for space heating is radiators. For the initial state of the unrefurbished building it is 

assumed that the heating circuit design flow and return flow temperatures were 70 °C / 55 °C, but that the 

radiators are now overdimensioned by 15 % compared to the standard design heating load at ambient temper-

ature of -14 °C. This is because the windows were assumed to have been already replaced once, but also due 

to higher safety factors used at the time when the original heating systems were designed. Thus, reduced design 

heating circuit temperatures of 62 °C / 52 ° C were used to simulate the heating demand in state 0. For the 

conventionally refurbished building (state 1) and the ambitiously refurbished building (state 2), the design 

temperatures 45 °C / 38 °C were used (Wapler et al. 2018, p. 10). For all stages, adapted heating curves were 

used. Domestic hot water (DHW) is prepared via a central fresh water station with storage and circulation line. 

The target temperature of this storage is 64 °C.  

Two bivalence design temperatures for sizing the heat pump were considered, namely -5 °C and +2 °C. The 

HP heating power was selected in a way that it could cover the space heating and DHW load at the bivalence 

temperature. The system is operated bivalent-parallel, i.e. the HP is always running if the operation conditions 

allow (maximum output temperature of 62 °C). Independently of the ambient air temperature, the backup pro-

vides all additional heating power, i.e. assisting the heating below the bivalence temperature, covering dynamic 

peak loads in the system, but also for fully charging the DHW storage until the target temperature of 64 °C. 

2.3 Urban Space Structures 

After identifying an exemplary, relevant MFH building type as a reference for the study, the next step was the 

assessment of how much free space is statistically available around this building to provide ambient heat for 

air source or ground source HPs. Therefore, the building had to be analyzed in the context of the urban space 

types (ST) in which it would be typically found. According to Roth (1980), urban space can be categorized in 

nine different types, of which a selection is listed in Table 2. To identify the most relevant urban space struc-

tures for the reference building, the characteristics of the predominant buildings in each ST were compared to 

the characteristics of the reference building. These include the type of building stock (detached house, row 

house, MFH, etc.), the number of full storeys, the surface to volume ratio, the site occupancy index (German: 

Grundflächenzahl GRZ), the floor-space index (Ger.: Geschossflächenzahl GFZ), the period of building con-

struction and the conditioned (i.e. heated) floor area.  

The analysis of all space types of Roth (1980) showed that ST 4, 6 and 7 have the largest agreement with the 

reference building. Consequently, the free space availability in these three urban areas was calculated using 

the data of the reference building shown in Figure 1 and for comparison also in Table 2. The number of storeys, 

the heated floor area and the cubage of the reference building fit the three listed urban space types. The build-

ings in ST 6 were constructed earlier than LowEx-BAK II, but in the case that a MFH in ST 6 has already been 

partly refurbished and the resulting heat demand is similar to that of the reference building, this is also an 

interesting ST-type. ST 6 is also regarded relevant because of the high number of buildings in LowEx-BAK I.  
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Table 2: Urban space types according to Roth (1980, pp. 99–103) with parameters of the reference building from 

LowEx-BAK II (with A/V = surface to volume ratio (cubage), GRZ = site occupancy index, GFZ = floor-space index, 
BAK = building age class, A = conditioned floor area per building) 

Code Type Storeys A/V GRZ GFZ BAK A 

ST 4 

Row house  

development 

(medium density) 

3 - 5 
0.35 - 

0.45 
0.15 - 0.20 0.40 - 0.80 

before 1915: 0 % 

1915-1948: 0 % 

after 1948: 100 % 

340 -

660 m² 

ST 6 
Perimeter block  

development 
3 - 4 

0.30 - 

0.40 
0.30 - 0.40 0.50 - 1.50 

before 1915: 60 % 

1915-1948: 40 % 

after 1948: 0 % 

330 - 

670 m² 

ST 7 

City develop-

ment (based on 

ST 6)  

4 - 6 
0.20 - 

0.30 
0.50 - 0.70 1.00 - 3.00 

before 1915: 50 % 

1915-1948: 0 % 

after 1948: 50 % 

530 -

1070 m² 

Refer-

ence  

Medium-sized 

MFH (1958 – 

1978) 

3 0.48 -  -  

before 1915: 0 % 

1915-1948: 0 % 

after 1948: 100 % 

581 m² 

 

Hegger et al. (2012) developed energetic urban space types (EST) which are very similar to the ST of Roth 

(1980). But for the EST, no BAK is given and only median values are available for the number of storeys, 

A/V-ratio, GRZ and GFZ. Additionally, the values for GRZ and GFZ are slightly higher, since sealed areas 

like access roads and paths were not considered for plot size (Ebert 2018, p. 16 f.). Therefore and to have the 

opportunity to investigate the minimum and maximum range of open space area within a ST as source for heat 

pumps, for the current study the values of Roth (1980) were used. Figure 2 to Figure 4 show typical examples 

of row-house, perimeter block and city development according to Hegger et al. (2012), which are comparable 

to ST 4, ST 6 and ST 7 of Roth (1980). On the left hand side, the bird view settlement structure is shown in 

2D, on the right hand side a 3D model of the urban space type. Clear differences in building density and 

arrangement of the buildings are visible. All three urban spaces consist of 100 % MFHs (Ebert 2018, p. 16 f.). 

 

 

Figure 2: Row house development, characterized as EST 3 in UrbanReNet 
 (Hegger et al. 2012, pp. 460–462). The structure corresponds to ST 4 in Roth (1980). 

 
 

 
Figure 3: Perimeter block development, characterized as EST 5 in UrbanReNet 

(Hegger et al. 2012, pp. 472–474). The structure corresponds to ST 6 in Roth (1980). 
 

 

Figure 4: City development, characterized as EST 8 in UrbanReNet 
(Hegger et al. 2012, pp. 490–492). The structure corresponds to ST 7 in Roth (1980). 
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The open space area 𝐴𝑜𝑝𝑒𝑛 on a property with the overall plot area 𝐴𝑡𝑜𝑡 can be calculated for all three STs 

based on the known building footprint area 𝐴𝑏𝑢𝑖𝑙𝑑 of the reference building and the site occupancy index GRZ 

given in Table 2 as follows:  

𝐴𝑜𝑝𝑒𝑛 = 𝐴𝑡𝑜𝑡 − 𝐴𝑏𝑢𝑖𝑙𝑑 =
𝐴𝑏𝑢𝑖𝑙𝑑

𝐺𝑅𝑍
− 𝐴𝑏𝑢𝑖𝑙𝑑 = 𝐴𝑏𝑢𝑖𝑙𝑑 (

1

𝐺𝑅𝑍
− 1) (1) 

For the base area of 232 m² and the range of values for GRZ in Table 2 the following minimum and maximum 

available open space areas around the reference building result:  

Table 3: Estimated property plot-sizes and open space areas of the reference building placed in ST 4, 6 und 7 

 Unit 
ST 4 ST 6 ST 7 

min. max. min. max. min. max. 

Plot size m² 1160 1545 580 775 330 465 

Open space m² 930 1315 350 540 100 230 

 

3. System Simulation Results 

For the reference building in its different refurbishment states, the space heating demands were determined in 

TRNSYS and exported as a demand time series. The simulations were done for a constant indoor air temper-

ature of 20 °C (DIN V 18599-12:2017-04) with a typical meteorological year (TMY) file of Potsdam, which 

represents average German climate conditions. The domestic hot water demand profile of the occupants was 

modelled in the software SynPro (Fischer et al. 2016), showing a DHW energy demand of 510 kWh per person 

and year. Table 4 gives the simulation results for heating and DHW demand. 

Table 4: Simulation results for the reference building in Potsdam, Germany 

 Unit 

No  

refurbishment 

State 0 

Conventional  

refurbishment 

State 1 

Ambitious  

refurbishment 

State 2 

Specific heating demand kWh/(m²*a) 169 63 48 

Heating demand MWh/a 100 35 26 

DHW demand MWh/a 7 7 7 

Mean DHW power demand 

(incl. all losses) 
kW 3 3 3 

Standard heating load at -14 °C kW 51 23 16 
 

The final energy demands (electrical energy or natural gas) of the considered heating system variants were 

determined for states 0 to 2 in Python with a simplified dynamic calculation approach in a calculation time 

step of 5 min. Heat output and coefficient of performance (COP) of the HPs are represented mathematically as 

characteristic performance curves3 depending on the source and sink temperatures4. Thus, the COP should be 

seen as an upper benchmark, neglecting dynamic effects. For reference conditions of source temperature 0 °C 

(brine) and 2 °C (air) combined with 35 °C sink temperature, the COP of the used air-water HP is 3.4 and the 

COP of the brine-water HP is 4.6. The thermal storages for DHW and heating are simulated in 10 layers within 

Dymola Modelica, using a Functional Mock-up Interface (FMI) for coupling with Python. For the brine tem-

perature, an outdoor temperature-dependent annual cycle was used. Further information on the simulations is 

given in (Wapler et al. 2018).  

Table 5 to Table 7 show the simulated variants with their most characteristic design parameters and simulation 

results. The determined HP cover shares relate to the overall demand (space heating plus DHW). They decrease 

from state 0 to 2 because the share of DHW (higher temperature level) increases. The SPH highly depends on 

the space heating flow and return flow temperatures.  

                                                 
3 The performance curves of the differently sized brine-water heat pumps and the ambient air-water heat 

pumps are based on manufacturer data sheets (Dimplex 2012, Stiebel-Eltron 2019).  
4 Source side: inlet temperature; sink side: mean temperature between inlet and outlet 
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Table 5: Ground source and air source HP system simulation parameters and results  
for state 0, the unrefurbished reference building.  

 Unit Air Ground probes 

System / refurbishment code  A-5_0 A+2_0 E-5_0 E+2_0 

Bivalence design temperature  °C - 5 + 2 - 5 + 2 

HP type (nominal heating power) 
A/W-HP  kW 51 28 - - 

B/W-HP  kW - - 37 24 

Backup (nominal heating power) Gas boiler  kW 22 36 18 31 

Demand share covered by HP  % 96.3 86.3 96.4 88.8 

Seasonal performance factor (SPF)  - 2.5 2.6 3.5 3.6 
 

Table 6: Ground source and air source HP system simulation parameters and results  
for state 1, the building refurbished conventionally according to EnEV 2014/2016. 

 Unit Air Ground probes 

System / refurbishment code  A-5_1 A+2_1 E-5_1 E+2_1 

Bivalence design temperature  °C - 5 + 2 - 5 + 2 

HP type (nominal heating power) 
A/W-HP  kW 23 12 - - 

B/W-HP  kW - - 16 10 

Backup (nominal heating power) Gas boiler  kW 12 19 9 15 

Demand share covered by HP  % 91.7 83.2 91.9 86.3 

Seasonal performance factor (SPF)  - 3.2 3.3 4.3 4.4 
 

Table 7: Ground source and air source HP system simulation parameters and results  
for state 2, the building with ambitious refurbishment. 

 Unit Air Ground probes 

System / refurbishment code  A-5_2 A+2_2 E-5_2 E+2_2 

Bivalence design temperature  °C - 5 + 2 - 5 + 2 

HP type (nominal heating power) 
A/W-HP  kW 17 9 - - 

B/W-HP  kW - - 12 8 

Backup (nominal heating power) Gas boiler  kW 9 13 6 11 

Demand share covered by HP  % 89.5 80.1 89.6 82.8 

Seasonal performance factor (SPF)  - 3.1 3.2 4.2 4.3 
 

Based on the parameters given above and using the monthly heat extracted from the ground probes, the suffi-

cient availability of ambient heat sources air and ground is assessed for the reference building using the deter-

mined open space areas within the selected three urban space types. For this, the necessary heat extraction 

power for ground probe and ground collectors were assumed to be identical. 

4. Heat Source Availability 

An estimation of representative min. and max. plot-sizes around the MFHs in the different urban spaces is 

shown in Table 3 above. Using additionally plot shapes from real urban contexts, for the reference building 

the available area for drilling bore holes or burying ground collectors as well as distances to neighboring 

houses, which are relevant for noise protection of air source heat pumps, can be determined. 

4.1 Heat Source Ambient Air 

With a share of more than 70 % of newly installed HP systems, ambient air is currently the dominant source 

for HPs in Germany (BWP 2019). This is mainly due to the low investment costs and easy accessibility of the 

source. The main disadvantage of outdoor air HPs is, in addition to their lower SPF than ground source HPs 

(cp. Table 5 to Table 7), the problem of noise. In Germany it is necessary to comply with the limits of the TA 

Lärm for the perceived sound pressure level LAeq, which is 35 dB (A) for purely residential areas between 

22:00 and 06:00 (Bundesministerium der Justiz und für Verbraucherschutz 1974). Decisive are the distance r 

between sound receiver and the source, the place of installation (directivity factor Q for sound propagation) as 

well as the sound power level LWAeq emitted by the HP. The directivity factor Q can have the numerical value 

of two for a free placement on the property (radiation into the half space), the value of four when installed on 

a wall (radiation into the quarter space) or the value eight when set up in a corner (radiation into the eighth-

room). 
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The perceived sound pressure LAeq can be calculated using the following formula: 

𝐿𝐴𝑒𝑞 = 𝐿𝑊𝐴𝑒𝑔 + 10 ∗ log (
𝑄

4 ∗ 𝜋 ∗ 𝑟2
) (2) 

As indicated by above equation, the sound propagation is simplified to a hemispherical form. In reality, how-

ever, the propagation is more cuboid-shaped, because the suction- and outlet sides of the air unit have higher 

emission levels than its sides. This should be taken into account when placing the unit (Dimplex 2018). The 

experienced noise exposure in the heated building itself is less relevant for self-used property, but certainly to 

be considered for a property rented out. In these cases, the air unit should be placed in the minimum distance 

r to the own wall, as it is calculated for directivity factor Q = 2. To allow for this factor to be used, the distance 

to the next wall must be at least 3 m (Dimplex 2018). In addition, a distance of the heat pump to the boundary 

of the neighbouring property of another 3 m must be maintained (Berlinghoff et al. 2017).  

Figure 5 shows typical plots sizes in ST 4, 6 and 7 taken from real building development plans. While the basic 

structure of the urban space types is clearly recognizable, the individual characteristics of each building are 

also visible. Highest uniformity is found for ST 4 row development. In contrast, ST 6 and 7 have often grown 

historically and therefore their property geometry and available open space show higher variations (cp. Table 

3). Thus, the uncertainties of the HP source availability assessment are higher for these two urban space types. 
 

  

Figure 5: Typical plot sizes of ST 4 (Frankfurt am Main), ST 6 (Frankfurt am Main) and ST 7 (city center Essen) with 

potential ground probes (grey crossed circles) and trees (black circles) from Hegger et al. (2012, p. 425, 431, 434). Addi-

tionally, for the current study the property- and building dimensions as well as potential HP air units (red) are indicated. 

The average estimated width of an open space in ST 4 is about 28 - 42 m for the reference building length of 

23.2 m. For ST 6 and the same building length the open space width is 12 - 20 m, for ST 7 approx. 4 - 10 m 

(cp. Figure 5). Table 8 indicates the distance r determined for the directivity factor Q = 2 as a function of the 

sound power level of the HP. The assumed limit is a sound pressure of 35 dB (A). It can be concluded that for 

refurbished MFHs in ST 4 and 6, it will usually be possible to fulfil the noise protection requirements for air 

heat pumps. In contrast, in ST 7 this will in most cases not be possible without additional measures as e.g. 

acoustic enclosures or sound protection walls. 

Table 8: Required distance of the heat pump air unit to building walls for half-space sound propagation (Q = 2) and max. 

sound pressure of 35 dB (A). Results are given for air HPs dimensioned according to the bivalence points -5 °C and 

+2 °C for the refurbishment states 1 and 2. Sufficient distance (i.e. feasibility) indicated by Yes [✓] and No [✕]. 

System code A-5_1 A+2_1 A-5_2 A+2_2 

HP sound power level LWAeq [dB(A)] 61 54 58 54 

Min. distance r [m] 8.0 3.6 5.7 3.6 

Distance to neighbouring buildings Min. Max. Min. Max. Min. Max. Min. Max. 

Urban space type (ST) 

4 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

6 ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

7 ✕ ✕ ✕ ✓ ✕ ✕ ✕ ✓ 
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4.2 Heat Source Ground Probe 

Three methods for the dimensioning of geothermal probes are used and compared in this work. These are the 

current German VDI-standard (VDI 4640 Blatt 2), the method GeoHand of Prof. Koenigsdorff (2011) and the 

Swiss standard (SIA 384/6). For the dimensioning of a ground heat source for a HP the characteristics of the 

ground itself are important, i.e. soil temperature, thermal conductivity and heat capacity. But also the maximum 

heat extraction rate, the number of full load hours and the arrangement of the probes are decisive factors. 

Sizing according to VDI 4640 

The VDI 4640 addresses the source dimensioning for small heat pump systems. For a valid probe design, the 

following constraints must be considered: The heating capacity of the HP must be below max. 30 kW. Max. 5 

ground probes of between 50 m and 200 m depth with a distance of at least 6 m from each other can be installed 

in one system. Additionally, the annual full load hours must be within 1200 – 2400 h (VDI 4640 Blatt 2, p. 34). 

The calculation according to VDI 4640 is based on tabulated values. For this purpose, information on the 

geothermal conductivity, the full-load hours and the heat extraction rate of the HP are required. The extraction 

rate Q̇Q can be calculated from heating capacity (Q̇WP) and coefficient of performance (COP): 

�̇�𝑄 = �̇�𝑊𝑃 − 𝑃𝑒𝑙 = �̇�𝑊𝑃 ∗ (1 −
1

𝐶𝑂𝑃
) (3) 

 

In practice, three different ranges of probe length exist in Germany, namely up to 100 m, between 100 m and 

160 m and deeper than 160 m. Table 9 shows the results of the feasibility evaluation for the ground probe HP 

systems. Necessary number and lengths of the probes are calculated based on (VDI 4640 Blatt 2, p. 13, 34) 

and (Koenigsdorff 2011, p. 102).  

Table 9: Evaluation of open space sufficiency for ground probe HP systems in ST 4, 6 and 7 for the two dimensioning 

bivalence points -5 °C and +2 °C and the refurbishment states 1 and 2. Sizing was done according to VDI 4640 Blatt 2, p. 

113, Table B6. In the cases marked *, six probes would be necessary and sufficient space for them would be available, 
but the application range of VDI 4640 allows a maximum of 5 probes only. 

System code E-5_1 E+2_1 E-5_2 E+2_2 

�̇�𝐻𝑃,𝑒𝑥𝑡𝑟𝑎𝑐𝑡 [𝑘𝑊] 12.3 7.7 9.1 6.1 
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In Germany, there is an obligation to notify authorities about bore holes deeper than 100 m (cp. Bundesbergge-

setz BBergG §127, Bundesministerium der Justiz und für Verbraucherschutz, 1980). This can prevent the in-

stallation of probes exceeding this length. The next depth limit is about 160 m, since this is the limit for the 

usually used standardized polyethylene probes with a nominal pressure of 16 bar (Stober and Bucher 2012, p. 

68). With additional measures (material, drilling method, etc.), also probes deeper than160 m are possible.  

For the resulting open space requirements, probe distances of 6 m to each other, of 5 m to the property bound-

ary and 2 m to the heated building were taken into account. The results show that in ST 4 (row house develop-

ment) there is both for the statistical minimum and maximum open space always enough area for installation 

of ground probes. In ST 6 (perimeter block development), the feasibility depends on the soil type, the design 

bivalence point of the system and on the considered drilling depth. In ST 7 (city development), probe drilling 

is not possible on small plot sizes because here the distance regulations cannot be fulfilled. 

Dimensioning according to GeoHand 

The simplified ground probe design method GeoHandlight is based on the models of Eskilson (1987) and was 

developed at the University Biberach (Koenigsdorff 2011, p. 209). The results are shown in Table 10. 

Table 10: Evaluation of open space sufficiency for ground probe HP systems in ST 4, 6 and 7 for the two dimensioning 

bivalence points -5 °C and +2 °C and the refurbishment states 1 and 2 according to GeoHandlight 

System code E-5_1 E+2_1 E-5_2 E+2_2 

�̇�𝐻𝑃,𝑒𝑥𝑡𝑟𝑎𝑐𝑡 [𝑘𝑊] 12.3 7.7 9.1 6.1 

𝑄𝑚𝑜𝑛𝑡ℎ,𝑚𝑎𝑥 [𝑘𝑊ℎ] 6043 5600.2 4625.3 4245.0 

𝑄𝑦𝑒𝑎𝑟,𝑡𝑜𝑡 [𝑘𝑊ℎ] 33358.7 31560.9 25951.3 24209.0 
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In GeoHandlight, the load profile of a probe is calculated by superposition of three components: annual base 

load q̇Q,year, amplitude of the periodic annual variation q̇Q,month and the resulting peak load q̇Q,load. These load 

components are linked via the thermal resistances Ryear (long-term stationary behavior), Rmonth (periodic annual 

variation), Rload (applied load) and Rb (borehole resistance) to the resulting thermal reactions of the ground 

(Koenigsdorff 2011, p. 212). The successive steps for calculating the geothermal load profile and the thermal 

resistances are described in detail in Koenigsdorff (2011). The probe distance is, in contrast to the VDI 4640, 
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not a fixed parameter, but depends on the probe length. For the dimensioning, the smallest permitted distance 

was assumed, which is 5 % of the probe length. The length of the probes LEWS can be calculated using the 

mean fluid temperature decrease ΔTF
min5: 

𝐿𝐸𝑊𝑆 =
�̇�𝑦𝑒𝑎𝑟 ∗ 𝑅𝑦𝑒𝑎𝑟 + �̇�𝑚𝑜𝑛𝑡ℎ ∗ 𝑅𝑚𝑜𝑛𝑡ℎ + �̇�𝑙𝑜𝑎𝑑 ∗ 𝑅𝑙𝑜𝑎𝑑 + �̇�𝑄 ∗ 𝑅𝑏

Δ𝑇𝐹
𝑚𝑖𝑛

 (4) 

 

 

Dimensioning according to SIA 

SIA 384/6 is the Swiss pendant to the German VDI 4640. SIA in contrast to VDI only considers ground probes 

and no other forms like ground collectors, geothermal baskets, etc. The design methods are similar, but in SIA 

diagrams are used instead of tables like in VDI. The biggest difference is that SIA additionally takes the altitude 

with its associated soil temperature into account, which can be attributed to the Swiss geography. However, 

for the location Potsdam/Germany and the system cases given above, the results of SIA and VDI differ only 

marginally. They are therefore not shown here. 

4.3 Heat Source Ground Collector 

As for the design of ground probes, also the dimensioning of ground collectors in VDI 4640 is based on tabu-

lated values. Since ground collectors are located closely beneath to the soil surface, their heat extraction rate 

is not only influenced by the soil type, but also by the the local climate. Accordingly, the soil characteristics6 

and the climatic zones7 as subdivided according to DIN 4710 are taken into account, cp. Table A2 in (VDI 

4640 Blatt 2, p. 91f). For geothermal collectors, the distance must be 1 m to buildings and property boarders, 

which reduces the usable open space, cp. (VDI 4640 Blatt 2, p. 22) and (VDI 4640 Blatt 1, p. 21). Roughly 

calculated, this results in an open space availability of between 785 - 1150 m² for the examples of ST 4, 

230 – 400 m² for ST 6 and 40 – 170 m² for ST 7. From this, the feasibility of geothermal collectors was esti-

mated. Table 11 shows that only ST 4 offers enough free ground space for ground collectors. 

Table 11: Evaluation of open space sufficiency for ground collector HP systems in ST 4, 6 and 7 for the two dimen-
sioning bivalence points -5 °C and +2 °C and the refurbishment states 1 and 2 according to VDI 4640 

System code E-5_1 E+2_1 E-5_2 E+2_2 

𝑄𝑦𝑒𝑎𝑟,𝑡𝑜𝑡  [𝑘𝑊ℎ] 33358.7 31560.9 25951.3 24209.0 
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✓ ✓ 

449 

✓ ✓ 

6 ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ 

7 ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ 

                                                 
5 Max. permitted temperature difference between probe fluid and undisturbed ground. GeoHand builds upon 

the VDI 4640 in its 2001 version, which states that -17 K minus the half temperature spread of the HP should 

not be exceeded. With 4 K spread, a ΔTF
min of 15 K results ( Koenigsdorff 2011, p. 222). 

6 Water content and heat conductivity of the soil types sand, clay, slit and sandy clay 
7 In total 15 climatic zones are defined for Germany; Potsdam is located in zone 4 

 
S. Hess et. al. ISES SWC2019 / SHC2019 Conference Proceedings (2019)



 

 

5. Summary and Conclusion 

Table 12 gives a rough, qualitative summary of the results. Typical row house developments have sufficient 

space to install bivalent air-source and ground probe HP systems. Only there also ground collectors are possi-

ble. In perimeter blocks, air-source HPs are usually possible; ground probes often but highly depending on 

property dimensions, bivalence design point and soil type. The plots in city developments are usually too small 

for bivalent HP systems without additional measures, e.g. acoustic enclosures of air-source HPs. 

Table 12: Heat source assessment for the three urban space structures and min. and max. free open spaces 

Heat source Ambient air Ground probes Ground collector 

Method TA-Lärm VDI 4640 / SIA  GEO-Hand VDI 4640 

 Area ST 4   -   Row house development 

H
ea

t 
so

u
rc

e 
su

ff
ic

ie
n

t?
 Min. ✓ ✓ ✓ ✕/✓ 

Max. ✓ ✓ ✓ ✓ 

 ST 6  -   Perimeter block development 

Min. ✕/✓ ✕/✓ ✕/✓ ✕ 

Max. ✓ ✓ ✓ ✕ 

 St 7   -   City development 

Min. ✕ ✕ ✕ ✕ 

Max. ✕/✓ ✕/✓ ✕/✓ ✕ 
 

This study reveals that for row house developments, the system design bivalence points (-5 °C and +2 °C), i.e. 

the share of the overall demand covered by the HP, and also the refurbishment standard (EnEV 2014/2016 or 

more ambitious refurbishment) are to a large extent irrelevant for assessing the sufficiency of the open space 

to install a HP. These factors are only decisive for borderline cases, i.e. small area availability in perimeter 

blocks and for large plot sizes in city developments.  
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