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Source for data: for the services sector, TNO Energy Transition Studies often use the investment costs from Arcadis. In order to calculate investments costs per m2 floor area, or per 
kWth, Arcadis distinguishes nine different building types as offices, schools, hospitals, etc. Within these types, three different building sizes have been distinguished. An assumption for 
the insulation level is used, which is related to new and existing buildings. These, together, determine the heat demand and therefore the needed capacity and investment costs in 
each situation.

Table 1 shows the typical needed heating capacity by building type and building size for new buildings: 

Functional Unit

Full-load running hours per year
Capacity utlization factor  NA 

Technical lifetime (years)

Capacity

Current 2030 2050
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Commercial technology. 

HEAT PUMP ‐ GROUNDWATER TO WATER
Date of factsheet 16-12-2020

Type of Technology Emission reduction
ETS / Non-ETS Non-ETS

Sector Trade, services and utilities

(Source: Tidewater Mechanical, 2021)

A heating device must, among other things, be selected for its heating capacity. This capacity depends on (1) the degree of insulation of a building, (2) the desired interior temperature 
and (3) the size of the building. The largest houses are larger than the smallest buildings within the utility sector (and the other way around). This means that every heat pump that is 
placed in the residential sector, can also be found within the services sector. Within the latter sector however, there are also much larger buildings; this does create a different 
situation with a much larger heat demand. Such buildings are often equipped with several heating appliances, which are placed in a cascade arrangement. When the outside 
temperature drops further, an additional appliance will start operating. This way, electrical heat pumps are most often combined with gas fired boilers. The more efficient, but more 
expensive heat pump, for example, provides 80% of the heat demand, the gas boiler only assists on the coldest days in order to meet the "peak heat demand". The combination of an 
electric heat pumps with a gas-fired boiler can be considered as a ‘hybrid cascade setup’. In a services building that reaches the level of 'nearly zero energy', a stand-alone heat pump 
could be sufficient, just as in a residential building. 

TRL 9

Groundwater to water heat pumps 
This type of system uses (ground) well water as the heat exchange fluid that circulates directly through the heat pump system. Once it has circulated through the system, the water 
returns to the ground through the (recharge) well. This option is obviously practical only where there is an adequate supply of relatively clean groundwater, and all local codes and 
regulations regarding groundwater discharge are met. Besides groundwater, the system could use surface body water as well.

This 'open system' often has a higher efficiency than the closed 'soil to water' system, but the cost of the installation is often higher as well because a second well needs to be drilled. 
The yield strongly depends on the type of soil where the installation is placed. This system has great advantages when the building has a high heat demand  and/or the building also 
needs to be cooled. 

Figure 1 illustrates the configurations for this type of heat pump. 
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Table 2 shows the same for existing buildings: 

1,407                                                                     1,990                                                                     -                                                                          

Year of Euro
COSTS 

mln. € / 

50                                                                           kWth

2015

Investment costs
Euro per Functional Unit

mln. € / 

(Source: Own elaboration based on Arcadis, 2020)

The non-weighted averages mentioned in the last rows of these tables have been entered as the final capacity range of this Factsheet: existing buildings with often a cascade 
configuration - new buildings with a stand-alone heat pump. The weighted averages would be much smaller since there are many more smaller buildings then there are larger once. 
Note the differences in individual building sizes within one table, and between the two tables that lead to a much larger range of needed capacities. 

Capacity related: 
Since, on average, the heating capacity of a heat pump within the services sector is larger compared to one in the residential sector, the installed thermal capacity is (on average) twice 
as large within the services sector. 

Market share related: 
When considering the air-, soil- and groundwater-to-water heat pumps within the services sector only, the penetration rate expressed as the installed heating capacity of the 
groundwater-to-water heat pump lies around 61% (CBS 2020). The penetration rate of electric heat pumps in general within offices with an energy label, lies at the moment around 9% 
(Dutch Energy Label database 2019, edited). If we take this as a very rough estimation for the whole services sector, then the market penetration of this type of heat pump is 
9%*61%*=5,5%.  

Running hours:
The first mentioned number represents a new buildings (heat pumps as a stand-alone device), the second an existing building (heat pump in a cascade configuration)  (Warmtepomp-
weetjes.nl, 2021). 
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(Source: Own elaboration based on Arcadis, 2020)

Observation:
- The costs expressed as euro/kWth lie higher in 2030 compared to 2020 (new compared to existing buildings). This means that, although there is less equipment needed in 2030 (no 
cascading system), the decrease in heating demand in 2030 dominates the investment costs each kWth. 

Maintenance costs related:
The estimated cost of servicing a heat pump is, among others, dependent on the heat pump type, condition, size, age, location, brand and maintenance history of the unit; therefore 
it’s difficult to come up with an average number (CE Delft, 2021; Bloomquist, 2001).
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Fixed operational costs per year               
(excl. fuel costs) 

Investment costs related:
- In this Factsheet the investment costs represent the situation whereby implementing the heat pump occurs at an ‘independent moment’. Another situation, distinguished by Arcadis, 
and called ‘a natural moment’. This would reduce the total costs since (1) there would be some mutual costs to share (among all measures taken; think of hiring a crane, for instance) 
and (2) the investment for new gas boilers had to be done anyway and are therefore subtracted. But, in case of implementing heat pumps, the difference is small; it would reduce the 
investment costs with only 2 until 7%.
- Besides the investment costs for the hardware, the costs above include as well wages, some direct costs as general execution costs and a contribution for risks.
- Costs that are not included are for example the internal costs of the project developer, subsidies, fees for the installation consultant. 
- For existing buildings, additionally costs have been included to remove the ‘old heating system’ out of the building.

Table 3 shows Investment costs (€2015/kWth) for existing/new buildings, by building type and size, related to the previous mentioned needed heating capacity. As can be seen, not all 
combinations have been given investment costs by Arcadis (‘na’ = ‘not applicable/available’). When the heat demand and the 'groundwater to water' heat pump are not a logical 
combination ('not applicable'), then another heat pump type could have been chosen (see the other two related Factsheets). The non-weighted averages mentioned in the last rows of 
these tabels, have been entered as the final 2020 and 2030 investment costs. For 2020 this represents the cascading configuration in existing buildings; the number at 2030 represents 
the equivalent for a stand-alone heat pump in a new building. Note that for all new construction, both residential and non-residential construction, permit applications from 1 January 
2021 must meet the requirements for Nearly Zero-Energy Buildings (in Dutch abbreviated as ‘BENG’). 
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Material flows explanation
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The efficiency of a heat pump is expressed as the Coefficient of Performance (COP). For example, a COP of 3 means that 1 unit of electricity is used to produce 3 units of heat, by using 
2 units of ambient heat. The COP mainly depends on the difference between source temperature and delivery temperature. The higher the source temperature and the lower the 
delivery temperature the higher the COP. In winter, the temperature difference is larger, resulting in a lower COP. The annual average COP is called the seasonal coefficient of 
performance (SCOP), or the Seasonal Performance Factor (SPF). In a study whereby several heat pump have been monitored, the only one groundwater-to-water heat pump had an 
average SPF of 3,9 (bouw-energie). This SPF had been converted into the 'Energy in- and Outputs' mentioned in this Factsheet (stating the usage of 'ambient heat' as -1 MJ).

Other sources make other assumptions: 
-NTA 8800 is a new determination method for the energy performance of buildings in the Netherlands that will be implemented in 2020 (NTA 8800, 2018). The mean COP of this type 
of heat pump is 4,3 - 4,8 in case of a delivery temperature of 35-40 ᵒC.
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