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1. Partners in action 15  

Responsible partner: TU/GST 

Participating partners: 

- TUK/ESEM 

- IZES 

- ULiège/BEMS 

- ULux 

 

 

2. Objectives of the action 

1. Modelling of the multi-family buildings 

2. Analysis of the flexibility potential through simulation of the buildings 

3. Development of a renovation guideline for MFH 
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3. Motivation PtH4GR²ID 

An increasing share of renewable energies (RE) is essential to fulfil the climate targets of individual 

countries and the European Union (EU) [compare [1], [2] and [3]]. However, the REs that are mainly 

generated by solar radiation and wind in the Greater Region (GR) do not only offer advantages over 

conventional power plants. The main problem is the fluctuation in these energy sources. While power 

generation from coal, gas or nuclear power plants is relatively well adapted to demand, generation 

from renewables depends on the energy source. This presents major challenges for the electricity grid 

in particular, as supply and demand must always balance each other out. 

The most common solution currently being investigated in research and used in practice are electric 

storage systems as batteries. With such systems it is easily possible to balance the time difference 

between generation and demand. However, the implemented solutions are often costly, do not have 

very good efficiency or are not sustainable. Therefore, an increasing focus should also be placed on 

adapting demand more to generation - this is commonly known as Demand Side Management (DSM). 

A requirement for DSM is that “shiftable” loads can be determined. Basic loads that have to be covered 

around the clock are negligible. However, there is an interesting potential for heat generation in 

buildings, since almost every building has a heat storage and the generation of heat must therefore 

not necessarily be based on demand, but can also be controlled. 

This is one of the focal points in the PtH4GR²ID project. One of its goals is to design a model-predictive 

control system (MPC) for heat pumps (HP) that can shift the operation time of the HP to times when 

the electricity grid needs to be relieved. Heat pumps belong to the category of power-to-heat systems 

- this generally describes the process of using electricity to generate heat. Due to the increasing share 

of renewables in the electricity mix and the good effectiveness of heat pumps, they have become an 

increasingly used technology, especially in new buildings. If, in the future, a high proportion of 

renewables in the grid will lead to lower prices in order to provide an attractive incentive for 

consumers, an appropriate control system will not only help to relieve the electricity grid, but will also 

lead to financial savings for the end consumer. 

Such a control system, which includes a simplified building model, accesses predictive weather data 

and additionally receives a signal from the electricity grid, will be developed within the project, tested 

at simulation level and then subjected to trials in a climate laboratory. In the first three years of the 

project, mostly single-family houses (SFH) were analysed. In the extension, three new actions have 

been introduced to also investigate the influence of multi-family houses (MFH), photovoltaic (PV) 

generation and the rising share of electric cars. This report of Action 15 explains the modelling of the 

MFHs, the load shifting potential of these buildings and the development of a renovation guideline. 
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4. Approach 

4.1.  Modelling the buildings 

In a first step, one reference building for a MFH in every country of the GR was chosen. For Germany 

and France, TUK-GST was responsible for the buildings models, whereas for Belgium and Luxembourg 

the corresponding partners ULiège and ULux supported us with the models. All buildings have been 

modelled using the SketchUp software. [4] SketchUp has an interface to the simulation program 

TRNSYS, allowing to import all 3D-details of the buildings directly to the simulation environment. 

For Germany, a real existing building that locates in Saarbrücken and was constructed in the 1950s was 

chosen. The MFH includes a heated area of 488 m² with 6 apartments. Additionally, it contains some 

unheated zones as the cellar, the roof and the staircase. Figure 1 shows the 3D-model of the German 

building. 

 

Figure 1: 3D-model of the reference MFH for Germany and France 

For France, the same building geometry was chosen. However, the most residential buildings in France 

are from the 80s, so the thermal envelope of the buildings is different, resulting in a different heating 

demand. 

The MFH from Belgium represents a rather old building, constructed earlier than 1945. The building 

features a heated area of 294 m² for 6 apartments as well as an unheated entrance and staircase. The 

model of the building can be seen in Figure 2. 
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Figure 2: 3D-model of the reference MFH for Belgium 

Lastly, the MFH from Luxembourg will be presented. As the share of new buildings in Luxembourg is 

noticeably higher as in the other countries of the GR, a rather new construction has been chosen for 

the reference MFH. The building has a heated area of 510 m² and additionally an unheated cellar and 

staircase. The 3D-modell is represented in Figure 3. 
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Figure 3: 3D-model of the reference MFH for Luxembourg 

In general, the MFH from Luxembourg features the highest living space per person, whereas the MFH 

from Belgium has the lowest. This is in line with the trends in the respective parts of the GR. In all 

buildings it is assumed that each apartment is occupied by 2 persons. This is also important for the 

calculation of the needs for domestic hot water. The following table shows the construction classes 

and the heating demands (including the needs for DHW) of the MFHs for all four countries. 

Table 1: Construction class and heating demand of the MFHs 

Country Construction class Heating demand [kWh/m²] 

Germany E [1958 – 1968] 169.97 

France F [1982 – 1989] 112.71 

Belgium A [<1945] 324.68 

Luxembourg New Building [>2016] 79.68 

 

The table demonstrates that the older buildings from Germany, France and Belgium have a rather high 

heating demand. This demand requires high supply temperatures in the heating system. Consequently, 

the efficiency of a heat pump would be rather low, as the efficiency is highly dependable on the 

temperature difference between source and sink. This also explains why HPs are already used regularly 

in new buildings but not often in old ones. Accordingly, refurbishment strategies need to be developed 

for the MFHs in DE, FR and BE. Due to the refurbishment, the quality of thermal envelope will be 

strongly improved. This allows to reduce the supply temperature and increases the efficiency of the 

HP. 
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The refurbishment strategies are based on the regulations of the respective countries. The following 

table gives an overview of the strategies and the resulting heating demands. Luxembourg represents 

a new construction, so no refurbishment is necessary. 

Table 2: Refurbishment strategies for the MFHs 

Country Refurbishment strategy Heating demand [kWh/m²] 

Germany KfW55 [5] 64.35 

France Minimum requirements [6] 71.21 

Belgium Minimum requirements [7] 70.90 

Luxembourg none 79.68 

 

The refurbishment strategies include a renovation of the external walls, the roof and an exchange of 

the windows to triple-glazed windows. All simulations presented in this report refer to the heating 

demand in Table 2. 

 

4.2. Adjustment of the controller and its inputs 

The description of the controller and its functionality can be found in the final report to Action 8. The 

initial controller was modelled to operate HPs in single-family houses [8]. Consequently, it needed to 

be adapted to MFHs in Action 15. This mostly refers on adjusting the inputs for the controller. The new 

buildings have been already introduced in this report. Based on these buildings, new simplified building 

models have been generated as an input. The simplified building models contain some general 

information about the building (area of external walls, roofs, windows; orientations, etc.) and give the 

controller the possibility to estimate heat losses as well as solar gains. Based on this information and 

on the predicted weather data, the heating demand in the coming 48 hours can be calculated. 

Subsequently, the controller generates an operation plan for the HP, focussing on the best possible 

efficiency. 

Furthermore, the electricity prices are an important input to the controller. In Action 8, the electricity 

tariffs were based on real prices from the day-ahead market in 2016. However, the structure of these 

prices is expected to change in the coming years due to an increasing share of fluctuating REs. With 

reference to this, the project consortium decided to develop two future electricity tariffs for the year 

2030. 

These tariffs do not represent prices for single countries, as it currently corresponds to reality. It can 

be assumed that in the course of an increasing unification of the European electricity markets within 

the framework of the “Price-Coupling of Regions”, the electricity prices of the individual neighboring 

countries will increasingly level off to an identical level. The two electricity prices are based on the 

following assumptions: 

- Scenario 2030-1 – National Trends: EU climate policy has failed. Each state is pursuing its own 

climate policy. Moderate growth of RE, climate protection under economic considerations. 
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- Scenario 2030-2 – Distributed Energy: Decentralized energy generation with high penetration 

of new and advanced technologies. Meeting the targets of the Paris agreement of 1.5 °C. Full 

decarbonisation by 2050. Investments in environmentally friendly and socially responsible 

plants. 

A detailed description of the modelling of the electricity prices can be found in the final report of Action 

13. The range of the two tariffs is presented through boxplots in Figure 4. 

 

Figure 4: Potential electricity tariffs for the GR in 2030 

The boxplots were chosen specifically to demonstrate the significance of the price fluctuation in 

addition to the maximum and minimum values. The boxes in the figure display 90% of all values as well 

as the median (the dash inside of the box). The whiskers outside show the distribution of the remaining 

10% of the maximum and minimum prices. However, in case of these specific prices, there is no whisker 

for the minimum prices. This means that the yearly minimum price occurs frequently enough that it 

corresponds to lower boundary of the box. 

As a last step, the controller itself needed to be adapted to MFHs instead of SFHs. However, this 

adjustment mostly refers to the number of heated zones, the needs for DHW and the heating curve of 

the buildings. For the number of heated zones, the project consortium decided to model two heated 

zones per apartment, one as a living zone with 21 °C and one as a sleeping zone with 18 °C. 

Consequently, 12 heated zones per building have been connected to the controller, allowing the 

compliance of the thermal comfort. 

The needs of DHW are based on a 2-person household per apartment, resulting in 12 persons for the 

whole building. The DHW-profiles refer to the investigations of [9]. The controller ensures a minimum 

water temperature of at least 45 °C. The heating curves of the building and its single apartments have 

been generated in previous simulations. 
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4.3. Simulation models TRNSYS 

The thermal models needed within the project are developed in TRNSYS. [10] The structure of the 

simulation environment can be seen in the final report of Action 8. This section purely focusses on the 

modifications made to adapt the environment to MFHs. 

- Storage system 

The modelling of the storage system was carried out in Action 6 and can be read in detail in the 

corresponding report. The difference between the SFHs and the MFHs refers to the significantly higher 

heat demand in MFHs, especially a higher demand in DHW per m². In general, numerous different 

possibilities to generate DHW can be found in practice. For the MFHs we decided in this project to 

model two different storage tanks, one for the heating demand and one for the demand of DHW. This 

differs from the SFHs, where only one storage tank was used for both demands. 

- Heat distribution system  

The heat distribution system in the SFHs was designed for two heated zones.  In the MFHs it’s designed 

for two heated zones per apartment, resulting in 12 heated zones in total. Accordingly, a lot more 

valves and temperature controllers within each building are needed. Additionally, two different 

distribution systems were analysed during the simulations. The existing buildings in Germany, France 

and Belgium are simulated with radiators as their original heating system, whereas Luxembourg, as a 

new construction, contains a radiant floor heating (RFH). This corresponds to practice as the 

combination of RFH and HP is already common in new buildings. The change to RFH in existing buildings 

requires a core refurbishment and is therefore rather rare. However, with the developed 

refurbishment strategies for the existing building, the radiators can also be supplied with lower 

temperatures, which results in an economical operation of the HP. 
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Figure 5: Simulation system in TRNSYS with all needed components 
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4.4. Simulation model MATLAB 

Within the project, the models of heat pumps and controllers, which are based on mathematical 

equations, are modelled in MATLAB. [11] No different types are required, the equations can be 

programmed and solved directly in MATLAB. The heat pump was modelled on the basis of 

measurement data of a real HP. The MPC controls the HP and uses a simplified internal building and 

storage model and also has access to predictive weather data. This allows the controller to generate 

an optimised operation plan for the heat pump, taking into account the COP and current electricity 

signals, by comparing the heat demand of the building with the heat capacity of the storage tank and 

taking future outside temperatures into account. In addition, several variables are read and processed 

in MATLAB, which are transmitted from TRNSYS at each time step. 

4.5. Exchange of variables 

During the simulation, several variables have to be exchanged between TRNSYS and Matlab. The 

BCVTB-platform was used for this purpose and has proven to be very well suited for the context of the 

project. [12] The list of all the variables that are exchanged between the programs can be found in the 

final report of Action 8. 

  



 

                                                               Action 15                                                         

   

11 
 

5. Results 

In the following section, the results of Action 15 will be presented and discussed. Firstly, the results of 

the simulations will be presented with focus on the performance indicators of the heat pump in 

controlled operation. Furthermore, the load-shifting potential will be analysed, based on potential 

monetary savings as well as on the pure potential to shift the electricity consumption of the HP to 

favourable times. All results will be examined individually for the two different electricity tariffs. 

Additionally, all results are in combination with a 2000l storage tank for heating and a 1500l tank for 

the generation of DHW. 

Table 3 shows the results of the simulation for all buildings in combination with a controlled HP (with 

flexible frequency) and with the tariff 2030-1. 

Table 3: Simulation results for a controlled VFD-HP in combination with the tariff 2030-1 

Electricity tariff 2030-1 DE FR BE LUX 

Electricity consumption HP (kWh) 10237 11932 5959 12756 

Generated thermal energy HP (kWh) 32635 36273 21322 39488 

Seasonal COP 3.19 3.04 3.58 3.10 

Electricity costs from simulation (€) 2083 2468 1185 2593 

Average used price (Cents/kWh) 20.34 20.69 19.89 20.33 

Average price tariff (Cents/kWh) 21.41 21.41 21.41 21.41 

 

The first three values of the table describe the operation of the HP. The generated thermal energy 

refers to the heating demand of the buildings listed in Table 2. The seasonal COP (also known as annual 

performance factor) is the ratio between thermal energy and used electricity and is an important 

indicator for the efficiency of the HP. The electricity costs are based on the electricity tariff and are 

based on the heating period.  

The comparison between the average used price and the average price of the tariff shows the influence 

of the controller. By shifting the operation time of the HP to times with rather low electricity prices, 

the average used prices are lower. This results in a potential for monetary savings for consumers. 

However, the difference between the two values is rather low. This is mostly base on the structure of 

the electricity tariff and will be further analysed in this section. 

Table 4: Simulation results for a controlled VFD-HP in combination with the tariff 2030-2 

Electricity tariff 2030-2 DE FR BE LUX 

Electricity consumption HP (kWh) 10203 11994 6013 13051 

Generated thermal energy HP (kWh) 32629 36266 21331 39513 

Seasonal COP 3.20 3.02 3.55 3.03 

Electricity costs from simulation (€) 2287 2805 1267 2894 

Average used price (Cents/kWh) 22.41 23.39 21.07 22.17 

Average price tariff (Cents/kWh) 25.23 25.23 25.23 25.23 
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Table 4 lists the same values for the electricity tariff 2030-2. First of all, the three first numbers are 

nearly the same as in Table 3. This is reasonable, as the same buildings under the same boundary 

conditions were simulated. Besides that, the influence of the controller is more remarkable, lowering 

the average used price by more than 4 Cents/kWh in Belgium. In general, the Belgium MFH is the 

smallest and has therefore the lowest heating demand. This results in the highest flexibility on the 

building side, giving the controller the best possibilities of exploiting the cheapest prices. 

The results for the MFH in Luxembourg show another interesting aspect. Even though the building has 

the biggest heated area and also the highest heating demand, the influence of the controller is stronger 

than in Germany and France, as the used prices are lower in both scenarios. This can be explained by 

the used heating system. While all other MFHs have been simulated with radiators, the new 

construction in Luxembourg was modelled with radiant floor heating. This inert heating system can 

also improve the flexibility of the whole system, as the temperature of the heating system descends 

much more slowly compared to radiators. 

Still, it is visible that the seasonal COP of the building with the RFH is not higher than with radiators in 

Germany and Belgium. This is due to the share of electricity consumption of the heating element. In 

general, HPs are sized accordingly to the heating load of a building. In practice, the power of the HP is 

slightly lower than the heating demand, as this peak load is only occurring rarely during a year. For 

these peak hours, heat pumps are equipped with an additional heating element.  

In this simulations, the heat pump model is based on a real HP with a thermal power of 16 kW. The 

MFH from Luxembourg has the highest heating load with around 21 kW. Accordingly, the impact of 

the heating element is rather high, leading to a lower seasonal COP. Still, the effect of the controller 

can be shown by the differences in the prices. 

Figure 6 also illustrates the influence of the controller by displaying it in boxplot diagrams for the 

electricity tariff 2030-1. 
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Figure 6: Original and effective prices for all countries (tariff 2030-1) 

The diagram contains 5 boxplots. The first one shows the original prices and has already been 

introduced in Figure 4. The other four display the effective used prices in combination with the 

controller. In general, it can be seen that the differences in the boxplots are rather small, meaning that 

the controller doesn’t have a strong effect. Still, some effects are visible. The maximum prices can be 

lowered in all cases and also the upper boundary of the box can be reduced by up to 0.7 Cents/kWh 

(in Belgium). Also the median can be improved by up to 0.3 Cents/kWh (also in Belgium). These results 

are according to the values in Table 3. There is an effect of the controller that can lead to some 

monetary savings but the effect is rather small. 

This has mainly two reasons. Looking at the flexibility on the building side, MFHs have a high heating 

demand compared to SFHs. So in general it can be stated, that the flexibility of MFHs is usually smaller 
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as for SFHs. This reduces the possibilities to shift the electricity consumption to more preferable 

periods. However, the even stronger influence is coming from the electricity price. The boxplot 

diagram of the original prices shows that the fluctuation in the prices itself is pretty low. 90% of all 

occurring values are within a difference of only 8 Cents/kWh. Additionally, 50% of the lowest prices 

are within 1.5 Cents/kWh. Consequently, there is not a big potential for the controller to realize 

monetary savings at all. The flexibility on the building side as well as in the electricity tariff is low – this 

clearly minimizes the effect of the controller. 

However, scenario 2 shows different results as Figure 7 demonstrates. 

 

Figure 7: Original and effective prices for all countries (tariff 2030-2) 
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The structure of the diagram is alike to Figure 6. However, the difference in the original prices of 

scenario 2030-2 is distinctive. This electricity tariff describes a scenario in which the climatic targets of 

the EU will be fulfilled and the share of REs will increase strongly within the next 10 years. In this case, 

the boxplot includes prices with a difference of more than 20 Cents/kWh. 

The effective prices demonstrate a remarkable potential. The upper boundary of the boxes can be 

lowered in all cases and especially the reduction of the median (more than 4 Cents/kWh) can really 

pay off for consumers. Still, it is also visible that the maximum prices cannot be avoided at all in any 

case. This can be explained by a combination of the electricity tariff and the high heating demand. The 

peaks in the electricity tariff often occur for several consecutive hours. However, the MFHs only exhibit 

a flexibility that allows a short-term load-shifting for a few hours. Consequently, the peaks in the tariff 

cannot be completely avoided. 

In the further course of the section, the load-shifting potential of the HP in the different countries will 

be analysed by plotting the electricity consumption against the tariff. Furthermore, the influence of 

the controller compared to a classical control will be investigated as well as the influence of a variable-

frequency drive compared to a fix-speed HP. 

5.1. Germany 

The three following figures show the electricity consumption against the electricity tariff for scenario 

2030-1. Figure 8 for a fix-speed HP in classical control, Figure 9 for a fix-speed HP in controlled 

operation and Figure 10 for a HP with variable-frequency drive (VFD) in controlled operation. By 

analysing the three figures, the pure influence of the controller as well as the advantages of a VFD HP 

can be highlighted. 
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Figure 8: Electricity consumption of a fix-speed HP in classical operation in Germany (tariff 2030-1) 

 

Figure 9: Electricity consumption of a fix-speed HP in controlled operation in Germany (tariff 2030-1) 
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Figure 10: Electricity consumption of a VFD HP in controlled operation in Germany (tariff 2030-1) 

All figures show the operation time of the HP against the electricity tariff for three days in February. 

Figure 8 displays the results of a classical controlled HP. Classical control means that the operation only 

refers to the heating demand and correspondingly to the temperatures in the heat storage. The current 

electricity prices are not taken into account in classical control. This can also be seen in the figure. 

Whenever the temperature in the storage is lower than the needed supply temperature of the heating 

system, the HP generates heat until the storage is completely loaded, undependable of the current 

prices. It needs to be mentioned that this scenario doesn’t occur in reality as such highly flexible 

household tariffs do not exist and special heat pump tariffs are often available in the single countries 

of the GR. However, the project aims at developing future scenarios and the structure of the electricity 

market may significantly change with higher shares of REs in the future.  

In Figure 9, the heat pump is in controlled operation. The effect is clearly visible as the operation time 

refers to the electricity tariffs. The peaks in the electricity tariff can be avoided and the HP is mostly 

running during periods with lower prices. This can lead to potential monetary savings for consumers 

as well as support the grid during times with peak loads. 

Figure 10 shows the same results as Figure 9 but with a VFD-HP. By comparing the two figures, the 

advantages of a variable frequency can be highlighted. In general, the times of the electricity 

consumption are pretty similar. Still, the controller can not only plan the operation time of the HP but 

also its frequency. This leads to a lower electricity consumption, resulting in lower annual costs as well 

as in a higher seasonal COP. 

The same figures will be presented for the tariffs 2030-2 in the following. 
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Figure 11: Electricity consumption of a fix-speed HP in classical operation in Germany (tariff 2030-2) 
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Figure 12: Electricity consumption of a fix-speed HP in controlled operation in Germany (tariff 2030-2) 

 

 

Figure 13: Electricity consumption of a VFD HP in controlled operation in Germany (tariff 2030-2) 
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Even though the electricity tariff is different, the findings are equivalent. As mentioned before, the 

electricity prices in this scenario exhibit a way higher fluctuation. This means that the potential of the 

controller is stronger as operating the HP during lower prices has a higher effect. 

Nevertheless, the controlled operation also clarifies the addressed problem with not completely 

avoiding electricity peaks. In this example for three days in February, the peaks can completely be 

bypassed. Still, in the scenario for the future electricity tariffs there are also times with peaks that 

occur for up to 6 consecutive hours. In case this happens during cold days in winter, such long times 

cannot be bridged, as the heating demand of MFHs is too high. It can be concluded that MFHs have a 

usable flexibility for short-term load-shifting but cannot renounce the generation of heat for more than 

4 hours on the coldest days in winter. 

For the other countries of the GR, the results will focus on controlled HPs. The influence of the 

controller itself could be well analysed based on the German results. 

5.2. France 

 

Figure 14: Electricity consumption of a fix-speed HP in controlled operation in France (tariff 2030-1) 
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Figure 15: Electricity consumption of a VFD HP in controlled operation in France (tariff 2030-1) 

 

Figure 16: Electricity consumption of a fix-speed HP in controlled operation in France (tariff 2030-2) 
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Figure 17: Electricity consumption of a VFD HP in controlled operation in France (tariff 2030-2) 

The results for France point out that the heating demand is slightly higher compared to the German 

building, resulting in an increased runtime of the HP. This reduces the flexibility on the building side. 

Still, all short-term peaks in the electricity tariffs can be avoided. 
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5.3. Belgium 

 

Figure 18: Electricity consumption of a fix-speed HP in controlled operation in Belgium (tariff 2030-1) 

 

Figure 19: Electricity consumption of a VFD HP in controlled operation in Belgium (tariff 2030-1) 

 



 

                                                               Action 15                                                         

   

24 
 

 

Figure 20: Electricity consumption of a fix-speed HP in controlled operation in Belgium (tariff 2030-2) 

 

Figure 21: Electricity consumption of a VFD HP in controlled operation in Belgium (tariff 2030-2) 
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As mentioned before, the Belgian MFH is the smallest building (with the lowest heating demand) we 

analysed in this action. Consequently, the higher flexibility on the building side is visible in the figures. 

In this case, it can be seen that not only the peaks can be effectively bypassed but also lower prices 

are clearly prioritized. 

5.4. Luxembourg 

 

Figure 22: Electricity consumption of a fix-speed HP in controlled operation in Luxembourg (tariff 2030-1) 
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Figure 23: Electricity consumption of a VFD HP in controlled operation in Luxembourg (tariff 2030-1) 

 

Figure 24: Electricity consumption of a fix-speed HP in controlled operation in Luxembourg (tariff 2030-2) 
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Figure 25: Electricity consumption of a VFD HP in controlled operation in Luxembourg (tariff 2030-2) 

As mentioned in Table 2, the MFH from Luxembourg does not only have the highest heating demand 

per m², but does also feature the biggest heated area. Hence, it could be expected that the flexibility 

on the building side is the lowest, resulting in the worst efficiency of the controller. However, as already 

explained based on the results in Table 3 and Table 4, it is different. The potential for cost savings is 

even higher compared to the analysis of the French building. The reason is connected to the used 

heating system, as already mentioned before. The very inert floor heating and its lower needed supply 

temperatures are improving the efficiency of the controller even though the overall heating demand 

is the highest. 

These findings support the current trends in practice, where HPs are mostly installed in combination 

with a surface heating. This does not only improve the seasonal COP of the HP and hence its efficiency 

but does also improve the flexibility on the building side. Provided the electricity market will change in 

the coming years and fluctuating household tariffs become reality, this combination can also pay off 

together with the control system developed in this project.  
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6. Conclusion 

Action 15 aimed at modelling reference MFHs, analysing their flexibility potential and evaluate the 

efficiency of the controller. All tasks were completed on schedule in accordance with the project's 

objectives. 

As a conclusion of the results, it can be said that MFHs offer a usable flexibility. Exploiting this flexibility 

and shift the heat generation of HPs can support the grid. In order to effectively shift loads, a control 

system is needed. Such a controller could be developed and tested within the project. In Action 8 as 

well as in Action 15, the function of this controller could be proven on the basis of simulations. The 

Actions 11 and 17 show some first results for tests of the controller in practice. However, the controller 

cannot only support the grid by avoiding electricity consumption in peak hours but also consumers can 

benefit from exploiting cheaper electricity prices. 

Still, these findings are strongly dependent on the development of the electricity market. In the current 

time, flexible household tariffs do not exist in any country of the GR. Consequently, it is not possible 

for HP operators to directly benefit from lower electricity prices. On the other hand, special HP-tariffs 

do exist in some parts of the GR. These tariffs feature lower prices compared to classical household 

tariffs but also allow the energy providers to shut off the HPs for a few hours per day. From this, 

consumers can save money while providers gain some flexibility to deal with peak loads. 

However, the used electricity prices in this action represent potential future tariffs for the year 2030. 

Two possible scenarios are displayed in these tariffs, one scenario with a failed European approach to 

reach the climatic targets and one scenario where the set targets will be fulfilled. In both cases, the 

share of REs will increase, resulting in more fluctuating electricity prices. A detailed explanation about 

the modelling of the prices can be found in the final report of Action 13. In combination with such 

fluctuating tariffs, the controller can lead to monetary savings, as the results in this report 

demonstrate. 

On the other hand, it could also be pointed out that the flexibility potential of MFHs is limited. In 

general, MFHs have a rather high heating demand, meaning that the HP has to be operated many 

hours to cover this demand. Consequently, the flexibility during cold winter days only refers to short-

term periods of a few hours. Longer periods with electricity peaks of more than 6 hours cannot be 

avoided. 

As a last point, it needs to be mentioned that the results mainly refer to the chosen reference buildings. 

In case of MFHs, there are several types of buildings, especially referring to the amount of apartments. 

In this project, we’ve chosen MFHs with 6 apartments that still feature different heated areas (between 

50 m² and 85 m² per apartment). For bigger or smaller MFHs the findings may change, as the heated 

area strongly influences the usable flexibility. Nevertheless, refurbished or new buildings will offer a 

load-shifting potential in the most cases that can be effectively used with an appropriate control 

system as the results of the project point out. 

 



 

                                                               Action 15                                                         

   

29 
 

7. Refurbishment Handbook 

An additional task of Action 15 was the development of a refurbishment handbook. This handbook 

shall include concrete renovation proposals for building owners and is an extension of the respective 

handbook from Action 4 for SFHs. 

The handbook will contain various profile sheets for all countries of the GR, except Luxemburg where 

a new building was analysed. The profile sheets will be created for every specific construction class in 

the single countries. Based on these initial states, renovation proposals will be introduced that are 

based on the different requirements set by politics in the countries. The proposals include a 

refurbishment of the external walls, the roof and the windows. 

The heating demand will be calculated for all initial buildings as well as for all refurbishment strategies. 

These calculations are based on the German standard DIN 4108-6. [13] This standard contains all the 

needed calculations and equations to mathematically calculate the heating demand of buildings. The 

heating demand is based on heat losses (transmission and ventilation) and heat gains (internal and 

solar) and refers to a whole heating period. 

An example of such a refurbishment profile will be given subsequently. All other profiles can be found 

on the homepage of the project and will be published in an own report. 
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Refurbishment profile 

 

 

Building 
component 

Construction 
U-value 

[W/(m²K)] 

External walls full brickwork 1,81 

Roof pitched roof with wooden rafters 2,02 

Window 
Wooden window, double-glazed 
insulation 

2,80 

   

Heating demand before refurbishment:  211,22 kWh/m2 

  
 

 
Refurbishment concept: 

 
KfW55 

 

Building 
component 

Refurbishment 
measures 

U-value 
[W/(m²K)] 

Full costs 
[€] 

External walls 
Polystyrene rigid foam panels 
180mm 

0,27 61.747 

Roof 
Intermediate insulation 14cm, 
rafter insulation 14cm 

0,22 46.784 

Window 
Windows, triple-glazed, 
thermal insulation  

0,7 101.190 

  Total costs 209.721 

  Possible Funding:  83.888 

    

Heating demand after refurbishment: 
61,06 

kWh/m2 

Multi-family house, 
Germany 

Construction class C 

1919-1948 



 

                                                               Action 15                                                         

   

31 
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