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Figure 11: Sketches of the non-residential reference building model

Offi  ce building with 12 defi ned zones:

Legend: 

Top:	Isoview	indicating	the	thermal	zones	(Z1x:	central	and	distribution	(corridors,	stairs	elevators,	toilets);	Z2x:	meeting	rooms;	Z3x:	North	oriented	
offi		ces;	Z4x:	South	oriented	offi		ces);	Bottom:	Internal	fl	oor	plan,	(in	metres).
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5.3 Main parameters for reference buildings 
For the simulation of nZEB principles on the reference buildings, it was necessary to pre-define the 
buildings’ parameters for each location, i.e. the thermal performance of the building components and 
efficiency of the building’s technical systems (Tables 20/21). The main criteria for establishing these values 
were to be significantly better than actual minimum local building standards, but at the same time to stay 
above the best available technology and to be close enough to economic feasibility. In other words, the 
intention was to apply the findings of the study and to place the energy performance of the reference 
buildings in the interval below the cost-optimal level (as requested by EPBD) but above the level of the 
best available technology. 

In order to be in line with EPBD requirements, the energy demand includes lighting in the case of the 
non-residential building (reference building No. 2) and is exempted for the residential, single-family 
house (reference building No. 1).

Table 20: Reference building No. 1 - Residential single-family house 

Building components’ 
characteristics

Copenhagen Stuttgart Madrid

U-Windows  (average) 
[W/(m²K)]

0.8 0.8 0.8

SHCG-glazing 0.51 0.51 0.51

U-Walls [W/(m²K)] 0.12 0.12 0.23

U-Floor [W/(m²K)] 0.08 0.08 0.15

Ventilation rate (average)* 
[1/h]

0.43 0.43 0.43

Temperature efficiency of 
heat recovery [%]

85 0.85 85

Specific fan power [W/m3] 0.25 0.25 0.25

Peak power of heating 
system [kW]

4.7 3.8 4.1

*) In the model realistically distributed per zone-usage type (Children and Living room as supply air zones, kitchen and bathrooms as exhaust air zones

Table 21: Reference building No. 2 - Non-residential multi-storey office building

Building components’ 
characteristics

Copenhagen Stuttgart Madrid

U-Windows (average) 0.74 0.81 1.1

SHCG-glazing 0.51 0.51 0.33

U-Walls (average) 0.17 0.2 0.24

U-Floor 0.28 0.34 0.42

Specific fan power 0.43 0.43 0.43

Temperature efficiency of 
heat recovery

85 80 80

Lighting offices* 7.5 7.5 7.5

Peak power of heating 
system

60 51 47

*) 	General Lighting (independent 2 rows) with attendance and daylight control (aim: 200 lx) plus individual workplace lighting, will be added to the 
basic demand
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For each of the six different reference buildings were considered the following HVAC Systems and related 
efficiencies:

Table 22: Overview about the considered heating and cooling systems

Efficiency Heating/Cooling 
(annual weighted average)

Efficiency Hot water
(annual weighted average)

Air Source Heat Pump (SEER) 3.5-4.1* 3.6 – 4.3*

Brine Source Heat pump (SEER) 4.6- 5.4* 3.6 – 4.2*

Biomass Boiler 0.9 0.9

Gas Condensing Boiler 1 0.9

District heating 0.95 0.95

(Micro-) CHP Gas 0.63/0.32** 0.63/0.32**

(Micro-) CHP Biomass 0.63/0.32** 0.63/0.32**

(Multi-)Split cooling units for 
residential (COP)

3.5 3.5

Central cooling system for office 5.0 5.0

*Individually calculated, mainly depending on external temperatures, assuming best actually available market products
**) heating/electricity production

For calculating the impact of different supply options in the building’s overall energy and CO2 balances, 
the following general assumptions have been considered:

Table 23: General Assumptions

Off-site, grid 
electricity

Off-site, 
grid ‘Green’ 
electricity

Natural 
gas

Biomass District 
heating

On-site 
electricity*

CO2 factor** 
[kg/kWh]

0.252 0.0 0.202 0.0 0.107 0.0

Renewable 
share*** [%]

35 100 0.0 100 54 100

Primary energy 
factor*** [-]

2.0 0.0 1.1 0.2 0.61 0.0

*) For the purpose of this simulation, photovoltaic (PV) and micro-CHP (CHP=combined heat and power plant) were considered. It is assumed that 
CHP is driven as an (inefficient) heating boiler, which produces 100% “green” electricity and may be used for compensation for renewable energy, 
CO2 emssions and primary energy.

**)There are great country differences between the CO2 emission factors for electricity and district heating, according to the fuel mix content in the 
energy supply. 

	 For simplification the EU-27 average was applied. For the CO2 emission factors of electricity and district heating average values for the years 2011 
to 2040 were assumed, taking into account a constant decrease towards -90% by 2050 (according to the power-sector reduction target).

***) The shares of renewable energy and the primary energy factor for electricity are calculated as “2011 to 2040”- average values, based on the 
renewable energy projections of the Energy Environment Agency and the ECN for the EU27.

The remaining primary energy factors were taken from the actual EPBD calculation methods of Germany.

The local specific energy production of PV systems per kWp* in the chosen locations is as follows:

Copenhagen	 820 kWh/kWp

Stuttgart	 890 kWh/kWp

Madrid	 1360 kWh/kWp
*) Source:http://re.jrc.ec.europa.eu/pvgis/apps3/pvest.php
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5.4 Verification of nZEB principles on reference buildings 
In this chapter the results of the simulations on the reference buildings are illustrated.
Within the simulated application of nZEB principles on the reference buildings in different climate zones, 
the following parameters were considered and calculated:

•	 Specific primary energy demand detailed by building services, i.e. heating, domestic hot water (DHW), 
cooling, solar thermal domestic hot water, losses. 

•	 Different technology options for providing a building’s heating, cooling and DHW: air source heat 
pump, brine source heat pump, biomass boiler, gas condensing boiler, district heating, micro-CHP gas, 
micro-CHP biomass, multi-split cooling units for residential (COP), central cooling system for offices.

•	 Final energy demands in several technology assumptions and detailed by building services (i.e. heating, 
domestic hot water, cooling, ventilation and auxiliary energy)

•	 The primary energy demand, the renewable energy share and the associated GHG emissions of the 
reference buildings were calculated for each climate zone in two situations with or without considering 
the electricity consumption of appliances and other building equipment outside the scope of the EPBD. 

•	 Renewable energy: In addition to the basic technical system presented above, the simulation considered 
several supplementary options such as:
-	 One on-site photovoltaic (PV) system of 2kWp 
-	 Additional use of off-site “100%-green electricity”, which is assumed to have 100% share of renewable 

energy and a CO2 emission-facor of 0 kg/kWh as well as a primary energy factor of 0 kWh/kWh.

•	 Specific CO2 emissions and primary energy: In addition to the above-mentioned assumptions, a PV-
compensation was considered to reach a 50% or 90% share of renewables. 

•	 All analysed options assumed a well-sealed and insulated building shell with a highly efficient 
ventilation system, leading to a very low energy demand.

All specific values are related to the net floor area of 129 m² for a single-family house and 1.600 m2 internal 
floor area for the office building.

The following sets of graphs for each climate and building type show the results for the basic variant, 
without any PV on-site electricity production and usage of off-site green electricity, as well as for the 
variants considering those two possible improvement options:

1.	Top:  Share of energy from renewable sources (red lines within the graph indicate the 50% and the 
100% borders). The shares were equally counted, meaning independently from the type of energy (e.g. 
renewable heat counts as much as renewable electricity).

2.	Middle: Specific CO2 emissions (dotted line indicates the 3 kg/(m²a), which is the limit for reaching the 
2050 objective (see also chapter 5)

3.	Bottom: Specific primary energy demands 

Remarks: As the electricity produced by PV and CHP systems, was calculated as a negative contribution, 
assuming the CO2 emission and primary energy factors of conventional grid electricity, negative values 
for the CO2 emissions and primary energy for those variants are possible. In case the on-site renewable 
energy production systems (PV and biogas CHP) produce more energy than the annual demand (=> plus 
energy buildings) a share of renewable energy above 100% is possible.
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5.4.1 Simulation results: residential Copenhagen

The following table shows the calculated specific energy demands, losses and solar gains for the 
residential reference building in Copenhagen.

Table 24: Energy demands, thermal DHW losses and solar gains

Spec. heating demand 26.9 kWh/(m²a)

Spec. domestic hot water demand 14.1 kWh/(m²a)

Spec. domestic hot water losses 7.1 kWh/(m²a)

Spec. domestic hot water covered by solar-thermal -6.7 kWh/(m²a)37

Spec. cooling demand 0.2 kWh/(m²a)

Spec. demand of appliances 30.0 kWh/(m²a)

Sum spec. thermal demands incl. losses + aux. demand 
(ventilation and pumps) 

51.7 kWh/(m²a)

Sum as before + spec energy demand of appliances 81.7 kWh/(m²a)

Table 25 shows the final energy demand of different heating systems to supply the energy demand of the 
reference building, which depends on the efficiency of the different systems.

Table 25: Final energy demands for different heating supply systems

kWh/(m²a) Air 
heat 
pump

Brine 
heat 
pump

Biomass 
boiler

Gas 
boiler

District
 heating

Micro CHP* 
(gas)

Micro CHP* 
(biomass)

Heating 7.5 5.8 29.9 26.9 28.3 42.7 42.7

Domestic hot 
water

4.0 4.0 16.1 16.1 15.3 23.0 23.0

Cooling 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Ventilation 1.8 1.8 1.8 1.8 1.8 1.8 1.8

Auxiliary 
energy

1.5 1.5 1.5 1.5 1.5 1.5 1.5

*) CHP was assumed at these solutions as the only heating system without a peak load boiler

     
 

37	Negative values indicate energy production e.g. hot water production.
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5.4.2 Simulation results: residential Stuttgart 

The following table shows the calculated specific energy demands, losses and solar gains for the 
residential reference building in Stuttgart.

Table 26: Energy demands, thermal DHW losses and solar benefits 

Spec. heating demand 22.0 kWh/(m²a)

Spec. domestic hot water demand 13.5 kWh/(m²a)

Spec. domestic hot water losses 7.1 kWh/(m²a)

Spec. domestic hot water covered by solar thermal generation -7.2 kWh/(m²a)40 

Spec. cooling demand 0.3 kWh/(m²a)

Spec. demand for appliances 30.0 kWh/(m²a)

Sum of spec. thermal demands incl. losses +aux. demand 
(ventilation and pumps)

46.3 kWh/(m²a)

Sum as before + spec. demand for appliances 76.3 kWh/(m²a)

Table 27: Final energy demands for different heating supply systems

kWh/
(m²a)

Air 
heat 

pump

Brine 
heat 

pump

Biomass 
boiler

Gas boiler District
heating

Micro 
CHP* 
(gas)

Micro 
CHP* 
(bio)

Heating 6.3 4.4 24.5 22.0 23.2 35.0 35.0

Domestic 
hot water

3.6 3.5 14.8 14.8 14.1 21.2 21.2

Cooling 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Ventilation 1.8 1.8 1.8 1.8 1.8 1.8 1.8

Auxiliary 
energy

1.5 1.5 1.5 1.5 1.5 1.5 1.5

*) CHP was assumed at these solutions as the only heating system without a peak load boiler

 

38	Negative values indicate energy production e.g. hot water production.
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5.4.3 Simulation results: residential Madrid

The following table shows the calculated specific energy demands, losses and solar gains for the 
residential reference building in Madrid.

Table 28: Energy demands, thermal DHW losses and solar benefits 

Spec. heating 6.0 kWh/(m²a)

Spec. domestic hot water 12.3 kWh/(m²a)

Spec. domestic hot water losses 7.1 kWh/(m²a)

Spec. domestic hot water covered by solar -11.9 kWh/(m²a)39

Spec. cooling 9.2 kWh/(m²a)

Spec. demand for appliances 30.0 kWh/(m²a)

Sum spec. thermal demands incl. losses + aux. demand (ventilation 
and pumps)

38.0 kWh/(m²a)

Sum as before + appliances 68.1 kWh/(m²a)

Table 29: Final energy demands for different heating supply systems

kWh/
(m²a)

Air 
heat 

pump

Brine 
heat 

pump

Biomass 
boiler

Gas boiler District
heating

Micro 
CHP* 
(gas)

Micro 
CHP* 
(bio)

Heating 1.6 1.1 6.7 6.0 6.3 9.6 9.6 

Domestic 
hot water

1.7 1.8 8.3 8.3 7.9 11.9 11.9 

Cooling 2.6 2.6 2.6 2.6 2.6 2.6 2.6 

Ventilation 1.8 1.8 1.8 1.8 1.8 1.8 1.8 

Auxiliary 
energy

1.6 1.6 1.6 1.6 1.6 1.6 1.6 

*) CHP was assumed at these solutions as the only heating system without a peak load boiler

 

39	Negative values indicate energy production e.g. hot water production.
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5.4.4 Simulation results: non-residential Copenhagen

The following table shows the calculated specific energy demands, losses and solar gains for the non-
residential reference building in Copenhagen.

Table 30: Energy demands, thermal DHW losses and solar benefits 

Spec. heating 11.7 kWh/(m²a)

Spec. domestic hot water 2.1 kWh/(m²a)

Spec. lighting 8.2 kWh/(m²a)

Spec. cooling 0.3 kWh/(m²a)

Spec. demand for appliances 20.9 kWh/(m²a)

Sum spec. thermal demands incl. losses + aux. demand (ventilation and pumps) 29.7 kWh/(m²a)

Sum as before + appliances 50.6 kWh/(m²a)

Table 31: Final energy demands for different heating supply systems

kWh/
(m²a)

Air 
heat 

pump

Brine 
heat 

pump

Biomass 
boiler

Gas boiler District
heating

Micro 
CHP* 
(gas)

Micro 
CHP* 
(bio)

Heating 3.3 2.5 13.0 11.7 12.3 18.6 18.6

Domestic 
hot water

2.1 2.1 2.1 2.1 2.1 2.1 2.1

Cooling 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Ventilation 6.8 6.8 6.8 6.8 6.8 6.8 6.8

Lighting 8.2 8.2 8.2 8.2 8.2 8.2 8.2

Auxiliary 
energy

0.2 0.2 0.2 0.2 0.2 0.2 0.2

*) CHP was assumed at these solutions as the only heating system without a peak load boiler
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5.4.5 Simulation results: non-residential Stuttgart

The following table shows the calculated specific energy demands, losses and solar gains for the non-
residential reference building in Stuttgart.

Table 32: Energy demands, thermal DHW losses and solar benefits 

Spec. heating 9.7 kWh/(m²a)

Spec. domestic hot water 2.0 kWh/(m²a)

Spec. lighting 7.3 kWh/(m²a)

Spec. cooling 1.2 kWh/(m²a)

Spec. demand for appliances 20.9 kWh/(m²a)

Sum spec. thermal demands incl. losses + aux. demand (ventilation and pumps) 27.6kWh/(m²a)

Sum as before +appliances 48.5 kWh/(m²a)

Table 33: Final energy demands for different heating supply systems

kWh/
(m²a)

Air 
heat 

pump

Brine 
heat 

pump

Biomass 
boiler

Gas boiler District
heating

Micro 
CHP* 
(gas)

Micro 
CHP* 
(bio)

Heating 2.7 2.0 10.8 9.7 10.2 15.4 15.4

Domestic 
hot water

2.0 2.0 2.0 2.0 2.0 2.0 2.0

Cooling 1.6 1.6 1.6 1.6 1.6 1.6 1.6

Ventilation 6.8 6.8 6.8 6.8 6.8 6.8 6.8

Lighting 7.3 7.3 7.3 7.3 7.3 7.3 7.3

Auxiliary 
energy

0.2 0.2 0.2 0.2 0.2 0.2 0.2

*) CHP was assumed at these solutions as the only heating system without a peak load boiler
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5.4.6 Simulation results: non-residential Madrid

The following table shows the calculated specific energy demands, losses and solar gains for the non-
residential reference building in Madrid.

Table 34: Energy demands, thermal DHW losses and solar benefits 

Spec. heating 5.0 kWh/(m²a)

Spec. domestic hot water 1.8 kWh/(m²a)

Spec. lighting 6.3 kWh/(m²a)

Spec. cooling 6.0 kWh/(m²a)

Spec. demand for appliances 20.9 kWh/(m²a)

Sum spec. thermal demands incl. losses + aux. demand (ventilation and pumps) 23.5 kWh/(m²a)

Sum as before + appliances 44.5 kWh/(m²a)

Table 35: Final energy demands for different heating supply systems

kWh/(m²a) Air 
heat pump

Brine 
heat pump

Biomass 
boiler

Gas boiler District
heating

Micro 
CHP* 
(gas)

Micro 
CHP* 
(bio)

Heating 1.2 1.0 5.6 5.0 5.3 7.9 7.9

Domestic 
hot water

1.8 1.8 1.8 1.8 1.8 1.8 1.8

Cooling 3.5 3.5 3.5 3.5 3.5 3.5 3.5

Ventilation 6.8 6.8 6.8 6.8 6.8 6.8 6.8

Lighting 6.3 6.3 6.3 6.3 6.3 6.3 6.3

Auxiliary 
energy

0.1 0.1 0.1 0.1 0.1 0.1 0.1

*) CHP was assumed at these solutions as the only heating system without a peak load boiler
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5.5 Comparative interpretation of the results
In this chapter, the conclusions that can be drawn from the results of the calculations at building level 
related to environmental indicators are described. All variants examined consist of a well-sealed and 
insulated building shell and a highly efficient ventilation system to insure a very low residual energy 
demand. With this necessary precondition, specific attention is paid to the items that specific thresholds 
have been assigned to in the proposed principles for nZEBs, being a share of renewable energy and CO2 
(CO2 being important as an indicator for the necessary ambition level, whereas the indicator in national 
building codes is assumed to be in line with the EPBD primary energy consumption).  

5.5.1 Renewable energy share in the energy balance

The share of renewable energy was defined in this study as the ratio between the amounts of energy 
produced by renewable resources and the total energy demand (independent of the type of final energy) 
of the building. As further described in chapter 5, a reasonable corridor seems to be between 50% and 
90% (or 100) %.

Reference building N°1: Single family home including a typically sized solar thermal system for domestic 
hot water. Main conclusions after the simulation:

•	 Fossil-fired options (gas boiler, gas fired micro CHP) either do not or struggle to reach the proposed 
minimum 50% renewable energy share in the building’s energy consumption. A conventional gas 
boiler system alone will never reach the minimum level of renewable share. The gas micro-CHP system, 
is slightly below the 50% threshold and may fulfil the proposed requirement by additional import of 
off-site grid electricity or if complemented by a 2kWp PV system.  The fossil fired options fail to reach the 
50% threshold energy consumption in the considered energy demand, whether including or excluding 
the appliances.

•	 In cold and warm climate zones, the district heating (DH) option fulfils the requirement for minimum 
50% renewable share in the building energy consumption. However, in moderate climate zones the 
DH option falls short of the threshold. In order to reach the minimum requirement, the DH in the 
moderate zone should have had CO2 emissions below the one considered for this simulation then the 
renewable share could be increased accordingly. Another option to fulfil the 50% renewable share is to 
complement the DH supply with an additional on-site 2kWp PV system.  

•	 All other analysed on-site renewable options (air heat pump, brine heat pump, biomass boiler, biomass 
fired micro-CHP) exceed the proposed 50% renewables share, even when including the energy 
consumption of appliances in the considered energy demand.

•	 The need for 100% off-site green electricity appears only in a few exceptional cases, i.e. as resulted from 
the simulation for the Madrid site, where there is high electricity demand for cooling, not covered by 
the on-site gas boiler. The additional import of off-site green electricity together with the on-site gas 
boiler exceeds the 50% limit. However, the alternative of installing an on-site 2kWp PV system avoids 
green electricity imports.

•	 A share of 90% energy from renewable sources (excluding appliances) without further supporting 
measures is clearly achieved by the biomass-fired micro-CHP and just achieved by the biomass boiler. 
Using 100% green electricity as a further supporting measure, improves all the on-site options and also 
helps the heat pump solutions reach the 90% target. 

•	 If only half of the district heating stems from renewable sources (as was assumed for this simulation) 
this will prevent the district heating solution from reaching the 90% target in any of the locations. For 
reaching this high level of renewable share it is necessary to green much more of the district heating.
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•	 In regions with a high solar potential (e.g. Madrid and similar), adding 2 kWp of photovoltaics makes 
all the on-site options exceed the 90% share. In regions with low solar irradiation (e.g. Stuttgart, 
Copenhagen and similar) even this measure does not cause the fossil-fired supply options to reach 
the 90% renewable share. Only the biomass boiler and the biomass fired micro-CHP may reach a 90% 
renewable share with the support of the additional PV. The district heating option complemented by 
an additional 2kWp PV system just reaches the 90% renewable threshold in regions with very good 
solar irradiation (e.g. Madrid). 

•	 One ambitious aim of this demonstration is to prove that it is possible to reach a 90% share of renewable 
energy while even including appliances in the energy balance of the building. Obviously using 100% 
off-site green electricity helps to achieve this target. The only situation where even this measure is 
insufficient in reaching a 90% share is again the situation of choosing the fossil-fired options (i.e. gas 
boiler, gas micro-CHP and district heating with insufficient renewable share).

General conclusions for the reference building N°1: 

•	 Even for single-family homes where heat has a very high share in the total energy balance of the 
building, it is possible to achieve a 90% share of renewables only by using a 100% heat supply from 
biomass fired systems (boiler, CHP) . 

•	 Heat pump solutions easily achieve a 50% renewable share. By using additional off-site green electricity 
or an on-site 2kWp PV system, the heat pump option can secure even a 100% renewable energy share. 

•	 The district heating impact depends largely on its renewable share. A 50% renewable DH system is not 
enough in some locations. 

•	 Fossil-fired solutions are already struggling with a renewable share of 50%. The fossil-fired systems 
are not an option when including the energy consumption of appliances in the energy demand and 
imposing a requirement for a very high share of renewables (90%). A 90% renewable share may be 
reached by using additional off-site green electricity or, only in regions with very good solar irradiation, 
by installing an additional 2 kWp PV system. 

Reference building N°2: a multi-storey office building:

•	 Only the biomass boiler and biomass fired micro-CHP variants exceed the 50% share easily. The heat 
pump solutions are reaching close to the 50% share.

•	 Due to the higher relative share of electricity in the office building (lighting!), additional consideration of 
100% green electricity helps all variants exceed the 50% share. The same goes for adding an additional 
2 kW of photovoltaics.

•	 If appliances are included in the analysis, only the biomass-fired Micro CHP reaches the 50% share at 
all locations. In locations with cold winters, because of the higher relative share of heating energy, the 
biomass boiler variant also reaches the 50% share. District heating would need a significantly higher 
share of renewables than assumed for this study (54%) to reach the 50% share. 

•	 A share of 90% energy from renewable sources (excluding appliances) without further supporting 
measures is not achieved by any of the variants. Additional consideration of 100% green electricity 
helps all variants except the gas boiler, the gas fired micro CHP and district heating solution to reach or 
exceed the 90% share. An improved district heating solution may also reach a 90% renewable energy 
share. Adding maximum amounts of PV on the roofs is more effective in very sunny regions than in less 
sunny regions. Thus in Madrid all variants reach the 90% share.

•	 A share of 90% energy from renewable sources (including appliances) without further supporting 
measures is not achieved by any of the variants. Additional consideration of using off-site green 
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electricity makes all variants except the gas boiler, the gas-fired micro CHP and district heating exceed 
the 90% share. An improved district heating solution may also reach a 90% renewable energy share. 
Due to space restrictions, adding maximum PV on the roof is less effective. None of the variants reaches 
the 90% share. 

General conclusions for the reference building N°2: 

•	  In office buildings, biomass and heat pump solutions reach a 50% share of renewables. 

•	 Office buildings have a higher relative share of electricity than residential buildings. Therefore green 
electricity is very advantageous for all variants – except the fossil-fired variants - to reach a 90% share, 
usually even including appliances. Due to usual space restrictions, adding PV is less effective.

5.5.2 CO2 emissions

In order to make sure that climate targets are met by buildings, the maximum allowable CO2 emissions of 
an nZEB should be as low as possible (below 3kgCO2/(m²yr), see chapter 5).

•	 With the basic variants (excluding appliances, green electricity and PV) all fossil-fired solutions (gas 
boiler, micro CHP and district heating with a small renewable share) are generally clearly above the 
limit of 3 kg/(m2yr). Heat pump solutions come close and bio solutions (biomass boiler, bio micro CHP) 
clearly stay below that limit.

•	 Using green off-site electricity significantly decreases CO2 emissions. Still the fossil-fired solutions 
generally fail the target, except at locations with very little heating and DHW demand (Madrid). Taking 
the appliances into account does not change the conclusion above.

•	 Adding on-site PV improves the situation. The fossil solutions are still below the 3 kg/(m2yr) limit as a 
small PV (to achieve 90%) renewable share is considered. 

•	 Including electricity demand for appliances, the on-site PV electricity production approach only stays 
below the limit when it is assumed to be implemented to a maximum extent and in combination with 
a biomass Micro CHP.  An easier solution is to use green electricity, although this alone is not enough 
for the fossil heat generation solutions. 

•	 Office building

•	 With the basic variants (excluding appliances, green electricity and PV) all solutions except the biomass 
micro CHP exceed the limit of 3 kg/(m2yr).

•	 Using off-site green electricity significantly decreases CO2 emissions. Because of the relatively high 
share of electricity in office buildings all related variants stay below 3 kg/(m2yr). Including the electricity 
demand of the appliances does not generally change this result.

•	 Adding PV is much less effective than in the case of single-family house. Specific CO2 emissions below 
3 kg/(m2yr) may be achieved, only without appliances, assuming an appropriate amount of additional 
on-site PV. In some cases (especially fossil heating systems in less sunny places) even this may not be 
possible.
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5.6 Financial results of implementing different options on reference 
buildings

The financial impacts for the cases of residential and non-residential buildings have been calculated 
by comparing the extra investment costs to achieve the nearly Zero-Energy Building solutions with the 
potential savings (mostly energy costs) compared to a local actual new building standard.

In the following tables the energy prices assumed for the different locations and usage types (residential 
and office) are shown. The prices given are averages, originally taken from Eurostat, considering a 
period of 30 years with an average annual price increase rate of 1.5% and an interest rate of 4%.  For the 
variant “Copenhagen” the average prices of the northern EU countries, for Stuttgart the average prices 
of the Western EU countries and for Madrid the average prices of the Southern EU countries are applied. 
For green electricity for all locations and usage types, additional costs of 2 ct/kWh are added to the 
conventional electricity prices. The prices for heat pump electricity and district heat are assumed to be 
related to the price of gas, assuming the following correlations: 
price heat pump electricity= 2.2 x price natural gas
price district heat= 1.24 x price natural gas
For the reference option and the CHP option, with a comparably high demand, different (demand
dependent) prices for gas, biomass and district heat, have to be assumed than for the nZEB options. 

Table 36: Assumed average annualised energy prices for the period 2011-2040 for the residential sector 
Source Eurostat 2010, with 1.5 % annual increase

Copenhagen Stuttgart Madrid

Electricity conventional 0.237 0.226 0.221 €/kWh

El. heat pump tariff 0.237 0.226 0.188 €/kWh

Green electricity 0.257 0.246 0.241 €/kWh

Natural gas (<20 GJ/a*) 0.121 0.106 0.086 €/kWh

Biomass (Wood Pellets, Base) 0.099 0.087 0.070 €/kWh

District heat (<20 GJ/a*) 0.150 0.132 0.106 €/kWh

Gratification feed in electricity 0.237 0.226 0.221 €/kWh

Natural gas 
(reference , gas CHP)

0.089 0.066 0.071 €/kWh

Biomass 
(Wood Pellets, bio-CHP)

0.073 0.054 0.058 €/kWh

District heat (>20 GJ/a*) 0.111 --- --- €/kWh
*) prices are dependent on total annual demand
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Table 37: Assumed average energy prices for the period 2011-2040 for the tertiary sector
Source Eurostat 2010, with 1.5 % annual increase

Copenhagen Stuttgart Madrid

Electricity conventional 0.191 0.199 0.280 €/kWh

El. heat pump tariff 0.106 0.114 0.107 €/kWh

Green electricity 0.211 0.219 0.300 €/kWh

Natural gas 0.048 0.052 0.049 €/kWh

Biomass (Wood Pellets, Base) 0.040 0.043 0.040 €/kWh

District heat 0.060 0.064 0.060 €/kWh

Gratification feed in electricity 0.191 0.199 0.280 €/kWh

Natural gas 
(reference , gas CHP)

0.089 0.066 0.071 €/kWh

Biomass 
(Wood Pellets, bio-CHP)

0.073 0.054 0.058 €/kWh

District heat (>20 GJ/a*) 0.111 --- --- €/kWh

The inputs related to the average assumed investment costs are described in the following table. Please 
note that investment costs are dependent on specific market circumstances, contract negotiations, sales 
volumes etc. and might differ substantially at the level of single projects.

Table 38: Assumed investment costs
Sources: Ecofys BEAM² model, report “Heating systems: Heating concept for Germany - Environmental impact from heating systems in Germany, for 
German Umweltbundesamt, 2009/2010”, and use of construction costs indicators (EUROSTAT), own investigations.

Single family building – Additional Investment costs (euro2010, incl. VAT)

Component Madrid Stuttgart Copenhagen

Additional costs triple glazing €/m2 glazing 100 50 0

Additional costs heat recovery €/m2 floor 65 50 65

Additional costs 1 cm roof insulation €/m2 0.69 0.99 1.27

Additional costs 1 cm wall insulation €/m2 0.91 1.32 1.69

Additional costs 1 cm floor insulation €/m2 0.86 1.24 1.59

Spec. costs PV system €/kWp 3500 3500 3500

Improved lighting €/m2 n.a. n.a. n.a.

Office building – Additional Investment costs (euro2010, incl. VAT)

Component Madrid Stuttgart Copenhagen

Additional costs triple glazing €/m2 glazing 150 50 0

Additional costs heat recovery €/m2 floor 20 25 15

Additional costs 1 cm roof insulation €/m2 0.69 0.99 1.27

Additional costs 1 cm wall insulation €/m2 0.91 1.32 1.69

Additional costs 1 cm floor insulation €/m2 0.86 1.24 1.59

Spec. costs PV system €/kWp 3300 3300 3300

Improved lighting €/m2 2 5 2
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Single family building – Additional Investment costs (euro2010, incl. VAT)

Air heat 
pump 

Brine heat 
pump

Biomass 
boiler

Gas boiler District 
heating

Micro-CHP 
gas

Micro-
CHP 

biomass

Gas 
boiler

Madrid 14 134 16 463 15 645 8 784 6 293 20 193 26 480 11 748

Stuttgart 19 829 22 776 22 221 14 260 10 732 30 844 3 9916 17 660

Copenhagen 27 622 37 236 31 503 16 838 12 042 42 496 5 5611 13 423

Offi  ce building – Investment costs (euro2010, incl. VAT)

Air heat 
pump 

Brine heat 
pump

Biomass 
boiler

Gas boiler District 
heating

Micro-CHP 
gas

Micro-
CHP 

biomass

Gas 
boiler

Madrid 4 1861 65 843 33 932 19 905 12 417 79 639 97 404 28 012

Stuttgart 63 034 100 707 50 733 29 951 18 689 123 682 151 185 59 933

Copenhagen 87 565 144 667 71 964 43 571 27 146 183 469 223 999 39 149

The following graphs indicate the specifi c (based on net fl oor area) total diff erence cost annuities (based 
on an interest rate of 4% (without infl ation), an observation time of 30 years and energy prices indicated 
in Tables 37 and 38 the of the nZEB variants compared to a local new build reference. For the calculation, 
the annuities of the energy prices savings (negative) were added to the annuities of the additional 
investment and potential additional maintenance costs, which are necessary to reach the nZEB variants. 
Positive values indicate that the additional costs are higher than the achievable savings.       
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The outcomes of the fi nancial examination are summarized in the following.
The results are very much infl uenced by the local prices for systems, energy prices and the existence 
of a certain support scheme (e.g. feed in tariff  s). Therefore, the outcomes of the fi nancial examination 
summarized in the followings are given without insisting on detailed prices but at general level.

Reference building N°1: single-family building

•	 The	further	north,	the	higher	the	additional	cost	of	reaching	nearly	zero-energy	requirements.

•	 The	most	cost-effi		cient	solutions	are	“district	heating”	and	“gas	boiler”.		

•	 In	all	regions	biomass	and	CHP	solutions	tend	to	be	the	most	expensive	ones.	

•	 In	southern	Europe	nZEB	might	be	even	more	fi	nancially	attractive	than	the	reference	case.	In	other	
European regions higher costs have to be expected.

•	 In	northern	Europe	adding	PV	slightly	increases	the	overall	additional	cost,	in	central	Europe	(Stuttgart),	
the price diff erence to a reference case is very small while in southern Europe the more PV is added the 
more fi nancially attractive the nZEB solution becomes.
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Reference building N°2: multi-storey office building

•	 Price differences between solutions are smaller than for a residential single-family house. The absolute 
additional cost to achieve nZEB is significantly smaller than for a residential single-family house. 

•	 CHP solutions tend to be most expensive.

•	 Especially in southern but also in central Europe, nZEB might be even more financially attractive than 
the reference case. In northern Europe higher costs have to be expected.

•	 In northern Europe adding PV increases the overall additional cost, in central Europe (Stuttgart), the 
price difference to a reference case is very small while in southern Europe the more PV is added the 
more financially attractive the nZEB solution becomes.

In the appendix more details are given about the individual contributions to total annuities shown in the 
above graphs
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6	Technological, financial 
and policy implications at 
EU level

While a definition of nearly Zero-Energy Buildings needs to deliver the framework for 
successful implementation of the related principles at building level, any final definition 
of nearly Zero-Energy Buildings needs to and will also have implications at EU level.
This last part of the study therefore intends to analyse the actual status and implications 
of moving towards nZEB levels from the technical, financial and political point of view.    

6.1 Technologies and resources
Applicable solutions, limitations and development needs
The simulations have shown that a new-built nearly Zero-Energy Building standard based on the 
suggested principles and findings from this study (allowing compensation for renewable energy 
produced on-site or green electricity) is achievable with existing technologies. The assumptions used in 
the simulations provided, especially very ambitious aims, like a share of renewable energies of minimum 
90% or specific CO2 emissions close to zero or at least significantly below 3 kg CO2/(m²yr) lead to the 
need for compensating measures such as green electricity or PV. Fossil fuel based technologies are not 
consistent with those ambitious definitions. All-electric solutions (heat pumps) seem to be the most 
suitable, because of the continuous, “automatic” improvement due to the expected greening of grid 
electricity and the possibility of direct compensation by electricity produced on-site. Especially (micro) 
bio CHPs have shown very good results. This technology needs further development. Big potential is 
also evident in district heating systems with higher shares of renewable energy than assumed in the 
simulations.

A further improvement of the thermal building skin insulation can be expected by establishing new 
materials such as vacuum technology (opaque and transparent parts). The efficiency of actual high 
efficient heat pumps and compression chillers, fans and pumps is already very close to the theoretical 
achievable optimum. Solutions such as deep geothermal energy or seasonal solar storages, which are 
still far away from being standard cost-effective solutions, are not indispensible for achieving nearly zero- 
energy requirements. Nevertheless they may for example play a role in boosting the renewable share of 
district heating or cooling systems. In particular, further developments (leading to a price decrease and 
an efficiency increase) at decentralised renewable energy productions systems such as PV systems would 
be very advantageous for nearly Zero-Energy Buildings. This also would help achieve a similar standard 
in major renovations, where no (heat) grids are in place that could be used for efficient distribution of 
renewable heat on a larger scale.

Barriers regarding availability of systems, resources, and know-how
Possible barriers to the availability of systems and resources may be a market that is not able to satisfy 
the increasing demand for new technologies. A comparison between the actual market and the demand 
in the case that all new buildings were built according to nZEB principles gives an initial idea about how 
much the actual market would have to grow in order to satisfy the increased demand. Actual market data 
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for ventilation systems with heat recovery, insulation material, triple glazed windows, heat pumps and 
pellet boilers are taken from various sources and differ in quality. Data for ventilation systems are taken 
from a recently published study by the Commission’s DG Enterprise and Industry on air conditioning and 
ventilation systems40. Data on heat pumps is taken from the statistics of the European heat pump association 
(EHPA)41. Data regarding insulation material and windows are taken from the Study on Amended Ecodesign 
Working Plan under the Ecodesign Directive42. This study indicates that actual sales of windows (not ‘glass’ 
in m2) in the EU are difficult to estimate, since the realisation of a new window may take different paths 
(mass production of complete prefabricated glazed windows, prefabrication of window frame components 
and glass, series, batch and one-off production of bespoke window designs). Also describing the sales of 
such materials as insulation is complicated by the fact that sales figures may relate to either m², kg, number 
of rolls/batts/etc. or even the number of insulated buildings. It was decided to present the figure that 
describes the market size in Euro according to the background report on insulation products produced by 
the European Insulation Platform43. Data on investments required by the nZEBs have been calculated by 
Ecofys using the analysis tool Built Environment Analysis Model (BEAM²)44.

The intention of the comparison of actual and fictive market size is to make predictions of future potential 
barriers regarding the availability of technologies required by nZEBs.

The comparison indicates that investments in general need to rise in the future to satisfy the additional 
demand created by new nZEBs. However, there are significant differences regarding the different 
technologies and their barriers. The highest necessary growth rates to achieve an nZEBs market are found 
for ventilation systems with heat recovery and for triple glazed windows. For these components the 
actual market is really small compared to what it should be to satisfy the necessary demand for a full nZEB 
implementation.

Comparing the figures shows that the future market for ventilation systems needs to grow by a factor 
of eight to ten and for windows by a factor greater than ten. Regarding the other components the gap 
between actual market and necessary future market size is smaller. To satisfy the calculated demand, the 
actual market for insulation materials should grow by about two to three times. The market for heat pumps, 
pellet boilers and solar thermal systems should grow in the same range or more. The following table gives an 
overview of the factors actual markets should grow by to satisfy future demand and shows current market 
sizes. The figures had been derived from the sources mentioned and have been altered only to reflect the 
current market for new buildings.

Table 39: Overview of the factors actual markets should grow by to satisfy future demand

Markets Required growth 
factor

Current market size Unit

Insulation materials 2-3 2 010 Mio EUR

Ventilation systems with heat recovery 8-10 130 000 units

Triple glazed windows >10 1 500 000 m²

Heat pumps 2-3 185 000 units

Pellet boilers 2-3 43 000 units

Solar thermal systems 2-3 3 700 000 m²

40	Kemna et al., 2011: Sustainable Industrial Policy. Building on the Ecodesign Directive - Energy Using Product Group Analysis/2.Lot 6: Air‐conditioning 
and ventilation systems.Draft Report Task 2.Market on Ventilation Systems for non-residential and collective residential applications 

41	European Heat Pump Association (EHPA), 2009: Outlook 2009. European heat pump statistics 
42	Kemna et al., 2011: Draft Report Task 1, 2 & 3. Study on Amended Working Plan under the Ecodesign Directive (remaining energy-using products and 

new energy-related  products)
43	Background report project N° 10148/10, “Thermal Insulation and the Ecodesign Directive: A Review”, by PE North West Europe Ltd, for the European 

Insulation Platform, 22 Feb. 2011.
44	Further information: http://www.ecofys.nl/com/news/pressreleases2010/documents/2pager_Ecofys_BEAM2_ENG_10_2010.pdf
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Apart from market barriers, barriers regarding the know-how of professionals also exist. To date, one 
percent of all new buildings in Germany are built according to the passive house standard, therefore it can 
be assumed that at EU level the percentage is smaller than one percent. The factor by which that should 
increase is therefore bigger than 100. A question that arises is whether the number of architects and 
installers that are able to deal with new technologies and standards will (have to) increase to satisfy the 
demand or not. In the EU there are about 1,500 certified passive house planners45 and 35 passive house 
certifiers46. In the next few years, there will be about 2.0 million residential and non-residential buildings 
newly built per year in the EU47. Depending on the size of the project an expert can manage various 
projects per year; however the gap is a considerable barrier to implementing the nZEB requirements for 
all new buildings in the near future. Technically every architect should be able to build an nZEB; however 
in practice that requires keeping up with standards and requirements that have to be fulfilled to build at 
nZEB levels.

Training programs could overcome this barrier. A good example is the EU project Training for Rebuilding 
Europe that shows that a large number of professionals, property owners and local authorities can be 
trained on the process for retrofitting buildings. This project provides training for retrofitting buildings 
and for implementing nZEB at EU level; however it shows how training people at EU level may work. The 
project is based on an analysis of the training initiatives and toolkits already existing at European and 
national level in this field and aims at their practical deployment at pan-European level. In a two year 
phase, 10,000 professionals have been trained and a toolkit, divided into four modules (policy, finance, 
technologies and project implementation and citizen awareness-raising)48 has been developed. 

Successful implementation of nearly Zero-Energy Buildings will also need technology transfer within the EU. 
This especially relates to technologies to reduce heating demand (technology transfer needed from northern/
western Europe to southern and eastern Europe) and regarding technologies to reduce cooling demand. 

6.2 Financial impacts at EU level
The turnover of the EU’s building industry for non-residential and residential buildings in 2009 was 
about EUR 1 trillion, about half of that amount (EUR 470 billion ) is due to new buildings49. Based on 
the market studies citied in chapter (7.1.) actual investments in new buildings for heat pumps, pellet 
heating systems, ventilation systems with heat recovery, triple glazed windows and insulation materials 
on EU level are estimated to reach about EUR 23 billion (in 2009, during the financial crisis with relatively 
low new building activities). To implement nZEB requirements for every new building the investments 
are estimated to reach about EUR 62 billion per year50. These EUR 39 billion would represent an overall 
increase of about 9%, being a considerable growth that seems achievable when taking place over the 
years up until 2020 (approx. 1% increase per year).

6.3 Legal feasibility
Link to general EU policies and targets
The definition of nearly Zero-Energy Buildings needs (beyond delivering a method that complies with 
the EPBD text) to also fit with general and cross sectoral targets, of which the conservation of energy and 
related reductions of (political and financial) dependencies, climate protection and job creation /relief of 
social system, are especially connected to activities in the building sector.
The concept described for nearly Zero-Energy Buildings clearly fits with the target of lowering energy 
demands. The connection to climate protection is especially evident as the concept has been shaped 
around a maximum allowable CO2 emission (< 3 kgCO2/m²yr).

45	Passivhausplaner, accessed: 09.08.2011; http://www.passivhausplaner.eu/index.html
46	Passive House Institute 2011. Certifier’s Almanac. A collection of information for building certifiers. Internal document.
47	Euroconstruct (2010). 70th Euroconstruct Country Book. 
48	Trainrebuild (2010): Training for Rebuilding Europe, accessed: 10.08.2011; http://trainrebuild.eu/
49	Euroconstruct (2010). 70th Euroconstruct Country Book. 
50	The necessary investment has been calculated with the BEAM² model from Ecofys. Further information: http://www.ecofys.nl/com/news/

pressreleases2010/documents/2pager_Ecofys_BEAM2_ENG_10_2010.pdf
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The concept of nZEB also links to the EU’s job creation targets. The EU’s strategy for creating growth 
and jobs in a sustainable manner, known as the Lisbon Strategy, promotes innovation within businesses 
and investment in people to create a knowledge-based society. Job effects of the energy-related costs 
can be calculated by multiplying these with the turnover per employee. According to that calculation, 
the implementation of nZEB as a mandatory requirement in the future would create about 345,000 
additional jobs51. 

Bridging the gap between cost-optimal and nZEB levels: consistency with EPBD development
Regarding consistency with the EPBD, the described approach would especially use the mechanism of 
cost-optimality as one building block of the definition, ensuring consistency in policy development.
While the example calculations have been made for the current situation (building nearly Zero-Energy 
Buildings today), it will also be important how the financial gap between cost-optimality and nearly Zero-
Energy Buildings will develop in the future.

This means that the actual gap that might need to be bridged will be defined by the framework conditions 
given in 2021, when the nearly Zero-Energy Buildings requirements will be binding for all new buildings. 
Factors that are likely to be subject to changes are for example technology costs (as a reaction to more 
mature markets and larger volumes. Possible sources of information are for example expectations 
on technology cost reductions as described in “Technology Roadmap – Energy – efficient buildings: 
heating and cooling Equipment”, International Energy Agency (IEA), 2011.), availability/accessibility of 
technologies/grids or the energy price (the average energy price for the period 2021 – 2051 might be 
assumed to be higher than the average for 2011-2041).

This is currently assumed by many experts to lead to a reduction (or vanishing) of the gap in relation to 
the situation in 2011 (see graphs below).

Figure 12: relationship between cost-optimality and nearly Zero-Energy Buildings in 2011 and 2021
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51	Assuming an extra investment of EUR 39 billion per year (see previous chapter) and an average turnover in the EU construction industry of EUR 
113,000 (in 2008) per person and year.
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nZEB implications on national policies of EU Member States  
Regarding the legal feasibility in relation to existing policies at national level, there are sometimes 
interactions, mainly between building and renewable energy regulations. Greece, Italy, Portugal, Slovenia 
and Spain have introduced policies that oblige the use of solar thermal energy or other renewable 
energies for water heating in new buildings that may interact with existing building policies. To date, 17 
EU Member States52 have introduced policies that determine feed-in tariffs that also may interact with 
existing building policies. 

In Germany, the Renewable Energies Heat Act (EEWärmeG) makes the use of renewable energy for space 
and hot water heating mandatory for new buildings. The Renewable Energy Sources Act (Erneuerbare-
Energien-Gesetz EEG) determines that system operators receive 15 to 20 years of fixed compensation for 
their generated power (so called feed-in tariff), and network operators are obliged to buy the electricity 
generated by renewables first. These two policies interact with the Energy Conservation Regulations 
(EnEV).

To comply with the described definition of nearly Zero-Energy Buildings, current national codes in general 
need to be strengthened to a more ambitious level.
Beyond tightening already existing requirements it is likely that the structure of legal requirements also 
needs to be adapted or changed. This especially applies to the close linkage in the nearly Zero-Energy 
Buildings concept between requirements for the building envelope and renewable energy systems.
In Germany for example, so far the national building code (EnEV), the law on renewable heat in buildings 
(EEWärmeG) and the law that regulates feed-in tariffs for grid connected renewables (EEG) coexist and 
investors need to comply with all related regulations. For the nearly Zero-Energy Buildings concept it 
would be useful to merge regulations for renewables (as far as they already exist) with existing building 
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52	i.e. France, Italy, Spain, Portugal, Poland, Czech Republic, Switzerland, The Netherlands, Slovenia, Belgium, Slovak Republic, Latvia, Lithuania, 
Belgium, Greece, Bulgaria and Hungary.
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regulations or to broaden the scope of regulations more towards renewables where this has not already 
happened.

In Denmark the current legislation will not present any direct barriers concerning the adoption of a nearly 
Zero-Energy Building definition as described above. There will be a need for a revision of the Building 
Regulations especially concerning the introduction of direct requirements concerning RES and also in 
respect to the specific definitions of “energy need” or “energy demand”. The existing Danish Building 
Regulations, including the intermediate target defined as Low Energy Building 2020, is well tuned to 
both the nZEB definition in general but also with regards to the ambition levels concerning energy use 
and RES share.

Integration of nZEBs into sustainability concepts for cities
The effect of local situations on the energy demand and supply of buildings, especially on new buildings, 
is quite high. The share of passive solar gains, for example for passive houses, can vary by around 25% 
depending on the orientation and the shadowing of the building facades. This is why increased solar 
gains can be regarded as a crucial contribution to the heat supply of a building providing heat free of 
charge and without any technical setups.
However, for planning passive houses or even nZEBs, greater consideration of passive solar energy is 
essential. 

Also important for the energy supply of an urban agglomeration is its density and the characteristics of 
its urban structure. Considering the increased efficiency of central energy supply systems, this can be 
only understood within optimised urban structures providing sufficient energy demand per land unit. 
With respect to the very low energy demand of nZEBs the density of district heat qualified structures 
need to be high.
To further support the implementation of nZEBs, local utilities could also play an important role providing 
renewable energy - heat and power – to the tenants of nZEBs.
The amount of renewable energy provided by a distribution network can guarantee compliance with 
the nearly zero-energy requirements for new buildings with less options to generate renewable energy 
within the threshold of the building itself due to its position in the urban environment or its dedicated 
use.  To encourage the integration of nZEBs at a local level a “quota regulation” in favour of renewable 
energies for district heat and power could be an option. 

Hence, smart cities should provide an applicable energy system qualified for the needs of the future 
energy standards to ease the introduction of nZEBs. 
Furthermore the energy related optimisation of urban structures needs to be part of the energy or 
sustainability concept for European cities. The knowledge about the potential of this optimisation needs 
to be spread among the stakeholder of the planning process and the parties in charge of energy supply. 
To ensure the eligibility of newly developed urban structures for nZEBs, European cities have to take the 
effects of the urban fabric into account. The perspective of a traditional design-based approach has to 
change towards a more integrated approach, which also includes energy related aspects. It is time to 
recognise that this does not contradict with high level urban planning.  

As a result, not only the building level needs to be considered. The urban level should also be prepared to 
ensure its imminent qualification for low or zero-energy.
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7	Further steps towards a 
successful implementation 
of nZEBs

While offering solutions to various questions and proposing an approach for how to de-
fine nearly Zero-Energy Buildings in the EU, this study can of course only give indications 
for a possible direction. However, there are several steps that remain to be made by the EU 
and its Member States to implement the concept of nearly Zero-Energy Buildings.  

Thereby, the following steps could be milestones in the development towards a full and effective 
implementation of nearly Zero-Energy Buildings:

What to do Whose responsibility

Agreement on a concrete outline of a definition for nearly 
Zero-Energy Buildings, based on the EPBD recast text.  

EU Member States, EU Commission, 
EU Parliament, Stakeholders.

Create benchmarks for suitable nearly Zero-Energy Buildings 
in different Member States as a basis for comparison.

EU Member States, EU Commission, Stakeholders.

Agree on a corridor for the value of an overarching threshold 
for nearly Zero-Energy Buildings, e.g. the 0-3 kg CO2 per m² 
and year. 

EU Member States, EU Commission, 
EU Parliament.

Generate a common reporting format for Member States 
to be used for reporting national plans on how to move 
towards nearly Zero-Energy Buildings.

EU Member States, EU Commission.

Facilitate and support implementation of new nearly 
Zero-Energy Buildings already on the way to 2019/2021 
by helping investors understand the necessary up-
front investment, by helping to build planning and 
implementation capacities.

EU Member States, EU Commission.

Work on a definition for buildings renovated to a 
nearly Zero-Energy Buildings target. This could be a 
similar definition, which is softened in specific aspects, 
acknowledging the different limitations when dealing with 
existing structures.

EU Member States, EU Commission, 
EU Parliament, Stakeholders.

Europe will take an important step forward towards a sustainable future by elaborating a consistent and 
effective nZEB definition and by successfully implementing it. Today we have a great opportunity to 
define the right directions for the building sector and to exploit the requirements set by the recast Energy 
Performance of Buildings Directive. Taking into account the long life cycles of buildings (>30-40 years), 
it becomes obvious that there is probably no second chance if we do not act now, if we do not develop 
effective requirements and if we do not properly implement them. 
Overall, the key to success will be a permanent communication between all the parties involved in order 
to create wide agreement on future nZEB requirements. 
Moreover, it is vital to strengthen the commitment of European stakeholders and citizens by offering 
the right support and clear explanations on the benefits of living and working in better and greener 
buildings. 
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Annex I
European Member States

Table 40: Definitions of low energy buildings within Europe
source: Thomsen and Wittchen, 2008

Definition of low energy buildings

AT klima:aktiv low energy building standard (30% better than minimum requirements) and klima:aktiv passive house 
standard; currently voluntary standard promoted by the Federal Ministry of Agriculture, Forestry, Environment, and 
Water Management; in the Working Programme of the Austrian Federal Government it is stated that the klima:aktiv 
standard will become obligatory for receiving social housing subsidies.; Usually, low energy buildings are buildings 
with annual heating energy consumption (calculated demand) below 60-40 kWh/m² gross area (higher numbers 
for single family houses). The calculation is based on primary use. Usually, passive buildings are defined as the 
German passive house standard according the PHI Darmstadt ; however, this term is not used consistently. Passive 
house standard 15 kWh/m² (net area according to PHI); in Austria, the indicator 15 kWh/m² refers to useful area in 
Styria and to heated area in Tirol. 
For new buildings an energy rating of C has to be met corresponding to less than 100 kWh/m² per year.
Austria has many possibilities for national incentives and subsidies which differ depending of the 9 provincial levels. 
Some states have implemented mandatory use of solar installations, Low energy buildings and passive buildings 
have been supported well by the subsidizing system. Most new residential buildings have a heat demand of less 
than 50 kWh/m² per year.
Low energy social buildings: Max 60 kWh/m2 pr. year for heating (final energy consumption).  

NGO: TQ (Total Quality) Building Certification; IBO Building Pass. 

BE
(Flanders)

The definitions are in a note from the government, not really in a regulation. A note of the government shows 
that all the parties in the government agree with this definition and will use the same definition if they need to. As 
government Flanders wanted to have a definition based on the energy performance of buildings calculation. When 
using this kind of definition, it is embedded in the system of the EPB (EnergiePrestatie en Binnenklimaat = “energy 
performance and indoor climate”), following the same procedures. 
The E-level is the annual primary energy consumption divided by a reference consumption. The calculation method 
includes heating, cooling, DHW for residential buildings, lighting for non-residential buildings, auxiliaries and on-
site production of electricity from PV or CHP. New residential buildings have to fulfil an energy performance of E80.

Standard for low energy houses:
E60 = 60% of minimum requirement on energy performance of a house + obligation to measure the air tightness 
of the house. 

Standard for low energy office or school:
E70 = 70% of minimum requirement on energy performance of an office/school building + obligation to measure 
the air tightness of the office.

The standards for low energy class are set on a level that is the “economical optimum” (extra cost - savings in x year).

Standard for very low energy houses:
E40 = 40% of minimum requirement on energy performance of a house + obligation to measure the air tightness 
of the house.

Standard for very low energy office or school:
E55 = 55% of minimum requirement on energy performance of an office/school building + obligation to measure 
the air tightness of the office.

The standards for very low energy class are set by calculating the measures that are close to the measures in a 
passive house on a database of 200 houses or 50 office buildings.

NGO: Passiefhuisplatform vzw has his own definition of a passive house, like definition in the European PEP project 
(www.passiefhuisplatform.be). Passiefhuisplatform is not linked to the government, it is a private initiative. The 
definition is the same as the German definition outlined below.
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CZ Definition is given in “Decree No. 148/2007 Coll., Energy Performance of Buildings and Czech technical standard 
ČSN 730540” and define:

a)	 the requirements for energy efficiency of buildings, benchmarks and calculation methods for the determination 
of energy efficiency of buildings;

b)	the contents and the layout of the energy performance certificate of a building, including the use of previously 
conducted energy audits; and

c)	 the extent of examinations to be passed by individuals with respect to the details to be included in the energy 
performance certificate of a building.

The Decree No. 148/2007 gives the values of specific energy consumption in kWh/(m2.year) for 8 specified building 
types. The specific energy consumption is divided into classes (A-G rating) where the C class is reference values 
equal to the minimum requirement.  Class B is defined as an efficient building and class A is an extremely efficient 
building. For a single-family house the level of energy consumption is:

A:  less than 51 kWh/(m2 year)
B:  51 – 97 kWh/(m2 year)
C: 98 – 142 kWh/(m2 year)

The only definition of very low energy and passive energy houses is in CSN 730540-2, part A5 where Low Energy 
Buildings and Passive Buildings are defined the German passive house standard according the PHI Darmstadt (50, 
resp. 15 kWh/m2 year). In the standard there are only recommendations on how the structures should be made in 
case of Low energy or Passive buildings. It states that U values should be better “than recommended level” which 
means, that it should be better than 66% of presently demanded U-values. For passive houses the recommendation 
is that the thermal loses of such a building should be less than 0.3 W/m2K – according to an EN 832 calculation 
and additionally meet some U-value requirements for some structures: roof 0.12; and windows 0.8 W/m2K. This 
recommendation is on the level of approx. 50% of the present demands in the Building Regulations.

DK In the current Building Regulation one low energy class is defined. Low Energy Class 2015 has a calculated energy 
performance that is approx. 50% better than the minimum energy performance for new buildings in 2008. For 
a 150 m2 dwelling this is an energy frame of 36.7 kWh/m² per year for primary energy. There is ongoing work on 
setting a low energy 2020 frame with the same legal conditions as the 2015 frame. The expected 2020 frame is on 
a level of 75% compared to 2008 requirements.

The minimum requirement for residential buildings is given by: 52.5 + 1650/A kWh/m² per year (A is the heated gross 
floor area). For non-residential buildings the minimum requirements is given by: 71.3 + 1650/A kWh/m² per year. 
The minimum requirement for non-residential buildings includes electricity for building integrated lighting. 	
The minimum requirement for low energy buildings class 2015 residential buildings is given by: 
30 + 1000/A kWh/m² per year (A is the heated gross floor area). For other buildings the minimum requirements is 
given by: 41 + 1000/A kWh/m² per year. The minimum requirement for non-residential buildings includes electricity 
for building integrated lighting.

Included in the calculated energy performance of a building is energy for heating, ventilation, cooling and 
domestic hot water. Further energy consumption of electricity for running the building (pumps, fans) multiplied 
by a factor 2.5 is being included. Additionally, a fictive cooling energy consumption, as a penalty for having too high 
(+26 °C) indoor temperature in the building, is included in the energy performance. This fictive amount of energy is 
calculated as the energy needed to bring the indoor temperature down to 26 °C using a mechanical cooling system 
with a COP of 2 multiplied with the electricity factor of 2.5. In other buildings than residential, electricity for artificial 
lighting is included in the energy performance as well.

NGO: There is ongoing work related to implementation of three different low energy definitions in Denmark:

BOLIG+ (www.boligplus.org) will be a dwelling fulfilling the low energy class 1 requirement (50% below the 
minimum energy performance in the Building Regulation for new buildings) without production of electricity. 
Renewable energy must be used to reduce the consumption of fossil fuels. The building must not take more energy 
from the supply grid than it can deliver back. The energy that is delivered back to the grid must be at least of the 
same quality (usability) as the energy taken from the grid. Further the building must produce electricity for a family 
of electricity conscious residents (about 2100 kWh electricity per year for a family).

Another group of people are working on introducing the German “Passiv Haus” standard in Denmark. This definition 
should follow the definition given by the Passivhaus Institute in Germany.

A third initiative is the Nordic Swan label for buildings. A swan labelled house meets the requirements in the Building 
code for a low energy house class 1 or 2. Further there are requirements regarding the quality of the house, the 
indoor climate, the environmental impact from building materials is minimal, use of unhealthy materials is limited, 
and the environment and health profile is ensured by inspection from an independent consultant. 
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CZ Definition is given in “Decree No. 148/2007 Coll., Energy Performance of Buildings and Czech technical standard 
ČSN 730540” and define:

a)	 the requirements for energy efficiency of buildings, benchmarks and calculation methods for the determination 
of energy efficiency of buildings;

b)	the contents and the layout of the energy performance certificate of a building, including the use of previously 
conducted energy audits; and

c)	 the extent of examinations to be passed by individuals with respect to the details to be included in the energy 
performance certificate of a building.

The Decree No. 148/2007 gives the values of specific energy consumption in kWh/(m2.year) for 8 specified building 
types. The specific energy consumption is divided into classes (A-G rating) where the C class is reference values 
equal to the minimum requirement.  Class B is defined as an efficient building and class A is an extremely efficient 
building. For a single-family house the level of energy consumption is:

A:  less than 51 kWh/(m2 year)
B:  51 – 97 kWh/(m2 year)
C: 98 – 142 kWh/(m2 year)

The only definition of very low energy and passive energy houses is in CSN 730540-2, part A5 where Low Energy 
Buildings and Passive Buildings are defined the German passive house standard according the PHI Darmstadt (50, 
resp. 15 kWh/m2 year). In the standard there are only recommendations on how the structures should be made in 
case of Low energy or Passive buildings. It states that U values should be better “than recommended level” which 
means, that it should be better than 66% of presently demanded U-values. For passive houses the recommendation 
is that the thermal loses of such a building should be less than 0.3 W/m2K – according to an EN 832 calculation 
and additionally meet some U-value requirements for some structures: roof 0.12; and windows 0.8 W/m2K. This 
recommendation is on the level of approx. 50% of the present demands in the Building Regulations.

DK In the current Building Regulation one low energy class is defined. Low Energy Class 2015 has a calculated energy 
performance that is approx. 50% better than the minimum energy performance for new buildings in 2008. For 
a 150 m2 dwelling this is an energy frame of 36.7 kWh/m² per year for primary energy. There is ongoing work on 
setting a low energy 2020 frame with the same legal conditions as the 2015 frame. The expected 2020 frame is on 
a level of 75% compared to 2008 requirements.

The minimum requirement for residential buildings is given by: 52.5 + 1650/A kWh/m² per year (A is the heated gross 
floor area). For non-residential buildings the minimum requirements is given by: 71.3 + 1650/A kWh/m² per year. 
The minimum requirement for non-residential buildings includes electricity for building integrated lighting. 	
The minimum requirement for low energy buildings class 2015 residential buildings is given by: 
30 + 1000/A kWh/m² per year (A is the heated gross floor area). For other buildings the minimum requirements is 
given by: 41 + 1000/A kWh/m² per year. The minimum requirement for non-residential buildings includes electricity 
for building integrated lighting.

Included in the calculated energy performance of a building is energy for heating, ventilation, cooling and 
domestic hot water. Further energy consumption of electricity for running the building (pumps, fans) multiplied 
by a factor 2.5 is being included. Additionally, a fictive cooling energy consumption, as a penalty for having too high 
(+26 °C) indoor temperature in the building, is included in the energy performance. This fictive amount of energy is 
calculated as the energy needed to bring the indoor temperature down to 26 °C using a mechanical cooling system 
with a COP of 2 multiplied with the electricity factor of 2.5. In other buildings than residential, electricity for artificial 
lighting is included in the energy performance as well.

NGO: There is ongoing work related to implementation of three different low energy definitions in Denmark:

BOLIG+ (www.boligplus.org) will be a dwelling fulfilling the low energy class 1 requirement (50% below the 
minimum energy performance in the Building Regulation for new buildings) without production of electricity. 
Renewable energy must be used to reduce the consumption of fossil fuels. The building must not take more energy 
from the supply grid than it can deliver back. The energy that is delivered back to the grid must be at least of the 
same quality (usability) as the energy taken from the grid. Further the building must produce electricity for a family 
of electricity conscious residents (about 2100 kWh electricity per year for a family).

Another group of people are working on introducing the German “Passiv Haus” standard in Denmark. This definition 
should follow the definition given by the Passivhaus Institute in Germany.

A third initiative is the Nordic Swan label for buildings. A swan labelled house meets the requirements in the Building 
code for a low energy house class 1 or 2. Further there are requirements regarding the quality of the house, the 
indoor climate, the environmental impact from building materials is minimal, use of unhealthy materials is limited, 
and the environment and health profile is ensured by inspection from an independent consultant. 

FI In Finland a description of Low Energy Building is given in the Building Code, part D3-2010: In designing a Low 
Energy Building the calculated heat loss (building envelope, ventilation and infiltration should not be more than 
60% of the heat loss calculated according to reference values stated in Building Regulations.

NGO: Finland has 2 definitions for the space heat demand: Passive Energy Building (VTT): 20-30 kWh/m2 pr. year for 
new buildings (depending on climate zone) and the primary energy consumption is max 135-140 kWh/m2 pr. year.
Passive Energy Building (RIL): 10-20 kWh/m2 pr. year (depending on use). The primary energy consumption is max 
135-140 kWh/m2 pr. year.

FR The “arrêté ministeriel” from 8th May 2007 defines regulatory requirements for energy performance of buildings. 
This arrêté defines five levels: HPE, HPE EnR, THPE, THPE EnR, and BBC. BBC means “Low Energy Consumption 
Building”. For new dwellings: the annual requirement for heating, cooling, ventilation, hot water and lighting must 
be lower than about 50 kWh/m² (in primary energy) (40 kWh/m² to 65 kWh/m², depending on climatic area and 
altitude).

For non-residential  buildings: the annual requirement for heating, cooling, ventilation, hot water and lighting must 
be at least 50% lower than what required by the current building regulation for new buildings.
To obtain the “Low Consumption Building” label, a building has to respect on the one hand requirements of the 
thermal regulation for new buildings and on the other hand the specific requirement on consumption as described 
above. 

NGO: Several labels or certification schemes exist, i.e. EFFINERGIE®.The EFFINERGIE® label is issued by certifiers 
agreed by the State to deliver the BBC label. More info on www.effinergie.org and www.isolonslaterre.org. 50 kWh/
m2 pr. year for new buildings (primary energy) and 80 kWh/m2 pr. year for existing buildings (primary energy).

DE Official definitions concerning the public subsidies for (residential) Low Energy Buildings are subjects of the 
programs run by the (state-owned) Kreditanstalt für Wiederaufbau, Frankfurt (KfW). These programs are mainly fed 
by public sources. The current requirements regarding the primary energy (energy for heating, ventilation, cooling, 
domestic hot water and auxiliary energy) for new buildings are 70% (KfW70), 55% (KfW 55) or 40% (KfW40) of ENEV 
2009 requirements. For the renovation of buildings the requirements are 115% (KfW115), 100%  (KfW 100), 
85% (KfW  85) and 70% (KfW  70) of ENEV 2009 requirements. There are also requirements for the H’T value.)

NGO: The Passiv Haus definition is commonly used in Germany. Heating demand has to be less than 15 kWh/m2 
heated area per year . The total annual primary energy requirement including electricity for appliances must not 
exceed 120 kWh/m2.
A 3 litre building has a primary energy for heating of max 3 litre oil/m2 per year.

IE There is no official Irish definition of a low energy or passive house.

As close as we can get to an official description is from the official Building Energy Rating certificate for new 
dwellings, with primary energy consumption calculated according to the official DEAP (dwelling energy assessment 
procedure) methodology: it is stated that “A1 rated dwellings are the most energy efficient” – it is clear that an 
A1-rated house would represent a low-energy demand house.

The statement is not an official definition of a low-energy house; it is just an informative description.
Local authorities have different requirements such as Fingal country where the energy for heating is max 50 kWh/m² 
per year and minimum 30 % RES for heating.

NGO: “A house that has been designed and built to the highest level of comfort while having the minimum energy 
requirement. Free solar gains are maximised and heating is produced by renewable energy technologies”.
Source: Buyers guide – low energy houses – Sustainable Energy Ireland Renewable Energy Information Office.

IT
(Piedmont)

No official definition. 

NGO: CasaClima - Buildings with a calculated heat demand less than 10 kWh/m² per year is considered passive, and 
called CasaClima Gold. If this result is achieved only with natural insulation materials it is defined as Gold +.

NL No official definition. In The Netherlands they use an EPL factor – an Energy Performance of a Location factor. The 
local communities have different demands for the EPL for specific areas.

NGO: The German Passiv Haus definition is being used.

NO Norway has a national definition for very low energy buildings. Norway uses net energy demand (no weighting 
factors). Dwellings less than 70 kWh/m² per year delivered energy and for other buildings 80 kWh/m² per year.
The Norwegian Standard has a Passive House definition for the space heat demand and furthermore claims that 
half of the DHW demand shall be covered by local renewable energy supply.	
Passive building is regarded as a building where the heating demand is less than 15 kWh/m² year. Dwellings less 
than 55 kWh/m² per year delivered energy and for other buildings 60 kWh/m² per year. 
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PO Currently such definition neither exists nor is planned to be introduced in the near future.	
NGO: In Poland the German definition of a passive house introduced by Pasivhaus Institut in Darmstadt is being 
used. Taking into consideration that the meteorological conditions in winter are a little more severe than in 
Germany, the condition reducing the heating load in a passive house to 10W/m2 is neglected. 

SE NGO: Passive House (FEBY). Requirements only to “Heat load”. Value dependent on climate zone: 10-12 W/m2 for 
houses less than 200 m2 and 12-14 W/m2 for larger houses. Total energy consumption corresponds to 60-68 kWh/
m2 pr. year. 	
Total energy use / heated m2 in dwellings and non-residential buildings should decrease. The decrease should 
amount to 20% until 2020 and 50% until 2050 compared to the corresponding use of energy in 1995.
Passive House “Minergie” (FEBY). Requirements only to “Heat load”. Value dependent on climate zone: 16-20 W/
m2 for houses less than 200 m2 and 20-24 W/m2 for larger houses. Total energy consumption corresponds to 80-88 
kWh/m2 pr. year.

CH* NGO: Minergie: two labels exist: Minergie (dwellings 38 kWh/m2) - and MinergieP (30 kWh/m2). Minergie is a private 
society and that their labels are registered trademarks. Energy consumption includes heating, hot water and 
ventilation. Additionally, appliances must meet certain requirements.	
SIA: the Swiss society of engineers and architects, which prepares and publishes Swiss building standards, will soon 
publish a certification scheme according to EN 15217 and 15603, EPBD-compatible. Buildings labelled “A” according 
to this scheme are low energy buildings, using half of the primary energy consumed by buildings complying with 
today’s standards.

UK Definitions are given in “Code for Sustainable Homes” (CSH). There are six levels of the Code, with mandatory 
minimum standards for energy efficiency and water efficiency at each level. For example, Code Level 1 represents 
a 10% improvement in energy efficiency over the 2006 Building Regulations. Code Level 6 would be a completely 
zero carbon home (heating, lighting, ventilation, hot water, and all appliances).	
Currently the Code is voluntary for private sector housing, Government is considering whether, from April 2008, all 
new homes should be required to have a rating according to the Code.	
NGO: The Code is developed from the Building Research Establishment (BRE) Ecohomes scheme.
Low Carbon Homes in Northern Ireland has a target of less than 56% of target CO2 rate (TER) that is calculated 
corresponding to BR – heating max 23 kWh/m² per year.  
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PO Currently such definition neither exists nor is planned to be introduced in the near future.	
NGO: In Poland the German definition of a passive house introduced by Pasivhaus Institut in Darmstadt is being 
used. Taking into consideration that the meteorological conditions in winter are a little more severe than in 
Germany, the condition reducing the heating load in a passive house to 10W/m2 is neglected. 

SE NGO: Passive House (FEBY). Requirements only to “Heat load”. Value dependent on climate zone: 10-12 W/m2 for 
houses less than 200 m2 and 12-14 W/m2 for larger houses. Total energy consumption corresponds to 60-68 kWh/
m2 pr. year. 	
Total energy use / heated m2 in dwellings and non-residential buildings should decrease. The decrease should 
amount to 20% until 2020 and 50% until 2050 compared to the corresponding use of energy in 1995.
Passive House “Minergie” (FEBY). Requirements only to “Heat load”. Value dependent on climate zone: 16-20 W/
m2 for houses less than 200 m2 and 20-24 W/m2 for larger houses. Total energy consumption corresponds to 80-88 
kWh/m2 pr. year.

CH* NGO: Minergie: two labels exist: Minergie (dwellings 38 kWh/m2) - and MinergieP (30 kWh/m2). Minergie is a private 
society and that their labels are registered trademarks. Energy consumption includes heating, hot water and 
ventilation. Additionally, appliances must meet certain requirements.	
SIA: the Swiss society of engineers and architects, which prepares and publishes Swiss building standards, will soon 
publish a certification scheme according to EN 15217 and 15603, EPBD-compatible. Buildings labelled “A” according 
to this scheme are low energy buildings, using half of the primary energy consumed by buildings complying with 
today’s standards.

UK Definitions are given in “Code for Sustainable Homes” (CSH). There are six levels of the Code, with mandatory 
minimum standards for energy efficiency and water efficiency at each level. For example, Code Level 1 represents 
a 10% improvement in energy efficiency over the 2006 Building Regulations. Code Level 6 would be a completely 
zero carbon home (heating, lighting, ventilation, hot water, and all appliances).	
Currently the Code is voluntary for private sector housing, Government is considering whether, from April 2008, all 
new homes should be required to have a rating according to the Code.	
NGO: The Code is developed from the Building Research Establishment (BRE) Ecohomes scheme.
Low Carbon Homes in Northern Ireland has a target of less than 56% of target CO2 rate (TER) that is calculated 
corresponding to BR – heating max 23 kWh/m² per year.  

*	 Energy regulation and thus tightening of the energy requirements is decided per canton.

Annex II
Practical example, case 1 – Single family house

Figure 13: South façade and plan of the single family house

The main characteristics of windows and doors are listed in table 41.

Table 41: Properties of the windows/doors used in the single family house

Windows/
doors

Number Orientation Area per 
element

U-value Ff g-value

[-] [-] [m2] [W/m2K] [-] [-]

Doors 2 North 2.0 1.0 0.84 0.55

Bathroom 1 North 2.2 0.8 0.85 0.55

Toilet 1 East 2.2 0.8 0.85 0.55

Bedroom 1 West 2.2 0.8 0.85 0.55

North room 1 North 2.2 0.8 0.85 0.55

South room 1 South 2.2 0.8 0.85 0.55

Kitchen 2 South 2.2 0.8 0.85 0.55

Living 
room

1 South 5.6 0.8 0.86 0.55

South façade

South façade Bath Room

Livingroom Kitchen Room

Toilet
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The main properties of the remaining building elements are given in table 42.

Table 42: Properties of the constructions used in single family house

Construction Area U-value

[m2] [W/m2K]

Walls 93.6 0.11

Roof 121.0 0.08

Slab floor (bath + toilet) 11.5 0.08

Slab floor (other rooms) 91.0 0.08

Thermal bridges (joints) Length ψ-value

[m] [W/mk]

Foundation (bath + toilet) 4.1 0.11

Foundation (other rooms) 41.5 0.11

Wall/window joints 58.8 0.03

The thickness of the exterior walls means that the net floor area becomes 102.5 m2.

Ventilation in the building is achieved through a balanced mechanical ventilation system with heat 
recovery with a ventilation rate of 0.3 l/s pr. m2, a heat recovery temperature efficiency of 90% and a 
specific electricity use for air transport of 1.0 kJ/m3. During warm summer months the windows can be 
opened to obtain an extra natural ventilation rate of 1.2 l/s pr. m2. The infiltration through leaks during 
winter is 0.07 l/s pr. m2.

For the internal heat gains in the building the Danish standard values are used, i.e. 1.5 W/m2 for people 
and 3.5 W/m2 for equipment.

Heating of the building is provided by a condensing gas boiler. It has a rated power of 15 kW and is also 
used for heating domestic hot water. The efficiency of the boiler is 0.96 at full load and 1.05 at part load 
(30 %) and it uses 5 W for automation. The boiler has a built-in pump with a rated power of 25 W and a 
reduction factor of 0.4.

The domestic hot water tank has a capacity of 264 l and a heat loss factor of 1.8 W/K. 
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Annex iii
Practical example, case 2 - multi-family house

The south façade and plan of the multi-family building is shown in Figure 14.

Figure 14: Floor plan and south façade of the multi-family building.

The properties of windows/doors are listed in table 43.

Table 43: Properties of the windows/doors used in the multi-family house

Windows/doors Number Orientation Area per 
element

U-value Ff g-value

[-] [-] [m2] [W/m2K] [-] [-]

Windows north 18 North 4.5 0.8 0.75 0.55

Stairwell windows 2 North 29.4 0.8 0.75 0.55

Living room 
windows

12 South 3,0 0.8 0.75 0.55

Balcony doors 12 South 2.1 1.0 0.75 0.55

Balcony windows 12 South 3.0 0.8 0.75 0.55

Bathroom windows 3 East 1.0 0.8 0.75 0.55

Bathroom windows 3 West 1.0 0.8 0.75 0.55

Living room 1 South 5.6 0.8 0.86 0.55

Facade

Plan

N
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The properties of the remaining constructions are given in Table 44.

Table 44: Properties of the constructions used in multi-family house

Construction Area U-value

[m2] [W/m2K]

Walls 567.8 0.11

Roof 360.4 0.08

Slab floor 313.4 0.08

Thermal bridges (joints) Length ψ-value

[m] [W/mk]

Wall/window joints 432.6 0.03

Ventilation in the apartments is achieved through a balanced mechanical ventilation system with heat 
recovery with a ventilation rate of 0.3 l/s pr. m2, a heat recovery temperature efficiency of 90% and a 
specific electricity use for air transport is 1.0 kJ/m3. During warm summer months the windows can be 
opened to obtain an extra natural ventilation rate of 1.2 l/s pr. m2. The infiltration through leaks during 
winter is 0.07 l/s pr. m2.

For the internal heat gains in the building the Danish standard values are used, i.e. 1.5 W/m2 for people 
and 3.5 W/m2 for equipment.

Heating of the building is provided by a condensing gas boiler. It has a rated power of 85 kW and is also 
used for heating domestic hot water. The efficiency of the boiler is 0.98 at full load and 1.09 at part load 
(30 %) and it uses 6 W for automation. The boiler has a built-in pump with a rated power of 75 W and a 
reduction factor of 0.6.

The domestic hot water tank has a capacity of 300 l and a heat loss factor of 2.5 W/K. Hot water is circulated 
in the building by a pump with a rated power of 50 W and a reduction factor of 0.6.
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