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Abstract 

By Jan. 1, 2021, all new buildings in the EU have to com-

ply with nearly zero energy building (nZEB) require-

ments. However, the implementation in the EU member 

states and the resulting ambition level are quite different 

and hard to compare. A methodology based on building 

and system simulation has been developed which enables 

a relative comparison of ambition levels countries. There-

by, a ranking of different nZEB implementations can be 

made and the position of the country can be visualised in 

a performance diagram. The ambition level is compared 

to different benchmarks and can motivate countries with 

a lower ambition level to set higher requirements in order 

to fulfil the objectives of the Energy Performance of 

Buildings Directive (EPBD). 

Key Innovations 

 Methodology to compare ambition levels for the 

implementation of nZEB 

 Possibility to enhance ambition level in coun-

tries with less ambitious nZEB requirements 

Practical Implications 

The EPBD recast (EC, 2010, current version of 2018) 

aims at significantly increasing the energy performance of 

new buildings. However, current nZEB implementations 

differ. A methodology based on simulation provides a 

ranking of nZEB ambition level and increases transpa-

rency to help policy makers to reshape requirements and 

reach a common and high performance ambition level 

throughout the EU. 

Introduction 

In the EU about 40% of the primary energy consumption 

and 36% of the CO2-emissions are attributed to the built 

environment. Buildings are thus the largest single energy 

consumer in the EU and crucial to reach climate protect-

tion targets and limit global warming. On the other hand, 

efficient buildings also increase the thermal indoor envi-

ronment and health of the inhabitants. Thus, a high ambi-

tion level to increase the performance in the building sec-

tor implies. The recast of the EU Directive on the Energy 

Performance of Buildings (EPBD recast, 2010, current 

version of 2018) was published in 2010 setting the core 

requirement that within a time frame of 10 years by Jan. 

1, 2021, all new buildings in the EU member states have 

to comply with a nearly zero energy building (nZEB) 

building energy performance like it was achieved with the 

first EPBD of 2002 which actually introduced low energy 

building requirements in the range of 50 kWh/(m2yr) of 

space heating energy demand in the EU newly built sector 

and also affected the newly built sector outside Europe. 

However, the EPBD recast only contains a vague defini-

tion of what is understood by an nZEB as a building that 

has a "very high energy performance". The "nearly zero 

or very low energy amount" should be covered to a "very 

significant extent" by energy from renewable sources, in-

cluding "renewable energy produced on-site or nearby", 

mandating the more detailed definition to the EU member 

states. For the 10-year transition period, a time schedule 

and a reporting scheme was set up, where member coun-

tries shall report to the European Commission their ad-

vances towards nZEB. Despite different harmonisation 

initiative on EU level, like the outline of a common nZEB 

definition by REHVA and CEN (Kurnitski et al., 2013) 

and a set of accompanying CEN standards on energy cal-

culation methods, which are currently even transferred to 

ISO level (ISO, 2017), the implementation of nZEB re-

quirements in the different EU member states differs both 

in criteria, metrics and limits. Evaluation of the nZEB 

implementation is found in BPIE (2015), JRC (2016) and 

IPPEC (2018). Moreover, except for the different climate 

conditions among the European countries, a comparison 

of the requirements is inhibited by national calculation 

methods and boundary conditions, e.g. regarding internal 

loads and DHW profiles. Thereby, it is hard to compare, 

if the requirements are fulfilled and the EU member state 

sets a very high ambition level in the newly built sector as 

intended by the EPBD recast. Ambition level thereby de-

notes the ambition to reach a very high energy perfor-

mance of the buildings by the EU member state. 

Method 

Based on this background a methodology to compare the 

ambition level of the nZEB implementation in the partici-

pating countries has been developed in IEA HPT Annex 

49 on the "design and integration of heat pumps for nearly 

zero energy buildings". The eight countries AT, BE, CH, 

DE, NO, SE, UK and USA participated in the Annex 49. 

The methodology was elaborated by Austria, Germany 

and Switzerland and also applied for Sweden and Italy. 

Thereby, both a northern and southern European country  

with different loads than in central Europe with similar 

climate and load conditions could be performed This 

extends the investigations reported in Wemhoener et al. 

(2019). 
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The methodology is shortly described in the following in 

order to show further developments and introduce the 

background for the results described in this paper. Further 

details on the methodology are found in Wemhoener et al. 

(2019). 

 

Figure 1: Reference framework building. 

The methodology is based on building and system simula-

tions for a single family building based on the so-called 

Reference framework depicted in Figure 1, which is a 

single family reference building created in IEA ECES 

Annex 32 and applied and further developed in IEA SHC 

Task 44/HPP Annex 38 (Dott et al., 2013) and also used 

in different other research projects. The building has been 

modified to accommodate nZEB in this application. 

The methodology is based on different steps which are 

described in detail in Wemhoener et al. (2019). For the 

evaluation in this paper, the application of the methodlogy 

has been simplified and not all steps have been performed. 

As short introduction to the methodology only the steps 

performed for this evaluation are shortly described in the 

following. An overview is given in Table 1, where the 

numbering is kept in correspondence to the full method-

logy in Wemhoener et al. (2019). 

If different simulation programs are used, a calibration 

based on the reference framework (Step 1: calibration 

case) is inevitable to compare the results of the different 

programs. In Step 2 (climate case) only the weather data 

is changed and results are compared. This gives an idea, 

how results deviate with weather data among the different 

sites. 

Step 3-8 are denoted as national case. The basic idea of 

the methodology is to create an nZEB which exactly 

meets the national definition and transform it stepwise to 

the common boundary conditions of the reference frame-

work by simulation in order to compare the results. In 

Step 7, the boundary conditions of the national nZEB are 

changed back to the common boundary conditions of the 

reference framework in order to eliminate the difference 

for the comparison. In Step 8 also the weather data are 

changed back to the reference site. The results approve 

that within the same climate zone a comparison based on 

a common climate is feasible. 

Climate impact is tested by the deviations in step 2. With-

in the same climate zone step 7 and step 2, or step 8, 

which is transferred back to the reference climate, and 

step 1 are compared to assess the nZEB implementation. 

However, for different climate zones, a common site cli-

mate is not useful, since buildings for cooling dominated 

climate can hardly be compared with a building for hea-

ting dominated reference climate. In the case of different 

climate zones, the comparison can alternatively be made 

on a local climate basis and a reference building in local 

climate with a high ambition level. As a reference for a 

building with a high ambition level, the internationally 

widespread Passive House standard is used. These steps 

for the passive house are denoted as step 9 – 11. For 

compliance with the passive house standard, the Passive 

House Planning Package (PHPP), see www.passiv.de is 

used as design tool. In step 11, boundary conditions relate 

to the reference framework. 

The results reported below have been accomplished by 

just performing the steps 1, 2, 7, 8, 9 and 11. 

The first results of this methodology have been presented 

for the D-A-CH countries in Wemhoener et al. (2019). 

However, the methodology had several shortcomings, 

which have been overcome by further evaluation reported 

in this paper. In the former publication, only the D-A-CH 

countries in central European climate have been evalua-

ted. In this climate zone, only space heating and DHW 

had to be considered. For this paper, the evaluations have 

been extended in order to include Sweden as a nordic 

country, site Stockholm, and Italy as a southern European 

country with the two sites of Bolzano and Rome. In Rome, 

also a pronounced cooling demand exists. Furthermore, 

the former paper was limited to building envelope consi-

derations, which cannot give a full nZEB assessment, 

since also renewable on-site production is part of the 

concept. In this paper, eventual requirements for on-site 

renewable energy production are additionally considered 

for the full picture of nZEB implementations. Further-

more, in the former paper, the benchmark was given by a 

reference building, i.e. the framework buildings or a pas-

sive house in local climate, as stated above in the des-

cription of the methodology, which limits the comparison 

to a relative ranking among countries. However, for this 

paper, different country specific benchmark for a more 

independent assessment of the ambition level have been 

tested. On the one hand, the EPBD has been amended in 

2012 by the cost-optimality guideline (EC, 2012) and 

accompanying definitions on how to assess the cost-

optimality. Linked to that the EU set the requirement that 

nZEB shall reach at least the cost-optimal level, which can 

thus be interpreted as a minimum requirement for the 

ambition level of an nZEB in the country. EU member 

states were obliged to report cost-optimal levels to the 

European Commission in 5-year periods. Therefore, the 

cost optimality is used here as a benchmark to depict the 

ambition level. Cost optimality investigations have been 

carried out in Austria, Germany and Switzerland for 

electrical heating solutions in terms of an air-source heat 

pump, a ground-source heat pump and a direct electric 

heating. In Austria, a ventilation heat recovery and an 

installed PV system on the roof and in the façade have 

also been considered as combination to the heating 

solutions. Last but not least, in 2016, the European Com-

mission has published recommendations for reasonable 

nZEB levels dependent on four climate zones for new 

single family and office buildings (EC, 2016), which are 

contained in Table 2. These recommended ambition 

levels can also serve as a benchmark for the national 

implementation. Recommended values are given as limits 

for net primary energy (NEP) consumption. 
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Table 1. Steps of the methodology to compare ambition levels 

Step Tool Climate BC Envelope HVAC Renewables Remark 

1 Simulation Strasbourg Framework Framework Framework Framework Calibration case 

2 
Simulation 

National/ 

Site 
Framework Framework Framework Framework Climate case 

7 
Simulation 

National/ 

Site 
Framework 

National 

nZEB 

National 

nZEB 
National Comparison  

to No.2 / No. 11 

8 
Simulation Strasbourg Framework 

National 

nZEB 

National 

nZEB 
National Comparison to No.1 

9 PHPP National/ 

Site 

Framework PH envelope Ideal heating 

20 °C 

- PHPP PH 

11 Simulation National/ 

Site 

Framework PH envelope Framework Framework National PH 

Comp. to No.7 

Legend: Framework – Reference framework based on Dott et al. (2013), national - based on national nZEB rating procedure (tool), 

national reference – based on a national reference building defined by some national building regulations for nZEB rating, national 

nZEB – framework building with modified parameters that fulfill the national minimum requirements for nZEB rating tool: national 

calculation tool used for nZEB rating on the national level, simulation – simulation program used for the evaluation of energy 

consumption and performance. PHPP – passive house projecting package, PH – passive house, italic, if a reference building is 

required in national building regulations, bold – changes from step to step 

 

Primary energy (PE) consumption and on-site renewable 

energy yield as underlying data for the net balance are also 

given. The values have been approved regarding typical 

building values linked to the two applications single 

family and office. 

Table 2: EU recommendations for nZEB ambition level 

 Medi-

terrenean 

Oceanic Conti-

nental 

Nordic 

 Office [kWh/(m2yr)] 

NEP 20-30 40-55 40-55 55-70 

PE 80-90 85-100 85-100 85-100 

RE 60 45 45 30 

 Single family house [kWh/(m2yr)] 

NEP 0-15 15-30 20-40 40-65 

PE 50-65 50-65 50-70 65-90 

RE 50 35 30 25 

Legend: NEP – net primary energy, PE - primary energy 

consumption, RE – on-site renewable primary energy 

Results 

In this chapter the results of a comparison to different 

benchmark values and among the different participating 

countries are given. 

Comparison to local passive house 

Figure 2 presents the results for the comparison with a 

local passive house on monthly basis in terms of delivered 

energy demand. Energies considered for the evaluation 

are the building technology for space heating, DHW, ven-

tilation, auxiliaries and active space cooling if required. 

The results are depicted for each investigated country 

based on monthly balance of the electricity consumption 

of the national nZEB in dark colours and the passive 

house consumption in light colours. 

Each colour represents a country. For Germany, the two 

implementations of the EnEV 2016 and the KfW55 are 

considered. The official implementation is the EnEV 

2016, while KfW55 is a subsidy scheme for energy 

efficient buildings. KfW55 denotes a building with 55% 

primary energy and 70% transmission losses of EnEV 

2014. Despite the KfW55 is much more efficient, as 

shown in the comparison and the economy is only 3% 

worse (Schettler-Köhler, 2019), Germany declared the 

EnEV 2016 as legal requirement for the nZEB rating. 

However, there is still ongoing discussion in Germany. 

For Italy the different columns refer to the two different 

sites that have been considered for the evaluation, namely 

Bolzano in the north of Italy and Rome in central Italy. 

The nZEB rating is based on Decreto interministeriale 26 

giugno 2015 (2015) and calculated with Edilclima (2020). 

In Austria the national implementation for the nZEB 

rating is based on the OIB6 (2019), and in Switzerland, 

the MuKEn 2014 (2015, current version of 2018) is the 

nZEB implementation of the EPBD, which as EU-

Directive is not binding for Switzerland, but Switzerland 

is implementing the same targets as specified in the EPBD 

in the cantonal building regulations and as EFTA member 

country the European CEN standards are also implemen-

ted on the federal level. For the Swedish nZEB imple-

menttation, the building regulation of BBR29 (2020) of 

the Swedish national board of housing, building and 

planning Boverket is used. The ambition level in the 

countries is quite different. While the German EnEV 2016 

shows the highest difference of 26.5 kWhel/m2/yr to the 

passive house, the Austrian, Swedish and German KfW55 

implementations results with 26 kWhel/m2/yr, 26.1  kWhel 

/m2/yr and 26.7 kWhel/m2/yr, respectively, in a similar 

difference to the passive house which has an annual 

electric energy in the range of 15.5 – 16.5 kWhel/m2/yr 

(see Table 3). The Swiss and Italian implementation are 

even more ambitious and the difference to the local PH is 

rather small in the range of -0.5 - 3.8 kWhel/m2/yr, so the 

nZEB standard in these two countries is already 

approaching the level of ultra-low energy consumption 

for all new buildings. In Rome, a space cooling demand 

in summer has to be covered by active cooling. 
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Figure 2: Monthly delivered electrical energy of national nZEB in comparison to local passive house (PV not included) 

Cooling has been considered by a simplified split unit 

with a constant EER of 3. For the other sites, cooling 

could be limited to freecooling by window airing. There-

by, Bolzano is even better than the passive house in the 

annual balance, while the primary energy balance in 

Rome is affected by cooling operation during summer, 

especially in July and August. 

Table 3: Comparison of annual electrical energy  

of the national nZEB and a local passive house  

(All energies in [kWhel/m2/yr]) 

Country/ 

regulation 

National 

nZEB  

Passive 

house  

Deviation 

[%] 

AT OIB 6 Innsbruck 26 16.1 161 

CH MuKEn Zurich 18.3 14.5 126 

DE EnEV Potsdam 42 15.5 271 

DE KfW55 Potsdam 26.1 15.5 168 

SE BBR Stockholm 26.7 16.4 163 

IT Edilclima Bolzano 15.8 16.3 97 

IT Edilclima Rome 16.3 14.3 114 

Since in Figure 2 only the monthly values are given, the 

different comparisons are summarised as annual balance 

in Table 3 in terms of the percent difference to the refe-

rence of the local passive house. However, Figure 2 still 

only considers the building consumption without taking 

into account on-site renewable production. But, if renew-

able energy production on-site is prescribed for the nZEB 

implementation, it should be considered in the evaluation, 

as well. Actually, the countries with the highest ambition 

on the building envelope and system performance also 

include requirements for on-site renewable production. 

This further enhances the ambition level regarding the net 

balance. Figure 3 shows the monthly evaluation including 

also the expected PV on-site production shown as 

negative values to be subtracted from the energy demand 

for the net balance. 

The PV yield is based on prescribed minimum PV instal-

lation requirement in [kWp] and the used weather data. 

Both countries with PV on-site production requirements 

Switzerland and Italy are in the same range for the con-

sidered building, which make up about 1.7 kWp installed 

PV production capacity.  

 

Figure 3: Monthly electricity including  

on-site PV production 

However, while the requirement in Switzerland is with 10 

Wp/m2
ERA related to the energy reference area (ERA), 

which is defined in Switzerland as the treated gross area 

and will thereby increase with higher buildings, it is 

defined as 20 Wp/m2
GA ground area in Italy and will thus 

not increase with higher buildings. 
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Based on this evaluation the discrepancy of the ambition 

level among the compared countries and sites is further 

increased concerning the net balance. A comparison 

based on annual values is given in Table 4. While coun-

tries without PV requirement stay on the level of the 

nZEB consumption, countries with PV requirement are in 

case of Switzerland approaching an annual net zero ba-

lance or even have a surplus of net electrical energy 

production in the case of Italy. 

Table 4: Comparison of annual net electrical energy  

of the national nZEB (step 7) including PV yield 

Energies 

[kWh/m2/yr] 

Country/ 

regulation 

National 

nZEB  

On-site 

PV yield  

Net 

balance 

AT OIB 6 Innsbruck 26.0 0 26.0 

CH MuKEn Zurich 18.3 14.9 3.4 

DE EnEV Potsdam 42.0 0 42.0 

DE KfW55 Potsdam 26.1 0 26.1 

SE BBR Stockholm 26.7 0 26.7 

IT DM 2015 Bolzano 15.8 18.8 -3.0 

IT DM 2015 Rome 16.3 17.0 -0.7 

However, the balance boundary for this evaluation is 

electricity for the building system technology, so the 

Italian implementation is not yet a plus energy building, 

since the household electricity for plug loads/appliances 

is not included. Based on PV installation requirements 

differences to the Swiss implementation may be lower for 

higher buildings like multi-family buildings. 

Comparison to EU Recommendations 

As shown in Table 2 the European Commission published 

recommendations dependent on building use and climate 

zone. Since only primary energy values are given for the 

energy use, as a first step, the values have been recal-

culated to the underlying space heating demand using 

typical DHW demands and ventilation, lighting and 

auxiliary energies in single family houses and offices in 

the oceanic and continental climate zones, which have 

very similar recommendations. Table 5 summarises recal-

culated building energy demands in terms of used energy 

of space heating, DHW and space cooling [kWhth] as well 

as overall delivered energy incl. ventilation, lighting and 

auxiliaries [kWhel]. The seasonal performance factor 

(SPF) for an air-source heat pump as heating and DHW 

system was assumed to SPFhw = 2.5 for both space 

heating and DHW and SPFc = 3 for active space cooling. 

The resulting space heating energy demands between 15-

35 kWhth for single family buildings and 20-35 kWhth for 

office buildings of the EU recommendations seem 

reasonably ambitious for the building envelope of newly 

built dwellings and offices. The EU recommendations 

have then been used as a benchmark for the nZEB 

implementation in the investigated countries and sites. v 

Table 6 gives the numerical comparison for the national 

nZEB implementation and the EU benchmarks based on 

the energy use and the net balance. The primary energy 

conversion factor is fp,el = 2.5 acc. to EC (2016). More-

over, additional 2 kWhel/m2/yr have been added for effi-

cient lighting. 

Table 5: Breakdown of EU primary energy recommend-

ations to energy use in the different building types 

Energy use/primary energy SFH office 

Space heating [kWhth/m2/yr] 15-35 20-35 

DHW [kWhth/m2/yr] 15 10 

Space cooling [kWhth/m2/yr] 0 5 

Sum Thermal [kWhth/m2/yr] 30-50 35-50 

Ventilation [kWhel/m2/yr] 1 4 

Lighting [kWhel/m2/yr] 2 10 

Auxiliaries [kWhel/m2/yr] 5 7 

Sum Electric [kWhel/m2/yr] 20-28 34-40 

Primary energy [kWhp/m2/yr] 50-70 86-101 

Primary energy EU [kWhp/m2/yr] 50-70 85-100 

Legend: SFH – single family house, kWhth – kWh thermal, 

kWhel – kWh electric, kWhp – kWh primary energy 

The results point out that while the energy consumption 

can be more or less met – with an overshoot of ~20% 

except for the German EnEV which surpasses the require-

ment by 91% - the net balance is significantly surpassed 

for the countries without on-site renewable production 

requirement. On the other hand, the countries Italy and 

Switzerland with only moderate on-site renewable pro-

duction requirement have also the lowest building energy 

consumption and undercut both the energy consumption 

recommendations as well as the net balance benchmark. 

Table 6: Comparison of annual primary energy  

of the national nZEB and EU benchmarks  

(all energy values in [kWhp/m2/yr]) 

Site nZEB EU  [%] Net EU  [%] 

AT 70 57.5 122 70 22.5 311 

CH 51 57.5 89 13.5 22.5 60 

DE E 110 57.5 191 110 22.5 489 

DE K 70 57.5 122 70 22.5 311 

SE  72 77.5 93 72 52.5 137 

IT B 45 60 75 -2.5 30 -108 

IT R 46 57.5 80 3.2 7.5 43 

Legend: DE E – DE EnEV, DE K – DE KfW55, IT B – 

Italy Bolzano, IT R – Italy Rome,  - percent deviation, 

nZEB – energy demand national nZEB, net – Net balance 

national nZEB, EU – EU recommendation benchmark 

Summary of compared cases 

Figure 4 and Figure 5 give a summary of the performed 

yearly evaluation. Figure 4 compares the used energy in 

terms of the space heating demand, the delivered energy 

demand as electricity (excluding appliances and lighting) 

and net balanced electricity demand including on-site PV 

production of the national nZEB in step 7. The heat 

demand is the lowest in Switzerland, which exhibits the 

highest building envelope quality. The German EnEV 

2016 has more than the double space heating demand of 

the Austrian, Swedish and German KfW55. The Italian 

space heating demand according to the nZEB require-

ments is slightly lower. For the delivered energy in terms 

of the electrical energy demand, the differences are redu-

ced, but the German EnEV causes still the largest con-

sumption, while the demands can be covered more effi-

ciently in Italy, which has less electricity use than 

Switzerland despite the higher heating demand. 
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Figure 4: Yearly energy demands and net balance 

including on-site PV production (step 7). 

Regarding the net balance, the PV production is very 

significant. The countries with PV requirement reach al-

most zero energy use, while the other countries remain on 

"nearly zero" energy level. Figure 5 summarises the com-

parisons to benchmark values of the local passive house 

and EU recommendations as ratios between the values. 

Figure 5: Ratio of national nZEB implementation to 

local passive house and EU recommendation benchmark 

Due to the focus of the passive house on the building 

envelope quality, the space heating demand is up to 750% 

higher than the local passive house as in the case of EnEV 

2016. Also the national Swedish implementation is 575% 

higher than the passive house concerning space heating 

demand. As for Figure 4, however, these high ratios are 

notably reduced regarding the delivered energy as elec-

trical energy consumption, which is also affected by the 

equal DHW demand, the ventilation and auxiliary energy 

at the same boundary conditions. The maximum deviation 

shrinks to 280% for the EnEV and the Swedish implemen-

tation is on the same level as the Austrian OIB6 and the 

German KfW55. The Swedish implementation is even 

lower than the EU benchmark for Nordic climate, while 

German KfW55 and Austrian OIB6 are slightly higher 

than the EU benchmark for oceanic climate. The target 

value of the EU recommendations, though, are the net ba-

lances. The countries without on-site production require-

ments are notably higher than the EU values as shown in 

Table 5. The PV yield itself corresponds to the EU 

requirements in Switzerland, while there is even a surplus 

in Bolzano and in Rome. 

Cost-optimality considerations 

With the EU cost optimality regulation (EC, 2012), a 

minimum ambition level for nZEB is given. This is a 

means to depict the ambition level independent for the 

individual country without a ranking of other sites. Based 

on the cost-optimality evaluation a diagram has been 

developed with the same colours from green to red as used 

for the energy performance certificates. Figure 6 gives an 

example for Austria. It contains the points for different 

building systems and the cost optimal pareto-front. Since 

the mathematical cost optimum can be quite flat, a range 

of 10% cost increase is still considered as cost-optimal, 

i.e. in the yellow range. 

 

Figure 6: Diagram in colours of performance certifi-

cates to depict ambition level of nZEB (Austrian case)  

Legend: DE- direct electric, MVHR – mechanical venti-

lation heat recovery, A-WP – A/W-heat pump, GW-HP - 

G/W heat pump, PE – primary energy, c - cost 

nZEB implementations with higher ambition level as the 

cost-optimum are in the green area, while the implementa-

tion with lower ambition level are in the orange part. 

Moreover, different benchmarks are marked as lines in the 

diagram. The best building is limiting the green area and 

denoted as NZEB. It is defined as a building with an 

annual net primary energy balance of zero, so the line 

would be the y-axis at zero primary energy. 

However, for the depiction, only the on-site PV self-con-

sumption is accounted, and therefore, the grid exported 

PV production as primary energy is visible in the line of 

the diagram. The orange range is limited by the worst 

building, which is defined by the minimum requirements 

for the building envelope, i.e. the maximum possible U-

value by building physics to still guarantee indoor thermal 

comfort and prevent condensation on the interior wall 

surfaces. The maximum U-value is combined with the 

most inefficient heating system of a direct electric heating 

to calculate the primary energy consumption. 

As can be seen in Figure 6, the Austrian implementation 

of OIB6 in terms of the so-called 10er/16er lines, is in the 

orange part. 
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The so-called HD-lines (10er-/16er-lines) limit the space 

heating demand (HD) depending on the characteristic 

length of a building lc. The characteristic length is defined 

by the building volume-to-surface ratio (V/A). The 16er-

line represents the maximum allowed HD since 2014 and 

the 10-Line was found to be the cost-optimal line. In parti-

cular, for compact buildings, the U-values of the 10er-line 

are at least close to Passive House quality. The position in 

the orange part could be considered as suboptimal any-

way, since less energy performance is linked to higher 

cost as the cost optimal point. However, note that the cost-

optimal is evaluated with life-cycle cost, so the points in 

the orange range may still have lower investment cost 

than the cost optimal point, which may be a justification. 

 

Figure 7: Diagram in colours of performance certifi-

cates to depict the ambition level of nZEB (Swiss case)  

Legend: DE- direct electric, A-HP – A/W heat pump, 

GW-HP - G/W heat pump, PE – primary energy, c- cost 

In Figure 7, the Swiss nZEB implementation is depicted. 

As can be expected by the previous evaluations, the Swiss 

nZEB implementation is in the green area. It surpasses 

both the cost-optimal level and the EU recommendation, 

which notably has also a higher ambition level than the 

cost-optimal level. The Swiss implementation is already 

quite close to the NZEB limit of the green area, which can 

be explained by both high building performance and on-

site renewable production requirements, yielding an al-

most zero net balance in line with the EPBD intention. 

Conclusions 

In the EU about 40% of the primary energy consumption 

and 36% of the CO2-emissions are attributed to the built 

environment. Thus, in order to reach the climate protec-

tion targets, strict requirements and a high ambition level 

should be stipulated in particular for the newly built 

sector, where a high energy performance can be realised 

more easily than in the building stock. The EPBD recast 

had thus the objective to tighten the requirement with a 

10-year transition period to nearly zero annual energy 

consumption by additional renewable production on-site 

and thereby introduce the next big step in building energy 

performance. Yet, the Directive only gives a vague 

definition and mandated the detailed definition to the EU-

member states. 

By Jan. 1, 2021 all new buildings in the EU member states 

have to comply with (national) nZEB requirements. 

However, nZEB requirements for the implementation of 

the EPBD recast vary both in criteria, metrics and limits 

among the member states. Therefore, it is hard to 

characterise ambition levels of the individual nZEB 

implementation in the EU member states and assess, in 

how far the nZEB implementation fulfils the next step to 

high performance buildings in the newly built sector.  

Therefore, in the international research project IEA HPT 

Annex 49 on "design and integration of heat pumps for 

nZEB" a methodology to assess nZEB ambition level in 

the participating countries based on building and system 

simulation has been developed (Wemhoener et al., 2019) 

and tested for a single family house according to the 

Reference framework (Dott et al., 2013). In order to elimi-

nate the impact of different climate boundary conditions 

the evaluation is based on the comparison to a building 

with high ambition level in the same local climate. The 

reference building was defined according to the wide-

spread passive house standard. The methodology enables 

a relative comparison of the ambition level in participa-

ting countries. The results confirm significant differences 

in the evaluated countries and sites regarding the imple-

mentation of nZEB and the respective ambition level. 

Building heat demand compared to a local passive house 

vary in the range of 200% to 750% among the nZEB im-

plementation. For the delivered energy the deviations are 

reduced to a maximum value of 280%. The comparison 

confirms that some countries make a further step to higher 

energy performance in the newly built sector, while other 

countries virtually stay on the same level as before the 

nZEB introduction. 

Furthermore, comparison of the nZEB implementation 

with EU recommendations (EC, 2016) has been made. A 

breakdown of the EU recommendation with typical buil-

ding demands reveals that with a space heating demand in 

the range of 15-35 kWh/(m2yr) the EU sets reasonable 

requirements for the newly built sector. The comparison 

shows that some countries do not reach the recommended 

values. Thereby, values for the energy consumption is 

only slightly higher than the EU benchmark, but since 

there is no prescription for on-site renewable production, 

the net balance targets of the EU are significantly sur-

passed by up to 350% without renewable production. 

Interestingly, the countries with already stricter require-

ments for the energy consumption are also the countries 

with requirements for an on-site renewable production, 

which further increases the difference in the net balance. 

However, this method would require a reference building 

like the passive house in local climate. Another approach 

tested has been to use the cost-optimality methodology 

introduced by the EU (EC, 2012) as benchmark for the 

minimum requirement of an nZEB. National evaluation 

on cost-optimal level have to be reported regularily to the 

EU. Thereby, a country-specific evaluation without ran-

king to other countries would be possible. However, to 

visualise the ambition level of the individual countries a 

diagram based on cost optimal evaluations seems to be 

useful and is proposed. 
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It depicts the ambition level in the colour range from 

green to red of the energy performance certificates. In 

order to define the different colours, different benchmarks 

have been introduced. The minimum requirement of a 

cost-optimal building is thereby used as yellow energy 

class, while more ambitious energy performance is shifted 

to the green areas and less ambitious to the orange part. 

As boundaries, an NZEB with annual zero energy balance 

limits the green part, while minimum building physics 

requirement combined with a direct electric heating limits 

the orange area. Different benchmark like the EU 

recommendations are additionally contained in the 

diagram, which enables a quick categorisation of the 

ambition level in different countries similar to the energy 

performance certificates and can enable an enhance 

transparency on the national ambition. 

On the background of the results of this study in terms of 

the strong difference between the nZEB implementation 

in different countries the methodology should be further 

developed. Currently, the method has only been tested for 

single family buildings and "all-electric" concepts with 

electrically driven heating systems (heat pumps and direct 

electric heating). Thus, it should also be applied for other 

building categories like multi-family and office buildings 

in order to enhance the transparency of ambition levels in 

the newly built sector of the EU member states, and also 

further heating systems like boilers or district heating 

could be considered. The derived information is important 

for policy makers and can motivate countries with 

currently lower ambition level to catch-up with more 

ambitious countries and to fulfil EU recommendations 

and thereby fully implement the step to higher energy per-

formance in the newly built sectors as intended by the 

EPBD recast. In this process, also the harmonisation of 

the nZEB implementation among countries can be 

promoted which would also facilitate the development of 

standardised and highly performant building systems for 

the nZEB application. 
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