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About ZEBRA 2020
Nearly Zero-Energy Building Strategy 2020
Sustainability of the European society and economy will be based on renewable energy and
high resource efficiency. For the building sector, this implies the large scale deployment of lowenergy buildings (so called nearly Zero-Energy Buildings or nZEBs). ZEBRA2020 aims at
creating an observatory for nZEBs based on market studies and various data tools and thereby
generate data and evidence for policy evaluation and optimisation. European legislation (Energy
Performance of Buildings Directive) makes nZEBs a standard by 2020. Therefore, the key
objective of ZEBRA2020 is to monitor the market uptake of nZEBs across Europe and provide
data and as well as recommendations on how to reach the nZEB standard.
ZEBRA2020 covers 17 European countries and about 89% of the European building stock and
population. Thus, it is actively contributing to meeting the ambitious target of 100% share of
nZEBs for new buildings from 2020 and a substantial increase of deep nZEB renovations.
Learn more at www.zebra2020.eu
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Introduction
European legislation (Energy Performance of Buildings Directive) makes nZEBs a standard by
2021 for all new buildings and 2019 for all new public buildings. The technology is already
available and proven; however, the large-scale uptake of nZEB construction and renovation will
be a big challenge for all market actors and stakeholders involved. A substantial gap in reliable
data on current market activities makes it difficult for policy-makers to evaluate the success of
their policies and measures. Therefore, the key objective of ZEBRA2020 is to monitor the
market uptake of nZEBs across Europe and provide data and input on how to reach the nZEB
standard. The information gathered from the European construction sector and academia will
get structured and analysed to derive recommendations and strategies.
This report aims to describe representative features, possible solution sets, cost assessment
and nZEB savings compared to expected savings, both for new and renovated buildings, in 17
selected European countries1.
The report is structured in the following parts:







target nZEB: definition and nZEB market penetration;
nZEB features and possible solution sets;
assessment of nZEB cost and associated macro-economic benefits;
nZEB performance: energy savings compared to expected savings;
survey on nZEB market and professional competence;
summary.

This should be useful for public authorities that can boost different technologies when they
define minimum requirements in tenders or local codes, and designers that can find suggestions
for designing nZEBs.

Austria, Belgium, Czech Republic, Denmark, France, Germany, Italy, Lithuania, Luxemburg, Norway, Poland, Romania, Slovakia,
Spain, Sweden, Netherlands and United Kingdom
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1 Target nZEB in European countries
1.1 nZEB definition
According to article 2 of the EPBD, “‘nearly zero-energy building’ means a building that has a
very high energy performance, as determined in accordance with Annex I. The nearly zero or
very low amount of energy required should be covered to a very significant extent by energy
from renewable sources, including energy from renewable sources produced on-site or nearby.”
As concrete numeric thresholds or ranges are not defined in the EPBD, these requirements let
a lot of space for own interpretation and thus allow Member States (MSs) to define their nZEB
in a very flexible way taking into account their country specific climate conditions, primary energy
factors, ambition levels, calculation methodologies and building traditions. This is also the main
reason why existing nZEB definitions differ significantly from country to country. It is thus a
challenging task to find a common denominator for defining an nZEB on a European scale.
After 31/12/2020 all new buildings have to achieve the nZEB target (public buildings by
31/12/2018). Therefore, MSs shall draw up national plans for increasing the number of nZEBs.
Furthermore, they shall develop policies and measures to stimulate the transformation of
buildings that are refurbished into nZEBs. Among others, the national plans shall include:




a detailed application of nearly zero-energy buildings including a numerical indicator of
primary energy use expressed in kWh/m² per year;
intermediate targets for improving the energy performance of new buildings, by 2015;
information on the policies and financial measures for the promotion of nZEBs.

According to CA EPBD report (2015), about 40% of the MSs do not yet have a detailed definition
of the nZEB in place. About 60% of the MSs have laid out their detailed nZEB definition in a
legal document, but a few of them emphasise the draft status of the definition, or that the
definition might be updated later on.
The Figure 1 shows the current status (May 2016) of the nZEB definition in the ZEBRA2020
selected countries.
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Figure 1: nZEB definition by selected country. (Source: ZEBRA2020)

Although the common European nZEB definition, at national level the nZEB definition defined
from European MSs result similar but not identical.
For this reason, within ZEBRA2020, the ‘nZEB radar methodology’2, elaborated by project
partners, allows to identify the nZEBs built in the European area. This procedure starts from
nZEBs definition defined from the market tracking context and combines a qualitative and
quantitative analysis of energy performance standards of the buildings in relation of the territorial
context. The nZEB radar methodology defined four different categories in relation to the energy
efficiency qualities:
1. better than nZEBs: Net Zero Energy Buildings / Plus energy buildings;
2. nZEB buildings according to national definitions;
3. better than building code: buildings with an energy performance better than the
national requirements in 2012,
4. building code: buildings constructed/renovated according to national minimum
requirements in 2012.

1.2 Share of new nZEBs in selected European countries
In this chapter, it is shown the distribution of new nZEBs in the 17 selected European countries,
for residential and non-residential buildings. The results of the analysis are shown in the tool
“Energy efficiency trends in buildings” (http://www.zebra-monitoring.enerdata.eu/overallbuilding-activities/), developed within ZEBRA2020 and it allows to display indicators on the
status of building stock target countries. This provides information on the trends of the new
nZEB construction in the building market from 2010. The used data are mainly collected from
national reports and databases. In some cases, it has been necessary to make assumptions
2

http://zebra2020.eu/website/wp-content/uploads/2014/08/ZEBRA2020-Deliverable-D21_final.pdf
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due to the lack of data. In a few other cases, the lack of data and/or definitions did not allow
stating numbers for higher performance than “better than building code”.

Share of new residential nZEBs
In 2014, the percentage of new nZEBs (in yellow colour) or better than nZEBs (in green colour)
in some of the selected countries was very different between countries, as showed in the bar
chart of Figure 2. In France, for example, 100% of the new residential buildings achieved the
nZEB target (or better than nZEBs). On the other side, in countries like Romania, Spain,
Netherlands or United Kingdom the number of new nZEB (or better) was null or almost null,
also due to the lack of a national nZEB definition like in Norway and Sweden.
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Figure 2: Distribution of new dwellings according to the nZEB radar graph in 2014. (Source: ZEBRA2020)

The trend of nZEB standard and better than nZEB of new dwellings buildings in selected
countries between 2010 and 2014 is represented in the bar chart of Figure 3. In 2013, France
achieved the target of 100% nZEB standard for new residential buildings. In Austria, the share
of new nZEB dwellings was also relatively high (over 35%). In other countries like Belgium, Italy
and Germany the share of new nZEB dwellings was between 15% and 25%, but with positive
increase as showed in Figure 4. On the other hand, there were other countries in which the
share of new nZEB dwellings was still almost void due to the lack of data or the low amount of
nZEBs.
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Figure 3: Share of new dwellings built according to nZEB definition or better than nZEB. (Source: ZEBRA2020)
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Figure 4: Increase of new dwellings nZEB or better than nZEB between 2010 and 2014 (or first and last year
available). (Source: ZEBRA2020)
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Share of new non-residential nZEBs
As the bar chart of Figure 5 shows, the share of new non-residential buildings with nZEB level
(or better) in 2014 was characterized by big differences in the selected countries. In France, all
the new non-residential buildings achieved the target of nZEBs or better than nZEBs, while in
other countries this amount was null like in Sweden, Spain, Netherlands and Austria.
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Figure 5: Distribution of new non-residential buildings according to the nZEB radar graph in 2014. (Source:
ZEBRA2020)

The trend of new non-residential nZEBs or better than nZEBs built between 2010-2014 in the
selected countries was very dismal, Figure 6. France achieved the target in 2013, Poland
presented a positive trend close to 30% and Belgium and Italy near to 10% (Figure 7). Besides,
the issue of lack of data was more evidenced in the non-residential sector.
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Figure 6: Share of new non-residential buildings built according to nZEB definition or better than nZEB. (Source:
ZEBRA2020)
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available). (Source: ZEBRA2020)

14

Deliverable 5.1: nZEB technology solutions, cost assessment and performance

2 nZEB features in European countries
2.1 Methodology of nZEB data collection
This part of the study aims to show possible solution sets and architectonical features of nZEBs
already built or renovated in the last years in the selected European countries.
The use of one strategy, solution or technology rather than another when renovating or
constructing an nZEB is influenced by various factors. On the one hand national strategies,
incentives and support schemes play an important role at national level, but on the other hand
factors linked to a specific geographical area like building traditions, climate conditions and
availability of sources, materials or technologies are also very relevant in the design process.
The approach used in this analysis was based on climatic zones instead of countries.
The analysis process has been based on the following steps:
-

data collection, made by each project partner;
definition of a common climate zone, in order to classify the buildings according to
comparable climatic conditions;
common energy performance indictors;
solutions sets:
o passive energy efficiency solutions
o active energy efficiency solutions
o renewable energy in nZEBs

nZEB data collection
In order to discover peculiarities and distinctive features of new and renovated nZEBs built
recently, a detailed data collection was realized in 173 selected European countries (Figure 8).
In total, data of 411 buildings were collected providing information on:
-

location and climate;
year of construction;
kind of construction;
use of building;
energy performance;
envelope features (U-Values and insulating materials);
passive cooling strategies;
heating, domestic hot water (DHW), cooling and mechanical ventilation technologies;
use of renewable energy.

3

Austria, Belgium, Czech Republic, Denmark, France, Germany, Italy, Lithuania, Luxemburg, Norway, Poland, Romania, Slovakia,
Spain, Sweden, Netherlands and United Kingdom
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Figure 8: Number of collected nZEBs in each selected European country.

As displayed in bar chart of Figure 9; 333 are new buildings and 78 are renovated building, 261
are residential buildings and 150 are non-residential.
400
78
350
300
250

44

200
333

150
34
100

217
116

50
0
Residential

Non-Residential
New buildings
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Renovation

Figure 9: Number of collected nZEB by type of intervention and use of building.

In order to show a recent picture of the nZEB market and detect possible solution trends, the
selection of nZEBs was focused mainly on buildings constructed or renovated in the last 5 years,
see the bar chart of Figure 10.

16

Deliverable 5.1: nZEB technology solutions, cost assessment and performance

Number of nZEBs

90
80
70
60
50
40
30
20
10
0
Renovation
New

2004
0
6

2005
1
4

2006
1
4

2007
3
1

2008
2
6
New

2009
2
12

2010
14
55

2011
14
58

2012
11
75

2013
17
50

2014
11
49

2015
2
13

Renovation

Figure 10: Distribution of collected nZEBs by year of construction or renovation.

Definition of the climatic zones
In order to classify the collected nZEBs by climatic zones, within ZEBRA2020 a common
methodology was developed. The climatic zones defined are 5, according to the corresponding
Heating Degree Days (HDDs) and the Cooling Degree Days (CDDs) (as shown in Table 1).4
To calculate HDDs and CDDs it was used the online tool (http://www.degreedays.net), fixing
the same base temperature at 15°C for HDD and 18,5°C for CDD of the last 36 months.
Table 1: Climatic zone defined by ZEBRA2020, according to Heating and Cooling Degree Days limits.

Climatic Zone Heating and cooling degree days

Climate

Zone A

Buildings with HDDs >= 1962
CDDs >= 525

Cold winters and warm summers

Zone B

Buildings with HDDs >= 1962
CDDs < 525

Cold winters and mild summers

Zone C

Buildings with HDDs < 886
CDDs >= 525

Warm winters and warm summers

Zone D

Buildings with HDDs between 886 and 1962
CDDs < 525

Temperate winters and mild summers

Zone E

Buildings with HDDs between 886 and 1962
CDDs >= 525

Temperate winters and warm summers

Table 2, Table 3, and Figure 11 show that more than half of the collected nZEBs are located in
the climatic zone B, characterized by cold winters and mild summers.

Katerina Tsikaloudaki, Kostas Laskos and Dimitrios Bikas (2011). On the Establishment of Climatic Zones in Europe with Regards
to the Energy Performance of Buildings. Energies 2012, 5, 32-44 (http://www.mdpi.com/1996-1073/5/1/32/pdf).
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Table 2 : Distribution of nZEB by climatic zone and use
of building.

Residential

Nonresidential

Total

Zone A

6

6

12

Zone B

137

104

Zone C

11

1

Climatic Zone

Table 3: Distribution of nZEB by climatic zone and
type of intervention.

New
buildings

Renovation

Total
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12

0

12

241
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190
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241

12
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11

1

12

16

78

Climatic Zone

Zone D

54

24

78

Zone D

62

Zone E

53

15

68
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58

10

68

Europe 17

261

150

411

Europe 17

333

78

411

Figure 11: Distribution map of collected nZEB according to climate zones.

The results are shown on the basis of the building use (residential and non-residential) and kind
of intervention (new or renovated), and in order to have a more representative sample of
buildings for each climate zones, the climate categories have been reduced to 3:




cold winter climates: climate zone A and B characterized by cold winters.
warm summer climates: climate zone C and E characterized by warm summers.
mild climate: climate D characterized by temperate winters and mild summers.
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Indicators collected
Energy performance
To measure the energy performance of the buildings, there are different indicators and
calculation methodologies, which can be different in every country. For this reason and in order
to compare the ‘energy performance results’ of the collected buildings, it was necessary to
define a common energy performance indicator. After some controversies found in the primary
energy indicator due to different calculation methods and primary energy factors, within
ZEBRA2020 the energy performance results were represented through the Heating Demand
indicator (kWh/(m²year)).
Passive Energy Efficiency solutions
The passive energy efficiency solutions include:
-

the building envelope solutions, such as wall, roof, windows, etc.;
passive strategies for cooling, such as natural ventilation, etc.

Active Energy Efficiency solutions
The active energy efficiency solutions include:
-

mechanic ventilation;
heating systems, such as boiler (gas, biomass...), heat pumps, etc.;
production of DHW, such as boiler (gas, biomass...), heat pumps, etc.;
cooling system (only for warm summer climates).

Renewable Energy in nZEBs
The renewable energy solutions include only:
-

electric production systems through Photovoltaic panels;
thermal production systems through Solar thermal collectors.
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2.2 nZEB features for cold winter climates
The number of nZEBs data collected in cold winter climates is 253, from which 202 are new
buildings (of which 118 are residential and 84 are non-residential), and 51 are renovated
buildings (of which 25 are residential and 26 are non-residential).

New nZEBs

Renovated nZEBs

Energy performance

Energy performance

In new residential buildings, the heating demand* for
a large number of cases is between 14 and 22
kWh/(m²year), with an average of 19,8
kWh/(m²year), as shown in the box plot ** of Figure
12.

In renovated residential buildings, the heating
demand* for a large cases of cases is between 16
and 27 kWh/(m²year), with an average of 21,3
kWh/(m²year), as shown in the box plot ** of Figure
14.

Figure 12: Heating demand of new residential buildings in
cold winter climates.

Figure 14: Heating demand of renovated residential
buildings in cold winter climates.

In new non-residential buildings, the heating
demand* for a large number of cases, is between 11
and 16 kWh/(m²year), with an average of 17
kWh/(m²year), as seen in the box plot ** of Figure
13.

In renovated non-residential buildings, the heating
demand* for a large number of cases is between 12
and 38 kWh/(m²year), with an average of 28,5
kWh/(m²year), as seen in the box plot ** of Figure
15.

Figure 13: Heating demand of new non-residential
buildings in cold winter climates.

Figure 15: Heating demand of renovated non-residential
buildings in cold winter climates.

*Some buildings have a high value for Heating Demand, nonetheless they can reach nZEB level due to a low value of Primary Energy.
**Box plot: Way of representing statistical data on a plot in which a rectangle is drawn to represent the second and third quartiles, with a vertical line
inside to indicate the median value. The lower and upper quartiles are shown as horizontal lines either side of the rectangle.
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Passive Energy Efficiency solutions

Passive Energy Efficiency solutions

Wall

Wall

The thermal transmittance averages of the walls
are:
- Uwall-Value 0,18 W/m²K for residential buildings
- Uwall-Value 0,14 W/m²K for non-residential buildings.

The thermal transmittance averages of the walls
are:
- Uwall-Value 0,20 W/m²K for residential buildings
- Uwall-Value 0,18 W/m²K for non-residential
buildings.

The most common wall insulating materials are:
- expanded polystyrene (27%) for residential
buildings;
- stone wool (19%) for non-residential buildings.

The most common wall insulating materials are:
- expanded polystyrene (24%) for residential
buildings;
- stone wool (23%) for non-residential buildings.

Roof

Roof

The thermal transmittance averages of the roofs
are:
- Ur-Value 0,11 W/m²K for residential buildings;
- Ur-Value 0,16 W/m²K for non-residential buildings.

The thermal transmittance averages of the roofs
are:
- Ur-Value 0,13 W/m²K for residential buildings;
- Ur-Value 0,12 W/m²K for non-residential buildings.

The most common insulating material is stone wool
for residential (19%) and for non-residential (14%)
buildings.

The most common wall insulating materials are:
- wood fiber (24%) for residential buildings;
- cellulose (14%) for non-residential buildings.

Windows

Windows

The averages Uw-Value are:
-0,84 W/m²K for residential buildings;
-0,85 W/m²K for non-residential buildings.

The averages Uw-Value are:
-0,88 W/m²K for residential buildings;
-0,94 W/m²K for non-residential buildings.

The most common type of glass is triple glass for
both residential (57%) and non-residential (56%).

The most common type of glass is triple glass for
both residential (84%) and non-residential (58%).

Passive cooling strategies

Passive cooling strategies

The passive cooling solutions used in residential
buildings are:
-sunshade (24%);
-natural ventilation (16%);
-thermal mass (16%);
-night cooling (15%);
-sunspaces (1%);
-other (3%);
-none or unknown (73%).

The passive cooling solutions used in residential
buildings are:
-sunshade (48%);
-thermal mass (48%);
-natural ventilation (44%);
-night cooling (44%);
-none or unknown (48%).

The passive cooling solutions used in nonresidential buildings are:
-sunshade (18%);
-natural ventilation (8%);
-evaporative cooling (4%);
-night cooling (2%);
-thermal mass (2%);
-sunspaces (1%);
-other (13%);
-none or unknown (65%).

The passive cooling solutions used in nonresidential buildings are:
-night cooling (27%);
-sunshade (23%);
-thermal mass (15%);
-natural ventilation (15%);
-evaporative cooling (4%);
-other (4%);
-none or unknown (50%).

Active Energy Efficiency solutions

Active Energy Efficiency solutions

Mechanical Ventilation

Mechanical Ventilation

New nZEBs use mechanical ventilation systems
with heat recovery in 80% of cases.

Renovated nZEBs use mechanical ventilation
systems with heat recovery in:
- 81% of residential building;
- 92% of non-residential building;

The efficiency averages of the heat recovery
systems are:
- 85% in residential buildings;

21

Deliverable 5.1: nZEB technology solutions, cost assessment and performance
- 81% in non-residential buildings.

The efficiency averages of the heat recovery
systems are:
- 84% in residential building;
- 82% in non-residential building.

Heating system

Heating system

In residential, the most used heating system types
are:
-heat pumps (31%);
-district heating (21%);
-condensing boiler (17%).

In residential, the most used heating system types
are:
-district heating (40%);
-low temperature non-condensing boiler (16%);
-stove (12%).

In non-residential, the most used heating system
types are:
-heat pumps (32%);
-district heating (27%);
-condensing boiler (11%).

In non-residential, the most used heating system
types are:
- heat pump (28%);
- district heating (27%);
- condensing boiler (15%).

In residential and non-residential, electricity is the
most used energy carrier for heating.

Concerning the energy carrier, district heating is the
most used.

Domestic Hot Water

Domestic Hot Water

In residential, half of DHW systems are the same as
the heating system types.
In non-residential, the DHW system are:
- The same as the heating system in 31% of the
cases;
- A dedicated generation system in 31% of the
cases.

The most common DHW systems are the same
systems as the ones used in the heating system, in
both residential (56%) and non-residential (38%)
buildings.

Renewable Energy

Renewable Energy

Photovoltaic systems

Photovoltaic systems

In residential, 30% of the buildings use photovoltaic
systems.
In non-residential, 27% of buildings use photovoltaic
systems.

In residential, 16% of the buildings use photovoltaic
systems.
In non-residential, 27% of buildings use photovoltaic
systems.

Solar thermal systems

Solar thermal systems

In residential, 31% of the buildings use solar thermal
systems.
In non-residential, 24% of buildings use solar
thermal systems.

In residential, 32% of the buildings use solar thermal
systems.
In non-residential, 15% of buildings use solar
thermal systems.
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2.3 nZEB features for warm summer climates
The number of nZEBs data collected in warm summer climates is 80, from which 69 are new
buildings (of which 55 are residential and 14 are non-residential), and 11 are renovated buildings
(of which 9 are residential and 2 are non-residential).

New nZEBs

Renovated nZEBs

Energy performance

Energy performance

In new residential buildings, the heating demand*
for a large number of cases is between 9 and 17
kWh/(m²year), with an average of 14,0
kWh/(m²year), as shown in the box plot ** of Figure
16.

In renovated residential buildings, the heating
demand* for a large number of cases is between 21
and 29 kWh/(m²year), with an average of 25,1
kWh/(m²year), as seen in the box plot ** of Figure
18.

Figure 16: Heating demand of new residential buildings in
warm summer climates.

Figure 18: Heating demand of renovated residential
buildings in warm summer climates.

In new non-residential buildings, the heating
demand* for a large number of cases is between 6
and 36 kWh/(m²year), with an average of 24,8
kWh/(m²year), as seen in the box plot ** of Figure
17.

In renovated non-residential buildings, the heating
demand* for a large number of cases is between 3
and 14 kWh/(m²year), with an average of 8,5
kWh/(m²year), as shown in the box plot ** of Figure
19. Notwithstanding the sample of nZEBs for nonresidential buildings is very low (2 nZEBs), therefore
this value is not amply representative.

Figure 17: Heating demand of new non-residential
buildings in warm summer climates.

Figure 19: Heating demand of renovated non-residential
buildings in warm summer climates.

*Some buildings have a high value for Heating Demand, nonetheless they can reach nZEB level due to a low value of Primary Energy.
**Box plot: Way of representing statistical data on a plot in which a rectangle is drawn to represent the second and third quartiles, with a vertical line inside
to indicate the median value. The lower and upper quartiles are shown as horizontal lines either side of the rectangle.
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Passive Energy Efficiency solutions

Passive Energy Efficiency solutions

Wall

Wall

The thermal transmittance averages of the walls
are:
- Uwall-Value 0,17 W/m²K for residential buildings
- Uwall-Value 0,14 W/m²K for non-residential
buildings.

The thermal transmittance averages of the walls
are:
- Uwall-Value 0,18 W/m²K for residential buildings
- Uwall-Value 0,19 W/m²K for non-residential buildings.

The most common wall insulating materials are:
- expanded polystyrene (25%) for residential
buildings;
- stone wool (19%) for non-residential buildings.

The most common wall insulating materials are:
- expanded polystyrene (44%) for residential
buildings;
- stone wool (50%) for non-residential buildings.

Roof

Roof

The thermal transmittance averages of the roofs
are:
- Ur-Value 0,24 W/m²K for residential buildings;
- Ur-Value 0,15 W/m²K for non-residential buildings.

The thermal transmittance averages of the roofs
are:
- Ur-Value 0,20 W/m²K for residential buildings;
- Ur-Value 0,17 W/m²K for non-residential buildings.

The most common insulating material is:
- 35% wood fiber for residential building;
- 14% expanded polystyrene for non-residential
buildings.

The most common wall insulating material is:
- wood fiber (44%) for residential buildings;
- stone wool (50%) for non-residential buildings.

Windows

Windows

The average Uw-Value is:
-1,16 W/m²K for residential buildings;
-1,17 W/m²K for non-residential buildings.

The average Uw-Value is:
-1,16 W/m²K for residential buildings;
-1,12 W/m²K for non-residential buildings.

The most common types of glass are:
- Triple glass (47%) for residential buildings;
- Triple glass (29%) and low emission double glass
(29%) for non-residential buildings.

The most common type of glass is triple glass for
residential buildings (44%), while in non-residential
there is no data.

Passive cooling strategies

Passive cooling strategies

The passive cooling solutions used in residential
buildings are:
-natural ventilation (55%);
-sunshade (55%);
-night cooling (49%);
-thermal mass (47%);
-sunspaces (7%);
-other (4%);
-None or unknown (36%).

The passive cooling solutions used in residential
buildings are:
-natural ventilation (56%);
-sunshade (56%);
-night cooling (56%);
-thermal mass (56%);
-sunspaces (11%);
-None or unknown (33%).

The passive cooling solutions used in nonresidential buildings are:
-sunshade (50%);
-natural ventilation (43%);
-night cooling (36%);
-thermal mass (36%);
-none or unknown (43%).

The passive cooling solutions used in nonresidential buildings are:
-sunshade (50%);
-None or unknown (50%).

Active Energy Efficiency solutions

Active Energy Efficiency solutions

Mechanical Ventilation

Mechanical Ventilation

New nZEBs use mechanical ventilation systems
with heat recovery in 90% of cases, in both
residential and non-residential buildings.

Renovated nZEBs use mechanical ventilation
systems with heat recovery in:
- 78% of residential building;
- 100% of non-residential building;

The efficiency average of the heat recovery
systems is 83%.
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The efficiency averages of the heat recovery
systems are:
- 85% in residential building;
- 95% in non-residential building.
Heating system

Heating system

In residential as well as in the non-residential the
most used heating systems are:
- heat pumps, about 57%;
- boiler (residential 15%, non-residential 14%).

In residential buildings the most used heating
systems is:
- condensing boiler (56%).

In line with the heating system type, electricity is in
both cases the most used energy carrier (near
60%).

In non-residential buildings the most used heating
system is:
- heat pump (100%).
Concerning the energy carrier, gas (56%) is the
most used in residential and electricity (100%) in
non-residential.

Domestic Hot Water

Domestic Hot Water

In residential, the most common option for DHW
system is the option partially depending on solar
thermal collectors and integration with the heating
system (31%).
In non-residential, the most common system is a
dedicated generation system (36%).

67% of residential buildings use a DHW system
partially depending on solar thermal collectors and
integration with the heating system.
No data is provided for non-residential buildings.

Cooling system

Cooling system

In residential, 53% of the buildings use cooling
system and the most used cooling systems are:
- heat pumps using outside air as the heat source
(22%);
- heat pumps using soil as the heat source (7%);
- heat pumps using water as the heat source (7%).

In residential, 22% of the buildings use cooling
system and the used cooling systems are:
- heat pumps using outside air as the heat source
(11%);
- heat pumps using soil as the heat source (11%);

In non-residential, 79% of the buildings use cooling
system and the most used cooling systems are:
- heat pumps using outside air as the heat source
(36%).
- heat pumps using soil as the heat source (21%);
- heat pumps using exhaust air as the heat source
(14%);

In non-residential, the two selected buildings use
heat pumps using water as the heat source as
cooling system.

Renewable Energy

Renewable Energy

Photovoltaic systems

Photovoltaic systems

In residential, 55% of the buildings use photovoltaic
systems.
In non-residential, 43% of buildings use
photovoltaic systems.

In residential, 44% of the buildings use photovoltaic
systems.
In non-residential, 100% of buildings use
photovoltaic systems.

Solar thermal systems

Solar thermal systems

In residential, 44% of the buildings use solar
thermal systems.
In non-residential, 29% of buildings use solar
thermal systems.

In residential, 78% of the buildings use solar thermal
systems.
In non-residential, no buildings mentioned to use
solar thermal systems.
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2.4 nZEB features for mild climate
The number of nZEBs data collected in mild climate is 78, from which 62 are new buildings (of
which 44 are residential and 18 are non-residential), and 16 are renovated buildings (of which
10 are residential and 6 are non-residential).

New nZEBs

Renovated nZEBs

Energy performance

Energy performance

In new residential buildings, the heating demand*
for a large number of cases, is bet ween 8 and 15
kWh/(m²year), with an average of 14,0
kWh/(m²year), as shown in the box plot ** Figure 20.

In renovated residential buildings, the heating
demand* for a large number of cases is between 13
and 24 kWh/(m²year), with an average of 17,5
kWh/(m²year), as seen in the box plot ** Figure 22.

Figure 20: Heating demand of new residential buildings in
mild climates.

Figure 22: Heating demand of renovated residential
buildings in mild climates.

In new non-residential buildings the heating
demand*, for a large number of cases, is between 9
and 15 kWh/(m²year), with an average of 11,4
kWh/(m²year), as seen in the box plot ** Figure 21.

In renovated non-residential buildings, the heating
demand* for a large number of cases is between 9
and 33 kWh/(m²year), with an average of 20,0
kWh/(m²year), as shown in the box plot ** Figure 23.

Figure 21: Heating demand of new non-residential
buildings in mild climates.

Figure 23: Heating demand of renovated non-residential
buildings in mild climates.

*Some buildings have a high value for Heating Demand, nonetheless they can reach nZEB level due to a low value of Primary Energy.
**Box plot: Way of representing statistical data on a plot in which a rectangle is drawn to represent the second and third quartiles, with a vertical line inside
to indicate the median value. The lower and upper quartiles are shown as horizontal lines either side of the rectangle.
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Passive Energy Efficiency solutions

Passive Energy Efficiency solutions

Wall

Wall

The thermal transmittance averages of the walls
are:
- Uwall-Value 0,14 W/m²K for residential buildings
- Uwall-Value 0,14 W/m²K for non-residential
buildings.

The thermal transmittance averages of the walls
are:
- Uwall-Value 0,12 W/m²K for residential buildings
- Uwall-Value 0,11 W/m²K for non-residential buildings.

The most common wall insulating materials are:
- expanded polystyrene (27%) for residential
buildings;
- stone wool (28%) for non-residential buildings.

The most common wall insulating materials are:
- expanded polystyrene (30%) for residential
buildings;
- expanded polystyrene (33%) for non-residential
buildings.

Roof

Roof

The thermal transmittance averages of the roofs
are:
- Ur-Value 0,13 W/m²K for residential buildings;
- Ur-Value 0,12 W/m²K for non-residential buildings.

The thermal transmittance averages of the roofs
are:
- Ur-Value 0,12 W/m²K for residential buildings;
- Ur-Value 0,12 W/m²K for non-residential buildings.

The most common insulating material is:
- 18% stone wool for residential building;
- 28% expanded polystyrene for non-residential
buildings.

The most common wall insulating material is:
- cellulose fiber (30%) for residential buildings;
- stone wool (33%) for non-residential buildings.

Windows

Windows

The average Uw-Value is:
-0,99 W/m²K for residential buildings;
-0,87 W/m²K for non-residential buildings.

The average Uw-Value is:
-0,97 W/m²K for residential buildings;
-0,89 W/m²K for non-residential buildings.

The most common types of glass are:
- Triple glass (57%) for residential buildings;
- Triple glass (61%) for non-residential buildings.

The most common types of glass are:
- Triple glass (70%) for residential buildings;
- Triple glass (67%) for non-residential buildings.

Passive cooling strategies

Passive cooling strategies

The passive cooling solutions used in residential
buildings are:
-sunshade (27%);
-natural ventilation (23%);
-thermal mass (20%);
-None or unknown (70%).

The passive cooling solutions used in residential
buildings are:
-sunshade (10%);
-natural ventilation (10%);
-thermal mass (10%);
-night cooling (10%);
-other (10%);
-None or unknown (80%).

The passive cooling solutions used in nonresidential buildings are:
-sunshade (17%);
-night cooling (17%);
-natural ventilation (11%);
-thermal mass (11%);
-none or unknown (72%).

The passive cooling solutions used in nonresidential buildings are:
-none or unknown (100%).

Active Energy Efficiency solutions

Active Energy Efficiency solutions

Mechanical Ventilation

Mechanical Ventilation

New nZEBs use mechanical ventilation systems
with heat recovery in:
- 86% of residential building;
- 78% of non-residential building.

Renovated nZEBs use mechanical ventilation
systems with heat recovery in:
- 70% of residential building;
- 78% of non-residential building.

The efficiency averages of the heat recovery
systems are:
- 87% in residential building;
- 85% in non-residential building.

The efficiency averages of the heat recovery
systems are:
- 91% in residential building;
- 80% in non-residential building.
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Heating system

Heating system

In residential buildings, the most used heating
systems are:
- heat pump (40%);
- condensing boiler (20%);
- stove (20%).

In residential buildings, the most used heating
systems are:
- condensing boiler (30%);
- heat pump (30%).

In non-residential buildings, the most used heating
systems are:
- heat pump (40%);
- boiler (33%).

In non-residential buildings, the most used heating
systems are:
- heat pump (33%);
- non-condensing boiler (33%).

Electricity is the most used energy carrier for
residential, while gas is the most used in nonresidential.

In 70% of residential buildings, the energy carrier for
heating is unknown, while in non-residential, gas
(33%) and wood chips (33%) are the more common
energy carriers for heating.

Domestic Hot Water

Domestic Hot Water

In residential, the most common system for DHW is
the system partially depending on solar thermal
collectors and integration with the heating system
(41%).
In non-residential, 44% of the systems are
dedicated generation systems.

In residential, 50% of buildings use as DHW system
a partially depending on solar thermal collectors and
integration with the heating system;
In non-residential, 50 % of the buildings use the
same system as the heating system (50%).

Renewable Energy

Renewable Energy

Photovoltaic systems

Photovoltaic systems

In residential, 33% of the buildings use photovoltaic
systems.
In non-residential, 44% of the buildings use
photovoltaic systems.

In residential, 10% of the buildings use photovoltaic
systems.
In non-residential, 50% of buildings use photovoltaic
systems.

Solar thermal systems

Solar thermal systems

In residential, 41% of the buildings use solar thermal
systems.
In non-residential, 22% of buildings use solar
thermal systems.

In residential, 40% of the buildings use solar thermal
systems.
In non-residential, 33% of buildings use solar
thermal systems.
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2.5 Solution-set for new nZEBs
The listed typical solution-set for new nZEBs is based on the collected data of recently
constructed nZEBs, considering different climate categories, most recurrent technologies and
the use of the building. Every building project has to be designed according to local climate
conditions, building type and has to meet the current regulation requirements.
Residential nZEBs

Non-residential nZEBs

Around 0,20 W/m²K
Expanded polystyrene
Around 0,10 W/m²K.
Stone wool
Around 0,85 W/m²K
Triple glass
Sunshade, natural ventilation, thermal mass and night
cooling.

Around 0,15 W/m²K
Stone wool
Around 0,15 W/m²K.
Stone wool
Around 0,85 W/m²K
Triple glass
Sunshade, natural ventilation, thermal
evaporative cooling and night cooling.

MV using heat recovery with efficiency about 85%.
Heat pumps or District Heating, when available
Electricity or district heating as energy carrier
Same as heating system.

MV using heat recovery with efficiency about 85%.
Heat pumps or District Heating, when available
Electricity or district heating as energy carrier
Same as heating system or dedicated generation
system.

Photovoltaic and solar thermal

Photovoltaic and solar thermal

Around 0,15 W/m²K
Expanded polystyrene
Around 0,25 W/m²K.
Wood fiber
Around 1,15 W/m²K
Triple glass
Sunshade, natural ventilation, thermal mass and night
cooling.

Around 0,15 W/m²K
Stone wool
Around 0,15 W/m²K.
Expanded polystyrene
Around 1,15 W/m²K
Triple and low emission double glass
Sunshade, natural ventilation, thermal mass and night
cooling.

Mechanical ventilation using heat recovery with
efficiency about 85%.
Heat pumps
Electricity
Partially depending on solar thermal collectors and
integration with the heating system.
Heat pumps

Mechanical ventilation using heat recovery with
efficiency about 85%.
Heat pumps
Electricity
Dedicated generation system.

Photovoltaic and solar thermal

Photovoltaic and solar thermal

Around 0,15 W/m²K
Expanded polystyrene
Around 0,15 W/m²K.
Stone wool
Around 1,0 W/m²K
Triple glass
Sunshade, natural ventilation and thermal mass.

Around 0,15 W/m²K
Stone wool
Around 0,10 W/m²K.
Expanded polystyrene
Around 0,90 W/m²K
Triple glass
Sunshade, natural ventilation, thermal mass and night
cooling.

MV using heat recovery with efficiency about 85%.
Heat pumps
Electricity
Partially depending on solar thermal collectors and
integration with the heating system.

MV using heat recovery with efficiency about 80%.
Heat pumps and boilers
Gas and electricity
Dedicated generation system.

Photovoltaic and solar thermal

Photovoltaic and solar thermal.

Passive Energy Efficiency solutions

Cold winter climates

Wall

Thermal transmittance
Insulating material
Roof
Thermal transmittance
Insulating material
Windows
Thermal transmittance
Type of glass
Passive cooling solutions

mass,

Active Energy Efficiency solutions
Mechanical Ventilation
Heating system type
Energy carrier for heating
Domestic Hot Water system

Renewable Energy
Photovoltaic and solar thermal systems

Passive Energy Efficiency solutions

Warm summer climates

Wall

Thermal transmittance
Insulating material
Roof
Thermal transmittance
Insulating material
Windows
Thermal transmittance
Type of glass
Passive cooling solutions

Active Energy Efficiency solutions
Mechanical Ventilation
Heating system type
Energy carrier for heating
Domestic Hot Water system
Cooling system type

Heat pumps

Renewable Energy
Photovoltaic and solar thermal systems

Passive Energy Efficiency solutions

Mild climates

Wall

Thermal transmittance
Insulating material
Roof
Thermal transmittance
Insulating material
Windows
Thermal transmittance
Type of glass
Passive cooling solutions

Active Energy Efficiency solutions
Mechanical Ventilation
Heating system type
Energy carrier for heating
Domestic Hot Water system

Renewable Energy
Photovoltaic and solar thermal systems
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2.6 Solution-set for renovated nZEBs
The listed typical solution-set for renovated nZEBs is based on the collected data of recently
constructed nZEBs, considering different climate categories, most recurrent technologies and
the use of the building. Every building project has to be designed according to local climate
conditions, building type and has to meet the current regulation requirements.
Residential nZEBs

Non-residential nZEBs

Around 0,20 W/m²K
Expanded polystyrene
Around 0,15 W/m²K
Wood fiber
Around 0,90 W/m²K
Triple glass
Sunshade, natural ventilation, thermal mass and night
cooling.

Around 0,20 W/m²K
Stone wool
Around 0,10 W/m²K
Cellulose fiber
Around 0,95 W/m²K
Triple glass
Sunshade, natural ventilation, thermal mass and night
cooling.

MV using heat recovery with efficiency about 85%.
District Heating, when available, or low temperature
non-condensing boiler.
District heating or gas as energy carrier
Same as heating system.

MV using heat recovery with efficiency about 80%.
Heat pumps or District Heating, when available.

Photovoltaic and solar thermal

Photovoltaic and solar thermal

Around 0,20 W/m²K *
Expanded polystyrene *
Around 0,20 W/m²K *
Wood fiber *
Around 1,15 W/m²K *
Triple glass or low emission double glass. *
Sunshade, natural ventilation, thermal mass and night
cooling. *

Around 0,20 W/m²K *
Stone wool *
Around 0,15 W/m²K *
Stone wool *
Around 1,10 W/m²K *
Unknown *
Sunshade *

MV using heat recovery with efficiency about 85%. *
Condensing boilers *
Gas *
Partially depending on solar thermal collectors and
integration with the heating system. *
Heat pumps*

MV using heat recovery with efficiency about 95%. *
Heat pumps *
Electricity *
Unknown *

Photovoltaic and solar thermal

Photovoltaic and solar thermal

Around 0,10 W/m²K *
Expanded polystyrene *
Around 0,10 W/m²K *
Cellulose fiber *
Around 1,0 W/m²K *
Triple glass *
Sunshade, natural ventilation, thermal mass and night
cooling. *

Around 0,10 W/m²K *
Expanded polystyrene *
Around 0,10 W/m²K *
Stone wool *
Around 0,90 W/m²K *
Triple glass *
Unknown *

Mechanical ventilation using heat recovery with
efficiency about 90%. *
Heat pumps and condensing boiler *
Unknown *
Partially depending on solar thermal collectors and
integration with the heating system. *

Mechanical ventilation using heat recovery with
efficiency about 80% *
Heat pumps and non-condensing boilers *
Gas and wood chips *
Same as the heating system *

Passive Energy Efficiency solutions

Cold winter climates

Wall

Thermal transmittance
Insulating material
Roof
Thermal transmittance
Insulating material
Windows
Thermal transmittance
Type of glass
Passive cooling solutions

Active Energy Efficiency solutions
Mechanical Ventilation
Heating system type
Energy carrier for heating
Domestic Hot Water system

Electricity or district heating as energy carrier
Same as heating system.

Renewable Energy
Photovoltaic and solar thermal systems

Passive Energy Efficiency solutions

Warm summer climates

Wall

Thermal transmittance
Insulating material
Roof
Thermal transmittance
Insulating material
Windows
Thermal transmittance
Type of glass
Passive cooling solutions

Active Energy Efficiency solutions
Mechanical Ventilation
Heating system type
Energy carrier for heating
Domestic Hot Water system
Cooling system type

Heat pumps*

Renewable Energy
Photovoltaic and solar thermal systems

Passive Energy Efficiency solutions

Mild climates

Wall

Thermal transmittance
Insulating material
Roof
Thermal transmittance
Insulating material
Windows
Thermal transmittance
Type of glass
Passive cooling solutions

Active Energy Efficiency solutions
Mechanical Ventilation
Heating system type
Energy carrier for heating
Domestic Hot Water system

Renewable Energy
Photovoltaic and solar thermal systems
Photovoltaic and solar thermal
* Solution set based on a sample of 10 or less than 10 nZEBs.

Photovoltaic and solar thermal
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3 Assessment of nZEB cost and associated macroeconomic benefits
The assessment of cost of retrofitting and construction of new nZEBs, via ex-post data, provides
a benchmark for countries and evaluates the actual cost effectiveness of the measures. This
analysis focuses on nZEBs renovation.

3.1 The renovation model
The following results are based on a renovation model that allows to examine scenarios and to
illustrate the impact on energy use of different rates (percentage of buildings renovated each
year) and depths of renovation (extent of measures applied and size of resulting energy and
emissions reduction) in the residential and non-residential building sector up to 2050. In
particular, the scenarios assess the following outcomes, both annually and in total:







energy saved: the total energy savings over the lifetime of the measures installed;
total investment required: the total cost of the installed renovation measures, including
materials and labour costs;
energy cost savings: the cumulative value of the lifetime energy saving. Savings in a given
year are calculated by multiplying that year’s energy saving by the weighted average energy
price;
employment impact: the number of full time equivalent jobs created over the 40-year period
(2015-2050), based on employment factor (no. of jobs per €1 million investment) times the
average annual investment;
cost-effectiveness indicators:
o
o

o

Internal rate of return (IRR): based on the net saving each year (i.e. cost saving less
investment required in a given year);
Net saving to consumers: the difference between the lifetime energy cost savings and
the lifetime investment. Both figures are discounted by the weighted average consumer
discount rate;
Net saving to society, including the value of externalities: the sum of the lifetime energy
cost savings and value of externalities, less the lifetime investment. Both indexes are
discounted by the societal discount rate.

Determining the practical limit for the renovation of the European building stock is a crucial step.
The limit to renovation up to 2050 will be affected by a number of considerations:




Demolitions: Stock alterations are caused by demolishing buildings. These buildings are
expected to either suffer from structural problems or they will remain abandoned in areas
where supply is higher than demand. Therefore, these are unlikely candidates for renovation
to improve their energy performance and are annually assumed to correspond to 0,2% of
the building stock.
Heritage Buildings: Buildings of historical, aesthetic and cultural value could be exempted
from significant renovations by planning authorities and other bodies. While major
renovations will not be possible, in practice, in the case of heritage buildings, minor
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measures are feasible. No increase or reduction of stock is therefore attributed to heritage
buildings, but are rather undergoing only minor renovations.
Recent Renovations: For buildings that have undergone renovation in the recent past, future
renovation will be economically less attractive. It is contended that the number of buildings
renovated to a level that would prevent the application of further energy savings measures
is very small, of the order of 1% of the existing stock.
New Buildings: New buildings constructed between 2015 and 2020 will probably be subject
to renovation in the period up to 2050. As energy standards for renovation are tightened and
new technologies become more widely available and affordable, these will increasingly be
deployed on buildings constructed during this decade. This will add the volume of the
building stock that comprises the practical limit by an assumed 0,9% p.a.

Beyond 2020, it is assumed that nZEB requirements under the EPBD will result in buildings
achieving a level of energy performance that will not require further renovation to 2050,
excluding the occasional replacement of appliances.

3.2 Input data
For the purpose of modelling, the following information has been used:









The main target building stock for renovation is the practical limit, based on the existing
stock of buildings, less an allowance for demolitions and buildings already renovated.
Current rates of activity will be taken as a baseline figure for the year 2010:
o Prevailing renovation rates are 1% as the EU average; and
o Prevailing renovation depths are predominantly minor.
Energy prices are taken from Eurostat and include all taxes, as these form part of the
savings consumers make when reducing their energy imports.
Energy price forecasts are derived from EU Energy Trends to 2030.
The following discount rates have been applied:
o Households 10%
o Business 10%
o Public Sector 5%
o Societal 3%
Cost reduction factors are applied, reflecting the impact of increasing renovation activity
over the period to 2050. Higher factors are applied to the deeper renovation profiles, given
that there is a steeper learning curve as the volume of activity increases (Table 4), and the
cost of buildings-integrated renewable technologies in particular come down with increasing
market maturity.

Table 4: Learning curve for renovation costs reduction.

Learning curve for renovation costs reduction
Renovation depth Energy reduction Learning curve
Minor
15%
0.5%
Moderate
45%
1.0%
Deep
75%
1.5%
nZEB
95%
2.0%
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The three main variables that influence the pathways for building renovation are:




The rate of renovation, expressed as a % of the building stock in a given year: These
assumptions are found in Figure 24.
The depth of renovation, according to the four previously described levels: minor, moderate,
deep and nZEB; and are seen in Figure 25, Figure 26 and Figure 27.
The cost of renovation, which itself varies with depth. The cost of each renovation depth
assumed are found in Table 5 and Table 6.

3.3 Assumptions
In the renovation model, some assumptions have been done regarding renovation rate and
renovation depth. Specifically, on renovation rates, it is assumed that renovation activity could
grow two or three times in the next decades from current levels that range between 0.6% and
1.2%. These relatively sober figures are balancing the unstructured nature of the renovation
industry that does not appeal to a mass market, and the increasing enabling climate for
investments in refurbishments.
As indicated in Figure 24, the considered renovation rates up to 2050 are slow, medium, fast
and baseline. Fast and medium renovation rates stop and stable on a certain level due to a
suboptimal market structure. The slow path on the other hand is assumed to evolve with a long
term vision.
Renovation Rates Assumptions
4.0%
3.5%
3.0%
2.5%

SLOW

2.0%

MEDIUM

1.5%

FAST

1.0%

BASELINE

0.5%
0.0%

Figure 24: Renovation rate assumption 2015-2050.

The model defines three renovation paths (shallow, intermediate and deep) depending on the
assumed share of renovation depths. Therefore, the shallow renovation path is characterized
by a predominance of shallow and moderate renovation depths, while the deep renovation path
is mostly comprised of deep and nZEB renovation depths. These renovation paths provide
attainable renovation efforts and intend to offer a range of possible outcomes. It is assumed
that minor and shallow renovation will persist in the coming decades due to their relatively lower
upfront costs and fewer technical challenges compared to nZEB renovations. However, it is
expected that due to increasing climate impacts and relevant economic effects, a high share of
buildings will be refurbished to nZEB levels towards the middle of the century. The assumed
renovation paths are shown in Figure 25, Figure 26 and Figure 27.
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Figure 25: Shallow renovation path 2015-2050.
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Figure 26: Intermediate renovation path 2015-2050.
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Figure 27: Deep renovation path 2015-2050.

Table 5 and Table 6 show the cost of construction of new nZEBs, the additional costs for nZEB
construction and the costs for different levels of renovation (minor, moderate, deep and nZEB)
in each analyzed country.
Table 5: Cost of nZEBs divided for countries (AT, BE, CZ, DK, FR, DE and IT).

Costs (€/m² )
Minor renovation (15% energy savings)
Moderate renovation (45% energy savings)
Deep renovation (75% energy savings)
nZEB renovation (95% energy savings)
New built according to nZEB standards
Additional funds for nZEB construction
compared to new built

AT

BE

CZ

DK

FR

DE

IT

410

100

96

400

130

149

101

456

200

153

1100

195

258

231

484

500

219

1900

300

456

697

524

750

318

2500

640

860

910

1824

1600

835

2150

1750

1601

1633

280

200

110

125

150

169

213

34

Deliverable 5.1: nZEB technology solutions, cost assessment and performance
Table 6: Cost of nZEBs divided for countries (LT, NO, PL, RO, SK, ES and SE).

Costs (€/m² )
Minor renovation (15% energy savings)
Moderate renovation (45% energy savings)
Deep renovation (75% energy savings)
nZEB renovation (95% energy savings)
New built according to nZEB standards
Additional funds for nZEB construction
compared to new built

LT

NO

PL

RO

SK

ES

SE

155

725

170

84

153

163

715

238

750

220

197

219

288

735

286

830

330

376

318

695

920

734

2365

1037

679

835

1074

3370

125

115

94

200

110

407

96

125

35

60

36

96

57

51

In the scenarios, a public discount rate of 4% and a private discount rate of 8% have been
considered, assuming that the uncertainty of future cash flow in the private sector is higher than
in the public sector.

3.4 Scenarios
The present analysis utilises four scenarios derived from the specific combination of renovation
rates and renovation paths. All other parameter assumptions remain stable. The scenarios are
structured in this way in order to examine the outcome of renovations according to how well the
renovation market is stimulated (resulting in higher renovation rates) and what is the energy
savings ambition (expressed as renovation depths and determined among other by government
support schemes).
Baseline
Baseline renovation rate
& baseline renovation path

Modest
Slow renovation rate
& shallow renovation path

Intermediate
Medium renovation rate
& intermediate renovation path

Ambitious
Fast renovation rate
& deep renovation path

3.5 Results
The following results obtained from the model are presented according to each scenario:





Investment costs and energy cost savings in million € by 2050.
Cumulative annual energy savings (Twh/ a) in 2050.
Internal Rate of Return.
Average annual net jobs generated.

The results are subdivided in residential use (single family house and multifamily house) and
non-residential use (public and non-public).

Austria
As seen in Figure 28, the actualized investments costs in the baseline scenario up to 2050 are
7,5 € billion, while in the ambitious scenario they are 28,9 € billion. From these investment costs,
around 60% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are 32
€ billon and 210 € billion in the ambitious scenario, from which around 72% are for residential
sector.
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Figure 28: Investment costs and energy cost savings (in millions of €) in 2050 - Austria.

As indicated in Figure 29 and concerning the cumulative energy savings in 2050, 9 TWh/a are
expected in the baseline scenario, from which 6 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 62,7 TWh/a, from which 41,5 TWh/a are foreseen
for residential sector.

Figure 29: Cumulative annual energy saving (TWh/a) by 2050 – Austria.

The Figure 30 shows that baseline and modest scenarios have better profability of investments
than the intermediate and ambitious scenarios. It is specialy advantegeous for single family
houses, which have an IRR of 25,3% in the ambitious scenario.

Figure 30: Internal rate of return - Austria.
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The result for average annual net jobs generated for Austria in the baseline scenario is 7.173,
while in the ambitious scenario it is 33.607.

Belgium
As seen in Figure 31, the actualized investments costs in the baseline scenario up to 2050 are
9,6 € billion, while in the intermediate scenario they are 31,2 € billion, being slightly higher than
in the ambitious scenario. From these investment costs, around 77% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
104,4 € million and 433 € billion in the ambitious scenario, from which around 83% are for
residential sector.

Figure 31: Investment costs and energy cost savings (in millions of €) in 2050 - Belgium.

As indicated in Figure 32 and concerning the cumulative energy savings in 2050, 18,4 TWh/a
are expected in the baseline scenario, from which 13 are for residential buildings. In the
ambitious scenario, the cumulative energy savings are 59,5 TWh/a, from which 42 TWh/a are
foreseen for residential sector.

Figure 32: Cumulative annual energy saving (TWh/a) by 2050 – Belgium.

The Figure 33 shows that baseline, modest and ambitious scenarios have similar profability of
investments and intermediate has a slightly lower profability. It is specialy advantegeous for
single family houses, which have an IRR of 20,6% in the ambitious and baseline scenario, while
multifamily houses would have the lower IRR in all cases.
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Figure 33: Internal rate of return - Belgium.

The result for average annual net jobs generated for Belgium in the baseline scenario is 9.071,
while in the ambitious scenario is 40.087.

Czech Republic
As seen in Figure 34, the actualized investments costs in the baseline scenario up to 2050 are
5,3 € billion, while in the ambitious scenario they are 15,5 € billion. From these investment costs,
around 76% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
29,7 € billion and 196,6 € billion in the ambitious scenario, from which around 75% are for
residential sector.

Figure 34 Investment costs and energy cost savings (in millions of €) in 2050 - Czech Republic.

As indicated in Figure 35 and concerning the cumulative energy savings in 2050, 8 TWh/a are
expected in the baseline scenario, from which 5,5 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 56,2 TWh/a, from which 38,2 TWh/a are foreseen
for residential sector.
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Figure 35: Cumulative annual energy saving (TWh/a) by 2050 – Czech Republic.

The Figure 36 shows that ambitious scenario (31% on average) is the one with more profability
of investments and the baseline scenario (24% on average) has the lower profability. In all
scenarios, it is slightly more advantegeous in single family houses, which have an IRR of 31,9%
in the ambitious scenario, while in multifamily houses and non-residential buildings the IRR are
very similar.

Figure 36: Internal rate of return - Czech Republic.

The result for average annual net jobs generated for Czech Republic in the baseline scenario
is 5.025, while in the ambitious scenario is 17.592.

Denmark
As seen in Figure 37, the actualized investments costs in the baseline scenario up to 2050 are
19 € billion, while in the intermediate scenario they are 60,9 € billion, being slightly higher than
in the ambitious scenario. From these investments costs, around 63% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are 52
€ billion and 219 € billion in the ambitious scenario, from which around 84% are for residential
sector.
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Figure 37: Investment costs and energy cost savings (in millions of €) in 2050 - Denmark.

As indicated in Figure 38 and concerning the cumulative energy savings in 2050, 7,3 TWh/a are
expected in the baseline scenario, from which 4,9 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 23,9 TWh/a, from which 15,8 TWh/a are foreseen
for residential sector.

Figure 38: Cumulative annual energy saving (TWh/a) by 2050 – Denmark.

The Figure 39 shows that modest scenario (8,7% on average) is the one with more profability
of investments and the intermediate scenario (7,8% on average) has the lower profability. In all
scenarios, single family houses are the most advantegeous option with an IRR of about 9,5%,
while non-residential buildings are the less profitable option with an IRR of about 5,5%.

Figure 39: Internal rate return - Denmark.
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The result for average annual net jobs generated for Denmark in the baseline scenario is
18.0247, while in the ambitious scenario it is 77.880.

France
As seen in Figure 40, the actualized investments costs in the baseline scenario up to 2050 are
49,2 € billion, while in the intermediate scenario they are 127,7 € billion, being slightly higher
than in the ambitious scenario. From these investment costs, around 63% are for residential
sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are 50
€ billion and 151 € billion in the ambitious scenario, from which around 73% are for residential
sector.

Figure 40: Investment costs and energy cost savings (in millions of €) in 2050 - France.

As indicated in Figure 41 and concerning the cumulative energy savings in 2050, 67,5 TWh/a
are expected in the baseline scenario, from which 42,1 are for residential buildings. In the
ambitious scenario, the cumulative energy savings are 218,9 TWh/a, from which 136,4 TWh/a
are foreseen for residential sector.

Figure 41: Cumulative annual energy saving (TWh/a) by 2050 – France.

The Figure 42 shows that all scenarios have similar profability. The ambitious scenario is the
one with more profability of investments (10% on average) and the baseline scenario has the
lower profability (9% on average). In all scenarios, residential buildings, in particular single
family houses, are more advantegeous than non-residential buildings.
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Figure 42: Internal rate of return - France.

The result for average annual net jobs generated for France in the baseline scenario is 46.937,
while in the ambitious scenario it is 158.296.

Germany
As seen in Figure 43, the actualized investments costs in the baseline scenario up to 2050 are
93,8 € billion, while in the ambitious scenario they are 361,7 € million. From these investment
costs, around 68% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
143,5 € billion and 921,6 € billion in the ambitious scenario, from which around 70% are for
residential sector.

Figure 43: Investment costs and energy cost savings (in millions of €) in 2050 - Germany.

As indicated in Figure 44 and concerning the cumulative energy savings in 2050, 66 TWh/a are
expected in the baseline scenario, from which 44,3 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 462,9 TWh/a, from which 310,7 TWh/a are
foreseen for residential sector.
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Figure 44: Cumulative annual energy saving (TWh/a) by 2050 – Germany.

The Figure 45 shows that ambitious and intemediate scenarios with similar value are the most
profitable scenarios, while the baseline scenario is clearly the less profitable. Besides,
residential buildings and in particular single family house are more advantegeous than nonresidential buildings.

Figure 45: Internal rate of return - Germany.

The result for average annual net jobs generated for Germany in the baseline scenario is
89.339, while in the ambitious scenario is 419.287.

Italy
As seen in Figure 46, the actualized investments costs in the baseline scenario up to 2050 are
57,4 € billion, while in the ambitious scenario they are 376,2 € billion. From these investment
costs, around 87% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
133,8 € billion and 887,2 € billion in the ambitious scenario, from which around 74% are for
residential sector.
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Figure 46: Investment costs and energy cost savings (in millions of €) in 2050 - Italy.

As indicated in Figure 47 and concerning the cumulative energy savings in 2050, 40,5 TWh/a
are expected in the baseline scenario, from which 28,9 are for residential buildings. In the
ambitious scenario, the cumulative energy savings are 286,2 TWh/a, from which 205,7 TWh/a
are foreseen for residential sector.

Figure 47: Cumulative annual energy saving (TWh/a) by 2050 – Italy.

The Figure 48 shows that intemediate and modest scenarios with similar value are the most
profitable scenarios (15,5% on average), while the ambitious scenario is the less profitable
(13,3% on average). Besides, non-residential buildings are clearly more advantegeous than
residential buildings.

Figure 48: Internal rate of return - Italy.
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The result for average annual net jobs generated for Italy in the baseline scenario is 54.522,
while in the ambitious scenario is 435.523.

Lithuania
As seen in Figure 49, the actualized investments costs in the baseline scenario up to 2050 are
1,7 € billion, while in the ambitious scenario they are 4,8 € billion. From these investment costs,
around 68% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are 4,9
€ billion and 31,7 € billion in the ambitious scenario, from which around 75% are for residential
sector.

Figure 49: Investment costs and energy cost savings (in millions of €) in 2050 - Lithuania.

As indicated in Figure 50 and concerning the cumulative energy savings in 2050, 1,8 TWh/a are
expected in the baseline scenario, from which 1,4 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 12,7 TWh/a, from which 9,3 TWh/a are foreseen
for residential sector.

Figure 50: Cumulative annual energy saving (TWh/a) by 2050 – Lithuania.

The Figure 51 shows that ambitious scenario (23% on average) is the most profitable scenario,
while the baseline scenario (16% on average) is the less profitable. Besides, residential
buildings are clearly more advantegeous than non-residential buildings.
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Figure 51: Internal rate of return - Lithuania.

The result for average annual net jobs generated for Lithuania in the baseline scenario is 1.661,
while in the ambitious scenario is 5.354.

Norway
As seen in Figure 52, the actualized investments costs in the baseline scenario up to 2050 are
14 € billion, while in the ambitious scenario they are 37,7 € billion. From these investment costs,
around 68% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are 36
€ billion and 245,4 € billion in the ambitious scenario, from which around 78% are for residential
sector.

Figure 52: Investment costs and energy cost savings (in millions of €) in 2050 - Norway.

As indicated in Figure 53 and concerning the cumulative energy savings in 2050, 4,3 TWh/a are
expected in the baseline scenario, from which 2,5 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 30 TWh/a, from which 17,4 TWh/a are foreseen
for residential sector.
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Figure 53: Cumulative annual energy saving (TWh/a) by 2050 – Norway.

The Figure 54 shows that ambitious scenario (19,5% on average) is the most profitable
scenario, while the baseline scenario (13% on average) is the less profitable. Besides,
renovation of residential buildings are clearly more advantageous than renovation of nonresidential buildings.

Figure 54: Internal rate of return - Norway.

The result for average annual net jobs generated for Norway in the baseline scenario is 13.333,
while in the ambitious scenario it is 42.118.

Poland
As seen in Figure 55, the actualized investments costs in the baseline scenario up to 2050 are
13,3 € billion, while in the ambitious scenario they are 53,4 € billion. From these investment
costs, around 65% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
59,4 € billion and 384 € billion in the ambitious scenario, from which around 72% are for
residential sector.
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Figure 55: Investment costs and energy cost savings (in millions of €) in 2050 - Poland.

As indicated in Figure 56 and concerning the cumulative energy savings in 2050, 23,8 TWh/a
are expected in the baseline scenario, from which 17,7 are for residential buildings. In the
ambitious scenario, the cumulative energy savings are 167,2 TWh/a, from which 124,5 TWh/a
are foreseen for residential sector.

Figure 56: Cumulative annual energy saving (TWh/a) by 2050 – Poland.

The Figure 57 shows that all scenarios have a similar IRR, nevertheless the ambitious scenario
(25,6% on average) is the most profitable scenario, while the baseline scenario (22% on
average) is the less profitable. Besides, residential buildings are clearly more advantegeous
than non-residential buildings.

Figure 57: Internal rate of return - Poland.
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The result for average annual net jobs generated for Poland in the baseline scenario is 12.648,
while in the ambitious scenario is 61.221.

Romania
As seen in Figure 58, the actualized investments costs in the baseline scenario up to 2050 are
2,8 € billion, while in the ambitious scenario they are 16 € billion. From these investment costs,
around 85% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
19,9 € billion and 127,8 € billion in the ambitious scenario, from which around 86% are for
residential sector.

Figure 58: investment costs and energy cost savings (in millions of €) in 2050 - Romania.

As indicated in Figure 59 and concerning the cumulative energy savings in 2050, 8,2 TWh/a are
expected in the baseline scenario, from which 6,8 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 57,5 TWh/a, from which 48,3 TWh/a are foreseen
for residential sector.

Figure 59: Cumulative annual energy saving (TWh/a) by 2050 – Romania.

The Figure 60 shows that all scenarios have a similar IRR, notwithstanding the baseline
scenario (35% on average) is the most profitable scenario, while the ambitious scenario (29,6%
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on average) is the less profitable. Besides, residential buildings are clearly more advantegeous
than non-residential buildings.

Figure 60: Internal rate of return - Romania.

The result for average annual net jobs generated for Romania in the baseline scenario is 2.628,
while in the ambitious scenario is 18.711.

Spain
As seen in Figure 61, the actualized investments costs in the baseline scenario up to 2050 are
27 € billion, while in the ambitious scenario they are 102,5 € billion. From these investment
costs, around 86% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are 408
€ billion and 1.768,7 € billion in the ambitious scenario, from which around 84% are for
residential sector.

Figure 61: Investment costs and energy cost savings (in millions of €) in 2050 - Spain.

As indicated in Figure 62 and concerning the cumulative energy savings in 2050, 33,7 TWh/a
are expected in the baseline scenario, from which 21 are for residential buildings. In the
ambitious scenario, the cumulative energy savings are 110,7 TWh/a, from which 70 TWh/a are
foreseen for residential sector.
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Figure 62: Cumulative annual energy saving (TWh/a) by 2050 – Spain.

The Figure 63 shows that all scenarios have very similar IRR, notwithstanding the baseline
scenario (20% on average) is slightly more profitable scenario than the other. Besides, nonresidential buildings are clearly more advantegeous than residential buildings.

Figure 63: Internal rate of return - Spain.

The result for average annual net jobs generated for Spain in the baseline scenario is 25.472,
while in the ambitious scenario is 135.510.

Slovakia
As seen in Figure 64, the actualized investments costs in the baseline scenario up to 2050 are
2,5 € billion, while in the ambitious scenario they are 7,3 € billion. From these investment costs,
around 71% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
9,14 € billion and 59,6 € billion in the ambitious scenario, from which around 55% are for
residential sector.
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Figure 64: Investment costs and energy cost savings (in millions of €) in 2050 - Slovakia.

As indicated in Figure 65 and concerning the cumulative energy savings in 2050, 3,7 TWh/a are
expected in the baseline scenario, from which 2 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 25,6 TWh/a, from which 13,6 TWh/a are foreseen
for residential sector.

Figure 65: Cumulative annual energy saving (TWh/a) by 2050 – Slovakia.

The Figure 66 shows that the ambitious scenario (25,6% on average) is the most profitable
scenario, while the baseline scenario (19% on average) is the less profitable scenario. Besides,
non-residential buildings are clearly more advantegeous than residential buildings.

Figure 66: Internal rate of return - Slovakia.
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The result for average annual net jobs generated for Spain in the baseline scenario is 2.354,
while in the ambitious scenario is 8.262.

Sweden
As seen in Figure 67, the actualized investments costs in the baseline scenario up to 2050 are
8,4 € billion, while in the ambitious scenario they are 40 € billion. From these investment costs,
around 78% are for residential sector.
The cumulative energy costs savings during measures’ lifetime in the baseline scenario are
191,7 € billion and 841 € billion in the ambitious scenario, from which around 90% are for
residential sector.

Figure 67: Investment costs and energy cost savings (in millions of €) in 2050 - Sweden.

As indicated in Figure 68 and concerning the cumulative energy savings in 2050, 8,1 TWh/a are
expected in the baseline scenario, from which 5,2 are for residential buildings. In the ambitious
scenario, the cumulative energy savings are 26,7 TWh/a, from which 17,2 TWh/a are foreseen
for residential sector.

Figure 68: Cumulative annual energy saving (TWh/a) by 2050 – Sweden.

The Figure 69 shows that all scenarios have similir profability, nevertheless baseline scenario
(22% on average) is the most profitable scenario, while the intermediate scenario (19,5% on
average) is the less profitable scenario. Besides, single family house is the most advantgeous
option and multifamily house is the less advantegeous.
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Figure 69: Internal rate return - Sweden.

The result for average annual net jobs generated for Sweden in the baseline scenario is 7.826,
while in the ambitious scenario is 54.738.

Interpretation of scenarios’ results
As expected, the greatest energy savings in all countries are achieved under the “ambitious”
scenario, followed by the “intermediate” scenario. These higher energy savings result from
higher levels of investment in deeper renovation, with a higher proportion of nZEB level
renovations achieved. Inevitably, the investment required is greater, but so is the lifetime cost
savings achieved. This is notwithstanding the results for Belgium, Denmark and France, where
investment costs can be slightly higher in the intermediate scenario compared to the ambitious
scenario due to the combination of renovation paths and costs. The financial savings however
are significantly higher in the ambitious scenario, which eventually is the most profitable
scenario in all countries. All investments for energy renovations are estimated to be financially
rewarding, since they offer over the measures’ life time a return on investment of 10% to 20%
on average.
Concerning the type of building, interventions in single family houses are the most cost effective
in 11 out of the 14 analysed countries, with the exception of Italy, Spain and Slovakia, where
renovations in non-residential buildings seem to be the most profitable interventions. The
ambitious scenarios have the highest values of cumulative energy savings by 2050. In Italy,
Romania, Poland, Lithuania, Germany, Norway, Czech Republic and Slovakia the cumulative
energy savings are over the 60%, while in Belgium, France and Denmark they are between
40% and 50%, and Austria, Spain and Sweden occupy middle positions with cumulative energy
savings between 50% and 60%.
Concerning the average annual net jobs generated in the ambitious scenario, the highest impact
in relation to the population size are in Denmark, Norway and Italy, while the impact would be
lower in Romania, Slovakia and Poland. Considering that construction requires mostly low skill
jobs, it is expected that there will be a minor substitution effect- probably from the overall
diminishing investments in construction- but the job generation figures will benefit mostly the
unemployed low skilled workforce.
The question that arises is “what is the optimal level of renovation”. Clearly, in energy saving
and CO2 reduction terms, it is the ambitious scenario in every case. However, these investment
decisions are to be made by millions of individual building owners, ranging from householders
and social housing providers to corporates, SMEs and public sector bodies. One way of
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answering the question is therefore to consider what is the most economically attractive
scenario from the point of view of the investor (or potential investor). The results show that, in
almost all countries, the “intermediate” or the “ambitious” scenario generates the highest internal
rate of return for investors, demonstrating that deeper renovations, towards nZEB levels, are in
the best long term financial interest of individuals as well as society. The highest value of Internal
Rate of Return is above the 30% in Romania, Czech Republic, Spain and Slovakia, but below
than 20% in Italy and France, while Denmark sees returns on investment slightly above 5% due
to increased renovation costs. The investor perspective therefore is a realistic one and
additional policy research is required that takes into account the specific elements that appear
in each country’s legislation, support schemes and incentives5.
The current policy environment does not support the renovation market and the example of
energy costs is a telling one. Undiscriminatory subsidisation of energy carriers for buildings (i.e.
unrelated to income) leads to skewed perceptions and disincentives owners to uptake
renovations. If energy was not subsidised and it reflected the true costs of its respective energy
carriers (i.e. CO2 costs), then deep renovations would make good economic sense. However,
it is clear that most building owners do not undertake a full life cycle cost benefit analysis, and
furthermore apply a high implicit hurdle rate. Coupled with a lack of available finance and desire
for rapid paybacks, many investors will not currently choose the economically most
advantageous option. For these reasons, policy intervention is required to increase the
likelihood of building owners making the right long term choice. There is a need to build upon
existing financing schemes and assist the market for energy efficiency renovations to deliver
against the highly ambitious objective of renovating the building stock to nearly zero energy
levels by the middle of the century. The present project outlines in [D6.3: Strategies for nZEB
market transition in the European Union, pages 32-47] country-specific policy recommendations
to support the renovation market.

55

Deliverable 5.1: nZEB technology solutions, cost assessment and performance

4 nZEB performance: energy savings compared to expected
savings
Energy savings in new and retrofitted buildings are often overestimated and with the larger
number of nZEBs foreseen, the deviation will keep increasing. The rebound effect, the quality
of design vs. construction, variable climate conditions and other factors may be reasons of this
mismatch between assessment savings and expected savings.
The aim of this analysis is to recognize the reasons of the deviation between calculated and
monitored performance of nZEBs, and to identify successful steps that make the reduction of
the deviation more feasible. The work is a result of an analysis of monitored energy consumption
of 12 case studies, in France, Germany, Italy, Poland, Norway and Spain (for more information
see Annex V: Analysis of case studies with monitored performance and interviews to involved
experts). Furthermore, some suggestions and experiences were collected through six (6)
Interviews of professionals involved in some of the selected case studies in Germany, Italy,
Poland and Spain.
In order to have a view of the experiences already made and discussed in selected countries6,
a wide literature review of previous studies about the reasons of this deviation is collected in the
Annex IV: Literature review.

4.1 Case studies
Table 7 shows the variation values between the calculated and the monitored energy of the 12
selected case studies. In three cases, the real consumption is lower than the predicted (highlight
with green colour), and in five cases the difference between consumed and calculated is very
high, more than 100% (red colour).
Table 7: Difference results obtained between calculated and monitored energy performance of 12 nZEBs selected.
Country
France
Germany
Italy

Norway
Poland

Spain

Difference calculated vs. monitored
Calculated energy
Monitoring of the
performance
energy consumption
kWh/(m²year)
kWh/(m²year)
Association Qualitel
38,5
36,5
Etrium
38,5
32,8
Casa Pillon
82,2
181,39
IPES Bronzolo
12,33
47
EX-Post
7
9,59
Leaf-House
27
91
Laion School
9,05
10
Marienlyst skole
62,9
60,9
Malta House
90,35
141,4
Green tower 8
89,29
99,02
Green corner
80,36
209,81
CIRCE
45,58
107
Building

Variation between
calculated and
monitoring
- 5.1 %
-14.8 %
120 %
281 %
37 %
237 %
10 %
3%
56 %
10 %
161 %
135 %

Total Final Energy
Total Final Energy
Total Primary Energy
Final Energy (Heating)
Final Energy (Heating)
Total Final Energy
Total Final Energy
Total Final Energy
Total Final Energy
Total Final Energy
Total Final Energy
Total Final Energy

Austria, Belgium, France, Germany, Italy, Poland, Romania, Denmark, Norway, Sweden and Spain.
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France
 Association Qualitel
Association Qualitel is a residential building located in Les Noyers and constructed in 2010. It
has the BBC Effinergie label.
The building has a treated floor area of 2.279 m². The heating system and the DHW system
work with condensing boilers using gas an energy source. Radiators with thermostatic valves
programming system are used as terminal units for heating and the building is equipped with
mechanical ventilation.
The building was monitored between 2010 and 2012, in summer and heating season. It was
used meters, sub-meters and bills.
Table 8 shows that the energy monitored is about 5% lower than the energy calculated for total
final energy, while monitored energy for heating is slightly higher than calculated; however, the
heating deviation in absolute kilowatt-hours is very small.
Table 8: Calculated and monitoring energy performance of the building – Association Qualitel (France).
Final Energy
Total (kWh/(m²year))
Heating (kWh/(m²year))
DHW (kWh/(m²year))
Cooling (kWh/(m²year))
Lighting (kWh/(m²year))
Auxiliary (kWh/(m²year))
Primary Energy
Total (kWh/(m²year))
Heating (kWh/(m²year))
DHW (kWh/(m²year))
Cooling (kWh/(m²year))
Lighting (kWh/(m²year))
Auxiliary (kWh/(m²year))

Calculated
38,5
11,7
22,8

Monitored
36,5
12,7
19,7

2,9
1,1
Calculated
44,8
11,7
22,8

2,9
1,2
Monitored
43
12,7
19,7

7,6
2,8

7,6
3

The reasons of these little differences are:





problems of airtightness, difficulty of use, thermostat misplaced…;
occupant behaviour: setting temperature, lifestyle and occupation of the inhabitants,
and a rebound effect because people live in an nZEB;
number of people for DHW compared to the calculation hypothesis;
air management.

Germany
 Etrium
Etrium is an office building located in Cologne and constructed in 2008. It is a certified
Passivehaus and holds the DGNB Gold labels.
The building has a treated floor area of 3.667 m². The heating system works with heat pump
using ground water as a source. The DHW system is partially depending on solar thermal
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collectors and dedicated generation systems. Besides the building is equipped with mechanical
ventilation with heat recovery, photovoltaic panels and green roof.
Solar radiation and position of automated shading, outside and inside temperature, heating
consumption and electricity consumption were monitored between May 2010 and April 2011.
Table 9 shows that the energy monitored is 15% lower compared to the energy calculated for
total final energy, while monitored energy for heating is higher than calculated, however, the
heating deviation in absolute kilowatt-hours is little.
Table 9: Calculated and monitoring energy performance of the building – Etrium (Germany).
Final Energy
Total (kWh/(m²year))
Heating( kWh/(m²year))
DHW (kWh/(m²year))
Cooling (kWh/(m²year))
Lighting (kWh/(m²year))
Auxiliary (kWh/(m²year))
Primary Energy
Total (kWh/(m²year))
Heating (kWh/(m²year))
DHW (kWh/(m²year))
Cooling (kWh/(m²year))
Lighting (kWh/(m²year))
Auxiliary (kWh/(m²year))

Calculated
38,5
8,1

Monitored
32,8
13,3

3,9
8,1
18,4
Calculated
115,5
24,3
0
11,7
24,3
55,2

3,5
8,2
7,8
Monitored
98,4
39,9
10,5
24,6
23,4

The reasons of these little differences are:







various energy monitoring systems with several down times during the last years led
to varying consumption data;
fluctuations in the number of employees working in the building:
o more movements activating lighting;
defect monitoring systems;
suboptimal adjusted sensors (esp. Shading, motion controlled lighting);
too large areas affected by motion sensors;
user behaviour.

Italy
 Casa Pillon
Casa Pillon is a residential building located in Caldaro and constructed in 2008. It has the
Casaclima Gold label.
The building has a treated floor area of 114 m². The heating system and the DHW system work
with heat pump using soil as a heat source. Besides the building is equipped with mechanical
ventilation with heat recovery.
Solar radiation, outside and inside temperature and heating consumption were measured
between October 2011 and September 2012.
Table 10 shows that the energy monitored is 8% lower than the energy calculated for heating:
in absolute kilowatt-hours, the deviation is however negligible.
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Table 10: Calculated and monitoring energy performance of the building – Casa Pillon (Italy).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)

Calculated
6,78

Monitored
83,76
6,25
5,95
68,8
2,76

Calculated
82,2

Monitored
181,39
13,56
12,91
149
5,99

The difference between heating demand of the calculation and the monitoring is low due to
the following reasons:




utilization of IED process during the design phase. Active collaboration between the
energy experts and technical professionals in order to achieve a high energy
performance building (passive building);
a right use of the building and the thermal plants, thanks to the training of final
occupants;
commissioning and monitoring of buildings.

 IPES Bronzolo
IPES Bronzolo is a residential building dedicated to social housing, located in Bronzolo and
constructed in 2006. It has the Casaclima A+ label.
The building has a treated floor area of 577 m². The heating system and the DHW system work
with biomass boiler using wood pellets as a heat source. Besides the building is equipped with
mechanical ventilation with heat recovery, active beam as terminal units for heating, green roof
and high insulated envelope.
Solar radiation, outside and inside temperature and heating consumption were measured
between October 2011 and September 2012.
Table 11 shows that the energy monitored is 281% higher than the energy calculated for
heating.
Table 11: Calculated and monitoring energy performance of the building – IPES Bronzolo (Italy).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary

Calculated
12,33
27

Monitored
114,09
47
29,5
26,3
11,29

59

Deliverable 5.1: nZEB technology solutions, cost assessment and performance
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary

Calculated

Monitored
104,67
14,1
8,85
57,2
24,57

With this monitored consumption the building is not at nZEB level. The difference between
heating demand of the calculation and the monitoring is due to the following reasons:





in the calculation, it was not taking into account the shadows of the surrounding
buildings;
wrong input data (g-value and orientation of windows);
air tightness in construction worse than in design;
measured indoor temperature (22,7°) higher than temperature used in the calculation
(21°).

 Ex-Post
Ex-Post is an office building located in Bolzano and constructed in 2005. It has the CasaClima
Gold label.
The building has a treated floor area of 2.857 m². The heating system and the DHW system
work with condensing boiler. Besides the building is equipped with mechanical ventilation with
heat recovery, photovoltaic panels, radiators, fan coils and green roof.
Sensors adapted to detect the thermal and electric energy consumption and Indoor
Environmental Quality were measuring between May 2011 and April 2012.
Table 12 shows that the energy monitored is 37% higher than the energy calculated for heating;
however, the deviation in absolute kilowatt-hour is small.
Table 12: Calculated and monitoring energy performance of the building – Ex-Post (Italy).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)

Calculated
7

Calculated

Monitored
72,39
9,59
1,07
16,4
25,63
19,7
6,81
Monitored
126,92
9,59
2,33
16,4
55,7
42,9
14,8
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The difference between heating demand of the calculation and the monitoring is low due to
the following reasons:






different calculated and monitoring indoor temperature during the winter period: 20°C
of energy simulation vs 22.3°C. The same mistake during the summer, 23.3°C
monitoring vs 26°C of the energy calculation which affects cooling need;
different climate conditions between design period and monitoring period (Simulation
with real weather conditions gives a heating demand of 23 kWh/(m²year));
thermal plant was turned on during the night, both the heating system in winter and
refrigeration in summer;
heating system turned on in summer due to control problem;
not efficient shading system.

 Leaf-House
Leaf House is a residential building located in Rosora and constructed in 2008.
The building has a treated floor area of 477 m². The heating system works with an electric heat
pump and solar thermal panels. The DHW system is partially depending on solar thermal panels
and a dedicated generator system. Besides, the building is equipped with mechanical ventilation
with heat recovery, photovoltaic panels behaving like solar shields, as well as solar thermal
panels. Radiant floor and the walls and floors have a high thermal mass.
The monitoring system consists in building automation and remote monitoring.
Table 13 shows that the total energy monitored is 237% higher than the energy calculated for
total final energy.
Table 13: Calculated and monitoring energy performance of the building – Leaf House (Italy).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)

Calculated
27

Monitored
91
27

64
52,4
8,86
Calculated

53,77
Monitored

151
128

There is no information on the reasons of the higher energy consumption compared to the
energy calculated. Nevertheless, the engineer mentioned that solar thermal system was
oversized and the post heating heat exchanger was not very useful.
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 Laion School
Laion School is school building located in Novale-Laion and constructed in 2006. It has the
Casaclima A+ label.
The building has a treated floor area of 700 m². The heating system works with a heat pump
using soil as a main source and the DHW work system is partially depending on solar thermal
collectors and a dedicated generator system. Besides the building is equipped with mechanical
ventilation with heat recovery, photovoltaic panels, solar thermal panels and radiant floor.
The monitoring system consists in the collection of overall electricity consumption and
photovoltaic electricity production.
Table 14 shows that the energy monitored is 10% higher than the energy calculated for total
final energy. Also monitored energy for heating is higher than calculated; however, the heating
deviation in absolute kilowatt-hours is small.
Table 14: Calculated and monitoring energy performance of the building – Laion School (Italy).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)

Calculated
9,05
3,47

Monitored
10
7,4

0

0
2,6

5,58
27
Calculated

33,36
11,37
Monitored
21,7
16,1
0
5,6
72,39

There is no information on the reasons of the higher energy consumption compared to the
energy calculated.

Norway
 Marienlyst skole
Marienlyst skole is a school building located in Drammen and constructed in 2010. It has EPC
label A.
The building has a treated floor area of 6.450 m². The heating system and the DHW system
work with district heating. Besides, the building is equipped with mechanical ventilation with
heat recovery, radiant floor for heating and cooling.
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Between July 2011 and June 2012, the monitoring systems measured the outside and inside
temperature, humidity, electricity consumption, district heating import, export heat, space
heating, DHW, fans and pumps, lighting and other electrical equipment.
Table 15 shows that the energy consumption monitored is 3% lower than the total final energy
calculated. On the other hand, the heating consumption monitored is higher than calculated,
however, the heating deviation in absolute kilowatt-hours is small.
Table 15: Calculated and monitoring energy performance of the building – Marienlyst skole (Norway).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)

Calculated
62,9
13,4
10,1

Monitored
60,9
17,8
3,1

28,8
10,8

27,2
12,8
0
3,2

Absolute energy consumption deviation in kWh is very small, except DHW (only 1/3 of
predicted value). Main reason for DHW under-consumption is:


the school did not have any gym with associated shower facilities and the calculation
did not account for this fact;

The higher auxiliary value is due to a higher number of operation hours than the number of
hours defined in the school time schedules used in the calculation.
Contributions for higher space heating (second heating season after completion) are:



drying of constructions,
heating up the ground under the large building.

Poland
 Malta House
Malta House is an office building located in Poznan and constructed in 2012. It has the LEED,
and EU Green Building labels.
The building has a treated floor area of 14.700 m². The heating system and the DHW work with
district heating. Besides, the building is equipped with mechanical ventilation with heat recovery
and fan coils for heating and cooling. The monitoring system measured solar radiation, outside
and inside temperature and heating consumption between October 2011 and September 2012.
Table 16 shows, that the energy monitored is 56% higher than the energy calculated for total
final energy. Also monitored energy for heating is substantially higher than calculated.
Table 16: Calculated and monitoring energy performance of the building – Malta House (Poland).
Final Energy
Total
Heating
DHW

Calculated
90,35
37,39
14,94

Monitored
141,4
99,1

63

Deliverable 5.1: nZEB technology solutions, cost assessment and performance
Cooling
Lighting
Auxiliary
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary

4,52
22,11
11,39
Calculated
166,3
58,99
13,24
13,56
66,34
34,16

12,3
2,9
27,1
Monitored
192,9
66
36,9
8,7
81,3

The difference between final energy calculated and monitored is due to the following reasons:





different consumption profile than assumed in the model;
different rate of occupation (building still partially unoccupied during the monitoring
period);
power installed by tenants different to assumed;
different ambient conditions.

 Green tower 8
Green tower 8 is an office building located in Wroclaw and constructed in 2012.
The building has a treated floor area of 11.660 m². The heating system and the DHW system
work with district heating. Besides, the building is equipped with mechanical ventilation with
heat recovery, air cooled chillers for cooling and fan coils for heating and cooling as terminal
units. The monitoring system measured outside temperature and heating consumption between
January 2014 and December 2014.

Table 17 shows that the energy monitored is 10% higher than the energy calculated for total
final energy. Also monitored energy for heating and DHW is substantially higher than calculated.
Table 17: Calculated and monitoring energy performance of the building – Green tower 8 (Poland).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary

Calculated
89,29
24,24
20,86
14,57
21,41
8,21
Calculated
174,07
23,85
17,66
43,72
64,22
24,62

Monitored
99,02
95,4 (Heating + DHW)
2,2
7,8
33,62
Monitored
172,68
41,83 (Heating + DHW)
6,6
23,4
100,85

The difference between final energy calculated and monitored is due to the following reasons:



different consumption profile than assumed in the model;
power installed by tenants different to assumed;
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different ambient conditions (3576 HDD calculation vs. 2729 HDD in monitoring and
297 CDD in calculation vs. 336 CDD in monitoring).

 Green corner
Malta House is an office building located in Warsaw and constructed in 2012.
The building has a treated floor area of 27.000 m². The heating system and the DHW system
work with district heating. Besides, the building is equipped with mechanical ventilation with
heat recovery, radiators for heating, active beam for cooling and photovoltaic panels. The
monitoring system measured outside temperature, energy consumption and heating
consumption between January 2014 and December 2014.
Table 18 shows that the energy monitored is 161% higher than the energy calculated for total
final energy. Also monitored energy for heating and DHW is substantially higher than calculated.
Table 18: Calculated and monitoring energy performance of the building – Green corner (Poland).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)

Calculated
80,36
22,66
13,77
7,95
24,57
11,39
0,02
Calculated
169,65
25,56
12,31
23,85
73,71
34,16
0,06

Monitored
209,81
147,21 (Heating + DHW)
10,81
15
36,78
0,08
Monitored
290,61
103,05 (Heating + DHW)
32,43
45,01
110,35
0,237

The difference between final energy calculated and monitored is due to the following reasons:




different consumption profile than assumed in the model;
power installed by tenants different to assumed;
different ambient conditions.
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Spain
 CIRCE
CIRCE is an office building located in Zaragoza and constructed in 2009. It has the CALENER
GT Class A label.
The building has a treated floor area of 1.700 m². The heating system works with heat pump
using soil as the heat source and gas condensing boiler. The DHW is partially depending on
solar thermal collector and integration with the heating system. Besides, the building is equipped
with solar thermal collectors, photovoltaic panels, wind turbine, radiant floor for heating and
cooling and uses natural ventilation.
The monitoring system measures the overall energy consumption and energy production.
Table 19 shows, the final energy monitored is 135% higher compared to the final energy
calculated, while monitored energy for heating is lower than calculated.
Table 19: Calculated and monitoring energy performance of the building – CIRCE (Spain).
Final Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)
Primary Energy
Total
Heating
DHW
Cooling
Lighting
Auxiliary
Production (Electric)
Production (Thermal)

Calculated
45,58
27,33
0,09
4,38
13,78

Monitored
107
20

2,11
11,87
Calculated

5

87

Monitored
88
21
67
12
88

There is no information on the reasons of the higher energy consumption compared to the
energy calculated.
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4.2 Deviation between calculation and monitoring
As demonstrated in the nZEBs monitored (chapter 4.1 Case studies) and the literature review (
Annex IV: Literature review), the energy performance data collection (calculated and monitored)
is not an easy process for several reasons, like different indicators, limits or/and calculation
methods.
Furthermore, the monitoring data collected and the interviews with professionals involved
highlight some difficulties in the achievement of the expected nZEB performance due to
economic, cultural, functional-technical and architectural aspects.

Reasons of the deviation
There are various reasons of the deviation between predicted and real performance of nZEBs.
In many cases, the mismatch is due to a combination of reasons. Besides, it has been noticed
that some factors can even contribute to reduce the expected consumption.
The main reasons of the deviation are identified in four categories:





user impact;
design and planning;
commissioning, control and monitoring;
other.

There are no particular differences between the studied countries and between renovated or
new buildings. Some of the issues depend on the buildings use (residential and non-residential)
and the different technologies used. Nevertheless, it has been mentioned in a case study with
21 different buildings that low energy buildings performed better deviations (below 20%) than
buildings according to the building regulation requirements.
User impact
The user interaction with the nZEB has been identified as one of the most common and sensitive
factors. Some of the reasons are listed here below:






setting temperature. It was mentioned that the indoor temperature used during the
calculation phase was fixed at 26°C in summer and 20°C in winter. In the monitoring
phase, the indoor temperature fixed by final users resulted higher (around 23°C) in
winter and lower in summer (around 23°C).
use of the building components. From the monitoring data come out that the thermal
plants (both heating and cooling) of offices are turned on at night and weekends while
no user is inside. Some mistakes, that influenced noticeably the performance of the
thermal plants, are detected in the air management (opening of windows and regulation
of the ventilation systems). In addition, abusive use of electricity and DHW by the
tenants plays an important role especially in nZEBs, where the energy dedicated to
heating is proportionally reduced.
unawareness of user and lack of user education. Users are not always tech-savvy and
have many difficulties to be familiar with the technical features of innovative regulation
systems (regulation of the thermal plants, ventilation system, shading control, …) of the
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nZEBs. They applied the same use patterns as for common buildings without
considering the effect on the whole building. This issue is more evidenced in nonresidential buildings with non-permanent users. In a case of non-residential building,
which was occupied by a variable number of companies, determining the specific
demand per company was hardly impossible and no company cared for the big picture
of the issue.
There is an inexistent user interaction with the energy savings of the building. Besides,
it is noticed the rebound effect because people know they live in an nZEB hence they
increase thermal comfort and forget ecological-friendly behaviours.
Apart from the energy consumption, the user can have a relevant impact also on internal comfort
since it was observed high CO2 concentration in dwellings where windows were closed most of
the time. Other inhabitants reduced the heated volume, but also thermal comfort, to limit their
energy consumption for economic reasons.
Design and planning
The right input data in the design and planning of the future nZEB is crucial for the proper
performance of the building. Some of the relevant difficulties and errors found in the design
phase are:












Tenant’s profile. In some cases, the tenant’s profile is unknown, from the design to the
construction phase. This may mean that all the process is based on minimum input
values fixed by laws, and do not follow the real necessities of the final tenants.
Lack of the energy target. In some cases, the energy performance target is not clear at
the beginning of the design process. This means that necessary changes, with the
related extra costs, may become necessary when the final target is known.
Input data. Sometimes the input data used during the simulation phase are different from
the real ones. In particular, these discrepancies regard: indoor and outdoor
temperatures, orientation of the windows, g-values of the glass, air-tightness, and
thermal resistance and yield from renewable energies.
o Often the user profile is not precise enough. In some building models, the
occupation schedules used in the simulation were wrong. The mismatch
between real and planned occupation rate affects all the energy performance
indicators, such as heating, DHW, cooling and auxiliary energy performance
values.
o Furthermore, in the calculation phase there are inaccurate input data, like
shadows of the surrounding buildings, thermal bridges, heat gains from external
heating cables and lighting.
Graphic implementation of buildings in the simulation tool. The building model definition
in the energy simulation tool is often a complex process and the available operation
schedules of the building results generic.
Sizing of installation: It has been observed wrong calculation of HVAC systems, different
power installed by tenants to the power assumed and heating pipes installed under the
ceiling of unheated spaces.
Relevance of spaces: In housing, the heating profile of master bedrooms suffers larger
variations than in living rooms. Moreover, internal energy flows from higher to lower
tempered rooms are also notable.
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Commissioning, control and monitoring
The nZEBs are sometimes equipped with the latest and very advanced technologies, which
occasionally are not set properly and it can require the use of skilled labours. Defects of the
building automation or monitoring system also lead to deviation from the projected energy
demand. Regarding this issue, some problems have been recognized:








monitoring system: the monitored consumed energy data can vary from year to year due
to various energy monitoring systems with several down times or this cannot be real
because of defect monitoring systems.
Technical difficulties due to the errors in the calibration of the thermostats.
Regarding the monitoring phase, it has been mentioned that it was installed a defect
sensor system, there were breakdowns of the monitored systems, which complicates
the evaluation of the mismatch, there was a lack of regular evaluation of results and
there was also a lack of responsibility for monitoring,
Control system: sensors are sometimes not properly set. It has been noticed that
sensors of control systems had problems with the set points for heating (too high) and
cooling (too low), there were suboptimal adjusted sensors affecting shading and lighting,
which sometimes affected to a big area or were too sensitive, activating lights in empty
rooms.
Air Handling Units (AHU) are not optimally controlled. In offices, relative humidity
detected is often very low, while in residential houses it is quite high with excessive CO2
concentrations in bedrooms.
Other issues in operation and control were detected in solar collectors and heat pumps.
Commissioning. In some cases, heating systems are turned on in summer due to control
problems and shading was not optimally calibrated and shaded excessively, which
induced inhabitants to switch on artificial lighting even during bright days.

Other
Beyond the user impact and the issues in design and use phase, there are other aspects, which
have been identified in the analysis:








Construction problems:
o airtightness,
o difficulty of use,
o thermostat misplaced
o old pipes in the distribution system of a renovated building were not replaced or
insulated.
Performance of technologies: It has been noticed that it exists a difference between
theoretical and real efficiency of systems (e.g. heat recovery efficiency), besides a bad
quality of materials and wrong installation of components.
Unpredictable issues. Different climate conditions have been identified as a common
issue. Besides, uninhabited dwellings affect the consumption of neighbour dwellings, as
well as the fluctuation in the number of employees, which increases the activation of
lighting and the usage of elevators. This last issue affects also the internal gains in both
directions, positively and negatively.
Economic difficulties: restricted budgets and reduced investments and costs.
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Suggestions to overcome the deviation
In order to reduce the deviation between predicted and monitored energy performance of
nZEBs, several suggestions and best practices were identified. These recommendations came
from the analysed cases studies and the interviews of professionals involved in monitored
nZEBs, and are classified in relation of:





user impact;
design and planning;
commissioning, control and monitoring;
other.

User impact
The improvement of the knowledge of the nZEBs management of the final users (building and
thermal plants) is one of the main important aspects to increase.
Some actions on this issues have been already done, like:





training made at the future occupants;
delivering a user guide describing all dwelling equipment and the installation of
assistance systems (window traffic lights) to make the users aware of their behaviour;
providing mixed information support (personal, oral and written information);
using energy efficient appliances, which are not necessarily more expensive.

Besides the training, it is highlighted the need for raising the environmental awareness of the
final user, regular meetings, assessment surveys, awareness campaigns, establishment of
objectives, provision of results and involvement, when possible, of future users in the planning
and design process.
Design and planning
The design and planning phase seems to be crucial for the good performance of the nZEBs, for
this, some aspects are recommended.
During the design phase it is suggested to:






require a normalized energy performance calculation with real conditions in order to
verify the existence of the difference due to a malfunctioning part of the building or user
behaviour;
make accurate energy performance calculations of the building during all of the design
process (concept, detailed design and construction design), in order to check the energy
performance using different simulation tools, with increasing detail levels and
complexity. The results of the energy simulation support the selection of technical and
architectonical solutions. Besides, use of passive and active solutions tested in dynamic
calculation is very recommended.
Integrated Energy Design and Integrated Planning processes contribute positively in the
achievement of the desired energy performance. This means a high and active
collaboration between all the experts involved in the design/building construction
process, including the future tenants. In this matter, the design team should provide
maintenance instructions and suitable maintenance contracts.
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It has been emphasized the effort done in the selection of good technical solutions like
reducing length of circulation pipes and the incorporation of a good acoustic insulation
in the ventilation system, which does not bother the user and does not hinder its use.

Commissioning, control and monitoring
In the commissioning and usage phase, apart from the user behaviour, malpractices from
professionals have been identified and, in order to avoid their impact on the energy
performance, some actions have been implemented and suggested.
It is needed a continuous commissioning and monitoring of the thermal plants and technical
systems. For this purpose, it is necessary a regular maintenance and critical observation of the
building systems with a person in charge, building management system or ESCO, which can
indicate potential malfunctions.
Besides, it is required to increase building controls and to monitor energy consumption regularly
in order to identify new saving measures (e.g. adapt load to the variable number of inhabitants
or weather conditions, use of heating cost allocators) and to recognize defect sensors, which
are essential to identify the part of the building with an inappropriate performance.
Concerning the sensors and control systems, there are different opinions from professionals.
On the one hand, there is the opinion that sensors consume low energy but can save a big
amount of it, moreover automatic controls make building systems completely independent from
user behaviour. On the other hand, the opinion that a big amount of sensors and controls
consume a not insignificant sum of energy and excessive controls reduce the building’s userfriendliness.
Other
Concerning the other recommendations, these are mainly focused on the construction phase.
It is important to ensure the quality during the whole process through follow-up on site and
detailed drawings descriptions, to select companies with proved experience in similar projects
and to implement tests like thermography and blower door test, which guarantee the quality of
the construction.
It has been also highlighted the need for knowledge transfer and experience exchange with pilot
programmes, for individual payment of space heating energy and for struggle energy poverty.

Legal framework
In the interview with experts, it was asked if the legal framework was adequate to avoid the
mismatch between calculated and monitored energy performance.
In Germany, it was pointed out that nZEBs target is much more ambitious than the current target
fixed by the building code. Therefore, the existing legal framework does not address these
issues, as long as the building still matches minimum energy performance requirements at the
time of finalizing the construction. However, the current regulation (EnEV 2013) encourages
active energy-saving control for new buildings.
In Italy, it is required a sensitization and awareness of public entities. Moreover, one of the
analysed cases was the first passive public building certified in the province of Bolzano and at
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that time the law did not require calculation for cooling. The current decree requires primary
energy calculation including cooling.
Wrong methodology and lack of energy classes are identified as issues in Poland. Besides,
there is no control of real energy consumption, measurements are not required and there is a
lack of training to the public.
Concerning Spain, it has been accentuated the lack of legislation for monitoring activities in the
operational stage of a building.
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5 Professionals’ opinion about nZEB readiness of the
building sector
This chapter shows a summary of the results obtained from a questionnaire addressed to
buildings professionals. In total 179 questionnaires were collected in 8 countries: Austria,
France, Germany, Italy, Norway, Poland, Romania and Spain.
The objectives of the survey were to:








identify the most used technologies and solutions, both passive and active, among the
professionals in the sector;
evaluate the availability of these technologies in the market;
recognize the interest of the professionals in these technologies;
determine the most used criteria in the selection of technologies when constructing an
nZEB;
distinguish the most common ways to improve professional knowledge, as well as to
know how the professionals evaluate themselves regarding high efficient technologies;
assess the perception of the speed of market penetration of nZEB in Europe;
determine availability of experts in the different construction phases.

For country results see Annex VI: Questionnaire to professionals of the building sector (Country
results).

5.1 General information
The survey was mainly delivered during the workshops and the conferences organized within
ZEBRA2020. As Figure 70 shows, the professionals who participated in the survey are mainly
architects, designers, builders and energy consultants, with 75% of professionals with more
than 6 years of experience (Figure 71).

Figure 70: Position of the interviewed professionals (179 answers).
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< 1 year
4%

1-6 years
21%
> 10 years
63%
6-10 years
12%

Figure 71: Year of experiences in the building sectors (178 answers).

The pie chart of Figure 72 shows that a little bit more than the half of the survey respondents
have been involved in the realisation of an nZEB. Considering the penetration of nZEBs in
Europe, this percentage could be somehow high. Nevertheless, this is due to the context in
which the surveys were delivered, i.e. workshops and conferences dealing with the nZEB topic.

No
46%

Yes
54%

Figure 72: Percentage of experts involved at least in one nZEB design-construction (179 interviewees).

The professionals involved in the realisation of an nZEB worked specially in residential and
office buildings, Figure 73.
>3 types of buildings

Other
8%

Hospital
3%
Residential
43%
Educational
9%
Trade
6%
Office
29%
Figure 73: Percentage of type of nZEB according to the use of the building (93 answers).
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5.2 Market and construction of high-energy performance buildings
Use, availability and interest in passive solutions
Concerning passive solutions, the professionals used mainly façade technologies and high
performance windows in the realisation of nZEBs. On the other hand, architectural solutions
(natural lighting, passive cooling…) was the less selected option, Figure 74.
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39%
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17%
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Figure 74: Percentage of passive solutions used in nZEBs.

The survey respondents considered that the availability of passive technologies is relatively
high, as shown in Figure 75.
(5 available - 1 not available)
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Figure 75: Availability of passive technologies.

Even being considered the less used and less available option, the professionals showed more
interest in architectural solutions than in other options, followed by façade technologies and high
performance windows, Figure 76.
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Figure 76: Percentage of interest in passive technologies.
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Use, availability and interest in active solutions
Heat pumps and heat recovery system in ventilation were mentioned to be the most used active
technologies in the realisation of nZEBs. While biomass boiler, combined heat and power and
district heating were the less used technologies as showed in Figure 77.
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Figure 77: Percentage of active technologies used in nZEBs.

Regarding the availability of active technologies, condensing boiler was seen as the most
available active technology, while combined heat and power as the less available active
technology, Figure 78.
(5 available - 1 not available)
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Figure 78: Availability of active technologies.

In the case of active technologies, the professionals showed special interest in heat pumps and
heat recovery systems, which were also the most used technologies (Figure 79).
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Figure 79: Percentage of interest in active technologies.

Use, availability and interest in renewable energy technologies
In nZEBs, the photovoltaic and solar thermal systems were the most used renewable energy
technologies, while roof wind turbines were practically unused, Figure 80.
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Figure 80: Percentage of renewable energy technologies used in nZEBs.

In line with the use, the bar chart of Figure 81 shows that professionals considered Photovoltaic
and solar thermal systems as the most available renewable energy technologies.
(5 available - 1 not available)
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Figure 81: Availability of renewable energy technologies.
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Photovoltaic and solar thermal are also the renewable energies in which the professionals
showed more interest, nevertheless they also showed interest in geothermal systems and roof
wind turbines, even being technologies with little market penetration (Figure 82).
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Figure 82: Percentage of interest in renewable energy technologies.

Technology selection criteria
Concerning the selection of technologies, bar chart of Figure 83 shows that the most mentioned
criteria when selecting a technology are performance of the technology, operational cost and
life cycle cost, but specially investment cost which occupies the first position. In the last positions
remains the preference for national products and brand reliability.
Investment cost
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Performance
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Operational cost

54

Life cycle cost

43

User friendliness and maintenance

35

Easy installation and integration

25

Internal comfort

19

Availability in national market
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Preference for national product

2

Other

2

Figure 83: Most used criteria in the selection of technologies for high energy performance buildings (394 answers
and 94 interviewees).
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5.3 Professional competence
As displayed in the bar char of Figure 84, most of the surveyed professionals improved their
knowledge in the field of high energy performance buildings through self-learning and
professional experience. More than half of these professionals did more than one course every
three years, as shows the pie chart of Figure 85.
Self-learning

95

Professional experience

91

Professional associations

66

University / Specific Official Master

60

Professional collegues
Other

56
9

Figure 84: How the professionals improve their knowledge in the field of high energy performance buildings (376
answers and 93 interviewees).
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28%

None
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Between 1 and 3
More than 3

18%
33%

Figure 85: Number of course attended by the professionals in the last three years (91 interviewees).

Concerning the way how the professionals keep themselves informed on development of
components and technologies, the most used approaches were internet, workshops and fairs,
while training courses in companies was the last preferred option (Figure 86).
Internet and webs

142

Workshop and seminars

94

Fairs and conferences

93

Specialized magazines

74

Training courses in companies

33

I do not update myself

2

Other

1

Figure 86: How the professionals keep themselves informed regarding the technological development of components
and technologies (438 answers and 94 interviewees).

The surveyed professionals considered that they have an intermediate level of knowledge
regarding technologies and renewable energies, a good level in energy requirements for
buildings in their country but a low knowledge in nZEB strategies, especially in Europe, as
shown in the bar chart of Figure 87.
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(5 expert - 1 uninformed)
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Figure 87: Self-assessment of building professionals’ knowledge regarding technologies, regulation and nZEB
strategies.

With respect to the ‘adequacy of nZEB market penetration’, most of the professionals
considered that the speed of the market penetration of nZEBs is too slow (131 out of 174), while
only 32 considered it is adequate, as showed in the bar chart of Figure 88.
No, it is too slow

131

No, it is too fast

11

Yes, it is adequate

32

Figure 88: Adequacy of nZEB market penetration (174 answers).

Concerning the causes of the slow penetration, builder skills and high investments were the
most mentioned reasons, while availability of nZEB technologies does not seem to be a
recurrent reason, as it can be seen in the bar chart of Figure 89.
54

52
28

20

15

Availability of nZEB
technologies

Builder skills

High investments

More than 2 reasons

Other

Figure 89: Reason of the slowness of nZEB penetration in the building market (169 answers).

In the last question, the professionals were asked about the availability of experts and they
considered that there is a lack in the three proposed phases (planning, construction and
examination/certification), especially in the construction phase (Figure 90).
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Figure 90: Availability of nZEB experts in different processes.
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6 Summary
The report approaches the nZEB topic in Europe from different perspectives. It shows the
different levels of nZEB definition and nZEB penetration in Europe, the different strategies and
solutions used by designers to reach the nZEB level, an assessment of nZEB costs and macroeconomic benefits, main reasons and suggestions to overcome deviations between predicted
and monitored energy consumption in nZEBs, and the opinion of professionals concerning
nZEB.
The first remark of the report (chapter 1) is on the different trends and shares of new nZEBs
among the European countries. Apart from the exceptional case of France, which reached
already in 2013 the ambitious target of 100% share of nZEBs for new buildings due to the new
French building legislation, there are other countries also in an advanced position, like Austria,
Belgium and Italy with a share around 30%, but it has to be underline nZEB definition are still
not homogeneous. Among the countries in a backward position there are Spain or Romania, in
which the amount of new residential buildings with an nZEB standard is still almost zero.
Besides, in some countries there is a lack of data or no official nZEB definition (about 40% of
the MSs do not yet have a detailed definition of the nZEB in place). For new non-residential
buildings, the outlook is very similar. France, Poland and Italy occupy advanced positions, while
Spain is in a backward position. Moreover, the lack of data in some countries is even more
important for non-residential buildings.
The difference of nZEB penetration in each country is due to several reasons which are
analysed within ZEBRA2020 project. One critical reason is the lack of a European nZEB
definition from a quantitative point of view, which leads to a wide range of limits for primary
energy in the different countries. Each country has defined their own minimum requirements
and own methods for the energy performance calculation. Therefore, it is very difficult to
compare results among the analysed countries.
To identify recurrent building solutions used in Europe to build nZEBs, the project partners
collected data of 411 nZEBs or high efficient buildings estimated to achieve the nZEB level. The
buildings were sorted according to climate zones, kind of construction and type of use (chapter
2). The nZEB solution sets listed in the report are based on this sample of nZEBs, which aims
to be a reference, but every building project has to be designed according to local climate
conditions and local regulation requirements.
From the analysis, it can be drawn some peculiarities according the different categories
applicable to the selected nZEBs. Nevertheless, the buildings sample size became very small
when the whole nZEBs population was filtered considering the different factors influencing the
selection of one strategy rather than other.
It can be noticed that the heating demand in the nZEBs is generally lower for new buildings than
for renovated buildings, but no patterns were found among climate zones.
With regards to the building envelope, expanded polystyrene as insulating material seems to
be more frequently used in residential buildings, while stone wool is more used in non-residential
buildings. Triple glass windows is by far the most frequent type among fenestration solutions,
followed by low-emission double glass window, which is more common in warm summer
climates. The average U-value in windows is clearly lower in cold winter climates (about 0,85
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W/m² K), while in mild climate is about 1,0 W/m² K, and in warm summer climates is about 1,15
W/m² K.
As passive cooling solutions, sunshade and natural ventilation are the most used strategies in
all the climates zones.
Concerning active technologies, mechanical ventilation with heat recovery system is
widespread (> 80% of the cases) in all kind of buildings and climates. But some contrasts were
found in the selection of the heating system type. Heat pumps are the most used technology,
especially in warm summer climates, while district heating is especially used in cold winter
climates. On the other hand, boilers as heating system type are more frequent in renovated
nZEBs. The DHW systems use to be the same as the heating system, nevertheless in warm
summer climates they are also very common hybrid system including solar thermal collectors.
Lastly, about the use of active cooling systems, analysed only for warm summer climates, these
are especially common in non-residential buildings and heat pumps systems are undoubtedly
the most used systems.
With respect to the use of renewable energies, solar thermal and photovoltaic systems, are
more common in warm summer climates, where radiation is higher. Nonetheless, in addition to
the climate conditions, the use of renewable energies is also highly influenced by national
strategies and subsidies schemes.
Chapter 3 presents the assessment of renovation costs associated macro-economic benefits.
The analysis defines 4 scenarios (Baseline, Modest, Intermediate and Ambitious) with different
renovation rate and renovation depth. Renovations to nZEB standards are not taken up in the
Baseline scenario, while at the Ambitious scenario they take up a very large share of the
renovated buildings volume. The model outputs identify for each scenario and building type the
expected investment costs and savings by 2050, the cumulative annual energy savings in 2050,
the internal rate of return and the average annual net jobs generated for 14 countries. The most
profitable interventions are investments in under the Ambitious scenario, especially in single
family houses, where deep and nZEB renovation deliver noteworthy long term energy savings.
The least profitable investments are observed in baseline scenarios for non-residential
buildings. From the investor’s perspective, the values for the internal rate of return range from
5% (in cases of expensive renovations costs, i.e. Denmark) up to 30% (Romania) and signify
that over the lifetime of measures, deep and nZEB renovation are profitable.
The expected savings of new and renovated nZEBs are sometimes overestimated and behind
this issue are various reasons. In order to identify them, 12 case studies of monitored nZEBs
were analysed, existing literature about this deviation were reviewed and professionals involved
in the monitoring of nZEBs were interviewed (chapter 4).
From the analysis of the cases come out that only 3 out of the 12 analysed cases showed better
results than expected during the monitoring phase and in 5 of the cases the over-consumption
was very high (more than 100%). Besides, it is observed that there is no common pattern or
specific nZEB element responsible for this mismatch, since there is a certain variability in the
size and causes of the deviation.
In the analysis, the different reasons of the deviation are classified in 4 main categories: (i) user
impact; (ii) design and planning; (iii) commissioning, control and monitoring; (iv) and other. User
behaviour seems to be one of the chronic and recurrent reasons of the deviation, since users
are not always familiar with new technologies (very frequent in nZEBs), they have an evident
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lack of knowledge and environmental awareness. In the design and planning process, the
tenant’s profile is not always well defined, the input data is inaccurate and some installations
are wrongly sized. Sometimes sensors, monitoring and control systems appear to be not
properly set and calibrated, which bring to a very high uncertainty of collected data. Among the
other reasons, we can mainly find construction problems (e.g. airtightness, thermostat
misplaced…), unexpected low performance of the used technologies or other unpredictable
issues (e.g. unusual weather conditions). It should be noted that the gap between predicted and
monitored energy depends on different factors, which in most of the cases are more related to
the use of the building (residential vs non-residential) rather than to the kind of intervention (new
vs renovated) or location (country or climate zone).
The report collects and presents some suggestions to overcome these causes or minimize their
impact. Among the recommendations, it can be highlighted actions to train, support, involve and
raise awareness of building users, to include Integrated Energy Design and Integrated Planning
with a bigger effort in the design process (e.g. dynamic simulation tools and increasing details
levels), to execute continuous commissioning and monitoring of the thermal plants and energy
consumption, to implement regular maintenance and to do critical observation of the building
systems. It is also recommended to ensure the quality during the whole process with visits on
site, detailed drawing descriptions, selection of experienced companies and implementation of
quality tests like thermography and blower door test. Besides, knowledge-transfer and
exchange of experiences with pilot programmes may be crucial to avoid the mentioned
mismatch.
Chapter 5 shows the opinion of 179 building professionals of 8 European countries, concerning
the market and construction of nZEBs and their skill on nZEBs. Most of the questionnaires were
answered by professionals with more than 10 years of experience and about half of them
declared to be involved in the realisation of nZEBs (mainly residential and offices).
Concerning the market, high performance windows seem to be a very recurrent passive
solution, but professionals showed also special interest in architectural solutions (e.g. natural
ventilation and natural lighting), even being considered the less used passive solution among
the possible answers. For active technologies, it is remarkable the widespread of heat pumps
and heat recovery systems in ventilation, which is in line with the results of the analysis of nZEB
features in chapter 4. District Heating and Combined Heat and Power are mentioned to be the
less used active technologies. Condensing boiler remains in a modest position even being the
most available active technology, together with heat pumps. It is also remarkable the use and
interest of professionals in automation and control systems. Concerning the use, interest and
availability of renewable energies systems, solar thermal and photovoltaic systems are the most
selected technologies, followed by geothermal systems and the rarely mentioned wind turbines
systems for roofs. Besides, the professionals indicated that investment cost and performance
of a technology are the most used criteria in the selection of a technology for high energy
performance buildings, while the preference for national products or brand reliability are the less
preferred criteria.
In relation to the professional competence, self-learning and professional experience are the
most common ways to improve the knowledge in the field of high energy performance buildings,
while internet, workshops, seminars, fairs and conferences are the favourite ways to be
informed about technological development of components and technologies. More than the half
of the professionals mentioned that they did at least one training course in the last 3 years.
Besides, they declared to have relatively good knowledge on technologies as well as on energy
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requirements for buildings in their own country, but lower knowledge on nZEB strategies and
regulations, especially at European level.
About the market penetration of nZEBs in their own country, about 75% of the professionals
think that it is too slow. Builder lack of specific skills, together with high investments are
mentioned to be the reasons of such a slowness. Coinciding with the mentioned lack of builder
skills, the professionals think that there is also a lack of experts in the construction process, but
relatively good availability of experts for planning and specially for examination and certification.
The results of the questionnaires show a fairly good knowledge, interest and awareness of
professionals on the nZEB topic, nevertheless these results must be contextualized since most
of the questionnaires were delivered on events addressing the energy efficiency subject and
attendants of this kind of events use to be professionals already well informed and sensitized
with this matter.
Designers play an important role, not only in the conception of a future nZEB, but also in the
reliability of the expected performance. This report provides a recent picture of nZEB solutions
for different kind of buildings, uses and climate zones for them. Secondly, public authorities and
building developers must be informed of possible issues when constructing or renovating an
nZEB and of possible solutions to overcome them. Finally, public authorities, professional
associations, construction industry and academia are informed about the lack of knowledge and
skills to conceive, design, build and manage nZEBs, but also about the opportunities and threats
of some technologies present in the current nZEB market. Based on the presented findings in
this report, the following recommendations for the abovementioned stakeholders can be drawn:








Besides to the still missing nZEB definition in some countries, it is needed complete and
reliable data of existing nZEBs for both residential and non-residential buildings.
To compare the nZEB market penetration among European countries, it is needed a
common methodology and specific benchmarks including numerical indicators.
It is necessary to increase visibility of existing nZEBs and detailed data of the technical
solutions used when constructing or renovating nZEBs.
To ensure the expected nZEB performance, it is needed to focus on final users, to
improve the design by increasing efforts in the project conception and by implementing
Integrated Design Processes, to enhance commissioning, control and monitoring, and
to control exhaustively the construction works.
It is required to improve knowledge of professionals on nZEB strategies and nZEB
regulations at national level and specially at European level.
It is essential to reduce high investments and to improve builder skills, as well as to
increase number of experts in planning and construction phase.

ZEBRA2020 project demonstrates that even the current slow penetration and the existing
barriers, nZEBs will be no longer rare buildings. Even if in not so much cases, they are already
present, reliable, environmentally needed, and they can also be economically profitable.
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