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Abstract
On 19 May 2010, the European Union adopted a Directive stipulating that by the end of
2020, Member States must ensure that all newly-constructed buildings consume ‘nearlyzero’ energy. In Germany, drastic reductions of energy demand for space heating have
already become a policy target over the last decade, both for new and existing dwellings.
In this article, we evaluate the impact of past and future policies on the development of
buildings with a very high energy performance (VHEP) and on their primary energy
demand and emissions. These dwellings account for 4% of all dwellings which have
been constructed since 2001 and 1% of the total building stock. We have defined
different policy scenarios, all of which assume a gradual increase of requirements for
new and existing buildings and a continuation of the support policies that stimulate both
new constructions and ambitious refurbishments. In the most ambitious scenario, the
proportion of VHEP dwellings will increase by up to 30% of the total stock in 2020 and
the share of nearly zero and zero-energy dwellings will then make up 6%. This will lead
to emission reductions of over 50% of the 1990 level and primary energy reductions of
25% compared with today.
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1. Introduction
Improving the energy efficiency of buildings is one of the major options for saving
primary energy and reducing greenhouse gas emissions. There is potential to
substantially reduce the energy consumption at low cost, but significant policy efforts
are required to realise this [Levine, Ürge-Vorsatz et al., 2007].
Germany is one of the countries that has made a relatively large effort to realise its
energy saving potential [Höhne, Eisbrenner et al., 2009]. In its Coalition Agreement of
2009, the German government set an overall CO2 emission reduction target for 2020 of
40% compared with the 1990 level and in its Energy Concept of September 2010
[BMWi,BMU, 2010], it suggested specifically for the building sector a useful heat
demand reduction of 20% by 2020 compared with today. The 40% reduction target can
not equally be transferred to all sectors in a standard manner, and the sector target
should be oriented on existing reduction potentials. We will therefore carry out a case
study, focussing on Germany, to explore to what extent and how rapidly the potential for
change can be realised.
The German government has implemented policies both for new and existing buildings.
The building codes have been strengthened five times over the past 35 years and an
energy demand reduction for space heating and domestic hot water has been achieved,
from 300 to almost 65 kWh/m²a [Schettler-Köhler, 2009]. The most recent update was
in October 2009, when the new German building code (energy saving ordinance – EnEV
2009 [Bundesregierung Deutschland, 2009]) became effective. In addition, the
governmentally owned bank for reconstruction and development (Kreditanstalt für
Wiederaufbau - KfW) offers a comprehensive support scheme for energy efficiency in
the building sector and has defined more ambitious building performance standards than
the respective EnEV. Throughout the last decade, a market trend for KfW low energy
buildings and passive houses has been observed. Combined with the advanced political
climate targets, defined in the Integrated Energy and Climate Programme (IEKP)
[BMWI, 2007], future development promises to contribute towards a very high energy
performance standard of buildings (VHEPB).
At European level a new, ambitious framework for nearly zero-energy buildings was
adopted on 19 May 2010. Within this recast of the directive of the European Parliament
and of the Council on the energy performance of buildings, it was decided that by the
end of 2020, EU Member States must ensure that all newly-constructed buildings
consume ‘nearly zero’ energy. Although it was not specifically defined how efficient
such a building should be, it did specify that their energy needs must be met, by a
significant extent, from renewable sources. Therefore it is reasonable to question if the
German market for energy efficient buildings is on track in meeting this requirement. To
clarify which efforts must be made to achieve this target, the following must be
analysed:
• The impact of different governmental initiatives on energy efficiency in the
building sector (further increase of building code requirements, more ambitious
obligations for the use of renewable energies, future support scheme of the KfW
etc.)
• Under which circumstances different building standards will probably be
achieved.
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Bühring et al. [Bühring, Leuchtner et al., 2004; Bühring,Russ, 2004] has already carried
out market studies for passive and 3 litre houses1 in Germany and has analysed how
many buildings of this variety are likely to be constructed by 2010. Furthermore
Friedrich et al. [Friedrich, Becker et al., 2008] has analysed in the German CO2
buildings report, how much energy and emissions can be saved in 2020 in the buildings
sector. None of those studies elaborated upon, which further increase of EnEV
requirements are likely to be enacted, how the more efficient building types, supported
by the KfW, will influence the entire market development and how many of those
buildings will be in the market at different times. This study however, does consider
these knowledge gaps and explores the impact of probable future development of the
building code framework and connected KfW support schemes for more efficient
building types by 2020.
The aim of this study is to investigate how rapidly the building stock can be transformed
into nearly zero-energy buildings. The focus will not be on the technical and economic
constraints, but on the potential impact of an ambitious policy framework. We examine
this by examining the historical achievements of the German policies and then, within a
scenario context, analysing what the impact of future policies may be.
This study only considers residential buildings; non-residential buildings are not
included as adequate data was not available to present a well-founded analysis for this
sector. The KfW does not currently support VHEPB in the non-residential building
sector, therefore the number of those buildings in the stock is limited and almost all of
these buildings are pilot projects.
In this paper, we will first analyse the different political drivers on national and
European level (Section 2). Then, the scope of the study, including definition and a
description of the historic and future regulatory framework will be set out (Section 3).
We then arrive at one of the key sections of this study; where the historical and future
development of VHEPB in the German building sector is investigated (Sector 4 and 5).
Based on these results, the energy and emission reduction was calculated, reflected in
different scenarios (sector 6). From this, a prediction can be created, of whether or not,
the German government will reach its emission and energy reduction targets in the
building sector by 2020.
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2. Development of policies in EU and Germany
There are currently, many different national and European drivers that influence the
expansion and development of VHEPB.
2.1. European level
Directive on the energy performance of buildings(EPBD)
On 19 May 2010, the European Parliament and the Council adopted a recast of the
EPBD and stipulated that by the end of 2020 EU Member States must ensure that all
newly-constructed buildings consume ‘nearly zero’ energy and that their energy needs
must be met, to a significant extent, by renewable sources, including energy produced
on-site or nearby.
The public sector must set an example by owning or renting only this kind of building
by the end of 2018 and by promoting the conversion of existing buildings into the
"nearly-zero" standard [European Parliament, 2009]. As an intermediate target, the
Member States must demonstrate the improvement of the energy performance of new
buildings in 2015 [European Parliament and the Council of the European Union, 2010].
Through this recast of the EPBD, the nearly zero-energy building standard, which still
has to be defined in detail on both European and national level, has to be implemented in
Germany at the latest by the end of 2020. Additionally, the intermediate target promotes
passive houses as the valid building standard for the near future.
Other drivers
Other European directives such as the directive on energy end-use efficiency and energy
services [Commission of the European Communities, 2006; European Parliament and
the Council of the European Union, 2006], the ecodesign directive [European Parliament
and the Council of the European Union, 2009b], the directive on the promotion of the
use of energy from renewable sources [European Parliament and the Council of the
European Union, 2009a], the respective national implementations of the action plan for
energy efficiency [Federal Ministry of Economic Affairs and Technology, 2007] and
renewable energies [Federal Ministry for the Environment Nature Conservation and
Nuclear Safety (BMU), 2010] accompany the development to the nearly zero-energy
building standard, refer to the EPBD but do not act as specific drivers that exceed the
effect of the EPBD recast.
2.2. National level
Energy saving ordinance (EnEV)
In 1977, the first Thermal Insulation Ordinance (WSchV) came into effect and was
followed by two amendments in 1984 and 1995. The first energy saving ordinance came
into effect on 1st February 2002, replacing the existing Thermal Insulation Ordinance.
After two amendments without further increase of requirements in 2004 and 2007, the
actual EnEV 2009 came into effect on 1st October 2009 [Bundesregierung Deutschland,
2009]. The EnEV stipulates requirements for the minimum energy performance of
buildings as well as building components and regulates all necessary framework
conditions, for example the obligation for energy performance certificates. Compared
with the last version of the EnEV, the primary energy requirements in the 2009
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amendment were increased by approximately 30% and the useful energy requirements
(insulation) by an average of 15%. The current overall primary heating demand (for
domestic hot water (DHW), space heating and associated auxiliary energy) of newly
constructed buildings must be lower than approximately 65 kWh/m²a; for
refurbishments this value can be up to 40% higher. The allowed demand can vary, as the
requirements are given at component level and the overall requirement is based on
comparable reference buildings (single family house, multi family house etc.). The value
of 65 kWh/m²a presents a realistic average [Maas, 2010; Renner, 2009].
In 2007, the German government developed an Integrated Energy and Climate
Programme [BMWI, 2007] which describes explicitly how the German government acts
to reach its climate targets. For this purpose, it developed a concise package of measures
which are planned to be implemented, step by step, by 2020. One of these measures was
the implementation of the EnEV 2009 amendment and the associated increased
requirements of about 30%. Additionally, a further increase to the same grade is planned
to be realised in a 2012 amendment. Due to the EPBD recast, with its new requirements
for the Member States, it is definite that a new EnEV 2012 amendment will come into
effect. Whether a further increase of requirements will be implemented in addition, is
still unsure [Hempel, 2010].
In the situation that the requirements will be further strengthened by 30% compared with
the EnEV2009, the building envelopes need to be designed to a quality comparable to
the passive house standards in cases where:
• No ventilation system with heat recovery is used
• No renewable heating system is installed.
Discussions about a further EnEV 2015 amendment are also currently taking place
[Hegner, 2008]. In some literature, the new construction level of this possible EnEV
version is already considered to be at the same level as todays passive house standard
[Hundhausen, 2009; Schulze Darup, 2009]. Clearly, this still depends on the steps that
will be made in between (EnEV 2012, EEWärmeG 2013), and this we will analyse
further in the study.
Renewable Energies Heat Act (EEWärmeG)
In the framework of the Integrated Energy and Climate Programme, the German
government has elaborated upon a draft of the Renewable Energy Heat Act [Bundestag,
2008]. This act was enforced at the beginning of 2009. The objective is to increase the
share of renewables in heat generation from 6% to 14% by 2020. The new act therefore
forces new residence owners (private, public and corporate) to use an increasing share of
renewables for heat use in any buildings constructed since January 2009. Using solar
energy, the surface of the solar collectors must correspond to at least 0.04 m² per m²
floor space. Using geothermal, environmental and biomass energy, the proportion used
for heating must be greater than that of fossil sources'. Alternatively, other climate
protecting measures such as wall insulation, co-production of heat and power and the
use of waste heat can be applied [Schlomann, Mauch et al., 2009]. To fulfil the
requirements of the EEWärmeG, the heat demand must be supplied at least to the
following specific percentages by renewable energies, depending on the type of
renewable source:
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• Solar energy: 15%
• Gaseous biomass: 30%
• Solid and liquid biomass: 50%
• Geothermal and environmental energy (heat pumps): 50%
According to a survey commissioned by the Renewable Energy Agency [AEE, 2010] in
2009, approximately 65% of all newly constructed buildings fulfilled the requirements
of the EEWärmeG by the application of renewable energies and 32% fulfilled the
requirements by compensation measures. Of these 65%, 39% installed a solar thermal
system, 41% used geothermal or environmental energy, 15% solid or liquid biomass and
5% gaseous biomass. Because the minimal share for renewable energies was, on
average, exceeded by 30%, in total, approximately 30% of the heat demand in newly
constructed buildings was supplied by renewable energies.
The EEWärmeG is currently in an evaluation process undertaken by the Federal
Ministry for the Environment, Nature Conservation and Nuclear Safety, and it will be
discussed whether this act should be expanded to existing buildings, from 2013.
Other drivers
• In a coalition agreement in 2009, the German government set an overall CO2
emission reduction target for 2020 of 40% compared with 1990 level.
• In the current energy research programme of the government [Federal Ministry
of Economics and Technology (BMWA), 2005], zero-energy/zero-emission
concepts for buildings are mentioned as long-term objectives. Therefore, it can
be expected that during the next few years, research funds will always be
available.
• First, innovative German cities such as Frankfurt, adopt the stipulated role model
from public authorities and construct high energy performance buildings (also in
the stock).
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3. Definitions and explanations
3.1. Energy reference area
There exists, in Germany, different methods for the calculation of the reference area.
The results depend on the different boundaries (middle wall, outer wall etc) and can
therefore vary by a few percent. As this study considers different sources of information
and statistical data and those values are not adjusted to one specific calculation method,
the numbers can vary slightly, depending on the respective energy reference area used
by the source. In this study, the reference area is expressed as one square meter of living
area. Living area is generally defined as the sum of all areas within a building that
unexceptionally account to a residential dwelling. Building areas of so called accessory
rooms as cellars, attics as well as business and economic areas do not belong to living
area.
3.2. Specific energy demand
In this paper we focus on the energy use for space heating and DHW, including the
necessary auxiliary electricity for the operation of those appliances. In this context we
define:
- Useful energy as the energy necessary to fulfil the energy demand without
taking into consideration the system efficiency. This is the heat delivered to the
rooms, the taps and the shower.
- Final energy as the useful energy plus the additional energy necessary to
compensate the losses of the supply system. Therefore, this is the amount of
energy, the people living in a building pay for. This includes the auxiliary energy
used by the heating system, e.g. electricity use for the boiler control and fans,
circulation pumps and ventilation systems.
- Primary energy as the total amount of energy, taking into consideration the
upstream chains. This factor is necessary when converting the final energy
demand into the primary energy demand of buildings. In Germany, natural gas
has a primary energy factor of 1.1 [DIN, 2007] and electricity a factor of 2.6
[Bundesregierung Deutschland, 2009]. For some types of renewable energies, as
for example biomass, it is possible to discuss whether the primary energy factor
is zero or even higher because in most cases the biomass still has to be
transported to the place where it is finally used. Nevertheless, in this study, a
simplified factor of zero is assumed for all types of renewable energies,
regardless of whether it is solar energy or biomass.
3.3. Refurbishment
In this study, we understand refurbishment to be major renovation (Using the term of the
EPBD); the entire building is renovated, including measures to improve energy
performance and brought to the minimum required energy performance, according to the
actual EnEV.
3.4. Passive house
A passive house generally indicates a house in which passive systems are used as the
main means to provide light, heat and ventilation [Attali,Pindar, 2007]. Sources for
passive energy gains are:
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• Irradiated solar energy through transparent and translucent building elements
• Heat output due to the use of electric appliances, including lighting
• Body heat of building occupants
It has already been mentioned, that in the extended definition of the passive house
standard, not only the energy demand for heating is included, but also the demand for
domestic hot water and energy for electric appliances. Compared with other current
European building standards, the requirements of the passive house standard regarding
the final energy demand are four to five times higher, and regarding the primary energy
demand two to four times higher [Ürge-Vorsatz, Koeppel et al., 2007].
Due to the fact that all of these building definitions are at least partly based on the
passive house definition of the German passive house institute, this standard is described
in more detail below.
The energy related requirements on passive houses are defined as follows [Feist, 1993;
Feist, 1996; Feist, Pfluger et al., 2004]:
• Useful energy demand for space heating ≤ 15 kWh/m² a
• Total primary energy demand (including lighting and appliances) ≤ 120
kWh/m²a
• Maximum space heating load ≤ 10 W/m²
3.5. KfW standards
The “Kreditanstalt für Wiederaufbau” (KfW) is the governmentally owned bank for
reconstruction and development and provides subsidies for buildings to be newly
constructed or refurbished to exceed the standard. In their programmes, “Energy
efficient construction” and “Energy efficient refurbishment”, they subsidise homes
which are classified as EH (efficiency house), followed by a number. The number
indicates how great the primary energy demand of this building is, compared with the
respective standard. For example, a KfW EH 55 (EnEV2009) has a primary energy
demand which accounts for 55% of a newly constructed building, according to the
EnEV2009.
A requirement for the maximum useful energy demand also exists, which in absolute
terms is 15% higher than the primary energy requirement. Using the same example, a
KfW EH 55 (EnEV2009) has a maximum useful energy demand which accounts for
70% (55%+15%) of a newly constructed building according to the EnEV2009.
The KfW is also responsible for the financing of a project, initiated by the German
energy agency (dena). The programme is called, “energy efficient buildings in the stock”
and subsidises buildings that are refurbished to a level 30%; 50% better than actual new
construction standard [Discher, 2010].
3.6. Very high energy performance buildings (VHEPB)
In this study, VHEPB are defined as buildings that clearly exceed the requirements for
newly constructed buildings of the current EnEV 2009. They are fully insulated and
need very little energy or even produce energy. In this study, no one minimum
performance was used and defined as VHEP, but a differentiation was made between
newly constructed and refurbished buildings. This decision was made as the historical
development of VHEPB was also analysed and it is still a considerable challenge to
8

refurbish an existing building to meet such a standard. Because of this, the Passive
House Institute also developed a new certificate specifically for existing buildings which
are energy retrofitted with passive house components (EnerPHit) [Passivhaus Institut,
2010]. Such buildings are limited to a useful energy demand for heating of ≤ 25
kWh/m²a (not 15 kWh/m²a as traditional passive houses).
In this study, we define as VHEPB, those buildings that do not exceed a primary energy
demand for new buildings of 40 kWh/m²a and for the refurbishment case of 65
kWh/m²a. Compared with the average energy performance of the residential building
stock (~226 kWh/m² living area and year primary energy consumption for space heating
and domestic hot water [Friedrich, Becker et al., 2008]), the very low energy buildings
demonstrate much better energy characteristics. A comparison of the specific energy
demand for heating, DHW and auxiliary energy of different existing building standards
is presented in Table 1 and
Table 2.
With maximal 65 kWh/m²a, the specific demand for existing buildings is approximately
at the same level as the already ambitious EnEV2009 new construction level and also in
a similar range to other international high energy performance classes, for example the
low energy class 1 in Denmark or the effinergie standard in France [Engelund
Thomsen,Wittchen, 2008]. Loga et al. [Loga, Knissel et al., 2009] also shows that the
VHEPB standard here is better than the primary energy efficiency standards in many
other European countries.
3.7. Nearly zero-energy buildings (NZEB)
There is currently ongoing research (on European level for example by the Building
Performance Institute Europe [BPIE, 2010]), into what a nearly zero-energy building
definition would look like in the different Member States. In Germany, a research
project commissioned by the Federal Institute for Research on Building, Urban Affairs
and Spatial Development (BBSR) is also currently under development. Marszal et al.
[Marszal,Heiselberg, 2009] and Torcellini et al. [Torcellini, Pless et al., 2006] have
already collected and analysed different definitions for Zero-Energy Buildings and
therefore demonstrated that a wide variety already exists. In this present study, no
comprehensive definition was chosen but an allowed maximum primary energy demand
for those buildings was set. This primary energy threshold is 20 kWh/m²a for both new
and existing buildings. We have not made a differentiation between these, as the German
government defined its goal in its energy concept, that in 2050, the entire building stock
should be nearly climate neutral [BMWi,BMU, 2010]. Due to the long life span of
buildings and typical refurbishment intervals of approximately 30 years, it is necessary
to begin refurbishments to a climate neutral level to achieve this target, before 2020.
3.8. Zero-energy buildings (ZEB)
In this study, we define zero-energy buildings as buildings that have a primary energy
demand for space heating and domestic hot water (DHW)of zero. This is realised by
reducing the useful energy demand to a minimum and meeting the remaining demand
through renewable energy systems.
3.9. Considered building categories
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Considering the definition of VHEPB of this study, the maximum primary energy
demand for space heating, DHW and auxiliary energy is 40 kWh/m²a for new buildings
and 65 kWh/m²a for existing buildings. Therefore, we do not make a further
differentiation between single-family and multi-family houses, although the demands of
those building types do vary due to the different living area to volume ratios.
As there are a lot of different building types in Germany, partly with the same energy
demand but with different terms, Table 1 and Table 2 list the total variety of categories
as they have existed since 1999. To clarify the bulk of different terms, a simplified
expression is supplied, based on the specific primary energy demand for space heating,
domestic hot water and the necessary auxiliary energy for these functions. The last
column indicates whether the specific standard exceeds the minimum requirements for
VHEPB.
Table 1. Considered refurbishment standards until 31st August 2010
Period in
force
1.2.200230.12.2009
1.4.2009 30.12.2009
1.4.2009 30.12.2009

Useful
energy

Final
energy

Primary
energy

Simplified
term

VHEPB

88

110

121

P120

No

63

79

87

P85

No

55

59

65

P65

Yes

EnEV 2007 new construction level -30%

2001-2009

51

55

61

P60

Yes

EnEV 2007 new construction level -50%

2007-2009

45

48

43

P45

Yes

77

83

91

P90

No

63

79

87

P85

No

63

68

75

P75

No

55

59

65

P65

Yes

47

50

55

P55

Yes

47

51

46

P45

Yes

37

40

36

P35

Yes

Official term
EnEV 2007 refurbishment level
KfW EH 100 (EnEV 2007)
KfW EH 70 (EnEV 2007)

EnEV 2009 refurbishment level
KfW EH 130 (EnEV 2009)
KfW EH 115 (EnEV 2009)
KfW EH 100 (EnEV 2009)
KfW EH 85 (EnEV 2009)
KfW EH 70 (EnEV 2009)
KfW EH 55 (EnEV 2009)

Since
1.10.2009
1.10.200930.6.2010
Since
1.10.2009
Since
1.10.2009
Since
1.10.2009
Since
1.7.2010
Since
1.7.2010
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Table 2. Considered new construction standards until 31st August 2010
Official term
EnEV 2007 new construction level
KfW EH 70 (EnEV 2007)
KfW EH 55 (EnEV 2007)
2

KfW Energy saving building 60 (KfW 60
building)
KfW Energy saving building 40 (KfW 40
building)
EnEV 2009 new construction level
KfW EH 85 (EnEV 2009)
KfW EH 70 (EnEV 2009)
KfW EH 55 (EnEV 2009)
KfW EH 40 (EnEV 2009)
Passive house

Period in
force
1.2.2002 30.12.2009
1.4.2009 30.12.2009
1.4.2009 30.12.2009
200131.3.2009
200131.3.2009
Since
1.10.2009
1.10.200930.6.2010
Since
1.10.2009
Since
1.7.2010
Since
1.7.2010
Statistics
since 1999

Useful
energy

Final
energy

Primary
energy

Simplified
term

VHEPB

63

79

87

P85

No

55

59

65

P65

No

40

43

48

P50

No

49

55

60

P60

No

34

36

40

P40

Yes

55

59

65

P65

No

47

50

55

P55

No

47

51

46

P45

No

37

40

36

P35

Yes

28

31

26

P25

Yes

28

30

25

P25

Yes
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4. Methodology
4.1. Historical development
We estimate the historic development of VHEPB based on two components:
1) records for the number of buildings that received financial support
2) an estimate of the additional number of buildings that were built without receiving
support.
New dwellings: The most important data source for estimating the amount of VHEPB in
the current building stock is the support statistic of the KfW. From the beginning of the
support scheme for KfW40, about 111,000 dwellings were accepted [KfW, 2010c]. It
should be noted that, from April 2009, the support programmes of the KfW changed and
the classic KfW40 building was replaced by the KfW energy efficiency house (EH) 55
(EnEV 2009).
Until 1998, no support scheme for passive dwellings was in place and only 70 passive
houses with 120 dwelling units had been constructed in Germany [Bühring, Leuchtner et
al., 2004]. From 1999, the KfW supported passive houses by allocating soft loans and by
the end of 2009, approximately 11,000 dwelling units were supported [KfW, 2010c].
The number of supported passive dwellings accounts for only 4% of the number of
supported KfW40 dwellings.
Based on various interviews with experts from the passive house institute, the KfW and
other bank institutions, it is estimated that approximately one third of all constructed
passive houses and KfW40 buildings are realised without the financial support of the
KfW. When extrapolating the number of supported dwellings with this factor through
2009, almost 182,000 high performance dwellings were constructed in total.
Existing dwellings: There is still a high, undeveloped energy saving potential to be
exploited through energy related refurbishment measures at the thermal envelope.
Approximately 70% of the buildings constructed between 1900 and 1979 are still
available for an energy related refurbishment, as the accumulated share of refurbished
old buildings of this construction period between 1989 and 2006 was just 30% [Erhorn,
Hauser et al., 2009]. In 2006, the refurbishment rate in Germany averaged 2.2% which
corresponds to nearly 230,000 buildings which are annually refurbished, including
measures to improve energy performance [Friedrich, Becker et al., 2008].
Thus the refurbishment sector does in fact, monopolise a more significant market share
for insulation material than the new building sector [Erhorn, Hauser et al., 2009]. Only a
proportion of the refurbished buildings mentioned above, is improved to the VHEP class
as defined in this study. It is more challenging to determine this amount, than the share
of the newly constructed buildings, but through the combination of the following sources
it is still possible. The most integral source of information is the support statistics of the
KfW [KfW, 2010c]. In particular with its CO2 Rehabilitation Programme (since April
2009 “Energy efficient refurbishment” [KfW, 2010a; KfW, 2010b]), the KfW financed
the refurbishment of many existing buildings to a VHEP.
By the end of 2006 only packages of measures (for instance combination of heating
boiler exchange, new windows and insulation of the exterior wall) as well as energy
related refurbishments to EnEV new construction level, were supported. From January
12

2007, the programme
me was restructured and additional incentives were included,
included as more
ambitious energy saving measures for the building stock were offered. The support of
the successful packages of measures still persisted, but in addition to the existing soft
loan option, a grant option and a special support scheme for the refurbishment to a level
of minus 30% (respectively minus 50% compared with the current EnEV standard),
were introduced. For the soft lo
loan
an option, this special support is realised by subsidies, in
the grant programme the amount of allocated money depends on the grade of the EnEV
overcompliance and is higher, the greater the efficiency of the building. These approved
grants are statisticallyy registered by the KfW and therefore act as an indicator for the
number of refurbishments to a high efficiency standard.

Figure 1. Number of subsidies
sidies for very ambitious refurbishment measures in the soft loan and grant version of
the rehabilitation programme
program

To estimate the number of buildings that were refurbished to this performance level by
January 2007, the following approach was developed; The relative share of loan
commitments which were given between 2007 and 2009 for refurbishment actions, (to
achieve what we defined as a VHEP level for refurbished homes), was 9% in 2007, 15%
in 2008 and 31% in 2009 [KfW, 2010c],, which is an rapid increase of high efficiency
refurbishments. To determine
det
the share of high efficient refurbishments between 2001
and 2006, we considered the given number of KfW loan commitments for single
packages in this time. Based on the development of those numbers and combined with
the later strong development of hi
high
gh efficiency refurbishments between 2007 and 2009,
we estimated that the share of high efficiency refurbishments between 2001 and 2006,
linearly increased from 2% to 5%. This estimation is also strengthened by Tiller [Tiller,
2008], who describes that the costs per energy refurbishment measure between 2000 and
2007 increased by 3%.
3% This indicates that the energy related quality of refurbishment
measures also increased somewhere in a similar range, even if the prices for materials
etc decreased. As we in comparison assumed an increase between 2001 and 2007 from
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2% to 9% (more than 4 times), this assumption can be considered to be quite
conservative.
Considering the factor of supported dwellings per commitment, approximately 85,000
dwellings were calculated. Those dwellings were refurbished to VHEP level between
2001 and 2009 by means of the CO2 Rehabilitation soft loan programme [KfW, 2010c].
The dwellings that were constructed in the grant version of the programme between
2007 and 2009 are included. These were approximately 3000 units, which amounts to a
number of supported dwellings of almost 88,500 units.
Similarly to the new building situation, not all refurbishments are supported by the KfW.
According to estimations of experts of the KfW, the share of refurbishments supported
by the KfW on all energy related refurbishments is roughly 25% (This would mean that
the real number of energy related refurbishments is 4 times higher than the number of
refurbished buildings that have been supported by the KfW). This factor does however
include all types of energy related refurbishment measures, for example, single measures
such as the exchange of heating boilers. These single measures are probably often not
supported by the KfW, as the formal effort discourages the building owners to apply. It
can therefore, be estimated that the factor of KfW supported single measures compared
with all single measures is much higher than the factor for comprehensive refurbishment
measures (major renovations). As an initial assumption for comprehensive
refurbishment measures, this factor was set to 2 (would mean that 50% of all major
renovations are supported by the KfW). For a more conservative assumption for this
study, the share of KfW supported comprehensive refurbishments was assumed to be
58%; an average between the initial assumption of 50% and the assumed share of KfW
supported new constructions of 67%. We again discussed this assumption with different
experts from various institutions to give more evidence to it.
4.2. Future development
The following section will examine construction scenarios for the future development of
high energy performance buildings.
New buildings: To provide a basis for the calculations regarding future, newly
constructed dwellings, we rely on the data of the federal statistical office, particularly for
the number of newly constructed buildings and dwellings between 1999 and 2009
[StaBu, 1999-2009]. According to [Testorf, 2010a; Testorf, 2010b] a decreasing
development of new constructions was apparent by 2009 and from 2010, a stabilisation
with an increase of the construction numbers to the initial level of 2002 (~300,000
dwellings) is expected by 2020. The numbers for the years between 2010 and 2020
were linearly interpolated.
Refurbished buildings: For the calculation of refurbished buildings, the statistics of the
Federal statistical office were used [StaBu, 2009]. For the estimation of the share of
VHEP refurbishments in relation to all refurbishments, the data for the historical
dwelling stock in Germany from 2001 was particularly relevant. The previously
calculated prospective new construction numbers have been used to calculate the
dwelling stock until 2020. According to Friedrich et al. [Friedrich, Becker et al., 2008],
the refurbishment rate was 2.2% in 2006, according to the KfW [KfW, 2009] 2% in
2009 and in 2010 according to BMWi et al. [BMWi,BMU, 2010] 1% and according to
Discher [Discher, 2010] 0.9-1.3%. We consider Friedrich et al. [Friedrich, Becker et al.,
2008] as the most reliable source as it was based on a comprehensive survey. We used
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the official building statistics of the years 2006-2009 [StaBu, 2010], where general
renovation activities are also measured, to calculate the energy related refurbishment
rate in 2009, taking into consideration the data presented by Friedrich et al. but also the
other mentioned sources. By applying comparable renovation trends as presented by the
Federal Statistical Office [StaBu, 2010], it was possible to calculate a current
refurbishment rate of approximately 1.6% which we used for further calculations.
Financial support: It is assumed that KfW will continue to offer a comprehensive
support scheme for buildings that are more efficient than the standard. It has not been
taken into consideration whether the financial support by the German government will
be strong enough to offer practically sufficient loans and grants.
Scenarios: As some political framework conditions for the future are still unclear, two
scenarios with different outlooks for future political framework developments have been
created. Scenario 1 assumes a more conservative action of the German government and
scenario 2 represents an ambitious future development in terms of implemented increase
of requirements. We considered different possibilities for the increase of EnEV
requirements and different developments regarding the obligation for the use of
renewable energies. The latter depends heavily on the further development of the
EEWärmeG. We have assumed that the share of renewable energies in the construction
sector will definitely increase during the next few years. Further amendments of the
EEWärmeG are assumed for 2013, 2016 and 2019 so that they come into effect
simultaneously with the EnEV amendments. Depending on the development of
requirements for each of the respective measures, different intensification grades for the
amendments are considered. For the EnEV, we assumed possible amendments in 2012,
2015 and 2018 (come into effect one year later as also in the past). In the different
scenarios we will show in which year the NZEB standard will be achieved and estimate
how many buildings of each type will be in the market.
A further variation of scenario 2 is also included (Scenario 2+) that assumes a still
further ambitious construction-, demolition- and refurbishment rate (for specifications
see Table 3). For this purpose we assumed two possible grades for the participation in
the KfW programmes: “Medium” and “High”. They indicate the amount of effort and
money spent by the government on removing the different barriers (for example, the
tenant-landlord problem which still presents a significant barrier [Schimschar, Boermans
et al., 2010]) and the supply of support schemes. The more money the government
provides for the different KfW support schemes, the better the support conditions that
can be defined and the higher the refurbishment-, new construction- and demolition
rates. The money the government provides, therefore determines the activities that take
place to contribute to the construction of efficient buildings with a quality greater than
that of the current EnEV.
In both scenario variants, different building types are available for new construction or
refurbishment each year. As these building types depend on the respective EnEV version
currently in effect and as each third year, a new EnEV amendment (whether with
associated increase or not) will be enacted, there are intervals of three years. In each
interval, buildings will be constructed according to the energy saving ordinance and
different more ambitious KfW standards.
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Based on historical trends, we assume for each scenario that at the beginning of each
interval, 60% of the buildings are constructed according to the energy saving ordinance
in force and the other 40% to more ambitious KfW standards. In the two standard
scenarios (1 and 2), within one interval, the 60% EnEV share linearly decreases from
60% to a share of 30% (the more efficient building types therefore increase from 40% to
70%), in scenario 2+ even to 20% (the more efficient building types therefore increase
from 40% to 80%). These developments are also illustrated in Figure 6 and Figure 7.
Table 3 presents the different assumptions that have been made for each scenario. Under
“EnEV amendments” and “EEWärmeG impacts” are just those acts listed, which entail
an intensification of the requirements for energy efficiency respectively renewable
energy use. The assumed future intensifications of the EnEV are based on the last
intensification that has taken place from the EnEV2007 to EnEV2009. The requirements
have been intensified by 30% and also for a possible EnEV2012 amendment, a further
30% intensification compared with the EnEV2009 are currently discussed [BMWI,
2007; Hempel, 2010]. The assumptions regarding future mandatory shares of renewable
energies through the EEWärmeG are based on current developments on federal state
level (for example the renewable energies heat act in Baden-Württemberg which already
commits home owners to use 10% renewable energies in case of an energy related
refurbishment [Land Baden-Württemberg, 2009]), but also on country level within the
evaluation process of the EEWärmeG.
The percentage value behind the EnEV amendments indicates by which degree the
requirements regarding the primary energy demand have been increased. As an example,
the terms in scenario 2 indicate that the EnEV will be intensified 3 times, in 2012, 2015
and 2018, each time by 30%. The percentage value behind the EEWärmeG amendments
indicates to which share the building owners will be obliged to use renewable energies
in a new respectively refurbished building. As an example, the terms in scenario 2
indicate that the EEWärmeG will be intensified 3 times, in 2013, 2016 and 2019. The
amendment in 2013 will lead to a minimum renewable energy share in newly
constructed buildings of 30% and in refurbished buildings of 10%.
Within the metabolism rates descriptions, the first value in each scenario presents the
current rate in 2010, whereas the second value presents the assumed value to which the
rate will linearly increase by 2020. As an example, in scenario 1 the refurbishment rate
will linearly increase from a value of 1,6% in 2010 to a value of 2,2% in 2020.
Table 3. Description of relevant scenario assumptions as intensification of requirements, metabolism rates etc
Scenario

1

2

2+
EnEV 2012 (30%),
EnEV 2015 (30%),
EnEV 2018 (30%)
EEWärmeG 2013 (30%/10%),
EEWärmeG 2016 (40%/20%),
EEWärmeG 2019 (60%/30%)
0.65% (2010),
1.5% (2020)
1.6% (2010),
3% (2020)
0.09% (2010),
0.25% (2020)
high

EnEV
amendments

EnEV 2015 (30%),
EnEV 2018 (30%)

EEWärmeG
impacts

EEWärmeG 2013 (15%/0%),
EEWärmeG 2016 (30%/10%)

New construction
rate
Refurbishment
rate

0.65% (2010),
1.3% (2020)
1.6% (2010),
2.2% (2020)
0.09% (2010),
0.1% (2020)

EnEV 2012 (30%),
EnEV 2015 (30%),
EnEV 2018 (30%)
EEWärmeG 2013 (30%/10%),
EEWärmeG 2016 (40%/20%),
EEWärmeG 2019 (60%/30%)
0.65% (2010),
1.3% (2020)
1.6% (2010),
2.2% (2020)
0.09% (2010),
0.1% (2020)

medium

medium

Demolition rate
Participation in
KfW programmes
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Based on these assumptions, there are different building types with different energy
characteristics per scenario (1, 2) and year available. The minimum useful energy
demand was limited to a value of 30 kWh/m²a, which is almost similar to the current
passive house standard. We have therefore considered only the future KfW standards
where the requirements do not exceed this threshold. Additionally, we have assumed
that the KfW will also offer a comprehensive support scheme and that therefore, in each
3-year interval, the energy performances of the most ambitious building types will
increase. Table 5 and Table 6 in the Appendix list the different assumed building types
which are considered for future development in the different scenarios and the energy
characteristics of each are presented as well.
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5. Results
5.1. Historical development
Using the methodology described in chapter 4.1,, we calculated that approximately
182,000 VHEP dwellings were newly constructed
constructed by 2009 and an additional 153,000
dwellings have been turned into VHEPB through refurbishment activities. Therefore, by
the end of 2009, 335,000 VHEP dwellings were in place in Germany. This number
accounts for approximately 1% of the entire dwellin
dwellingg stock in Germany. Upon
examination of the years 2001-2009,
2001 2009, the number of VHEPB constructed in this period,
accounts for 4% of the total number of constructed buildings during this time.
In 2009, approximately 44% of all newly constructed dwellings
dwellings and more
mo than 13% of
the dwellings which have been qualitatively increased by the refurbishment of buildings
compiled with the VHEPB standard. Newly constructed and refurbished VHEPB
together, account for approximately 19%
% of all newly constructed and refurbish
refurbished
buildings in 2009 (see Figure 4).

Figure 2.. Annually constructed dwellings in VHEPB between 1999 and 2009 by kind of building performance
class. P40=primary energy demand of 40 kWh/m²a, P25=primary energy demand of 25 kWh/m²a etc

18

Figure 3.. Cumulated amount of dwellings in VHEPB as from 1999 to 2009 by kind of building performance
class. P40=primary energy demand
demand of 40 kWh/m²a, P25=primary energy demand of 25 kWh/m²a etc

The “boom“ in the year, 2006 can be explained through the abolishment of the home
buyer allowance (a special tax credit for first-time
first time home buyers) from 1st January 2006.
The home buyer allowance still could be used for buildings that were constructed in
2006 if the building application was submitted by 31st December 2005. Thus a lot of
constructions which normally just had been constructed in 2007, have been brought
forward to still get the better financing terms of the home buyer allowance
allowance.
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Figure 4.. Share of VHEPB on all constructed buildings

5.2. Future development
Figure 5 shows the future development of VHEPB according to our scenarios. As this
figure differentiates between newly constructed and refurbished floor area, scenario 1
and 2 present the same values, as the new construction
construction-,, refurbishmentrefurbishment and demolition
rate are identical in both scenarios. Only the energy related quality of the constructed
buildings differs,, which is presented in Figure 6 (new buildings) and Figure 7 (existing
buildings).
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Figure 5.. Historical and future development of annually constructed floor area in very high energy
performance buildings divided by type of construction

As can be seen in the figure, as from 2010 we expect a significant growth especially in
the refurbishment sector due to the fast growing numbers in recent years and changes in
the KfW programmes. The breaks in the year 2013 arise from the fact, that in this
thi year a
100% share of VHEPB on all constructed buildings will be achieved. From 2013
onwards, the graph illustrates the sum of the total new construction and refurbishment
rates, which are all VHEPB.
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Figure 6. Annually newly
ewly constructed floor area of very high energy performance buildings until 2020 divided
by building classes

Figure 7. Annually to very high energy performance refurbished floor area until 2020 divided by building
classes3
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6. Energy reduction and emission mitigation
Compared with the 2010 level, the primary energy demand for space heating, domestic
hot water and associated auxiliary energy can be reduced by 25% by 2020 n scenario 2+,
by 20% in scenario 2 and by 18% in scenario 1. This is equivalent to useful energy
demand reductions of 21% in scenario 2+, of 16% in scenario 2 and of 15% in scenario
1.
Complementary to the three scenarios explained in detail in chapter 4.2, an EvEV 2009
scenario was included in the presentation of the energy and emission reductions. This
scenario assumes no further increase of requirements of the EnEV,
EnEV EEWärmeG and
support schemes, but presents what occurs if no further political interaction were to take
place.

Figure 8. Useful energy reduction in the residential building stock between 2009 and 2020 in different scenarios
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Figure 9.. Primary energy reduction in the residential building stock between 2009 and 2020 in different
scenarios

As shown in the figures above,, the possible savings in scenario 2 compared with
scenario 1 are not significantly higher. When we examine the potential
potenti of scenario 2+, it
becomes apparent that in such a short time period as 10 years, a higher refurbishment,
refurbishment
demolition and new construction rate are more important factors than an earlier and
more ambitious regulative increase of requirements. The higher reductions in scenario
2+ compared with scenario 2, result explicitly by 77% from the increased refurbishment
rate, by 20% from the increased demolition and new construction rate and by 3% from
the increased usage of KfW programmes.
program
The calculated reductions
reductions in energy use were used to estimate the emission mitigations.
For this step it was necessary to determine the fuel mix for heating (space heating and
DHW) in the stock. Considering that all consumed fossil fuels in the residential sector
are used for heating
eating purposes (cooking is done by almost 100% through electricity in
Germany),, only the consumed electricity still needs to be split. Therefore, it is necessary
to know how much electricity is used for space heating and how much for domestic hot
water. According to [Itard,
[
Meijer et al., 2008],, 18% of all dwellings in Germany have
an electric water heater and according
a
to [Nemry,
Nemry, Uihlein et al., 2008
2008], approximately
3% of the total energy mix used for space heating in Germany is electricity. When
taking into consideration, the auxiliary energy which is ordinarily, always electricity, the
total share of electricity used for space heating, domestic hot water
water and auxiliary is
assumed to be 5%.
For the extended calculations, a fixed energy mix and emission factor for the existing
residential building stock was considered. Currently, there
here are many different emission
factors for Germany. In this study the presented factors of Bettgenhäuser et al.
[Bettgenhäuser,Boermans,
Bettgenhäuser,Boermans, 2011
2011] were used for the calculations, as these also include the
upstream chains. The data for the energy mix is based on [AGEB,
AGEB, 2009].
2009 Table 4
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presents the considered annual energy mix and emission factors for heating purposes in
Germany.
Table 4.. Considered fuel mix and emission factors for heating purposes in the stock

Fuel
Coal
Heating oil
Natural gas
Biomass
Other renewables
Electricity
District heating
Weighted average

Share in stock
1%
33%
45%
8%
1%
5%
7%
-

Emission factor
[g CO2eq/kWhfinal energy]
400
319
251
15
0
666
229
272

This weighted emission factor was used for both the refurbished and the demolished
buildings. It must be considered that the overall results for emission savings are solely
indicative, as the energy mix and specific emission factors change over time. Due to
t
refurbished buildings and changing energy carriers, the average is normally reduced.

Figure 10.. Emission reduction from heating purposes in the residential building sector until 2020
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7. Discussion
Comparison of results with other studies
When comparing the estimated number of constructed dwellings of this study with the
expected number of dwellings forecasted in [Bühring,Russ, 2004], the difference is
large. In three different scenarios, Bühring et al. presented the expected number of
newly constructed passive house dwellings by 2010 and the numbers vary approximately
between a minimum of 30,000 and a maximum of 90,000 dwellings per year. The study
was conducted in 2004 and the market did not develop as assumed. According to the
present study, in 2009, approximately 3,000 passive house dwellings had been
constructed. However, when taking the dwellings, considered to be “very high
performance”, into account in this study, approximately 70,000 units were constructed.
In another study, Bühring et al. also projected the number of 3-liter houses, which have
an approximate specific demand of 60 kWh/m²a and are therefore less efficient than the
VHEPB [Bühring, Leuchtner et al., 2004]. For those 3-litre houses, a figure of 95,000
newly constructed dwellings in 2010 was projected.
Additionally, the calculated possible emission reductions can be compared with
Friedrich et al. [Friedrich, Becker et al., 2008]. In that CO2 buildings report presented
under the auspices from Fraunhofer IBP, Friedrich et al. developed four scenarios that
considered different framework conditions and calculated the energy and emission
reduction potentials for space and water heating purposes in 2020 compared with 1990.
In the fourth, most ambitious scenario, an emission reduction target of 40% between
1990 and 2020 is achieved. The following packages of measures were applied for this
purpose:
• Increase of EnEV2009 requirements by 30% for new constructions and existing
buildings in the case of refurbishment
• Further increase of EnEV2012 requirements by 30% for new constructions in
terms of primary energy demand, but excluding existing buildings
• Increase of the energy related refurbishment rate to 3% per year
• Intensified use of renewable energies for the generation of heat as from 2008 by
the exchange of normal heating boilers with pellet boilers and gas-/oil heating
systems complemented with solar thermal systems
• No further increases by 2020
In the present study, with the more ambitious political framework than that of Friedrich
et al., we calculate a possible emission reduction potential of more than 50% by 2020.
Boundary conditions
Not only the technique itself is improving and the financial support increasing, but other
boundary conditions are also contributing positively toward VHEPB:
• It is expected that the energy prices will increase further in the future
[Nitsch,Wenzel, 2009] making investments in VHEPB more attractive. It is
likely that the costs for energy intensive insulation materials such as mineral
wool will simultaneously increase, but to a much lesser extent.
• Almost all passive house components are already available as mass products in
Germany

26

•

•

Rising environmental awareness and increasing energy prices strengthens the
understanding of the necessity for high insulation thicknesses and VHEPB in
general, to achieve the climate protection targets.
The further education of passive house planners, craftsmen and investors is also
rapidly increasing. According to the Passive House Institute [Sabine Stillfried
(Public relations PHI), 2010], the number of certified passive house planners has
doubled since 2007 from each year to the next. By the end of 2007 there were
only 40 planners certified and by the end of 2010, this number is expected to
exceed 1000.
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8. Conclusion
To comply with the political requirements of the European Commission, all newly
constructed buildings must have a nearly zero-energy performance by 2021. According
to the EPBD recast, ‘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.’ If the German building code
(EnEV) is strengthened, in primary energy demand, by 30% in 2012, 2015 and 2018,
and the EEWärmeG is simultaneously strengthened to an obligated renewable energy
share, in new buildings of 60%, the nearly zero-energy standard can be achieved in
Germany.
The government should also continue to support the overcompliance of the current
standard through KfW subsidies which incentivise building owners to construct highly
ambitious buildings before the standards are even implemented. Our calculations have
demonstrated that the KfW programmes provide significant support to the introduction
of future building code requirements and reduce the greenhouse gas emissions in the
building sector. Existing building stock has a particularly high potential for energy
savings through refurbishment activities. According to our calculations, future
refurbishment activities that contribute to a high energy performance will have much
greater impact on reducing the energy demand of the building stock than higher
ambitions in new buildings. By providing the right incentives, it will therefore become
possible to increase the share of very high energy performance buildings in the building
stock, considerably. As the current policies do not concentrate solely on renewable
energies for the built environment, but also on energy efficiency to reach the climate
targets; by 2020, it is possible to reduce greenhouse gas emissions in the buildings sector
by over 50% of the 1990 values. The set governmental 2020 targets to reduce the useful
heating demand of the building stock by at least 20% are rather ambitious. Only in our
most ambitious scenario, with an intensive political framework and high rates of
refurbishment, demolition and new construction; will this goal be achieved.
Depending on future building code intensifications, the proportion of very high energy
performance dwellings will increase by up to 30% of the total stock by 2020 and the
share of nearly zero and zero-energy dwellings will make up 6%. In the residential
building sector, very high energy performance buildings have already achieved wide
spread use in the mass market, although the non-residential market is still developing
approximately ten years behind. Because of the significance of the entire building sector
for the achievement of the 2020 governmental climate targets, the market for very high
energy performance buildings will increase substantially in the future and buildings such
as these will soon become the standard in Germany.
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Appendix
Table 5. Assumed possible refurbishment standards after 2012 2010
Period in
force

Useful
energy
[kWh/m²a]

Primary
energy
[kWh/m²a]

Necessary
share of RE
to achieve
requirement

Emissions
[kg
CO2eq/m²a]

Simplified
term

VHEPB

EnEV2012 Refurbishment
level

2013-2015

74

91

0%

21

P90

No

KfW EH 115 (EnEV2012)

2013-2015

78

75

25%

17

P75

No

KfW EH 100 (EnEV2012)

2013-2015

69

65

25%

15

P65

Yes

KfW EH 85 (EnEV2012)

2013-2015

60

55

25%

13

P55

Yes

KfW EH 70 (EnEV2012)

2013-2015

51

46

30%

11

P45

Yes

KfW EH 55 (EnEV2012)

2013-2015

42

36

30%

9

P35

Yes

EnEV2015 Refurbishment
level

2016-2018

57

64

10%

15

P65

Yes

KfW EH 100 (EnEV2015)

2016-2018

59

46

35%

11

P45

Yes

KfW EH 85 (EnEV2015)

2016-2018

51

39

40%

9

P40

Yes

KfW EH 70 (EnEV2015)

2016-2018

43

32

40%

8

P30

Yes

KfW EH 55 (EnEV2015)

2016-2018

36

25

45%

6

P25

Yes

EnEV2018 Refurbishment
level

As from
2019
As from
2019
As from
2019
As from
2019
As from
2019

45

45

20%

10

P45

Yes

50

32

50%

8

P30

Yes

43

27

50%

7

P25

Yes

37

22

50%

6

P20

Yes

30

18

55%

5

NZEB

Yes

Official term
Scenario 1

KfW EH 100 (EnEV2018)
KfW EH 85 (EnEV2018)
KfW EH 70 (EnEV2018)
KfW EH 55 (EnEV2018)
Scenario 2

EnEV2012 Refurbishment
level

2013-2015

58

64

10%

15

P65

Yes

KfW EH 115 (EnEV2012)

2013-2015

66

52

35%

12

P50

Yes

KfW EH 100 (EnEV2012)

2013-2015

59

46

35%

11

P45

Yes

KfW EH 85 (EnEV2012)

2013-2015

51

39

40%

9

P40

Yes

KfW EH 70 (EnEV2012)

2013-2015

43

32

40%

8

P30

Yes

KfW EH 55 (EnEV2012)

2013-2015

36

25

45%

6

P25

Yes

EnEV2015 Refurbishment
level

2016-2020

45

45

20%

10

P45

Yes

KfW EH 100 (EnEV2015)

2016-2020

50

32

50%

8

P30

Yes

KfW EH 85 (EnEV2015)

2016-2020

43

27

50%

7

P25

Yes

KfW EH 70 (EnEV2015)

2016-2020

37

22

50%

6

P20

Yes

KfW EH 55 (EnEV2015)

2016-2020

30

18

55%

5

NZEB

Yes

36

31

30%

8

P30

Yes

42

18

65%

5

NZEB

Yes

EnEV2018 Refurbishment
level
KfW EH 100 (EnEV2018)

Residential:
As from
2021
Residential:
As from
2021
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Table 6. Assumed possible new construction standards after 2012
Period in
force

Useful
energy
[kWh/m²a]

Primary
energy
[kWh/m²a]

Necessary
share of RE
to achieve
requirement

Emissions
[kg
CO2eq/m²a]

Simplified
term

VHEPB

EnEV2012 new construction
level

2013-2015

60

65

15%

15

P65

No

KfW EH 70 (EnEV2012)

2013-2015

51

46

30%

11

P45

No

KfW EH 55 (EnEV2012)

2013-2015

42

36

30%

9

P35

Yes

KfW EH 40 (EnEV2012)

2013-2015

33

26

35%

6

P25

Yes

EnEV2015 new construction
level

2016-2018

51

46

30%

11

P45

No

Official term
Scenario 1

KfW EH 70 (EnEV2015)

2016-2018

43

32

40%

8

P30

Yes

KfW EH 55 (EnEV2015)

2016-2018

36

25

45%

6

P25

Yes

KfW EH 40 (EnEV2015)

2016-2018

28

18

50%

5

NZEB

Yes

EnEV2018 new construction
level

As from
2019

43

32

40%

8

P30

Yes

KfW EH 70 (EnEV2018)

As from
2019

37

22

50%

6

P20

Yes

KfW EH 55 (EnEV2018)

As from
2019

30

18

55%

5

NZEB

Yes

Zero-energy building

As from
2019

30

0

100%

1

ZEB

Yes

EnEV2012 new construction
level

2013-2015

51

46

30%

11

P45

No

KfW EH 70 (EnEV2012)

2013-2015

43

32

40%

8

P30

Yes

Scenario 2

KfW EH 55 (EnEV2012)

2013-2015

36

25

45%

6

P25

Yes

KfW EH 40 (EnEV2012)

2013-2015

28

18

50%

5

NZEB

Yes

EnEV2015 new construction
level

2016-2018

43

32

40%

8

P30

Yes

KfW EH 70 (EnEV2015)

2016-2018

37

22

50%

6

P20

Yes

KfW EH 55 (EnEV2015)

2016-2018

30

18

55%

5

NZEB

Yes

EnEV2018 new construction
level

As from
2019

37

EnEV: 22,
EEWärme
G+ EnEV:
18

60%

5

NZEB

Yes

Zero-energy building

As from
2016

30

0

100%

1

ZEB

Yes

1

Buildings with a calculated space heating demand of maximum 30 kWh/m²a. This is equivalent to
approximately 3 liters of heating oil
2
This is an older definition used by the KfW. The KfW40 building was replaced by the KfW EH 55
(EnEV2007) respectively KfW EH 70 (EnEV2009) and the KfW60 building by the KfW EH 70
(EnEV2007) and the later EnEV 2009 new construction level.
3
Please note that the y-axes scale of Figure 6 and Figure 7 is different when comparing the values.
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