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Abstract
During the process of retrofitting existing buildings, certain 
constructions and components cannot be insulated as required 
by national regulations. These restrictions on insulation have 
numerous reasons, such as sheltering architectural monu-
ments, geometry, building physics, aesthetic aspects, and resi-
dential areas.

With a research project documented in this article, these 
restrictions were, for the first time, systematically identified 
and their share of the heat demand in the German building 
stock quantified. Furthermore, over 400 energy consultants 
and other experts were interviewed. The participants were 
asked to judge the frequency of restrictions on insulation in 
their daily work.

The results of the survey served as the basis for further cal-
culations of the nationwide heat loss. The restrictions were 
weighted by survey ranking, typical area and typical “uninsulat-
ability”. A model for German building stock was programmed 
to calculate the heat loss.

As the restrictions concern energy refurbishments, their 
percentage rises in time with the on-going process of renova-
tion. The course of the impact of restrictions was shown for 
four scenarios in a long-term perspective up to 2050. A fifth 
scenario was calculated to show the total potential of insula-
tion measures and the share of restrictions on insulation. The 
model shows that even after an ambitious energy renovation 
of German building stock with high standards, a bottom heat 
demand of around 42 percent of today’s heat demand remains.

About one third of the remaining heat demand consists of in-
sulation restrictions. Most important are restrictions concern-
ing the exterior wall (60 PJ/a heat losses due to restrictions), 
followed by restriction of the basement ceiling and the floor 
level (around 40  PJ/a) and listed building elements (20  PJ). 
Only future developments of insulation approaches and the use 
of renewable resources for heating will help to further lower the 
associated greenhouse gas emissions as long as the buildings 
are not dismantled.

Introduction
The German government set long-term aims for the country’s 
building stock in its energy concept of 2010, which stipulates 
that the energy consumption for heating and hot water should 
be lowered by 80 percent by 2050. Most of the buildings that 
will exist in 2050 have already been built. About 75 percent of 
the residential building stock was built before 1978, when the 
first Thermal Insulation Regulation (1. Wärmeschutzverord-
nung) came into force. The structural thermal insulation of 
these buildings is about two to three times worse than in mod-
ern buildings. 

Retrofit insulations are thus an important way of reaching 
the target. In daily practice, however, numerous construc-
tion situations cannot be insulated as required. The heat loss 
caused by these restrictions could not previously be quantified. 
Its share of the total heat loss was relatively small as long as 
the insulation standards were low. With increasing insulation 
standards, the restrictions become more important. The Beuth 
Hochschule für Technik Berlin and the IFEU Institut für En-
ergie- und Umweltforschung Heidelberg cooperated in this 
project to analyse which kind of restrictions on insulation ex-
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ist and what is their share of the heat demand of the German 
building stock. The final report documents the analysis (Mell-
wig et al. 2012) and can be downloaded from www.ifeu.de. 

The project is divided into five phases. In the first phase, 
restrictions on insulation are defined in nomenclature. In the 
second phase, a survey was carried out amongst energy con-
sultants and other experts to produce a ranking of the most 
effective restrictions on insulation. In the third phase, the quan-
tity structure of the German building stock was researched and 
collated in a spread sheet containing both residential and non-
residential buildings. The model can resolve single construc-
tions with regard to their specific areas and energy quality. In 
the calculation phase, the model was adjusted to calculate the 
heat loss due to insulation restrictions. The earlier phases pro-
vide the basis for this specific, construction-wise calculation.

In the last phase, the results were revolved in four scenarios 
for analysis of the impact of the restrictions in the future, espe-
cially for the government’s targets.

Nomenclature	of	Restrictions	on	Insulation
Insulation is considered to be restricted when an entire building 
or individual components either cannot be insulated enough to 
fulfil the current legal requirements for energy conservation at 
the time insulation is to be added – currently, Energy Conser-
vation Ordinance 2009 (EnEV 2009) – or cannot be insulated 
at all.

As a result, insulation can only be restricted when existing 
buildings are to be retrofitted to improve their energy prop-
erties. There are no technical insulation restrictions on new 
buildings. Here, it is assumed that designs are selected in com-
pliance with the minimum requirements in current law.

There is a risk of the terms “insulation restrictions” and 
“thermal bridges” being confused. Both concern weak points 
in a building’s heat transmissivity. But while thermal bridges 
often occur where two building components are connected 
(such as at the joint between external walls and windows), in-
sulation restrictions mainly concern the surfaces of individual 
building components (such as external walls). In other words, 
thermal bridges are lines or points, while insulation restrictions 
are surfaces.

Thermal bridges are the result of design and geometric is-
sues. Unlike insulation restrictions, they occur in every build-
ing and are generally taken into consideration when a build-
ing’s thermal performance is calculated. Thermal bridges refer 
to a relatively limited number of connection details. A large 
number of publications have looked onto the impact of thermal 
bridges on the energy balance of buildings. This study expressly 
does not further investigate this issue.

Furthermore, a distinction has to be made between techni-
cal and non-technical insulation restrictions. The focus of this 
study is on technical restrictions that affect construction.

A.	TechNIcAl	INsulATIoN	ResTRIcTIoNs
Design-related insulation restrictions concern components 
that are no longer accessible for reworking. For example, when 
a basement is beneath a part-section of the house only, one or 
more of the basement’s external walls are below the floor slab. 
In this case, external insulation (perimeter insulation) cannot 
be added to these basement walls without removing soil from 
below the building.

Insulation restrictions caused by construction physics fo-
cus on the risk of an insulation layer detrimentally affecting a 
component’s properties in terms of construction physics. For 
instance, the temperature of masonry drops considerably when 
interior insulation is added to an external wall. When indoor air 
humidity comes into contact with this cold masonry, it condens-
es into water. Buildings that have timbered beams in the ceiling 
run the risk of having the ends of the beams, which are anchored 
in external masonry, exposed to high amounts of moisture, po-
tentially resulting in considerable damage to the structure.

When interior insulation is added to post-and-beam struc-
tures, there is a risk of wind-driven rain and/or indoor humidi-
ty entering the structure and building up. Once again, the result 
can be considerable damage.

Geometry-related insulation restrictions occur when com-
ponents cannot be retrofitted with insulation because of the 
building’s geometry. For example, windows and doors directly 
next to a building’s interior corner would be partly covered if 
insulation were added to the external wall. A thick layer of in-
sulation could also greatly reduce the amount of space in open 
loggias.

B.	NoN-TechNIcAl	INsulATIoN	ResTRIcTIoNs
Insulation restrictions resulting from regulations occur when 
other regulations override the targets of the Energy Conserva-
tion Ordinance. For example, Section 24 EnEV stipulates that 
heritage buildings are exempt from the insulation requirement. 
Emergency exit balconies also have to have a minimum width, 
which must not be compromised by insulation thickness.

Aesthetics-related insulation restrictions. Some buildings 
have an appearance that would be particularly detrimentally 
affected by insulation. Examples include traditional construc-
tion methods that are not under heritage protection, such as 
masonry in northern Germany and decorative plaster façades 
on Wilhelminian style buildings.

Behaviour-related insulation restrictions concern building 
users whose behaviour prevents the addition of the insulation 
required by the Energy Conservation Ordinance. Examples in-
clude building owners who do much of the work themselves 
and may not know what is required by law. Elderly building 
owners may also believe that they will not be in the building 
long enough for the renovation to pay off.

One common insulation restriction is the alleged economic 
inefficiency of insulation. On closer inspection, however, the 

A. Technical insulation restrictions B. Non-technical insulation restrictions 
Design Regulations 
Construction physics Economic disinterest 
Geometry Insufficient willingness to change 

 

Table	1.	Types	of	insulation	restrictions.
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cost argument usually turns out to be the result of one of the 
aforementioned obstacles. Put differently, the inefficiency of in-
sulation is not itself yet another cause of insulation restrictions, 
but rather quite often merely the result of the items listed above. 
Restrictions make it harder to add insulation; investment costs 
increase, and efficiency decreases. A lot of insulation restric-
tions would not exist if funding were available in unlimited 
quantities. 

In extreme cases, an old building can be torn down and re-
placed by a new one not subject to insulation restrictions. This 
study therefore defines a building owner with maximum ambi-
tions, but one who is nonetheless “reasonable.” Construction 
measures that this fictitious building owner would not under-
take define the insulation restrictions.

In defining insulation restrictions, considerations of efficien-
cy come in between two extremes. On the one hand, a large 
number of technical insulation restrictions would not occur if 
efficiency were not considered. In other words, basically every-
thing could be insulated if money were no object. On the other 
hand, it could be assumed that there is an economic optimum 
for insulation resulting from the (lowest possible) investment 
costs and the (highest possible) reduction of fuel costs. If this 
optimum is the goal, all types of insulation that would worsen 
this cost-benefit ratio should be avoided. These types of insula-
tion would then also be considered insulation restrictions.

Of course, both of these extremes have little to do with reality 
on construction sites. In actual renovation projects, the calcu-
lation is mixed, with the more economical measures counter-
balancing the less economical ones. A lot of insulation work 
is performed for more than just energy reasons. Often, for in-
stance, the building’s value is to be retained, indoor comfort is 
to be increased, and the building is to be made more attractive 
on the rental market. These factors are, however, hard to quan-
tify when calculating economic efficiency. In other words, not 
every insulated building component has to pay for itself by off-
setting fuel costs when a building is renovated to reduce energy 
consumption. It therefore does not make sense to break down 
the calculation of payback by individual building components.

survey
A survey was taken among energy consultants, planners, and 
others in the construction sector to determine how often indi-
vidual restrictions apply in practice. The survey was based on 
multiple-choice questions. Participants were asked to state how 
often 63  individual insulation restrictions occur in practice. 
They also had the opportunity to name and assess additional 
restrictions and write comments. A total of 496 people took 
part in the survey, 364 of whom filled out the entire survey 
(132 did not).

Figure  1 shows the participants’ assessments by building 
component. The question was: “How often in practice do you 
have a situation in which a building component cannot be 
properly insulated or cannot be insulated at all?” Clearly, in-
sulation restrictions affect windows the least (long dark bars). 
Overall, insulation restrictions affect walls and floors touching 
the ground the most (longest light bars).

The survey results were weighted according to the surface 
of the building component in question to see how relevant in-
dividual restrictions are. Furthermore, account was taken of 
whether the building components in question can be insulated 
at all and to what extent. The following insulation restrictions 
are highly relevant for heat demand in this assessment:

• Visible masonry with external insulation.

• External walls with heritage protection and external insula-
tion.

• Risk of moisture damage with internal insulation for exter-
nal walls.

• (Decorative) plaster with internal insulation on external 
wall.

• Topmost floor ceiling not accessible.

• Clearance insufficient if basement.

• Ceiling is insulated.

• Walls and floors touching soil.
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 Figure 1. Assessments from all survey participants by building component affected by insulation restrictions.



5A-228-13 MELLWig ET AL

1216 ECEEE 2013 SUMMER STUDY – RETHinK, REnEW, RESTART

5A. CUTTing THE EnERgY USE oF BUiLDingS: pRoJECTS AnD TECHnoLogiES

• Architecture/appearance if external walls have external in-
sulation.

• External walls with heritage protection and internal insula-
tion.

• Plaster/ornamentation with external insulation.

• Piping below ceiling with insulation applied to basement 
ceiling.

• Architecture/appearance when windows are replaced.

• Insulation of vaulted ceilings.

The participants mainly mentioned non-technical insulation 
restrictions in their comments. The most common mentions 
were:

• Building owners not informed or motivated.

• Concern about unpleasantness/dirtiness during construc-
tion phase.

• Building owners too old.

• Requirements too strict and funding too scarce.

• Insulation already in place, retrofit inefficient.

• Costs cannot sufficiently be passed on to tenants.

Quantification	of	insulation	restrictions

AppRoAch
Insulation restrictions cause higher heat loss than regularly 
insulated building components do. The extent of heat losses 
caused by insulation restrictions is calculated using the com-
mon formula for thermal conductivity.

Φ = U · A · ΔΘ

where 
Φ is the heat output, 
A is heat-conducting surface, 
ΔΘ is temperature difference on the two sides of the surface 

and 
U the thermal transmittance coefficient.

The heat-conducting surface (A) depends on the kind of insula-
tion restrictions. It can be very small or cover the entire building 
envelope. The temperature difference (ΔΘ) depends upon the 
outdoor and indoor temperatures. The indoor temperature is 
assumed to be 19 °C (in accordance with DIN 4108-6: Bound-
ary conditions for monthly balances). Outdoor temperatures 
were calculated for each month based on the German reference 
climate (DIN 4108-6: Reference values for radiation intensities 
and outdoor temperatures for the German reference climate).

The thermal transmittance coefficient (U) results from the 
layer thickness and material values of the building component 
in question. To determine the heat losses caused by insulation 
restrictions, however, the difference between the target value for 
the thermal transmittance coefficient and the actual minimum 
value attained with the insulation restrictions must be used. 

The approach described allows the amount of heat losses due 
to an insulation restriction to be calculated. To calculate the dif-

ference of heat transmissivity coefficients (ΔUDR) for all build-
ings in Germany, the following factors had to be addressed:

• What is the typical thermal transmittance coefficient for 
building components without insulation? 

• Which requirements must be fulfilled when a component 
is insulated?

• How are components usually insulated?

• What kind of insulation restrictions occur?

• Which insulation thicknesses are feasible with specific in-
sulation restrictions?

For the determination of the nation-wide heat-conducting 
surfaces (A), these questions must be investigated:

• What kinds of buildings exist in Germany? 

• Which insulation restrictions occur to what extent with 
these building types?

• How many buildings of each type are there?

• How large are the typical building component surfaces?

• How large are the typical surfaces for individual insulation 
restrictions?

Even one single type of component can contain several sub-types. 
As the sub-types may cause very specific insulation restrictions 
they need to be regarded separately. Figure 2 shows four sub-
types of masonry walls which each cause specific restrictions.

To estimate heat losses caused by insulation restrictions in 
the way described, a calculation model was created to deter-
mine losses for each building component and building type. 
The model was based on a spreadsheet application. The data 
used for existing residential buildings are based on typologies 
from the Institut Wohnen und Umwelt (IWU 2005). As the 
available data for the stock of non-residential buildings and 
their heat-conducting surfaces is very poor, several studies and 
statistics were combined (Kleemann, Hansen 2005, BMVBS 
2011, Kohler et al. 1999, BKI), and additional calculations had 
to be made. The model takes account of the size and number of 
buildings affected along with the surfaces and heat properties 
of the components. The individual insulation restrictions were 
quantified based on the availability of data. 

For instance, the number of heated heritage sites was taken 
from state heritage registries. The frequency of visible masonry 
façades and other façades considered worthy of protection was 
determined based on aerial photos. Other insulation restric-
tions were assigned to specific building types or age groups. 
To the extent necessary, insulation restrictions were subdivided 
into categories, and account was taken of their frequency and 
maximum insulation thickness. 

QuANTIfIcATIoN	exAmple:	heRITAge	BuIldINgs	
The “heritage protection façade” restriction, for instance, was 
broken down into four subcategories. It is easier to assign indi-
vidual subcategories to specific age classes and building types 
for quantification. The subcategories are shown in Table 2 with 
a description of the specific insulation restrictions. The total 
quantified heat demand that results from this insulation re-
strictions is shown in Figure 3.
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Figure 2. Options for a wall structure with single and dual-shell visible masonry.

Heritage buildings with 
ornamentation only on 
one external wall  

This insulation restriction mainly concerns buildings from the 
Wilhelminian era (up to 1918). Here, there is a salient amount of 
decorated façades facing the street that cannot be insulated from 
the outside. It is assumed that the other external walls can have 
modern insulation added. It is also assumed that 15 percent of 
residential and non-residential buildings from this era are affected. 
From 1919 to 1957, it is assumed that 0.5 percent of buildings have 
this kind of ornamental façade.  

Heritage buildings that 
can be insulated with 
thin insulation on all 
sides 

This insulation restriction especially concerns buildings constructed 
from 1919 to 1957 and, to a lesser extent, buildings constructed up 
to 1968. Generally, a three to four-centimeter layer of insulating 
plaster is added. Buildings constructed from 1919 to 1948 are the 
focal point of this type of insulation restriction, with five percent of 
them affected. Only four percent of buildings from 1949 to 1957 are 
affected, compared to only one percent of those up to 1968.  

Heritage buildings with 
restrictions on interior 
insulation 

This insulation restriction especially affects buildings with timbered 
beams in the ceiling, generally in buildings up to 1957. While five 
percent of buildings up to 1918 are affected, only 0.5 percent of 
those from 1919 to 1957 are. In contrast, 67 percent of post-and-
beam buildings, which are especially demanding in terms of 
construction physics, are assumed to be subject to this insulation 
restriction. A large number of post-and-beam buildings have 
heritage protection, and external insulation is generally not an option 
for such heritage-protected buildings; in addition, interior insulation 
in such buildings is always especially demanding. For all of the age 
groups specified, thinner insulation (four centimeters) is assumed, 
putting the insulation layer's thermal conductivity below 1.0 W/m²K, 
a target specified in several studies (Stopp, 2003). 

 

Heritage buildings that 
cannot be insulated 

This restriction concerns buildings that are to be preserved both 
inside and outside, for instance to protect ornamentation on the 
façade and interior. No insulation can therefore be retrofitted. The 
share of buildings subject to this restriction is estimated at two 
percent for buildings from 1918 or earlier, compared to one percent 
of buildings from 1919 to 1948 and 0.5 percent of those from 1949 
to 1957. The number is estimated at 20 percent of post-and-beam 
buildings.  

 

Table	2.	subcategories	of	building	insulation	restrictions	in	heritage	buildings.
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ResTRIcTIoNs	fRom	low	RegulAToRy	ReQuIRemeNTs
In addition to insulation restrictions for individual building 
components, there are systematic insulation restrictions for 
entire buildings. They are derived from a requirement level that 
is simultaneously too low to fulfil the energy concept’s future 
requirements and too high to ensure that further energy im-
provements are affordable in the next renovation cycle.

The payback on energy renovations largely depends upon the 
energy quality of the building before renovations. The worse a 
building is insulated to begin with, the greater the savings po-
tential is. Because a large share of the renovation costs generally 
does not depend upon the building’s condition (such as the cost 
of façade scaffolding, plasterwork, etc.), renovations of poorly 
insulated buildings usually have a faster payback than better 
insulated ones. Energy renovations of unrenovated buildings 
constructed before the first Insulation Ordinance (1977) fre-
quently pay for themselves given current energy prices (dena 
2011). 

A complete renovation of such buildings to the standard 
for new buildings in EnEV 2009 improves heat transmissivity 
losses (HT’) by around 70 percent. Buildings constructed after 
the second Insulation Ordinance (1984) are now entering their 
first round of renovations. Because their starting point is better, 
the payback on energy renovations is generally slower.

The thermal transmittance coefficient of a renovation project 
in compliance with the standard for new buildings in EnEV 
2009 would be improved by around 50 percent. Buildings con-
structed in accordance with EnEV 2002 are scheduled to enter 
their first round of renovations before 2050. The savings poten-
tial from these buildings, however, is considerably lower than 
with older buildings. The thermal transmittance coefficient of 
a renovation project in compliance with the standard for new 
buildings in EnEV 2009 would be improved by around 33 per-
cent. The cost of additional insulation will not pay for itself 
in terms of offset energy costs. Even if we assume that energy 
prices will increase during this timeframe far faster than the 
cost of renovations, the affordability of such future insulation 
work is very questionable.

When standards for currently built or renovated buildings 
are too low, these buildings become “locked in” to their energy 
level.

comparison	of	Restrictions
The greatest losses caused by insulation restrictions occur on 
external walls. Basement ceilings and components touching the 
soil are the second biggest group. In contrast, topmost story 
ceilings that cannot be insulated play only a minor role (Fig-
ure 5).

At present, insulation restrictions only make up around five 
percent of demand for heating energy in Germany. However, 
insulation restrictions only crop up when the building is to be 
renovated – in other words, the more extensive the renovation, 
the greater the share of restrictions. 

Figure 6 shows the temporal trend. Renovations reduce de-
mand for heat, and heat losses from insulation restrictions si-
multaneously increase. However, the calculation assumed that 
buildings entering their second renovation cycle are renovated 
more thoroughly, thereby reducing a wide range of insulation 
restrictions. This contrary effect means that heat losses from 
insulation restrictions will taper off at a certain level.

Figure 6 shows the progression until a plateau is reached. At 
that point, Germany’s entire building stock has been renovated 
to an ambitious energy level. Demand for heat will then drop 
to around 42 percent of the current level, at which point insu-
lation restrictions will make up 28 percent of total demand for 
heating energy.

outlook
The analysis shows that the government’s targets – reducing 
the current primary energy demand by 80 percent – cannot be 
reached only by means of insulation. Renewable energies and 
efficient technologies need to provide high energy savings. The 
political framework has to anticipate and promote this process.

The heat loss from insulation restrictions has to be compen-
sated in constructions without restrictions as far as possible. 

 
 

Figure 3. Effects of the “external wall (with heritage protection)” insulation restriction on the amount of heat that cannot be insulated in 
2012 – equivalent to about 17 PJ, less than one percent of total demand for heating energy in Germany.
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This means that higher standards are needed even for retrofit 
insulations. The energy standards for new buildings have to be 
orientated at future standards to avoid that these buildings be-
come “locked in” in low-class energy performance. New build-
ings at today’s standards will be economic insulation restric-
tions in 2050. In other words, insulations can be assigned to the 
categories “helpful to reach the aims in 2050” and “not helpful 
to reach the aims in 2050”.

As many insulation restrictions refer to non-technical caus-
es, such as insufficient willingness and insight, a higher level of 
information and education is needed as well. Motivating the 
people also includes concerted policy actions and targeted ap-
proach. This means effective funding programs, ambitious leg-
islation, and comprehensive information. Details of such policy 
packages are documented in another eceee paper (Pehnt et al. 
2013).
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Figure 4. Lock-in effect: Insulation restriction due to requirements in the 2002 building code (EnEV: Energy Savings Ordinance) become 
effective in a few decades.
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Figure 5. Comparison of insulation restrictions by components affected.



5A-228-13 MELLWig ET AL

1220 ECEEE 2013 SUMMER STUDY – RETHinK, REnEW, RESTART

5A. CUTTing THE EnERgY USE oF BUiLDingS: pRoJECTS AnD TECHnoLogiES

Bibliography
Arbeitsgemeinschaft Mauerziegel im Bundesverband der 

Deutschen Ziegelindustrie e. V. 2005. Wärmeleitfähigkeit 
von Ziegelmauerwerk im historischen Wandel. Bonn: 
2005.

Arbeitsgemeinschaft Mauerziegel im Bundesverband der 
Deutschen Ziegelindustrie e.V. 2005. 2005. AMz-Bericht 
8/2005.

BBSR – Bundesinstitut für Bau-, Stadt- und Raumforschung. 
2009. Auslegung XV-2 zu § 10 Absatz 3 und 4 EnEV 2009: 
BBR, 2009.

BKI Baukosteninformationszentrum Deutscher Architek-
tenkammern, Freund et al. 2004. Stuttgart: Baukosten-
informationszentrum Deutscher Architektenkammern 
GmbH, 2004. Objektdaten N4, N6-N8.

BKI. 2011. Deutscher Architektenkammern, Stuttgart: Objek-
tdaten Energieeffizientes Bauen, 2011.

—. 2011. OBJEKTDATEN Energieeffizientes Bauen E4: Bau-
kostenindex, Füßler, Pilz, 2011.

BMVBS & BBSR ed. 2011. Struktur der Investitionstätigkeit 
in den Wohnungs- und Nichtwohnungsbeständen. Berlin: 
2011. Endbericht für das BBSR – Forschungsvorhaben, 
Auftragnehmer: Heinze GmbH.

BMVBS, Dirlich et al. 2011. Typologie und Bestand beheizter 
Nichtwohngebäude in Deutschland. Berlin: 2011. Wis-
senschaftliche Begleitung: BBSR und BBR Bearbeitung: 
Leibniz-Institut für ökologische Raumentwicklung und 
Ingenieurbüro Petereit.

DLR, Fraunhofer IWES, lfnE, Nitsch. 2011. „Leitstudie 2011“ 
Langfristszenarien und Strategien für den Ausbau der 
erneuerbaren Energien in Deutschland bei Berücksich-
tigung der Entwicklung in Europa und global. Stuttgart, 
Kassel, Teltow: 2011.

EULEB. 2007. European High Quality Low Energy Buildings. 
www.EULEB.info: Project-No.: EIE-2003-172 EULEB, 
2007.

Forschungszentrum Jülich, Kleemann u. Hansen. 2005. Evalu-
ierung der CO2 – Minderungsmaßnahmen im Gebäude-
bereich. Jülich: 2005. Contracted by BBR.

Forschungszentrum Jülich, Markewitz und Stein. 2003. Das 
IKARUS-Projekt: Energetische Perspektiven für Deutsch-
land. Jülich:, 2003. Abschlussbericht des Projektes IKA-
RUS, Schriften des FZ Jülich, Reihe Umwelt, volume 39.

Hochschule für Technik Stuttgart, Pietruschka et al. 2011. 
“Energetische und akustische Sanierung von Wohnge-
bäuden – vom Altbau zum akustisch optimierten Pas-
sivhaus”. Institut für angewandte Forschung Zentrum 
für akustische und thermische Bauphysik. Stuttgart: s.n., 
2011. Programm “Lebensgrundlage Umwelt und ihre 
Sicherung” (BWPLUS).

IWU. 2005. Deutsche Gebäudetypologie. Darmstadt: 2005. 
Systematik und Datensätze.

—. 2003. Deutsche Gebäudetypologie. Darmstadt: 2003. 
Systematik und Datensätze.

IWU u. Bremer Energie Institut, Diefenbach et al. 2010. 
Datenbasis Gebäudebestand. Darmstadt: 2010. Datener-
hebung zur energetischen Qualität und zu den Modernis-
ierungstrends im deutschen Wohngebäudebestand.

—. 2010. Zusammenfassung zum Forschungsprojekt 
“Datenbasis Gebäudebestand – Datenerhebung zur ener-
getischen Qualität und zu den Modernisierungstrends im 
deutschen Wohngebäudebestand”. Darmstadt: 2010.

IWU, Diefenbach u. Loga. 2011. Basisdaten für Hochrech-
nungen mit der Deutschen Gebäudetypologie des IWU. 
Darmstadt: 2011. Neufassung.

IWU, Institut Wohnen und Umwelt GmbH. 2011. Basisdaten 
für Hochrechnungen mit der Deutschen Gebäudetypolo-
gie. Darmstadt: 2011.

IWU, Loga et al. 2011. Deutsche Gebäudetypologie. Darm-
stadt: 2011. Beispielhafte Maßnahmen zur Verbesserung 
der Energieeffizienz von typischen Wohngebäuden.

0

500

1000

1500

2000

2500

3000

3500

4000

2010 2015 2020 2025 2030 2035 2040 2045 2050

PJ Heat	  loss	  from	  insulation	  restrictions

Demand	  for	  heating	  energy

Zone	  1:
energy	  savings
from	  insulation

Zone	  2:
socket	  of	  heat	  loss

Zone	  3:	  insulation restrictions

 
 

Figure 6. The development of heat demand and heat losses from insulation restrictions up to a saturation phase.
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