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domestic hot water has to be determined with two Ger-
man standards: DIN V 4108-6 and DIN V 4701-10 
(DIN standard committee, 2000/2001). Also minimum 
requirements on the energy performance of new buil-
dings and for major renovations at existing buildings 
have been applied since a long time, see Figure 1.

Figure 1. History of the minimum energy performance require-
ments in Germany.

However the energy performance assessment for non-
residential buildings including the primary energy de-
mand for heating, ventilation, domestic hot water plus 
for cooling and lighting was not possible with the exi-
sting calculation standards. Therefore the German go-
vernment gave the mandate to the standard committee 
to develop a new calculation code which covers all the 
necessary energy parts, the new DIN V 18599 (DIN 
standard committee, 2005/2007).
Since also the issuing of energy performance certificates 
had not been realised in a big scale, especially not for the 
existing building stock, the Ministry of Transport, Buildings 
and Urban Affairs decided to initiate a field test for both, the 
residential buildings and the non-residential buildings.

2. FIELD TEST FOR RESIDENTIAL AND NON-RE-
SIDENTIAL BUILDINGS

The German Energy Agency dena managed both field 
tests. The Fraunhofer Institute of Building Physics was 
a major contributor to the evaluation of the field tests.

2.1 Field test for residential buildings
In 2004 the first field test was started with the focus on 
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ficate, the necessary expertise of the issuers, the durati-
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The second half of the paper deals with experiences 
made at Fraunhofer Institute of Building Physics with 
issuing of national and international energy perfor-
mance certificates for well-known buildings such as 
the Berlaymont building (Brussels), several German 
ministry buildings (Berlin), a high-performance office 
building in China (Shanghai) and two European schools 
(Brussels).

1. INTRODUCTION
The European Directive 2002/91/EC on the Energy Per-
formance of Buildings (EPBD) (European Commission, 
2002) demands that all member states of the EU include the 
following in their legislation on building by January 2006:
- a methodology for the calculation of the  energy per-
formance of buildings;
- the application of minimum requirements on  the ener-
gy performance of new buildings,  and of existing buil-
dings that are subject to  major renovation;
- energy certification of buildings
- regular inspection of boilers, air-conditioning  systems 
and assessment of heating systems with boilers that are 
more than 15 years old.
In the case of Germany there was already a methodo-
logy for the calculation of the energy performance of 
buildings in use that satisfied the requirements for resi-
dential buildings. According to the Energieeinsparver-
ordnung (Energy Saving Decree, German Government 
2002/2004) the primary energy demand of buildings 
and installation systems for heating, ventilation and 
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residential buildings. Since the calculation method was 
already known since 2002 but has been used only for 
new buildings the attention was on the application of the 
method at existing buildings, on how the energy perfor-
mance certificate should look like and if the procedure 
was accepted by different types of building owners. Ad-
ditionally possible simplifications and default values for 
the input data of the calculation were tested.
More than 1000 buildings received an energy performance 
certificates based on both calculated energy demand and 
measured consumption. Additionally the issuers were as-
ked to give tips for improving the energy performance 
of the building and to assess those in terms of reduced 
final and primary energy demand. The evaluation was 
based on the analysis of a database which was filled in by 
the issuers of the certificates, on interviews and question-
naires and on the results of workshops which discussed 
the experiences made during the field test. The database 
gave information on the building, the building owner, 
the issuer of the certificate, the software tool used for the 
calculation, the type of heating and ventilation system in 
the building, the age of the building and the installation 
systems, the results of the calculation (mean U-value, net 
heating energy demand, final energy demand for heating, 
ventilation and domestic hot water, primary energy de-
mand, saved energy according to the energy saving tips, 
CO2 emissions) and the measured energy consumption. A 
choice of calculations was analysed in detail in order to 
find out if the permissible simplifications do not deviate 
too much from the more detailed calculations.
The telephone interviews and questionnaires gave ad-
ditional answers to questions such as the outlook of the 
energy performance certificate, the practicability of the 
process, the acceptance of the building owners and the 
time and money needed for issuing the certificates. 
Figure 2 presents the two possible layouts for the energy 
performance certificates in the field test for residential 
buildings. Type A (left) is a classification into grades A 
to I, type B (right) is a so-called open scale (Bandtacho).

Figure 2. Two types of energy performance certificate layouts 
were possible in the field test for non-residential buildings.

The main results of the evaluation can be summarised 
as follows:
- the average primary energy demand for single-family 
houses was 305 kWh/m²a and for multi-family houses 
206 kWh/m²a.
- most of the single family buildings had to be classified 
in class I (> 400 kWh/m²a primary energy demand) or 
in classes E and F (200 to 300 kWh/m²a). The multi-fa-
mily houses were quite evenly distributed between class 
A and F (< 80 kWh/m²a up to 300 kWh/m²a).
- there is a clear link between the building age and the 
energy efficiency of the building. 
- the consumption data often showed deficiencies, mis-
sing data, unclear or wrong units, implausible values, etc.
- the measured energy consumption and the calculated 
energy demand was partly significantly different. In 
55 % of the buildings was the energy demand higher 
than the consumption. In 22 % of the buildings was the 
demand and the consumption within a range of +-20 
kWh/m²a and in 23 % of the buildings was the energy 
demand lower than the consumption. The deviation is 
smaller in case of the multi-family houses.
- the main reason for the building owner to pay for the 
energy performance (EP) certificate was the desire to 
know about the energy status of the building.
- the issuers are very satisfied, the private building ow-
ners satisfied to very satisfied with the process of the 
energy certification. The housing associations however 
were more critical concerning the necessary time and 
the given explanations.
- part of the certificates were made in the frame of an ener-
gy consulting (financed by the Ministry of Economy and 
Technology). The other certificates cost between 200 and 
500 €. This was for the very most of the building owners 
appropriate. More than 500 € was said to be too high.
- the certificate itself was rated as very good and repu-
table by the private building owners, a bit more critical 
by the housing associations, but still clearly positive.
- there was a free choice for the issuer between the label ty-
pes (classes vs. open scale). 55 % of the buildings received 
EP certificates with classes, 45 % with the scale. However 
when asked, the building owners, independent if private 
owner or housing association, preferred the open scale.
- the terms such as primary energy, final energy etc. are 
satisfactorily explained for the building owners. There 
were additional information for experts included as well.
-  the renovation tips were understandable yet most-
ly not new and not detailed enough. 15 % of the tips 
have been realised already. 40 % of the private owners 
said that the certificate either caused the renovation or 
made them realise the renovation earlier. The housing 
association voted by 50 % that the certificate did not 
influence the decision on the building renovation.
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- the question regarding the change in the market value 
of the building was answered positively by the private 
owners and negatively by the housing associations.
- the EPBD is welcomed by 60 % of the private owners, 
but only by 40 % of the housing associations.
- the EP certificate was not forwarded to the tenants. As 
reason were given: no interest at the tenants, certificate 
too complicated, fear of questions and necessary efforts, 
fear of demands for renovation, difference between cal-
culated demand and measured consumption.
- the issuers were mostly civil engineers (38 %) and ar-
chitects (28 %). The remaining 34 % are craftsmen with 
a further education as building energy consultants. 
- the proposed prices of 150 € (single family house) and 
250 € (multi-family house) was regarded as not cost-co-
vering. The issuer proposed 250 to 600 € for single-fa-
mily houses and 350 to 1000 € for multi-family houses. 
However they expect a better cost-covering when is-
suing additional EP certificates.
- the comparison between the simplified and the detailed 
calculation method showed some serious differences in 
the results, which led to the following recommendati-
ons for the ministry:
- simplifications shall not lead to better results. If areas 
or components are not considered this has to be balan-
ced by supplements at the losses.
- the supplements shall be made at the respective ener-
gy balance parts (transmission, ventilation, solar gains), 
not at the net heating energy demand.
- if components are not calculated due to the simplifica-
tions, then they are often not considered in the renova-
tion tips as well.
- detailed recommendations for the possible simplifica-
tions have been made.
- the default U-values based on the building age in the 
guideline have to be improved and completed.

2.2 Field test for non-residential buildings
The German field test for the non-residential buildings 
was started in 2005. Here the focus was on the applica-
tion of the new developed calculation standard DIN V 
18599. The standard is based on an holistic approach 
that includes the interference between building and sy-
stems. In order to cover all energy demands (heating, 
cooling, ventilation, hot water and lighting) the new 
standard has become a comprehensive tool that can be 
used for the assessment of nearly all possible installa-
tion systems. It is based on the division of the building 
into usage zones. 
In contrast to the residential test there was yet no commer-
cial calculation software available for the use of the issu-
ers. The reason is that the standard was only ready shortly 
before. Therefore the Fraunhofer Institute of Building 

Physics developed an excel-based calculation tool (Hött-
ges, Weiss, Erhorn, 2005) that was used by all issuers.

Figure 3. Screenshot of the Excel tool used by all issuers in the 
field test for non-residential buildings.

In between the two field studies, the German Build-
ing Ministry made decisions on the layout of the now 
seven-page energy performance certificate, one of them 
being to use the open scale instead of the classes. The 
ministry also provided three guidelines for the calcu-
lation of the energy performance, the normalisation 
of the measured data and the building inspection. The 
calculated primary demand and mean U-value and the 
measured energy consumption has to be opposed to 
building type specific comparison values. A reference 
building is used for the DIN V 18599 calculation and 
an average of various buildings for the measured data.
The questions that had to be analysed covered the 
four parts: technical bases (standard DIN V 18599), 
data acquisition, EP certificate, market acceptance. 
The test was run at 39 buildings with different us-
age (public and private office buildings, town halls, 
libraries, museums, schools, research buildings, ho-
tels, youth centres, sports halls, event buildings, com-
munity centres, hospitals and nursery homes and a 
fire department). All but three were categorised as 
existing buildings, the others were built 2004 or lat-
er. The main results of the evaluation are as follows:
Analysis of the EP certificates and calculations:
- the calculated primary energy demand was between 
72,2 and 1100,5 kWh/m²a with about 2/3 of the build-
ings between 100 and 300 kWh/m²a. Compared to the 
requirements according the new energy decree EnEV 
(Energieeinsparverordnung, Ministry of Transport, 
Buildings and Urban Affairs, 2005/2007) had 55 % of 
the buildings a lower demand than allowed and about 1/3 
a higher demand than allowed. The remaining buildings 
had EP values very close to the requirements. Compared 
to the residential study there was more compliance 
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between the calculated value and the required value.
- the average energy balance parts at the final energy 
was: heating 175 kWh/m²a, hot water 25 kWh/m²a, 
lighting 21 kWh/m²a, ventilation 11 kWh/m²a and cool-
ing 8 kWh/m²a. When using the primary energy demand 
as criteria: heating 164 kWh/m²a, hot water 30 kWh/
m²a, lighting 57 kWh/m²a, ventilation 29 kWh/m²a and 
cooling 21 kWh/m²a. The reason for the differences are 
of course the primary energy factors used in Germany 
and the different fuel types used in the buildings. 
- the issuers have chosen to use between 3 and 12 zones, 
with 8 zones being the average. Here a better guideline 
is necessary since regular offices should be applicable 
with about 5 zones.
- the measured heating energy consumptions were be-
tween 39,6 and 364,5 kWh/m²a. The comparison value 
based on many buildings of the same type  was for 1/3 
of the buildings lower, for 1/3 higher and for 1/3 at 
about the same dimension. The mean deviation was less 
than 10 %.
- the comparison between the calculated final energy 
demand for heating and the measured heating consump-
tion showed an in average 20 % higher value of the 
calculated demand. The differences were partly higher 
than 100 kWh/m²a and were to both sides. 
- the calculated primary energy reduction due to the ren-
ovation tips was between 4,4 and 74 % with the average 
being 35 %.
- the scale for the primary energy demand of the build-
ings running from green to red was quite evenly distrib-
uted. The scale for the measured heating energy con-
sumption was concentrated in the yellow area, whereas 
the scale for the measured electricity consumption 
showed 14 buildings in the red area. However there was 
an accordance of 40 % of the buildings at the colour of 
the scales concerning demand and consumption. A stric-
ter definition of the scale range was recommended.
Analysis of the questionnaires for the issuers:
- 50 % of the issuers welcomed the detailed calculation 
method, the other half proposed simplifications espe-
cially for existing buildings.
- an appendix to the standard with fixed system configu-
rations and additional user profiles was suggested.
- all but one issuer have used the simplifications out of 
the building inspection guideline and ¾ of them judged 
them as practicable.
- the analysis of the consumption data (different metres, 
different time phases) proved to be difficult for 44 % 
of the issuers. The comparison values for the measured 
consumption have to be extended and partly improved.
- the excel tool was assessed to be very helpful, how-
ever 60 % of the issuers plan to change to commercial 
tools when available.

- the necessary time for the different parts of work was 
in average as follows:
- intake interview: 4,9 hours
- building inspection (measured consumption): 6 hours
- building inspection (calculated demand): 44,5 hours
- calculation for measured consumption (normalisati-
on): 15,7 hours
- calculation of primary energy demand (DIN V 18599): 
63,8 hours
- handover of EP certificate and explanations to the 
building owner: 4,7 hours
- the issuers expect an average of 25 % reduction of 
their efforts, when issuing additional certificates.
The building owners were also interviewed and based 
on the results of all analyses several recommendations 
for the further development of the process were made.

3. CERTIFICATES FOR WELL-KNOWN NATIONAL 
AND INTERNATIONAL BUILDINGS

The Fraunhofer Institute of Building Physics issued va-
rious national and international EP certificates. The follo-
wing list gives an overview on the buildings concerned:
- Berlaymont building, Brussels (head office of the Eu-
ropean Commission), 2005
- two office buildings for a insurance company in Mu-
nich, 2005
- community centre of the protestant church in Stutt-
gart-Sonnenberg, 2005
- townhall in Essen, 2005
- Financial Ministry of Rheinland-Pfalz, Mainz, 2005
- an office building and a multi-functional building ow-
ned by a construction company in Eschweiler and Er-
furt 2005/2006
- Federal Ministry of the Environment, Nature Conserva-
tion and Nuclear Safety in Berlin, 2006, (two buildings)
- 2 European schools in Brussels, 2006
- Pujang office building in Shanghai, China, 2006
- Federal Ministry of Transport, Buildings and Urban 
Affairs in Berlin, 2006
- a school in Karlsruhe and the townhall in Möckmühl 
for an energy industry company, 2007
- the Fraunhofer Gesellschaft head quarter in Munich 
„Fraunhofer-Haus“, 2007
End of 2004 Fraunhofer-IBP was first to apply the Ger-
man standard DIN V 18599 at a real building. As Ger-
man representative in the European project for issuing 
energy performance certificates for the Berlaymont 
Building in Brussels, first experiences with the buil-
ding data input, the calculation and the production of an 
EP certificate in comparison with other countries have 
been made. Besides Germany only 5 nations were at 
that time ready to use the new standards and tools for 
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the EPBD implementation. The idea of the project was 
not to check for conformity of the different certificates 
and calculation methods, but to show that at that time 
already some countries were ready. Additionally they 
wanted to present how an EP certificate can look like. 
The certificates were handed over at a press event and 
are now presented inside the building. The European 
Commission has written a summary report on the pro-
ject (European Commission, 2005). In all EP certifica-
tes the building was assessed at least as comparable to a 
new building of the same type, see Figure 4.

Figure 4. EP certificates for the Berlaymont building from Ger-
many, Portugal, France and the Netherlands.

The next big step was the issuing of an EP certificate for 
the first community centre with a church in Europe in 
2005. The project included a detailed inspection of the 
building, the certificates for both calculated demand and 
measured consumption and an energy and cost-related 
assessment of possible renovation measures. In 2006 the 
church decided to realise some of the measures eg. a wood 
pellet burner. The calculated primary energy savings be-
cause of the renovation are 180 kWh/m²a, see Figure 5.

Figure 5. EP certificate for the community centre in Stuttgart 

before and after the renovation measures.

In 2006 Fraunhofer-IBP was asked to issue EP certifica-
tes for three international buildings. For the event at the 
announcement of the EU Action Plan for Energy Effici-
ency the Commission chose the German certificate as the 
most detailed one to be applied at two European schools 
in Brussels. Since the method is internationally applicab-
le the German Building Minister Tiefensee handed over 
an EP certificate for a high performance office building in 
Shanghai during his China visit, see Figure 6.

Figure 6. Press event with EU Commissioner Piebalgs at the 
hand-over of the EP certificate for the schools in Brussels (left) 
and EP certificate for the office building in Shanghai (right).
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