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The minimum energy performance requirements as requested by 
Article 4 of the Energy Performance of Buildings Directive are in 
most countries set by limiting the net, final or primary energy 
demand or the CO2 emissions of a building depending on the 
building type and/or building geometry. Some countries have 
additionally defined maximum U-values for single components or 
the whole building envelope. A new way of limiting the energy 
demand of buildings is to define reference buildings with reference 
technologies that are used for comparison with the planned building 
characteristics. 

 
 
 
 
 
 
 
 
 
 
 
 

1 > The challenges of fixing the energy performance 
requirements by limiting the energy demand of buildings 

 
 
 The various methodologies for calculating the energy performance of 

buildings cover many different building types and uses. From dwellings of 
different sizes to a wide variety of non-residential buildings with different 
usages, the energy performance has to be calculated for all of them. So 
when fixing the maximum amount of energy demand, how to reflect the 
different building sizes, the different user profiles and often mixtures of 
user profiles within one building, e.g. an office building with shops on the 
ground floor? 

 
 
 
 

 
One solution is to set many building type-dependent maximum energy 
demands. They can reflect the building geometry by, for example, linking 
them to the surface-to-volume-ratio of the building. However it is still 
problematic to fix them equally for all buildings. 
 
The usages can be represented by usage profiles which may include the 
following characteristic values: 
 
› occupancy times of the building (daily start and end times, days per 

week, holidays, usage times during daylight and at night) 

 



  
› usage times of the heating, lighting, ventilation and cooling systems  
› requirements for the lighting level  
› necessary ventilation rate based on hygienic requirements  
› internal gains generated by people, equipment, etc.  
› relative presence of the occupant (business travels, etc.)  
› domestic hot water demand  
› etc.  
  
This means that a building with a high user dependent ventilation rate such 
as restaurant kitchens, theatres, auditoriums or similar will have a higher 
energy consumption because of the higher ventilation losses than a single 
family house. There are other influencing factors such as higher internal 
gains that may compensate for some differences in the heating energy 
requirements, but not if regarding cooling energy needs. 

 
 
 
 
 
 

  
Usages with high quality lighting requirements such as offices or reading 
rooms in libraries will need much higher electrical energy for lighting than 
for example restaurants or storage halls. 

 
 
 

  
All these make the definition of energy performance requirements for the 
different building types a difficult task. 
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Figure 1. Energy performance requirements for buildings dependent on the 
surface-to-volume ratio. This example from Germany shows energy 
performance requirements for residential buildings only with electrical 
domestic hot water production as the highest level (solid line) and the 
strongest possible requirements for other DHW production systems (dashed 
line).  

2 > The reference building approach 

So if a general, i.e. usage independent limit of energy demand is not easily 
defined, what else can be done? The earlier energy decrees of most 
countries had defined maximum U-values for each building component. 
This approach is still used in some countries. However it prohibits having a 
better insulation quality at some building parts in order to balance a lower 
quality at other parts. Of course it is always possible to have an improved 
quality at some or even all building parts. 
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The Energy Performance of Buildings Directive requires further 
development of defining minimum qualities of the components by the need 
to integrate the building systems. Therefore a possible approach is to set 
minimum qualities for the components and also for the efficiency of 
building systems.  
 
To improve the efficiency of some systems/components in order to balance  
slightly lower efficiency of other components, minimum requirements 
should no longer be used. Instead a set of reference technologies can be 
defined which is showing a way to meet the overall minimum energy 
performance requirements and by resulting in a certain building dependent 
maximum energy consumption is setting the benchmark for all possible 
other components and technologies. 
 
In detail the reference building approach works like this: 
The real building (new or existing) is mirrored with its geometry, its usage 
profile(s), its definition of heated, ventilated, cooled and with electrical 
light and domestic hot water supplied areas into a so-called reference 
building. For this reference building however the building components and 
building systems are not calculated with the designed or existing values, 
but with a set of reference technologies. These reference technologies are 
defined in detail in a table in the energy decree. They should represent 
the current status of good practice technologies. The energy performance 
calculation of the mirrored building together with the reference 
technology gives the maximum allowed primary energy demand or CO2 
emission for the real building.  
 
The real building may have different component qualities, different 
heating, ventilation, cooling and lighting systems and efficiencies, the 
overall primary energy demand however has equal or below the value of 
the reference building. In practice it means that each building that applies 
all the defined reference technologies will meet the requirements, but 
also buildings that perform better in some parts and slightly worse at 
others can succeed.  
 
The reference building and technology method for setting requirements 
can be accompanied by additional requirements such as limits for the 
mean U-value of the building envelope to make sure that there will be no 
low quality buildings regarding the thermal insulation that meet the 
general energy performance requirements simply because of a low primary 
energy factor of the used energy carrier (e.g. biomass). Another additional 
requirement could be the use of a minimum ratio of renewable energies 
for the building systems. Furthermore influence factors like the window 
ratio or the orientation, etc. could be fixed for the reference building. 
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Figure 2. Schematic diagram of the reference building approach including 
identical and different influencing factors of the planned and the reference 
building. 

 
 
 
 

3 > An exemplary set of reference technologies   
 How should a set of reference technologies be defined? The following list 

shows the different fixed building and system characteristics in one of the 
countries using the reference building method: 

 
 
   › mean U-value of the building envelope (dependent on surface-to-

volume ratio and window ratio)  
 › total solar energy transmittance (depending on the window type, e.g. 

at facade or at roof)  
 › total light transmittance (depending on the window type, e.g. at 

facade or at roof)  
 › building air-tightness  › type of solar protection  › lighting system (direct/indirect, lamp and ballast)  › control of lighting system 

› heating system (generation, distribution) 
› domestic hot water system (generation, storage, distribution) 
› air conditioning (fan loads, heat recovery rate, humidity system type, 

etc.) 
› cooling load of zones 
› cooling system (type, electrical load, type of pump, control, etc.) 
› cooling generation (type of generator, etc.) 
› usage boundary conditions 



4 > Pros and cons of the reference building approach 4 > Pros and cons of the reference building approach 

In paragraph 2 some of the advantages of the reference building approach 
for setting minimum energy requirements have been presented. The 
following table lists both the advantages and the disadvantages of the 
reference building approach. 

In paragraph 2 some of the advantages of the reference building approach 
for setting minimum energy requirements have been presented. The 
following table lists both the advantages and the disadvantages of the 
reference building approach. 
  

Advantages Advantages Disadvantages Disadvantages 

› energy performance 
requirement tailored to all 
building types and usages 

› mixed building usage can be 
correctly implemented 

› the reference technologies can 
be easily adapted according to 
future development of good 
practice technologies or 
stronger energy performance 
requirements 

› costs for minimum 
requirements in buildings can 
be easily estimated 

› design effort can be reduced by 
applying the complete set of 
reference technologies 

› can be applied in all European 
countries as the reference 
technologies can be defined 
nationally 

› independent from the 
calculation procedure 

› difficult to predict the 
maximum allowed energy 
demand of a certain building 
type and use (without 
calculation of an actual 
building) 

› an energy-efficient building 
design concerning the geometry 
or compactness is not rewarded 

› danger of promoting certain 
(reference) technologies 
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