
1 INTRODUCTION  

Since the oil crisis in the 1970s, the first develop-
ments in energy regulations regarding the building 
sector in Germany emphasised the transmission 
losses of the building envelope, i.e. U-values. In the 
1980s, the next step towards an energy balance of 
buildings allowed for the calculation of the heat de-
mand, including ventilation losses, as well as inter-
nal and passive solar heat gains. Due to an increased 
interest in CO2 reduction, more stress was put upon 
the building service system and the calculation for 
energy use was integrated.  

In February 2002, the German Energy Conserva-
tion Regulation "Energieeinsparverordnung" (EnEV) 
became valid, formulating requirements for primary 
energy use and including additional conditions, such 
as limiting transmission losses and providing ther-
mal comfort in summer.  

1.1 Definitions 
The heat use or heat demand, i.e. the heat to be de-
livered to the heated space in order to maintain the 
internal set-point temperature, and the heat required 
for hot water represent constructional conditions of 
the building.  

The energy use additionally takes into account the 
heat losses, gains and efficiencies deriving from the 
building service system.  

The final energy use covers the heat demand 
caused by heating, hot water, the technical plant, and 
auxiliary equipment within the building, i.e. the 
bought energy. In Figure, 1 the systems’ boundaries 
can be seen.  

The primary energy use additionally includes the 
primary energy process outside of the building, i.e. 
production, transformation and transport of the en-
ergy to the interface of the building edge. 

2 REQUIREMENTS 

There are several building sectors covered by the re-
quirements of the EnEV. Generally the EnEV ap-
plies to buildings with: 
− normal internal temperature higher than 19°C, i.e. 

in residential and office buildings, schools, etc. 
− decreased internal temperature above 12°C, i.e. 

mostly in industrial buildings/halls. 
 

Different requirements are formulated for:  
− the new building sector  
− existing buildings, i.e. in the case of structural al-

terations and extensions 
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− the obligatory retrofitting and maintenance of  
technical equipment, and insulation quality, fol-
lowing special conditions. 
 

Additional requirements relate to: 
− the limitation of transmission losses to ensure the 

insulation quality of the building envelope, 
− a sufficient thermal comfort in summer, 
− the airtightness of the building envelope, 
− minimum requirements for thermal insulation and 

thermal bridges 
− the commissioning of boilers  
− the hot water supply’s distribution system 

2.1 Requirement values 
For new buildings with normal internal temperature, 
and extensions to existing buildings, the main value 
to verify is the annual primary energy use of the 
building QP referring to:  
− the heated volume Ve for non-residential build-

ings [kWh/m³a]  
or, 
− the heated floor space AN for residential buildings 

[kWh/m²a] (also marked with the small type qP).  
The calculation is based on an energy balance in-
cluding heat losses and gains. Figure 1 illustrates the 
distinction of primary energy and final energy use 
for heating, hot water and ventilation (final energy). 
The energy use for cooling and lighting is not in-
cluded in this approach. 

 

 
 
Figure 1. Principle of the building energy balance, the defini-
tion of primary and final energy and the influencing variables.  

 
For buildings with decreased internal tempera-

ture, the transmission losses referring to the heat 
loss surface A, i.e. HT' are essential. This value also 
expresses the additional requirements for limiting 
the transmission losses for buildings with normal in-
ternal temperature. The HT'-value of a building is 
similar, but not equal, to an average U-value of the 
building envelope. 

For structural alteration of existing buildings, the 
requirements affect maximum U-values of the con-
cerned building parts. Alternatively, the calculation 

of an energy balance similar to that of new buildings 
is possible. 
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Figure 2. Requirement value QP (primary energy use) for resi-
dential buildings. Distinction: different systems for hot water 
generation. 

 
The maximum values for the annual primary en-

ergy use and the transmission losses are related to 
the ratio of the heat loss surface to the heated vol-
ume of the building, i.e. the A/Ve-ratio, which repre-
sents the compactness of the building shape. As for 
the combined system used for central heating and 
hot water supply in residential buildings, the calcula-
tion of the maximum primary energy use addition-
ally takes the heated floor space, AN , into account. 
The required value for residential buildings is shown 
in Figure 2. 

3 CALCULATION METHOD 

The calculation of the primary energy use (see also 
Figure 1) has been derived from the European Stan-
dard EN 832 and adapted into the German Standards 
DIN V 4108-6 and DIN V 4701-10: 

PwhP eQQQ  )( +=  (1) 

QP = annual primary energy use [kWh/a]; Qh = heat 
demand; Qw = heat demand for hot water supply 
(only residential buildings, const.); eP = conversion 
factor for buildings’ service systems (heating, hot 
water, ventilation), i.e. reciprocal value of effi-
ciency, including primary energy process. 

The calculation methods for the efficiency of the 
technical equipment are defined in the German 
Standard DIN V 4701-10. As a simplified method 
several (> 70) pre-defined building service system 
designs are available in the 'Beiblatt' (supplement) of 
this standard and have been fully calculated. Addi-
tionally, a set of equations is provided, allowing for 
the detailed calculation of every part of the system, 
provided that all technical parameters are available.  



3.1 Heat demand calculation 
The heat demand according to DIN V 4108-6, or  
EN 832 respectively, represents the energy balance 
of the building: 

glh QQQ   η−=  (2) 

Ql = heat loss due to transmission and ventilation 
[kWh/a]; η = utilization factor for the gains;  
Qg = internal and passive solar heat gains. 

The calculation of the energy balance is based 
upon a monthly method for a single-zone building 
model or, alternatively, a seasonal calculation as a 
simplified method for residential buildings with a 
limited fraction of glazed facades.  

3.2 Features of heat demand calculation 

3.2.1 Transmission losses and thermal bridges 
The transmission losses of the envelope include ad-
ditional losses due to thermal bridges. The symbol 
for this, represented by the correction value  
∆UWB [W/(m²K)], is multiplied with the heat loss 
surface A: 

 

A∆UAUFH WBiiiT   +=∑  (3) 

Fi = temperature correction factors due to decreased 
temperature differences, Ui = thermal transmittance 
and Ai = area of all elements of the building enve-
lope; ∆UWB = correction value for thermal bridges 
(with 'WB' for 'Wärmebrücke' = thermal bridge); 
A = heat loss surface (= sum of Ai). 

Generally ∆UWB = 0.10 W/(m²K). The 'Beiblatt' 
(supplement) of DIN 4108 contains a catalogue of 
exemplary solutions for connections of building 
components. The usage of these guidelines allows 
for the reduction/bonus of:  ∆UWB = 0.05 W/(m²K).  

Furthermore, the detailed calculation of the ther-
mal bridges causes a reduction in the calculated in-
fluence due to thermal bridges to less than 0.05 
W/(m²K). This detailed calculation assumes that the 
linear transmittance ψ and the length of the two-
dimensional thermal bridges are known. The values 
are listed in manuals and electronic catalogues 
(Hauser et al. 1998). 

3.2.2 U-value calculation 
For the calculation of thermal transmittance (U-
value) of the building components, the standards and 
the EnEV refer to DIN EN ISO 6946 (opaque com-
ponents), and DIN EN ISO 10077-1 (transparent 
elements).  

The required thermal design values are available 
in DIN EN 12524 or national/European product 
standards, i.e. DIN V 4108-4 for Germany. Further-
more, the 'Deutsches Institut für Bautechnik DIBt' 
(German Institute for Building Technology) pub-

lishes design values for both measured building 
components and elements under standardised condi-
tions, and components of heating and ventilation 
systems ('Bauregelliste'). 

3.2.3 Ventilation losses and airtightness of the 
building envelope 

In order to ensure a defined air change rate and air 
flow in the building, a sufficiently airtight building 
envelope is necessary. It must also be guaranteed 
that when using a ventilation system with heat re-
covery system (heat exchanger, air/air heat pump or 
a combined system), the air exchange will com-
pletely take place via the ventilation unit.  

In order to ensure the airtightness of the building 
envelope, the method that is usually used is based on 
a blower door test, i.e. the measurement of the air 
change rate with a pressure difference of 50 Pa. For 
buildings with ventilation systems, these measure-
ments are obligatory. 

The equation for the ventilation losses is gener-
ally formulated as follows: 

VncHV    pLLρ=  (4) 

ρL cpL = density and specific heat capacity of air;  
n = air change rate (ACH); V = volume of air in 
heated zone. 

The value of the air change rate includes the in-
fluence of the airtightness of the building envelope, 
i.e.:  
− generally n = 0.7 1/h for naturally ventilated 

buildings 
− for naturally ventilated buildings with proven air-

tightness: n = 0.6 1/h 
− for buildings with ventilation systems and with 

proven airtightness: n = 0.6 1/h 
− for buildings with extract ventilation systems and 

with proven airtightness: n = 0.55 1/h. 

3.3 Boundary conditions for heat demand 
calculation 

DIN V 4108-6 contains a set of boundary conditions 
for the calculation of the annual heat demand in the 
context of EnEV (monthly balance calculation). The 
predefinitions concern:  
− uniform average climatic data (solar radiation, 

ambient/external temperature) 
− a simplified approach for calculation of internal 

heat gains, i.e. 6 W/m² for office buildings and  
5 W/m² for others 

− shading correction factor for windows 0.9 
− simplified definition for heated floor space  

AN = 0.32 Ve and volume of air in heated zone  
V = 0.76 Ve (small buildings) or V = 0.8 Ve 
(other buildings), 



− distinction of light and heavy constructions to as-
sess the effective internal thermal capacity for 
calculation of gain/loss ratio, 

− intermittent heating with cut-off mode (residential 
buildings 7 hrs., non-residential buildings 10 hrs.) 

3.4 Calculation of the building service system 
The building service system is the energy used for 
technical building equipment, including heating, hot 
water supply and ventilation. The energy use for 
cooling and lighting is not included in this approach. 

By taking the primary energy process (produc-
tion, transformation and transport) into account, the 
primary energy use is calculable. 

The different efficiencies and heat losses due to 
heating and ventilation systems are related to energy 
flows, as shown in Figures 3 to 5. They are used to 
obtain the energy required for heating and hot water 
supply. The auxiliary energy, i.e. electricity used for 
pumps, fans, controls, etc., is also part of the energy 
balance approach. 

 
 

 
 
Figure 3. Heat losses and energy flow due to heating system. 
 

 
 
Figure 4. Heat losses and energy flow due to ventilation sys-
tems. 

 

 
 
Figure 5. Heat losses and energy flow due to hot water supply. 

4 EXAMPLES 

In order to show the effects of the requirements of 
the EnEV and the calculation approach, two simple 
residential buildings, a one-family building (Exam-
ple 1) and a multifamily building (Example 2), with 
varying constructional and technical components, 
have been used. The parameters are given in the 
Figures. 

4.1 Base case 
The buildings as shown in Figures 6 and 7 are natu-
rally ventilated with proven airtight building enve-
lopes, thermal bridges, in accordance with 'Beiblatt' 
(supplement) of DIN 4108, and low temperature 
boilers for combined heating and hot water prepara-
tion. 

 

 
 
Figure 6. Example 1: Isolated one-family building; Calculation 
example and data. 

 
 
Figure 7. Example 2: Multi-storey residential building; Calcu-
lation example and data. 

 



4.2 Variation 
Variations of the building concern the constructional 
sector, i.e. the alteration of the building airtightness 
(Var. 1) and the design of the thermal bridges  
(Var. 2 and 3).  

The other variations in regards to the building’s 
service system are based on improved generation us-
ing a condensing boiler for heating and hot water 
supply (Var. 4, 6, 7 and 8), and additional usage of 
recovered energy, i.e. a ventilation system with heat 
recovery (Var. 7) and solar hot water preparation 
(Var. 8).  

Optimized hot water preparation includes placing 
the stored water inside the heated volume and has no 
circulation pump (Var. 5). Var. 5 differs in the case 
of the multifamily building, i.e. electrical instanta-
neous water heaters are placed locally, in combina-
tion with a small storage of water. 

The condensing boiler unit and its distribution is 
also placed inside the heated volume, i.e. the apart-
ment (Var. 6). In the last variant, the boiler is re-
placed by a ground water heat pump with a floor 
heating system (Var. 9). 
 
Table 1.  Variation definitions __________________________________________________ 
Var.  Description __________________________________________________ 
0   Base case 
1   Without proved airtightness, n = 0.7 1/h 
2   Without 'bonus' for thermal bridge,  
     ∆UWB = 0.05 W/(m²K) 
3   Optimized thermal bridge (exemplary detailed  
     calculation), ∆UWB = 0.02 W/(m²K) 
4   Condensing boiler 
5   Example 1 (one-family building): 
     Optimized hot water preparation, i.e. storage  
     within heated space, without circulation 
   Example 2 (multifamily building): 
     localized electrical instantaneous water heater  
     in combination with a small storage of water 
6   Condensing boiler unit, centrally in each  apartment,  
     distribution and installation in heated space 
7   Condensing boiler, ventilation system,  
     heat recovery 60% 
8   Condensing boiler, solar hot water preparation 
9   Ground water heat pump, electrical supplementary  
     heating, floor heating system __________________________________________________ 

4.3 Results 
The results in Tables 2 and 3 show the effect of the 
variants as defined in Table 1. The basic principle of 
the calculation and variants is as follows: the U-
values of the building envelope are varied in order to 
fit the results to the EnEV requirements, i.e. the 
maximum primary energy use qP or the limitation of 
transmission losses HT'. The standards for the build-
ing examples are given in Figures 6 and 7. The bold 
type values indicate which value is valid for the vari-
ant. 

The tables also give the conversion factor for the 
building’s service system (heating, hot water, and 

ventilation), eP, due to the respective system used for 
the variant and the final energy qE. 
 
Table 2.  Example 1: Calculation results and boundary condi-
tions of variants. U-value indices: AW = walls, doors,  
D = roof, upper floor, G = Cellar. Windows: U = 1.4 W/(m²K), 
g = 0.58. __________________________________________________ 
Var.  UAW UD UG  HT'  eP   qE   qP     ___________________  ___  ____________  
      W/(m²K)    -   kWh/(m²a) __________________________________________________ 
0   0.23 0.21 0.35  0.38  1.61  108.2 125.2 
1   0.20 0.19 0.21  0.35  1.61  108.2 125.1 
2   0.17 0.15 0.21  0.38  1.61  108.3 125.2 
3   0.31 0.24 0.35  0.38  1.61  108.2 125.2 
4   0.35 0.22 0.36  0.41  1.49  108.2 125.2 
5   0.50 0.24 0.38  0.46  1.35  109.8 125.3 
6   0.50 0.24 0.50  0.48  1.27  106.2 121.1 
7   0.42 0.27 0.50  0.46  1.34  105.2 125.1 
8   0.50 0.24 0.50  0.48  1.27  103.5 120.8 
9   0.50 0.24 0.50  0.48  0.99  31.5  94.4 __________________________________________________ 

 
Table 3.  Example 2: Calculation results and boundary condi-
tions of variants. U-value indices: AW = walls, doors,  
D = roof, upper floor, G = Cellar. Windows: U = 1.4 W/(m²K), 
g = 0.58. __________________________________________________ 
Var.  UAW UD UG  HT'  eP   qE   qP     ___________________  ___  ____________  
      W/(m²K)    -   kWh/(m²a) __________________________________________________ 
0   0.30 0.27 0.48  0.46  1.45  77.6  87.1 
1   0.23 0.21 0.33  0.40  1.45  77.5  87.0 
2   0.25 0.21 0.35  0.46  1.45  77.6  87.1 
3   0.36 0.27 0.55  0.46  1.45  77.6  87.1 
4   0.41 0.27 0.54  0.51  1.35  77.6  87.1 
5   0.41 0.27 0.56  0.51  1.66  71.0  107.3 
6   0.52 0.37 0.56  0.58  1.23  77.8  87.1 
7   0.54 0.44 0.56  0.60  1.19  74.7  87.1 
8   0.54 0.44 0.56  0.60  1.19  76.8  87.1 
9   0.56 0.50 0.59  0.63  0.90  22.9  68.8 __________________________________________________ 
 

Due to the usage of electrical water heating in 
Var. 5 (Multi-storey building), the maximum value 
for the primary energy use differs from the other 
cases, see also parameters in Figure 7. 

A graphical view of the calculation results is 
given in Figures 7 and 8. The bar chart contains the 
annual primary energy use in [kWh/(m²a)] split into 
the gain (negative, left), and loss (positive, right) 
portions. 
− recovered energy for generation 
− internal heat gains 
− heat demand due to building envelope transmis-

sion losses, including passive solar heat gains, i.e. 
windows, walls, doors, building parts concerning 
the cellar and thermal bridges (notice: the yellow 
bars for windows are hardly visible because 
losses and gains are almost equal) 

− heat demand for ventilation (including heat re-
covery due to ventilation system in Var. 7) and 
hot water supply 

− energy use of the building service system (heat-
ing, hot water and ventilation), i.e. losses due to 
emission, distribution, storage and generation  



− portion due to the effectiveness of the primary 
energy process, i.e. extraction, transformation and 
transport. 

The primary energy use of the building as displayed 
in Tables 2 and 3 (border case of maximum allowed 
value) results from the balance/difference of the en-
ergy portions. The portions affected by the variation 
are indicated by a bold lined frame. 
 

 
 
Figure 8. Example 1: Schematic visualization of energy por-
tions for the described one-family building, i.e. base case and 
variations. 

 

 
 
Figure 9. Example 2: Schematic visualization of energy por-
tions for the described multifamily building, i.e. base case and 
variations. For legend, see Figure 8. 

4.4 Comparison and evaluation 
The comparison of the variants shows the potential 
for compensation among the different portions of the 

energy use. The exploitation of the varied U-values 
of the building envelope, up to the EnEV require-
ments, does not represent a reasonable building de-
sign and is only used for this comparison. 

As shown in Figures 8 and 9, the requirements for 
the insulation quality of the building envelope in-
crease in Var. 1 and Var. 2, due to either the higher 
air change rate or transmission losses of thermal 
bridges. They decrease with the optimization of the 
thermal bridges (Var. 3). The condensing boiler 
causes a reduction in generation losses (Var. 4).  

Example 1 (one-family building): An optimized 
hot water preparation affects the losses due to distri-
bution and storage (Var. 5), and, additionally, the 
generation losses in the case of a compact boiler unit 
(Var. 6). This variant also causes the change in the 
required value, i.e. the limitation of the transmission 
losses according to EnEV is valid, and set to 0.48 
W/(m²K). 

Example 2 (multifamily building): Due to the us-
age of electrical water heating in Var. 5, the maxi-
mum value for the primary energy use differs from 
the other cases, see also parameters in Figure 7. The 
U-values of Var. 4 and Var. 5 are similar, i.e. the in-
creased limitation of the primary energy for build-
ings with mainly electrical hot water preparation 
causes comparable conditions in regards to the usage 
of a condensing boiler (Var. 4). The compact boiler 
unit (Var. 6) increases all portions of the losses due 
to the building service system, yet, compared to Ex-
ample 1, limitation of the primary energy use instead 
of the transmissions losses is still essential. 

The condensing boiler combined with a ventila-
tion system using heat recovery (Var. 7) causes a 
decrease in the ventilation heat use and an increase 
in the primary energy losses due to the electricity 
demand of the ventilation system.  

As for the additional solar hot water preparation 
(Var. 8), the portion of recovered energy moves the 
generation losses to the "gain-side" and, in the case 
of the one-family building, the limitation of the 
transmission losses according to EnEV is valid, in-
stead of the primary energy use. The heat pump 
(Var. 9) shows similar effects, i.e. the increase of re-
covered energy and the limitation of the transmis-
sion losses. The gains due to recovered energy com-
pensate for the primary energy losses caused by the 
electricity demand of the heat pump.  

5 CONCLUSION 

The German EnEV uses an advanced calculation ap-
proach by integrating the effectiveness of the build-
ing service system, in order to verify the optimiza-
tion of the whole building system, in regards to 
energy conservation and CO2 reduction. This ap-
proach corresponds to the EC draft directives on En-
ergy Performance (EU 2001, Beerepoot 2002). 



The calculation examples show the potential of 
the calculation methods, especially the monthly bal-
ance according to EN 832, and the compensation in 
the constructional vs. technical components of the 
building.  

Beyond the limitation of primary energy use, the 
calculation method can also be used as an advanced 
planning tool in obtaining an optimised building sys-
tem.  

Several software products enable convenient us-
age of the calculation methods regarding 'simple' 
EnEV calculations, all the way up to advanced 
analyses of the building performance including, e.g. 
multi-zone models according to EN 832 (EPASS-
HELENA 2002). 

In order to improve the capabilities, the planning 
process should include the building envelope and 
the building service system simultaneously and, at 
an early stage. 
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