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1 Foreword to the Kronsberg Passive House residential 

estate 

The start of the 21st century brings with it new perspectives: a vastly improved 
efficiency of energy use can reduce the remaining energy demand so far that it is 
possible to meet this demand solely with renewable sources – not only technically, 
but also economically.  

In the 32 terraced houses built in 1998 by the developer Rasch & Partner in 
cooperation with the Stadtwerke Hannover, for the first time a heating system using 
exclusively postheating of the fresh air necessary (due to indoor air quality reasons) 
was used; only the bathrooms have small radiators. This very simple and cost-
efficient house technology concept is possible thanks to extremely high building 
envelope efficiency: very good insulation, thermal-bridge free construction, airtight 
building element junctions and windows of a quality not previously available. 
Together with the heat recovery system, this leads to a space heating requirement in 
the houses of less than 15 kWh/(m²a), a figure which is roughly a seventh of that 
used today in typical new (1999) German housing.  

According to the available results, the improvement of the insulation quality leads not 
only to large energy savings, but also to a definite improvement in occupant comfort 
and guarantees condensation-free inner surfaces. The excellent insulation also 
prevents draughts and temperature stratification. 

With an effectiveness ratio of roughly 80% under real working conditions, the heat 
exchangers used in the buildings fulfil the expectations; the electricity consumption 
for the ventilator’s operation and control was actually less than estimated (250 
kWh/a). This leads to an annual performance factor of over 11 (under living 
conditions) for the ventilation system. The reduced energy consumption is not the 
only advantage for the ventilation system: the detectable objective and subjective 
improvement in indoor air quality is decisive. Not without reason was the Passive 
House estate’s ventilation system given the best notes by the occupants in the socio-
scientific census. 

The total remaining energy consumption of the Passive House estate is so marginal 

that it is  equivalent to an electrical energy input of roughly 33 kWh/(m²a)*. That is 
approximately the amount used in typical German homes only for household 
electricity (32,8 kWh/(m²a)). 

The primary energy savings compared to typical new buildings are therefore almost 
66%. This includes all household uses together, such as space heating, hot water, 

                                                 
*
 The equivalent energy input leads, in the conventional supply, to the same primary energy input. 
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auxiliary electricity for the ventilator’s operation and the complete electricity 
requirements for lighting, cooking, washing, refrigeration and anything else. 

Under these conditions it is economically feasible to cover the remaining energy 
needs for an estate through renewable energy sources: with a 2,6 kW share of the 
Kronsberg’s 1,5 MW wind power plant, each house in the Passive House estate has 
contributed roughly 35 kWh/(m²a) to an electricity supply from renewable energy. The 
costs for a single wind power share equalled 1.250 Euro per house. 

The CEPHEUS demonstration estate on the Kronsberg has proven that: 

• Passive Houses are comfortable, they have a high thermal comfort and a very 
good indoor air quality; 

• Passive Houses are cost-efficient; the Kronsberg houses were not sold at higher 
prices than comparable objects in the same building area. The energy efficiency 
improvement measures proved themselves profitable under contemporary 
conditions; 

• Passive Houses are environmentally friendly. 

The Passive House estate in Hannover-Kronsberg shows for the first time in Europe 
that a fully renewable energy supply („climate neutrality“) is not only technically 
feasible, but also economically justifiable when using the Passive House standard. 
The balance of the low remaining primary energy requirementss of the Passive 
Houses is made possible through the connection to the wind power plant on the 
Kronsberg. To verify the aims of the project, the estate was extensively equipped 
with measuring equipment.  

The thermal quality in all houses proved to be excellent, with an average winter 
indoor temperature of 21,1°C: the temperatures are very stable, the inner surface 
temperatures hardly differ from the room’s air temperatures. Summer time comfort is 
also excellent: despite rather high outdoor temperatures during the measuring period 
of summer 2000, the number of hours during which average room temperatures were 
above 25 °C accounted for less than 2,5 % of the total annual hours. 

Except when otherwise stated, the measurement values refer to a full year of 
measurement (1.10.1999 to 30.9.2000). Possible heating during the summer is also 
included in the documented data. All the data about energy consumption or the full 
primary energy consumption also include all electricity needs, and not only auxiliary 
electricity for house technology (as in DIN 4701/Part 10), but also household 
electricity consumption (including lighting, refrigerating, washing, cooking etc.) and 
the full useful electricity consumption of the shared facilities.  

We refer the measured consumption values strictly to the „treated floor area“ TFA. 
This reference area is almost equal to the heated living area according to the 2nd 
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German calculation regulation (II. BV). This means that the herein documented 
energy consumption values (kWh/(m²a)) are directly comparable with the statistical 
surveying of the heating cost bill. The “useful building area AN“ used to calculate the 
specific heating demand according to the German Insulation Regulation or the 
German Energy Saving Regulation is, in contrast, 32% bigger (see Table 1).  

 

Living area of the 
reference house in 
the Passive House 
estate 

Area according to 
CEPHEUS 

agreement TFA  
m² 

Heated living area 
according to §44 
Paragraph 1 II.BV 

m² 

Useful building area 
AN according to 

Insulation Regulation 
M² 

 111,7 
used here 

111,1 147,5 

Table 1: Liv ing area comparison using the estate’s reference House as an example 

The measured annual energy consumption for heating of the permanently occupied 
22 terraced houses in the Passive House estate, including summer time demands, 
equalled 16 kWh/(m²a); calculating the consumption using the Insulation Regulation’s 
“useful building area” AN would give a value of 12,1 kWh/(m²a). The savings in 
comparison to the typical German building stock are over 90% and even in 
comparison to new terraced housing are still over 85%. This means: 

The improved insulation with an average U-value of 0,11 W/(m²K) for opaque 
building parts is fully effective. The thermal-bridge-free construction principle and the 
airtightness concept have proven themselves. This was also independently 
confirmed through a thermo-graphical analysis [Peper 2001a] and air tightness 
measurements [Peper 1999a]. 

The radically improved windows with U-values of 0,83 W/(m²K) and high g-values of 
60% contribute substantially to the arrived-at energy balance: their inner surface 
temperatures are on average above 17°C during severe cold periods and, even in 
deepest winter, more solar energy is provided passively than heat energy lost 
through the windows. 

The high-efficiency ventilation system with its measured efficiency ratio of 78% 
shows only minimal electricity consumption (less than 2,3 kWh/(m²a)). The heat 
recovery is fully effective in practice and was not counteracted by occupant 
behaviour. 

The heating demand measurement results show clearly that the impact of additional 
window opening by the occupants during the heating period was very limited. In the 
Passive House estate, each room has a window or French door with open-tilt 
mountings. The occupants also use these windows in the transition seasons and 
especially in the summer.  
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The Kronsberg Passive Houses represent the first estate in which only the fresh air 
heating system is used to heat the living spaces. The functionality of this concept 
was first tested in the CEPHEUS research project with a thermal building simulation 
[Schnieders 1998]. Using solely the fresh air heating system, a maximum of roughly 
10 watts heating output per square meter living area is available for the estate’s 
houses; the bathroom radiator allows for a slight increase. The measurement results 
for the real heating load necessary in the winters of 1999/2000 and 2000/2001 prove 
the theory: maximum average heating loads of 8,8 and 7,0 W/m² were measured. 

The fact that the heating output was always sufficient is also proven by the fact that 
the indoor temperatures are practically independent of the outside temperatures 
during the winter: even on the coldest day, the average temperature in the occupied 
houses attained 20,9°C. 

The final energy consumption from the district heating system for space heating and 
hot water heating together were measured in the first year at 34,6 kWh/(m²a), this 
signifies savings of 75% compared to average new houses.  

When one calculates the specific primary energy value not according to the living 
area, but based on the useful building area AN and uses primary energy factors in 
accordance with DIN 4701/10 (district heating CHP 0,7, electricity 3,0) and includes 
the measured auxiliary electricity consumption, the result is a measured annual 
primary energy consumption of 26,1 kWh/(m²a) (heating, ventilation and hot water 
heating). This allows for a comparison with the German EnEV-requirements: the 
representative terrace house has a surface to volume (A/V) ratio of 0,61 m -1. Hence 
one arrives at a required value for Qp” of 106,9 kWh/(m²a). The average primary 
energy consumption for the estate lies therefore more than a factor 4 below the 
required value in the regulation. One must also keep in mind that the calculated 
values according to the 4108/6 and 4701/10 standards will be lower than the actual 
consumption values [Eschenfelder 1999].  

The consumption of electrical energy in the household is now dominant. All the 
electrical energy used in the house will finally be converted to heat and this forms a 
part of the available internal heat sources: during the heating period this electrical 
heat covers a significant share of the heating losses (ca. 7,6 kWh/(m²a)) – this 
contribution is almost as high as the calculated heating consumption. In the summer 
this electrical heat constitutes an additional heat load, which can influence comfort 
under certain conditions. This is also a reason why high efficiency electrical 
appliances are important in Passive Houses. 

The electrical efficiency of the household appliances in the Kronsberg Passive House 
estate was successfully and considerably increased in comparison to those found in 
typical German households. With a combination of advice and financial incentives it 
was possible to convince 18 households to equip their houses with particularly 
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efficient electrical appliances. The resultant household electricity savings average 
45% for these 18 households. 

The total primary energy balance also includes the primary energy input for 
household electricity; this value of 49,4 kWh/(m²a) actually dominates the balance. 
Together with the primary energy for district heating, ventilation and auxiliary 
electricity, the total primary energy consumption for all energy sources used in the 
estate equals 82,6 kWh/(m²a). This value is about 66% less than the reference 
primary energy consumption of similar new houses in Germany.  

The average value of the measured final energy consumption in the Passive House 
estate (58,0 kWh/(m²a)) has standard deviation (of the average value) of only 
±2,5kWh/(m²a), despite the range of occupant behaviour. In a reference estate 
published by Lundström, the average final energy consumption is 203 kWh/(m²a), 
with an standard deviation of ±3,1 kWh/(m²a). This shows that Passive Houses can 
be just as reliably projected with regards to occupant behaviour as conventional 
buildings. Misgivings expressed previously, that specifications of building physics and 
of the heating demand of very well insulated buildings could no longer be 
determined, have therefore proven to be mistaken. Large variations due to the 
ventilation behaviour in the Passive Houses are also not discernible. 

The total energy consumption of the Passive House estate is so low that it is 
technically and financially feasible to substitute this demand through renewable 
energy sources: with a share of the Kronsberg wind power plant worth Euro 1.250 
per house included in the sales price, it is possible to produce electricity with a 
primary energy value of 89 kWh/(m²a) – that is more than the total consumption in 
the estate. High-efficiency technology has proven itself in this case to be a decisive 
prerequisite and opportunity for a long-term sustainable energy supply. 
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2 Outline Maps 

 

Figure 1: Map of Germany and the location of Hannov er (in the state of Lower Saxony) 

The city of Hannover is the capital city of the German state of Lower Saxony. It has a 
population of 510.000. The Passive House estate lies in the „Kronsberg“ district, 
southeast of the city centre. It is a part of the newly developed Kronsberg residential 
estate, built within the framework of the EXPO 2000 world exhibition and currently 
providing 3000 homes. The estate is on land that rises gradually from west to east, 
thus leading to a height difference of 25 cm between each house. The estate’s four 
rows of housing are aligned almost to the south with a deviation of 15° to the west. A 
shared building services house supplies two rows of housing respectively, containing 
the district heating transmission station, all electrical meters and the main water 
connection. 

Hannover 
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Figure 2:  Map of Hannov er with the location of the Passive House estate in the Kronsberg 

district [Hannov er], [Eckert 2000]. 

 

Passive 

House 

estate 

exhibition area 
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Figure 3:  Site plan of the Kronsberg Passive House estate (Sticksfeld Nr. 30 to 124). The 

numbers reflect those used during construction and in this report. 

Location:  Longitude: 9° 44'    Latitude: 52° 22'  90 
Min. outdoor temperature winter:    -13,4 °C 
Max outdoor temperature summer:    31,2 °C 

Daily average  

outdoor temperature 

min av g. max 

Heating 

degree days 

(re. 18 °C)
*
 

∑
°≤

−°
CT

m

m

TC

15

)18(  

Cooling 

degree days 

(re. 24 °C)
*
 

∑
°≥

°−
CT

m

m

CT

24

)24(  

Monthly 

av erage 

solar 

radiation 

values 

Monthly 

av erage 

relative 

humidity 

Month / 

Year 

[°C] [Kd] [Kd] [kWh/m² d] [%] 

Jan. -13,4 0,0 6,7 559,2 0,00 0,62 87,7 

Feb. -12 0,8 8,2 481,9 0,00 1,26 85,3 

March -3,6 3,8 13,3 440,8 0,00 1,71 79,8 

Apr. -2,7 7,5 19,9 315,2 0,00 3,13 75,9 

May 1,6 12,3 24,4 167,5 0,00 4,49 70,9 

June 5,3 15,0 25,2 61,2 0,00 4,88 75,2 

July 7,6 17,1 30,8 32,5 0,00 5,01 75,3 

Aug. 7 17,1 31,2 19,7 0,00 3,83 74,0 

Sept. 2,6 14,2 28,9 110,1 0,00 2,80 81,1 

Oct. -0,9 9,1 20,2 277,1 0,00 1,44 85,4 

Nov. -6,8 4,9 17,7 391,9 0,00 0,75 85,5 

Dec. -9,9 1,1 12 522,7 0,00 0,51 87,9 

Year 
-13,4 8,6 31,2 3379,8 0,00 0,71 80,3 

Table 2:  Climate conditions in Hannov er (according to the climate data used in the 

simulations [Schnieders 1998]) 

                                                 
*
 Calculated with average daily values 
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3 Description of the Construction 

3.1 Floor Plans, Building Sections and Views 

The non-basement terraced houses with gabled roofs and external storage rooms 
are built using a mixed modular system: ceilings, partition walls between homes, 
gable walls and remaining load-bearing structures consist of prefabricated reinforced-
concrete slabs; the highly insulated facade and roof are lightweight prefabricated 
wood elements. In addition, triple-glazed windows with specially insulated window 
frames as well as a home ventilation system with a high efficiency heat exchanger  
were installed. 

Figure 4 shows the south and north views of the houses with the large window 
surfaces opening to the garden side patio and the storage rooms on the north side.  

  

Figure 4: South and North views of the Passive House rows in Hannov er-Kronsberg 

Three house sizes were built in Kronsberg: 

House type „JDL: Jangster de Lüx“, 

the widest house with an inner dimension of 6 m and a "Treated Floor Area" of 119,5 
m² according to CEPHEUS-rules; a total of 22 houses, of which 8 are end houses. 

House type „J: Jangster“ 

with an inner dimension of 5 m and a Treated Floor Area of 97,3 m² according to 
CEPHEUS-rules. 9 houses of this type were built. 

House type „123“ 

with an inner dimension of only 3,80 m and a Treated Floor Area of 75,1 m² 
according to CEPHEUS-rules; only one house of this type was built. 
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The longitudinal section (Figure 5) shows the important characteristics of the Passive 
House standard: 

• A thick insulation layer surrounds the entire building. 

• The triple-glazed low-emissivity windows are integrated into the insulated wood- 
facade elements in a thermally optimal fashion. 

• Only the exhaust and intake ducts in the gable area and the drainage pipe through 
the base plate penetrate the thermal envelope. 

• The ventilation system and the supply pipes run to the building services container 
in the gable area of the houses. 

 

Figure 5: Longitudinal section through a Kronsberg terraced Passive House 

Figure 6 shows the floor plans for house type „Jangster de Lüx“. One gains entry into 
the ground floor through a windscreen on the north side; to the east is a storage 
room and the guest toilet, to the west is the dining room with its own entry to a free 
space on the north side. 

In the middle of the ground floor are the functional rooms: to the east a hallway and 
the staircase, to the west the kitchen. The south side opens onto a large living room 
with a door to the patio. 
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Figure 6: Floor plans for the house type Jangster de Lüx (Kronsberg Passiv e Houses) 
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3.2 Details about Treated Floor Area for the Kronsberg Passive Houses 

Object 

Heated living 

surface according 

to German 

II. BVO 

Treated floor area TFA 

according to the EU-

accepted calculation 

mode 

Reference floor area 

according to the 1995 

German Insulation 

regulation and EnEV 

Jangster de Lüx MH 118,3 119,5 153,3 

Jangster de Lüx EH 118,3 119,5 164,3 

Jangster 97,3 96,8 128,7 

„123“ 79,0 75,1 99,2 

 
3.3 Standard cross section of the external components 

Figure 7 shows the standard details of the highly insulated building envelope: 

• The roof is built from prefabricated lightweight wood elements with 400 mm high I 

beams, which span from one partition wall to the next. An internal polyethylene 
foil forms the airtight layer.  

• The outer wall elements for the north and south facades are also built using 
prefabricated lightweight wood elements. So-called half box beams are used as 
shafts. An internal polyethylene foil forms the airtight layer. 

• The outer wall of the gable sides is, like the house partition walls, built from load-
carrying reinforced-concrete slabs. This is protected on the outside against 
heating losses by a 400 mm polystyrene external thermal insulation compound 
system. The concrete itself forms the airtight layer for the gable wall. 

• The floor slab consists of 240 mm prefabricated steel-reinforced slabs, which is 
insulated underneath by factory-made 300 mm polystyrene external thermal 
insulation (420 mm for the end-of-terrace houses) . The concrete floor itself also 
forms the airtight layer. 

To achieve the Passive House standard it is not only necessary to have good 
standard insulation for the building envelope surfaces, but most importantly a 
thermal-bridge free and airtight connection between the building elements. All 
connections were analysed for their thermal bridge effect with multi-dimensional heat 
flow calculations; the calculations have already been published elsewhere [Baffia 
1999], only the results are cited here. 
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Outer wall (south and north facade) 

Prefabricated lightweight wood element 
Plaster board 
Particleboard 
Mineral wool insulation/box beam truss 
Particleboard 
ventilated board casing 
 U = 0,126 W/(m²K) 

 

Outer wall (gable side) 
Prefabricated concrete element (165 mm) 
with thermal insulation compound system 
(400 mm) out of polystyrene hard foam 
EPS, plastered on the outside 
 U=0,097 W/(m²K) 

 

Floor slab 

Wood flooring 
Tread absorbing insulation (5 mm PE-
foam) 
Concrete slab (150 mm) 
Insulation (300 mm/420 mm Final 
houses) 
 U=0,125 W/(m²K) (Middle houses) 
 U=0,091 W/(m²K) (End of row) 

 

Roof system 

Plaster board 12,5 mm 
Particle board 19 mm 
Mineral wool 400 mm/I truss 

Particle board 25 mm 
Roof sealing  
Green roof system 
 U=0,095 W/(m²K) 

Figure 7: The standard details of the Hanover-Kronsberg Passive Houses’ building envelope 
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3.4 Presentation of junction details: air-tightness and thermal-bridge-free 

construction 

Figure 8 shows the junction of two offset flat roof elements above the house partition 
walls; the prefabricated wood elements form closed plates, which are each closed 
with a particleboard. The interstice is filled with 60 mm mineral wool. In order to 
achieve an insulated thermal-bridge-free envelope, an insulated box is placed on the 
lower roof element. 

 

Figure 8: Thermal-bridge-free junction of two offset roof elements 

The thermal-bridge-loss coefficient Ψ of this junction detail equals -0,002 W/(mK) for 
the upper and +0,007 W/(mK) for the lower house. The airtightness is arrived at using 
polyethylene (PE) foils. A foil strip was laid over the two concrete partition slabs 
before the installation of the roof elements. The integrated PE foil in each roof 
element is then joined to the foil strip to form a permanent airtight seal.  

Figure 9 shows the junction of the end-of-terrace house  roof element and the gable 
wall with its thermal compound insulation system. The roof element, in this case, 
extends 345 mm across the concrete wall. A thermal-bridge-free junction, with a Ψ-
value of -0,055 W/(mK), is also achieved here.  
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Figure 9:  Thermal-bridge-free junction with the gable wall’s thermal compound insulation 

system against the lightweight roof element 

The airtight layer was formed in the same fashion as with the partition wall above. 

Figure 10 shows the junction of two roof elements in the ridge area. The two foils 
integrated in the roof elements are permanently sealed. The upper 100 mm plaster 

board strips are added once the work is done. A Ψ-value of -0,014 W/(mK) was 
calculated for this junction. 

The junction of the roof element and the facade wall element is shown in Figure 11. A 

gap-less insulation envelope was achieved (the Ψ-value for this junction is -0,052 
W/(mK)). The airtightness is also achieved here through the sealing of both airtight 
foils; to achieve that, the plasterboard strip is built into the wall element after the 
sealing work done. 
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Figure 10: Thermal-bridge-free ridge junction 

 

Figure 11: Thermal-bridge-free eaves junction of the roof element to the facade element 

Figure 12 shows the junction of the ground floor and first floor facade elements at the 
concrete floor level. The ground floor ceiling protrudes roughly 50 mm into the 
insulation level of the lightweight wood  elements. This leads to a certain thermal-
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bridge effect with a Ψ-value of 0,015 W/(mK); the aim of a „thermal-bridge-free“ effect 
is technically not achieved here; the impact, however, is overcompensated by the 

negative Ψ-value of the ridge and eave. 

The junction of the facade elements to the gable wall, with its thermal compound 

insulation system, is shown in Figure 13. With a Ψ-value of -0,054 W/(mK), the 
junction is thermal-bridge-free.  

 

Figure 12: Concrete floor level between the ground floor and first floor (north side) 

 

Figure 13: Junction of the facade element and the gable wall 
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Figure 14 shows the junction of the rising facade element to the floor slab. Several 
separated foundation blocks support the floor slab. The load-carrying concrete 
consoles are only sporadically present.  

The window is integrated into the facade in a way that attachment through blocking 
onto the laminated wood is possible. The window-frame insulation merges without a 
gap into the insulation between the box truss’ spars. The insulation on the front end 
of the floor slab is mounted on the construction side. 

 

Figure 14: Junction of the facade elements with the floor slab 

Figure 15 shows the triple-glazed low-emissivity windows that were installed for the 
first time in the estate (2 * 15 mm pane separation, argon gas filling). The glazing’s 
U-value was set at 0,75 W/(m²K), the g-value equals 60%. The frame’s U-value 
equals Uf = 0,57 W/(m²K), the Ψ-value of the glass edge is 0,03 W/(mK) (a thermal 

insulating spacer was used) and the junction Ψ-value is 0,03 W/(mK). This results in 
an average effective window U-value of UW = 0,83 W/(m²K) in the Jangster de Lüx 
house. 

To install the window into the lightweight wood elements, a new, particularly thermal-
bridge reducing solution was developed: a continuous insulation layer exists between 
the insulation of the window frame and the prefabricated wall element; the thermal-
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bridge loss coefficient is therefore clearly reduced and the Ψ-value is just 0,026 
W/(mK). 

 

 

Figure 15: The windows in the Kronsberg Passive House estate 

The concrete bearers, integrated in the concrete elements of the ground floor slab for 
structural reasons, also have an impact on the thermal losses in the estate (Figure 
16). The extra thermal losses are considerable (Ψ=0,022 W/(mK)) despite the extra 

insulation and actually worse in the less insulated middle houses (Ψ=0,032 W/(mK)). 

 

 

 

 

 

 

Figure 16: Concrete bearer in the insulation of the floor slab (Final house) 

In order to avoid further thermal-bridge effects in the concrete walls, the houses’ 
girders were placed in punctiform fashion on a total of 16 „bumps“ on the strip 
foundations. The punctiform thermal-bridge effect is substantial (due to the steel-
reinforced concrete); when one divides the extra heating losses across the entire 
length of the strip foundations, the result is an effective Ψ-value of 0,09 W/(mK). 
Whilst this value does not fulfil the thermal-bridge-free condition, the result is 
altogether satisfactory for the Passive Houses. 
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4 Ventilation concept 

Each of the 32 Passive houses has its own independent ventilation system with built-
in heat exchanger to recover heat, which can be operated by the occupants. The 
system is located in the building services room under the roof; supply and exhaust air 
are aspirated or blown out directly above the roof. The ventilator control is clearly 
located in the windscreen area of each house. 

  

ground floor second floor 

 supply air 

 exhaust air 

Figure 17: Position of the supply and exhaust air outlets and respectiv e nozzles on both floors 

4.1 Ventilation zones 

There is no room, which is not clearly integrated into the ventilation concept. The 
supply air is shared and it is guaranteed that no „dead zones“ with stagnant air exist. 
Figure 17 shows the locations of the supply and exhaust air outlets in the „Jangster 



 

 
 
 

  Page 26 

 PEP Project Information No. 1 PHI 
  

de Lüx“ house type. All living and sleeping rooms are planned as supply air zones, 
the exhaust air rooms are the kitchen, storeroom, toilet and bathroom. The hallway 
and staircase act as overflow zones.  

The duct network for air distribution is made up of folded spiral-seam pipe and sound 
absorbers, and was arranged as compactly as possible to minimise pressure losses. 
The physical distribution of air to the three vertical shafts takes place in the services 
floor. A shaft with the exhaust duct passes on the north side along the 
bathroom/partition wall corner to the kitchen on the ground floor. The second shaft 
goes down along the south side into the bathroom and leads the supply duct through 
the penetration into the living/dining room. The third shaft with a folded spiral-seam 
pipe goes through the north side of the first floor storage room along the partition wall 
and then aspirates the exhaust air in the ground floor from the toilet and storage 
room. 

The supply nozzles in the sleeping and children’s rooms in the first floor are serviced 
directly from the services floor.  

4.2 Technical parameters of housing ventilation 

The complete building services technology was planned by the inPlan engineering 
office, the following technical parameter details were taken from [Stärz 1998].   

4.2.1 Ventilation duct network 

An optimum between large nominal diameters and justifiable investment costs was 
aimed at for the duct network. The air flow velocity is set at a maximum of 3 m/s. Due 
to the central location of the wet rooms (exhaust) and the use of wide casting 
nozzles, a duct network with very low pressure losses was realized. 

The fresh air and exhaust ducts were built with very short extensions out of the 
thermal envelope and through the roof. A folded spiral-seam pipe with a 160 nominal 
diameter and 90mm aluminium-clad mineral wool insulation was used. Both pipelines 
have permanently installed differential pressure sensors from the Westaflex company 
(„dynamic pressure measuring device“ model, Halton system, DN 160), so as to allow 
for system balance calibration. The fresh air duct also has an electrical frost 
protection heating system with temperature sensors, in order to avoid freezing of the 
heat exchanger. Both ducts are located on the north side of the roofs. In order to 
avoid a short-circuit of the airflows, the ducts are situated with the largest possible 
separation distance (ca. 3 m) on the roof. The ducts end in a 90-degree bend with 
weather protection and built-in coarse grid protector (bent outlet with grid, Lindab 
company).  

Inside the thermal envelope and from the heat recovery system onwards, the supply 
and extract ducts are carried out in nominal diameters of 100 and 125 mm 
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respectively. The supply ducts are insulated with 30 mm aluminium-clad mineral wool 
from the air-heating-element (postheater) onwards. The extract ducts are carried out 
without insulation. 

The duct network plan in Figure 18 shows the ventilation system for the house type 
„Jangster de Lüx“. The other house types are only slightly different. 

 

Figure 18:  Ventilation system duct network plan for Passiv e House type „Jangster de Lüx“ 

with the design layout flow volumes 

A noise pressure level of 25 dB(A) was aimed for, which is clearly below the limit of 
30 dB(A) for so-called “rooms requiring protection”. The silencers are flexible pieces 
from the „Aerotechnik Sigwart“ company, made up of a perforated aluminium inner 
pipe, mineral fibre packaging and aluminium outer pipe. On the exhaust side, there is 
a common silencer (nominal diameter 160, packaging thickness 25 mm, length 1000 
mm) before the ventilation system. 

4.2.2 Design layout flow volumes 

On the supply side, the per-person flow volumes are set at 30 m³/h. That means 90 
m³/h for 3 people („123“), 120 m³/h for 4 people („Jangster“) and 150 m³/h for 5 
people („Jangster de Lüx“). On the exhaust side, there are flow volumes set for the 
kitchen (40-50 m³/h), the ground floor toilet (10 m³/h) and the bathroom (40 m³/h). 
This set-up leads to the following flow volumes: 
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House type „123“ „Jangster“ „Jangster de Lüx“ 

 [m³/h] [m³/h] [m³/h] 

Dining room ground 
floor 

20 30 40 

Living ground floor 25 30 40 

Sleeping first floor 25 30 40 

Child 1 first floor 20 15 15 

Supply air  

room 

Child 2 first floor - 15 15 

Total 90 120 150 

 

Dry storage cabinet  - 30 30 

Kitchen ground floor 50 40 50 

Toilet ground floor - 10 10 

Exhaust 

air room 

Bathroom first floor 40 40 60 

Total 90 120 150 

Table 3: Design layout flow volumes for the three house types (m³/h) 

In order to be able to react to the different occupancy levels and uses of the houses, 
the ventilation system can be set at three levels. In addition to normal ventilation, the 
occupants can choose „basic ventilation“ for a reduced airflow (75%) or “maximum 
ventilation” for an increased airflow if necessary (150%).  

4.2.3 Pressure losses 

An overview of the magnitude of the pressure losses of the entire system under the 
different operation levels is shown in the following Table: 

 

  Post-
heater 

In- & 
outflow 

elements 

Filter duct 
network 

Total 

 [Pa] [Pa] [Pa] [Pa] [Pa] 

Basic ventilation 90 m³/h 10 10 15 25 60 

Normal ventilation 120 m³/h 15 30 20 40 105 

Max ventilation 180 m³/h 35 50 30 60 175 

Table 4:  Projected v entilation system pressure losses for the three different operational 
levels 
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4.2.4 Inflow vents 

The inflow elements used in living and sleeping rooms are solely of the wide-casting 
nozzle type (ceiling and wall versions) from the manufacturer ABB („CTVB“ and 
„CTVK“ models). 

  

Figure 19: Inflow elements as wide-casting nozzles, both ceiling and wall versions (Photos: 
Manufacturer) 

4.2.5 Outflow vents 

The outflow rooms are equipped with exhaust elements from the manufacturer 
Exhausto. Plate vents (VTU model) are used in the bathroom, toilet and ground floor 
storage room, whereas the kitchen has a filter brace (FA 100 PB model) with 
removable aluminium filter (EU3 / G85) and an exhaust vent (URH model) behind it. 

 

4.2.6 Overflow elements 

Overflow openings are necessary to guarantee directional airflows in the building 
when doors are closed between the zones. The overflow openings in the 32 houses 
are integrated above the door frames (see Figure 20). The bathroom door is an 
exception, being equipped with a traditional grid in the upper part of the door; here as 
well, the PHI recommends the solution shown in Figure 20, which has proven itself 
very effective. 
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Figure 20: Overflow openings between the lintel and the door frame (source ebök) 

4.3 Central ventilation system with heat exchanger 

The ventilation units are made up of a counterflow heat exchanger, the supply-, and 
exhaust ventilators, two integrated filters and a control to set the flow volumes. The 
installed central ventilation units with counterflow heat exchangers are from the Paul 
Company („Thermos 201 DC“ model). The system’s two ventilators are maintenance-
free 24 V direct current (ecm) ventilators (radial ventilators with reverse bend blades). 
Each ventilation system is equipped with an electrical „defrost heater“ in the fresh air 
flow, which prevents the heat exchanger from freezing.  

Technical details of the ventilation system (manufacturer’s specifications): 

Dimensions:  1010x1300x450mm (WxHxD) 
Duct material:   plastic 
Duct connectors:  DN 160 
Ventilators:  2 radial ventilators, 24 V 
Volume airflow:  75 to 230 m³/h 
Power consumption (entire system): 36 to 88 W 
Filter form (In- & outflow filter):  Z-Filter 
Filter class (In- & outflow filter):  G4 
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Figure 21:  Ventilation unit with heat exchanger in the building serv ices floor of a Hannov er-

Kronsberg Passive House. In the background is the fresh air duct with defrost 
heater and in the foreground is the exhaust air pipe (both insulated with mineral 

wool, aluminium laminated) 

The units are all equipped with a by-pass slide, which can be manually operated. If 
the heat exchanger is no longer needed in the transition season, this part of the 
system can be by-passed by pulling the slide. On the reverse side of the unit is a 
condensation drainpipe to drain the condensed water, which forms in the heat 
exchanger. 

4.4 Control possibilities 

Through the use of an operating unit clearly positioned in the windscreen area, the 
ventilation system can be switched to the different operation levels. The choice can 
be made between basic ventilation (75%), normal ventilation (100%) and maximum 
ventilation (150%). In addition, the „summer ventilation“ button can be pushed, so 
that only the exhaust ventilator is used when the outdoor air comes through opened 
windows and the inlying bathroom needs to be vented.  The fifth button, „off“, shuts 
the ventilation system down. The respective operating level is indicated on the 
display. Furthermore, the „filter change“ display appears each time after an operating 
period of three months. The chosen operating level remain in operation until another 
setting is chosen (also maximum ventilation). Automatic timing is not available with 
this design. 
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5 Space heating supply concept  

5.1 Heating distribution 

A combined building services container with an integrated district heating transfer 
station is in place for each set of two housing rows (each row having eight terraced 
houses). The building services container is located directly along the gable wall of 
each northern housing row. The supply and return pipe lead under the gable wall 
insulation to the building services floor of the end of terrace house. The two pipes 
then lead from there through the eight building services floors. The other row is 
connected to the building services container with two underground pipes. The 
pipeline runs otherwise identically to the other row.  

Due to the low heating losses, a separate heating distribution system within the 
houses is no longer necessary. The heating distribution now takes place through the 
supply air flows (necessary for indoor air quality reasons). An exception is the 
bathroom, in which a higher temperature (24 °C) is sometimes necessary for a short 
period. The only heating radiator in each house is located here. 

5.2 Heating supply 

5.2.1 District heating supply 

The district heating supply for the Kronsberg new housing estate, with its 2.700 
homes and roughly 240.000 m² of heated floor area, is ensured by a central energy 
station with a combined heat and power plant located at the southern end of the 
estate.  

5.2.2 House heating supply 

The heating supply for the hot water and space heating consumption of the four 
terraced housing rows takes place through the district heating transfer station in the 
two building services containers (each with 40 kW power) as well as the flat solar 
collector systems for hot water on the house roofs. The hot supply water directly 
supplies each house’s central postheater element (to warm the supply air), the 
bathroom radiator and the hot water tank. 

The central direct air/water postheater elements are located on the building services 
floor and heat up the supply air after the ventilation unit, when necessary. The 
element used is a „hot water postheater radiator WHR 125“ from the Helios 
Company, designed to be built directly into the ventilation duct and with an output of 
1100 Watt (specifications at 0 °C supply air temperature, supply/return water 
temperatures of 60/40 °C). The system is designed so that the maximum air 
temperature at the postheater does not exceed 55 °C, in order to avoid dust 
pyrolysis. 



 

 
 
 

  Page 33 

 PEP Project Information No. 1 PHI 
  

The distribution of the postheated air occurs as described in Chapter 3 „Ventilation 
concept“. The necessary heat thus is brought along with the fresh air into the inflow 
rooms.  

  

Figure 22: Postheater in the inflow pipeline (before and after the addition of insulation) 

The control for the postheater occurs over a vent with battery operated drive 
mechanism. A central room thermostat, located on the ground floor, controls the 
motorised vent. The room thermostat controls the room temperature centrally for the 
entire house (one zone). A temperature reduction overnight does not make sense 
any more, due to the excellent building insulation and the resulting long time 
constants.  

The bathroom radiator (Brötche Company, „towel warmer radiator“, rating: 205 Watt) 
has its own control thermostat vent and can thus be used independently from the 
central heating system. 

 

6 Domestic hot water supply concept 

6.1 Production, storage and distribution details 

On the one hand, the domestic hot water supply for all houses is also provided by the 
two district heating connections and the distribution system described above. On the 
other hand, each house has a solar thermal system. These two heating sources each 
supply a 300-litre water storage tank on the building services floor. The storage tanks 
are heated in the upper third to roughly 45 °C, according to the setting. This takes 
place over a thermostatic control.  
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As is usual for every centrally supplied residential building, the domestic hot water 
distribution comes prior to the space heating distribution. At the storage tank exit, the 
hot water pipe has a built-in thermostatic water mixer as a scald protector. This mixes 
cold water into the pipe should the temperature get too high, in order to avoid 
dangerously high tap temperatures. 

During the summer months, the heating supply pipes form the building services 
containers are only used for domestic hot water preparation. It is therefore only 
necessary to supplement the energy, which is not delivered by the solar thermal 
system. In order to avoid unnecessary circulation losses in the supply pipes during 
this period, an additional clock timer was installed on each pipe at the 
recommendation of the Passive House Institute. This results in the hot water pump 
being in operation for only a few hours per day during the non-heating period. During 
this time, the supply pipes are used to load up the house’s hot water storage tank. In 
this manner, the circulation losses can be dramatically reduced.  

6.2 Design data 

The hot water consumption is largely dependent on the number of people living in the 
house and their behaviour. The seasonal swings are relatively minor. In the design 
for the hot water supply, a base consumption of 40-litres at 45 °C per person and day 
was set. An average power demand of ca. 270 Watt was assumed for a 4-person 
household. To determine the size of the storage tank, a minimum of a full bathtub 
should be accounted for. The upper part of the storage tank must suffice for this, 
since only this part is continuously heated by district heating. 

6.3 Solar thermal system 

The solar thermal system (Wagner & Co Company) consists of a ca. 4 m² flat 
collector field on the southern roof, a control unit, the expansion vessel as well as the 
heat exchanger in the lower part of the hot water tank. It functions as an independent 
system with an anti-freeze liquid filled closed circuit. Under sufficient solar radiation, 
the control unit activates the pump. Due to the placement of the heat exchanger in 
the lower part of the water tank, it can be completely heated from below (300-litres). 
The storage tank temperature sensor is mounted in the area of the solar heat 
exchanger. The second temperature sensor is located in the collector on the roof. 

The temperature in the storage tank can be heated up to roughly 85 °C by solar 
energy. The above mentioned water mixer makes sure, through the mixing of cold 
water, that no scalding occurs at the taps. 
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7 Configuration of large household appliances and 

lighting 

The developer tested a new concept for the Hannover Kronsberg Passive House 
estate, which was aimed at increasing the adoption of energy efficient household 
appliances: 

• The sales price of the houses was increased by 1000 Euro per home.  

• Each purchasing household was offered the possibility of determining the 
electrical efficiency through the use of the Passive House Institute’s „Projected 
electricity consumption“ software, and of receiving advice with regards to 
purchasing new, particularly efficient appliances. 

• If the „Projected electricity consumption“ software determined an electricity 
requirement of less than 18 kWh/(m²a) and a primary energy requirement for 
electricity of less than 55 kWh/(m²a), the 1000 Euro from the sales price would be 
returned. 

• As a special feature, all the homes in the Passive House estate were equipped by 
the developer with optimised clothes dryers (see CEPHEUS-report Nr. 4 and 
[Feist 2000]), which use only a seventh of the electricity requirement under air-
vented operation compared to typical air-vented or condensation dryers. 

With the data of the old and new appliances as well as the purchase costs of the new 
appliances, one could determine: 

• the annual electricity consumption of a combination of old and new appliances, 

• the total investment for the purchase of the new appliances in this combination, 

• the energy cost savings and the cost effectiveness of the new purchases. 

The cost effectiveness was determined on the basis of net present values: the 
energy savings were capitalised with the real interest rates over the useful life of the 
appliances (e.g. washing machine 12 years).  

In this way, it was possible to reach a mix of relatively efficient old appliances and a 
few new high-efficiency replacement appliances, which both achieve the 
requirements (electricity demand less than 18 kWh/(m²a)) and are cost effective. 

With this instrument, a total of 18 buyers were advised by the developer’s Hannover 
outer office. The consultations were all successful, in the sense that the calculated 
compliance with the CEPHEUS project’s „electrical efficiency criteria compliance” 
(electricity demand ≤ 18 kWh/(m²a)) requirements was proven in 14 out of 18 cases. 
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Figure 23:  Input form for old electrical appliances for the electrical efficiency consultation at 

the Hannov er Kronsberg Passive House estate 
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Figure 24: Input form for new, energy-efficient appliances (electrical efficiency consultation)  
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Figure 25:  Results sheet for projection of electrical efficiency; in this case: cost effectiveness 

(example) 
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8 Costs, extra costs and cost effectiveness 

8.1 Extra capital investments for Passive Houses 

The statement of costs accounts for all investment costs from cost types 3 and 4 
(according to the German standard), each without value added tax, but including all 
the extra work such as side connections, plugging of holes, etc. The following 
building components are relevant:  

• Improvement of the insulation in the lightweight outer wall elements 

According to the 1995 German insulation ordinance, a U-value of 0,5 W/(m²K) for 
a respective insulation thickness of 80 mm would be sufficient here. The specific 
extra costs for the Passive House wall construction with a total insulation thickness 
of 300 mm were quoted by the developer as being  

outer wall lightweight construction extra costs: 17,90 Euro/m²  

The total costs for the lightweight facade were 240,31 Euro/m².  

• Improvement of the gable wall insulation with a thermal insulation compound 
system 

A U-value of 0,5 W/(m²K) for this part would also be sufficient according to the 
1995 insulation ordinance. The insulation thickness was increased from 70 mm to 
400 mm; for this, the developer quotes extra costs of 25,56 Euro/m². The total 
costs for this building component were quoted at 145,72 Euro/m². 

• Improvement of the roof insulation 

An insulation thickness of 150 mm in the rafter roof would have sufficed to reach 
the 1995 insulation ordinance’s U-value of 0,29 W/(m²K). An insulation thickness 
of 400 mm was chosen for the Passive house. The component costs were quoted 
as follows  

roof construction Passive House roof at 102,26 Euro/m² 

and the 

extra investment costs for the Passive House roof at 10,23 Euro/m². 

• Improvement of the ground insulation 

In the ground floor slab, an insulation thickness of 50 mm would have been 
sufficient for the insulation ordinance (U-value 0,6 W/(m²K)). The average 
thickness, for all house types, of the direct concrete-covered polystyrene insulation 
for the prefabricated slab is 326 mm; the construction costs were 

slab construction Passive House 102,26 Euro/m² 

The extra investment costs for the Passive House slab were 15,34 Euro/m². 
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• Windows with triple glazing and insulated frames 

Typical double-glazed insulation windows with a standard frame would have had a 
thermal conductivity coefficient of roughly 1,9 W/(m²K). In this case, a Uw-value of 
0,83 W/(m²K) was achieved. The total costs of the 

Passive House windows were quoted at 341,54 Euro/m². 

According to the developer, these windows cost 111,46 Euro/m² more than typical 
windows with Uw=1,9 W/(m²K). The relative extra costs of 48% above the standard 
windows are high; thanks to increased numbers of production, we expect a further 
reduction in the extra costs for this type of window in the future. 

• Ventilation system 

The current regulations in Germany do not require ventilation systems in 
residential buildings. Although we are of the opinion that a continuous ventilation 
of residential buildings is an essential requirement for a healthy living environment 
in all conventional new buildings, we wish to comply with the current practices and 
thus apply the total  

investment costs for the residential ventilation system of 4601,63 Euro 

on each of the 32 Passive Houses. 

A simple residential ventilation system based on an exhaust ventilation system 
with decentralised inflow through outdoor air vents would have been possible in 
these houses for investment costs of ca. 1300 Euro. We do not calculate these 
costs against the Passive House standard. 

• Heating distribution 

The hydraulic heating distribution (pipe network, gates, bathroom radiator) 
necessary for this project is very simple and only cost 

903,58 Euro (heating distribution) 

per house [Stärz 1999]. The cost reductions against standard costs for 

typical heating distribution and disposal of 2828,27 Euro 

per house are a result of two contributions: 

a) The reduction of the maximum heating load of a Passive House compared with 
a typical insulation ordinance house from roughly 6 kW to only 2,5 kW installed 
output saves about 1400 Euro (400 Euro per Kilowatt). 

b) The supply air ducts also provide the heating distribution for the living, eating, 
children and bedrooms, so that only a very small radiator in the bathroom is 
necessary. This results in a further reduction in the investment costs for 
radiators and pipes of roughly 1525 Euro. 



 

 
 
 

  Page 41 

 PEP Project Information No. 1 PHI 
  

• Pressurisation test 

According to current German regulations, an air-tightness check is not absolutely 
necessary for new buildings. Such a check was performed on each Kronsberg 
Passive House, with investment costs of 

153,39 Euro 

per object. These costs were added to the extra costs for the Passive Houses in 
the statement of costs account, although they should actually belong to a 
professional quality assurance for each new building and were also demanded by 
the city of Hannover for the Kronsberg standard. 

• Solar thermal system 

A solar thermal system was required for the CEPHEUS-project, although these do 
not belong absolutely to the Passive House standard. These systems resulted in 
extra investment costs: 

for collectors incl. assembly, 
adjustment, heat exchanger  2273,71 Euro 

for a larger and  
solar capable hot water tank    766,94 Euro. 

The sum of the extra investment costs for the hot water system in comparison to a 
conventional system were thus 3.040,65 Euro or roughly 800 Euro per square 
meter collector surface area (system costs). 

To determine the total extra investment costs for the individual house types of the 
Passive House estate, the surface area data must be used. These were based on 
the final invoice statements between the developer Rasch & Partner and their 
subcontractors. 

With the specific extra costs and the surface areas, the resulting extra costs for the 
heating savings of the four house types (each without value added tax) are: 

House type „Jangster de Lüx end of terrace“ 10258,37 Euro 
House type „Jangster de Lüx middle house“   8172,30 Euro 
House type „Jangster  middle house“    7518,87 Euro 
House type „123“       6808,17 Euro. 

For the energy savings with regards to the domestic hot water preparation, the solar 
thermal system and associated larger hot water storage tank add equal costs for 
each house of 3.040,65 Euro. 

The total construction costs per m² living area for this project, for the cost groups 300 
and 400 according to the German standard, were: 



 

 
 
 

  Page 42 

 PEP Project Information No. 1 PHI 
  

House type „Jangster de Lüx final house“      951,02 Euro/m² 
House type „Jangster de Lüx middle house“      885,48 Euro/m² 
House type „Jangster  middle house“       987,94 Euro/m² 
House type „123“        1089,91 Euro./m² 

The construction costs were thus in the lower half of the typical construction costs for 
similar terraced houses at the construction site. 

The proportionate extra costs in comparison with a building built according to the 
insulation ordinance were between 11,6% and 13,7% of the pure construction costs, 
including the extra costs for the solar thermal collectors; were one to consider only 
the costs for the Passive House, they would be between 8 and 9% of the 
construction costs. 

For presentation clarity, it does not make sense to discuss the cost effectiveness of 
the measures using all four building types; due to the relatively low differences in the 
percentage costs, this is also not worth a detailed calculation. Therefore, a 

representative house 

was defined for the next step, with which the following analysis will be conducted: 

The „representative house“ is defined as a thirtysecondth (1/32) of all 4 combined 
terraced housing rows. This allows the use of the respective values for all extensive 
parts (such as for example envelope surface areas, air volumes, energy consumption 
values, construction costs, etc.) for the representative house to be given as a 
weighted average value for the respective parts of the four house types: 

Xrepr = (nJDFXJDF + nJDMXJDM + nJAMXJAM + n123X123). 

The estate has the following numbers of each house type 

nJDF =   8 
nJDM = 14 
nJAM =   9 
n123  =   1 

With this definition, it is possible to set up a PHPP-calculation sheet for the 
representative house. The resulting extra costs for the Passive House standard 
according to the representative house are 

  Insulation and ventilation system  8467,41 Euro  (9,1%) 

  Solar thermal system   3040,65 Euro  (3,3%) 

This results in a total extra cost of 12,4% of the investment costs for an otherwise 
similar building built according to the 1995 insulation ordinance. 
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8.2 From the 1995 Insulation Regulation house to the Passive House 

8.2.1 Cost effectiveness considerations 

First of all, a decision was taken about which construction parts and components 
would have been used, if one had been required to build according to the 1995 
insulation ordinance: 

• The U-values of the outer walls can be increased to roughly 0,5 W/(m²K). 

• The insulation in the roof is reduced to the point where UD = 0,29 W/(m²K). 

• The ground floor slab insulation is reduced to UG = 0,61 W/(m²K). Typical 
window frames and glazing with Ug = 1,2 W/(m²K) and g = 62% are installed. 
This results in Uw = 1,9 W/(m²K). 

• A ventilation system is no longer needed, however 

• heating radiators with a total output of 6 kW must be installed against the outer 
facades. 

The assumptions in the calculation method for the insulation ordinance lead to an 
alleged low consumption value. Therefore, the energy balance was calculated once 
more with the PHPP process using the envelope surface areas described above. It 
was assumed that the air-tightness would not change and that the average air 
change rate would stay at the Passive House level. The thermal-bridge-free 
construction was also assumed, although any further careful insulation in the area of 
the house height offset was not assumed. 
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Table 5:  Documentation of the Passive House design package (PHPP) calculation of the 
annual heating requirement for the representativ e house in Hannov er-Kronsberg. 
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Table 6: Inv estment costs for energy efficiency measures for the representative house 
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The calculated heating requirement according to PHPP of a terraced house that just 
fulfils the legal insulation ordinance is 11420 kWh/a. The fact that the area-specific 
heating consumption of 102 kWh/(m²a) clearly lies above the 71 kWh/(m²a) 
calculated according to the insulation ordinance, is largely due to the much larger 
reference area used in the latter calculation. 

The supply of the terraced house is assumed to be the same connection to the 
district heating network as in the actual estate; only the connected load increases 
from 2,5 kW to 6 kW. Including the pipeline network losses and the heat transfer 
losses, the annual utilization ratio for the distribution system and the connection 
according to the insulation ordinance is 91%. The district heating consumption for 
heating is then 12600 kWh/a. 

In the following steps, the impact of the progressive improvement of the building 
standard, starting with the reference object and ending with the actually constructed 
Passive House, will be viewed: the heating energy requirements and the respective 
energy savings due to the individual steps are shown in Figure 26. Figure 27 shows 
the extra investment costs for the respective steps. Finally, Figure 28 documents the 
net-equivalent price for a kilowatt-hour of heating energy, according to how it is 
produced by the energy efficiency measures. 

This „saved kilowatt-hour price“ is a result of the apportioning of the extra 
investments into annual costs (real costs, i.e. adjusted for inflation) on the cost basis 
of the year 2000/2001: 

Psave = (a·Iextra + Z) / Esave, 

where a is the annuity, Iextra is the extra investment, Z are the additional yearly costs 
(e.g. service) and Esave are the respective energy savings [Feist 1998a]. 

To calculate the annuity a, a real interest rate of 4%/a was set. This is about the long-
term average real interest rate for a mortgage loan in Germany and is quite near to 
the current conditions (with roughly 6,5%/a effective interest rate and 2,4%/a inflation 
rate). The useful lifetime for the construction measures and the ventilation system 
were set at 25 years, for the solar thermal system at 20 years. This results in 
annuities of 6,4%/a (real) for the construction measures and 7,4%/a for the solar 
thermal system. For the pure construction measures there are no service or other 
additional costs: costs for the care and adjustment of the windows are not higher in a 
Passive House than in a typical building. The yearly additional costs for the building 
services systems will be discussed in the appropriate place. 
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Figure 26:  Six steps from the insulation ordinance standard to the Passive House: Through 
the energy efficiency measures described in the text, the yearly heating energy 

requirement (incl. building services losses) is reduced by more than 80%. The 
Passive House standard on the far right was realised in the Kronsberg built estate. 

The “costs for the saved kilowatt-hour” calculated by dynamic cost effectiveness 
analysis, allow for a transparent comparison of the efficiency measures taken in the 
Passive House estate to other possibilities for energy production. Figure 28 shows 
such comparison values: 

On the one hand, the actual heating price for the district heating supply on the 
Kronsberg, which, according to the bill, lies at 13,72 DPfg/kWh including value added 
tax. This gives a 

Kronsberg district heating price without VAT (2001) of 6,05 Eurocent/kWh. 

As a further comparison value, the average price for heating oil in Germany in the 
period 6/2000 to 5/2001 was determined at 0,71 DM/litre (without value added tax). 
Due to the large swings in the oil price, we set a 

final energy price for heating oil without VAT (2001) of 3,66±0,44 Eurocent/kWh. 
(Note: in 2005 this price was 4.1 Eurocent/kWh) 
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Figure 27: Required extra investments for the efficiency measures in Figure 26. 

 

Figure 28:  Costs for the „saved kilowatt-hour“ due to the efficiency measures in comparison 

to the district heating supply and the end energy price for heating oil in Germany. 
The left column is the sum of all measures (WSVO-standard !  Passive House 

standard), the rest for the respective additional measures of the indiv idual steps. 
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8.2.2 Step I: Passive House insulation of the lightweight facades 

Due to the increased insulation on the north and south facades, heating energy 
savings of 14% compared with the heating energy requirement of the insulation 
ordinance reference case are achieved. The extra investments, for 64,8 m² of 
construction element surface area, are 1159 Euro. Costs for the kilowatt-hour of 
saved energy equal 4,1 Eurocent/kWh. This on-site measure is thus individually cost 
effective. 

8.2.3 Step II: Insulation of the gable walls with thermal insulation compound 

system 

This measure affects mostly the end of terrace houses; allocated to the middle 
representative house, the resulting energy savings are some 6%. The extra 
investments, for 20 m² in the representative house, are about 511 Euro. The annuity 
costs for the kilowatt-hour of saved energy equal 4,6 Eurocent/kWh. This Passive 
House insulation measure is thus also individually cost effective today. 

8.2.4 Step III: Roof insulation increase 

The final energy savings achieved in the representative house are about 15% of the 
heating energy demand for the insulation ordinance standard. The extra investments, 
for 73,5 m² of construction element surface area, are about 1471 Euro. The price for 
the roof insulation’s saved kilowatt-hour is 2,4 Eurocent/kWh. This is a lot cheaper 
than the current district heating price and also the current heating oil price.  

8.2.5 Step IV: Ground floor slab insulation 

The insulation of the slab was realised in the prefabricated structure through a 
concrete covered polystyrene insulation board. The resulting energy savings are 
about 15% of the insulation ordinance demand. The extra investments, for 67,5 m² of 
construction element surface area, are about 1035 Euro. The annuity costs for the 
kilowatt-hour of saved energy equal 3,5 Eurocent/kWh. This is also very low 
compared to the district heating supply, and individually cost effective in comparison 
to the current oil prices. 

With step IV, all measures to do with the opaque envelope have been addressed. 
The heating energy consumption after this fourth step is now equal to only 
56 kWh/(m²a) („6-liter-house“) or 50 % of the value that could be reached by an 
insulation ordinance-standard house. The steps presented show that all the 
measures discussed to improve the opaque insulation are individually cost effective. 

8.2.6 Step V: Addition of Passive House windows 

Through the use of Passive House windows, a further energy saving of 15% in 
comparison to the WSVO (insulation ordinance) standard is achieved. The extra  
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investments, for 19,6 m² of billed window surface area, are about 2180 Euro. This 
leads to a price for the saved kilowatt-hour of 7,6 Eurocent/kWh; these costs are 
slightly higher than the district heating costs. However, the Passive House windows 
used allow for a simpler heating system installation: heating radiators must no longer 
be placed along the facade under the windows, since the average internal surface 
temperatures are above 17°C (see also [Peper/Feist 2001]). The savings for the 
conventional heating technology are not dealt with here, but further on. 

With the use of the Passive House windows, the current practical limits of the energy 
savings to be achieved solely with construction measures has been reached; the 
representative house now has a heating energy consumption of about 40 kWh/m² (4-
liter-house). Further efficiency improvements now also require a reduction of the 
proportionately high ventilation heat losses: it now equals 53% of the total heating 
losses, which are covered by solar gains (23%) and internal heat sources (19%). 

8.2.7 Step VI: High-efficiency heat recovery 

A reduction of the fresh air amounts to minimise the ventilation heating losses is 
impossible for indoor air quality reasons: on the contrary, a good solution for home 
ventilation will actually improve the rate of air replacement in the buildings.  

A high-efficiency heat recovery system with an effectiveness ratio of about 80% was 
used in the Kronsberg Passive Houses. This system is operated with an average 
fresh air volume flow of 120 m³/h. The experience with occupied houses shows that a 
very good indoor air quality is thus achieved – in very cold winter phases, the air 
volume could actually be reduced a bit more, in order to achieve a higher relative air 
humidity in the inflow rooms. The heating energy savings achieved with heat 
recovery equal 22% of the heating energy demands of the WSVO-standard. With 
step VI, the standard of the actually built Passive Houses has been achieved: the 
remaining heating energy requirement at a normal operational level is 15 kWh/(m²a). 

The costs for the ventilation system including all the components with installation, 
ductwork, filter, control system and central unit totalled 4602 Euro. These investment 
costs must however be contrasted with the cost savings of no longer requiring the 
traditional building services. According to Table 7, solely reducing the heating output 
of the heating distribution and heating supply in the Passive House saves 1395 Euro 
(7 instead of 8 heating radiators, output reduced from 6 to 2,5 kW, heating radiators 
located on the inner walls instead of the outer walls). Using the supply air postheater 
instead of 6 normal heating radiators leads to a further savings of 529 Euro [Stärz 
1999]. 
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Table 7:  Through the large reduction of the maximum heating load, costs for the heating 
distribution and supply network are saved. In the Kronsberg Passive Houses, only 

a ventilation postheater and one radiator in the bathroom are necessary. 

The total investment cost reduction resulting from the exclusion of the conventional 
technology is about 1924 Euro. In actual fact, the ventilation and heating technology 
used in the Kronsberg Passive Houses is about 2678 Euro more expensive than a 
conventional heating distribution system in a WSVO-standard house. 

The costs of 153 Euro for the pressurisation tests are placed for clarity under 
ventilation system costs. In order to determine the annuity costs for the Passive 
House ventilation system, the yearly additional costs have been compiled: 

a) Capital cost savings due to a simplified 

Heating system (from -1924 Euro, in annuity terms) - 113,38 Euro/a 

b)  Load reduction price savings district heating 3,5 kW      - 101,20 
Euro/a 

c) Capital costs pressurisation test 

(from 153 Euro, in annuity terms)          9,82 Euro/a 

d)   Filter costs for the ventilation system       35,26 Euro/a 

e)  The service costs for the ventilation system are not more expensive than the 
service costs for an alternative heating system. No additional costs. 

f) Electricity costs for the ventilation system:  

252,6 kWh/a with a net electricity tariff of 11,5 Eurocent/kWh    29,06 Euro/a 
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The resulting total additional annual costs Z for the ventilation system equal -150,26 
Euro/a. The ventilation system annuity costs for the saving of one kilowatt-hour of 
thermal heat are therefore 

PEsave, vent. = (6,4%/a ⋅  4602 Euro - 150,26 Euro/a) / 2736 kWh/a = 5,27 Eurocent/kWh. 

If one includes only the capital and operational costs (electricity and filter) for the 
building’s ventilation system and ignores the costs saved for the heating system, the 
resulting annuity costs for this object are then 15 Eurocent/kWh. Thanks to this 
comparison, it is clear how important the use of the Passive House standard’s cost 
advantages are for the cost effective operation of the home’s ventilation system 
[Feist 1999]. 

In comparison to the district heating used (6,05 Eurocent/kWh), the operation of the 
home ventilation system is individually cost effective; in comparison with the 2001 oil 
prices, however, the saved kilowatt-hours costs are higher. Future real energy prices 
should, however, lie at around 5 Eurocent / kWh (Note added in 2005: this proves to 
be true now). 

Taking the total Passive House measures together, the result is a total extra 
investment (without value added tax) of 8467 Euro for the representative house. 
Including the ventilation system’s additional costs b) d) e) and f) results in a total 
annuity cost of saved kWh’s for the Passive House of 

PEsave = 4,6 Eurocent/kWh 

These costs for the saved kilowatt-hour are clearly less than the district heating price 
and only slightly above the oil price for 2001. When one assumes a medium-term 
comparative price of 5 Eurocent/kWh, the measures for the Passive House described 
here are then individually cost effective without any government support. 

7.3 Cost effectiveness consideration for the solar hot water preparation 

The investment costs for the solar thermal system including extra storage tank costs 
were set at 3040,65 Euro. With a useful life of 20 years (7,4% annuity) and electricity 
costs of 3,45 Euro/a (20 kWh at 11,5 Eurocent/kWh), the resulting costs for the 
kilowatt-hour of delivered solar heat are 

PSolar = 13,8 Eurocent/kWh 

These actual production costs are higher than those for district heating and much 
higher than the energy saving costs for the efficiency measures. The extra 
investment in the Passive House standard is, according to this result, more cost 
effective than a conventional solar thermal collector. Hot water solar systems are 
considered to be a sensible investment for climate protection; we share this view 
because the actual production costs are justifiable in relationship to the expected 
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future energy costs. The investment in the Passive House standard when building a 
new house is, in comparison to a solar thermal system, actually even more cost 
effective. 

 

9 Description of the Construction Process 

9.1 Period of construction 

The design phase for the terraced housing estate began in 1998, construction began 
on the 01.09.1998. The topping-out ceremony took place in November 1998. The 
houses were completed in December 1998, the first occupants began moving in 
during the month of December 1998.  

9.2 Participants and organisation of the construction process 

Developer Rasch and Partner GmbH 

Architects Petra Grenz, Folkmer Rasch 

Building services InPlan GmbH Company, Pfungstadt 

Site manager Petra Grenz, Rasch and Partner 

Quality assurance Passive House Institute under contract of Rasch&Partner 

Table 8:  Design participants and developers for the Hannover-Kronsberg Passive House 

estate 

9.3 Instruction, Qualification and Quality assurance 

The developer Rasch and Partner contracted the Passive House Institute on the 
03.09.1998 to perform the quality assurance with regards to the Passive House 
standard. The foundations for quality control during the construction phase were the 
dimensioned implementation plans and the detail drawings of the designed standard 
assembly and construction element connections as well as the thermal 
characteristics for the construction materials, insulation and fasteners. In addition to 
this, the airtight concept was discussed with the developer beforehand using detail 
drawings. 

The quality assurance was performed with on-site visits during the prefabrication, 
construction site inspections, photo documentation, pressurisation tests (blower door 
method) and thermograph pictures. 
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9.3.1 Building Envelope 

9.3.1.1 Quality assurance in concrete works/pre-assembly of building services 

The building services rooms in the peaked attic of the houses were premanufactured 
as far as possible at the prefab-concrete element manufacturer (concrete factory 
Müller-Gönnern). The ventilation and water installations including armatures were 
premounted there.  

9.3.1.2 Prefabrication of the lightweight wood elements in the wood 

construction factory and insulation 

The developer Rasch&Partner contracted the prefab-wood element manufacturer 
„Lehner Holzbau GmbH“. The building of the elements in the wood construction 
factory was checked on-site by the PHI on 03.09.1998. The check comprised: 

• Integrity and quality of the prefabricated box beam insulation.  

• the quality of the implemented insulation materials (generally thermal conductivity 
group 040 for all wall and roof elements);  

• the correct cutout for the insulation as well as the exact insertion of the mineral 
wool insulation in the lightweight elements. The insulation must completely fill the 
element, it must not be compressed too much such that deformations occur, but it 
must be inflated by about 5 to 10 mm so that the closing particle board lightly 
compresses the insulation along the entire surface area (Figure 29). 

 

Figure 29:  The insulation must lie loose and slightly inflated within the element, so that no 

cavities are formed later 

• The use of proper materials to form the airtight layer on the lightweight wood 
element: only heat and UV-stabilised polyethylene foils can be used 
[Carlsson/Elmroth 1980]. 
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• The attachment of the foil according to plan, so that an airtight connection from 
element to element is possible later. 

  

Figure 30  (left): Facade element window opening. The airtight foil joints are carefully glued, 

the ov erhanging foil is there to allow for an airtight seal with the next elements 

Figure 31  (right): The finished elements, prepared for transport to the construction site. 

Clearly visible are the overhanging foils for the airtight connection. 

9.3.2 Windows 

9.3.2.1 Glazing selection 

The PHI recommended the use of glazing with larger pane separation (2*16 mm) and 
argon gas filling due to cost considerations. This glazing offers virtually the same U-
values as the previously used krypton-filled glazing and is thus appropriate for the 
Passive House. Thanks to this development, a cost-increase for the construction of 
the Passive Houses could be avoided. It was important for this project that a glazing 
with a high g-value could be chosen (Vegla “Climatop solar”, g=60%, was chosen). 

9.3.3 Air-tightness 

9.3.3.1 Connections between the elements 

The foils extend sufficiently past the element frames for the connections to be made. 
It was foreseen to unhurriedly unfold the overhanging foil pieces from the inside after 
the mounting of the elements and the sealing of the entire house, and to glue the foil 
pieces of the respective neighbouring elements or the previously laid foil pieces in an 
air-tight fashion over the home partition elements or storey ceiling. On-site visits 
determined that this work was generally completed in a professional manner. 
However, there were individual cases were the lower foil pieces had been stepped on 
by workers with heavy shoes, which lead to soiling and sometimes the damaging of 
the foils.  
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9.3.3.2 Roof penetrations of the ventilation ducts 

The locations where the ventilation ducts penetrate the roof require special care 
during design and construction to guarantee air-tightness. It was already noticed 
during the design phase that a mineral wool strip covered with a polyethylene foil 
would make sense here. A corresponding prefabricated product from the Gullfiber 
(Sweden, 260 50 Billesholm) Company is available under the name „Tätfiber 1011“. 

Instead of a prefabricated product, the seal can simply be made out of a strip of 
mineral wool and polyethylene foil pieces. The foil is folded along its length for this 
purpose, so that a strip roughly 15 cm high forms a (V-form) „pocket“ (Figure 32). 
This piece must be so long that both ends overlap by at least 10 cm when they are 
wrapped around the inner duct in the cylinder cut to be sealed. The foil pocket is 
placed in the seam with the opening pointing downwards and then filled out with 
mineral wool or foamed polyethylene foil afterwards. 

 

Figure 32: Airtight v entilation duct penetration in the roof area. 

9.4 Air-tightness tests 

Between the 8th of December 1998 and the 12th of February 1999, the airtightness 
of all 32 Passive Houses was checked as part of the quality assurance contracted by 
the developer Rasch & Partner and with the support of the city of Hannover. The 
measurements were carried out by the Bau + Energie + Umwelt engineering 
community together with the Passive House Institute. The most important results are 
briefly documented here (see [Peper 1999a]). 
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The pressure test measurements were carried out with a Blower Door (Minneapolis 
Company, Model 4). The building envelopes were closed on the dates of 
measurement (all doors and windows had been built in). Each house was accordingly 
prepared before the actual measurements, in that the lead-throughs for the 
ventilation pipes and solar thermal system lines as well as all the water/drainage 
pipes were sealed. The Blower Door was placed in the opened patio doors. Under a 
constant negative pressure of 50 Pa, any remaining leakages in the connections and 
lead-throughs in the entire building were found and, if possible, improved. The air 
speeds of the main leakages were quantified with the help of a thermoanemometer.  

Main leakages found: 

1. Connection of outer wall elements to the concrete pieces 

2. Support caulking in the gabled walls on the ground floor and first floor plates 

3. Seals and connections of house doors and windows  

4. Cable lead-throughs through the base plate and through the walls of the building 
services room 

5. Concrete cracks 

6. Sanitary pipes and water lines 

7. Roof lead-throughs 

The remaining leakages were almost always small defects. The adjustment of 
windows and doors was found to be particularly important.  

9.4.1 Quantitative measurement results 

For the actual measurements, the Blower Door was used to create various pressure 
differences (ca. 20 to 60 Pa, both positive and negative pressure) between the house 
and the environment, and the respective volume flows were recorded by the 
measurement system thanks to an electronic evaluation system. An average volume 
flow at a pressure difference of 50 Pa was determined and put in relationship to the 
building volume. This results in an air-tightness comparison value, independent of the 
house volume, with the designation n50 and the unit [h-1]. 

Through the use of a guard-zone measurement, it is possible to determine the size 
of the leakages between a house and the neighbouring zone, in this case between a 
single terraced house and its neighbouring houses. These guard-zone leakage flows 
to the respective neighbouring houses are subtracted from the volume flows of the 
actual airtightness measurements, in order to determine the relevant airtightness 
value (against outer air) of the house. 
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9.4.2 Pressurisation test measurement results 

The measurement values of the air-tightness tests produce, despite small defects, 
optimal results of n50 = 0,17 to 0,4 h

-1, the average value for all houses produces the 
exceptionally low value of n50 Avg. = 0,29 h

-1. The limit for Passive Houses of n50 = 0,6 

h
-1 is thus clearly above the maximum measurement values. The estate can in this 

regard be considered exemplary, when one compares the relationship to current 
typical construction practice. Figure 33 shows the final results in graphical form: 

Figure 33:  Final pressurisation test results for the 32 Passive Houses sorted in 
ascending order 

Such incredible values are only guaranteed by a combination of careful design and 
planning, good construction and quality assurance through the use of pressurisation 
test measurements. The houses in Hannover showed that, in terms of air-tightness, a 
consequent design in the early stages can lead to the realisation of reproducible high 
quality at a low cost. The measured guard-zone volume flows were between 5 and 
37 m³/h, on average around 14 m³/h.  

9.5 Results of the thermograph analysis 

Infrared thermograph pictures were taken in the Passive House estate under contract 
from the Stadtwerke Hannover on 15.02.2001. Involved were professors W. Zapke 
and A. Bethe (both from the Hannover technical college / Dept. of civil engineering) 
as well as Søren Peper from the Passive House Institute. The documentation and 
scientific evaluation of the pictures are published in a separate report [Peper 2001a]. 
A few key results of the thermograph analysis are presented here. 
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• Thanks to simultaneous precision measurements of representative surface 
temperatures, it was possible to make a quantitative evaluation both inside and 
outside. 

• The majority of the regular surfaces (windows, outdoor walls, roofs) show in 
thermograph pictures, qualitatively and quantitatively, the surface temperatures 
expected in theory. The thermographs therefore confirm the high quality insulation 
of the envelope construction elements of the Passive House estate. 

• The outer surface temperatures were, except for parts of the main door and 
window frames and the frame areas of the window panes (as well as a few 
convective thermal bridges), under the outer air temperature. This proves once 
again the large impact of long-wave radiation into the cold night sky (whose 
equivalent temperatures during the pictures reached -13,5 °C; in comparison: the 
outer temperatures were between -1,5 and -3,7 °C). 

 

Figure 34: Outdoor thermograph of a section of the houses in row 9 (north side). The area 

under the roof ov erhand and under the canopy ov er the main door seem warmer, 
since these areas are „covered“ from radiation into the cold night sky. Otherwise, 

the facades show continuous low temperature of around -4 °C. 

• One must be careful when analysing thermograph pictures taken from directly 
reflecting surfaces: with the building tested here, these surfaces are for example 
the metallic rainwater drains and the glazed surfaces. Due to an important 
contribution from the reflex radiation, the thermographic picture should not be 
interpreted as the surface temperature of the respective construction element. 
Particularly good examples are the IR-pictures of the windows in the first floor. 

The glazing in the central area is covered in dew (ε ≈ 0,95, hardly any reflection 
and whatever there is, is diffuse: the thermograph picture therefore actually shows 
roughly the surface temperature). The surface temperatures rise nearer to the 
frame because of the thermal bridges in the edge seal – the glazing is therefore 
not covered in dew there. Due to the direct reflection of the cold night sky, 
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however, one can see the “colder” area in the thermograph picture in the form of 
an “upside-down U“. 

• The Hannover-Kronsberg Passive House estate is also not free from weak areas 
visible in the thermograph pictures. However, as far as can currently be assessed, 
the weak areas found (especially the convective thermal bridges) are neither 
critical for the building’s substance nor do they have an important impact on the 
heating balance. 

• Small weak areas are indirectly to be assumed as being due to the warm air 
currents exciting above the rear-ventilated facades. On the other hand, the high 
quality of the outer facades is clear when one sees the surface temperatures in 
the area of the thermal insulation compound system (south side ground floor) and 
the rear-ventilated facade (south side first floor): There is no measurable 

temperature difference on these two surfaces! 

• The inner thermograph of one of the unoccupied but heated houses showed 
continuously high surface temperatures on all wall surfaces. The high surface 
temperatures show the success of the high quality insulation and show that no 
condensation water problems are to be expected in the entire house. In a few 
cases, the surface temperatures in the area of constructive thermal bridges (two 
bedroom edges on the first floor) were under the expected values. Also in these 
areas, there is no condensation water danger. These areas lead only to a minimal 
increase in the heating energy consumption. With surface temperatures of 
16,9 °C, one can certainly not talk of weak areas. 

 

Figure 35: Thermograph picture of the left liv ing room edge (house partition and outer wall, 

with a part of the window). Temperature differences between the walls are 
practically not identifiable.  

• The main door already showed noticeable leakages in the lower area during the 
measurement without negative pressure in the house (Blower Door test). The 
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outdoor thermographs also showed such weak areas at two other main doors. 
These lead to higher energy losses than projected. All the main doors were 
strengthened in the seal area in March 2001 (after the IR-test) and adjusted. It 
can thus be assumed, that these weak areas were improved. 

• During the testing of the building under negative pressure conditions (Blower 
Door use in the patio door), only 5 cases were found with measurable differences 
from the comparison pictures without negative pressure. Due to the high air-
tightness of the house, these areas were even under this „artificial“ building 
condition not critical.  

Altogether, the results of the thermographical evaluation of the Hannover-Kronsberg 
Passive House estate consistently confirm the high quality of the insulation of the 
total building envelope.  

9.6 Balance calibration of the ventilation systems 

During checks in the intensively measured house, deviations in the ventilation system 
from the ventilator output values set by the house technician were discovered. With 
the change in ventilator output, the system was no longer calibrated. A continuous 
misbalance was present, which, based on the setting used, led to forced in- or 
exfiltration due to leakages. This defect has a clear impact on the energy 
consumption of a house, since these air currents are not led through the high-
efficiency heat exchanger. 

 

 

Figure 36: Measurement technology set-up for the balance calibration of the heat recovery 

system in the building services floor of one of the Passive Houses. With the use of 

pressure measurement, the volume flows at the differential pressure sensors in the 

in- (right) and outflow (left) ducts were determined and evaluated. The outputs of 

both v entilators were individually set-up with the manufacturer’s operating device. 
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In order to check, and adjust if necessary, the settings of the remaining Passive 
Houses, all 32 houses were tested by two Passive House employees between the 
24th and the 26th of October 2000. With differential pressure measurement systems 
and a service device to adjust the ventilation systems, all the systems were tested 
and adjusted according to the differential pressure sensors installed in the in- and 
outflow air flows. Numerous clear discrepancies from the preset values or 
misbalances occurring with correctly adjusted values were determined. All the 
systems were adjusted again and the changed values were later handed over to the 
occupants on set-up protocols. The reason for the deviances found could never be 
explained. 

The results of the adjustment are ventilation systems in all 32 houses being as 
optimally balanced as possible.  

9.7 User manual 

Under contract of the Stadtwerke Hannover, the Passive House estate occupants 
were provided with user manuals from the Passive House Institute [Peper 2000a]. It 
is meant to explain the technical particularities of a Passive House and should ease 
the familiarisation and operation of the new standard. For reasons of completeness 
and clarity, all the other occupant relevant technical components and their operation 
were also described in detail. 

Since the user manual is, with about 60 pages and included „technical manufacturer 
manuals“, relatively bulky, a short list of user instructions (Living in the Passive 
House – at a glance) was produced, laminated and added to the long version. In this 
way, the occupants have the most important user details quickly at hand (and can 
hang them up in an appropriate location). 
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Figure 37: Short introduction to the user’s manual 
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10 Measurement concept 

The aim of the measurements is to provide evidence of the energy consumption, the 
comfort and the occupant behaviour in all 32 Passive Houses. Particularly the climate 
neutrality of the estate is also to be checked through measurements [Peper 2001].  
 
The measurement program is made up of a so-called „standard measurement“, 
which is present in all 32 houses, and a so-called “intensive measurement” which is 
made up of additional measurement sensors only installed in one house. In addition, 
there are a few further measurement points to determine the total and the common 
consumption as well as special measurements. 
 

 
Figure 38: Location drawing of the Hannov er-Kronsberg Passive House estate with 

measurements lines and weather station. The four house rows are numbered in the 
respective circles. 

 
A central data system is installed in the Passive House estate for continuous 
measurement data gathering. All measurement sensors are connected through M-
Bus or field-bus wires and sub modules with the switching cabinet in each second 
house. Data monitoring and data analysis is possible through a modem connection.  
 

10.1 Measurement sensors 

Seven measurement sensors are placed in each house for the standard 
measurement. The following parameters are continuously measured and recorded: 

1. Total hea quantity (Qtotal) 
2. Hot water hea quantity (QHW) 
3. Cold water volume (VCW) 
4. Hot water volume (VHW) 

N 
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5. Electrical Energy 
6. Room temperature ground floor living room / south side  
7. Room temperature first floor bedroom / north side 
 
The location of the measurement sensor in the individual Passive Houses (standard 
measurement) can be seen in Figure 39. The two heat quantity and the two water 
meters are all located in the building services floor of the houses.  
 

 
Figure 39: Cut-away section through a terraced Passive House with drawn-in location of the 

measurement points for the standard measurement (according to [Pfluger 2000]). 

 
The building services floor of the respective buildings is, as shown above, equipped 
with four measurement sensors. In Figure 40, the additional measurement sensors 
for the intensive measurement in one of the houses are presented. 
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Figure 40: Position of the measurement sensors for the standard and intensiv e measurement 

in the building services floor.  

 

10.2 Heating quantity meters (HQM) 

10.2.1 House systems 

Two heat quantity meters (Techem Company, type Delta Tech Compact II, volume 
measurement with electronically scanned wheel, calculator, temperature 
measurement Pt 500, M-Bus connector, construction size Qn = 0,6) are installed in 
each house. One meter measures the total heating supply of the house (HQMtotal) 
and the second is a sub meter used to measure the part of the hot water heating 
taken from district heating (HQMHW).  
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Figure 41: Installation wall on the building serv ices floor with water storage tank. The two 

heat quantity meters are marked with arrows. 

 

 
Figure 42: Total heat quantity meter on the installation wall of the building services floor. The 

cable leads to the temperature sensor (Pt 500) in the supply pipe. 

 
The heating consumption of a house, due to the existing heat quantity meter set-up, 
is determined from the difference between the total heat quantity meter and the hot 
water heat meter: 
 

QHeating = Qtotal – QHW 

 

10.2.2 Intensive measurement-HQM 

Two further HQM of the same type are built into the intensively measured house. 
One measures the consumption of the postheater in the supply air duct, whilst the 
other measures the yield of the solar thermal system, which is fed into the domestic 
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hot water storage tank. In addition, all four supply temperatures and volumes of the 
HQM as well as the return temperatures of the solar thermal system HQM are 
recorded in this house.  

10.2.3 Main-HQM for the house rows 

Two further HQMs, type Techem / Delta Tech Compact II/ Qn = 1,5, were built into 
the estate to record the total heat consumption within the framework of the 
measurement project. These measure the total heat quantity supplying the two sets 
of sixteen houses after the district heating transfer station and the buffer storage tank 
on the building services floor.  

10.3 Main and domestic hot water meter 

In each of the 32 houses there is a main water meter and a sub-meter for domestic 
hot water quantity (in the cold line, before the hot water storage tank).  

10.4 Room air temperatures 

Room temperature sensors from the K & P Company / model TRD 2 were installed in 
each of the 32 Passive Houses in the ground floor south room (living room) on the 
wall to the staircase and in the first floor north room (normally the bedroom) near the 
bedroom door (in the finery). The sensors were installed in the ground floor ca. 1,5 
meters and in the first floor about 1,4 meters above the floor. Three additional room 
air temperature sensors of the same model were installed in the kitchen and the two 
child rooms for the intensive measurements in order to give evidence on all the living 
and lounging rooms. A ± 0,1 K calibrated thermometer (Ahlborn Company / model PK 
06, 1/10 DIN) was used by the PHI to re-calibrate the room air temperature sensors 
at the 67 measurement points and then adjusted by K & P per offset entry.  

10.5 Electricity meter 

The electricity meters of all the houses are centrally located in both building services 
containers. They are typical alternating current electricity meters (DZG Oranienburg 
Company / model DV 620 UF2 / electricity class 2) equipped with an impulse outlet. 
In addition to the 32 single house meters, there is one more meter per container for 
the common electricity consumption (pumps, common lighting and parking spots). A 
further electricity meter for the intensive measurement gauges the electrical energy 
needed to supply the ventilation system with integrated heat exchanger.  

10.6 Intensive measurement 

In addition to the measurement sensors listed so far for the intensive measurement, 
there are the following measurement points in the intensively measured house. 
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10.6.1 Water temperatures 

The cold and hot water temperature are measured on the building services floor 
through sensors (K&P Company / model TAVD with an active measurement element 
KP10) and relayed directly to the DDC-central station.  

10.6.2 Air duct temperatures and humidity 

In order to give more precise evidence about the behaviour and output capacity of 
the air-to-air heat exchanger and the postheater in the supply air duct, five more air 
temperature measurements were planned for the air ducts: 

1. Outdoor air before heat exchanger (after frost protection heater) 
2. Outdoor air after air-to-air heat exchanger 
3. Inflow air (after postheater) 
4. Outflow (extract) air 
5. Exhaust air 
The relative air humidity of the supply- and extract air in the air ducts is measured 
with duct humidity sensors, model HR250D (K&P Company).  

10.6.3 Volume flows 

The measurement of the volume flows from the outdoor and exhaust air is done 
through pressure difference measurements at the two differential pressure sensors in 
the relatively short outdoor and exhaust air pipes with pressure difference sensors 
(Huba Company / fine pressure transmitter model 694). There are two DN 100 
differential pressure sensors built into this house – in contrast to the estate’s other 
Passive Houses - for permanent measurement (Westaflex comp. / model MSD 100).  

10.6.4 Condensation 

Water condensation can occur in the ventilation unit exhaust ducts under cold 
outdoor temperatures. A measurement of the mass of the condensed water was 
therefore necessary.  

10.7 Weather station 

To record the local climate data, a weather station was built onto a telescope tower 
(Figure 43). It is equipped with two radiation measuring devices (Kipp & Zonen 
comp., pyranometer model CM 11, with and without shadow ring) to measure the 
total horizontal radiation and the diffuse horizontal radiation, a radiation protected 
outdoor temperature and humidity sensor (Kipp & Zonen comp.,  hydro-thermo-
transmitter-compact), a wind direction measurement device (Kipp & Zonen comp., 
wind direction-compact model) and a wind speed gauge device (Kipp & Zonen 
comp., wind speed gauge-compact).  
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Figure 43 and Figure 44: Weather station in the Passive House estate. Left: Telescope pole with 

the sensors. Right: Radiation measurement units with and without shadow ring on 

the ridge. 

 

11 Data evaluation 

 
Data from the first complete heating period (01.10.1999 to 30.09.2000) and the 
following heating period (01.10.2000 to 30.04.2001) were evaluated. This allows for 
direct comparisons between the first and the second heating periods (both: 1.10. to 
30.4.). 

 

Time period Number of permanently occupied houses 

1 01.10.1999 - 30.09.2000 22 
2 01.10.2000 - 30.04.2001 25 
Table 9: Number of permanently occupied houses in both research periods 

 
Since all the houses are permanently heated during the heating periods under 
consideration, the heating consumption for all the houses are evaluated and 
presented as an average. The presentation of data from unoccupied houses is 
marked. These houses experience a large reduction in the amount of heat coming 
from indoor heat sources, since nobody is present and the electrical energy is used 
solely for the ventilation system. That normally leads to higher heating energy 
consumption than in an occupied house. With such parameters as water and 
electricity consumption being heavily dependent on demand, only those houses that 
were permanently occupied are presented. 
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12 Overview of the measurement results 

 
 

The measurement overview  shows the data from the f irst year of measurement (1.10.99 to 
30.9.2000). The comfort parameters and the heating energy consumption are based on the 
permanently occupied houses (average values).  
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12.1 Comfort parameters 

The room temperatures of the permanently occupied terraced houses are right in the 
middle of the comfort range, with an average 21,1°C in the middle of winter; the very 
slight deviation (20,9°C) on the coldest day shows that comfort is guaranteed, 
independent of the climate conditions. The value of the average temperature lies 
clearly above the typical target temperature of 20°C. The calculated extra heating 
consumption for a representative terraced house in Hannover, for an increase in the 
room temperature from 20°C to 21°C, is 1,7 kWh/(m²a) or 15%  [PHPP].  
 
The summer-time room temperatures lie, except for a few hours, under 25°C and 
thus even without an air conditioning system in the comfort range. Even on the 
hottest day of the measurement year, the average temperature of all occupied 
houses was only at 25,7°C. 
 

12.2 Heating load 

Particularly important for the functioning of the Passive Houses is the maximum 
required heating load; if this lies under 10 W/m², it is then possible to heat the homes 
solely over the fresh air (required air change for indoor air quality) from the ventilation 
system. The Hannover measurements during the first heating period show that the 
maximum daily value of 8,8 W/m² was already underneath this limit; the maximum 
value is in this case a clear exception (see Figure 62). The maximum heating output 
of 7,0 W/m² in the second heating period is even lower and is below the calculated 
value (7,1 W/m², see Figure 63). The Kronsberg Passive Houses thus prove under 
practical circumstances, that the concept of fresh air heating in Passive House 
quality buildings functions. The theoretical proof was already provided in CEPHEUS-
Project Information Nr. 5 [Schnieders 1998]. 
 

12.3 Heating consumption 

The annual heating consumption in the first year, including summer consumption, 
was 16,0 kWh/(m²a). When one removes the not really necessary summer 
consumption, a value of 14,9 kWh/(m²a) remains (01.10.99 to 30.04.00). In the 
second winter period (01.10.00 to 30.4.01) the measured heating consumption was 
only 13,3 kWh/(m²a). The average calculated heating consumption for a target 
temperature of 20 °C for all houses is about 11,8 kWh/(m²a), according to PHPP; 
even an increase in the average room temperatures to 21 °C, as mentioned above, 
leads to a calculated heating consumption of 13,6 kWh/(m²a). The measured values 
of the Passive House estate are thus in the first year only slightly above the 
calculated consumption (about +10 %) and in the first year actually slightly below (-
2 %). The heating consumption measured here means a saving of:  
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• more than 90% compared to the average building stock in Germany, 
• more than 85% compared to the average new terraced houses in Germany. 
 

12.4 Final energy consumption 

The heating distribution and heating transfer losses were also held extremely low in 
the Passive Houses. Including the (partly useable) heating transfer of the distribution 
networks in the houses, these losses for heating and hot water preparation equalled 
about 9 kWh/(m²a). This is equivalent to the previously calculated projected value; 
however, in percent terms of the total final energy consumption from district heating, 
this equals 27%, and is thus not to be ignored. It therefore seems worthwhile to 
intensify research and development to achieve a further reduction of these losses. 
 
According to the measurements, the final energy consumption for heating in the first 
year of operation was 20,9 kWh/(m²a), whilst the required demand for hot water 
postheating was 13,7 kWh/(m²a) (both measured at the district heating transfer 
station and both including all distribution and transfer losses). The hot water 
preparation in the individual houses is largely done by the on-site solar thermal 
systems; their energy deposit is not included in the values documented here. The 
final energy consumption for heating and hot water preparation at 34,6 kWh/(m²a) of 
district heating is, already in the first year of operation, only slightly above the 
projected calculated value of 33,1 kWh/(m²a). In comparison to the current average 
new building stock, the final energy savings for heating and hot water are over 75%. 
It is important to note that the reduction in final energy demand is not due to a 
substitution through an exergetically higher value energy supply – the heating supply 
is based as before on district heating. 
 
The first year’s (1.10.1999 to 30.9.2000) measured final energy consumption in terms 
of electricity for the permanently occupied terraced houses equalled 23,3 kWh/(m²a), 
which includes 
 

• the total household electricity consumption of the 22 households (such as: 
lighting, cooling and freezing appliances, washing machines, dryers, dish washing 
machines, cooking and any other uses) (House hold electricity: 19,8 kWh/m²a)), 

• the total auxiliary electricity consumption of the house ventilation systems (such 
as: control, ventilation operation, and frost protection radiator) (electricity for the 
ventilation systems 2,2 kWh/(m²a)), 

• the total auxiliary electricity consumption of the heating distribution of the central 
control systems and the remaining common electricity demand (common 
electricity demand: 1,4 kWh/(m²a)). 
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The total electricity consumption is therefore much lower in this estate than the 
reference value of the average household electricity demand in Germany of 32,8 
kWh/(m²a), this despite the fact that all households in the estate are better equipped 
than average with electrical appliances and both the ventilation system and the solar 
thermal hot water preparation require additional electricity in comparison to the 
reference case. A more exact analysis (see Chapter) shows that the success of final 
energy savings in the area of electricity is due to the use of particularly energy 
efficient household appliances. Through a consultation concept, combined with a 
financial incentive, it was possible to convince 18 households in the estate to equip 
their homes with modern appliances with very high energy efficiency. The household 
electricity savings (without ventilation and common electricity) of these 18 
households was 45% in comparison with the reference case. 
 
The total final energy consumption from district heating and electricity of the 
permanently occupied Passive Houses in this estate equals 58,0 kWh/(m²a) and is 
thus about 67% below the demand of a new reference building. Due to the very high 
heating savings, the electricity consumption is now dominant – despite the efficiency 
improvements there. The further improvement of electricity efficiency is therefore one 
of the most important aims for future research and development. 
 

12.5 Primary energy consumption 

To determine the primary energy consumption out of the measured final energy 
consumption values, the primary energy factors decided upon internationally by 
CEPHEUS for the European Union are used (2,5 [kWh/kWh] for electricity, 1,15 for 
natural gas, 0,7 for district heating from combined heat and power as well as 0,1 for 
wood pellets; renewable energy sources such as solar thermal energy, wind and 
solar electricity are set at 0 [kWh/kWh]). 
 
Since district heating from a combined heat and power plant supplies the estate, the 
primary energy consumption for heating and hot water preparation is reduced in 
comparison to the final energy consumption to a total of 24,2 kWh/(m²a). This means 
a reduction of 85% in comparison to the reference case. 
 
Due to the high losses experienced by the currently prevailing form of electricity 
production, the primary energy consumption for electricity is particularly conspicuous. 
Although the total electricity consumption is roughly 30% less than in the reference 
case, the electricity production for this estate makes up about 3/5 of the primary 
energy consumption. This underlines the task described in the previous chapter, to 
improve particularly electricity efficiency in the future. 
 



 

 
 
 

  Page 75 

 PEP Project Information No. 1 PHI 
  

Overall, the total primary energy consumption of the estate in the first year is 
82,6 kWh/(m²a), and is only a third of the demand in a conventional new housing 
estate. This extremely low demand can be substituted by the purchasing of 
production capacity from the wind power generator on the Kronsberg, and this to 
economically effective costs: with a share of Euro 1.250 per terraced house, an 
electricity production of ca. 35,5 kWh/(m²a) is substituted; this is equivalent, using the 
appropriate primary energy factors, to a primary energy input of ca. 89 kWh/(m²a) 
and more than covers the estate’s demands. 
 
The high efficiency of the energy consumption in the Passive House estate thus 
makes it possible to provide the majority of the energy supply from a sustainable 
basis; the determining factor is that, only once the demand has been reduced 
enough by such efficiency measures as found in the estate, is it possible to find 
enough sites for renewable energy production located close enough to the customer. 
 
 

13 Measurement results in detail 

13.1.1 Useful energy consumption 

The presentation of the Passive Houses’ energy quality in the form of an annual 
heating energy balance is shown in Figure 45. It was drawn up based on the 
measurement values for solar radiation, outer temperature and heating demand. The 
heat transmission losses to the environment and the ground, the ventilation losses as 
well as the solar gains were calculated with the help of the measured data according 
to the EN 832-monthly method.  
 
According to the measurements, the annual heating consumption for the whole year 
for all 32 terraced houses is 16,0 kWh/(m²a). Since electricity and hot water 
consumption values are incorporated in the monthly depiction, it only makes sense to 
present permanently occupied Passive Houses. To the measured household 
electricity consumption of each house was added the respective share of the 
common electricity consumption (for pumps and lighting of the common used areas 
without the share of the measurement technology electricity). The electrical energy 
consumption for the ventilation system was determined with the help of data from the 
intensively measured house. These monthly amounts are presented separately in the 
diagram. 
 



 

 
 
 

  Page 76 

 PEP Project Information No. 1 PHI 
  

 
Figure 45: Annual heating energy balance in the first measurement year (01.10.1999 to 

30.09.2000). 

 
The measured energy consumption is presented in Figure 46 as monthly values. 
Figure 47 shows the daily consumption of the permanently occupied houses for 
heating and domestic hot water preparation from district heating as well as the 
consumption for electrical energy. The electrical energy contains the common shares 
(without measurement technology) and the ventilation systems’ consumption. 
 
What becomes particularly clear here is the impact of the solar hot water heating 
when one sees the heavy increase in the share of district heating for domestic hot 
water preparation in the darker seasons. The electricity consumption is relatively 
constant over the whole year, with a slight increase in the winter months, probably 
due to the increased lighting needs and a small “vacation dip” in July. 
 
Figure 48 shows the heating consumption for the full first measurement year of each 
house in increasing order. The average value for the 32 Passive Houses in this 
analysis is qHeiz = 16,0 kWh/(m²a). This figure is slightly above the heating demand 
value calculated for all houses by the PHPP-balancing [PHPP 1999] program of qHeat 

theo = 11,8 kWh/(m²a). The reasons for this have largely to do with summer heating 
and somewhat higher indoor air temperatures. The average value in the actual 
heating period from 1.10.1999 till 30.04.2000 is qHeat = 14,9 kWh/m². 
 



 

 
 
 

  Page 77 

 PEP Project Information No. 1 PHI 
  

 
Figure 46: Monthly energy requirement for the permanently occupied Passive houses in the 

first measurement year (01.10.1999 to 30.09.2000). 

 
 

 
Figure 47:  Energy consumption per day in the permanently occupied houses in the first 

measurement year 
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Due to the high insulation standard of the Passive Houses, it is normally not 
necessary to heat even during the transition period. The average summer 
consumption of 1,1 kWh/m² are largely due to seven houses, which had appreciable 
demands in summer 2000, whereby one house with a value of 9,6 kWh/m² is to be 
seen as an exception. This house’s heating system was in use when the daily 
average room temperature was over 24 °C! The system was even operating for short 
periods of time during outdoor air temperatures of 28 °C. When the high outdoor 
temperatures started to drop, the heating system turned on permanently again, even 
though the indoor temperature in the ground floor equalled 28°C. This extreme case 
makes it clear that this is an unwanted heating. It is likely that, as in other houses in 
the estate, there was a defect in the functioning or interaction of the room thermostat, 
motor-driven valve or postheater. 
 

 
Figure 48: Comparison of the measured heating consumption and the projected (calculated) 

heating consumption v alues in the first year of measurement (1.10.1999 to 

30.9.2000). 

The wide range of consumption values is a surprise at first. As we know from other 
research in other estates and other objects, this range is due to occupant behaviour 
and fully normal: such ranges are also to be seen in old buildings in the building 
stock and in Low Energy Houses, except the ranges there are much larger. 
[Schnieders 2001] shows that the measured demands closely follow the normal 
distribution (Gauss’ integral). Their average values correspond to the average 
demand values of the respective construction/technical building standards, the 
standard deviations are a gauge for the swings due to the occupiers. In the two 
totalities documented here, the respective values are documented in Table 10. In the 
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third column, an estimate s is stated for the standard deviation σ of the individual 
consumption values. The measurement results for the 88 low energy houses are 

actually further spread out (±65 % of the average) than those of the Passive Houses 
(±42 % of the average value). In contrast to the often-voiced fear, the individual range 
does not increase in any decisive manner when the energy efficiency is improved. 
 
One should consider that the average consumption value is more precisely 

determined in both cases, and in fact, through C⋅s/n½ for the 95% confidence interval, 
whereby C is determined using the t-distribution with n-1 degrees of freedom to the 

level of significance α = 95%; n is in this case already so large, that C ≈ 2 lies close 
to the value for the normal distribution. The 95% confidence interval outcome for the 
expected value of the 88 low energy houses (see Chapter 13.1.3) occurs to 

64,8 ± 9,0 kWh/(m²a) and for the 32 Passive Houses to 16,0 ± 2,4 kWh/(m²a), each 
including summer consumption. The savings resulting from the construction/technical 
energy saving measures are thus statistically assured. 

 

Project  
(data including summer 
heating) 

Estimate for the expected 

value µ: 
Average heating 

consumption (complete 
year) in 

kWh/(m²a)) 

Estimate for the standard 

deviation σ of the 
associated distribution:  
gauge for the range of 

individual values 
conditional on the 

occupants in kWh/(m²a) 
Low Energy Houses 
Kronsberg,  
1999/2000 

 
64,8 

 

±42,5 (65%) 

Passive Houses Hannover-
Kronsberg 
1999/2000 

 
16,0 

 
±6,7 (42%) 

Table 10: Average values and standard dev iations of the different construction standards 

The following hypotheses based on the Kronsberg Low Energy Houses are drawn up 
in [Wolff 2000] for the reasons behind the range of values: 
 
- air change rates/ventilation behaviour 

The air change in the heating period is said to vary between 0,3 and 1,2 air 
changes per hour, according to different ventilation behaviour. The result would 
be a range from +20 to +100 kWh/(m²a) solely due to the ventilation behaviour. 

 
This hypothesis is refuted by the measured results from the Passive House estate: 
the maximum heating consumption deviation upwards is only 17 kWh/(m²a) in this 
case. The assumed high variation due to ventilation behaviour is definitely not 
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present with Passive Houses. In addition, this hypothesis does not explain 
downwards demand variations.  
 
- Room temperature level 

A room temperature increase of 1 K means an extra consumption of ca. 7-11 
kWh/(m²a) in the Low Energy House (11 to 17%). 

 
The impact of room temperatures is also very high in the Passive House. The 
absolute values are in actual fact “only” 1,7 kWh/(m²a) per Kelvin, but this means 
almost 15 %/K under such low consumption levels. With a spectrum of average 
winter indoor temperatures between 19 und 23 °C, the resulting consumption 

variations are ±3,4 kWh/(m²a). However, this alone does not fully explain the 
variations at hand. 
 
-  „Heat theft (?)“ . 

The heat flows between individual housing units become more important, when 
these units are heated to different temperatures. 

 
According to the analysis conducted, for example in the CEPHEUS-Project "Passive 
House multiple storey housing/Kassel Marbachshöhe", this is actually the most 
important reason for the consumption variation [Pfluger 2001]. This effect 
strengthens the consumption differences due to indoor temperature between two 
neighbouring houses: let’s consider that neighbour A has set his room temperature at 
23°, whereas neighbour B has set his at 19°C. The resulting heat flow through the 
partition wall from A to B in a Passive House standard terraced house is almost 
900 kWh/a. House B’s heating consumption is thus reduced by about 7,6 kWh/(m²a), 
whilst house A’s consumption is increased by the same amount. For the estate’s 
overall heating consumption, this effect is a zero sum game – the heat has not been 
lost, it is just in the neighbour’s house. The absolute level of this effect is not 
dramatic; the effect is economically compensated due to the only partially 
consumption-dependent billing. 
 
When one combines the impact of these cross currents and the actual extra losses at 
higher room temperatures, the result is a consumption variation of ±11 kWh/(m²a) for 
the Passive House estate for the measured differences in temperature levels. Values 
of 16±11 range from between 5 to 27 kWh/(m²a); that is nearly the observed range in 
the first year of operation. 
 
Since different average room temperatures were actually measured in the interval 
from 19 to 23 °C, a resulting range of consumption values has to be expected on this 
account. 
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These variations due to the occupants are still, however, covered by a range of 
influences, which are typical for the „first year“ of an occupied new house: adjustment 
problems, remaining work by tradesmen, drying phase, occupant familiarisation, etc. 
This can be seen in the fact that the average heating demand is slightly higher in 
comparison to the theoretical calculation.  
In the second heating period a further reduction of the heating demand was 
established (Figure 49). 

 
Figure 49: Comparison of the measured heating consumption and the projected heating 

requirement v alues (calculated) in the second heating period (1.10.2000 to 
30.4.2001). 

The average value of QHeiz = 13,3 kWh/m² confirms the assumed improvements in 
the second heating period, as is known from other analysed objects.  
 
A degree day-weighting (weather adjusted consumption data) of the measured 
period in comparison to the long-term average does not make sense with Passive 
Houses, since there would not be any appreciable differences.  
 
In addition to the measured useful energy demand, a part of the pipe network’s 
heating losses in the houses during the heating period (dealt with in the next section) 
is useful. The reason is that the inflow and outflow pipes run through the building 
services floors. There, heat radiation is to a large extent „useful“ to each house. This 
useful share is determined in section 14.3.3. It lies at 3,9 (± 1,5) kWh/m². The value 
for the first heating period is 14,9 + 3,9 = 18,8 (± 2,5) kWh/m² and 13,3 + 3,9 = 
17,2 (± 2,5) kWh/m² for the second heating period. 
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13.1.2 Final energy consumption 

We describe the non-renewable energy flows delivered through the building 
envelopes into the estate as final energy consumption. These are presented here as 
house-related measurement data for the first complete measurement year (1.10.1999 
to 30.9.2000). 
 

 
Figure 50: House-related final energy consumption of the first complete measurement year 

(1.10.1999 to 30.9.2000) of the 22 permanently occupied Passive Houses. 

For this presentation, the following data were used: the district heating consumption 
for heating and domestic hot water preparation, the ventilation electricity 
consumption and the remaining household electricity consumption. The electricity 
consumption is determined as described in Figure 46. The losses of all household 
technical installations, including the district heating transfer station, are accounted for 
in the final energy consumption values. These were added respectively to  each 
house, and weighted according to heating and hot water district heating supply. The 
average heating value is qHeatFinal = 20,9 kWh/(m²a), the average for the final energy 
(district heating) required for hot water preparation is qHW Final = 13,7 kWh/(m²a). The 
electrical energy supply values do not change under these considerations. The 
average household electricity value including the common share is 
qHousElec = 21,1 kWh/(m²a), the value for the ventilation system including control and 
frost protection is qVCFElec = 2,2 kWh/(m²a). 
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The average final energy characteristic value for all 22 permanently occupied 
Passive Houses is qFinal = 58,0 kWh/(m²a) (including household electricity).  

In comparison to the projections (51,9 kWh/(m²a), the measured consumption is 6,1 
kWh/(m²a) higher. In view of the effectively achieved final energy savings of 67 % 
in comparison to the average new house, the result is to be judged as a great 
success. For the comparison with the average new house, the estate’s houses were 
remodelled and recalculated according to [WSVO 95]. The reference case’s resulting 
final energy demand was 173,8 kWh/(m²a). 
 
 

 
Figure 51: Total final energy consumption (district heating and electricity including household 

electricity) for a reference estate with the current average standard in Germany 

(left) and according to the measurement values in the Kronsberg Passive House 

estate (22 permanently occupied houses in the measurement cycle 4.10.1999 to 
3.10.2000). 

 

13.1.3 Final energy comparison with Low Energy Houses (LEH) 

All the buildings in the new Hannover-Kronsberg housing estate had to be built at 
least to Low Energy House (LEH) standards according to the city of Hannover 
guidelines. Defined as the „Kronsberg-Standard“, these guidelines are more 
strenuous than the requirements of the 2000 German Energy Saving ordinance: 
proven verification of the standards was required by the city of Hannover for all 
buildings, and a comprehensive quality assurance was supported. The Stadtwerke 
Hannover has made available for comparison the heating cost bills of five larger 
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multi-family houses with a total of 88 Kronsberg-standard homes. The measured 
demand data from the objects include the pipe network distribution losses in the 
houses. It is therefore necessary to refer to the final energy demands for a 
comparison with the 32 Passive Houses.  
 
The data compared refer to almost the same annual period: the LEH consumption 
was recorded from 15.10.1999 to 16.10.2000, those for the Passive Houses in the 
first measurement year from 01.10.1999 to 30.09.2000.  
 
 

 
Figure 52: Comparison of the final energy demands for heating of fiv e Kronsberg multi-family 

houses built to the Low Energy standard (according to the heating bill) and of the 
32 Passiv e Houses. The comparable annual periods of one year are presented 

(LEH: 15.10.1999 to 16.10.2000, PH: 01.10.1999 to 30.09.2001). The average of the 

measured values clearly shows the difference between the two standards. 

Figure 52 shows the impressive difference between the two standards, with average 
final energy values for heating of 64,8 kWh/(m²a) for the LEH and 20,8 kWh/(m²a) 
for the Passive Houses. It is likely that a few of the LEH homes were unoccupied and 
unheated at times. With regards to the values, it must be noted that we are dealing 
here with LEH standard new buildings that are already optimised for energy use and 
have been quality controlled. Their demands are about 40% less than conventional 
new buildings. The heating energy demands of the Passive Houses are, in 
comparison to the LEH houses, reduced by a factor 3 and thus so low that the 
heating is practically negligible on economic terms.  
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13.1.4 Occupant range and consumption level in comparison  

Erik Lundström published (1986) an important evaluation of the impact of occupant 
behaviour on the energy demand in single-family homes in Sweden [Lundström 
1986]. Lundström measured the total energy consumption of 77 equally constructed 
single-family homes in Stockholm. The freestanding single-family homes that were 
analysed have a comparatively good insulation (UFloor = 0,25; UWall = 0,38, UWi ndow = 
2,79 und URoof = 0,23 W/(m²K)) and are solely supplied with electrical energy – that 
means that heating and hot water preparation are done with electricity. Only the total 
electricity consumption was measured: heating, domestic hot water preparation and 
household electricity together. 
 
The final energy consumption of the 77 Stockholm houses is presented in Figure 53 
in increasing order. The average of the final energy consumption equals 
203 kWh/(m²a) and the estimated standard deviation is s = 27,4 kWh/(m²a). 
Lundström made the following hypotheses based on the range of consumption 
values: 

 

• The energy demands of equally built houses swung considerably depending on 
the occupant behaviour (ratio to 1:2). 

• Occupant behaviour has the dominating effect on energy consumption. 
• The impact of building quality and technology on consumption is exaggerated. 

• Saving measures due to changes in behaviour are better and more cost-effective 
than technical and construction improvements. 

 
Lundström therefore advises in his work to defer the efforts to improve technical 
efficiency and rather to place more emphasis on programs about energy saving 
occupant behaviour. 
 
It is possible to test the hypotheses of this historic report with the results of our 
measurements in the Hannover Kronsberg Passive House estate. Using the same 
benchmark, we have included both sets (the 77 Stockholm houses and the 22 
Passive Houses) of measured final energy consumption for heating, domestic hot 
water preparation and household electricity in Figure 53: the qualitative statistical 
variation is similar in both surveys. Both sets can be viewed as being normally 
spread. 
 
The average final energy consumption of the Kronsberg Passive Houses, however, is 
only 58 kWh/(m²a), which is only 29% of the average value of Lundström’s Stockholm 
houses. The final energy savings achieved between the Stockholm houses and the 
Hannover Passive Houses is thus over 70%. 
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The impact of occupant behaviour seen in the Stockholm houses is also present in 
the Hannover Passive Houses. The standard deviation in the Passive Houses, 
however, is only s = 11,8 kWh/(m²a), the absolute size of the consumption variations 
has therefore decreased with improved technical efficiency.  
 
It is therefore possible to counter Lundström hypotheses with the results of the 
research performed here: 
 

 
Figure 53: Comparison of the final energy consumption for heating, hot water and household 

electricity in the 22 permanently occupied Passive Houses with the 77 Stockholm 
houses according to [Lundström 1986].  

• The final energy demands of houses with (largely) similar construction and 
technology vary independently from the respective standard in a ratio of roughly 
1:2 between minimal and maximum consumption. With respect to this question 
there is practically no difference between poorly insulated houses and well-
insulated ones. 

• It is not occupant behaviour which has the dominating effect on the energy 
demand, but rather the construction/technical standard: solely through the 
improvement in technical efficiency has it been possible to reduce the average 
energy consumption by more than a factor 3 in the Kronsberg Passive Houses.  

• The impact of building quality and technical efficiency on consumption seen in the 
average representative values is clearly reproduced by the calculated demand 
values. The potential of technical efficiency improvements is therefore not 
exagerated. 
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• Savings measures through construction/technology efficiency improvements are in 
many ways more effective than attempts to change occupant behaviour: 

-   they lead to similar high relative savings, whether the occupant is frugal or 
wasteful. 

-   as the Hannover Passive House project has shown, they are cost-effective to  
implement and hold their effect over the useful life of the building. 

-   they do not patronise nor point with the raised finger. 

-   they allow each occupant to have the thermal comfort level he/she wishes. 
 
The CEPHEUS research was able to affirm and render more precise 
[Lundgren 1989]’s continuing studies: our research in CEPHEUS show (for the 
separated effect of the occupants) that more than half of the variations can be 
explained by different indoor temperatures chosen by the occupants (certainty 

measure ≈ 50 %). These differing occupant desires with respect to room climate are 
clearly present in all researched projects. The improvement in construction/technical 
efficiency allows considerable energy savings to be securely achieved without having 
to change the value judgements and needs of the occupant. The CEPHEUS results 
show that this is sufficient to achieve a sustainable energy supply situation in 
households. The efforts to improve technological efficiency should therefore be 
further intensified, and in two directions: 
 
• First of all, through the use of the currently available high-efficiency technology in 

a wider practical implementation; in this case, the Passive House components 
have especially proven themselves – they can be used in a wide spectrum to 
improve existing houses. 

• Secondly, through the continuation of research and development in the direction 
of even more efficient technology. Especially those technologies that improve 
electricity efficiency provide an important opportunity in this case. 

 

13.1.5 Primary energy consumption 

The primary energy demand differs from the final energy demand in that the 
additional losses of the complete preliminary energy production chain are included. 
The following primary energy factors for the preliminary chain were used pursuant to 
the CEPHEUS agreement 
• district heating from CHP units: 0,7 kWhPrimary/kWhFinal 

• average European electricity mix: 2,5 kWhPrimary/kWhFinal. 
 
All renewable energy sources are valued at 0 kWhPrimary/kWhFinal, since they do not 
contribute to global warming. 
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According to the measurement results of the first year, the resulting average primary 
energy value in the Passive House estate’s 22 permanently occupied houses is 
82,6 kWh/(m²a). The reference case according to WSVO 95 was calculated at 244,2 
kWh/(m²a). The primary energy savings achieved thus equal 66 %. 
 
Since the heating supply (heating 14,7  kWh/(m²a)) and the non-renewable energy 
consumption for hot water preparation (9,6  kWh/(m²a)) run completely on district 
heating, the absolute values for those become smaller. With a 29,4% share of the 
primary energy consumption, they are very small. On the other hand, the importance 
of the household electricity consumption (52,7 kWh/(m²a)), with a 63,8% share of the 
total primary energy demand, is clear.  

 
Figure 54: Primary energy consumption during the first full measurement year (1.10.1999 to 

30.9.2000) for the 22 permanently occupied Passiv e Houses. 

 



 

 
 
 

  Page 89 

 PEP Project Information No. 1 PHI 
  

 
Figure 55: Total primary energy consumption for a reference case built to the current average 

new construction standard and according to the measurement v alues in the 

Passive House estate. 

The primary energy consumption achieved lies clearly below the target value for new 
Passive Houses in Germany (120 kWh/(m²a)).  
 
The result show that the thermal optimisation of the Kronsberg Passive Houses leads 
to very good specific values in practice. Whereas the efficient use of electricity is 
becoming more and more important: household electricity, with a formidable share of 
65% of the primary energy consumption, has a major role, even though electricity 
improvement of about 38% have already been achieved here (see section 14.4.1). 
 

13.2 Thermal Comfort 

The progression of the measured room temperatures in the permanently occupied 
Passive Houses together with the area-weighted average value and the outdoor 
temperature are presented in Figure 56 as average daily values.  
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Figure 56: Average daily room air temperatures of the 22 permanently occupied houses in the 

first measurement year (1.10.1999 to 30.9.2000). 

The spread of room temperatures range from ca. 12,7 to 29,9 °C. It should be noted, 
however, that the temperature of 12,7 °C was an exception lasting from the 18th to 
the 22nd of October 1999, and refers to the first floor of a house. As the graph 
shows, the outdoor temperature also fell sharply at the same time. This probably 
means that the bedroom window was open during this time. Except during the 
coldest winter period, the temperature in this first floor is, compared to the other 
houses, almost always very low. This likely means that the bedroom window was 
almost always open, except during the key heating period.  

 

The thermal comfort during the summer, with average interior temperatures rarely –
and when, only briefly - over 25 °C, was very good. The evaluation of the hourly 
values shows an overstepping of 25 °C in the occupied houses for only 2,5% of the 
total annual hours. 
 
Under closer analysis of the occupied houses, the average summer daily 
temperatures in all four Passive Houses rows were found to lie between +22,3 and 
+26,4°C (1.6. to 30.09.2000). Daily average temperatures above +26°C (summer 
time comfort limit) occurred solely for a maximum of one day on the ground floor, and 

at most 1 to 4 days on the first floor. This means that the frequency hϑ>26°C in the 
Passive House estate appears to be at maximum of 1,1% of the time in summer 
2000. This can be considered a very comfortable indoor climate during the summer. 
The result fits well with the Passive House summer climate report [Feist 1998b]. 
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On viewing the correlation between the inner daily temperatures of the occupied 
houses and the external temperature, one can see the clear difference between the 
winter and summer period (Figure 57).  
 
The linear fitted curve for the external temperatures area to a maximum +10 °C 
shows an almost horizontal path (0,02 K temperature rise per Kelvin temperature 
increase in the external air temperature). This means that low external air 
temperatures only had a very slight impact on the interior air temperatures, which is 
largely due to the active control effect of the inflow air heating system.  
 

 
Figure 57: Correlation between external and interior daily mean temperatures in the first 

measurement year. 

The higher outdoor temperatures (above 10 °C outdoor daily mean temperature) are 
presented in Figure 57 with a separate linear fitted curve (“Summer”). This linear 
curve shows that the relationship in the summer is completely different: since the 
houses do not have any sort of active cooling, the rooms act largely thermally 
passive; but thanks to the storage bulk and occupant behaviour such as window 
opening, there is a certain dampening of the variations in outdoor temperature: 
during the summer period (1.6.2000 to 30.9.2000) the ∆ϑa of the daily average 
external temperature is 18,8 K (9,3 to 28,1°C). Inside, the temperatures only range 

between 22,3 and 26,4 °C; therefore, the ∆ϑi  equals 4,1 K. Were one to define a 
temperature amplitude ratio for the whole house, it would be about 22% in summer 
2000. The houses are therefore passively compensational for the interior climate. 
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13.2.1 Typical winter weeks 

In the following section we discuss the measurements in one of the 32 houses: 
During a typical cold and sunny winter week (20.1.2000 to 27.1.2000, see Figure 58) 
the outdoor temperatures were between -6,5 °C and +4,9 °C. The indoor 
temperatures during this week in this house were between 20,2 and 22,8 °C. This 
reflects the fact that the solar radiation only has a measurable impact on the indoor 
temperature above outputs of 150 W/m² - and then only on the ground floor (23. to 
25.1.2000).  
 
The high time constant is also visible when analysing the highest heating outputs, 
which occur on the 21st and 22nd  of January 2000 (15,8 and 16,5 W/m²): the heating 
outputs on these two days are not a result of the decrease in outdoor temperatures 
from 5 to 0 °C, they are due to the occupant setting a higher target temperature on 
the thermostat. The high heating outputs produce an indoor temperature increase in 
the first floor of about 0,4 to 1,2 K. In the ground floor on the 21.1.2000, a 
temperature increase of 0,4 K is visible. A more precise analysis of these effects is to 
be found in a separate published report [Kaufmann 2001]. 
 
For a typical cloudy winter week, the period from 12.1. to 19.1.2000 was chosen and 
presented in Figure 59. The indoor temperatures lie between 19,8 and 22,4 °C. The 
solar radiation, on three continuous days, is always under 50 W/m². The heating 
output during these days in this house increases to values above 15 W/m². The 
indoor temperature, especially in the first floor, rises about 2,6 K, to a maximum of 
22,4 °C.  
 
It is clear in the discussion regarding Figure 58 and Figure 59, that the determinant 
heating load period for Passive Houses is not necessarily the cold, clear winter day, 
but rather more likely the cloudy days with outdoor temperatures around zero 
degrees. On cold clear days in the Central European climate, there is a large solar 
radiation supply due to the low cloudiness. This results in an increase in passive 
energy supply, which thus reduces the heating output. These results substantiate the 
analysis given in [Bisanz 1999]. 
 



 

 
 
 

  Page 93 

 PEP Project Information No. 1 PHI 
  

 
Figure 58: A typical cold and sunny week in winter, during the first heating period 1999/2000  

 

 
Figure 59: A typical moderately cloudy week in winter, during the first heating period 

1999/2000  
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13.2.2 Typical summer weeks 

To analyse a typical summer week the same house was chosen. The typical summer 
week (Figure 60) shows outdoor temperatures in a range between 13,2 and 27,7 °C 
with typical midday peaks and nighttime dips. The indoor temperatures in the ground 
and first floors vary between 23,1 and 25,1 °C. With regards to solar radiation, there 
are one rather overcast low-radiation day with a maximum of only 265 W/m² and six 
high radiation days with peak values up to 770 W/m². The outdoor temperature peaks 
and the radiation peaks at midday are reflected by much lower indoor temperature 
increases (up to 1,3 K). 

 

 
Figure 60: A typical week in summer 2000 in one of the 32 Passive Houses. 

 

It is instructive, in terms of summer time indoor climates, to analyse the time period of 
a hot wave. The highest outdoor temperatures in the measurement period occurred 
from the 17th of June to the 23rd of June 2000. The temperature and radiation 
progressions experienced by the house under analysis during this very radiation-rich 
time are shown in Figure 61. 

 

The outdoor temperature gradient shows the typical progression of a mid-European 
summer time heating period. The daily outdoor temperature maximums between the 
18th and 20th of June 2000 are 27,9 °C, 33,2 °C and 34,5 °C. 
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The strong daily outdoor temperature swings are practically unnoticeable in the 
house. The very small daily temperature swing in the houses is due to radiation and 
occupant activities. What is typical for the temperature gradient in Passive Houses in 
the summer is the gradual increase in indoor temperature during the hot wave over 
the four days. The indoor temperature on the first floor increased by almost 3 Kelvin 
(from 24,3 to 27,1 °C) within the 3 days.  

 

 

 
Figure 61: The hottest week in summer 2000 (heating period) in one of the 32 Passive Houses. 

 
After the hot wave’s peak, the indoor temperatures reached their maximum of 27,1 
(first floor) and 25,5 °C (ground floor) respectively.  
 
It was determined that the temperatures in the „coolest house“ during the hot wave 
were between 2 to 4 Kelvin under those of the „hottest house“ (only occupied houses 
are observed here). The research made clear that this difference is due solely to  
occupant behaviour. This has to do with the activities already described, night 
ventilation and shading the rooms through the use of blinds. To reach low 
temperatures during a hot wave, it is advisable to keep the windows closed during 
the day. 
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13.3 Heating load 

To classify the heating outputs, it is helpful to determine the theoretical straight line of 
heat losses for the Passive Houses in the designed insulation standard. The straight 
line shows the dependence of the heating output on the outdoor temperature, which 
should occur with the projected standard. Without solar radiation, all heating outputs 
lie theoretically exactly on this line. Due to the heating gains of the passively used 
solar radiation, the measured heating output values should then be regularly below 
this line.  
 
The inclination of such a straight line of heat losses is determined by the insulation 
standard and the preset indoor temperature, the axis intercept by the internal gains 
(2,1 W/m²). The measured values of all permanently occupied Passive Houses in the 
period from 8.11.1999 to 18.4.2000 are used here. The average indoor 

temperature in these houses was 21,1 °C.  
 
The straight line of heat losses in Figure 62 shows a heating temperature limit of ca. 
16 °C for the houses (extension of the straight line right to the heating output „0“ 
W/m², in other words right through the axis of abscissas). The measurement points 
(the daily average heating outputs of the permanently occupied houses) however, 
show that no heating takes place above temperatures of 11,5 °C. The measurement 
points show that the real maximum heating output is 8,8 W/m². This value, however, 
is to be viewed as an outlier. The average daily heating outputs are regularly well 
under 7 W/m². The PHPP-heat load calculation sheet came to a maximum heat heat 
load for the estate’s representative house of 7,1 W/m².  
 
In the figure it becomes clear also that the highest heating outputs do not occur on 
the coldest days.  
 
In the second evaluated heating period 2000/2001, there is not a single case of the 
calculated heat load upper limit of 7,1 W/m² being exceeded (Figure 63). There are 
also less daily average heating outputs above the theoretical heating curve as in the 
first heating period. 

 



 

 
 
 

  Page 97 

 PEP Project Information No. 1 PHI 
  

 
Figure 62:  Theoretical heating load straight line and daily average heating output in 

comparison with the daily av erage outdoor temperatures (all permanently occupied 

houses) in the first heating period (08.11.1999 to 18.04.2000). The calculated 
heating load according to PHPP for the representativ e house is 7,1 W/m². 

 

 
Figure 63:  Theoretical heating load straight line and daily average heating output in 

comparison to the daily av erage outdoor temperatures (all permanently occupied 

houses) in the second heating period (01.10.2000 to 30.04.2001). The calculated 

heating load according to PHPP for the representative house is 7,1 W/m² and was 
not exceeded. 
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14 Project specific measurement data evaluation 

14.1 Climate data comparison 

To assess the climate conditions in the first measurement year (1999/2000), the 
measured climate data were compared with reference data. The reference data are 
used as a basis for the simulation of the Hannover-Kronsberg buildings [Schnieders 
1998]. They represent the typical Hannover climate.  

 
Figure 64: Comparison of the first year measurement data and the reference data, which are 

the basis for the simulation [Schnieders 98]. Abov e: solar radiation, middle: 
heating degree days (HDD), below: cooling degree days (CDD) (HDD: heating 

temperature limit 15 °C, indoor temperature 18 °C, CDD: cooling temperature limit 

24 °C, indoor temperature 24 °C). 
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Figure 65: First measurement year climate data comparison of the minimal, average and 

maximum temperatures (monthly v alues from hourly data) between the 

measurement data and the reference data, which are used for the simulation 
[Schnieders 98]. 
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14.2 Cold water consumption 

The total water consumption of each house is measured with a respective water 
meter. The cold-water amounts are calculated from these total water amounts by 
subtracting the respective hot water amounts (sub meter). Figure 66 shows the 
evaluation of the first full measurement year’s consumption in the 22 permanently 
occupied houses. 

 

 
Figure 66: Average cold water consumption amount per day and person in litres from 

01. October 1999 to 30. September 2000 for the 22 permanently occupied houses. 

 
The average daily value for the permanently occupied houses is 62,9 litres per 

person, with a range of values from 20 to 135 litres/day and person. The cold water 
consumption per house during the same period is 200,6 litres per house and day. 
 

14.3 Hot water 

For domestic hot water, this section has to differentiate between the hot water 
consumption amount and the district heating demand. Figure 46 already presented 
graphically the monthly totals of the district heating supply for hot water. Here they 
are presented for each house. 
 

14.3.1 Hot water consumption  

The hot water consumption is measured independently from the energy source used 
(district heating or solar thermal system) with separate water meters. The evaluation 
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of the first measurement year (1.10.1999 to 30.09.2000) resulted in a daily average 
consumption of 31,6 litres per person (only permanently occupied houses). Each 
permanently occupied house had an average daily consumption of 100,5 litres. 
 

 
Figure 67: Average hot water consumption per day in litres per person from 1. October 1999 

to 30. September 2000 in the 22 permanently occupied houses.  

 
Figure 67 clearly shows the wide range in consumption in the permanently occupied 
houses, from 10 to 74 litres per day and person.  
 
The evaluation of the temperature measurement after the cold water mixer in the 
intensively measured house provided an average hot water temperature of about 
46 °C (full year). This value, however, can be individually set in the houses. The 
average tap temperature in all the houses is therefore not known.  
 

A hot water consumption average of 25 litres per day and per person at a water 
temperature of 60 °C is set for the PHPP calculation program. When we use the 
temperature measurement value from the intensively measured house for all 
occupied houses, the resulting consumption at a tap temperature of 46 °C means an 
average consumption at 60 °C of about 22,8 litres per person and day. The average 
measured consumption values for hot water in the Passive House estate is roughly 
9 % less than the projected value.  
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14.3.2 District heating for the hot water supply 

The Hannover-Kronsberg Passive Houses are supplied through district heating with 
energy for space heating and domestic hot water preparation. One of the two HQM 
(heat quantity meters) in each house counts solely the heat consumption for the 
domestic hot water preparation from the district heating supply. However, this does 
not include the entire energy amount for hot water preparation, since each house has 
its own solar thermal system. 

 

The presentation of the individual specific district heating consumption for hot water 
preparation in the permanently occupied houses in the first measurement year 
shows, as expected, a wide spread (Figure 68). The annual average equals 9,2 
kWh/(m²a).  

 
Figure 68: Specific district heating consumption for domestic hot water preparation during 

the first measurement year (01.10.1999 to 30.09.2000) for the 22 permanently 

occupied Passive Houses div ided in winter (01.10.1999 to 30.04.2000) and summer 

period (01.05.2000 to 30.09.2000). 

 
A few houses completely cease their district heating supply over a  long period of time 
during the summer. This results in the hot water preparation being heated solely by 
the solar thermal system during this time, as can be clearly seen in the diagram. 
 

14.3.3 Distribution network heat emission: partial use in the winter 

The individual house total-HQM only count the individual heat consumption. These 
HQM’s are placed directly at the exit of each home’s internal district heating 
distribution in the attic. These meters do not count the heat consumption for the 
internal district heating distribution or the heat transfer, nor the buffer storage in the 
heating containers or the losses of the distribution networks laid in the ground. 
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In contrast, the two central heat quantity meters placed at the respective Stadtwerke 
Hannover transfer stations in the heating containers (in row 9/10 and row 13/14) 
count the total heat taken from the district heating network, including the above 
mentioned heating emission from the pipeline network and the storage tanks. The 
following values for the period from the 04.10.1999 to 04.10.2000 were reached: 
 
• total district heating consumption rows 9+10:   61.430 kWh 

• total district heating consumption rows 13+14:   56.311 kWh. 
 
Using these figures, one can determine an average allocated district heating 
consumption per house of 3680 kWh/a or, based on the surface area:   
 

32,9 kWh/(m²a) district heating consumption 1999/2000. 
 
From this consumption value, one can then subtract the consumption for heating and 
domestic hot water using the individual house heat quantity meters: 
 
• HQM heating winter and summer, all houses  16,0 kWh/(m²a) 

• HQM hot water for the whole year, all houses    7,7 kWh/(m²a). 
 
With regards to the values of the central meter that lie above the sum of these two 
individual demands (23,7 kWh/(m²a)), they represent: 

 

• on the one hand, the heat dissipation from the distribution network and the 
building services technology in the building services containers and 

• on the other hand, a possible error of measurement, which can result from the 
starting limits of the individual meters. 

 
As we will see in the following analysis, the error of measurements just mentioned in 
the second point are evidently small; the differences between the individual meters 
and the exact value of both central meters can be fully explained by the distribution 
network’s heat dissipation, and there is no reason to think that the distribution 
network would dissipate significantly less heat than calculated. 
 
Even the distribution network’s heat dissipation is not to be viewed fully as heat 
losses. The latter is only the case when 

• the technical systems are located outside the heated building envelopes (for 
example, this is the case for the connections to the heating containers placed in 
the ground for house rows 10 and 14) and 

• when the heat dissipation within the heated building envelope is not usable. 
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When the pipelines are within the heated building envelope, the dissipated heat then 
helps the inner heat sources and is at least partly usable. 
 
a) Losses from the earth-laid pipelines 

With a length-based heat loss coefficient for the earth-laid pipes of 0,16 W/(mK) and 
a total pipe length of 122 m, the calculated total heat loss to the ground is  

6900 kWh/a or, based on the living area, 1,9 (±0,3) kWh/(m²a). 
 
b) Losses from both buffer storage tanks 

With a heat loss coefficient for the 500 litre storage tanks installed in the heating 
containers of 10 W/K, the resulting storage tank heat loss equals 3680 kWh/a or 

1,0 (±0,2) kWh/(m²a) based on the living area. 
 

c) Heat dissipation of the centrally laid pipe networks in the houses (attic) 

With a length-based heat loss coefficient for the attic pipe networks of 0,15 W/(mK) 
and a total pipe length of 416 m, the calculated total heat dissipation in the attic is 
19.800 kWh/a or, based on the living area, 5,5 (±1,2) kWh/(m²a). 
 
Sum of the calculated heat dissipation of the technical systems 

The sum of the three calculated expected heat losses from a) to c) equals 8,5 (±1,4) 
kWh/(m²a). The difference between the central meters and the sum of the individual 
meters, however, equals 9,3 (±1) kWh/(m²a). The calculated value and the difference 
value from the measurements do agree within the framework of the accuracy 
possible in this case. For the following presentation of the data, we start with the 
calculated values according to a) and b) and then use, for the heat losses of the 
network in the houses, the difference value of the measured technical losses minus  
the amounts of a) and b); this results, within the measurement accuracy, in a network 

heat dissipation in the houses of 6,4 (±1,5) kWh/(m²a). Most of this heat dissipation 
occurs in the period from the 1st of October 1999 to the 1st of May 2000, the rest 
during the summer. 
 
Useful heating emission of the internal central network (attic) 

The central network’s heat dissipation during the main heating period dealt with in the 
last section is at least partly usable as a contribution to the inner heating sources. We 
determined the useful share of this heat dissipation by using the EN 832 calculation 
method, by at first calculating without the heat dissipation (base case) and then with 
the heat dissipation as an internal heat source. The result is a marginal utilisation 
rate for the network heat dissipation of 72 %. That means that during the period from 
1. October to 1. May the average dissipated heat amount coming from the attic 
pipelines and being added to the overall heating was 3,9 (±1,5) kWh/(m²a). The 
resulting consumption for the 32 Kronsberg Passive Houses, including the 

determined useful heat dissipation from the pipelines, equals 19,9 (±2.5) kWh/(m²a).  
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Figure 69: The div ision of the total district heating consumption into useful heat (below), 

useful heat dissipation from the heating ducts  and duct heat losses as well as 

storage heat losses (upper three columns) for all 32 Passiv e Houses (measurement 
cycle 4.10.1999 to 4.10.2000).  

 

The total final energy consumption from district heating in the first year for all houses 
was 32,9 kWh/(m²a), or 34,6 kWh/(m²a) for the 22 permanently occupied houses (the 
projected value equals 32,9 kWh/(m²a)). The reduced district heating consumption 
for domestic hot water therefore balances out the slightly higher values for the annual 
heating consumption. 

14.4 Electricity consumption 

Household and common electricity are separately evaluated. 
 

14.4.1 Household electricity efficiency 

To achieve the Passive House standard, it is not only necessary to have a highly 
insulated, thermal-bridge-free and airtight building envelope, but also to use all 
energy sources efficiently. This not only includes heating energy (district heating in 
this case) but also household electricity. This is the most valuable energy form, it has 
a particularly high primary energy demand and should therefore be used particularly 
efficiently.  
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Rasch & Partner therefore offered a special electricity saving consultation within the 
CEPHEUS framework to the Passive House buyers. This consultation was connected 
with a calculation of the expected electricity consumption of the old household 
appliances, a calculation of the cost effectiveness of purchasing new high-efficiency 
appliances and a precalculation of the expected electricity consumption with the new 
appliances. The aim was to reach an annual electricity consumption below the 
targeted Passive House characteristic value of 18 kWh/(m²a). Torsten Schwarz, an 
employee of Rasch & Partner, performed the consultations with the calculation 
method created by the Passive House Institute. The results of this precalculation are 
documented in [Feist 2001] and, shortly, in chapter 7 of this report. 
 

As an incentive for the purchasers, a refund of Euro 1.000,- on the sales price of the 
house was offered towards the purchase of new high-efficiency household electrical 
appliances for those whose projected savings were successful. 
 
A total of 18 electricity efficiency consultations were performed with the methods 
described. On average, a projected annual electricity consumption of 1901 
kWh/(m²a) was calculated during the consultations. These calculated values are 
described here as "a priori-calculations". On the basis of the additional information 
now available about the equipment in the consulted households and the auxiliary 
electricity demand, which was only estimated during the consultations, an "ex 
posteriori-calculation“ was done by the PHI according to the same methods for the 18 
households. The following were changed: 
 

• A standard person occupancy of 35 m² living area per person was set for the 
electricity efficiency consultation. This should guarantee that the efficiency of the 
equipment is evaluated truly independently of the coincidental utilisation 
conditions. The actual electricity consumption is naturally heavily dependent on 
the number of people living in the house. After the household sizes were known, 
these values could then be used in the calculation methods. The largest share of 
the differences between a priori- and ex posteriori calculations is due to this 
difference between standard and real person occupancy. 

• The auxiliary electricity consumption estimated in the efficiency consultations was 
adapted, a few clearly implausible cases were corrected and the living areas were 
adapted to the European wide CEPHEUS guidelines for “treated floor area”.  

• A questionnaire was sent to the Passive House occupants concerning equipment 
and utilisation characteristics that have an important impact on the electricity 
demand. Using these data, it was possible to correct and complement the 
information from the electricity consultation. Following differences were noted: 
- There were a few cases where the details regarding the use of cold and hot 

water connections for clothes washing and dish washing machines were 
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different. Since the consultation took place before moving in, we assumed that 
the later details correctly mirrored the real utilisation conditions. 

- Almost all the consultations assumed that clothes would be dried in unheated 
airing cupboards. However, the questionnaire made clear that families were 
currently either drying clothes on the line or using an electrical clothes dryer. 
The details from the questionnaire were used. 

 
Figure 70 shows the comparison between the a-priori und the ex-posteriori 
calculations for electricity demand. The average value for the ex-posteriori-
calculation, at 1963 kWh/a, lies roughly 3% above the a-priori-calculation. 
 

 
Figure 70: Comparison of a-priori and ex-posteriori calculations of the annual electricity 

demand for 18 households in the Hannov er Passiv e House estate 

Even after these additions it is likely that not all electricity consumption relevant 
equipment characteristics have been fully documented. It is particularly not known if 
appliances were exchanged (and thus have different standard consumptions) after 
moving in, or if additional appliances were purchased. In addition to the occupant-
relevant variations, these effects are partly responsible for the differences between 
the calculated demand and measured electricity consumption.  
 
Rasch&Partner stopped the electricity consultations after the 18 cases documented 
here. As will be shown below, the remaining households did achieve a certain level of 
electricity savings, but they used 50% more electricity than the consulted 
households. For the evaluation, the measurement results were divided in 
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• 18 consulted households and 
• 4 households without electricity efficiency consultation. 
 
The household electricity meter readings during the period 1.10.1999 to 30.09.2000 
of the 22 permanently occupied houses were evaluated.  
 
These household electricity meters count the total household electricity consumption 
as well as the auxiliary electricity for the technical systems (pumps for the solar 
thermal system, control) in each house. This also includes the ventilation systems, 
with which all the houses are equipped.  
 
Not included in the household electricity meters is the so-called common electricity 
for the shared outdoor lighting and the consumption in both building services 
containers (lighting, pumps for heating distribution, building control technology, etc.).  
 
Figure 71 presents the annual consumption data for the 22 Passive Houses; the 4 
cases without consultation are formatted separately. 
 
 

 
 

Figure 71: Measured annual electricity consumption of the 22 Passive Houses (permanently 

occupied in 1999/2000) from 1.10.1999 to 30.09.2000 (household, auxiliary and 
ventilation electricity, but without common electricity).  

Figure 72 shows the correlation analysis between the measured annual electricity 
consumption and the calculated ex-posteriori annual electricity demand. The 
separation is clear between  
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• the 18 consulted houses with an average measured electricity consumption of 

20,2 kWh/(m²a) and 

• the 4 houses without consultation, with a measured value of 30 kWh/(m²a). 
 
Between the calculated ex posteriori demand values and the measured consumption 
values lies a significant correlation with a correlation coefficient of 41%. The variation 
of consumption values, however, is rather high; this is due largely to occupant 
behaviour.  
 

 
Figure 72: Correlation analysis between calculated annual electricity demand (ex posteriori) 

and measured annual electricity consumption in the 18 Kronsberg Passive Houses. 

Also presented are the 4 households which did not receive a consultation; their 
av erage consumption of 30 kWh/(m²a) is on the one hand 50% above the 

consumption of the consulted households, but on the other hand close to the 

expected value of a typical household electricity consumption in Germany. 

The analysis of the average values shows that the calculated value of 17,5 
kWh/(m²a) underestimates the measurement value of 20,2 kWh/(m²a) by an average 
of 13%. That is a very viable result to determine the expected electricity consumption 
under average utilisation conditions. 
 
The measured values of the 4 cases without consultation, at 30 kWh/(m²a), are 
almost at the level of the statistically determined average for typical households in 
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Germany (32,8 kWh/(m²a) without off-peak storage heating and without electrical hot 
water preparation). 
 
If one sets this nationwide average value as a comparison benchmark, the 
electricity savings for the households with electricity consultations and the 
purchase of new energy efficient appliances equals  38%. 
 
In the reference value of 32,8 kWh/(m²a) there is no electricity consumption included 
for the ventilation system, although this is definitely part of the measured average 
value of 20,2 kWh/(m²a) for the occupied houses. The average electricity 
consumption for the ventilation systems, according to the detailed measurements 
carried out, equals about 2,3 kWh/(m²a); without this necessary extra consumption 
for Passive Houses, the household electricity consumption would equal 
17,9 kWh/(m²a) and be thus 45% under the statistical average value.  
 
The instrument used here, „detailed consultation and financial incentive for the 
purchaser“, requires a rather high effort. Both the consultation and the provision of an 
incentive lead to extra costs. The questionnaires show, in light of the good results, 
that this effort is certainly justifiable. At least for demonstration projects such as the 
Passive House estate realised here, it is not possible in Germany to achieve the 
electricity efficiency improvements seen here with less consultation effort. The 
problem is due to the fact that even today appliances with very poor electricity 
efficiency are still being offered on the market. If one wants to convince the consumer 
to choose more efficient appliances, this is only possible with an appropriate 
consultation and a financial incentive. A much better solution would be to make sure 
that high efficiency appliances are offered and that those appliances with clearly poor 
performance are taken out of the range of products. However, there is still a relatively 
long transfer period, which is roughly equal to the lifetime cycles of the appliances 
(10 to 15 years). For demonstration projects such as CEPHEUS, therefore, more 
wide-reaching instruments must be used. 
 

14.4.2 Common electricity consumption 

The two electricity meters in the building services containers measure the estate’s 
common electricity consumption. They include the energy for the pumps of the warm-
water heating and outdoor lighting for the shared areas (parking and garbage spots 
as well as building services containers). The electricity consumption of the measuring 
devices are measured separately and already subtracted. The monthly evolution of 
the specific consumptions is seen in Figure 73. 

 

The consumption graph clearly shows the season-dependent variations. As a 
comparison, the average values of both comparative periods (each October to April) 
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are presented. A reduction of 36% between the two average values can be 
ascertained. A larger savings for the summer period is to be expected, since two 
clock timers (set by the occupatns) control the heating circulation pumps. The clock 
timers make sure that the pumps only operated a few hours per day. This operational 
mode is sufficient in the summer for the hot water supply, since the energy supply is 
provided largely by the solar thermal systems on each house. The clock timers were 
first installed or activated in July and September 2000. During the winter the clock 
timers are placed on continuous operation. To determine the average value the 
lowest consumption during one complete year was used. The average for the period 
from May 2000 to April 2001 equals 0,08 kWh/(m² month), and therefore for the 
whole year a total of 0,98 kWh/(m²a).  

 
Figure 73: Specific common electricity consumption of the 32 Passive Houses without 

electricity used for the measurements from October 1999 to April 2001. The 

common electricity consumption includes the energy for the heat circulation 
pumps in the building services containers and the outdoor lighting for the common 

areas (parking and garbage places). The columns clearly show the seasonal 

variations. As a comparison, the respective av erage values for the time period 
October to April are presented.  
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14.5 Heat recovery system 

The operational performance of the heat recovery system was closely analysed 
within the framework of the measurement concept. First, a period was chosen during 
which the electrical frost-protection heater to protect the heat recovery system was 
not active. Figure 74 shows the measured evolution of the supply, exhaust, extract 
and outdoor air temperatures from 09.02. to 31.03.2001. 
 
The heat recovery efficiency rate (see Figure 75) calculated with the measurement 
data (temperatures, humidity, volume currents and electricity consumption) takes into 
account transmission heat current losses and leakage flow losses, as well as the 
forced exfiltration caused by the supply air excess. Despite great care taken during 
the setting of the balance, misbalances of over 10% occur under operation, which 
have a significant impact on the ventilation heat losses. In total, the average heat 
recovery efficiency was determined to be 78 %. 

 
Figure 74: Measured ev olution of the supply, exhaust, extract and outdoor air temperatures in 

the v entilation system with heat recovery (average hourly v alues). 
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Figure 75: Ev olution of the heat recov ery efficiency of the v entilation system with heat 

exchanger. 

The evolution of the resulting condensate volume in comparison to the outdoor air 
temperature (Figure 76) shows that, (according to the respective air humidity) below 
an outdoor air temperature of ca. 5 °C, a measurable amount of condensation forms. 

 
Figure 76: Condensate v olume in the heat recovery system in comparison to the outdoor air 

temperature (temperature: hourly average, condensate: hourly sums). 
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Up to 220 ml of water condensates in an hour. During the presented period of 50 
days (09.02. to 31.03.2001) a total of 41,86 litres of condensed water are removed. 
Using the evaporation enthalpy lead to condensation output peaks of over 100 Watts. 
The average condensation output over the entire 50 days is about 22 Watts. 
However, this output is not significant when calculating the heat recovery efficiency 
(improvements in the area of less than 1 %). 
 
The electrical frost protection device (also „defroster heater“) in front of the heat 
exchanger protects it from freezing. According to the manufacturer, the heater has a 
500-Watt output and operates by setting its output according to the outdoor air 
temperature. The on and off temperature settings are set in the factory and cannot be 

changed by the user. The manufacturer sets the activation temperature at ϑoutdoor < -4  
and the turning off temperature behind the heater at 0 °C. Figure 77 presents the 
measured outdoor temperatures and the fresh air temperatures after the defroster as 
well as its output from January 16th to January 21st of 2001. This shows the on and 
off points of the defroster and thus its operation times.  
 
The defroster switches on when the outdoor air temperature goes below -2,8 °C and 
turns off when the air temperature after the radiator passes +1,4 °C (both are 
average values of the on and off temperatures shown below). The electrical heating 
of the air after the radiator (before the heat exchanger) to about +1,4 °C is relatively 
high. It would be better if the hysterisis were clearly lower than it is. That would lead 
to a further optimisation of the system’s already low electrical consumption. The 
defroster’s total electrical consumption in the heating period 2000/2001 is 36 kWh. 
That equals an energy input of 0,3 kWh/m² for the house during this heating period.  
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Figure 77: Operation times of the electrical frost-protection device (on and off temperatures), 

which is placed in front of the ventilation system’s heat exchanger. Data from the 

16
th

 to the 21
st

 of January 2001 is shown. The electrical output of the heater defines 
the operation times. The turning on temperature equals an outdoor temperature of -

2,8 °C, the switching off temperature equals a temperature of +1,4 °C behind the 
dev ice.  

One can also see that, during the analysed period, the air temperature after the 
defroster clearly sinks when the outdoor temperature decreases and reaches values 
of -3 °C. At this point, the outdoor temperatures were briefly at -8 °C. This is a sign of 
the limited heat output of the heater.  

14.6 Air humidity 

The relative supply and exhaust air humidity in the intensively measured house were 
continuously recorded by the data recording system. The measurement occurs in the 
air flows in the ducts after or in front of the ventilation unit. Thus the measurement 
value of the exhaust air humidity does not represent the relative air humidity in the 
room of a house, but rather the average value of the air humidity from air that is 
removed from the exhaust air rooms. The room air humidity of a single room was 
measured in the ground floor living room of another Passive House with the help of 
stand alone data loggers (testo Company). 
 

Abb. 78 shows the evolution of the relative room air humidity and room temperature 
in the living room of this house, as well as the outdoor air temperature. The data 
logger recorded the temperature and humidity data in 2-hour intervals. The floating 
averages over four data points are presented in the graph. The measured relative 
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room air humidity was between 26 and 49% in the period presented (19.11.1999 to 
20.03.2000), the average around 38 %. The relative humidity was below 30 % for 
only short periods of time. It is clear that the humidity variations are not due to a 
change in the room air temperature, since these are quite constant in the core period 
of winter. 
 

 

 
Abb. 78: Relative room air humidity and air temperature in the ground floor liv ing room of a 

Passive House as well as the outdoor temperature ev olution from 19.11.1999 to 
20.03.2000. The stand alone data logger recorded the data from the building at 2-

hour interv als. The floating averages of four data points are presented. 

 

To explain the relative humidity variations, a section of time was chosen (10.12.1999 
to 12.02.2000) and the relative humidity and outdoor temperature evolution in Abb. 
78 then adjusted to each other. Figure 79 shows both evolutions. It is clear that they 
correlate well over large periods of time. It is therefore clear to recognise the main 
reason for the variations in indoor relative humidity. 
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Figure 79: Correlation between the relative humidity and outdoor air temperature ev olutions 

from 10.12.1999 to 12.02.2000 (derived from Abb. 78). 

The relative humidity in the Passive Houses lies therefore in a range that is 
considered as being healthy. Even short-term values of less than 30 % relative 
humidity do not pose a problem. The deciding factor for relative humidity indoors is 
the outdoor temperature.  
 
The air humidity indoors is raised by the existing humidity sources. The bigger the 
outdoor air volume added to the rooms, the more this humidity from the sources is 
diluted. 
 
The following principles therefore result from this: 

• If the indoor humidity is felt as being too high, the outdoor air change rate must be 
increased. This can be done in the Passive House by switching the ventilation 
system to a higher setting. However, according to the evaluated data, there is no 
reason for this to be done at any point in time. 

• If the indoor humidity is felt to be too low, the outdoor air change rate must then 
be decreased. This can be done in the Passive House by switching the ventilation 
system to a lower (e.g. the basic) setting. Objectively, according to the 
measurement data, this is also not necessary; however, when individual 
occupants desire a subjectively higher relative humidity, this is easily achievable 
by switching the ventilation system to a lower setting. There are no reasons that 
speak against such a reduction, whether in terms of health or heating output 
available. 
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14.7 Passive House estate climate neutrality 

The Hannover-Kronsberg Passive House estate demonstrates that the energy 
demand of a residential estate can be reduced so far through efficiency 
improvements that the remaining energy demand can be covered exclusively by 
sustainable energy sources. In fact, this is possible with technically feasible 
measures, reproducible in a Central European climate and with feasible costs. A 
wind power plant was built near to the estate on the Kronsberg in July 2000 to be 
used as renewable source of energy. 
 
To test this aim of climate neutrality, one must analyse the measured primary energy 
consumption. The estate’s total primary energy consumption during the first 
measurement year was about 83 kWh/(m²a). This value is a result of the primary 
energy values for the district heating supply of 35 kWh/(m²a) and the electricity 
supply of 23 kWh/(m²a) in the occupied houses. The following standard primary 
energy factors according to the CEPHEUS-guidelines were used for the preceding 
chains 
 

• district heating from CHP plants: 0,7 kWhPrimary/kWhFinal 
• average European electricity mix: 2,5 kWhPrimary/kWhFinal. 
 
These extremely low primary energy consumption values can be compared to the 
share of electricity produced by the windwaerts Company’s wind power plant. 
According to the operating company, the electrical production of the wind power plant 
from 01. July 2000 to 30. June 2001 was 2 262 102 kWh/a [windwaerts]. 
 
A 1.250,- Euro share of the wind power plant was included in the sales price of each 
Passive House. This financial share equals 2,6 kW or 0,175 % of the rated output of 
the wind power plant. Based on the annual production of this power plant, one 
electricity production share equals 3969 kWh/a or 35,5 kWh/(m²a). This electricity 
production substitutes in a first approximation the electricity from the European power 
plant mix. Therefore the amount of primary energy produced by the wind power 
station is given by the avoided primary energy consumption of the power plants. This 
substitution can be calculated using the primary energy factor for the European 
electricity mix: 2,5 ⋅ 35,5 kWh/(m²a), this equals about 89 kWh/(m²a) (see Figure 80). 
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Figure 80: Primary energy consumption in the Hannover-Kronsberg Passive House estate in 

comparison with the substitution of conventional primary energy by wind energy 
shares to illustrate the climate neutrality. 

An output share of 2,6 kW is very small in terms of energy economics. Appropriate 
locations for wind energy plants are actually available close to the consumer in many 
regions of Central Europe; where this is not the case, other renewable energy 
systems such as wood pellets and biogas can be used to produce the small amounts 
of energy required from sustainable agriculture and silviculture. The use of wood 
pellets has also been realised in other CEPHEUS projects.  
 
A one-time participation of 1.250,- Euro is an economically justifiable charge: even 
without the revenues from the wind power plant, the annual capital costs would equal 
ca. 133 Euro/a, at 4% real interest rate and a 12 year useful lifetime. However, there 
are indeed revenues from the electricity production, and these are higher than the 
yearly operational costs; based on the currently agreed-upon compensation rates, it 
is likely that cost-effectiveness can be achieved. The additional capital investment in 
renewable energy production is therefore not an insurmountable barrier, since the 
required electricity production shares are so small. 
 
The strain placed on nature and the costs increase if the primary energy demands of 
conventional houses have to be met, instead of those of a Passive House. A 
conventional house’s factor 3 increase in demand can usually not be met by the 
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space-requirements of renewable energy sources if they are to be located close to 
the consumer. In addition, the size of the financial share required is such that it would 
be a hefty surcharge on top of a house’s purchase price. It is likely that such an 
increased share would also be cost effective under the current, mostly politically 
motivated, framework in Germany. However, this framework could be changed, 
meaning that the risk attached is much lower for the Passive House’s required share. 
 
With regards to the climate neutrality achieved here, it must be clearly noted that we 
are not dealing with a fully autarkic renewable energy supply system. The technical 
and financial effort required fort his would be much higher: the wind power plant’s 
electricity supply is dependent on the weather and is not simultaneous to the 
electricity demand of such an estate. [Ewert 2000] demonstrated that with an output 
share as used here, it would be possible to cover individual requirements about 50% 
of the time. The remaining electricity is fed into the grid and used by other consumers 
– including those for whom a wind power plant located near to the consumer is not 
possible or not sensible. The aim of climate neutrality on paper is achieved as long 
as the majority of the electricity production share is supplied by the main grid from 
large thermal power plants, as is the case today. 
 
An autarkic solution based on renewable energy sources would currently require 
considerable over dimensioning of the production systems, would be very expensive 
if wind energy were the only source and would require special investments into 
energy storage systems. This is even for Passive Houses economically difficult to 
realise; even in the future, however, the more sensible solution lies certainly with 
energy feed-in into the grid and the use of the grid as an energy storage system in 
itself. 
 
With this in mind, the Kronsberg Passive House estate shows that it is already 
possible and economically feasible to compensate the additional primary energy 
consumption of a new estate through the simultaneous construction of renewable 
energy capacity. This is especially an important message because the argument is 
generally made that each new construction project leads only to additional 
consumption and additional strain. The example of the basically inconspicuous 
Kronsberg Passive House estate shows that an ecological and economic perspective 
exists, at least in terms of avoiding the additional strains due to the energy needs of 
new residential buildings. As the scale in front of the Stadtwerke Hannover’s 
demonstration house illustrates (see Figure 81), a constructional and technically 
mature concept on the basis of Passive Houses is able to achieve this goal. As the 
results of this report show, this has not only been successful in terms of energy-use 
goals, but also in terms of very satisfied occupants and the respective advantages of 
thermal quality and air quality in the houses. 
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Figure 81: Information column (right) and scale (left, marked with the arrow) in front of the  

demonstration house of the Hannov er-Kronsberg Passive House estate. 
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16  Appendix: Format Sheets for Presentation of the 

Results of Building Projects 

The „Format Sheets for Presentation of the Results of Buildings Projects 1-15“ [EU 
1993], an evaluation of the Data according to EU rules, are included in the appendix 
as an addition to this report. 
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