
 

 Passivhus Norden 2013 
  
 

257 
 

LichtAktiv Haus – a model for climate renovation 

Author  Mikkel Skott Olsen, Active House Alliance, Co/SBR, Groothandelsgebouw, Stationsplein 45, 

unit A6 0 16, 3013 AK Rotterdam, Holland, mikkel.skott@activehouse.info 

Author  Inge Mette Pretzmann, VELUX Group, Ådalsvej 99 Hørsholm, mette.pretzmann@velux.com  

Author  Lone Feifer, VELUX Group, Ådalsvej 99 Hørsholm, lone.feifer@velux.com  

Abstract 

This paper works around a climate renovation of a Settler´s House from 1954. The house is called 

LichtAktiv Haus, and is part of the International Building Exhibition IBA 2013 in Wilhelmsburg, 

Hamburg. The project is designed as an Active House, and is one of four demonstration houses, 

completed in 2010 - Austria and Germany- and 2011 - France and United Kingdom. All four houses 

are designed by local architects and engineers, and programmed with a holistic approach, according 

to the active house principles, and the active house specifications which form the platform of 

common denominators, allowing the houses to vary widely in size, architecture, cultural and 

contextual approach, as well as differentiated social segmentation. The houses respond to the 

country specific building regulations applicable by 2020, and to the upcoming Energy Performance of 

Buildings Directive EPBD. All houses reflect how it is possible to design for zero-energy and/or plus-

energy performance. The post-occupancy evaluation includes also a qualitative recording of how the 

test family experienced their first year out of two, living in the house.  

The first findings of this interdisciplinary research carried out on a building designed as a zero energy 

house verify the theoretical planning and calculations made for the climate renovation of a 

traditional 1950s settler house. The quantitative results are illustrated in an Active House Radar 

showing the performance within Comfort, Energy and Environment.  

The findings show it is possible to renovate to nZEB standard while simultaneously increasing living 

comfort for the inhabitants. The ventilation concept for the climate renovation bases on natural 

ventilation only, and the quantitative evaluation of the first year show that this is feasible both in 

terms of thermal performance and the energy consumption. The qualitative monitoring shows that 

the test family appreciates highly the comfortable indoor climate with natural daylight and fresh air. 

The technical system for heating is under regulation, and experiencing teething problems. The family 

is taking on a responsibility and handling well the automatic systems through manual overruling, 

without severe impacts on the quality of the indoor climate.  

 

Keywords: 5 - 10  - Active House, Climate renovation, nZEB, natural ventilation, carbon neutral, 
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Introduction  

From 2009-2011, a programme of six demonstration buildings in 5 European countries was initiated 

by the VELUX group. All buildings are conceived to follow the Active House principles [Alliance 2013]  

which takes a balanced priority of energy use, indoor environment and connection to the external 

environment. In practice the houses are designed to have both an excellent indoor comfort and a low 

use of energy with focus on the environmental impact. There has been a particular focus on good 

daylight conditions and fresh air from natural ventilation. All houses are tested and monitored in use, 

followed by national research teams and Active House Alliance partners.  

LichtAktiv Haus (LAH) is the German Model Home 2020 project, situated in Wilhelmsburg within the 

framework of the IBA Hamburg international building exhibition 2013. The design of the half double 

house was the winning scheme in a student competition at Technical University of Darmstadt, which 

suggested a design true to the original expression of this house type, however modernized and 

restructured substantially inside, and supplemented with an extension (fig. 1).  

 

Figure 1 - Photos of the LichtAktiv Haus before and after climate renovation 

The Family Oldendorf has in 2012 moved from their apartment in Hamburg into the climate 

renovated LAH in Hamburg, to test it for 24 months. The post occupancy evaluation is elaborated by 

an interdisciplinary monitoring team, with participation of technical and social scientists, and the 

client, VELUX Group.  

Objective 

The project is a renovation project of a typical 1954 Settler´s House, a house type which replicates 

into approx. 13 million1 in Germany, mainly built in the 1950´ies, and today due for modernization, 

update and climate renovation. The modular design of the LichtAktiv Haus is suggesting a number of 

modular solutions which can be adapted on idea basis into other similar existing houses, due for 

climate renovation. The project is realised as a demonstration building with an extension in full 

length, yet it can be left out or resized depending on demand for renewable energy, space and 

finance. A key objective of this project, adding to the overall objectives of the demonstration 

programme, is to indicate and test modular solutions, which can be adapted and implemented on 

individual basis in the existing building stock, in Germany and Europe. Deriving from this objective, 

particularly one design aspects is emphasised:  

                                                             
1 Source: http://www.verband-wohneigentum.de 
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Natural ventilation as key principle 

The LichtAktiv Haus is designed to be carbon-neutral in operations, with renewable energy 

production from windows, solar collectors and photovoltaic panels, controlled by a solar based heat 

pump with an outdoor unit. The house is based on automated natural ventilation as key principle for 

air exchange throughout the year. The natural ventilation as key principle was chosen specifically 

based on the assumption, that a modular model for climate renovation should assign measures with 

a minimum of technology and installations, enabling the house owner to invest into modernisation 

measures which delivers instant payback on livability such as health and well-being.  

Method 

The family of four is closely followed by a research team, developing methodologies as a model for 

monitoring and learnings to pass on to practice and theory to further qualify other climate 

renovation projects. The residential living experiment is followed by an interdisciplinary team of 

comprehensive scientific monitoring in cooperation between the Technical Universities (TU) of 

Braunschweig and Darmstadt, and Humboldt University in Berlin. The monitoring team set off on 

common ground together with VELUX group as client, and developed a mutual point of departure for 

the interdisciplinary investigations, in short: How can we achieve maximum livability with a minimal 

footprint? 

Monitoring matters 

Quantitative performance of the building is recorded and documented, alongside input from the test 

family Oldendorf by means of qualitative research regarding their experiences of living and well-

being in the house.  

The quantitative aspects are monitored in a subgroup led by Dipl.-Ing. Thomas Wilken from Institut 

für Gebäude- und Solartechnik, Prof. Dr. Ing. M. Norbert Fisch TU Braunschweig; the leading motive 

is: what is the correlation between the theoretical assumptions on energy consumption and 

production? [Wilken T., Interim report on first year in LichtAktiv Haus 2012] The qualitative 

monitoring is led by M.A. Soz Percy Scheller from Institut für Sozialwissenschaften, Prof. em. Dr. Dr. 

h.c. Bernd Wegener Humboldt University in Berlin with a leading motive of: how well are the 

inhabitants feeling? [Fedkenheuer 2013] Dipl.-Ing. Tim Bialucha from Fachgebiet Entwerfen und 

Energieeffizientes Bauen, Prof. Manfred Hegger, TU Darmstadt is investigating the significance of the 

project onto teaching of architecture [Bialucha 2013]. The internal competence centre on daylight, 

energy and indoor climate in VELUX Group processes recorded data and documents in monthly and 

yearly reports as well as papers.  

The results of the quantitative and qualitative monitoring is presented and discussed regularly in the 

research teams, where evaluations and possible counter-measures are taken up and pursued. The 

monitoring concept and reports brings together quantitative and qualitative diagnostic techniques, 

making the methodology a model on its own included in the investigations on this particular project.  
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Radar Diagram scenarios 

The Active House Alliance [Alliance 2013] 
provides a tool for reflection of the technical 
sustainable indicators of a building project, a 
radar diagram. The diagram as a whole shows 
the main categories, the three principles 1/ 
Comfort, 2/ Energy and 3/ Environment – 
figure 2. In each category there are 3 criteria, 
which are formed by sub criteria, e.g. 1.2 
Thermal environment is reflecting summer as 
well as winter comfort. The tool enables 
showing different scenarios in one diagram.  
The radar diagram structure is maintained for 
the methodological approach to the empirical 
data of this paper, in constellations with the 
findings from social sciences, reporting the 
theoretic programming and actual 
performance.  

 

Figure 2 Active House radar diagram  

Measurements of indoor environmental quality include light, thermal conditions, indoor air quality, 

occupant presence and all occupant interactions with the building installations, including all 

operations of windows and solar shading. Measurements of energy performance include space 

heating, domestic hot water and electricity for appliances, lighting and technical installations.  

Methodological approach of the qualitative monitoring  

The team from Humboldt University working with the degree of the family´s well-being base their 

work on a three-dimensional structure of attitudes. The tripartite model distinguishes between three 

categories of reactions to attitudes: cognitive, affective and conative reactions, which can manifest 

themselves verbally and non-verbally and can be measured. The team is monitoring via different 

investigative methods, figure 3: 

Diary format in a digital logbook and a public 
blog [Oldendorf 2012], both maintained by the 
family, recording their living conditions.  
Approx. every 4 weeks the respondents 
complete an online questionnaire including 
both open and closed questions about the 
various dimensions of well-being.  
Approx. every 4 to 8 weeks, more in-depth 
structured interviews are conducted with the 
parents in the form of video calls.  
Longer structured interviews are conducted in 
the house at the end of each season.  

 

Figure 3 - overview of interview design 

This allows statements to be recorded in detail, and to be set into context with the respective 

evaluations [Fedkenheuer 2013]. 



261 
 

Results 

This section deals with the 
constellation between the 
calculated and measured indicators 
from year 1 in LAH is shown. Figure 
4 shows the calculated - light green - 
and measured - dark green - 
indicators from year 1 in LAH, shown 
in a radar diagram. The Active House 
Specifications second edition is 
direction giving for all parameters 
and categories [Alliance 2013]. 
Parallel the human aspect from the 
social scientific documentation is 
brought up, in order to benchmark 
the degree of user impact onto not 
only the energetic performance, but 
also relating to comfort as such.  

 
 

Comfort – 1.1. Daylight 

An Active House allows for optimal daylight and attractive views to 
the outside. Electric lighting during daytime should rarely be 
necessary, which should make it possible to reduce the overall energy 
consumption for lighting. The daylight indicator is rated by the 
daylight factor (DF), see table 1 and the direct sunlight availability. All 
rooms in LAH get daylight from windows positioned to ensure 
optimum distribution of natural light. The window area of the house 
is increased from 18 m² to 60 m².   

Table 1 Categories of 
daylight performance 

 

 

The DF is evaluated using average levels 
on a horizontal work plane, and is 
calculated with a validated daylight 
simulation program (fig 5). Most rooms 
in LAH comply with the highest 
category 1, a DF over 5% in average. 
Excepted are the two children rooms in 
the existing house, ground floor. In the 
design phase, these rooms were 
designed as rooms for sleeping and 
wardrobe; the main children activity 
area intended the central staircase 
room with a triple volume, called the 
lantern. The extension building is the 
main living room for the family with 
open kitchen and sofa seating; the 
room has a strong visual connection to 
the surrounding garden.  

               Figure 5 Daylight Factor documentation ground 

1. DF > 5% on average

2. DF > 3% on average

3. DF > 2% on average

4. DF > 1% on average

Figure 4 Active House radar diagram LAH calculated 
2009 (light green) and measured 2012 (dark green) 

 

 

er under fo 
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floor 

 

 

Figure 6 Temporal map of lighting use in the kitchen including the sunrise 
(blue) and sunset (red). Lighting use and sunrise/sunset is according to local 
time, which account for Daylight Saving Time (DST) 

Mapping the use 
of natural and 
artificial lighting 
shows a clear 
pattern in the 
family´s use of the 
living room / 
kitchen, fig. 6. The 
artificial light is 
switched on after 
sunset, showing a 
link to the interior 
daylight levels 
which are between 
5 and 10 percent. 

 

The visual perception of the 
occupants is tracked for the 
living area in fig. 7. The 
brightness is experienced as a 
very positive aspect, and 
praised in summer, and also in 
the darker periods of the year. 
Distinctively, the perceptions of 
indoor levels follow the outdoor 
light levels, i.e. there is no need 
for artificial lighting during 
sufficient daylight provision 
levels.  

 

Figure 7 perception of the occupants during the year 
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Comfort – 1.2. Thermal Comfort 

The thermal comfort indicator is mainly based on the EN15251:2007 definition; aim is to minimise 

overheating in summer and optimize indoor temperatures in winter without unnecessary energy use.  

 

Figure 8: Living room, the recorded comfort category of each hour of the year is plotted as a 
temporal map; The building is a category 2 in the score, where the comfort categories are 
displayed based on recorded data. The top and bottom score are equivalent to “out of category”. 
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Figure 9 shows the temperature perception of the occupants 
 

Comfort – 1.3. Indoor Air Quality 

The indoor air quality 
(IAQ) is determined with 
a dynamic simulation 
tool, based on standard 
occupancy rates and CO2 
production. The LAH is 
designed with a demand 
controlled IAQ, with the 
aim to be category 1 (500 
ppm above outdoor 
levels) and 2 (750 ppm 
above outdoor levels). 
Fig. 10 shows the 
recorded IAQ; CO2 levels 
above category 2 are 
caused by user override 
of automated ventilation.  

 

Figure 10 - indoor air quality categories measured. Cat I: High air 
quality; Cat II: Medium air quality; Cat III: Moderate air quality; Cat IV: 
Low air quality 

Energy - modular energetic modernisation strategy  

The LichtAktiv Haus experiments with a modular variation strategy, from a basic modernisation to 

the premium version, where the modules can be subsequently chosen depending on individual 

financial ability, energetic ambition and need for space. 

Table 2 Modular steps 

Step Technical standard Renewable Energy m2 

0 – existing house Oil heating - 102 

1 – basic New boiler Thermal solar collectors for DHW 122 

2 – medium Air-water heat pump Thermal solar collectors for DHW & heating 148 

3 – premium Air-water heat pump Thermal solar collectors for DHW & heating, 
photovoltaic solar cells 

189 

The neighbour occupying the other half of the double house has modernised the climate envelope in 

the same design, and utilised the top attic as a living room, using this design idea.  

Energy – 2.1; 2.2; 2.3 Demand, production and performance 

The annual energy demand as described in the AH specifications includes energy demand for space 

heating, water heating, ventilation, air conditioning including cooling, technical installations and 

electricity for lighting.  

The energy supply category is determined from the degree of energy production from the plot or a 

nearby system, table 2. The LAH is a category 1, supplying all energy necessary for operations.  
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The annual primary energy performance is based on primary energy figures. The calculation include 

energy demand for the building as well as the energy supply from renewable energy. 

Table 3 schematic overview of energy concept and performance, calculated 2009 and measured 
2012 

 
Deviations in the measured energy consumption is caused by the heat pump system, which is still 

under calibration; a bore hole storage has been added in 2013, to establish buffer capacity.    

The test family has preferred an average comfort temperature of 22,4 degrees. The TU Braunschweig 

research team has compared this to the German national compliance tool, EnEV:  

 

Figure 11 – comparison with heating energy, normalised consumption 

The figure 12 shows that the heating consumption in 2012 is lower than the EnEV calculation. This 

indicates that the quality of the climatic envelope is as good as expected, and that the ventilation 

loss produced through natural ventilation with no heat recovery does not lead to excessive heating 

losses [Wilken T., Jahresbericht 2012, Monitoring LichtAktiv Haus 2013] 

AH criteria calculated 

2009

measured 

2012

AH criteria calculated 

2009

measured 

2012

AH criteria calculated 

2009

measured 

2012

1. < 40 32,5 1. 100 126,4 1. < 0 -37,0 -11,0

2. < 60 47,5 2. > 75 94,0 2. 0-15

3. < 80 3. > 50 3. 15-30

4. < 120 4. > 25 4. > 30 

2.1 Annual energy demand 2.2 Energy Production 2.3 Annual Primary Energy 

kWh/m2/y space heating, 

water heating, technical 

installations and electricity 

for lighting.

% or more of the energy 

used in the building is 

produced on the plot or in 

a nearby system

kWh/m2/y for the building
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Environment – 3.1. Environmental Loads 

A key parameter of an Active House is to minimise the environmental loads from emissions to air, soil 

and water.  

 

Figure 12 development of the Global Warming Potential (GWP) 
as comparison between LAH (declining green line) and a DGNB 
reference building (grey rising line) over 50 years.  

A Life Cycle Assessment was 
carried out on the LAH, showing 
the environmental impact 
within the different categories, 
by Joost Hartwig, TU Darmstadt 
[Hartwig J. 2011]. As part of the 
calculation, LAH was 
benchmarked towards the 
DGNB new built reference 
building, showing the positive 
impact over a time of 50 years – 
see fig.13. The LAH pays back 
the entire energetic investment 
of all life cycles after 26 years. 

Conclusions and discussion 

Questions for discussion 

Several points and questions are insistent when the subject is climate renovation. The existing 

building fabric is the bulk of the future sustainable building stock. In this paper, we have chosen to 

look at five particular questions, which are addressed in the design and measure performance of 

LichtAktiv Haus:  

How did the balance of technology versus individual user influence and regulation of the internal 

systems work in the first year of monitoring? 

The evaluation revealed that the family take control of the indoor environment; they handle the 

technical facilities very confidently and have learned to adapt these to suit their own needs 

(cognitive dimension). They do not consider themselves controlled, as long as they know that they 

have ultimate control; they also have developed a distinct awareness of how they can influence their 

well-being through manual overrule of the automatic systems [Fedkenheuer 2013]. 

How was the effect of daylight compared with the need for electrical lighting? 

The recorded data shows that the house is sufficiently daylit, without need of energy for artificial 

lighting, almost regardless of outside weather and day of the year [Asmussen T. 2013]. The occupants 

appreciate daylight as a factor of their well-being; they welcome daylight, even on warm days they 

have overruled the solar shades in order to harvest and benefit from the direct sunlight.  
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What were the pros and cons for natural ventilation as unique ventilative principle for summer and 

winter and the potential to apply this for similar renovation projects with the highest energetic 

standard? 

The experiment to use natural ventilation as single principle has proven to be efficient and 

performing well. The quality of the indoor air as well as thermal comfort has predominantly been in 

the categories I and II, i.e. very good comfort ranges. The test family has appreciated the sensoric 

experience of fresh air exchange, and handle discomfort situations such as cold or draught through 

taking control – and responsibility – of their immediate environment. The significance of being in 

control is adding to the wellbeing in general. The family experienced the heating to be working 

perfectly [Fedkenheuer 2013], and the heating consumption matches the expected theoretical 

assumption [Wilken T., Jahresbericht 2012, Monitoring LichtAktiv Haus 2013]. The energy 

performance of LAH is deliberately calculated with tolerance for a certain loss during winter time. 

The heat loss from use of natural ventilation is delivered through onsite production of renewable 

energy from thermal solar collectors; the investment of this energy system can be compared to that 

of a mechanical ventilation system, however with a significantly lower maintenance demand, such as 

change of filters.  

How did the house perform compared to the theoretical performance?  

The top priority of the experiment was always the user comfort and satisfaction, this goal has been 

achieved. The heating systems deviation in energy performance does not comply with the theoretical 

calculations. A consumption normalisation confirms that a successful regulation of the heating 

system could eliminate the deviation. The regulation is expected to get into place during 2013, so the 

initial problems are believed to be teething problems.  

Are there similar learnings from the four active houses, seen from a technical perspective and from a 

human/behavioural perspective? 

It is clear that in general the assumptions conditioned in the theoretical calculations do not match 

reality; using decimals in theoretical calculations may very well be swapped for a reality factor, which 

indicates a range rather than a distinct singular number. The reality impacts move in both positive as 

negative directions, e.g. degree days, human controls and preferences such as a typical higher 

comfort temperature in winter compared to the 20 degrees used in compliance tools; shoulder 

seasons challenge the response speed of the control systems; users prefer an individually controlled 

indoor environment, and appreciate the outdoor climate taken indoors in the shape of natural light 

and sensoric experience of fresh air.  

Conclusions 

The results after the first year show a high correlation between theoretical assumptions and actual 

performance. It thereby shows that attractive living space combined with a sustainable energy supply 

and optimal indoor comfort is not only possible in new buildings but also for climate renovations 

The test family finds the comfortable indoor climate and the abundance of natural light and fresh air 

in the home a very positive experience. The thermal comfort and the indoor air quality is rated and 

documented as high – even when the users influence it for individual needs. The energy performance 

meets the expectation whereas the energy consumption of the heating system is higher than the 
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calculated values; this is under regulation and expected to be due to calibration / teething problems. 

The experiment to use renewable energy from a large fenestration area in combination with solar 

collectors and cells is working well. Most importantly, the test family is rating the experience of living 

in the house and the comfort parameters very high. The experiment is a model for climate 

renovations, to be used and replicated in parts, or as a whole, as solutions for how to enable the 

potential of the existing building stock with a high livability factor and a minimal impact.  
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Glossary 

AH – Active House 

DF – Daylight Factor 

DGNB – German Green Building Council 

EnEV - EnergieEinsparVerordnung 

EPBD – Energy Performance of Buildings Directive 

IAQ – indoor air quality 

IEQ – Indoor Environment Quality 
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LAH – LichtAktiv Haus 

nZEB – Nearly Zero Energy Buildings - requirement in the EPBD for all new buildings 

TU – Technical University  
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