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Abstract 

 

Following the appointments made between the member states of the European Union 

concerning the CO2 emissions, the Dutch housing associations aim to reduce the energy 

consumptions of the public housing stock. Since much of the housing stock has been built 

before any energy regulations were known, these houses require retrofitting to meet current 

standards and to fulfil future needs.  

 

During the post-war period many high-rise buildings have been built via various standardized 

constructions systems, with many of these buildings currently owned by public housing 

associations. This study is focussed on possibilities for their renovation, by taking into 

consideration technical difficulties, thermal comfort, indoor environmental quality and limited 

capital expenditure.  

 

Three main characteristic methods are known for the construction systems: the stacking 

method, the large panel buildings, and the poured concrete structures. During this research 

two large panel buildings (BMB and Coignet) and two poured concrete structures (EBA, ERA) 

have been researched to understand the construction and the difficulties during renovation. 

The thermal properties of the building are considered bad, just as the acoustic properties and 

the number of overheating hours during summertime. The original ventilation system was 

made of concrete blocks, the shunt channels. Roof ventilators have been placed on top of the 

collective shafts, to provide the apartments with mechanical ventilation. The ventilation 

exhaust capacity is often not enough resulting in a high moisture content in the apartments.  

 

The renovation process of these buildings is dependent on various factors such as, current 

condition, the desired remaining life span, the target group, renovation situation (empty/ 

occupied) and the buildings location. The buildings location has influence on the available 

alternative sources for heating and corresponding distribution temperature. Three main 

heating temperatures have been distinguished: high temperature (90/70oC), medium 

temperature (70/40 oC) and low temperature (50/30 oC). Very low temperature (>35 oC) is only 

possible when the building is not occupied, because floor heating or large wall panels should 

be included. Three fuel sources are researched: gas, electricity (heat pump) and biomass 

(district heating). The combination of the distribution temperature and the fuel source create 

the possibilities for heating and cooling. In this research four indicators are used for the 

decision-making process towards multiple renovation packages: the energy index, the 

overheating hours during summertime, the total CO2 emissions in 15 years and the payback 

time. 

 

An apartment in a BMB (Baksteen Montage Bouw) building has been included as case study 

location, to research the current condition by measurements, simulations and calculations. It 

is a building which is heated by district heating (biomass). Renovation packages have been 

simulated for the façade of the building, the front façade and the windows.  
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The results show that a higher insulation level of the thermal shield does not result in the 

highest reduction of CO2 emissions in 15 years including embodied energy for biomass and 

electricity. The results show that the overheating hours in the apartment are unacceptable for 

triple glazing when no cooling is applied. Due to an increase in insulation also the indoor air 

temperature and it’s responding overheating hours Adaptive Temperature Limit 65% 

satisfaction and Overheating Escalation Factor hours are increasing.  The application of a high 

thermal shield is only to be considered when a high remaining life span is expected due to the 

high budget needed. A high thermal shield can be needed when choosing low temperature 

heating with radiators to reach thermal comfort during extreme cold days.   

 

A general approach has been created for the BMB building, taking into consideration the three 

different heating tracks. The results show that not one general approach is suitable, because 

this would mean that other indicators such as building location, and remaining life span are 

not taking into consideration. Therefor three suitable renovation packages have been created. 

One package is created for a short remaining life span, with high temperature heating by 

district heating. One package is created for a life time at least until 2050, with medium 

temperature heating by district heating. And, one package is created for a life time beyond 

2050, with low temperature heating by electricity (heat pump).  
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Samenvatting 

 

De Nederlandse woningcorporaties streven ernaar om het energie verbruik van de sociale 

woningmarkt de verlagen, naar aanleiding van de afspraken gemaakt tussen de verschillende 

lidstaten van de Europese Uni betreffende het verlagen van de CO2 uitstoot. Een groot 

gedeelte van deze sociale woning voorraad was al gebouwd voordat enige wetgeving over 

energie verbruik bekend was. Hierdoor is een groot gedeelte van deze woningen toe aan 

renovatie om te voldoen aan de huidige wetgeving en te voorzien in toekomstige behoeftes.  

 

Tijdens de naoorlogse periode is er veel hoogbouw gebouwd door middel van typische 

constructie systemen, een groot gedeelte van deze hoogbouw is bezit van sociale 

woningcorporaties. In dit onderzoek zullen de verschillende mogelijkheden voor het 

renoveren van deze flats worden besproken. Hierbij wordt rekening gehouden met technische 

moeilijkheden, thermisch comfort, kwaliteit van het binnenklimaat en een gelimiteerd 

budget.  

 

Drie hoofd methoden zijn bekend voor de constructie systemen: stapelbouw, grote 

elementenbouw en gietbouw. Tijdens dit onderzoek zijn twee grote elementen bouw 

systemen (BMB en Coignet) en twee gietbouwsystemen (EBA en ERA) onderzocht om de 

constructie en moeilijkheden tijdens renovatie te begrijpen. De huidige thermische 

eigenschappen van de gebouwen worden als slecht beschouwd, net zoals de akoestische 

eigenschappen en aantal uren van oververhitting tijdens de zomer. Het originele 

ventilatiesysteem is gemaakt van betonnen blokken, de shunt kanalen. Om de appartementen 

te voorzien van mechanische afzuiging zijn er dak ventilatoren geplaatst boven op deze 

collectieve kanalen. De ventilatie capaciteit is echter vaak niet genoeg, wat resulteert in een 

hoog vochtgehalte in de appartementen.  

 

Het renovatie proces is afhankelijk van meerdere factoren zoals de huidige conditie, de 

gewenste resterende levensduur, de doelgroep, de manier van renoveren (leeg/bewoond) en 

de locatie van het gebouw/de gebouwen. De bouwlocatie heeft invloed op de mogelijke 

alternatieve bronnen voor verwarmen en bijbehorende distributie. Drie hoofd 

wateraanvoertemperaturen worden onderscheiden: hoge temperatuur (90/70 oC), midden 

temperatuur (70/40 oC) en lage temperatuur (50/30 oC). Zeer lage temperatuur verwarming is 

alleen mogelijk wanneer het gebouw leeg wordt gerenoveerd, dit omdat er vloerverwarming 

toegepast moet worden. Drie brandstoffen zijn onderzocht: gas, elektriciteit (warmtepomp) 

en biomassa (warmtenet). De combinatie van de aanvoertemperatuur en de brandstof 

creëren de mogelijkheden voor verwarming en koeling. In dit onderzoek is gebruik gemaakt 

van vier indicatoren voor het beslissingsproces naar meerdere renovatie pakketten: de 

energie index, de oververhittingsuren tijdens de zomer, de totale CO2 uitstoot in 15 jaar tijd 

en de terugverdientijd. 

 

Een casestudy locatie van een appartement in een BMB (Baksteen Montage Bouw) gebouw is 

toegepast om de huidige conditie van het gebouw te onderzoeken door middel van metingen, 

simulatie en berekeningen. Het betreffende gebouw is verwarmd door middel van een 
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warmtenet (biomassa). Renovatie pakketten zijn gesimuleerd voor de gevel van het gebouw, 

inzetgevel (panelen) en de beglazing.  

 

De resultaten laten zien dat een hogere isolatie waarde van de gebouwschil niet resulteert in 

de grootste reductie van de totale CO2 uitstoot, met in acht name van de embodied energy, 

voor biomassa en elektriciteit. Door de verhoging van de isolatiewaarde, de luchttemperatuur 

binnen en daarbij behorende overuren Adaptieve Grenswaarde Limiet 65% tevredenheid en 

Gewogen Temperatuur Overschrijdingsuren stijgen. De resultaten laten zien dat de 

oververhittingsuren onacceptabel worden met driedubbel HR beglazing wanneer er geen 

koeling wordt toegepast. De toepassing van een hoogwaardig geïsoleerde gebouwschil zal 

alleen moeten worden overwogen wanneer er een lange resterende levensduur van het 

gebouw wordt verwacht doordat er een groot budget voor nodig is. Een hoge thermische schil 

is nodig wanneer gekozen wordt om met lage temperatuur radiatoren te verwarmen. Dit is 

om onder verwarmen te voorkomen.  

 

Een gestandaardiseerde aanpak is gecreëerd voor het BMB gebouw, in beschouwing nemend 

de drie verschillende aanvoertemperatuur mogelijkheden. De resultaten laten zien dat één 

standaard aanpak niet geschikt is. De verklaring hiervoor is dat dit zou betekenen dat 

indicatoren als gebouwlocatie en verwachte resulterende levensduur niet in beschouwing 

worden genomen. Hierom zijn er drie passende aanpakken ontworpen, één pakket voor een 

korte levensduur met hoge temperatuurverwarming via een warmtenet, één pakket voor een 

lange levensduur tot minstens 2050 met medium temperatuurverwarming via een warmtenet 

en één pakket voor een lange levensduur tot ver na 2050 met lage temperatuurverwarming 

via elektriciteit (warmtepomp).  
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Nomenclature 

 

Abbreviation Explanation 

ATG Dutch for ATL (Adaptieve Grenswaarde Temperatuur) 

ATL Adaptive Temperature Limit 

BENG Dutch for nZEB (Bijna Energie Neutrale Gebouwen) 

BMB Baksteen Montage Bouw 

EEM Energy efficiency measure 

EBA A typical construction system built from 1960 - 1975 

EI Energy Index 

EPBD Energy Performance Building Directive 

EPC Energy Performance Coefficient 

ERA van Eesteren Rationele Aanpak 

GTO Dutch for OEF (Gewogen Temperatuur Overschrijding) 

GWP Global Warming Potential 

HR Heat recovery 

HT High Temperature 

HVAC Heating Ventilation Air Conditioning 

IEQ Indoor Environmental Quality 

IOD Indoor Overheating Degree  

ISO International Organization for Standardization 

KNMI Dutch Climate Organization (Koninklijk Nederlands Meteorologisch Instituut) 

LCA Life Cycle Assessment 

LT Low Temperature 

MT Medium Temperature 

NEN Dutch Norm (Nederlandse Norm) 

NOM Dutch for NZEB (Nul Op de Meter) 

NPR Dutch Directive (Nederlandse Praktijk Richtlijnen) 

NZEB Net Zero Energy Building 

nZEB Nero Zero Energy Building  

OEF Overheating Escalation Factor 

PV Photo Voltaics 

Rc Resistance capacity 

RE Renewable Energy 

RH Relative Humidity 

SBR Sustainable Building Renovation 

TO-juli Dutch for IOD (Temperatuur Overschrijding Juli) 
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1. Introduction 

 

1.1 Introduction project 

 

The Dutch government has made agreements with the European Union (EU) in Paris in 2015 

regarding the climate goals for 2030 and 2050 (Het Klimaatberaad, 2018). Different studies 

are pointing at the built environment regarding its responsibility to reduce its CO2 emissions, 

since it is responsible for 38% of the total emissions (Pacheco-Torgal, 2017). The goal is to 

reach 3.4 Mton reduction in the mission of CO2 in the built environment (Het Klimaatberaad, 

2018). This would mean a reduction of almost 95% of the emissions in 1990 should be 

achieved in 2050. For 2020, member countries of the EU should already have achieved a 

reduction of 20%. The EU has developed the Energy performance Buildings Directive (EPBD),  

in which the member states became responsible to create their own agenda to fulfil the goals. 

However, the strategy should include cost- and energy-optimization (La Fleur, Rohdin, & 

Moshfegh, 2019).  

  

In the Netherlands a large part of the housing stock is owned by public housing associations. 

Following the EPBD agreements, the Dutch housing associations made agreements in 2013 to 

increase the energy efficiency of their housing stock towards an average energy label B in 2020 

(Julen, 2017).  

 

The housing stock can be divided into five different categories, taken into regard are the 

building period of the houses (Archidat, 2012): 

• Pre-war housing: built till 1945 

• Pre post-war housing: built between 1946 and 1964 

• Housing shortage housing: built between 1965 and 1974  

• Energy crisis housing: built between 1975 and 1991 

• Building decree housing: built from 1992 

 

It became more important to include thermal insulation in the façade for new buildings in 

1973. Due to the oil crisis, the Dutch government set up policies for energy consumption 

reduction (van Middelkoop, Vringer & Visser, 2017). At that time the majority of the Dutch 

housing stock has already been built. A large part of these houses has been built during the 

post war period and have been built according to a standardized construction system.  

 

1.1.1 Post-war construction systems 

Approximately 25% of the post-war housing stock in the Netherlands has been built making 

us of a standardized construction system. These construction systems were built after the 

Second World War, as a response to the housing shortage. The complexes were built between 

1950 and 1979 and are recognizable because a large amount of repetition was used. This was 

done in order to achieve a high productivity, low costs but still decent quality 

(BouwhulpGroep, 2013). These typical buildings can also be recognized because the majority 

has been constructed making use of reinforced concrete. This building material was used on 
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large scale because of a shortage in building materials and increased building speed to answer 

the housing shortage. Furthermore, the different systems have some characteristic elements, 

which can be recognized.  

 

1.1.2 High-rise gallery apartment buildings 

Several construction systems were used to build high-rise gallery apartment buildings in the 

1960s. This building type had an advantage not only because it reduced the production time, 

but also because the surface area of the apartments could be enlarged since less ground 

surface could be used. This was an advantage considering the scarcity of land (Proveniers, 

Crijns & van Eldonk, 1989). Galleries were most wanted because only one elevator was 

required, in comparison with portico flats (Verhoeks et al., 1995), which would reduce the 

building costs. At the end of the 70s, the demand for more diversity in housing became more 

apparent. This made these constructions systems less popular, until a point where they were 

not used anymore (BouwhulpGroep, 2013).  

 

1.1.3 Housing associations 

Housing associations are really important in upgrading the energy performance of these 

typical buildings, since they are the largest owners of these buildings (Frank, de Feijter, van 

Vliet & Chen, 2019). Several researches have already explored the possibilities for such 

retrofitting, although still drawbacks in the renovation approaches can be found. The public 

housing associations have the goal to supply affordable housing. Large scale retrofitting of 

their housing stock is only possible if the cost of such renovation is kept low (Guerra-Santin et 

al., 2017).  

 

 

 

 

 

 

 

 

 

 

 

 

1.2 Introduction Atriensis 

 

Atriensis is advising the housing associations in their task to make their 2.4 million houses 

Paris proof. This is about 30% of the entire housing stock in the Netherlands (Atriensis, n.d.). 

The company advises housing associations about sustainability and compliance with Dutch 

regulations. The focus is thereby mainly on keeping existing houses comfortable and 

affordable.  
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Atriensis is founded by Dyon Noy in 2006. Two operating companies were separated in 2018, 

being Atriensis Data and Atriensis Projects. In 2019, the operating company Atriensis 

Innovation was founded (Atriensis, n.d.). The employees of Atriensis Data collect information 

about the housing stock to create a database. The most important information is the energy 

performance, the technical issues of a building, surface area. 

Atriensis Projects is collaborating with housing associations on building level. They create an 

advice for the housing associations with regards to the retrofitting of their housing stock. This 

includes advisement on building level but also visions on district level.  

Atriensis Innovation is working on innovating tools, techniques and processes to increase the 

efficiency of the energy transition in time and costs (Atriensis, n.d.). An example is the 

sustainability road map, which gives the housing associations insight in the district level 

indicators of their housing stock.  

 

This project has been performed within Atriensis projects. Their experience with renovation 

strategies, Dutch regulations and housing associations make them the ideal acquaintance for 

this research.  

 

1.3 Research Objective and Question 

 

1.3.1 Problem definition 

The same gallery flats can be found in different areas in the Netherlands. A large amount of 

these flats is considered to be built according to a typical construction system and are in need  

of renovations. The buildings are often renovated per area or per building, however, because 

the buildings are similar, the question arises whether this renovation approach can become 

generalized. Additionally, a large part of the renovation is focused on increasing the energy 

efficiency of the buildings, comfort parameters such as overheating hours are less considered.  

 

1.3.2 Research goal and questions 

For this master thesis the drawbacks of the gallery apartment flats are considered in a view of 

building physics and services. The aim was to perform an in-depth analysis of the technical, 

energetical and comfort conditions of a social housing complex. The goal was to create a 

retrofitting package for gallery apartment buildings owned by public housing associations and 

fully occupied by social residents. Within this goal it was desired to approach a construction 

system to see if defects are characterized by the system and therefore measures could be 

generalized. Therefore, the research question for this thesis is: 

 

Could a general approach be suitable for the retrofitting of social housing gallery flats, built 

according to a standardized construction system? 

 

This research takes into consideration the-economic level of the tenants, which are social 

tenants. This means a low income/economic vulnerable position is considered. This research 

is not about the other elements that are affecting the energy consumption: household 
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demographics and lifestyle (occupancy behaviour) (Guerra-Santin et al., 2017). Information 

available will be considered to reduce the influence of these elements if expected.  

 

In order to answer the main question, a number of several secondary questions and tertiary 

questions were made: 

A. What are the common withdraws of gallery apartments buildings built according to a 

typical construction system? 

A.1  What are the differences between pre-war constructions and 

post-war constructions?  

A.2 How has the construction system been built, what type of 

methods and what are similarities between different systems? 

A.3 Which types of decay are known, and which are typical for each 

construction system? 

A.4 What are the most common problems regarding the thermal 

envelope and thermal comfort?   

A.5 How is the energy performance of these construction systems?  

B. What kind of renovation measures are applicable for high-rise gallery buildings and 

which are generalizable? 

B.1 What kind of general solutions have already been devised? 

B.2 Which building envelope measures are suitable? 

B.3 Which installation measures are suitable? 

C. How to assess renovation packages considering the performance indicators?  

C.1 What are the renovation packages?  

C.2 What are the performance indicators?  

C.3 What are the assessment methods?  

 

An in-depth analysis has been performed of four construction systems to be able to answer 

the questions. These are constructions systems and not building methods, and either known 

for a high number of produced houses or because of some special application. The 

construction systems are two large panel buildings and two poured concrete structures.  

 

1.3.3 Research method 

This research has been performed following the structure of Abdul Hamid, Farsäter, 

Wahlström, & Wallentén (2018b), who divided the retrofitting strategy for multifamily 

buildings in three categories: Status determinations, renovation strategies and renovation 

measures.  

  
Figure  1.1: Research method; 

Status determinations Renovation Strategies Renovation measures
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1.4 Outline of the report 

In current chapter an introduction is given to high-rise buildings built according to a 

standardized construction system and to the owners of most of these buildings, the housing 

associations. In the next chapter (2. Literature study) more information is given about the 

common withdraws of the high-rise construction system. The differences in building 

methodology pre- and post-war, different constructions systems and decays are mentioned. 

In chapter 3. Methodology answers will be given towards the type of measures that are 

available for high rise construction buildings, the renovation packages that are applied, the 

performance indicators and the assessment methodology. The method is based on the 

method shown above. In chapter 4. Case study Purmerend Wheermolen Oost the case study 

building included in this research will be introduced. In chapter 5. Results and Discussion, the 

assessment of the performance indicators is shown for all the renovation packages and the 

decision-process is discussed, and what the outcomes say about the generalization process. 

The following chapter discussed the outcomes for three suitable solutions for the case study 

location (6. Solutions for the Case Study Location) and its corresponding high-rise construction 

system. In chapter 7, the research questions will be answered, and overall conclusions will be 

drawn. Furthermore, limitations of this project will be given and discussions about 

uncertainties of this study. In chapter 8 the references used for this project are found. The last 

chapter are the appendices (9. Appendices). 
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2. Literature study  

 

2.1 Pre-war housing vs post-war housing 

 

Pre-war houses are indicated as traditional buildings, in contrast to post-war construction 

systems which are known as none-traditional buildings. Prefabrication of the construction is 

one of the characteristics of none-traditional buildings. Furthermore, after the war new 

construction methods and new materials were introduced (Guerra-Santin et al., 2017). 

Traditional buildings are characterized by the large amount of brickwork (concrete or sand-

lime bricks) that was used (Thijssen, 1990). During the post-war construction period, 

approximately 430.000 houses have been built according to the non-traditional methods 

(Renshoff & Otto, 1987).  

 

2.1.1 Energy performance 

The insulation qualities of post-war housing are meeting the requirements for the time being. 

During the start of the post-war housing period, no regulations were available for the thermal 

insulation of the envelope. Table 2.1 shows the first requirements regarding the total thermal 

resistance of newly built buildings. For building constructions built after this time, it may be 

considered that at least the required amount of insulation has been applied.  

 
Table 2.1: Rc Requirements over the years (Liebregts, 2011) (Joostdevree, n.d; 

Construction year 1965 1975 1979 1992 2015 

Roof 0.86 1.03 1.29 2.5 6.0 
External wall 0.43 0.69 1.29 2.5 4.5 

Ground floor 0.17 0.26 0.52 2.5 3.5 

Double glazing living room No No Yes Yes Yes 

Double glazing bedroom No No No Yes Yes 

 

2.1.2 Thermal mass 

The pre-war homes often have the advantage that they are built from materials with a higher 

thermal mass, especially for the façades of the buildings. For the construction of the post-war 

built structures more light-weighted materials were used. A high thermal mass has an 

advantage, because heat can be stored in the material and the material distributes this when 

the temperature is decreasing. A less fluctuating indoor temperature is the result of a high 

thermal mass (Van de Ven, 2011).  

 

2.1.3 Acoustic properties 

The acoustic properties of the gallery houses are a problem that is addressed by several 

studies (Renshoff & Otto, 1987), (Thijssen, 1990), (Bremen, 1968), (Archidat, 2012). In 

comparison with the houses built pre-war, the traditional floors have a high mass, creating a 

higher acoustic resistance. During the construction of houses in the housing shortage period, 

a lot of concrete was used without an acoustic interruption. Hence, a large amount of contact 

sound is experienced.  
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2.1.4 Ventilation system 

Before 1975, natural ventilation was applied in post-war housing, also in the high-rise 

buildings. To include natural exhaust in the wet areas, a concrete shaft system was applied, 

also known as the shunt shafts  (Figure 2.1) (Copyright R-vent Netherlands B.V., n.d) (Koster 

schoorsteentechniek, n.d.).  

 

       
Figure 2.1: Concrete shaft 'Shunt kanalen' (RZ-Ecoseal, n.d.); 

 

A primary shaft and a secondary shaft are driven by draught. A higher internal heat production 

(showering for example) results in a higher draught due to temperature differences. The air is 

exhausted to the secondary shaft, which transports it to the primary shaft. This is to prevent 

air travelling towards neighbouring apartments.  

 

                                      
Figure 2.2: Shunt shaft a) (Copyright R-Vent Netherlands B.V, 2001); b) (Koster schoorsteentechniek, n.d.); 

 

2.2 Post-war building technologies 

 

In Appendix A.1 an overview is found of the most popular construction systems in The 

Netherlands. From the construction systems that are identified, several building technologies 

are to be distinguished (Elk & Priemus, 1970).  
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2.2.1 Stacking method   

This building technology has a lot of similarities with the traditional building technology. The 

systems are mainly based on the construction of the load bearing walls. These are made of 

small elements which are to be placed by hand. Floor systems were made in different ways.  

 

Application 

The building technology is mainly for low rise and middle high-rise buildings. In origin this 

method is especially for buildings with a maximum of four storeys. However, higher 

constructions were possible: either the walls should be applied thicker or a combination 

between the stacking method and a poured structure should be made (Elk & Priemus, 1970). 

High-rise gallery buildings for this method are to be found in the MUWI system. This system is 

considered to be more a method, because many different applications of the system were 

possible (BouwhulpGroep, 2013).  

 

Thermal properties 

The thermal properties of the building are not specific for this method. However, for balconies 

and galleries a different method was applied to prevent thermal bridges to occur, like 

interruptions between storey floors and balcony floors (Elk & Priemus, 1970).  

 

Acoustics 

Between the small elements a lot of cracks and holes are to be found. This can negatively 

influence the acoustic properties of the façade.  

 

2.2.2 Large panel buildings  

Large panel buildings are based on the pre-fabrication of the construction elements such as 

floors and walls. This method relocated the fabrication of the main construction from the 

building site to the factory. In the factory the conditions were more stable, therefore a higher 

productivity and quality could be reached. Large prefabricated elements were made, which 

already were provided with savings for ducts. Most of the systems were made with storey-

high elements (Elk & Priemus, 1970). Only the Baksteen Montage Bouw system used halve a 

storey-high elements.  

 

Application 

This method was already applied before World War II. All housing types can be built with this 

method. Post-war the trends continued, together with creating more multiple family 

buildings. In the beginning mainly, middle rise building were built. But towards the end of the 

post war housing construction period, also more high-rise buildings were built. Buildings with 

more than 12 storeys were difficult because stability problems would occur.  

For the façade of the buildings, several requirements were needed. Therefore, most of the 

large panel buildings have characteristic elements in the façade by which they can be 

recognized (Elk & Priemus, 1970). A lot of systems making use of this method are known.  

The end walls are constructed as cavity walls, with both layers of prefabricated elements. The 

longitudinal walls are constructed as cavity walls and/or with storey-high façade fronts.  
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Thermal properties 

This method can be applied with gravel concrete. According to the time being (1965-1974), it 

was important to include central heating in combination with gravel concrete (Elk & Priemus, 

1970).   Furthermore, systems as Coignet, were made of concrete façade elements. This should 

be applied with polystyrene plates in order to increase the thermal insulation.  

 

Acoustics 

No specific acoustic properties were known at the construction time. The floors were applied 

with an insulating finishing layer.  

 

2.2.3 Poured concrete structure  

The load bearing construction is concrete moulded in place in standardized formwork (Elk & 

Priemus, 1970). The end walls have a lot of similarities with the large panel buildings. This 

means, closed façade with no windows, with an outer cavity layer of brickwork. The 

longitudinal façades are made of large front façades.  

 

Application 

This method was already known pre-World War II. However, after the War more development 

of the formworks was wanted to increase productivity. Because a high production was leading 

factor for the development of the system (Elk & Priemus, 1970), high-rise gallery buildings 

were built most. The method had a lot of mechanical advantages for the application in high-

rise buildings. Some systems also used the method for low-rise buildings (EBA).  

 

Thermal properties 

Medium heavy concrete had more advantages for the thermal insulation when applied 

compared to gravel concrete (Elk & Priemus, 1970).  Condensation can occur when a large 

amount of double glazing is applied in combination with gravel concrete.  

 

Acoustics 

Gravel concrete has disadvantages for the acoustic properties, because it is less sound 

absorbing. Furthermore, with the application of large front façades, sound leakages could 

easily occur (Elk & Priemus, 1970). Although this also happens when applying the stacking 

method and the large panel buildings, it is less expected. With the poured concrete structures, 

combinations have been made between large weight main construction and light-weighted 

finishing elements. Which tend to increase the acoustic disadvantages of gravel concrete.  

 

2.2.4 Light building construction (timber frame construction) 

This type of construction method was based on the large panel buildings. However, these 

buildings have been built making use of more light-weight elements.  A combination between 

traditional wooden buildings and pre-war constructions systems was made.  No construction 

system is known for high-rise gallery buildings (Elk & Priemus, 1970).   
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2.3 Construction systems: High-rise gallery buildings 

 

In this chapter only the large panel buildings and the poured concrete structures are 

discussed. The construction systems MUWI, RBM and Airey are also known for their high-rise 

gallery apartment buildings and are built according to the stacking method. However, these 

systems are considered more methods than systems, which means less repetition is to be 

found (BouwhulpGroep, 2013), the buildings built with the same construction are less 

identical.   

Two large systems known to be built with the large panel method are the Baksteen Montage 

Bouw (BMB) buildings and Coignet buildings. For the poured concrete structures EBA and van 

Eesteren Rationele Aanpak (ERA) are discussed.  

 

Floor maps and 3D models of the different systems are to be found in Appendix A.2.  

 

2.3.1 Baksteen Montage Bouw (BMB) 

High rise buildings according to the ‘Baksteen Montage Bouw’ system have been built from 

around 1965 till 1973 (BouwhulpGroep, 2013). The construction system has two variations 

BMB-I and BMB-II. The company (Baksteen Montage Bouw), which was named according to 

the construction system, started building according to this system in 1949 and closed a deal 

with the municipality of Amsterdam in 1955 regarding the reconstruction of the housing 

market after World War 2 (Proveniers, Crijns & van Eldonk, 1989). B.M.B is one of the systems 

which realized the highest number of produced houses. From the total number of houses built 

in the construction period, approximately 13500 have been built being a high-rise apartment. 

Just a small number of these buildings have been demolished (BouwhulpGroep, 2013). A high 

amount of the buildings built according to this construction system, with the highest number 

of dwellings in one area, are found in Purmerend Wheermolen  (Figure 2.3) (Elk & Priemus, 

1970).  

 

 
Figure 2.3: BMB flat Purmerend Wheermolen Oost (Own picture); 

 

Construction characteristics 

The load bearing construction of the BMB system is made according to the large panel building 

method i.e. large prefabricated gravel concrete elements. In this case, with a height of half a 
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storey. In accordance with the method the end walls are made of a cavity wall and the 

longitudinal wall a combination of a cavity wall and large front façades.  

 

Characteristic for this system is the outer cavity wall, which is made of prefabricated masonry 

elements. A stretcher bond is used, and the regular brick sizing is the Dutch brick size 

(‘waalformaat’) (Elk & Priemus, 1970). The inner cavity leaf of gravel concrete is mechanically 

connected to the outer leaf by anchors.  

Between the inner and outer layer of the façade cavity wall a thin layer of polystyrene is used. 

The Rc values of the different elements various between the 0.047 and 0.90 m2K/W and the 

insulation value regarding the airborne sound between the different elements is between the 

0 and the 3 decibels.  

 

 
Figure 2.4: Detail  BMB a) Longitudinal wall;  b) End wall (Drawn from (Elk & Priemus, 1970).   

 

 

The main element of the roof is the structural layer, which is typically of the same construction 

as the floors. On top of the roof, an insulation layer is mounted with a thickness of 

approximately 7 cm with roof covering.  

The gallery- and loggia slabs were not continuous but interrupted by an insulation layer of 2 a 

3 cm, beside the slabs were laid on 2 cm impregnated kirk (Figure 2.5). Different methods have 

been used as connecting piece. The load bearing elements of the galleries are brackets which 

have been poured in the load bearing walls. On the side elements a thin insulated slab of 2 cm 

wood wool cement is added to prevent a thermal bridge in this construction element.   

In most of the cases the roof was overhanging the gallery and loggias for a bit, connected 

identically to the construction with brackets as the gallery floors. On these brackets no 

insulation and roof covering are commonly used (Thijssen, 1990).  

 

Largest concern before renovation 

One of the largest problems with the BMB systems is the connection between the inner and 

the outer cavity layer as shown in the details (Figure 2.4). The material properties of the 

construction elements have been estimated wrong. This results in a different expansion of the 
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inner and outer cavity layer, especially during summertime. This problem is mostly shown at 

the balcony side and the end walls. 

    
Figure 2.5: Connection floor, gallery and cavity wall a) own drawing   b) Current condition (Kleyzen, 2014);  

 

The gallery side is not showing much damage due to these problems, because the consoles 

are performing as loadbearing (Figure 2.5). However, this was not intentioned during 

construction, meaning cracks may occur (Kleyzen, 2014).  

 

Renovation example 

In 1987 some flats have been renovated and the outer layer has been replaced. However, it is 

done in such way that damage still occurs (Kleyzen, 2014). This also counts for the flat shown 

in Figure 2.6. The outer cavity layers of the prefabricated masonry were of such bad quality, 

that more than once, parts of the façade were falling down (BouwTotaal, 2019).  

 

    
Figure 2.6: a) Removal old cavity layer (Zwaluwe, 2019);  b) New prefab elements (BouwTotaal, 2019); 

 

Therefore, a large part of the renovations of these buildings, were regarding the renewal of 

the façade. The façade elements have been removed and replaced by new prefab elements. 

These elements are used to increase the energetic performance of the buildings (BouwTotaal, 

2019).  

Prefabricated elements, made of a timber frame construction and cladded with masonry, are 

delivered to the construction site. Hereafter, the elements are mechanically anchored to the 

concrete inner cavity leaf.   

During this renovation energy efficiency measures (EEMs) have been included regarding the 
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building envelope (cavity wall insulation, HR++ glazing and insulation on the roof) as well as 

the application of energy efficient installations (BN de Stem, 2018).  

 

2.3.2 Coignet 

Another large element construction system is the Coignet system. With this system the entire 

dwelling was prefabricated (Leerdam & Verhoef, 1984) and just as the B.M.B. system more 

housing types were known with an approximate 17.000 being made as a gallery apartment 

building. Three main constructors can be distinguished: Dura Woningbouw BV, Indeco-Coignet 

NV and Nedeco Industriële woning. Dura and Indeco constructions can mainly be found in the 

Randstad, around Rotterdam and Amsterdam respectively, Nedeco is mainly representing the 

construction of the system in the Southern part of the Netherlands (Renshoff & Otto, 1987).   

 

 
Figure 2.7: Coignet flat (Funda, n.d.); 

 

Construction characteristics 

Large similarities are to be found for the main load bearing construction elements with the 

BMB apartment buildings since the construction method is the same. The main construction 

was made of prefabricated massive reinforced (gravel) concrete. The elements (floor and 

walls) are assembled with cutting ends and moulded together (Thijssen, 1990). 

The façade construction varies from the usage of different Coignet systems. The most 

common façade construction is based on a concrete sandwich panel as shown (Figure 2.8). 

 

               
Figure 2.8: Detail Coignet  a) Longitudinal wall;  b) End wall (Drawn from Elk & Priemus (1970)); 
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The outer layer is reinforced concrete, followed by 2 cm polystyrene foam and lastly a layer 

gravel concrete. The inner layer is connected to the outer layer, with a raster of a maximum 

of four anchors per square meter, making use of steel anchors (Elk & Priemus, 1970). The 

largest number of variations are known for the longitudinal façade (Renshoff & Otto, 1987).  

 

Same as the BMB system, the Coignet system makes use of the regular flooring structure for 

the construction of the roof. Slabs are laid on top, which are provided with a 20 cm insulation 

layer. Polystyrene insulation is applied in the connecting parts to prevent thermal bridges to 

occur (Elk & Priemus, 1970.  

 

The insulation properties fulfil the requirements with the responding rules of the time being. 

It has been attempted to reduce the influence of thermal bridges, and top layers were applied 

when insulation for heat and sound was considered necessary (Renshoff & Otto, 1987).  

 

Largest concern before renovation 

The largest problem for the Coignet flats were and are the thermal insulation of the building 

envelope. Renshoff & Otto (1987) already researched the energetic quality of the buildings. 

Therefore, for a large part of the buildings external insulation has been added with a finishing 

layer of stucco. Moisture problems might occur when ventilation is not done properly, or 

when cracks occur in the sealing.  

 

That there were no major technical problems, can also be seen in via the following example:  

 

Renovation example 

The Carmelflats in Beek are a renovation example. Housing association ‘Zowonen’ started with 

the renovation of eight flats in 2017. Renovation was needed because in several building 

physical problems occurred, such as mould grow and draught. This was due to the low thermal 

insulation, problems occurred concerning the building envelope and moisture problems. From 

a construction point of view the balconies were in bad condition. Furthermore, the indoor 

environmental quality was not meeting the current requirements (Heijmans, 2017).  

 

     
         Figure 2.9: Carmelflat a) before renovation;  b) after renovation (van den Heuvel afbouwgroep, n.d.); 
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Indoors energy efficiency measures (EEMs) and outdoor EEMs are included. Indoors, the 

renovation was mainly focused on improving the quality of the wet areas and kitchen. 

Furthermore, the kitchen geyser was removed as well as the gas connection.  

Outdoors, the thermal envelope was improved. This meant renewal of the façade fronts 

(parapets), renewal of the façade insulation, front door, roofing and roof insulation, and 

window frames. Furthermore, PV-panels were installed to reduce the energy consumption of 

the tenants (Zowonen, n.d.).  

 

2.3.3 EBA 

The construction system of EBA makes use of a wooden or a steel framework, in which 

medium heavy concrete or gravel concrete is poured. It is possible that in some buildings only 

the vertical construction elements have been poured into the work, while the horizontal 

construction elements (floor, roof) have been prefabricated (Elk & Priemus, 1970). EBA started 

in 1958 with the development of poured concrete structures. When in 1963 a large impulse 

for the poured concrete structures came due to the quota arrangement, which was focused 

on the labour-saving high-rise building regarding to decrease the of housing shortage. This 

relatively new company was involved in the creation of many gallery apartment buildings 

(Proveniers, Crijs & van Eldonk, 1989). Characterizing for this type of system is that no large 

variation in housing type could be found, because many houses were produced which made 

less variations more efficient. This system is known for its large size in the Bijlmermeer of 

Amsterdam. 

 

 
Figure 2.10: Gooiord, Bijlmer (Wikipedia, 2008); 

 

Construction characteristics 

For the load bearing walls different thicknesses can be distinguished. This is due to the 

different applicable functions e.g. serving as a housing separation wall or a non-separating 

wall. The façades are made by making use of a cavity wall principle with an inner layer of gravel 

concrete, a cavity with a 1.5 cm thin applied layer of polystyrene foam layer and an outer layer 

of brick masonry with a half-brick bond. The inner and outer cavity layer are coupled to each 

other with cavity anchors. The outer cavity layer needs some extra construction support, this 

is generated by making use of concrete façade bands. At the longitudinal façade, floor height 

fronts have been used. The non-load bearing elements are made of light construction 

elements with mostly common air-entrained concrete.  
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Figure 2.11: Detail EBA  a) Longitudinal wall;   b) End wall (Drawn from Elk & Priemus (1970)); 

 

The story floors are poured in-situ and are the same for the roof construction. Only the ground 

floor differs from the flooring type, wherefore typically a system floor is used.  

The roof is included with an insulation layer. This insulation layer meets the requirements of 

at least an Rc-value of 0.6 or 0.8 m2K/W. The in-situ poured reinforced concrete floor is 

constructed, with a ramp included. On top of this concrete an insulation and bitumen layer 

are added, this is done for a good dispersal of the rainwater, insulation of the roof and water 

tightness. The bitumen roofing is finished by a layer of gravel (Elk & Priemus, 1970).  

 

Largest concern before renovation 

One of the largest concerns for the EBA buildings is the social decay of the buildings. A large 

amount of buildings in the Bijlmermeer have therefore been demolished (Rappange & 

Partners architecten b.v., n.d.). Social decay occurs due to the location of the buildings, but 

also due to the design of the buildings, and socio-economic status of the target group. 

Especially in areas with a large amount of semi-public areas problems are known. This is due 

to the low level of overview, and therefore less social control (Adrianow, 1993). Furthermore, 

when the technical quality of a building decreases, more people tend to move to higher quality 

housing. This high mutation degree, results in tenants which are financially not able to move. 

These post-war buildings are often inhabited by tenants with a low socio-economic status 

(Adrianow, 1993).  

The social decay of the building goes together with the technical deterioration. Not only 

because the moving degree increases, but also because no social responsibility is felt. This 

results in neglect of the semi-public areas (Adrianow, 1993).  
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Renovation example 

The Daalwijkflat is located in the Bijlmermeer of Amsterdam and is known to be one of the 

‘honinggraatflats’ built with the EBA system in 1973 in this area. The flat is a good example of 

a building where the social decay is of larger influence on the exploitation of the building then 

the technical decay. This resulted in a large amount of demolishing of these types of flats 

(Rappange & Partners architecten b.v., n.d.). During the 80’s and 90’s the building already had 

some adaptations installed in order to increase the social safety. 
 

    
Figure 2.12: Dalwijkflat a) before  (City., 2018);    b) after  (Kondor Wessels Amsterdam, n.d.); 

 

Considering the technical decay, some damage could be found at the outer shell of the 

building. This was mainly dirt and damaged due to usage. Furthermore, the subcontractor 

(betonrestore, 2012) detected a large number of painting layers on the outer layer. Instead of 

renewal of the paint layers it was chosen to demolish the outer layer and remove the parapets 

and its painting layers. The parapets were removed because a large amount of carbonation of 

concrete was present. Due to this also a lot of concrete needed to be repaired. Furthermore, 

some changes needed to be done to the construction in order to prepare it for the new façade 

image. Other elements that deteriorated the condition of the building were the old 

installations still present in the building. Because of the combination between the social and 

technical decay renovation, renovation was necessary in order to prevent demolishing of the 

entire building (Woonstichting Rochdale, 2013). It has been chosen to make more use of milk 

glass elements to create more privacy and thus more safety in the new building design. 

 

The abjure way to enlarge the durability of the building with 40 years in comparison regard to 

the delivery year of the renovation year in 2011. Although some small adaptions were made 

in the past, the flats were still heated by a collective heating system (Woonstichting Rochdale, 

2013). The collective heating has been replaced by district heating during renovation 

(Woonstichting Rochdale, 2013). 
 

2.3.4 van Eesteren Rationele Aanpak (ERA) 

ERA is a poured concrete structure method which is characterized by the over span made 

during the construction. The span of the structure is over the entire width of an apartment, 

which means that there is no construction obstruction within the apartment. This was done 

by using a steel tunnel framework in which the floors and the walls are poured. The carcass of 

the building is decoupled from the shell and the finish of a building. The casting of the monolith 
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concrete is seen as the load bearing construction, at which the finishing elements of the 

building are provided in precast form to the construction site (Elk & Priemus, 1970). As said 

ERA stands for ‘van Eesteren Rationele Aanpak’. The first high-rise apartment buildings with 

this construction system were built in the city of Zaandam in the late 60s. Another well-known 

project was done in the city of Zoetermeer in 1969. In this project the possible renters were 

included in the decision making of the floor map. Because the apartment is spanned in one 

go, the floor map is free of obstructions and therefore has a lot of possibilities. ERA was also 

a response to the quota arrangement in 1963 (Proveniers, Crijns & van Eldonk, 1989).  

 

 
Figure 2.13: ERA-flat Pharus Zaandam (Van der Sluis, 1967); 

 

Construction characteristics 

The separation walls are also part of the finishing elements of the house. Because the house 

has been spanned in one go, there are no additional load-bearing walls in the living space. This 

means that the indoor walls are separate from the construction. For the room separation walls 

sandwich panels are used with a finish of gypsum. When wet functions are present in a space, 

this gypsum is replaced by a phenol chipboard. The indoor walls and fronts as well as the 

facades and other elements are fully finished (if necessary, also watertight) when delivered to 

the construction site (Elk & Priemus, 1970). 

 

  
Figure 2.14: Detail ERA   a) Longitudinal wall;  b) End wall (Drawn from Elk & Priemus (1970)); 

 

This system has construction floors which are exposed to the outside air without an 

interruption layer. At that time already some knowledge was available about expansion of 
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materials, therefore the elements have been connected and are moveable in relation to the 

carcass of the building. Just as with Coignet and B.M.B., the galleries and balconies are laid on 

canting consoles with in between an elastic layer, in this case felt strips (Thijssen, 1990). There 

are also some known buildings with balconies without consoles which results in a construction 

that bulks out. For this, prefabricated situation balcony slabs have been used.  

 

Largest concern before renovation 

One of the problems that is known for the ERA buildings, is that many elements containing 

asbestoses have been used, especially in the façade fronts (parapet) (Woonstad Rotterdam, 

n.d.). Furthermore, it is shown that quality was becoming more important than quantity 

(number of productions) in the flexibility of the floorplan (de Graaf, 2009). However, quantity 

is still shown much in the design of the buildings, which results in impersonal entries.  

 

Renovation example 

In Figure 2.15 the Viervantflat in Rotterdam is shown. This flat is part of the Sterflats in 

Rotterdam, built according to the ERA system in 1965 (de Graaf, 2009). During the renovation 

of this building, energy efficiency measures (EEMs) were applied. Furthermore, some 

architectural adjustments were made to meet the current aesthetic preferences (Rotterdamse 

architectuurprijs, n.d.). 

      
Figure 2.15: Viervantflat a) before (A3 Architecten, n.d.);       b) after (Smits vastgoedzorg, n.d.); 

 

The missing aspect to meet the current desires was the feeling of ‘coming home’ when 

entering the building (Rotterdamse architectuurprijs, n.d.). This is also due to a previous 

renovation which decreased the robust image of the building. Very little technical difficulties 

due to damage are described in the renovation plans.  

 

The plans of the architect were striving for an improvement of energy performance. This is 

partly achieved by replacing the collective heating system with a district heating system which 

makes use of waste heat generated by industrial buildings in Rotterdam. Another measure 

that was taken, is the replacement of the window frames and windows, and the subsequent 

application of windows with HR++ glazing (Woonstad Rotterdam, n.d.). At the end of the 

renovations an all-electric scenario is desired (Smits vastgoedzorg, n.d.). 
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2.4 Public housing in the Netherlands 

 

The social housing associations have the task to provide affordable housing for the people 

who are in extra need of finding one, because they cannot find one for various reasons. While 

in the past a home was considered to be a functional place ‘a roof above the head’ nowadays 

a ‘home’ is defined by not only the physical part of the house but also the social and legal 

aspects, forcing the housing associations to adapt to the new situation (Gianfrate, Piccardo, 

Longo & Giachetta, 2017).  

The housing needs have changed in comparison to the past. Housing is no longer a functional 

task for the housing associations in the cities, but the houses should also provide a certain 

amount of cohesion. They should provide a certain amount of quality of life (Umbro, 2016).  

 

2.4.1 Dutch policies  

Renovation of the public housing stock is not only increasing the energy efficiency, but also 

the quality of the public housing stock (Gianfrate, Piccardo, Longo & Giachetta, 2017).  

In the Netherlands no direct regulations are known to obligate the housing association in 

retrofitting their housing stock. However, policy instruments focus on financial benefits in 

order to stimulate them to upgrade their houses (Middelkoop, Vringer & Visser, 2017).  

 

Energy performance 

The energy performance of the existing Dutch public housing stock is regulated by the Energy 

Index. This Energy index (EI) is partly determining the rental prices for the dwellings (ISSO 82.1) 

(Boerstra, Donze, Elkhuizen 2010). This EI is translated into an energy label (Table 2.2). For 

new buildings (built after 1995) the Energy Performance Coefficient (EPC) is also translated 

into this new label. The EI and EPC are created to be able to compare dwellings with each 

other and therefore standardized occupancy behaviour and weather conditions are used. 

However, some critique is known for the labelling system, since it would be too straight 

forward. A more appropriate system would consider more aspects of the energy performance 

of a building (Konstantinou, Klein, Santing, Boess & Silvester, 2015).  

 
Table 2.2: Energy index classification according to ISSO 82.3 (Boerstra, Donze, Elkhuizen 2010) 

Label Energy-Index 

A++ < 0,61 
A+ 0,61 - 0,80 
A 0,81 - 1,20 
B 1,21 - 1,40 
C 1,41 - 1,80 
D 1,81 - 2,10 
E 2,11 - 2,40 
F 2,41 - 2,70  
G > 2,70 

 

Thermal comfort during winter 

Researchers and government are considering the importance of a good thermal comfort in a 

home more often. Beside the climate, a reason for this is also to be found in ‘fuel poverty’, 

which has become of growing concern. Approximately 10% of the Dutch population is not able 
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to pay their energy bills (Boerenfijn, Kazak, Schellen & van Hoof, 2018). This results in several 

unhealthy situations as well as different measures taken by the tenants. Such as partly heating 

their house. 

The World Health Organization has set up regulations in order to measure the impact of fuel 

poverty. A household is considered suffering from fuel poverty, when it is not financially able 

to demand an indoor minimum air temperature of 18 oC. Furthermore, the tenants should be 

able to demand a minimum air temperature of 21 oC in the areas of occupancy by day (Teli et 

al., 2015). This is often described to be the living room, because the post-war houses often 

have a large dining-room/kitchen, it can also be preferred that those areas reach a 

temperature of 21oC. When the houses are not comfortable and a place for allergens and 

moulds to arise, the physical health of the tenants may become also worse. Furthermore, the 

social health of the residents can suffer from the fuel poverty because their house cannot be 

seen as a place where social interaction between friends and neighbours can take place.  

 

Thermal comfort during summer 

Currently no regulations are existing to prevent overheating in dwellings in the Netherlands. 

However, overheating during summertime is an increasingly common problem. This occurs 

especially in dwellings with a high insulation added to the thermal envelope. This results in 

thermal comfort during wintertime and a reduction in the energy demand of a dwelling, 

however it results in thermal discomfort during summer (Colclough, Kinnane, Hewitt & 

Griffiths, 2018). The expectations are that overheating will occur more often in the future due 

to the global warming (Hamdy, Carlucci, Hoes & Hensen, 2017).  

Therefore, the Dutch government wants to include regulations for overheating in newly built 

buildings from 2021. The study by Hamdy et al. (2017) advised the Dutch government to 

include regulations in order to prevent excessive overheating and health problems in 

buildings. According to the study, more investigation of the problem is still needed, but an 

opinion is already given about thermal comfort in different types of dwellings. In total 9216 

different simulations have been performed. A combination has been made between variations 

in dwelling type but also in different household profiles. This is done to give a good overview 

of the problems. Overheating due to a high level of thermal insulation is already leading 

towards thermal comfort problems during summertime and is one of the large issues that is 

stated by the research. Due to climate change it is expected that the outdoor temperature will 

even increase more. For the retrofitting process this would mean that future regulations 

should be included to create a future proof building.  

 

The new regulations are summarized in the NTA 8800 and are especially meant for new 

passive buildings. But it can also be used for renovated buildings with a high insulation value 

of the thermal shell. The overheating hours should be reduced to less than 450 per year for 

dwellings (Rijksdienst voor Ondernemend Nederland  & W/E adviseurs, 2019), taking into 

account that the tenants are acting favourable. To put it in other words, the tenants undertake 

action to lower the temperature inside as much as possible. Furthermore, the probability of 

overheating during July should be decreased, this means the expectation that the 

temperature will be above the 27 degrees Celsius should be low.   
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Tenants and renovation 

The opinion from residents that inhabit a complex should be considered, because they must 

give their permission for the renovation of the building. According to Dutch policies, 70% of 

the tenants must agree on the retrofitting before construction is allowed to start (Guerra-

Santing et al., 2017), hence, to get their support, renovation measures should disturb the 

tenants as little as possible.  

It is desired to renovate as much as possible in occupied situation, to lower the inconvenience. 

There is the option of relocating the tenants during the span of the renovation, this, however, 

would be a very costly solution (Damen, 2018). When the residents are still living in their 

apartments during the renovation, it brings along difficulties with applying adaptions inside 

the apartment. Example, floor heating is not desired, because all the furniture would have to 

be removed. Insulation applied in the interior of the shell is also not desired. This would 

decrease the surface area and that would upset the tenants.  

 

2.4.2 Aedes road map 

In The Netherlands the union named Aedes helps housing associations with those goals. The 

union uses four steps to describe the renovation possibilities. Different energy purposes are 

distinguished:  

 

Scenario A: Maximum insulation at the inside of the building envelope 

The first scenario is as explained by the title insulation inside the building envelope. This is a 

cheaper solution than insulation at the outer layer of the shell (vereniging van 

woningcorporaties AEDES, 2017). The solution is very suitable for monumental buildings 

where the architectural appearance of the building may not be adjusted  

 

Scenario B: BENG1 outside the shell 

BENG stands for ‘Bijna energie neutrale gebouwen’ or in English: Nearly Zero Energy Buildings 

(vereniging van woningcorporaties AEDES, 2017).  For this scenario requirements have been 

set up for a maximum heating demand (residence-related energy). For this scenario no 

requirements for the primary energy usage (residence-related + household energy demand) 

is given. According to the explanation for passive housing by the ‘Rijksoverheid’ also a 

maximum is present for the total primary energy usage.  

 
Table 2.3: Building requirements belonging to passive buildings (Agentschap NL, 2012) 

Passive Building requirements Renovation New Building 

Maximum heating demand 25 kWh/m2 heated floor area per 
year 

15 kWh/m2 heated floor area per 
year 

Maximum primary energy usage 130 kWh/m2 per year 120 kWh/m2 per year 
Infiltration 0.6 h-1 at 50 Pa pressure difference 0.6 h-1 at 50 Pa pressure difference 

 

Scenario C: Maximum insulation and PV panels 

The third one is again maximum insulation at the inside of the building envelope combined 

with active measures. For this scenario it is mentioned to include solar panels for the 

generation of energy. This should count for at least 50% of the residence-related energy. The 
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household energy demand is in this scenario not considered for requirements (vereniging van 

woningcorporaties AEDES, 2017).    

 

Scenario D: NOM (NZEB) 

The last scenario described by the Aedes (vereniging van woningcorporaties AEDES, 2017), is 

the NOM method, where a 100% generation of the primary energy usage is required. In 

English this scenario is called Net Zero Energy Buildings (NZEB). 

 

2.4.3 Social tenants 

Public housing tenants are considered to be more vulnerable than other tenants. This could 

be caused by an average higher age but also because of their socioeconomic role in the 

environment (Diaz Lozano Patino & Siegel, 2018). Fuel poverty is expected for people with low 

incomes when the energy pricing is high. Therefore, a higher probability to suffer from fuel 

poverty is expected for the social housing tenants. Solutions that have been considered to 

mitigate these effects are to lower the indoor temperature or to only heat partly.  

 

Indoor environmental quality (IEQ) 

According to Camprubí et al. (2016) a large part of the social housing target group is the elderly 

(retired), the sick and the disabled people, for the reason that those people have (generally 

speaking) an average lower income. The expectations are that social housing tenants have a 

higher occupancy rate in comparison with non-social housing tenants. Hence, they are more 

suffering from problems inside their houses, but also this target group is more vulnerable for 

pollution, since fuel poverty can lead towards partly heating, problems with a higher moisture 

content and thermal discomfort arise (Diaz Lozano Patino & Siegel, 2018).  

Fuel poverty can lead towards bad indoor environmental quality in houses. In a colder 

environment moisture and moulds are easily spread (Camprubí et al, 2016). Furthermore, bad 

quality houses often also suffer from bad ventilation systems, which amplifies the problems 

regarding the thermal comfort of the tenants. Nonetheless, the most concerning problem 

stated by the tenants is the smell coming from neighbour apartments which is mentioned by 

several studies. However, is of less attention for renovation approaches (Diaz Lozano Patino 

& Siegel, 2018) (Valkalis, Touchie, Tzekova, MacLean & Siegel, 2019).  

 

2.5 Sustainable Building Renovation (SBR)/ retrofitting 

 

The post-war high-rise buildings are often owned by public housing associations 

(Bouwhulpgroep, 2013). These buildings often do not exceed the energy label D, despite 

insulation measures that have been taken in the past (van Oorschot, Hofman, & Halman, 

2016). Renovation is therefore needed to increase the life span of the buildings and make 

them future proof.  

 

2.5.1 Renovation descriptions 

Different appellations are used in literature to describe renovation with an energy efficiency 

goal: Energy renovation, Sustainable Building Renovation (SBR), deep renovation and 
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retrofitting (Brinksma, 2017) (Jensen, Maslesea, Berg & Thuesen, 2018) (Konstantinou et al., 

2015). The definitions of energy renovation and deep renovation are mainly based on the 

reduction of the energy usage of a dwelling. Deep renovation entails a renovation where a 

reduction in energy usage of 60 to 90% is reached (Konstantinou et al., 2015). For the 

Sustainable Building Renovation (SBR), the old parts should be replaced by new parts when 

deemed necessary due to damage. Furthermore, the building should be adjusted to meet the 

current requirements instead of the requirements of the post-war time (Jensen, Maslesa, Berg 

& Thuesen, 2018). With the term retrofitting, the renovation of a building to make it future 

proof (sustainable) is meant. Herewith, it is purposed that the building is upgraded to a level 

at which it is ready to perform in the future, or whereby only small modifications are necessary 

in the future to reach the same level (Brinksma, 2017).  

 

2.5.2 Renovation approaches 

Different factors are important when the decision for renovation has been made. To 

determine how renovation hast to be done, it is important to set up a renovation goal for the 

final performance of a building. A smaller renovation can solve social problems, while not too 

much money is spent, and the architecture is preserved. For some housing associations this 

could be a solution, when they have reached the maximum allowed rent for public housing 

(Jensen et al., 2018).  

 

Abdul Hamid, Farsäter, Wahlström & Wallentén (2018b) performed a literature review to 

determine the approach used for renovations of multifamily buildings for a specific climate 

type, with clear difference between the seasons and summers with a cooling demand and  

winters with a heating demand. The Dutch climate can be categorized within this type.  

 

First of all, the current condition/ performance of the high-rise gallery apartments buildings 

should be mapped. This step is called by Abdul et al. (2018b) the status determinations. From 

this step a renovation strategy is to be determined. This step is focused on the right strategy 

for choosing different renovation measures. The last step: renovation measures. This is the 

selection of the Energy Efficiency Measures (EEMs) to achieve the renovation goals.  

 

Status determination 

In most studies this step includes the determination of the current energy performance of the 

building(s). Furthermore, some studies included the indoor environmental quality (IEQ), as 

well as the building technical status and typology (Abdul et. al, 2018b). Different research 

methods have been applied to found out the current status of the building: literature review, 

surveys, measurements and simulations. A building energy simulation (BES) is often included 

to determine the energy efficiency for an entire year (La Fleur et. al, 2019). 

 

Renovation strategies 

With the renovation strategies, the tool/method/approach of the renovation is explained 

(Abdul et. al, 2018). The assessment of the renovation is included and can be related to specific 

goal such as mentioned in 2.4.2 Aedes road map. Different strategies are known for different 

goals of researches: planning, decision-making process, policies, status assessment. According 
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the research by Abdul et. al (2018) is the assessment of sustainability divided into three parts, 

environmental benefits, social benefits and economic benefits. The used methods are 

overlapping with the methods for status determination. Furthermore, often case studies are 

included.   

 

Renovation measures 

Building envelope measures are analysed in the majority of the researches (Abdul et. al, 

2018b).  Furthermore, often the building services are researched. Energy efficiency measures 

(EEMs) are included in both.  

 

2.5.3 Renovation concepts 

Several companies in The Netherlands and other countries have started to design renovation 

concepts from the renovation goals formulated by Aedes. These concepts are applicable on a 

larger scale, and often for specific types of housing. The book ‘Toekomstbestendig renoveren’ 

by Brinksma (2017) views different concepts more in detail and ranks them by suitability. 

Some of those concepts also have been researched in general literature from previous 

performed studies.  

 

2ndskin module 

The 2ndSkin module is a concept that has been found several times (Escandón, Silvester & 

Konstantinou, 2018) (Konstaninou, Klein, Santin, Boess & Silvester, 2015) (Steensma, 

Konstantinou, Klein, Silvester & Guerra-Santin, 2016) (Brinksma, 2017). It is an integral façade 

module designed in cooperation with the TU Delft. It is especially applicable in portico flats, 

but possibly could also be suitable for high-rise gallery, because it is a façade module and is 

not depending on the scare space for installations inside the building. The application of an 

integral façade module which is applicable on a large scale, could be a good solution for social 

housing.  

 
Figure 2.16: Façade module 2ndSkin (Escandón et al., 2018); 
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The module is praised by literature (Escandón et al., 2018), because it is a prefab module which 

is easy to integrate and takes into consideration the use by tenants. However, according to 

Brinksma (2017), also some disadvantages are to be known for this system. The module does 

not consider the market dynamics as well as the different household types in a building. 

Furthermore, the module does not consider the different renovation goals, but is based on 

the nZEB goal.  

 

Backpack methodology 

Other solutions consider the adding of a buffer zone to a building, by creating an 

indoor/outdoor space. In combination with passive measures such as: night ventilation and 

solar panels, this can resolve earlier described problems regarding the quality of the 

construction (Fotopoulou et al., 2018). 

By making use of a transition zone the problems regarding the quality of the construction are 

solved, the missing of insulation and the moisture that has penetrated the building. This 

method of renovation, where research is done towards the adding of parts to a building, is 

called the backpack methodology. This solution would especially be suitable in situations 

where extra (outdoor) area is wanted.  

 

When considering the different renovation concepts, it is noticed that the concepts pointed 

out are focused on terrace housing, the applicability to high rise gallery flats can be precarious 

(Brinksma, 2017), because less space for installations is available.  

 

2.5.4 Renovation performance 

When partly heating is not considered during renovation design, the pre-bound effect might 

occur.  

 

 
Figure 2.17: (P)rebound effect on actual savings (Sunnika-Blank & Galvin, 2012); 

 

The rebound effect describes the discrepancies in energy usage after renovation, post-retrofit 

(Sunnika-Blank & Galvin, 2012). These effects are important when the actual energy savings 

are lower than the theoretical energy savings. As shown (Figure 2.17) a part of the differences 

in savings is due to the pre-bound effect, and a part due to the rebound effect.  
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Pre-bound effect 

The pre-bound effect describes the difference between the theoretical energy usages of the 

tenants and the realistic consumption. When the theoretic energy usage is used to calculate 

the energy savings of the houses a difference with the actual savings can occur (Santangelo & 

Tondelli, 2017). Standardized occupancy rates is one of the causes of this discrepancies.  

The pre-bound effect is not only noticeable in the households which suffer from fuel poverty. 

Several studies also confirmed the non-linear regression between the heating demand for a 

home were fuel poverty does not exist and the insulation applied (Sunnika-Blank & Galvin, 

2012). Although a comfortable temperature should be required, tenants living in worse 

thermal insulated houses often choose to partly heat their homes to reduce their energy bills.  

Figure 2.18 shows the theoretical energy consumption in the horizontal axis, and the actual 

consumption in the vertical axis. When theoretical and actual are the same a linear regression 

would show. The figure shows that  the expected linear regression is not happening for houses 

with a higher heat demand.  

 

 
Figure 2.18: Pre-bound effect (Galvin & Sunikka-Blank, 2016); 

 

In the Netherlands the pre-bound effect often is called the heating factor. Though, this factor 

is the opposite calculation of the pre-bound effect. In literature it is mentioned that this 

situation tends to occur more in thermal bad houses. When considering the Dutch housing 

stock, this is mostly expected for the poor insulated houses with an energy label of D or lower 

(van Oorschot, Hofman & Halman, 2016).  

 

Rebound effect  

The rebound effect occurs due to several reasons. First, the energy demand reduces which 

then results in tenants tending to demand a higher comfort level in the building. Especially, 

when tenants demanded less  heating due to fuel poverty. The tenants require more space to 

be heated or are paying less attention to the different heating temperatures in the various 

rooms (Deurinck & Parys, 2011). This results in an increase in the heating demand and an 

increase in the main indoor air temperature of the living. Some studies only focus on the 

heating/energy behavior of the tenants (Santangelo & Tondelli, 2017) (Galving & Sunnika-

Blank, 2017) (Pacheco-Torgal, 2017), but it is necessary to also consider the building physical 

reason for the increase in temperature.  
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When the heating pattern of a household is not adapted, due to the increase in energy 

efficiency of the building, the indoor air temperature will increase. Hence, between two 

heating periods, less heat is lost due to a lower thermal loss. Furthermore, heat rises and tends 

to travel to cold spaces by convection, as a result the heat will spread more over the surface 

area of the apartment, instead of leaving through the thermal shield (Deurinck & Parys, 2011). 
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3. Methods 

 

The approach that has been mentioned in 2.5.2 Renovation approaches, is used for this study. 

The purpose of this research is to determine which combination of measures is needed to 

create a general approach suitable for the specific building. Because the concept mentioned 

in researches are developed yet for high rise gallery buildings, it is chosen to not further 

investigate these concepts.   

 

The status determination is of importance to further elaborate the renovation strategy (Abdul 

et. al, 2018). The Aedes road map for renovation does not take into account the status 

determination of a building group. Furthermore, the building location, possible heating 

alternatives and exploitation strategy are not included. In this research, the purpose is a 

general approach which can be adapted to those variables. Therefore, the Aedes road map 

has not been used as starting point.  

 

3.1 Status determinations 

 

This research is focused on the macro scale of the status determinations. The current 

condition is to be determined of the entire building stock concerning high-rise gallery 

apartment buildings built according to a typical construction system. However, for this 

research it is chosen to perform a case study, which means that also on micro level a status 

determination is possible.  

In this study, the status determinations are done in detail with the intention to use the 

information for the renovation strategy: the decision-making process. Hence, a case study will 

be performed, together with assessment of the building parts (visual and documents, 

measurements, simulations and calculations. The case study location is a BMB high-rise gallery 

building, part of a group of BMB buildings, because those buildings suffer from the most 

technical problems.  

 

For the status determination building energy simulation (BES) is included for the case study 

building. This simulation is used for to reproduce the building, map the current condition and 

analyse future conditions. For the BES HAMBase matlab script has been used.  

 

HAMBASE 

HAMBase is a MATLAB script which includes the parameters of a building and a descriptive 

occupancy behaviour to determine the indoor comfort parameters as well as the energy 

performance of a dwelling (van Schijndel, 2010). The simulation script has been validated by 

measurements performed during the summer of 2019. The measurement method can be 

found in Appendix C.1. The simulation script can be found in Appendix C.2 and the validation 

of the simulations can be found in Appendix C.3.  For this research, the entire year of 2018 has 

been used as reference year. Schiphol is included as location, because it was the most nearby 

station with complete weather data suitable for HAMBase. The outdoor weather data can be 

found in Appendix C.5. 
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In HAMBASE the dwelling is divided in zones and the construction parts of these zones are 

included. For each part the entire construction is implemented. For each wall, floor, roof or 

ceiling it is determined what the connection is, outside, adiabatic or a constant wall 

temperature. Furthermore, for each zone an occupancy rate, a temperature setting, and 

ventilation setting is applied. For the installations, the capacity load and the convection factor 

are included to calculate the energy performance. The convection differs for radiators and 

floor heating (van Schijndel, 2010). The installation type (boiler, heat pump or district heating) 

and its efficiency are not included, the method of heat distribution and its efficiency are 

included. This tool is chosen for the Building Energy Simulation (BES), because it is very 

convenient for the validation of measurements.  

 

3.2 Renovation strategies 

 

The renovation strategy that is determined, is to create a renovation approach which performs 

best on several aspects. The renovation strategies is used for the decision-making process. 

The main goal is to lower the carbon emissions of the building stock in The Netherlands. 

However, for the housing association this is translated as decreasing the energy demand of 

the buildings. The cost aspect is also of large importance because the budget is tight, and 

several housings associations already reached the maximum rent, which means that the 

associations cannot increase the rent for the tenants of the dwellings to payback their 

investments.  

 

 
Figure 3.1: Performance indicators scheme (own scheme); 

 

In Figure 3.1 a summary of the determination of the performance indicator is shown. The 

explanation for each aspect is described below.  

 

Aspect

Energy 
performance

Thermal comfort

Environmental 
impact

Budget

Method

BRL-9500-01

Building Energy 
Simulation of an 

entire year

Global Warming 
Potential

Investment 
payback time

Tool

Vabi Stand-alone

HAMbase + 
descriptive analysis

LCA analysis with 
OneClick LCA

Excel

Performance indicator

Energy index [-]

ATL 65% [hrs]

Total CO2

emmisions in 15 
years [kg-CO2 eq].

Payback time [yrs]
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3.2.1 Energy performance 

The energy performance is related to the carbon emissions and the energy invoice. The energy 

invoice has more influence on the tenants of a building and less on the budget available by 

the housing association.  

Within this research, the current energy performance of the buildings is of high importance. 

This is because housing associations are stimulated to improve the energy performance of 

their housing stock by the Dutch government. The energy performance is indicated by the 

energy index in the Netherlands, which is calculated using the Vabi Stand-alone software (vabi, 

2019). This index should be recalculated every ten years. The signed off calculations at the 

Dutch government are not done according to the current method (done before 2015), 

therefore, own calculations are included. 

The energy index is a tool to describe the energy performance of a building in the Netherlands. 

However, this tool is changing and not fixed. In 2015, the method to calculate the energy index 

has already changed to the current method (2.4.1 Dutch policies). In 2021, a new method will 

be introduced once again, which will include the net heating demand per square area. This 

new indicator will cover more aspects of the energy performance. However, Vabi Stand-alone 

is not yet suitable for the calculation of the net heating demand.  

The Energy Index has been chosen instead of a heat demand per square metre by building 

energy simulation, because the EI also includes heat loss due to pipes, the efficiency of the 

installation type (for heating and hot water) and improvements in the ventilation exhaust (CO2 

driven).  

 

Vabi-Stand alone 

The energy performance is calculated by Vabi Stand-alone. This software program is widely 

known for the calculation of the energy index in the Netherlands, which calculates the energy 

index conform the ISSO 83 (vabi, 2019). Values of the thermal envelope of a dwelling are 

included in the program. Together with a standardized occupancy rate (per surface area), 

occupancy behaviour and weather conditions, an energy performance for the dwelling is 

established.  

In the energy-index method all the constructions connected to outdoor of unheated areas are 

mapped and categorized to type of construction. Furthermore, for glazing also the connecting 

room in the dwelling is given. Together with information about the installations (type, 

distribution temperature and efficiency) and the surface area an energy demand is calculated 

(Boerstra, Donze, Elkhuizen 2010).  

 

3.2.2 Thermal comfort 

For the indoor environmental quality, three indicators are of importance, namely: the indoor 

thermal comfort during summertime, the indoor thermal comfort during wintertime and the 

relative humidity.  

The EEM that can be included to improve the relative humidity is the efficiency of the  

ventilation system. However, due to the specific ventilation system that is applied in the high-

rise gallery apartment buildings, not much possibilities are known. The ventilation system is 

therefore not included in the assessment of the renovation packages. Therefore, the aspect 

for the decision-making process is thermal comfort during summertime.  
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Thermal comfort during wintertime 

To reach thermal comfort in the apartment during wintertime, it means that reaching 18 

degrees Celsius should always be possible during daytime. Because thermal comfort during 

summertime was a large problem according to the literature, it has been chosen to simulate 

a year with high temperatures during summertime. The entire year of 2018 is simulated. 2018 

had a cold winter month around February/March. The weather data for the entire year is 

found in Appendix C.5. 

 

Thermal comfort during summertime 

Two methods for the calculation of the overheating hours in the apartment are used. The first 

method calculates the Overheating Escalation Factor (OEF). The OEF is used for new buildings 

in the Netherlands from 2021. The number of hours of overheating (> 27 oC) should be below 

the 450 hours according to the NTA 8800 (Rijksdienst voor Ondernemend Nederland  & W/E 

adviseurs, 2019). Because large renovation should lead towards more comfortable buildings, 

this guideline is also used for this project. 

 

The second method is the Adaptive Temperature Limit. This method is included because it 

considers the outdoor temperature.  

The calculations of the ATL and the reference outdoor temperature (formula 1 till 4) are  

according to the ISSO 74 (Arets, Boerstra, & Kurvers, 2004). Only the upper limit is calculated.  

 

��,��� =
�∗	
�����.�∗	�����������.�∗	�� ������ �� 
������.!∗	" ��  ������ �� 
����

!.�
        (1) 

 

90% satisfaction:  

�#$�� < 20.3 + 0.31 ∗ ��,���               (2) 

 

80% satisfaction:  

�#$�� < 21.3 + 0.31 ∗ ��,���               (3) 

65% satisfaction:  

�#$�� < 22.0 + 0.31 ∗ ��,���               (4) 

 

 

The performance indicator for the thermal comfort is related to the thermal comfort during 

summertime. The ATL 65% as previously described is the performance indicator. The OEF and 

the ATL are used for the status determination of the current condition and future conditions 

of the case study building, but also to analyse the thermal comfort during summertime for 

different renovation packages. For the decision-making process the ATL 65% is included 

because this number says something about the relation to the outdoor temperature.  

 

3.2.3 Life Cycle Assessment (LCA) 

The life cycle assessment includes many aspects. They vary from health aspects to toxic 

aspects and global warming potentials (Dylewski & Adamczyk, 2014; Blom, Itard, & Meijer, 

2010; Audenaert, De Cleyn, & Buyle, 2012; Sierra-Pérez, Boschmonart-Rives, & Gabarrell, 
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2016). However, including all indicators would not be efficient for the decision making for a 

renovation package. Therefore, the research by Dalla Mora, Peron, Romagnoni, Almeida & 

Ferreira (2018) recommends to focus on one indicator for this type of study, such as the global 

warming potential, which is expressed in the CO2 emissions. 

 

The CO2 emissions are divided into two parts: CO2 emissions during the renovation process 

and CO2 emissions during the remaining operation time of the building. The CO2 emissions 

during the renovation process are embodied in the building, this includes material production 

as well as transportation. However, because the building location is not fixed, the 

transportation elements are not included, but materials are chosen where either the 

production is in The Netherlands, or in a neighbouring country. The embodied energy is 

established making use of the One Click LCA tool of Bionova (One Click LCA, 2015).  

 

The CO2 emissions during the remaining operation time of the building are calculated in Excel 

making use of the Building Energy Simulation (BES) with HAMBASE and the corresponding CO2 

per kg eq. of each fuel source (CO2 emissiefactoren, n.d.). The expectations are that the 

emissions of electricity and district heating (biomass) are zero in 2050 (Ministerie van 

Economische Zaken en Klimaat, 2019).  The assumption has been made that emissions per 

quantity will gradually decrease over time.  For gas no decrease will be included in the 

calculations. For district heating with biomass, it is expected that the CO2 will be reduced to 

zero gradually in 30 years (see graph  3.1). The emission for electricity is divided into two parts, 

green electricity and grey electricity. In 2020, the current is 15% green energy, which means 

the CO2 emission are 0.475 kg CO2 eq. (grey electricity is 0.556 kg CO2 eq.). The goal of the 

Dutch government is that 70% of the current electricity revival is green revival by 2030 

(Ministerie van Economische Zaken en Klimaat, 2019).  

 

 
Graph 3.1: CO2 emission per source expectations to 2050; 

 

During the decision-making process the total CO2 emissions including the embodied energy 

and the annual emissions after 15 years will be used as a performance indicator.  

 

3.2.4 Payback time 

The gallery flats contain mainly social rental apartments. This means that a rent ceiling is 

applied for the housing associations. The increase of energy performance will decrease the 
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energy bills of the tenants. The housing associations can ask more rent for houses with a better 

energy performance up to this rent ceiling (€ 737.14 in 2020) (Ministerie van Algemene Zaken, 

2019). When this rent ceiling is reached and the nZEB is reached, the housing associations can 

also ask for an energy performance fee. This is not always done, because housing associations 

are afraid that less than 70% of the tenants will agree with the renovation.  

 

In this research the investment price of the SBR is calculated with the experience numbers of 

Atriensis (internally communicated). Furthermore the current rent ceiling for the case study 

apartment is calculated and compared to the rent ceiling after renovation (Rijksoverheid, 

2019). The payback time has been calculated using these numbers (Formula 5). 

 

+��,�-.�/0� =
123�456�25	$�78�

9:;��25	<�5��	��2#3<57#2=9:;8>���25	��25	
   (5) 

 

The price per EEM is discussed in 4.3 Renovation design Case study. The annual savings are 

calculated. However, the annual savings are not included as one off the performance 

indicators, since they are of no benefit for the housing associations.  

 

3.2.5 Decision making process 

The goal is to create a decision matrix of the different possibilities for heating and the 

remaining life span of the building. It is expected, that from 2050 no more high temperature 

heating will exist, but only medium temperature and (very) low temperature (milieu centraal, 

n.d.). (Very) Low temperature heating, needs a lot of adaptions in the building, but also new 

installations as a booster heat pump, for the supply of  hot water.  

 

  
Figure 3.2: Heating distribution options compared to remaining life span of a building; 

 

With the building energy simulation (BES), the heating demand for an entire year is simulated. 

This means that remaining life span of the building is not considered. Therefore, the results 

can be used for different life spans and different fuel sources. In the decision-making process 

the results are bundled for each heating track, within the results are analysed per fuel source, 

in such way that for each fuel source the global warming potential can be calculated. 
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Figure 3.3: Heating distributions options compared to heating fuel sources; 

 

In order to assess the results, a colour scheme is used. Colour scales have been used in order 

to see differences between two acceptable renovation packages.  Within this research each 

of the performance indicators are equal to one another. However, some situations are not 

acceptable, and are therefore coloured red.  Results that are acceptable but not desired are 

coloured yellow. Results between those two guidelines are automatically coloured yellow, 

orange, and red, depending on the difference with the guideline. Results that are acceptable 

and desired are coloured green. The colouring of the EI has been done conform the colouring 

of the Energy Label systematic (Table 3.1). This colouring scheme is a good example how the 

colours are automatically are created. 

 
Table 3.1: Energy labels and colours (Boerstra, Donze, Elkhuizen 2010) 

Label Energy-Index  

A++ < 0,61 Desired 

A+ 0,61 - 0,80 Desired 

A 0,81 - 1,20 Acceptable 

B 1,21 - 1,40 Acceptable 

C 1,41 - 1,80 Acceptable 

D 1,81 - 2,10 Not acceptable 

E 2,11 - 2,40 Not acceptable 

F 2,41 - 2,70  Not acceptable 

G > 2,70 Not acceptable 

 
 

Table 3.2 shows numbers that are not acceptable, acceptable and desired for all the 

performance indicators. The assumption that for different heating temperatures different life 

spans are expected is included.  

The limit of the ATL hours has been compared with the OEF hours. When 450 hours of OEF is 

reached, the ATL 65% results in 225 hours. The limit for the CO2 emissions is determined by 

comparing results for different fuel sources.  
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Table 3.2: Colour schemes for mapping results decision-making process 

        Not acceptableNot acceptableNot acceptableNot acceptable    AcceptableAcceptableAcceptableAcceptable    DesiredDesiredDesiredDesired    

EI 2.7    1.8    0.8 

ATL 65 % living room 300    225    100 

CO2 emissions total 15 

years [kg*CO2 eq] 

15000    10000    5000 

Payback time HT 35    30    25 

Payback time MT 45    40    35 

Payback time LT 55    50    45 

                    

 

In appendix (D) the assessment of all renovation package is found. For these renovation 

packages also the overheating hours for the main bedroom where considered, as well as the 

overheating hours according to the OEF method, the annual savings and the heating demand 

per square meter. The colouring system applied to these results is also found in the Appendix.  

 

3.3 Renovation measures 

 

Renovation measures can be divided into building envelope measures and building services 

measures (Abdul et. al, 2018). The focus of this research is to create several general solutions 

for more locations in the Netherlands. Consequently, the renovation approach should be 

compatible with different heating sources and therefore different heating systems. For this 

reason, it is chosen to assess the building envelope measures for the optimization of the 

renovation approach.  

 

3.3.1 Building envelope measures 

2.2 Post-war building technologies shows that the thermal shield of the apartments can be 

summarized to three main parts; the front façade (parapet), the cavity walls (end wall and/or 

longitudinal walls) and the glazing. For these three parts different renovations measures are 

possible, such as post-insulation or renewal, HR ++ glazing or triple glazing and 50-, 100- or 

200-mm insulation. The BES is performed for four possible configurations of the cavity wall. 

Two glazing configurations and three different configurations for the parapet. In 4.3 

Renovation design Case study, the different options are elaborated.  

 

The literature study also showed that all buildings suffer from problems with overheating 

during summertime. Some passive solutions could be applied such as sun shading. In the BES 

all renovation packages are simulated with the application of sun shading screens.  

 

3.3.2 HVAC measures 

The HVAC measures are depending on the location of the building and the alternative heating 

sources that are available.  
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Heating sources 

Two types of heating sources can be distinguished, building level and district level. With 

building level, heating systems are mentioned with the source being inside the building 

envelope. This can either be a collective system (heat pump) or individual (boilers). With 

district level, heating systems are mentioned such as district heating, where an entire village 

or neighbourhood is connected to the same heating source.  

 

 

 
 

Figure 3.4: Heating/cooling source; 

 

The heating source and cooling source are taken along in the renovation approach but will not 

be further elaborated in the renovation measures, because they are depending on the 

buildings’ location. The distribution of the heat will be further elaborated. The options are 

limited to the application of radiators and floor heating. Air heating/cooling is not elaborated 

upon because of the limited capabilities of current (2.1.4 Ventilation system) ventilation 

system in the building.  

 

Night ventilation  

Following up previous paragraph about the overheating during summertime, also night 

ventilation is applied in all renovation packages. This means, a temperature sensor is added 

to the roof ventilators, which result in a higher ventilation exhaust during hot outdoor 

weather. Researches showed that a ventilation debit of at least 8 acph is needed to simulate 

differences in the indoor air temperature and reduce overheating (Jimenez-Bescos, 2017, p. 

1046). When a room is occupied and the temperature is exceeding the 25 degrees Celsius 

(living room, bedroom 23 degrees) an increase in ventilation is applied. The research by 

Jimenez-Bescos (2017), discusses the desire to reduce the CO2 emissions of buildings, and 

confirms the expectations that a reduction in energy demand of the building due to high 

Heating and 
Cooling sources

Building level

Heating source Cooling Source

District level

Heating source Cooling source
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thermal shield, increases the overheating hours of a building. Therefore, measures should be 

taken to reduce such without the need to apply cooling.  

 

To apply night ventilation, the supply of air and the exhaust of air should be increased during 

night. The supply of air can be regulated by opening windows at both sides of the apartment. 

However, this is not desired at the gallery side, due to safety issues. Integral systems have 

been made, to secure safety against burglary but also against bugs (Duco, n.d.).  

 

         
Figure 3.5: DucoGrille NightVent a) indoor;      b) outdoor (Duco, n.d.);  

 

Another option is to apply tilt windows. However, a system as shown in Figure 3.5 has an 

advantage over tilt windows, since the amount of air can be regulated (Duco, n.d). 

 

Night ventilation is a much-known principle for offices. Applied with the increased supply, the 

exhaust systems (roof ventilators) should be included with temperature sensors, which 

increase the acph when needed (Gids duurzame gebouwen .brussels, 2013) 
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4. Case study Purmerend Wheermolen Oost 

 

For this research a case study was conducted. The scope of the case study was limited to 

gallery flats constructed with the Baksteen Montage Bouw system, since buildings that are 

built via this construction method show the most technical decay (2.3.1 Baksteen Montage 

Bouw (BMB). These specific buildings have been chosen because they contain many dwellings 

and for the fact that only minor adjustments have been made since handover.  

 

4.1  Case study building 

 

4.1.1 General  information 

The case study location is in Purmerend Wheermolen Oost. Several gallery flats in this 

neighbourhood have been built according to the BMB construction system. The four identical 

buildings shown (Figure 4.1) are the subject of this case study. These four gallery apartment 

flats have been built in 1969 and are composed of 528 dwellings. The buildings are in 

possession of the housing association Intermaris (Buis & van Langen, 2018).   

 

    
Figure 4.1: Plan of site Purmerend Wheermolen Oost; 

 

During the research an apartment was available for investigation in the Rudolf Garrelsflat at 

the Rudolf Garrelsstraat (Figure 4.2).   

 
Table 4.1: General information 

Building Rudolf Garrels-flat  
Construction year 1969 
Construction method Baksteen Montage Bouw 
Renovation year No renovations  
Number of apartments 137 
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Figure 4.2: Rudolf Garrelsflat Purmerend (own picture); 

 

On the ground floor of the building, storages are located which are accessible from the outside 

of the building. At the first floor, the storages for the tenants can be found. The apartments 

are on the 2nd to the 12th floor, with the standard apartment being four room (three bedroom) 

apartments (Table 4.2). The researched apartment is an in-between apartment, with three 

bedrooms, situated at the eight floor of the building.  

 
Table 4.2: Distribution of the apartments (Buis & van Langen, 2018; 

 Number of apartments Surface area [m2] 

3 bedrooms (4 rooms) 127 83.60 
1 bedroom (2 rooms) 5 42.50  
1 living room/ bedroom 5 38.50 
Total 137  

 

Floor map of case study apartment and sections can be found in appendix B.1.  

 

4.1.2 Structural information  

The building is constructed according to the BMB method. In Table 4.3 the construction 

characteristics are summarized. 

 
Table 4.3: Summary construction parts 

 Building construction  

Façade Non-insulated cavity wall, with a cavity of 50 mm. Concrete inner 
layer and brickwork outer layer according to the BMB system.  

Glazing and framework Mainly wooden framework. Mix of double and single glazing 
(original from building period), no crack seal.   

Front façade (parapet) Wooden panels, wooden framework, non-insulated.  
Floor above storages Concrete, non-insulated.  
Roof Same as flooring, insulation not known 
Wall towards staircases Non-insulated separation wall, non-heated staircases  

 

Details can be found in appendix B.1, photographs of the construction and framework in 

appendix B.2.  
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4.1.3 Installation information 

Purmerend has switched to district heating in 2014 (Duurzaam Gebouwd, 2012), which 

replaced the conventional collective heating system of the building. In Table 4.4 the 

installations applied to the apartment/building are summarized.  

 
Table 4.4: Summary installations Rudolf Garrelsflat 

 Installation  

Heating source HT District heating (Biomass), individual 
delivery set (900 kWh total) 

Heating distribution Radiators (control device) 
Hot water supply By heating system 
Cooling source Not applicable 
Cooling distribution Not applicable 
Ventilation supply Natural, through tilt windows. Only in the 

small bedrooms through ventilation grills. 
Ventilation exhaust Collective mechanical exhaust through 

shunt channels completed with roof top 
ventilators.  

Sun shading None 
 

More detailed information on the current installations in the building/apartment is shown in 

appendix B.3. 

 

4.2 Technical condition  

 

For the BMB method the construction of the outer cavity layer is most characteristic. 

Prefabricate brickwork elements have been connected to the inner cavity layer. Nowadays, 

the condition of the anchors and the outer cavity wall is questionable.  

A badly ventilated cavity and a high absorption of water of the brickwork can result in 

corrosion of the anchors in the nearby future, according to the research performed by Nebest 

commissioned by Intermaris (van den Barselaar & van de Ven, 2018). Some of the anchors 

already showed some corrosion. However, the profile was not affected.  

 

        
Figure 4.3: Decay BMB facade a) overview;  b) elements;  c) reparation;   d) crumbling; 
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The connection of the inner cavity layer and the outer cavity layer with the cavity wall anchors 

has not been done properly. The material properties of the inner layer have been misjudged, 

which result in a different expansion of the inner and outer layer than expected. Because a 

stiff connection has been used, this results in problems shown in the outer cavity wall. Two 

causes of these problems are given by van den Barselaar & van de Ven (2018).  

The first is creep of the inner layer. This is mainly during the start of the exploitation of a 

building, when the concrete wall has shrunk due to a high load. This, in combination with a 

strong mortar resulted in pressure on the outer layer.  

The second cause is the thermal expansion of the outer layer. Due to high temperature 

differences on the outer layer between winter and summer, the outer cavity wall expands 

during summertime. Again, due to the strong stiff mortar the expansion is not captured (van 

den Barselaar & van de Ven, 2018).  

 

4.3 Renovation design Case study 

 

The renovation design for the case study building is mainly based on the thermal insulation 

values of the building.   

 

4.3.1 Building envelope measures 

The researched apartment was the base model for the simulations. The apartment has no 

floor connected to the unheated storages, but also no wall towards the unheated staircases 

and no roof. The measures for these elements are not considered in the renovation packages, 

but standardized solutions will be included in the final design.  

 

Façade insulation 

For the façade four possible insulation measures are distinguished. First, the current situation, 

which means only a small layer of 2 cm polystyrene is used (Elk & Priemus, 1970). The report 

of Nebest researched the possibility of preserving the old façade and applying an outer 

insulation layer. However, considering the expectations of the increasing indoor temperature, 

it is chosen to simulate the addition of insulation separately.   

Secondly, post-insulation at the gallery side of the buildings. Specifically, the gallery side 

because the construction of the balcony side is expected to be in such condition that no weight 

can be added.  

Thirdly, renewal at the balcony side and post-insulation at the gallery side. According to the 

research of van den Barselaar & van de Ven (2018) removal of the brickwork at the gallery 

side is not desired and difficult because the outer cavity wall is bearing load.  

Lastly, renewal at both sides towards Rc 5.0 m2K/W. 

In Figure 4.4 the details are shown of the above-named measures. In Figure 4.5 the details are 

shown for the gallery side for each insulation option.  

The insulation application has not been researched, but because the report of Nebest (2018) 

determined a higher investment for external insulation, it has been chosen to further 

elaborate the insulation between the inner and outer layer of the cavity wall.  
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Figure 4.4: Balcony side a) no adaptions; b) no adaptions;  c) renewal 100 mm; d) renewal 200 mm; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 

The details in Figure 4.4 show the balcony side, they show the difference in insulation 

technique. At the gallery side the brickwork is resting on the gallery floor. To prevent thermal 

bridges, it is important to wrap the entire gallery with insulation, when (post-) insulation is 

applied. When the gallery floor is constructed lower than the apartment floor, a layer of 

insulation can be used to level up the gallery floor. As a result, the gallery would become 

friendlier for wheelchairs. Configuration F4 is only possible when the gallery is wide enough. 

Another option would be to apply wooden cladding instead of brickwork. However, wooden 

cladding is considered to be less maintenance friendly than brickwork and more vulnerable to 

vandalism.  

 

         
Figure 4.5: Gallery side a) no adaptions; b) post-insulation;  c) post-insulation; d) renewal 200 mm; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 

In Table 4.5 the cost price for the different possibilities is shown, as well as the Rc-value and 

the environmental impact. The cost of the different packages is determined using the 

knowledge of Atriensis and the report of Nebest (van den Barselaar & van de Ven, 2018). The 

global warming potential is determined with one click LCA (2015). 
 

Table 4.5: Description of façade measures 

Measure Description Rc-value [m2K/W] Cost per    

apartment [€] 

Global warming 
 potential [kg-CO2 eq.] 

F1 Same as current 0.35 € 10,660.88 0 
F2 50 mm post insulation at 

gallery side 
1.47 € 10,868.59 2.41 E1 

F3 100 mm insulation (renewal 
balcony side) & 50 mm post-
insulation gallery side 

2.58 & 1.47 € 12,684.06 3.02 E2 

F4 200 mm insulation gallery 
side and balcony side 

4.80  € 15,606.97 
 

6.01 E2 
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Windows 

For windows, various configurations are possible when looking at the type of frame and 

glazing options. During this research HR++ glazing is compared with triple glazing both within 

new plastic frameworks. HR++ glazing can be applied in the old framework, when the 

remaining life span of the building matches the remaining life span of the framework. For the 

reclining parts in the parapet it is desired to use the old framework when the panels are 

maintained. Figure 4.6 and 4.7 show the possibilities for the glazing in combination with the 

insulation possibilities of the façade.  

 
Figure 4.6: HR ++ glazing a) no adaptions; b) post-insulation;  c) renewal 100 mm d) renewal 200 mm; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 
Figure 4.7: Triple glazing a) no adaptions; b) post-insulation;  c) renewal 100 mm d) renewal 200 mm; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 

The cost of the different packages is determined using the knowledge of Atriensis (Table 4.6). 

The cost price for HR++ glazing is significantly lower when decided to use the old framework. 

The global warming potential is determined with the data from One Click LCA (2015).  

 
Table 4.6: Description of glazing measures; 

Measure Description U-value [W/m2K] Cost per 

apartment [€] 

Global warming 

potential [kg-CO2 eq.] 

G1 HR++ glazing and plastic 
framework (wooden 
framework in parapet)  

1.8 12,456.90 8.44 E2 

G2 Triple glazing and plastic 
framework (wooden 
framework in parapet) 

1.4 13,146.29 1.58 E3 
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Front facades (panels) 

The front façade exists of two parts, the glazing and the panels. It is possible to post insulate 

the panels. In this case the frameworks are maintained. Two thicknesses are tested (P1 = 50 

mm and P2 = 100 mm). The third option is to replace the framework by a façade construction 

with wooden cladding, low maintenance wooden cladding chosen. In combination with this 

new façade also plastic (low maintenance) frameworks can be applied. A façade construction 

has the advantage of no extra loss due to the framework. Figure 4.8 shows the option for the 

front façade in combination with post-insulation of the gallery.  

                                          
Figure 4.8: Parapet  a) post-insulation 50 mm; b) post-insulation 100 mm; c) ; c) renewal façade part; 

 (adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 

The cost of the different possibilities is determined using the knowledge of Atriensis (Table 

4.7). The price does not differ much, global warming potential does. The global warming 

potential is collected from One click LCA (2015). For P1 and P2 the finishing layer are trespa 

panels, for P3 this is wooden cladding, which results in a lower global warming potential. The 

Rc-value of P2 and P3 differ significantly. This is because the framework has a lower Rc-value 

than the panel system, the heat loss is therefore much higher for P2.   

 
Table 4.7: Description of measures front façade 

Measure Description Rc-value [m2K/W] Cost per 

apartment [€] 

Global warming 

potential [kg-CO2 eq] 

P1 50 mm insulation: panel in 
framework 

0.78 1,142.72 1.88 E2 

P2 100 mm insulation: panel in 
framework 

1.02 1,206.72 2.00 E2 

P3 150 mm insulation: light 
weighted façade part 

3.69 1,355.26 3.74 E1 

 

4.3.2 HVAC measures 

 

To perform a building energy simulation (BES) of the different distribution temperatures, the 

maximum capacity load of the radiators must be known. This differs from the maximum 
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capacity load of the heating source. However, because the source and its fuel source are not 

fixed, the maximum load of the radiators are leading. The calculation of the maximum load 

capacity of the high temperature heating track can be found in Appendix B.3. The capacities 

of the other heating tracks are calculated (Radson, n.d.). For low temperature heating only 

the radiator in the living room is replaced by a larger radiator in order to prevent  under 

heating to occur, but also to be able to apply a fixed amount of cooling. 

 
Table 4.8: Heating capacity of different distribution temperature tracks, all fuel sources 

 High temperature 

track 

Medium 

temperature track 

Low temperature track 

 Radiator capacity 
[W] 

Radiator capacity 
[W] 

Radiator capacity 
[W] 

Floor heating 
capacity [W] 

Living room 3400 2200 2000 2000 
Main bedroom 3000 2000 1200 1000 
Smallest bedroom 1100 700 400 500 
Second largest 

bedroom 

2500 1700 1000 700 

Play hall 0 0 0 500 
Wet areas 2200 1400 900 400 
Kitchen  2200 1400 900 700 
Hall 0 0 0 400 

 

When applying a heat pump, fuel source electricity, it also becomes possible to cool the 

apartment. When only a small cooling capacity is applied, and the temperature through the 

radiator is only differing a couple of degrees in comparison to the outdoor temperature, 

cooling can be applied by radiators without a condense drain. An example is the Briza radiator 

by Jaga, two pipe system (Jaga, n.d.). The cooling capacity of new radiators are calculated 

according to this product. 

 
Table 4.9: Cooling capacity of different distribution temperature tracks, fuel source electricity 

 High temperature 

track 

Medium 

temperature track 

Low temperature track 

 Radiator capacity 
[W] 

Radiator capacity 
[W] 

Radiator capacity 
[W] 

Floor heating 
capacity [W] 

Living room - 450 450 500 
Main bedroom - 400 400 250 
Smallest bedroom - 140 140 130 
Second largest 

bedroom 

- 340 340 180 

Play hall - 0 0 140 
Wet areas - 280 280 120 
Kitchen  - 280 280 170 
Hall - 0 0 110 

 

The decision-making process is about the best combination of building measures with a 

heating source (and its belonging distribution temperature). Because the investment price is 

influenced much by the installations, an extra cost post is included. The cost price of the extra 

elements is determined using the experience numbers of Atriensis.  
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Table 4.10: Extra costs per distribution temperature 

Extra costs HT  €         6,500.00  

Extra costs MT  €         8,300.00 

Extra costs LT  €       10,500.00  

 

In this post, the installations of PV panels (for collective use), removing and replacing the 

radiators/renewal of the radiators, adaptions to the ventilation system and the booster heat 

pump are included. Also, some extra measures as the shortening of interior doors and 

replacing front door by insulated door are included. 
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5. Results renovation packages 

 

In the previous chapter, the current technical condition (status) of the assets where 

determined. For this chapter the possible renovation strategies and decision-making 

processes for these assets will be discussed. To facilitate this discussion, a two-step approach 

is used. Firstly, indicators are assigned to the possible renovation measures. Secondly these 

measures and their respective indicators are combined in various formations to create distinct 

renovation approaches. To further the decision-making process, these approaches are then 

complemented with three distinct energy sources forming subsequent renovation packages. 

These packages are then offset against three specific heating temperatures. 

 

5.1 Renovation strategies 

 

In total 9 building envelope measures, and three fuel sources (biomass/electricity/gas) have 

been defined and combined into renovation packages, in total 24 combinations of measures 

were possible. These are offset against three different heating temperatures, namely high 

temperature (HT), medium temperature (MT) and low temperature (LT). An overview of the 

building measures is presented (table 5.1). 

 

Table 5.1: Legend renovation measures 

Measure Description 

F1 Same as current, repairing balcony side 
F2 50 mm post insulation at gallery side 
F3 100 mm insulation (renewal balcony side) + 50 mm post-insulation gallery side 

F4 200 mm insulation gallery side and balcony side 
G1 HR++ glazing and plastic framework 
G2 Triple glazing and plastic framework 
P1 50 mm insulation: panel in framework 
P2 100 mm insulation: panel in framework 
P3 150 mm insulation: light weighted façade part 

 

5.1.1 Energy performance  

For this research the Energy Index has been selected as the preferred unit to calculate energy 

performance.    

 

The energy index is shown in Graph 5.1. The energy index for high temperature heating and 

medium temperature heating is the same, because the method (ISSO 82.1) does not 

distinguish the differences between the two heating temperatures. A difference in the Energy 

index can be seen when looking at low temperature heating. One of the reasons that a 

difference is shown, is because of the added difficulties when producing hot water. With the 

high temperature track and the medium temperature track, it is still possible to use hot water 

directly from the system. With low temperature heating, an additional booster heat pump is 

needed.  
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The largest difference of the energy index is shown between F2 and F3, only post-insulation 

of the gallery side, or post-insulation and renewal of the balcony side. According to the Energy 

Index calculated by the ISSO 82.1 there is not much difference between HR++ glazing and triple 

HR glazing, the heating demand of the apartment calculated by the BES, however suggests 

differently. It suggests that post-insulation of the gallery side already decreases the heating 

demand and a difference is shown between HR++ glazing and triple HR glazing. Both methods 

show that the amount of insulation in the panels is not contributing much difference to the 

increase of the energy performance.  

 

 
Graph 5.1: EI vs energy consumption (living room), district heating biomass;  

 

To calculate the Energy Index a fuel source is required.  In the above calculated EI (graph 5.1) 

only district heating has been applied. The EI calculations created with other fuel sources are 

included in Appendix D.2.  

 

5.1.2 Thermal comfort 

For thermal comfort, a distinction was made between the thermal comfort during wintertime 

and the thermal comfort during summertime. For the wintertime it was important that no 

under heating would occur. For the summertime it was important that the guidelines for the 

OEF were met and that satisfaction of the inhabitants (according to the ATL 65%) is reached 

as much as possible. The ATL has not been calculated for wintertime, because it is much 

depending on the heating patterns that are applied, which was the scope for this research.  

 

Summertime  

The simulation has been performed for the entire year of 2018.  Triple glazing is ruled out 

when comparing the Adaptive Temperature Limit (ATL) with the different renovation 

packages. Appendix D.3 and D.4 show that for all the G2 (triple glazing) packages the ATL 65% 

is exceeded 160 hours a year. This is also shown in graph 5.2. The exceeding hours increase 

with more thermal resistance, and mainly occur when triple glazing is applied instead of HR++ 

glazing. The amount of insulation of the cavity wall has less influence, as well as the amount 
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of insulation applied to the front facades. In the Appendix, it is shown that only a small 

increase (1 or 2 hours) is noticeable when the insulation of the front façade is increased.  

 

There is a clear difference to be seen between the ATL and the Overheating Escalation Factor 

(OEF) (graph 5.2). The ATL hours differ between the first (142 hrs) and the last option (388 hrs) 

with more than 200 hours. The OEF hours differ between the first (443 hrs) and the last option 

(474 hrs) less than 50 hours.  The options with cooling show even more differences. The ATL 

methodology shows a difference of approximately 200 hours between the first (18 hrs) and 

the last (215 hrs) option. The OEF methodology shows a decrease in overheating hours 

between the first (83 hrs) and the last (80 hrs) option. This is all considering the living room. 

For the main bedroom no overheating hours occur according to ATL 65% and only a small for 

the OEF method, which does not fluctuate between the different renovation packages.  

 

 
Graph 5.2: OEF versus ATL 65%, with and without cooling;  

 

Graph 5.2 shows that for all renovation packages including triple glazing (G2) the OEF hours 

are above the limit of 450 hours, when no cooling is applied. When cooling is applied, the 

number of hours overheating, becomes very stable for the different combinations of building 

measures. The ATL 65% shows an increase in overheating, with a higher thermal insulation of 

the façade. However, a clear difference is shown between the overheating hours of HR++ 

glazing and triple glazing according to the ATL method. The pattern is almost the same when 

cooling is applied. However, the indoor temperature is 100 hours less above the 65% 

satisfaction guideline.  

 

The difference in the two methods also explains the difference in the number of hours. The 

OEF method is a strict limit and the ATL 65% is more a linear line. According to the ATL 

methodology, a room can be overheated when the indoor temperature is below the 27 

degrees Celsius. Thus, the number of overheating hours in a room according to the OEF 

method is acceptable. But the indoor temperature can still be experienced as uncomfortable 

for many hours.  

 

The overheating hours are not depending on the fuel source, the possibilities for cooling are. 

Cooling is applied for heating with electricity, because when applying a heat pump, also 

possibilities arise for cooling.  
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Wintertime 

The simulation has been performed for the entire year of 2018. For the thermal comfort 

during wintertime, it is important that during a cold day the indoor temperature is still meeting 

the minimum (18 degrees Celsius) and reaching the set point (20 degrees Celsius). The first of 

March 2018 was a cold day at Schiphol Airport, with a maximum temperature below zero 

(Graph 5.3: Outdoor temperature Schiphol March 01, 2018; the entire outdoor weather 

climate is found in Appendix C.5.  

 
Graph 5.3: Outdoor temperature Schiphol March 01, 2018;  

 

Graph 5.4 shows the indoor temperature development of all renovation packages, for the low 

temperature track. The blue line is the current situation when adapted to low temperature 

heating, thus no insulation measures have been applied. The other line(s) that are shown, are 

all renovation packages. The graph shows that the insulation values of the other packages is 

not influencing the indoor temperature otherwise. The difference of building measures 

between the current situation and all packages, is that in all cases the glazing is replaced by at 

least HR++ glazing and little insulation has been applied to the front façade.  

 
Graph 5.4: Indoor temperature without insulation (blue line) and with insulation; 

 

 Calculations show that for HR++ glazing it can be difficult to heat up the apartment in time to 

prevent temperatures below the 18 degrees Celsius during daytime. A different heating 

pattern, larger capacity of the radiators or a higher insulation level could be the answer.  

 

5.1.3 Environmental impact 

The global warming potential (measured in kg CO2 eq.) is shown for the medium temperature 

renovation packages in Graph 5.5. From Graph 5.1 it can be observed that the highest value 



65 
 

of the thermal shield results in the lowest heat demand. Graph 5.5 shows that only for gas, 

the highest insulation level results in the lowest CO2 emissions.  

 

 
Graph 5.5: CO2 during renovation versus total in 15 years;  

 

According to Graph 5.5 gas is the least favourite fuel source to use because of the CO2 

emissions. Electricity seems to have the best results with the lowest CO2 emissions. However, 

electricity options also come with cooling options. When combining the demand for heating 

and cooling the total CO2 emissions for electricity are higher.  

Graph 5.6 shows little fluctuation for the CO2 emissions of district heating. Only when the 

façade has no adaptions a little peak is shown.  A low embodied energy with high annual CO2 

emissions does result in approximately the same as a high embodied energy with low annual 

CO2 emissions. The graph shows that for heating (and cooling) with electricity, that a higher 

embodied energy results in more CO2 emissions total in 15 years.  

 

 
Graph 5.6: CO2 during renovation versus total in 15 years;  

 

5.1.4 Budget 

The investment price of the building renovation is mostly influenced by the strategy to 

repair/replace the façade elements. A small price difference is shown between only repairing 

the façade (F1), or repairing and post-insulation at the gallery side (F2). Renewal of the balcony 

side would increase the price with approximately €2000.-, renewal of both sides would 

increase with another €3500.-. For both type of glazing the framework is renewed, which 

means that the difference in investment cost between those renovation packages (G1 and G2) 
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are less. This would be influenced when the reclining framework is preserved, this is only 

possible for combinations of G1 (HR++ glazing) and P1 or P2 (post insulation of the parapet).  

 

 
Graph 5.7: Investment price renovation packages vs annual costs for heating by the tenants;  

 

The annual cost for heating decreased the most for the last renovation package. The initial 

cost for heating (medium temperature) is €1369.41 for biomass, €907.53 for gas and  € 818.67 

for electricity. The annual savings for the tenants are between €439.81 and €585.32 for 

biomass, €336.41 and € 452.36 for gas and €346.70 and €432.00 for electricity (Appendix D.4.). 

The highest reduction in costs is reached when using biomass, but which also has the highest 

initial costs. 

 

It is difficult to compare the annual costs for the tenants with the investment price payed by 

the housing association, because the benefits are different. A lower investment price is the 

benefit of the housing association; however, the lower annual cost is the benefit of the tenant. 

The savings for the tenants only increases with €10.- to €20.-  when applying the F3- and F4-

renovation packages. However, the increase in investment is with more than €3000.- per 

apartment, approximately €400,000.- for the entire flat (Appendix D.4.).  

 

In Graph 5.8 the payback time is shown. The graph shows that the payback time follows the 

same regression as the investment price. The graph also shows that for all renovation 

packages the payback time is above the 25 years. So, when the building is being demolished 

within 20 years, there always will be a part of the investment that is lost. Furthermore, the 

graphs show that post-insulation of the gallery side is barely influencing the investment price 

or the payback time.  
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Graph 5.8: Investment price vs payback time (MT) (rent increase) 

 

5.1.5 Decision making process 

In this paragraph for all different heating temperatures the outcomes for the performance 

indicators are discussed. Differences and similarities between the results of different 

temperatures are mentioned. In Appendix D.3.1 the results for all renovation packages is 

shown. These results are supplemented with the overheating Escalation Factor, the annual 

savings for tenants, the heating demand per square meter and the investment.  

 

High temperature heating 

The results for high temperature heating are summarized in Table 5.2. The best scoring 

renovation package according to each indicator is shown with the corresponding results for 

the other indicators.  

 

Renovation packages which include the renewal of the entire façade (F4) result in an 

investment which is paid back in the desired time. It is only shown best for the energy index, 

but the other performance indicators show that this payback time is unacceptable.  

G2 (triple glazing) is also only mentioned one time as best result, this is for the CO2 emissions 

in 15 years in combination with heating by gas. However, the other performance indicators 

show unacceptable numbers. In the appendix (D.2.1) it shows that the combination of triple 

glazing with a high insulated thermal shield, results in unacceptable numbers for the thermal 

comfort during summertime. It was stated that when the ATL 65% satisfaction line is overruled 

with a maximum of 225 hours, the thermal comfort during summertime is accepted.  This is 

only the case for two renovations packages including triple glazing (F1G2P1 and F1G2P2). 

Table 5.2 shows that heating by gas is not recommended for a life span more than 15 years, 

especially because the annual emissions are not decreasing in the future.  

Appendix D.3.1 shows almost no difference for all the performance indicators for P1 (50 mm 

post-insulation), P2 (100 mm post-insulation) and P3 (renewal as façade element 150 mm 

insulation). The OEF does not increase, the ATL 65% only with a couple of hours. The 

overheating hours are not depending on the fuel source. The total CO2 emissions in 15 years 

are the highest for P1, followed by P2 and lowest for P3. Two reasons can be mentioned. 

Firstly, the heat demand decreases for P3, but even more noticeable, the embodied energy 

for P3 is much less, because wooden cladding is used instead of Trespa. The payback time only 
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differs a couple of months. The lower the adaptions that are made to the thermal shield results 

in the smallest investment price and the lowest payback time. 

 
Table 5.2: Analysis of the best renovation packages for each indicator high temperature 

Heating sourceHeating sourceHeating sourceHeating source    
Renovation Renovation Renovation Renovation 

packagepackagepackagepackage    
EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 after 15 after 15 after 15 

years [kg Cyears [kg Cyears [kg Cyears [kg COOOO2222    

eq.]eq.]eq.]eq.]    

Payback timePayback timePayback timePayback time    

[yrs][yrs][yrs][yrs]    

District 

heating  

  

  

  

F4G1P3 1.06 219.00 6077.25 33.99 

F1G1P1 1.31 142.00 6907.84 28.62 

F3G1P3 1.07 200.00 5958.11 30.92 

F1G1P1 1.31 142.00 6907.84 28.62 

            

Gas F4G1P3 1.35 219.00 13538.17 33.99 

  F1G1P1 1.62 142.00 16448.79 28.62 

  F4G2P3 1.35 388.00 13154.75 34.59 

  F1G1P1 1.62 142.00 16448.79 28.62 

            

 

The results for the high temperature heating have a lot of similarities with medium 

temperature heating. The only difference is the color scheme of the payback time.  Because it 

is expected that high temperature heating will disappear in the future (Ministerie van 

Economische Zaken en Klimaat, 2019), it is recommended to choose a renovation packages 

for medium temperature heating when the building will not be demolished in the upcoming 

25 years. Especially, because little difference are noticeable. High temperature heating could 

be recommended for buildings that are demolished in the future (10 to 25 years), or when the 

exploitation strategy has not been determined yet. In. High temperature heating could be 

recommended for buildings that are demolished in the future (10 to 25 years), or when the 

exploitation strategy has not been determined yet. In Table 5.3 the chosen renovation 

package for the case study building is shown. It is chosen to go for a renovation package with 

a payback time below the 30 years. This renovation package includes restoring of the balcony 

side with no addition of insulation, 50 mm post-insulation at the gallery side, 50 mm insulation 

at the front-façade and HR++ glazing. The elaboration of this package will be discussed in 6.1 

Case study building scenario 1: High temperature heating. 

 
Table 5.3: Chosen renovation packages high temperature heating 

Heating sourceHeating sourceHeating sourceHeating source    ScenarioScenarioScenarioScenario    EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    
COCOCOCO2222    after 15 years after 15 years after 15 years after 15 years 

[kg C[kg C[kg C[kg COOOO2222    eq.]eq.]eq.]eq.]    
Payback timePayback timePayback timePayback time    [yrs][yrs][yrs][yrs]    

District heating F2G1P1 1.31 148.00 6330.66 28.83 

 

Medium temperature heating  

As previous mentioned medium temperature heating has a lot of similarities with high 

temperature heating. The results for medium temperature heating are summarized in Table 

5.4. The best scoring renovation package according to each indicator is shown with the 

corresponding results for the other indicators.  

 

For this heating track, electricity (heat pump) has been included. Because heat pumps have 

the possibility for cooling, the ATL 65% is influenced by this fuel source. Heating by gas results 
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in higher CO2 emissions within 15 years in comparison to heating by district heating (biomass) 

or electricity (heat pump). For this heating track, the renovation package F3 (renewal of the 

balcony side 100 mm, post-insulation on the gallery side) in combination with G1 (HR++ 

glazing) results in the lowest CO2 emissions within 15 years for district heating. No large 

differences are found between P2 and P3 for most of the performance indicators. The same 

as for high temperature heating, the CO2 emissions for P3 are positively influenced by the 

usage of wooden cladding instead of Trespa.  

 
Table 5.4: Analysis of the best renovation packages for each indicator medium temperature 

Heating Heating Heating Heating 

sourcesourcesourcesource    

Renovation Renovation Renovation Renovation 

packagepackagepackagepackage    
EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 after 15 after 15 after 15 

years [kg Cyears [kg Cyears [kg Cyears [kg COOOO2222    

eq.]eq.]eq.]eq.]    

Payback timePayback timePayback timePayback time    

[yrs][yrs][yrs][yrs]    

District 

heating  

  

  

F4G1P3 1.06 219.00 6108.62 35.55 

F1G1P1 1.31 142.00 6814.78 30.18 

F3G1P3 1.07 200.00 5969.61 32.48 

F1G1P1 1.31 142.00 6814.78 30.18 

            

Gas F4G1P3 1.35 219.00 13620.48 35.55 

  F1G1P1 1.62 142.00 16204.60 30.18 

  F4G2P3 1.35 388.00 13135.54 36.15 

  F1G1P1 1.62 142.00 16204.60 30.18 

            

Electricity F4G1P3 1.06 83.00 8276.32 35.55 

  F1G1P1 1.31 20.00 8780.31 30.18 

  F2G1P3 1.29 47.00 8086.05 30.58 

  F1G1P1 1.31 20.00 6814.78 30.18 

            

 

The assumption has been made that a building can be heated with medium temperature 

heating for another 25 to 50 years. Medium temperature has the advantage that no booster 

heat pump is necessary for the hot water of a dwelling. Therefore, in comparison with high 

temperature heating a renovation package for the case study location is chosen with a higher 

payback time. It is chosen to still heat with district heating, because this will result in the 

lowest CO2 emissions in 15 years, but also because all the installation adaptions already have 

been made. In Table 5.5 the chosen renovation package is shown. This package includes 

renewal of the balcony side with 100 mm insulation, post-insulation of the gallery side with 

50 mm insulation, 100 mm insulation front-façade and HR++ glazing.  

 
Table 5.5: Chosen renovation package medium temperature heating 

Heating sourceHeating sourceHeating sourceHeating source    
Renovation Renovation Renovation Renovation 

packagepackagepackagepackage    
EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 years after 15 years after 15 years after 15 years 

[kg C[kg C[kg C[kg COOOO2222    eq.]eq.]eq.]eq.]    
Payback timePayback timePayback timePayback time    [yrs][yrs][yrs][yrs]    

District heating F3G1P2 1.07 200.00 5969.61 32.48 

 

Low temperature heating 

The results for low temperature heating are summarized in Table 5.6 and Table 5.7. The best 

scoring renovation package according to each indicator is shown with the corresponding 

results for the other indicators. Table 5.6 indeed shows that uncomfortable hours during 

daytime can occur for low temperature heating. Only one to three hours are below the 18 
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degrees Celsius for these renovation packages during the year of 2018. However, 2018 did not 

have extreme cold days during wintertime. Therefore, it could be that more hours are 

experienced below the 18 degrees Celsius when a colder winter arrives.  

 

The ATL 65% does not differ for district heating, with the high and medium temperature 

heating track for district heating. The thermal comfort during summertime does not depend 

on the various heating possibilities. Again, a fixed amount of cooling has been applied for low 

temperature heating.  

 
Table 5.6: Analysis of the best renovation packages for each indicator low temperature 

Heating sourceHeating sourceHeating sourceHeating source    
Renovation Renovation Renovation Renovation 

packagepackagepackagepackage    
EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 after 15 after 15 after 15 

years [kg Cyears [kg Cyears [kg Cyears [kg COOOO2222    

eq.]eq.]eq.]eq.]    

Payback timePayback timePayback timePayback time    

[yrs][yrs][yrs][yrs]    

UnderUnderUnderUnder----heatingheatingheatingheating        

[hrs][hrs][hrs][hrs]    

District 

heating  

F4G1P3 1.00 219.00 5966.40 38.76 1 

F1G1P1 1.20 142.00 6756.22 32.08 3 

F3G1P3 1.01 200.00 5861.91 35.69 1 

  F1G1P1 1.20 142.00 6756.22 32.08 3 

              

Electricity F4G1P3 0.83 83.00 6980.07 38.76 1 

  F1G1P1 0.97 18.00 6809.65 32.08 3 

  F2G1P3 0.96 45.00 6708.81 33.79 3 

  F1G1P1 0.97 18.00 6809.65 32.08 3 

              

 

Table 5.7 shows the result of the analysis when the renovation packages for under-heating 

are ruled out. This shows that under-heating cannot be ruled out without coming to 

unacceptable overheating hours in the apartment when no cooling is applied. For electricity 

the overheating hours are acceptable. However, discomfort due to overheating has increased 

with more than 100 hours, while discomfort due to under-heating has decreased with only 

three hours. However, as stated before, this could be more when the numbers are compared 

with a simulation of a very cold year. 

 
Table 5.7: Analysis of the best renovation packages for each indicator low temperature 

HeatingHeatingHeatingHeating    sourcesourcesourcesource    
Renovation Renovation Renovation Renovation 

packagepackagepackagepackage    
EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 after 15 after 15 after 15 

years [kg Cyears [kg Cyears [kg Cyears [kg COOOO2222    

eq.]eq.]eq.]eq.]    

Payback timePayback timePayback timePayback time    

[yrs][yrs][yrs][yrs]    

UnderUnderUnderUnder----heatingheatingheatingheating    

[hrs][hrs][hrs][hrs]    

District 

heating   

F4G2P3 1.00 388.00 6234.97 39.36 0 

F3G2P2 1.02 325.00 6340.13 36.16 0 

F3G2P3 1.01 354.00 6126.29 36.29 0 

  F3G2P2 1.02 325.00 6340.13 36.16 0 

              

Electricity F4G2P3 0.83 215.00 7517.60 39.36 0 

  F3G2P2 0.84 166.00 7480.06 36.16 0 

  F3G2P3 0.84 186.00 7333.30 36.29 0 

  F3G2P2 0.84 166.00 7480.06 36.16 0 

              

 

The result for district heating does not differ much from the medium temperature renovation 

package. However, for low temperature heating, booster heat pumps are necessary to provide 
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the dwellings of hot water. This result in an increase in payback time, but also in an increase 

in necessary adaptions inside the apartments. It is therefore not recommended to apply a 

district heating system in combination with low temperature heating. Therefore, the low 

temperature renovation package that is chosen, is in combination with heating by electricity 

(heat pump). It is chosen to go for a renovation package with a lesser chance to have 

uncomfortable hours during wintertime. Table 5.7 shows that F3G2P2 is scoring best for 

multiple indicators, validating it is the best renovation package (Table 5.8). This means 

renewal of the balcony side with 100 mm insulation, post-insulation of the gallery side, 100 

mm insulation front-façade and triple glazing. This renovation package is elaborated in 

chapter 6.3 Case study building scenario 3: Low temperature heating. 

 
Table 5.8: Chosen renovation package low temperature heating  

Heating sourceHeating sourceHeating sourceHeating source    
Renovation Renovation Renovation Renovation 

packagepackagepackagepackage    
EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 years after 15 years after 15 years after 15 years 

[kg C[kg C[kg C[kg COOOO2222    eq.]eq.]eq.]eq.]    
Payback timePayback timePayback timePayback time    [yrs][yrs][yrs][yrs]    

Electricity F3G2P2 0.84 166.00 7480.06 36.16 
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6. Solutions for  the Case study location  

 

In this chapter, three solutions will be discussed for the case study building. Firstly a summary 

is given of the three solutions (table 6.1). The solutions have been divided in a high 

temperature, medium temperature and low temperature scenario.  

 
Table 6.1: Summary of measures of the different options for the case study building 

    CurrentCurrentCurrentCurrent    Scenario 1 Scenario 1 Scenario 1 Scenario 1     Scenario 2Scenario 2Scenario 2Scenario 2    Scenario 3Scenario 3Scenario 3Scenario 3    

Heating Heating Heating Heating 

distributiondistributiondistributiondistribution    

High temperature 

(90/70) 

High temperature (90/70) Middle temperature 

(70/40) 

Low temperature (50/30) 

Energy labelEnergy labelEnergy labelEnergy label    E – G B A A+ 

Still remaining Still remaining Still remaining Still remaining 

operation operation operation operation 

timetimetimetime

        

- Max. 15 years 25 – 40 years > 40 years 

    CurrentCurrentCurrentCurrent    Scenario 1Scenario 1Scenario 1Scenario 1    Scenario 2Scenario 2Scenario 2Scenario 2    Scenario 3Scenario 3Scenario 3Scenario 3    

Parapet/ Front Parapet/ Front Parapet/ Front Parapet/ Front 

facade / Panels facade / Panels facade / Panels facade / Panels     

Wooden panels, 

wooden framework 

non-insulated, mix of 

double and single 

glazing.  

P1: P1: P1: P1: Preserving panels 50 

mm post-insulation 

PPPP2 & P32 & P32 & P32 & P3: : : : Renewal panels 

100 mm insulation � light 

weighted façade wooden 

cladding, 

P2 & P3: P2 & P3: P2 & P3: P2 & P3: Renewal panels 

100 mm insulation � light 

weighted façade wooden 

cladding, 

Glazing and Glazing and Glazing and Glazing and 

frameworkframeworkframeworkframework    

Wooden framework, 

double and single 

glazing 

G1: G1: G1: G1: New framework for the 

smaller bedrooms, plastic. 

HR++ glazing    in new and 

existing (reclining) 

framework  

G1: G1: G1: G1: New framework for the 

smaller bedrooms. HR++ 

glazing    in new framework    

G2: G2: G2: G2: New framework and 

triple glazing in all window 

frames.  

FaçadesFaçadesFaçadesFaçades    Non-insulated cavity 

wall with a cavity of 50 

mm, concrete inner 

layer and brickwork 

outer layer.  

F2:F2:F2:F2: Gallery side post 

insulation 50 mm and all 

the reclining cavity walls.  

Post insulation in the 

parapet.   

F3:F3:F3:F3: 100 mm EPS at the 

balcony side, renewal of this 

part of the façade.  

Gallery side post insulation 

50 mm.  

Post- insulation at the 

parapet.  

F3:F3:F3:F3: 100 mm EPS at the 

balcony side, renewal of 

this part of the façade.  

Gallery side post insulation 

50 mm.  

Post- insulation at the 

parapet. 

RoofRoofRoofRoof    Insulated concrete 

flooring, thickness 

unknown 

Renewal of the roof 

covering 150 mm 

insulation, 

Mechanically/Glued 

connected bitumen. 

Renewal of the roof 

covering included with 150 

mm insulation.  

Mechanically connected 

bitumen. 

Renewal of the roof 

covering included with 200 

mm insulation.  

Mechanically connected 

bitumen. 

Floor between Floor between Floor between Floor between 

story’sstory’sstory’sstory’s    

Concrete, non-

insulated 

50 mm EPS slabs 50 mm EPS slabs 100 mm EPS slabs 

SeparationSeparationSeparationSeparation    wall wall wall wall 

to staircasesto staircasesto staircasesto staircases    

Non-insulated 

separation, non-

heated staircases 

100 mm insulation end wall, 

staircase become heated 

area.   

100 mm insulation end wall, 

staircase become heated 

area.   

150 mm insulation end 

wall, staircase become 

heated area.   

Sun shadingSun shadingSun shadingSun shading    None Screens Roller shutters Venetian blinds integrated 

with PV panels 

Ventilation Ventilation Ventilation Ventilation 

supplysupplysupplysupply    

Natural Natural, SR-grills Natural, SR-grills Natural , SR-grills 

Ventilation Ventilation Ventilation Ventilation 

exhaustexhaustexhaustexhaust    

Roof ventilators Roof ventilators 

(collective), outdoor 

temperature sensor, indoor 

CO2 sensor and moisture 

sensor 

Roof ventilators (collective), 

outdoor temperature 

sensor, indoor CO2 sensor 

and moisture sensor 

Roof ventilators 

(collective), outdoor 

temperature sensor, 

indoor CO2 sensor and 

moisture sensor 

Hot water supplyHot water supplyHot water supplyHot water supply    District heating 

system 

Heating system, WTW 

applied.   

Heating system, WTW 

applied.  

Booster heat pump, WTW 

applied.  

COCOCOCO2222    embodied embodied embodied embodied 

(excl. transport)(excl. transport)(excl. transport)(excl. transport)    

 1800 – 2500 kg CO2 2500 – 4000 kg CO2 5500 – 7500 kg CO2 
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For the high temperature scenario an option has been elaborated for a remaining life span of 

10 to 25 years. For medium temperature scenario an option has been elaborated for a 

remaining life span of 25 to 40 years, and for low temperature heating a remaining life span 

of more than 40 years is chosen. First all three scenarios will be explained, where after the 

performance of these scenarios will be compared to the performance of the current building.  

 

6.1 Case study building scenario 1: High temperature heating 

The current condition of the building does not result in under heating when high temperature 

heating is supplied to the building. Therefore, the best scenario is a compromise between the 

different performance indicators.  

 

6.1.1 Building envelope measures 

The façade at the gallery side and all reclining parts at the balcony side will be post-insulated 

(F2). This option gives the best results according to the analysis. The façade parts connected 

to the smaller bedrooms at the balcony side will be restored, joints will be replaced but no 

insulation will be applied.  

The results show that triple glazing does not  meet the requirements, therefore HR++ glazing 

will be applied. The parapet will be post-insulated. This means also that the balcony floor and 

the gallery floor should be wrapped with insulation.       

For this specific case study, it is expected that this building will be demolished in the upcoming 

25 years. Therefore, post-insulation of the panels is more cost-saving. This also means that 

the wooden framework of the front façade is preserved. The details show 100 mm post-

insulation in the parapet; however, 50 mm would also be suitable.  

 

                                                    
Figure 6.1: a) Balcony side HR++ glazing; b) gallery side post-insulation;  c) post-insulation parapet; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 

In Table 6.2 a summary of the thermal resistance, the cost-price and the embodied energy is 

shown for the three options.  
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Table 6.2: Description of measures scenario 1 

Measure Description Rc-value [m2K/W] Cost [€] Global warming 

potential [kg-CO2 eq.] 

F2 50 mm post insulation at 
gallery side 

1.47 € 10,868.59 2.41 E1 

G1 New framework for the 
smaller bedrooms, plastic. 
HR++ glazing in new and 
existing (reclining) 
framework 

1/1.8 €         7,148.83  
 

8.44 E2 

P1 50 mm insulation: panel in 
framework 

0.78 € 1,142.72 1.88 E2 

 

6.2 Case study building scenario 2: Medium temperature heating  

For the medium temperature heating track also counts that no under-heating occurs during 

the current condition, and the best scenario is chosen.  

 

6.2.1 Building envelope measures 

For the gallery side of the building, the solution does not differ much from the high 

temperature scenario. However, because the expectations are that this scenario increases the 

remaining life span more than the high temperature scenario, the parapet is completely 

renewed, and plastic framework with HR++ glazing is included. The panel system is replaced 

by a façade construction with wooden low maintenance cladding.  

At the balcony side the old brick work is removed, and new façade cladding is added with 100 

mm insulation. The brickwork at the gallery side is preserved.  

 

                                                              
Figure 6.2: a) Renewal balcony side HR++ glazing 100 mm insulation; b) gallery side post-insulation;  c) post-

insulation parapet; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 



75 
 

In Table 6.3 a summary of the thermal resistance, the cost-price and the embodied energy is 

shown for the three options.  

 
Table 6.3: Description of measures scenario 2 

Measure Description Rc-value 

[m2K/W] 

Cost [€] Global warming 

potential [kg-CO2 eq.] 

F3 100 mm EPS at the balcony side, renewal 
of this part of the façade.  
Gallery side post insulation 50 mm.  
Post- insulation at the parapet. 

1.47 € 10,868.59 2.41 E1 

G1 New framework for the smaller 
bedrooms. HR++ glazing in new 
framework 

1/1.8 €    12,456.90  

 
8.44 E2 

P2/P3 Renewal panels 100 mm insulation � 
light weighted façade wooden cladding 

1.02 € 1,206.72 2.00 E2 

 

 

6.3 Case study building scenario 3: Low temperature heating  

For the case study building it is chosen to elaborate a scenario were no under-heating occurs 

and no extensive overheating. Instead of district heating, heating and cooling is applied with 

electricity.  

 

6.3.1 Building envelope measures 

Only one difference is shown in the detailing between the medium temperature heating 

scenario and the low temperature heating scenario (Appendix E.2). The HR++ glazing is 

changed for triple HR glazing. This is necessary to prevent under-heating to occur. The 

overheating during summertime is controlled by the application of radiators with a cooling 

capacity (Jaga, n.d.). More insulation than 100 mm is not desired, because it does not result 

in lower CO2 emissions over a 15 years’ time span. The embodied CO2 emissions of the 

installations is not calculated. It is chosen not to renew the gallery side. The construction work 

is expensive, and the results differ little. Furthermore, there is not enough space on the gallery 

to apply a thick construction.  
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Figure 6.3: a) Renewal balcony side HR++ glazing 100 mm insulation; b) gallery side post-insulation;  c) post-

insulation parapet; 

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 

 

In Table 6.4 a summary of the thermal resistance, the cost-price and the embodied energy is 

shown for the three options.  

 
Table 6.4: Description of measures scenario 3 

Measure Description Rc-value 

[m2K/W] 

Cost [€] Global warming potential 

[kg-CO2 eq.] 

F3 100 mm EPS at the balcony side, 
renewal of this part of the façade.  
Gallery side post insulation 50 
mm.  
Post- insulation at the parapet. 

1.47 € 10,868.59 2.41 E1 

G2 New framework for the smaller 
bedrooms, plastic. HR++ glazing in 
new and existing (reclining) 
framework 

1/1.4 € 13,146.29  
 

8.44 E2 

P2/P3 Renewal panels 100 mm 
insulation � light weighted 
façade wooden cladding, 

1.02 € 1,206.72 2.00 E2 

Drawings belonging to this scenario are found in Appendix E.3.  

 

6.4 Status determination before and after 

 

6.4.1  Energy performance 

In 2011, the energy index for the apartments had been determined (data received internally 

by Intermaris). However, there has been a change in the assessment method in 2015. 

Therefore, the energy index has been calculated again for this research shown in Table 6.5.  
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Table 6.5: Energy performance according to Vabi 

 

Energy index [-] Heating [MJ] Hot water [MJ] Cooling [MJ] 

Scenario 2011 1.91 (D) 5.6E+04 1.1E+040 0 
Scenario 2019 

(current) 

2.12 (E) 5.3E+04 1.1E+04 0 

Scenario 1 (HT) 1.31 (B) 3.1E+04 8.9E+03 0 
Scenario 2 (MT) 1.09 (A) 2.5E+04 8.9E+03 0 
Scenario 3 (LT) 0.84 (A) 1.9E+04 7.9E+03 8.1E+02 

 

6.4.2 Thermal comfort during wintertime  

 

With the current capacity of the radiators no under-heating occurs. Under-heating might 

occur when all apartments are fully heated, due to the maximum capacity of the district 

heating installation. The temperature of the neighbours is set to 15 oC, according ISSO 51 

(Weele, 2003), the indoor set point temperature is 18 oC during occupancy in the main 

bedroom and 20 oC during occupancy in the living room. The actual heat demand is expected 

to be lower due to the occupancy rate of the neighbours and therefore less heat loss occurs 

to the neighbouring apartments.  

 

 
Graph 6.1: Outdoor temperature March 01, 2018; 

 

In Table 6.6 a summary is shown of the capacity of the radiators in the living room and the 

main bedroom.  

 
Table 6.6: Summary capacity of radiators 

 HT MT LT 
 Radiator capacity 

[W] 
Radiator capacity 
[W] 

Radiator capacity 
[W] 

Living room 3400 2200 2000 
Main bedroom 3000 2000 1200 

 

Graph 6.2 shows that less power is needed when the building is isolated more. It shows that 

the maximum capacity for all heating tracks is never reached for the living room. Therefore, 

the temperature pattern also corresponding, resulting in the same fluctuation. According to 

this graph, more power can be used when higher indoor temperatures during wintertime are 

desired. The results also show that it was indeed necessary to increase the radiator capacity 

for low temperature heating. The original capacity would have been 1200 W, during the 1st of 

March this maximum is overruled.  
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Graph 6.2: Power base apartment living room March 01, 2018; 

 

Graph 6.3 shows that for all temperature tracks the set point is reached except for low 

temperature heating. But because the power is not at its maximum, it is expected that this is 

due to the heating pattern. Different heating patterns for wintertime should be simulated in 

order to conclude if the indoor temperature is comfortable.   

 

 
Graph 6.3: Temperature base apartment living room March 01, 2018; 

 

In Graph 6.4 the power used for the main bedroom is shown. The radiator is not reaching its 

maximum for all heating tracks, also not for low temperature heating. However, it should be 

taken into consideration that results could differ when a colder day is analysed from another 

year.  
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Graph 6.4: Power base apartment main bedroom March 01, 2018; 

 

Graph 6.5 shows that in the main bedroom the setpoint of 18 degrees is just not reached for 

low temperature heating. But because the power is not at its maximum it can be expected 

that this is due to the temperature settings. The main bedroom is situated at the North-West 

side of the building, during colder days, problems could occur.  

 
Graph 6.5: Temperature indoor base apartment main bedroom March 01, 2018; 

 

6.4.2 Thermal comfort during summertime  

In the decision-making process the ATL 65% has been analysed. The OEF method says more 

about the number of hours an indoor temperature is overruled. In this section the results of 

both methods of the scenarios applied on the case study building are shown.  

 

Overheating Escalation Factor 

In contrast to the current situation (Graph 6.6), all rooms meet the requirements according to 

the OEF methodology. Only the living room reaches the upper limit of 450 hours when no 

cooling is applied. In the last scenario, all small amount of cooling capacity has been applied, 

which results in even lower overheating hours. 
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Table 6.7: Overheating hours according to OEF method 

OEF [hrs] Living room Main bedroom Smallest bedroom Second largest 

bedroom 

Current 627 262 569 638 

Scenario 1 445 223 200 217 

Scenario 2 449 234 218 200 

Scenario 3 80 14 2 0 

 

In the first three graphs (see Graphs 6.7, 6.8 and 6.9) an exponential decrease is shown for the 

overheating hours in comparison to the indoor temperature. For the last graph a linear 

decrease is shown, until 26 degrees Celsius, from that point almost no overheating hours are 

for the bedrooms, for the living room the overheating hours decreases exponentially.  

 

 

 

 
Graph 6.6: OEF Current;        Graph 6.7: OEF Scenario 1;  

 

 

 

      
Graph 6.8: OEF Scenario 2;       Graph 6.9: OEF Scenario 3;  
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Adaptive Temperature Limit 

For the Adaptive Temperature Limit, three satisfaction rates have been calculated. The 65% 

satisfaction has been included in the decision-making process. The ATL 65% outcomes show 

the same result as the OEF hours. For all the rooms, the number of overheating hours is 

decreasing. Scenario 1 has a little fewer overheating hours than scenario 2, which is caused 

by the increase of thermal insulation for scenario 2, but the scenarios do not differ much. For 

scenario 3, the overheating hours will be even higher because triple glazing is applied. 

However, because cooling capacity has been applied, the overheating hours meet the same 

numbers as for scenario 2. The ATL 90% satisfaction shows different results, the numbers of 

overheating hours increase. This result is possible due to the set point of night ventilation, 

which is 25 degrees Celsius. The graphs are showing that mainly with a lower outdoor 

temperature, a higher number of overheating hours above the ATL 90% line occurs.  

 
Table 6.8: Overheating hours according to ATL method 

 ATL satisfied [%] Living room 

[hrs]  

Main bedroom 

[hrs] 

Smallest 

bedroom [hrs] 

Second largest 

bedroom [hrs] 

Current 65 347 50 178 290 
 80 592 116 344 478 
 90  1178 262 694 841 
Scenario 1 65 167 35 27 28 
 80 633 69 51 73 
 90  1646 199 250 440 
Scenario 2 65 189 37 27 29 
 80 702 74 51 77 
 90  1760 228 255 454 
Scenario 3 65 166 0 0 7 
 80 539 0 6 37 
 90  1445 0 155 272 

 

In comparison with the graphs for the OEF methodology, the ATL method clearly shows when 

the highest number of overheating occurs. When the average outdoor temperature is above 

20 degrees Celsius the indoor temperature is exceeding the satisfaction limits. Especially in 

the current condition of the building (Graph 6.10), not only the number of overheating hours 

is of concern but also the amount of overheating. With an average outdoor temperature of 25 

degrees (day + night) easily 30 oC indoors can easily be reached. The application of night 

ventilation reduces the number of overheating hours, but also reduces the amount of 

overheating. In scenario 1 (Graph 6.11) and 2 (Graph 6.12) HR++ glass has been applied to 

keep de number of overheating hours low.  The application of a small cooling capacity (Graph 

6.13) does not only result in less overheating hours, but the indoor temperature becomes 

more stable as well. This can be very promising in buildings were the target group are the 

elderly, because they are more vulnerable to temperature fluctuations.  
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Graph 6.10: Adaptive temperature limit base apartment 2018 current; 

 

 
Graph 6.11: Adaptive temperature limit base apartment 2018 Scenario 1; 

 
Graph 6.12: Adaptive temperature limit base apartment 2018 Scenario 2; 

 
Graph 6.13: Adaptive temperature limit base apartment 2018 living room Scenario 3; 
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6.4.3  Environmental impact 

Graph 6.14 shows the total CO2 emissions and life span for the three different scenarios 

compared to the current status of the building. It is important to consider that in the current 

situation and the first two scenarios, the buildings are heated by district heating, the last 

scenario is heated with use of electricity. The graphs shows that all scenarios result in less CO2 

emissions than the current condition of the building. Scenario 1 results in a little more CO2 

emissions than Scenario 2 after 25 years. However, high temperature heating results in lower 

CO2 emissions in 15 years. This is due to a little less embodied energy.  

The graph show that for high temperature heating and medium temperature heating, the 

building should at least be used for another three years before demolishing, to pay back the 

embodied energy by annual CO2 savings. For low temperature heating this should be at least 

seven years. 

Furthermore, for heating by electricity higher CO2 emissions are shown in the first fifteen years 

in comparison to district heating (scenario 1 and 2), this is because it expected that in 15 years 

all electricity will be green, while for district heating this could take another 30 years. 

Furthermore, scenario 3 starts with a much higher embodied energy.  After 25 years, the total 

CO2 emissions for district heating (medium temperature) and electricity (low temperature) 

are around the same. However, the embodied energy for the installations for heating with 

electricity have not been included, so expectations are that in reality the CO2 emissions are 

higher.  

 
Graph 6.14: CO2 emissions of the different scenarios compared to life span; 

 

6.4.4 Budget 

For the case study building it is chosen to focus on three different remaining life spans, in 

combination with different heating tracks.  

 

0

2000

4000

6000

8000

10000

12000

14000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

C
O

2
em

m
is

si
o

n
s 

[k
g 

C
O

2
eq

.]

Current Scenario 1 (HT) Scenario 2 (MT) Scenario 3 (LT)



84 
 

 
Graph 6.15: Investment price of the different scenarios; 

 

Scenario 1 has the lowest desired life span (< 30 years), followed by scenario 2 (30 – 40 years) 

and the highest is scenario 3 (> 40 years). Following this is it is acceptable for the third scenario 

to have a higher investment price, because a longer payback time of the investment is 

possible. The investment price is shown in Graph 6.15, the graphs shows that indeed the 

investment for scenario 3 is higher than for scenario 1 and 2. Although the remaining life span 

of scenario 3 is doubled in comparison to scenario 1, the investment price is not doubled. 
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7. Conclusions, discussions and limitations 

 

The main research question that this thesis answers: 

 

Could a general approach be suitable for the retrofitting of social housing gallery flats, built 

according to a standardized construction system? 

 

In order to answer this question three secondary questions were created, with corresponding 

tertiary questions.  

 

7.1 Research (sub) questions 

 

A. What are the common withdraws of gallery apartments buildings built according to a typical 

construction system? 

 

A.1 What are the differences/similarities between pre-war constructions and post-war 

constructions?  

Pre-war houses are indicated as traditional buildings, in contrast to post-war construction 

systems which are known as none-traditional buildings. Prefabrication of the construction is 

one of the characteristics of none-traditional buildings.  

Another difference between pre-war constructions and post-war constructions is the number 

of dwellings that were produced. After the second world war the focus was more on the 

quantity of buildings instead of the quality of buildings. This is shown in the large numbers, a 

lot of repetition that is used and little individuality.  Furthermore, the type of materials that 

are used are also differing. Heavy stony materials were used pre-war, and buildings were built 

on site. Post-war, a lot of concrete was used, which has lower acoustic properties. A similarity 

between the two periods is the ventilation system that has been used, the shunt channels.  

 

A.2 How has the construction system been built, what type of methods and what are 

difference/similarities between different systems? 

Three methods are known for the high-rise construction systems. The methods are the 

stacking methodology, the large panel buildings and the poured concrete structures. The 

stacking method is mainly used for low rise buildings, and middle high buildings. The 

construction parts are made of small elements which are to be placed by hand. Large panel 

buildings were built with large prefabricated elements, which already were provided with 

savings for ducts. For poured concrete structures, the load bearing construction is concrete 

molded in place in standardized formwork.  

Between the four systems that have been researched (BMB, Coignet, EBA and ERA), two of 

the methods have been used. The thermal shield of the apartments can be summarized to 

three main parts for all the construction systems; The front façade (parapet), the cavity walls 

(end wall and/or longitudinal walls) and the glazing. The similarities of the construction 

systems are mainly about the load bearing parts, due to the method that has been used. The 

differences are mainly in the finishing elements and application of the façade.  
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A.3 Which types of decay are known, and which are typical for each construction system? 

Two types of decays that are distinguished: social decay and technical decay. The EBA 

buildings suffered from social decay due to the location and the large semi-public spaces. 

Social decay can lead to technical decay due to neglection. The BMB buildings suffered from 

technical decay due to a miscalculation of material properties. Social decay is often caused by 

the location of the building, the amount of livings produced, the shape of the building and the 

target group of the tenants of the building. Technical decay can be a result of social decay as 

is the case for the EBA buildings. However, this can also be the result of problems with the 

building technology.  

 

A.4 What are the most common problems regarding the thermal envelope and thermal 

comfort?   

The most common problem regarding the thermal envelope is the lack of thermal insulation, 

especially when no renovations have been done in the past. This is because at the time of 

construction, no regulations were known for the thermal insulation of buildings. Often one-

centimetre polystyrene has been used in the cavity wall systems and between the connection 

of floors. Thus, the floors have been interrupted. Bad quality houses in combination with bad 

ventilation systems, often suffer from problems regarding the thermal comfort of the tenants. 

This increases, when tenants are not financially able to full heat their apartments.  The 

combination with a high energy loss can result in a colder environment were condensation 

problems grow and moisture and moulds are easily spread.  

Due to the still intact shunt shaft system only a small amount of space is available for 

ventilation. It is therefore difficult to increase the ventilation exhaust or apply ventilation 

supply in combination with these shafts. This does not only result in problems during 

wintertime, but also in overheating during summertime when high insulation is added to the 

thermal envelope. This is mainly the problem for in-between apartments with a high amount 

of glazing and no sun shading. 

 

A.5 How is the energy performance of these construction systems?   

The current energy performance of a building built according to a typical construction system 

depends on the renovations done in the past. Some construction systems have been 

renovated in the past (Coignet) to increase the thermal insulation of the building. However, 

often these buildings do not exceed label D. The energy performance of the buildings not only 

depends on the current technical condition of the buildings, but also on the type of heating 

that is applied. Originally the buildings were heated by conventional collective boilers, 

however, some have been replaced with high efficiency individual boilers or have been 

connected to district heating.  
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B. What kind of renovation measures are applicable for high-rise gallery buildings and which 

are generalizable? 

 

B.1 What kind of general solutions have already been devised? 

Several companies have introduced integral systems in order to improve the renovation 

speed. However, often these systems are created or a nZEB or a NZEB buildings, but this is not 

always necessary to decrease the CO2 emissions. These general solutions have not been 

further elaborated in this research, because often they are not elaborated yet for high rise 

gallery buildings. The outcomes of this study can be used to develop combinations of those 

systems with these findings.  

 

B.2 Which building envelope measures are suitable? 

The general solution for the building measures would be post-insulation of the gallery for all 

temperature tracks. For high temperature heating, it is recommended to replace the old 

windows in the existing framework (to lower the costs), and post-insulated the front-façade 

(panels), the façade at the balcony side should be repaired. Depending on the exploitation 

strategy, it could be possible to repair less than budgeted, so the payback time will decrease. 

For medium and low temperature heating it is recommended to renew the façade on the 

balcony side and to renew the front facades including the parapet and the glazing. If it is 

necessary to apply triple glazing with low temperature heating, should be further researched.   

 
Table 7.1: Chosen solutions for case study location 

Heating temperatureHeating temperatureHeating temperatureHeating temperature    Heating sourceHeating sourceHeating sourceHeating source    ScenarioScenarioScenarioScenario    EIEIEIEI    [[[[----]]]]    ATL 65%ATL 65%ATL 65%ATL 65%    [hrs][hrs][hrs][hrs]    

COCOCOCO2222    after 15 after 15 after 15 after 15 

years [kg Cyears [kg Cyears [kg Cyears [kg COOOO2222    

eq.]eq.]eq.]eq.]    

Payback timePayback timePayback timePayback time    

[yrs][yrs][yrs][yrs]    

High temperatureHigh temperatureHigh temperatureHigh temperature    District heating F2G1P1 1.31 148.00 6330.66 28.83 

MediumMediumMediumMedium    temperaturetemperaturetemperaturetemperature    District heating F3G1P2 1.07 200.00 5969.61 32.48 

Low temperatureLow temperatureLow temperatureLow temperature    Electricity F3G2P2 0.84 166.00 7480.06 36.16 

 

Some conclusions are general. The results show, that triple glazing has the most influence on 

the thermal comfort in the dwelling. Triple glazing should not be applied when no extra 

measures are taken to reduce the overheating hours in the apartment. This counts not only 

for the case study building (BMB) but also for other construction systems.  

For the large panel buildings (BMB and Coignet), less glazing is used in the façade in 

comparison to poured concrete structures (EBA and ERA). The influence of triple glazing on 

the indoor temperature during summertime can even be higher for these buildings.  

 

The construction of the façade is very particular for the BMB buildings. EBA and ERA do not 

have a cavity wall construction at the longitudinal sides. Coignet does but has a very different 

layers. The outcomes for the façade are therefore not general for all constructions systems. 

Although, the outcomes show that a combination of 50 mm post-insulation and partly renewal 

with 100 mm insulation is very promising for the energy performance of an apartment. For 

the large panel buildings, it is recommended to fit the amount of insulation to the option for 

the façade and the possibilities for post-insulation. When possible and desired, 100 mm 

insulation could be applied.  
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B.3 Which installation measures are suitable? 

It is not recommended to apply balance ventilation in the building. Due to the limited space 

for ventilation ducts, supply of air should be done through the façade. However, this would 

require a lot of adaptions inside the apartment for the air transportation to the different 

rooms. When a balance system is applied, it is recommended to further investigate façade 

systems were the supply of air can be integrated.  

From the results can be concluded that medium temperature heating has the most 

advantages for high rise construction systems. High temperature heating is only 

recommended when the building is being demolished in the future, or when the exploitation 

strategy has not been determined yet. Low temperature heating is only recommended when 

medium temperature heating (with a district system) is not possible, due to the booster heat 

pump that should be applied.  

  

C. How to assess renovation packages considering the performance indicators? 

 

C.1 What are the renovation packages 

The renovation packages have been created with combinations of building measures. In total 

24 combinations have been simulated.  The installation measures have been divided in 

heating, in total three heating temperatures have been simulated and calculated for three fuel 

types. In the results is shown that the renovation packages result in little differences for the 

different heating temperatures but that also a lot of similarities can be found.  

 

C.2 What are the performance indicators? 

The performance indicator were the Energy Index, the Adaptive Temperature Limit 65%, the 

CO2 emissions in 15 years and the payback time.  

The EI is depending on the type of installation applied and the heating temperature. However 

the EI does not see the difference between high temperature heating and medium 

temperature heating, while the capacity of the radiators do show a difference. For the in-

between apartments, this had no influence on the thermal comfort during wintertime. The 

ATL 65% is not depending on the heating track and on the fuel source. The possibility for 

cooling is. The total amount of CO2 emissions in 15 year time are influenced by the heating 

demand, the fuel source and the embodied energy. Large differences were found between 

district heating and gas, for all heating temperatures. The embodied energy did not differ 

between the different heating temperatures, because the LCA limited itself to the building 

measures. The largest difference was found for the renewal of the façade. Post-insulation did 

not contribute much to the results for the embodied energy. The payback time was only 

influenced by the combination of building measures, however, the desired payback time 

differed for the different heating tracks, due to the expected life span.  

 

C.3 What are the assessment methods? 

The BRL-9500-01, a year around Building Energy Simulations, a Life Cycle Assessment and the 

Investment payback time have been used as assessment methods.  
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To answer the main question: 

 

Could a general approach be suitable for the retrofitting of social housing gallery flats, built 

according to a standardized construction system? 

 

A general approach could indeed be suitable. However, this does not mean that only one 

solution is advisable. The solution is depending on the building location, and the available 

alternative heating sources. Furthermore, the solution depends on the remaining life span of 

the building and whether a building is renovated empty (for the application of floor heating) 

or occupied (only radiators possible). The remaining life span of the building depends on the 

current condition of the building but also on the target group of the building.  

 

7.2 Conclusion and discussion  

 

For the renovation of the case study building, a large cost is included for repairing the 

condition of the façade. However, for various construction systems with different general 

conditions of the façade the analysis could have another outcome. The provided decision 

matrix is therefore not suitable for all high-rise construction systems, considering the value of 

the façade.  

Furthermore, the highest savings in annual CO2 emissions does not result in the highest 

reduction in CO2 emissions in 15 years for all fuel sources. For high temperature district 

heating with the thickest insulation package, the large amount of embodied energy increases 

the total CO2 emissions in 15 years (and 30 years) such, that this scenario is not the most 

suitable. For gas the best scenario is the one with the highest insulation values (F4G2P3). 

However, it may be expected that with in the upcoming 10 to 30 years, the fuel source is 

changed to either a hybrid system or to a total none gas system.  

A large part of the façade fronts is included in the parapet made of a panel system. The results  

show that the insulation value of the panels does not contribute much to the total CO2 

emissions of the apartment. This conclusion can also be drawn from the overheating, the 

energy index and the investment price. The only difference that is noticeable is the decrease 

in the CO2 embodied energy, which has been explained in the elaboration of the case study. 

This is due to the difference in CO2 emissions for wooden cladding and trespa. It is 

recommended to use wooden cladding, however, wooden cladding with a low maintenance 

level to make it user friendly.   

 

It needs to be considered that the conclusions for the various constructions systems for the 

application of triple glazing and low temperature heating mentioned in the previous 

paragraph, are general conclusions.  

The condition of the façade for the various systems differs a lot. Hence, it could be that 

another combination of building measures for example in case of a Coignet building is more 

suitable. This has mainly impact on the cost-price of the renovation. In further investigations, 

the price differences for the other construction systems in recovering the façade could be 

compared.  

 



90 
 

Furthermore, in this research night ventilation is assumed. Tenants also play a role in this 

passive cooling method, because they need to open the ventilation supply possibilities during 

night. Are tenants willing to do so? And how aware are they about their influence on the 

indoor air temperature during summertime?  

 

The three elements (façade, glazing and parapet) have been clearly divided to see the 

influence of the several parts on the performance indicators. To reduce the number of 

combinations, the simulations are only performed for the case study apartment, an in-

between apartment. Further research could combine the three elements in a low adaption, 

medium adaption and high adaption scenario. Low adaption would mean, preserving the 

framework of the reclining parts, and only little post-insulation, in line with the high 

temperature scenario. Medium adaption would mean renewal of all necessary parts to include 

insulation, in line with the medium temperature scenarios. High adaption would mean in line 

with the low temperature scenario. In this way, simulations for all housing types in the building 

can be performed while limiting the number of combinations. This would result in a more 

integral approach for the entire building . 

 

In summary, for the retrofitting of high-rise gallery apartment buildings it is concluded that: 

• Not one but several general solutions are suitable. The best solution depends on a 

couple of indicators that are not determined by the construction systems  

• Triple glazing should only be applied when cooling is possible  

• To prevent under heating, low temperature heating should only be applied with a high 

thermal shield  

• Extra care for night ventilation and sun shading is necessary to prevent overheating 

during summertime.  

 

7.3 Limitation of the research  

 

During this research several types of studies have been done: literature study, case study, 

measurements and simulations, however there are still some limitation in the research that 

could influence the results of this research. 

 

1. This research did not include the occupancy behaviour, as was stated in the 

introduction. However, the tenant behaviour has large influence on the demand of a dwelling, 

especially when considering the heating demand of a building. During wintertime the 

connecting walls to the neighbour apartments are simulated with a constant temperature of 

fifteen degrees Celsius. If the occupancy rate of the neighbour tenants is higher than expected, 

the heating demand will decrease. If the occupancy rate is lower than expected, the heating 

demand will increase.   

Because occupancy behaviour was not included, also the under-heating hours were difficult 

to calculate. The level of comfort during wintertime is depending on the time schedule for 

heating used by the tenants. Furthermore, the under-heating hours are also depending on the 

type of system used. To compare the different systems different occupancy rates should be 

included. For low temperature heating it is more efficient to create a more stable indoor 
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temperature instead of decreasing the indoor temperature during night to 16 degrees Celsius. 

2.  Another limitation around the thermal comfort during wintertime was the simulated 

year. It was chosen to simulate the entire year of 2018, in order to give results in line with the 

current temperatures during summertime.  

The research showed that in this case F3G1P3 was often the best solution. This means renewal 

of the balcony side with 100 mm insulation, post-insulation of the gallery side 50 mm 

insulation, 100 mm insulation front-façade and HR++ glazing. For low temperature it could be, 

that a cold winter the comfort levels are not always met. According to the results the 

application of triple HR glazing would solve this. Another should be simulated with different 

heating patterns in order to find out if the indoor temperature during wintertime is meeting 

the comfort guidelines (ATL bottom limit). 

3. In the literature review it was stated that it is very important to compare the 

theoretical values for heating with the actual values. This is for example done by using the 

meter (individual gas meter/electricity meter/ gigajoule meter) information of the case study 

building. However, this information was not available for the district heating system. In this 

study it was therefore not possible to calculate the pre- and (expected) rebound effect.  

4. In this research no detailed investigation has been performed to the application of the 

insulation material and the different possibilities for insulation. In this study the focus was on 

the amount of insulation that is necessary to result in a comfortable indoor temperature 

during summer and low CO2 emissions. Therefore, also no building physical analysis has been 

done, no internal condensation calculations and no calculations/simulations of thermal 

bridges. In drawings extra care is shown to prevent thermal bridges to occur.  

5.  In this research no measures are included to improve the acoustic quality of the 

apartments. This choice was made, because most options which are known are for inside the 

apartment. In this research most options need to be applied outside the dwelling.  

6. In this research assumptions/regulations and expectations have been used from 

literature in order to determine the CO2 emissions of the different fuel sources over time. The 

actual CO2 emissions could differ in the future which could lead to different outcomes of this 

study. This also counts for the availability of alternative heating sources and technology. 

7.  In this research the Energy Index has been used to give information about the total 

energy performance of the apartment. In this EI also the efficiency of the system, the supply 

of hot water and the efficiency of the ventilation system has been included and is therefore a 

guideline for the housing associations. The label that is linked to the EI tells the housing 

association what level of insulation and installations the building has. However, the EI is also 

a very basic calculation were the surface area and height of the total apartment is included, 

but the size of each room and the position of the rooms towards each other is not. Therefore, 

differences could occur about the heating demand of the building, in comparison with the 

detailed simulations that have been done. In 2021 the EI will be replaced by a kWh/m2 norm. 

However, this norm can still differ from the detailed simulations and is also determined by the 

other installation characteristics (more than just heating) and the revival and recovery of 

energy. Calculations have not been done according to the new norm, because the method and 

its corresponding simulation program are not finished yet.  

8. In this research limited steps in the LCA analysis have been selected. It could be 

interesting to perform a total LCA analysis for one of the scenarios.  
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In this further research, the outcomes of this study could be reviewed. Also, the influence of 

transport of parts and building services could be included. 
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Appendix A. Construction systems 

 

A.1 Overview of the systems 

Overview of the most popular systems according to BouwhulpGroep (2013), included are the 

number of livings, demolishing number when known, the main type of livings built  and the 

building methodology. 

 

 Table A.1: Overview of the construction systems in the Netherlands 

Construction 

System 

Built  Building 

period 

Demolished Main Building type High 

rise 

gallery 

flats 

Building 

methodology 

MUWI 36685 1951 -

1973 

<5% Many variantions Yes stacking method 

RBM 32292 1945 - 

1975 

 
Many variations Yes Casting System 

Coignet 31378 1959 - 

1975 

50% Gallery house mid- 

and high-rise 

Yes Large panel 

building 

BMB 30000 1949 - 

1973 

<5% Single-family and 

Portico  

Yes Large panel 

building 

Pronto 17812 1948 - 

1975 

5% Single-family and 

Portico  

No stacking method 

Rottinghuis 17000 1949 - 

1973 

 
Middle rise portico 

and gallery 

Yes Large panel 

building 

Korrelbeton 15322 1949 - 

1970 

 
Portico apartments No Casting System 

VAM 14000 1959 - 

1970 

 
Mid-rise and high-rise 

flats 

No Large panel 

building 

BBB 13118 1948 - 

1973 

 
Many variations Yes stacking method 

Pégé 12000 1956 - 

1975 

15% Single-family houses No stacking method 

Wilma 12579 1960 - 

1975 

20% Gallery houses Yes Casting system 

Smit 10000 1959 - 

1975 

 
Single-family houses No Large panel 

building 

Airey 9975 1949 - 

1968 

25% Single-family and 

Portico  

No stacking method 

ERA 9810 1964 - 

1972 

 
Gallery high-rise flats Yes  Casting System 

EBA 19291 1962 - 

1967 

 
Gallery houses and 

single-family 

Yes Casting system 

Panel um/PLN 8574 1960 - 

1967 

 
Gallery houses Yes Large panel 

building 

Vaneg 7000 1965 - 

1974 

 
Single-family houses No Large panel 

building 

Bakker 5643 1950 - 

1966 

 
Single-family and 

middle rise gallery 

No Stacking 

method 

Welchsen 5602 1947 - 

1955 

 
Single Fammily and 

Portico 

No Large panel 

building 

B-G 5581 1960 - 

1975 

 
Bungalows and 

detached houses 

No Light panel 

building 

Tramonta 4845 1951 - 

1960 

 
Single-family and 

Portico  

No Large panel 

building 
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A.2 Drawings: BMB, Coignet, EBA and ERA 

 

 A.2.1 Baksteen Montage Bouw 
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 Wet areas 
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A.2.2 Coignet 
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A.2.3 EBA 
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A..2.4 ERA 
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Appendix B. Case study Rudolf Garrelsflat 

 

B.1 Drawings 

 

 
Figure B.1: Vertical details case study current situation, floor map cut at 500 mm;;  

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie)

1 

2 

3 
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1: Connection front 

façade with 

gallery/balcony 
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2: Cavity wall 

balcony side  

3: Connection 

cavity wall and 

gallery 

 

4: Balcony side 

cavity wall and 

single glazing 

(original 

situation) 
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B.2 Construction 

 

B.2.1 Framework 

 
Figure B.2: Windows living room, divided in type of glazing (own picture); 

 

 
Figure B.3: Windows main bedroom, divided in type of glazing (own picture); 

     
Figure B.4: Windows smaller bedrooms a) second largest bedroom;   b) smallest bedroom (own pictures); 
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Figure B.5: a) Double glazing no crack seal;  b) single glazing, dust on the window  (Own pictures); 

 

 

    
Figure B.6: a) Plastic framework, crack sealing and single glazing   b) window bedroom (own picture); 

 

 

B.3 Installations 

 

B.3.1 Heating 

 

            
Figure B.7: a) Delivery set district heating; b) Individual metering;  c) Room thermostat (own pictures);  
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Table B.1: capacity radiators high temperature heating 

Zone Function Radiator 

height 

Radiator 

width 

Surface Type Capacity 

radiator 

1 Living room 0,4 2 0,8 33 3433 

2 Main bedroom 0,5 2 1 22 3062 

3 smallest 

bedroom 

0,6 0,6 0,36 22 1102 

4 Second largest 

bedroom 

0,6 1,4 0,84 22 2572 

5 Play hall 0 0 0 - - 

6 Wet areas 0,9 0,8 0,72 22 2204 

7 Kitchen 0,6 1,2 0,72 22 2204 

8 Hall 0 0 0 - - 

 

B.3.2 Ventilation  

     
         Figure B.8: Ventilation grilles a) Kitchen;   b) Bathroom (Own pictures); 

 

            
    Figure B.9: Roof ventilators a) ventilation;   b) per two shunt channels 
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Figure B.10: Tilt window in main bedroom (Own picture);  

 

 
Figure B.11: Ventilation grills integrated in windows in smaller bedrooms (own picture);  
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Appendix C. Validation of the model 

 

Measurements and simulations performed by Femke Spitteler 

  

C.1 Measurement methodology  

 

The methodology of the information brochure ‘Meten van het binnenklimaat’ has been used 

for the measurements of the temperature and the relative humidity and will be used in this 

appendix to explain the measurement method.  

 

Step 1: Why do want to know something? 

For the high-rise apartment buildings from the 1960s – 1970s it is known that overheating 

might occur during summertime. Furthermore, due to bad ventilation the relative humidity 

indoors becomes too high. Therefore, for future scenarios the indoor climate is simulated. In 

order to validate the simulations, the current situation is measured and compared with the 

simulation data.  

 

Step 2: Collecting general information about the location/situation? 

The location is a BMB flat in Purmerend Wheermolen Oost, in an empty apartment. 

Information about the building and the apartment are discussed in Appendix B. Case study 

Rudolf Garrelsflat. 

 

Step 3: What do you want to measure? 

The indoor air temperature and the relative humidity during summer period are the targeted 

measurements. 

 

Step 4: Where needs to be measured? 

As mentioned above, the measurements are performed in an empty apartment. The first 

measurement location is the living room, situated at the south-east side of the building. The 

second location is the main bedroom, situated at the north-west side of the building. The 

measurements are done conform the mean condition in a space, which means that the 

location has been such that no external element could influence the measurement 

equipment.  

 

Step 5: What is the best measurement method? 

For the measurement three tools have been used. The first one being two transmitters (Eltek), 

which measure the temperature and the relative humidity. The second a data logger, which 

received the data every ten minutes from the two transmitters. Thirdly, a CO2 sensor 

(SenseAir) coupled with a transmitter. The CO2 value was included during the measurements 

but hasn’t been further elaborated.  
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Step 6: Process and interpret results 

The measurements and simulations are compared in mat lab. In order to analyse the data, the 

same time step was needed as the simulation. Therefore, the data is translated to a value per 

hour. The results are shown in C.3 Measurements versus Simulations.  

 

Step 7: Action 

The actions are described in the main report 

 

 
Figure B.12: Measurement set up empty apartment; 

 

   
Figure B.13: a) measurement equipment;   b) measurement set up living room; 
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C.2 Simulation script 

 

C.2.1 Hambase  

 
%STARTEXAMPLE1   

% ------------------------------------------------------------------------ 

%             HAMBASE 

% 

% HEAT And Moisture Building And Systems Evaluation 

% ------------------------------------------------------------------------- 

% BUILDINGref 

%  

% Example input file to specify the building, profiles, systems are off   

% The name of this m-file can be changed at wish. 

% feb 2009 

  

clear all 

close all 

  

  

  

% ------------------------------------------------------------------------------ 

%  PART 1 : THE CALCULATION PERIOD 

% ------------------------------------------------------------------------- 

  

% The available climate data of De Bilt are of the years 1971 till 2000. If the 

% climate files of a different location are used the name and format must be 

% adapted and the geographical coordinates must be changed (in InClimate-file). 

% As an average year can be considered 1 May 1974 till 30 April 1975. 

% A cold winter (242 days) started 1 September 1978. 

% A hot summer (123 days) started 1 May 1976. 

% 9 hot days started at 1 July 1976 and 9 cold days started at 30 December 1978. 

  

%  

% FORMAT BAS.Period=[yr,month,day,ndays] 

% 

% yr        = start year 

% month     = start 

% month day = start day 

% ndays     = number of days simulated 

  

BAS.Period=[2019,1,1,258]; 

%BAS.Period=[1981,11,15,20]; 

%BAS.Period=[1976,5,1,224]; 

  

% If BAS.DSTime=1 the EU daylight-savings time is taken into account. It starts on the 

% last Sunday of March and ends on the last Sunday of October (the total 

% duration is 30 or 31 weeks). If there is no daylight-savings period BAS.DSTime=0 

% If the daylight-savings period is different from the EU the starting and ending days 

% must be given: 

% BAS.DSTime(1,:)=[year,starting month,day,ending month,day]; 

% BAS.DSTime(2,:)=[year+1,starting month,day,ending month,day]; etc. 

  

%BAS.DSTime(1,:)=[1987,4,28,4,29]; 

%BAS.DSTime(2,:)=[1988,4,3,4,3]; 

BAS.DSTime=1; 

  

% ------------------------------------------------------------------------- --- 

% PART 2 : THE BUILDING  

% ------------------------------------------------------------------------- --- 

  

%   ZONES NUMBERS [-] & VOLUMES [m3] 

% 

% A zone consist of a room or several adjacent rooms with oubout the same  

% temperature and relative humidity and the same climate control e.g. a dwelling 

% might have three zones: the ground floor (living room etc), the first floor 

% (sleeping) and the attic (not heated). There is however no restriction in the 

% number of zones that can be simulated. Example: three zones: BAS.Vol{1}=..; 

% BAS.Vol{2}=..; BAS.Vol{3}=.. If alone 2: use '%' for 1 and 3 so only 

% BAS.Vol{2} remains. 

% 

% FORMAT BAS.Vol{zonenumber}=volume (m3); 

BAS.Vol{1}= 64.51; 

BAS.Vol{2}=33.09; 
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BAS.Vol{3}= 17.04; 

BAS.Vol{4}= 22.51; 

BAS.Vol{5}= 17.42; 

BAS.Vol{6}= 15.12; 

BAS.Vol{7}= 21.55; 

BAS.Vol{8}= 13.92; 

  

% ** CONSTRUCTION COMPONENTS DATA ** 

% 

% A construction component usually consists of different layers. The order of 

% the input of the properties of these layers is standard from indoors to 

% outdoors and for construction components between zones from the zone with the 

% lowest zone-number to the highest so: 1->2,1->3,2->3etc..  The material 

% properties of the component layer are inserted by a material ID-number. By 

% typing 'help matpropf' a list of materials appear with a material ID-number. 

% Also each different construction component gets a different construction 

% ID-number: conID=1,2,.... 

% 

% FORMAT BAS.Con{conID}=[Ri,d1,matID,...,dn,matID,Re,ab,eb]. 

% dn    = material layer thickness [m] 

% matn = material ID-number. 

% Ri = internal surface heat transfer resistance (for example Ri=0.13) [Km2/W] 

% Re = surface heat transfer resistance at the opposite site (for example Re=0.04) [Km2/W] 

% ab = external solar radiation absorption coefficient [-] e.g.light ab=0.4, dark ab=0.9. 

% eb = external longwave emmisivity [-]. Almost always: eb=0.9 

  

% BAS.Con{conID}=[Ri,  d1,matID,...         ,                               dn,matID,  Re,   ab,   

eb]. 

BAS.Con{1} =  [0.13,    0.190,311,  0.050,002,  0.100,238,              0.04,   0.9,    0.9]; 

BAS.Con{2} =  [0.13,    0.010,381,  0.090,311,  0.010,381,                          0.13,   0.5,    

0.9];        

BAS.Con{3} =  [0.13,    0.010,381   0.180,311,  0.010,381,                          0.13,   0.5,    

0.9]; 

BAS.Con{4} =  [0.13,    0.010,381,  0.090,311,  0.010,261                                       0.13,   

0.5,    0.9]; 

BAS.Con{5} =  [0.13,    0.072,587                                                   0.04,   0.9,    

0.9]; 

BAS.Con{6} =  [0.13,    0.080,370,  0.200,311,  0.070,503,  0.080,518,      0.04,   0.13,   0.9]; 

BAS.Con{7} =  [0.13,    0.080,518,  0.070,503,  0.200,311,  0.080,370                       0.13,       

0.9,    0.9]; 

BAS.Con{8} =  [0.13,    0.015,262,  0.200,312,  0.050,456,  0.050,312,              1,      0.9,    

0.9]; 

BAS.Con{9} =  [0.17,    0.050,365,  0.370,316,  0.480,002,  0.020,512,              0.1,    0.6,    

0.9]; 

BAS.Con{10}=    [0.17,  0.010,366,  0.200,312,  0.015,262,                              0.1,    

0.6,    0.9]; 

BAS.Con{11}=  [0.13,    0.040,501,                                                              0.04,   

0.8,    0.9]; 

BAS.Con{12}=  [0.13,    0.040,505,                                                              0.13,   

0.6,    0.9]; 

  

  

% Commments 

% 1:  gravelconcrete, cavity, brick (external wall) 

% 2:  plaster,concrete,plaster (internal wall) 

% 3:  plaster, concrete, plaster (internal wall load bearing) 

% 4:  plaster, concrete, tiles (internal wall between wet areas) 

% 5:  Trespa panel (external wall) 

% 6:  roof construction = same as floor construction 

% 7:  floor construction = same as floor construction 

% 8:  floor construction = not used e.g. only one floor apartment  

% 9:  plaster, system floor, air gap, medium hardboard (not used) 

% 10: floor between zones (not used) 

% 11: exterior door 

% 12: interior door  

  

% ** GLAZING SYSTEMS DATA** 

%  

% The solar gain factor of glazing depends on the incident angle of the solar 

% radiation. The properties below are independent of this angle but if one wants 

% to account for the incident angle this can be done with the shadow section 

% (below). Each different glazing system gets an ID-number: glaID=1,2,. 

% 

% FORMAT BAS.Glas{glaID}=[Uglas,CFr,ZTA,ZTAw,CFrw,Uglasw] 

% 

% Uglas = U-value without sunblinds  [W/m2K] 

% CFr   = convection factor without blinds [-] 
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% ZTA   = Solar gain factor [-] without blinds 

% ZTAw  = Solar gain factor [-] with blinds 

% CFrw  = convection factor with blinds [-] 

% Uglasw = U-value with blinds  [W/m2K] 

% 

%BAS.Glas{glaID}=[Uglas,    CFr,        ZTA,        ZTAw,       CFrw,   Uglasw] 

BAS.Glas{1}=        [5.7,       0.01,       0.60,      0.60,      0.01,         5.9 ]; 

BAS.Glas{2}=        [2.8,       0.02,       0.60,       0.60,       0.01,       2.9     ]; 

BAS.Glas{3}=        [1.8,       0.03,       0.60,       0.60,       0.03,       1.8     ]; 

  

% Comments 

% Glazing 1  Single glazing 

% Glazing 2  Double glazing 

% Glazing 3  HR++ glazing 

  

  

% ** ORIENTATIONS ** 

% 

% For each surface of the building envelope (exterior walls) the tilt and the 

% orientation with respect to the south has to be known. Each different 

% orientation gets a different orientation-ID-numbernumber: orID. 

% 

% FORMAT  BAS.Or{orID}=[beta gamma] 

% beta  = tilt (vertical=90,horizontal=0) 

% gamma = azimuth (east=-90, west=90, south=0, north=180) 

% 

%BAS.Or{orID}=[beta,    gamma]; 

BAS.Or{1}= [90.0,       135.0   ]; %north west wall  

BAS.Or{2}= [90.0,       -45.0   ]; %south east wall 

BAS.Or{3}= [45.0,       135.0   ];  

BAS.Or{4}= [90.0,       0.0 ];      % south wall 

BAS.Or{5}= [0.0,        0.0 ];      % horizontal roof 

BAS.Or{4}= [90.0,       225 ];      %North east wall  

BAS.Or{5}= [90.0,       45  ];      % South east wall 

  

% **SHADOWING DATA** 

% 

% For each vertical window the shadow by exterior obstacles can be accounted 

% for. The obstacles can have any combination of blocks, cylinders and spheres, 

% provided some limitations regarding the positioning: The position of the 

% blocks is such that two planes are horizontal, two vertical and perpendicular 

% to the window pane and two parallel. The axis of the cylinder must be 

% vertical. E.g. a tree is a cylinder and a sphere. If two equal windows with 

% the same orientation and zone have a different shadow they cannot be added to 

% one window (with the sum of the surface areas) anymore. Each shadow situation 

% gets a shadow ID-number:shaID. 

% 

% FORMAT BAS.shad{shaID}= [ 

% typenr, size1, size2, size3, x, y, z, extra; 

% ......,......,......,......,..,..,..,......; 

% typenr, size1, size2, size3, x, y, z, extra; 

% typenr, size1, size2, size3, x, y, z, extra;] 

% 

% x,y,z are Cartesian coordinates where z is vertical and x is horizontal and 

% perpendicular to the window plane. Left means left when facing the window from 

% outside. The sizes are always positive numbers. 

% 

% typenr=1 (window):size1=depth (=distance glazing to exterior surface), size2= 

%   width, size3=height of the window 

%   [x,y,z] = the coordinates of the lowest window corner at the left side 

%   extra   = elevation-angle of the horizon in degrees to account for far-away 

%   obstacles. 

% typenr=2 (block):size1= width(in x-direction),size2=length(in y-direction), 

%   size3=height(in z-direction) 

%   x,y,z] coordinates of the left block corner closest to the window 

%   extra= solar transmission 

%   factor (0 opaque)  

% typenr=3 (tree):size1=radius crown,size2=radius trunk (e.g.1/20*radius crown), 

%   size3=height center of crown 

%   [x,y,z]: coordinates of the bottom of trunk. 

%   extra=solar transmission factor of crown (0 opaque). In winter(120<iday< 304) 

%   this is higher than in summer. e.g. winter extra=0.8, summer extra=0.35 

% typenr =4 input for incident angle dependency of transmittivity of glazing. 

%   Perpendicular (angle=0) always 1 and for 90 degrees (parallel) always 0. So 

%   there is no need for an input for these angles! First row [4, incident 

%   angle1,.,incident angle7], second row [5, transmittivity1,.,transmittivity7]  

% 
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% Example input 

% 

BAS.shad{1}=[ 

       1    0.04    0.6    1.4      0.0       3.20           0.6     0;... 

        2    1.450    3.950   0.200    0   0.200         2.610     0;... 

        2    0.9900    0.200   2.610    0   0         0     0;... 

        2    0.990    0.200   2.610    0   4.15         0     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

  

BAS.shad{2}=[ 

       1    0.04    1.5   1.4      0.0       1.70           0.6     0;...  

             2    1.450    3.950   0.200    0   0.200         2.610     0;... 

        2    0.990    0.200   2.610    0   0         0     0;... 

        2    0.990    0.200   2.610    0   4.15         0     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

  

BAS.shad{3}=[ 

       1    0.04    1.42   1.4      0.0       0.20           0.6     0;...  

             2    1.450    3.950   0.200    0   0.200         2.610     0;... 

        2    0.9900    0.200   2.610    0   0         0     0;... 

        2    0.9900    0.200   2.610    0   4.15         0     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

  

BAS.shad{4}=[ 

       1    0.04    3.62   0.4      0.0       0.20           2.0     0;...  

             2    1.450    3.950   0.200    0   0.200         2.610     0;... 

        2    0.990    0.200   2.610    0   0         0     0;... 

        2    0.990    0.200   2.610    0   4.15         0     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

     

BAS.shad{5}=[ 

       1    0.04    1.72   0.3      0.0       9.55         2.08     0;...  

             2    1.350    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

     

 BAS.shad{6}=[ 

       1    0.04    0.6   1.22      0.0       9.55         0.86     0;...  

             2    1.450    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

     

  BAS.shad{7}=[ 

       1    0.04    1.1   1.22      0.0       8.45         0.86     0;...  

             2    1.350    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

  

  BAS.shad{8}=[ 

       1    0.04    1.55   2.58      0.0       6.70         0.00     0;...  

             2    1.350    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

     

    BAS.shad{9}=[ 

       1    0.04    2.40   0.40      0.0       5.60         2.00     0;...  

             2    1.350    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4]; 

   

  BAS.shad{10}=[ 

       1    0.04    0.60   1.25      0.0       5.60         0.73     0;...  

             2    1.350    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4];    

     

  BAS.shad{11}=[ 

       1    0.04    1.80   1.25      0.0       5.00         0.73     0;...  

             2    1.350    16.000   0.200    0   0.200         2.610     0;... 

        4 0 10 20 30  50 60 90;... 

        5 1 0.9 0.8 0.7 0.6 0.5 0.4];       

     

% Changing below '0' into '1' below, gives a drawing of the 
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% obstacle geometry for ShaID. 

if 1==1  

    shaID=6; 

    figure(1) 

    shaddrawf1101(BAS.shad,shaID); 

end 

  

% ------------------------------------------------------------------------------ 

% A building is an assembly of different construction components. The input here 

% is about the seize, place in the building and ID of these different components 

% (for convenience called walls and windows i.e. also if doors, floors or roofs are meant). 

% They are divided into 5 groups: 

% I.   Constructions separating a zone from the exterior climate: EXTERNAL WALLS 

% II.  Windows in external walls I 

% III. Constructions separating a zone from an environment with a constant 

%   temperature e.g. the ground: CONSTANT TEMPERATURE WALLS 

% IV.  Constructions separating a zone from an environment with the same 

%   conditions: ADIABATIC EXTERNAL WALLS  

% V.   Constructions between and in zones: INTERNAL WALLS 

% For external walls and constant temperature walls the heat loss by thermal 

% bridges can be accounted for if the extra steady state heat loss in Watt per 1K 

% temperature difference across these bridges is known. These values can be 

% obtained by thermal bridge software or a approximate methods. Use '0' if not 

% known. 

% ------------------------------------------------------------------------- 

  

% I. EXTERNAL WALLS 

% 

% For each wall ID-number exID=1,2,... 

% 

% FORMAT BAS.wallex{exID} = [zonenr,surf,conID,orID,bridge]; 

% zonenr    = select zone number from ZONES section 

% surf      = total surface area[m2] including the windows surface area. 

% conID = select construction ID-number from CONSTRUCTION section. 

% orID  = select orientation ID-number from ORIENTATIONS section 

% bridge= the heat loss in W/K of the thermal bridges (choose 0 if unknown) 

  

%BAS.wallex{exID}=  [zonenr, surf, conID,   orID,   bridge] 

BAS.wallex{1} =         [1,      0.9,    1,         2,    0];   

BAS.wallex{2} =         [1,      9.3,    5,         2,    0]; 

BAS.wallex{3} =         [2,      3.6,    1,         1,    0]; 

BAS.wallex{4} =         [2,      6.8,    5,         1,    0]; 

BAS.wallex{5} =         [3,      4.8,    1,         2,    0]; 

BAS.wallex{6} =         [4,      5.0,    1,         2,    0]; 

BAS.wallex{7} =         [7,      6.2,    5,         1,    0]; 

BAS.wallex{8} =         [8,      4.0,    1,         1,    0]; 

  

  

  

% II. WINDOWS IN EXTERNAL WALLS 

% 

% Each external wall can have one or more windows. The surface area is the area 

% of the transparent part. If the surface is curved the effective area for solar 

% radiation is needed. The U-value must be increased in such a way that the 

% heat loss per 1K temperature difference equals the one for the curved glazing, 

% e.g. a glazed dome in a flat roof has an orientation with tilt=0, surface 

% area=pi*r^2 and U-value=Uglazing*2*pi*r^2/pi*r^2. 

% If a wall has 100% glazing use an EXTERNAL WALL that is slightly larger than 

% the window area. Each window gets an ID-number winID=1,2,... 

% 

% FORMAT window{winID} = [exID, surf,glaID, shaID]; 

% exID  = select external construction ID-number from CONSTRUCTIONS section 

% surf   = surface area of the glazing [m2] 

% glaID  = select glass ID-number from GLAZING section 

% shaID  = select ID-number of shadow from SHADOW section, no shadow: shaID=0 

  

%BAS.window{winID}= [exID,    surf, glaID,   shaID] 

BAS.window{1} =         [2,             1.4,    1,        4];   

BAS.window{2} =         [2,             2.1,    1,        2];    

BAS.window{3} =         [7,             0.5,    1,        5];   

BAS.window{4} =         [7,             0.7,    1,        6];  

BAS.window{5} =         [4,             2.3,    2,        11]; 

BAS.window{6} =         [6,             2.3,    1,         0]; 

BAS.window{7} =         [5,             1.2,    1,         0];   

BAS.window{8} =         [8,             2.9,    1,         8]; 

BAS.window{9} =         [2,             2.0,    1,        3];   

BAS.window{10} =        [2,             0.8,    1,        1];  
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BAS.window{11} =        [7,             1.3,    2,        7];  

BAS.window{12} =         [4,            1.0,    1,        9]; 

BAS.window{13} =         [4,            0.7,    1,        10]; 

  

% III. CONSTANT TEMPERATURE WALLS 

% 

%  Each constant temperature wall gets an ID: i0ID=1,2,... 

% 

% FORMAT walli0{i0ID} = [zonenr, surf, conID ,temp]; 

% zonenr    = select zone number from ZONES section 

% surf      = total surface area [m2] 

% conID     = select construction ID-number from CONSTRUCTION section. 

% temp      = constant temperature [oC],e.g ground = '10'  

% bridge   = the heat loss in W/K of the thermal bridges (0 if unknown) 

  

%BAS.walli0{i0ID}=  [zonenr, surf,   conID,         temp,    bridge] 

BAS.walli0{1} =         [1,     0,      7,          10.0,        0]; 

BAS.walli0{2} =         [1,     0,      7,          10.0,        0]; 

  

% IV ADIABATIC EXTERNAL WALLS 

% 

% Each adiabatic wall gets an ID: iaID=1,2,...  

% 

% FORMAT wallia{iaID} = [zonenr,surf,conID]; 

% zonenr    = select zone number from ZONES section 

% surf      = total surface area in m2 

% conID = select construction ID-number from CONSTRUCTION section.   

  

%BAS.wallia{iaID}=  [zonenr, surf,      conID] 

BAS.wallia{1} =         [1,      16.3,  3   ];  

BAS.wallia{2} =         [7,      9.0,   3   ];  

BAS.wallia{3} =         [2,      8.2,   3   ];  

BAS.wallia{4} =         [4,      11.7,  3   ];  

BAS.wallia{5} =         [6,      7.0,   4  ];  

BAS.wallia{6}=          [1,      25,    6]; 

BAS.wallia{7}=          [1,      25,    7]; 

BAS.wallia{8}=          [2,      12.8,  6]; 

BAS.wallia{9}=          [2,      12.8,  7]; 

BAS.wallia{10}=         [3,      6.6,   6]; 

BAS.wallia{11}=         [3,     6.6,    7]; 

BAS.wallia{12}=         [4,     8.7,    6]; 

BAS.wallia{13}=         [4,     8.7,    7]; 

BAS.wallia{14}=         [5,     6.8,    6]; 

BAS.wallia{15}=         [5,     6.8,    7]; 

BAS.wallia{16}=         [6,     5.9,    6]; 

BAS.wallia{17}=         [6,     5.9,    7]; 

BAS.wallia{18}=         [7,     8.4,    6]; 

BAS.wallia{19}=         [7,     8.4,    7]; 

BAS.wallia{20}=         [8,     5.4,    6]; 

BAS.wallia{21}=         [8,     5.4,    7]; 

  

% V. INTERNAL WALLS BETWEEN AND IN ZONES 

% 

% Also here all different internal walls get an ID-number: inID.  

% If there are 3 different walls (or floors) between zonenr1 and zonenr2, the 

% input is BAS.wallin{1}=[1,2,...  t/m BAS.wallin{3}=[1,2,.... If the 4th 

% construction is completely in zonenr2 the input is consequently: 

% BAS.wallin{4}=[2,2,... The first layer (Ri) of the construction component is 

% in the zone that comes first. If instead BAS.wallin{3}=[2,1,.... is used the 

% construction is reversed and Ri is in zonenr2. The surface area is the surface 

% area of one side of the wall also for walls that are completely in the same 

% zone. 

% 

% FORMAT wallin{inID} = [zonenr1,zonenr2,surf,conID]; 

% zonenr1   = select zone number from ZONES section 

% zonenr2   = select zone number from ZONES section 

% surf      = total surface area [m2] 

% conID     = select construction number from CONSTRUCTION section.   

  

%BAS.wallin{inID}=  [zonenr1,   zonenr2,    surf,       conID   ] 

BAS.wallin{1} =     [1,     3,      6.9,       3]; 

BAS.wallin{2}=     [1,     5,      9.2,        3]; 

BAS.wallin{3}=     [1,     7,      6.2,         12]; 

BAS.wallin{4}=     [1,     8,      4.0,         2]; 

BAS.wallin{5}=     [3,     5,      4.6,        2]; 

BAS.wallin{6}=     [3,     4,      9.2,        2]; 

BAS.wallin{7}=     [4,     5,      2.3,        2]; 
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BAS.wallin{8}=     [4,     6,      5.4,        4]; 

BAS.wallin{9}=     [5,     2,      4.9,        2]; 

BAS.wallin{10}=    [2,     6,      5.2,         4]; 

BAS.wallin{11}=    [2,     8,      8.2,        3]; 

BAS.wallin{12}=    [8,     7,      9.0,        2]; 

BAS.wallin{13}=    [5,     6,      7.2,        4]; 

  

  

  

  

%-------------------------------------------------------------------------- -- 

% PART 3 : profiles for internal sources, ventilation, sunblinds and free 

% cooling 

% ------------------------------------------------------------------------- --- 

% 

% 

% **PROFILES** 

% 

% Profiles are related to the use of a zone: office, living room, school etc 

% Each day of a week can have a different profile e.g. weekends are different. 

% Here the profiles are defined and given an ID-number; proID. 

% For each day up to 24 different periods can be defined with different data. period1: 

% start time = hrnr1 and end time = hrnr2; period2: start time = hrnr2 and end 

% time = hrnr3; last period: the hours that are left on the same day.  

% for example [1,8,18] means period1: 1h till 8h, period2: 8h till 18h, period 3: 

% 24h(==0h) till 1h and 18h till 24h. (3 periods are often used). 

% The inserted hours are the clock time.  

% The profile allows for free cooling i.e. above a certain threshold Tfc (oC) 

% the ventilation is increased from vvmin to vvmax: e.g. vvmax=3*vvmin. So if 

% vvmin=vvmax there is no free cooling. The temperature Tfc is also used for the 

% control of blinds: if the solar irradiance on the window is higher than Ers 

% and the indoor temperature higher than Tfc the blinds will be down. This means 

% that if there is no free cooling the temperature Tfc is still necessary for 

% the control of blinds. Ers is the same for all zones. A number often 

% encountered for Ers is 300W/m2. 

% 

% BAS.Ers{proID}     = irradiance level for sun blinds [W/m2] 

% BAS.dayper{proID} = [hrnr1,hrnr2,hrnr3], the starting time of a new period 

% BAS.vvmin{proID} = [.  .  . ], the ventilation ACR [1/hr], for each period 

% BAS.vvmax{proID}  = [.  .  . ], the ventilation ACR [1/hr] in case free cooling 

% BAS.Tfc{proID}    = [.  .  . ], treshold [oC] for free cooling, for each period 

% BAS.Tsetmin{proID}= [.  .  . ], setpoint [oC] switch for heating, (in case of 

%   no heating choose -100) 

% BAS.Tsetmax{proID} = [.  .  . ], setpoint [oC] switch for cooling, (in case 

%   of no cooling choose  100) 

% BAS.Qint{proID}   = [.  .  . ], internal heat gains [W] 

% BAS.Gint{proID}   = [.  .  . ], moisture gains [kg/s] 

% BAS.RVmin{proID}  = [.  .  . ], setpoint [%] switch for humidification,(in case of no 

%   humidifcation choose -1) 

% BAS.RVmax{proID}  = [.  .  . ], setpoint [%] switch for dehumidification,(in case 

%   of no dehumidifcation choose 101) 

  

% proID=1 

BAS.Ers{1} =2000; 

BAS.dayper{1}=      [   0,          8,      18  ]; 

BAS.vvmin{1}=       [   0.2,        0.2,        0.2     ];   

BAS.vvmax{1}=       [1.0,   1.0,    1.0 ];  

BAS.Tfc{1}=     [   100,    100,     100    ]; 

BAS.Qint{1}=        [   0,      0,      0]; 

BAS.Gint{1}=        [   0,      0,  0       ]; 

BAS.Tsetmin{1}= [   16,  16,    16  ]; 

BAS.Tsetmax{1}= [   100,    100,     100    ];  

BAS.RVmin{1}=       [   -1,     -1,     -1      ]; 

BAS.RVmax{1}=       [   101,    101,    101     ]; 

  

%proID=2 

BAS.Ers{2}=2000; 

BAS.dayper{2}=  [   0,      8,      18  ]; 

BAS.vvmin{2}=       [   1.0,        1.0,        1.0     ]; 

BAS.vvmax{2}=       [   1.0,        1.0,        1.0         ]; 

BAS.Tfc{2}=     [   100,    100,    100 ]; 

BAS.Qint{2}=        [   0,      184.5,  0   ]; 

BAS.Gint{2}=        [   0,      5.5e-6, 0   ]; 

BAS.Tsetmin{2}= [   16,  16,    16]; 

BAS.Tsetmax{2}= [   100,    100,     100];  

BAS.RVmin{2}=       [   -1,     -1,     -1  ]; 

BAS.RVmax{2}=       [   100,    100,    100 ]; 
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%proID=3 

BAS.Ers{3} =2000; 

BAS.dayper{3}=      [   0,          8,      18  ]; 

BAS.vvmin{3}=       [   1.0,        1.0,        1.0         ];  

BAS.vvmax{3}=       [   1.0,        1.0,        1.0         ];  

BAS.Tfc{3}=     [   100,    100,     100    ]; 

BAS.Qint{3}=        [   0,      0,      0   ]; 

BAS.Gint{3}=        [   0,      0,  0   ]; 

BAS.Tsetmin{3}= [   16,  16,    16  ]; 

BAS.Tsetmax{3}= [   100,    100,     100    ];  

BAS.RVmin{3}=       [   -1,     -1,     -1      ]; 

BAS.RVmax{3}=       [   101,    101,    101     ]; 

  

  

% THE PROFILES OF THE BUILDING 

% 

% FORMAT BAS.weekfun{zonenr} = [upnrmon, upnrtue, upnrwed, upnrthu, upnrfri, 

% upnrsat, upnrsun] 

% for each zone n=1.. number of zones,  select profiles ID-numbers for each 

% day 

% upnrmon = select profile ID-numbers for Monday from PROFILES 

% upnrtue = select profile ID-numbers for Tuesday from PROFILES 

% upnrwed = select profile ID-numbers for Wednesday from PROFILES 

% upnrthu = select profile ID-numbers for Thursday from PROFILES 

% upnrfri = select profile ID-numbers for Friday from PROFILES 

% upnrsat = select profile ID-numbers for Saturday from PROFILES 

% upnrsun = select profile ID-numbers for Sunday from PROFILES 

% 

% BAS.weekfun{zonenr} =[upnrmon,    upnrtue,    upnrwed,    upnrthu, upnrfri, upnrsat,  upnrsun] 

BAS.weekfun{1}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{2}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{3}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{4}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{5}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{6}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{7}=         [1,         1,      1,          1,          1,          1,          1]; 

BAS.weekfun{8}=         [1,         1,      1,          1,          1,          1,          1]; 

  

%-------------------------------------------------------------------------- -- 

% PART 4 : Heating, cooling, humidification, dehumidification  

% ------------------------------------------------------------------------- --- 

  

% If the maximum heating capacity is known then that value can be used. If it is 

% unknown  the value '-1' means an infinite capacity. The value '-2' can be used 

% for a reasonable estimate of the maximum heating capacity. Cooling and dehumification  

% are negative! If there is no cooling the dehumidification capacity is '0'. 

% For each zone :  

% 

% FORMAT BAS.Plant{zonenr}=[heating capacity [W], cooling capacity [W], 

%  humidification capacity [kg/s],dehumidification capacity [kg/s]]; 

  

BAS.Plant{1}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{2}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{3}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{4}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{5}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{6}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{7}=[2000,-2000,0.001,-0.001]; 

BAS.Plant{8}=[2000,-2000,0.001,-0.001]; 

  

% The simulation program treats radiant heat and convective heat differently. 

% For each zone: 

% 

% FORMAT BAS.convfac{zonenr}=[CFh, CFset, CFint ]; 

% CFh =Convection factor of the heating system: air heating CFh=1,  

%       radiators CFh=0.8 floor heating CFh=0.5, cooling usually CFh=1 

% CFset= Factor that determines whether the temperature control is on the air 

% temperature (CFset=1), or comforttemperature (CFset=0.6),Tset=CFset*Ta+(1-CFset)*Tr 

%    

% CFint= is the convection factor of the casual gains (usually CFint=0.5) 

  

BAS.convfac{1}=[0.8, 1, 0.5 ]; 

BAS.convfac{2}=[0.8, 1, 0.5 ]; 

BAS.convfac{3}=[0.8, 1, 0.5 ]; 

BAS.convfac{4}=[0.8, 1, 0.5 ]; 
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BAS.convfac{5}=[0.8, 1, 0.5 ]; 

BAS.convfac{6}=[0.8, 1, 0.5 ]; 

BAS.convfac{7}=[0.8, 1, 0.5 ]; 

BAS.convfac{8}=[0.8, 1, 0.5 ]; 

  

% If a heat recovery from ventilation air is used the effective temperature 

% efficiency 'etaww' and the maximum indoor air temperature 'Twws' above which 

% the  heat exchanger will be by-passed must be known. In summer with cooling 

% conditions this temperature is used to switch the exchanger on, e.g Twws=22oC  

% 

% FORMAT BAS.heatexch{zonenr}=[etaww, Twws]; 

  

BAS.heatexch{1}=[0 40]; 

BAS.heatexch{2}=[0 40]; 

BAS.heatexch{3}=[0 40]; 

BAS.heatexch{4}=[0 40]; 

BAS.heatexch{5}=[0 40]; 

BAS.heatexch{6}=[0 40]; 

BAS.heatexch{7}=[0 40]; 

BAS.heatexch{8}=[0 40]; 

  

% Real rooms are furnished. Furnishings are important for moisture storage. 

% Moisture is released dependent on the change in relative humidity. Especially 

% in zones with a lot of paper or textiles this can easily outweigh the moisture 

% storage of the building. A value of '1' means that about the same amount is 

% stored as in the air that fills the volume of the zone. The heat storage of 

% furnishings is less important but by absorbing solar radiation and releasing 

% that directly to the indoor air more solar energy is released in a convective 

% way. A value for the convective fraction of 0.2 can be considered as 

% reasonable.  For each zone: 

% 

% FORMAT BAS.furnishings{zonenr}=[fbv, CFfbi]; 

% fbv = Moisture storage factor 

% CFfbi= The convection factor for the solar radiation due to furnishings. 

  

BAS.furnishings{1}=[0, 0.2]; 

BAS.furnishings{2}=[0, 0.2]; 

BAS.furnishings{3}=[0, 0.2]; 

BAS.furnishings{4}=[0, 0.2]; 

BAS.furnishings{5}=[0, 0.2]; 

BAS.furnishings{6}=[0, 0.2]; 

BAS.furnishings{7}=[0, 0.2]; 

BAS.furnishings{8}=[0, 0.2]; 

  

% ------------------------------------------------------------------------- 

% PART 2 : THE BUILDING 

% ------------------------------------------------------------------------- 

  

  

% Extra input for infiltration, shadow etc can be inserted in Inputextra. 

% Without this m.file no extras are used 

%Inputextra11a 

  

% The input is now completely stored in the structured array BAS. By typing 

% BAS in the command window, this input can be checked and changed 

% At the end of Inputextra a function is called for that changes the input 

% BAS to an input the simulation program WAVO needs: 

  

[Control,Profiles,Meteo,Building,Elan]=Bastrans11a(BAS); 

  

[Output,Control,Elan]=Hambasex11a(Control,Profiles,Meteo,Building,Elan); 

  

Hamoutput11a 

  

Output1 = Output; 

save Output1 

  

mtdate1 = date; 

save mtdate 

  

buitentempA = buitentemp; 

save buitentempA 
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C.2.2 Processing results  

 
close all 

clear all 

  

%Step 1: the input of the data from the simulations. Because the dates 

%are in seperate columns these are in need to be converted to one column. 

%ST stands for SimulationTime 

load mtdate.mat 

  

D_1 = date(:,1); %year 

D_2 = date(:,2); %month 

D_3 = date(:,3); %day 

D_4 = date(:,5); %hour 0 till 23  

  

t=datenum(D_1,D_2,D_3,D_4,0,0); 

ST = datetime(t,'ConvertFrom', 'datenum'); 

  

tstart = datetime(2019,07,16); 

tend = datetime(2019,08,15); 

  

%Step 2: loading the output data from the simulation.  

% SY_1 = Living room 

% SY_2 = Main bedroom 

% SY_3 = Smallest bedroom 

% SY_4 = Second largest bedroom 

% SY_5 = Play hall 

% SY_6 = Wet areas 

% SY_7 = Kitchen 

% SY_8 = Hall 

  

load('Output1.mat') 

  

SY=Output1.Toperative(:,:); 

SY_1 = SY(:,1); %Living room 

SY_2 = SY(:,2); %Main bedroom 

SY_3 = SY(:,3); %Smallest bedroom 

SY_4 = SY(:,4); %Second largest bedroom 

SY_5 = SY(:,5); %Play hall 

SY_6 = SY(:,6); %Wet areas 

SY_7 = SY(:,7); %Kitchen 

SY_8 = SY(:,8); %Hall  

  

SZ=Output1.RHa(:,:); 

SZ_1 = SZ(:,1)*100; %Living room 

SZ_2 = SZ(:,2)*100; %Main bedroom 

SZ_3 = SZ(:,3)*100; %Smallest bedroom 

SZ_4 = SZ(:,4)*100; %Second largest bedroom 

SZ_5 = SZ(:,5)*100; %Play hall 

SZ_6 = SZ(:,6)*100; %Wet areas 

SZ_7 = SZ(:,7)*100; %Kitchen 

SZ_8 = SZ(:,8)*100; %Hall  

  

% Step 3: Input measurement data, and retiming from data per 10 minutes to 

% hourly data.  

  

load meetdata4.mat; 

  

M_Y1 = meetdata4.T1; %Main bedroom 

M_Y2 = meetdata4.T2; %Smallest bedroom 

M_Y3 = meetdata4.T3; %Second smallest bedroom 

M_Y4 = meetdata4.T4; %Living room  

  

M_Z1 = meetdata4.RH1; %Main bedroom 

M_Z2 = meetdata4.RH2; %Smallest bedroom 

M_Z3 = meetdata4.RH3; %Second smallest bedroom 

M_Z4 = meetdata4.RH4; %Living room 

  

MT = meetdata4.Dtime; 

  

MTT = timetable(MT,M_Y1,M_Y2,M_Y3,M_Y4); 

MTT2 = retime(MTT,'hourly','linear'); 

  



26 

 

MTT3 = timetable(MT,M_Z1,M_Z2,M_Z3,M_Z4); 

MTT4 = retime(MTT3,'hourly','linear'); 

  

MT_Y1 = MTT2.M_Y1; %Main bedroom 

MT_Y2 = MTT2.M_Y2; %Smallest bedroom 

MT_Y3 = MTT2.M_Y3; %Second smallest bedroom 

MT_Y4 = MTT2.M_Y4; %Living room  

MT2 = MTT2.MT; 

  

MT_Z1 = MTT4.M_Z1; %Main bedroom 

MT_Z2 = MTT4.M_Z2; %Smallest bedroom 

MT_Z3 = MTT4.M_Z3; %Second smallest bedroom 

MT_Z4 = MTT4.M_Z4; %Living room  

MT4 = MTT4.MT; 

  

csvwrite('simdata3.csv',SZ_2); 

  

% Step 4: Comparison of the outdoor climate, data of Purmerend gathered by 

% Meteoblue.  

  

%Comparison of the temperature of Schiphol and the temperature of Purmerend 

load('temperaturepurmerend2.mat') %data Purmerend 

load('buitentempA.mat') %data Schiphol  

load('mt2019.mat') %data schiphol2 

load('mt2019_time.mat') 

load dataschip.mat; 

load databerk.mat; 

  

TP = temperatuurpurmerend2.Temperature2mabovegnd; %Outdoor temperature Purmerend 

DTP = temperatuurpurmerend2.Dtime; %data outdoor temperature 

PRH = temperatuurpurmerend2.RelativeHumidity2mabovegnd; %Outdoor relative humidity  

QP = temperatuurpurmerend2.ShortwaveRadiationsfc; 

  

TS = mt2019(:,2); %Outdoor temperature Schiphol 

TSSS = buitentempA; 

% QS = dataschip1.Qschip./2; 

TSS = TS/10;  

RHS = mt2019(:,6); %RH outdoor Schiphol 

RHTS = mt2019_time(:,1); 

  

RHST = datevec(RHTS); 

  

RHST_1 = RHST(:,1); %year 

RHST_2 = RHST(:,2); %month 

RHST_3 = RHST(:,3); %day 

RHST_4 = RHST(:,4); %hour 0 till 23  

  

tt=datenum(RHST_1,RHST_2,RHST_3,RHST_4,0,0); 

SST = datetime(tt,'ConvertFrom', 'datenum'); 

  

% Step 5: Creating figures  

  

tstart = datetime(2019,07,16); 

tend = datetime(2019,08,15); 

  

figure('Name', 'Outside temperature') 

plot (SST,TSS) 

hold on 

plot(temperatuurpurmerend2.Dtime,temperatuurpurmerend2.Temperature2mabovegnd) 

xlim([tstart tend]) 

ax = gca; 

ax.XAxis.TickValues = datetime(2019,7,16) + days([0 3   6   9   12  15  18  21  24  27  30]);  

legend('Schiphol', 'Purmerend') 

ylabel('Temperature [degC]') 

  

  

  

figure('Name', 'Solar radiation') 

plot (dataschip.Dtime,dataschip.QS) 

hold on 

plot(temperatuurpurmerend2.Dtime,temperatuurpurmerend2.ShortwaveRadiationsfc) 

hold on  

plot (databerk.Dtime,databerk.QB) 

xlim([tstart tend]) 

ax = gca; 

ax.XAxis.TickValues = datetime(2019,7,16) + days([0 3   6   9   12  15  18  21  24  27  30]);  

legend('Schiphol', 'Purmerend','Berkhout') 
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ylabel('Solar radiation [J/cm2]') 

  

figure('Name','Temperature Living room')%living room 

set(gca,'Fontsize',12) 

plot (ST,TSSS) 

hold on  

plot(MT2,MT_Y4) 

 hold on  

plot(ST,SY_1) 

xlim([tstart tend]) 

ax = gca; 

ax.XAxis.TickValues = datetime(2019,7,16) + days([0 3   6   9   12  15  18  21  24  27  30]);  

legend( 'Tex Schiphol','Ti Measurement','Ti Simulation') 

ylabel('Temperature [degC]') 

  

figure('Name', 'Temperature Main bedroom') %main bedroom 

plot (ST,TSSS) 

hold on 

plot(MT2,MT_Y1) 

hold on  

plot(ST,SY_2) 

xlim([tstart tend]) 

ax = gca; 

ax.XAxis.TickValues = datetime(2019,7,16) + days([0 3   6   9   12  15  18  21  24  27  30]);  

legend('Te Schiphol','Ti measurement','Ti simulation') 

ylabel('Temperature [degC]') 

  

load datadocument.mat 

  

tstart = datetime(2019,07,16); 

tend = datetime(2019,08,15); 

  

figure() 

plot(datadocument.Date,datadocument.xsex) 

hold on 

plot(datadocument.Date,datadocument.xm) 

hold on 

plot(datadocument.Date,datadocument.xs) 

xlim([tstart tend]) 

ax = gca; 

ax.XAxis.TickValues = datetime(2019,7,16) + days([0 3   6   9   12  15  18  21  24  27  30]);  

legend('AHe Schiphol','AHi Measurement','AHi Simulation') 

ylabel ('Specific humidity [kg/kg]') 

  

figure() 

plot(datadocument.Date,datadocument.xsex) 

hold on 

plot(datadocument.Date,datadocument.xmex) 

xlim([tstart tend]) 

ax = gca; 

ax.XAxis.TickValues = datetime(2019,7,16) + days([0 3   6   9   12  15  18  21  24  27  30]);  

legend('Outdoor Schiphol','Outdoor Purmerend') 

ylabel ('Specific humidity [kg/kg]') 

%  
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C.3 Measurements versus Simulations 

 

Measurements have been performed in Purmerend, data of meteoblue has been used to 

analyse the outdoor climate of Purmerend (www.meteoblue.com).  

Simulations have been done for Schiphol, data of KNMI has been used to analyse the outdoor 

climate of Schiphol.  

 

C.3.1 Model  

 
Graph C.1: Comparison indoor living room temperature measurements and simulations; 

 

 
Graph C.2: Comparison indoor living room specific humidity measurements and simulations; 

 
Graph C.3: Comparison indoor living room relative humidity measurements and simulations; 
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Graph C.4: Comparison indoor main bedroom temperature measurements and simulations; 

 
Graph C.5: Comparison indoor main bed room specific humidity measurements and simulations; 

 

 
Graph C.6: Comparison indoor main bed room relative humidity measurements and simulations; 

 

C.3.2 Outdoor Climate 
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Graph C.7: Comparison outdoor temperature simulation and measurement location; 

 

 
Graph C.8: Comparison outdoor absolute humidity simulation and measurement location; 

 

 
Graph C.9: Comparison outdoor relative humidity simulation and measurement location; 
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Graph C.10 : Comparison solar radiation simulation and measurement location; 
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C.4 Simulations empty versus Simulations occupied 

 

 
Graph C.11: Comparison non-occupied and occupied simulation indoor temperature living room; 

 

 
Graph C.12: Comparison non-occupied and occupied simulation indoor temperature main bedroom; 

 

 
Graph C.13: Comparison non-occupied and occupied simulation indoor humidity living room; 

 

From the first graph above can be seen that the overall temperature in the living room is rising 

due to the presence of tenants. However, after a period with a high outdoor temperature a 

decrease is shown. This is due to the change in free cooling, the opening of windows. During 

the measurement period, it was not possible to open the windows after this hot period. This 
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meant, that the heat was kept inside the apartment, although the temperature outside was 

decreasing, especially during night-time.  
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C.5 Outdoor climate 2018 

 

 

 
Graph C.14: Diffuse solar on the horizontal Schiphol 2018; 

 
Graph C.15: Cloud Cover Schiphol 2018; 

 

 
Graph C.16: Direct normal solar intensity Schiphol 2018; 
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Graph C.17: Prevailing wind speed Schiphol 2018; 

 
Graph C.18: Wind direction Schiphol 2018; 

 

 
Graph C.19: Time of rainfall Schiphol 2018; 
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Graph C.20: External dry bulb temperature Schiphol 2018; 

 
Graph C.21: Sum of rainfall Schiphol 2018; 

 
Graph C.22: Relative humidity Schiphol 2018; 
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Appendix D. Renovation packages analysis 

 

In this Appendix the elaborated results are found of the renovation packages. 

 

D.1. Calculations 

 

In the table below the input for the calculations in excel is shown. 

 

 Table D.1: Input calculations excel 

Construction 

part 

Renovation 

measures Explaination 

Surface 

area [m2]       

Pricing 

including 

tail costs 

and btw 

Embodied 

energy 

FaçadeFaçadeFaçadeFaçade                    

Balcony 

side Gallery side    Total   [kg*CO2 eq] 

 F1F1F1F1    Is same as currentIs same as currentIs same as currentIs same as current    12,04 9,19  21,23 

 €                        

12.899,66  0 

 F2F2F2F2    

50 mm post 50 mm post 50 mm post 50 mm post insulation gallery insulation gallery insulation gallery insulation gallery 

sidesidesideside    12,04 9,19  21,23 

 €                        

13.151,00  24,1 

 F3F3F3F3    

100 mm insulation (renewal) 100 mm insulation (renewal) 100 mm insulation (renewal) 100 mm insulation (renewal) 

balcony side 50 mm post balcony side 50 mm post balcony side 50 mm post balcony side 50 mm post 

insulation gallery sideinsulation gallery sideinsulation gallery sideinsulation gallery side    12,04 9,19  21,23 

 €                        

15.347,71  302 

 F4F4F4F4    200 mm insulation both 200 mm insulation both 200 mm insulation both 200 mm insulation both sidessidessidessides    12,04 9,19  21,23 

 €                        

18.884,43  601 

GlazingGlazingGlazingGlazing                    

Single 

glazing 

reclining Double glazing 

non-

reclining Total     

 G1G1G1G1    HR++ glazingHR++ glazingHR++ glazingHR++ glazing    9,754 6,38 3,6 19,76 

 €                        

12.456,90  844 

 G2G2G2G2    Triple glazingTriple glazingTriple glazingTriple glazing    9,754 6,38 3,6 19,75 

 €                        

13.146,29  1580 

Front façade Front façade Front façade Front façade 

(panels)(panels)(panels)(panels)                                

 P1P1P1P1    50 mm insulation50 mm insulation50 mm insulation50 mm insulation          3,96 

 €                           

1.142,72  188 

 P2P2P2P2    100 mm insulation100 mm insulation100 mm insulation100 mm insulation          3,96 

 €                           

1.206,72  200 

 P3P3P3P3    150 mm 150 mm 150 mm 150 mm insulation as facade partinsulation as facade partinsulation as facade partinsulation as facade part          3,96 

 €                           

1.355,26  37,4 

Heating 

distribution       

1 kWh heat    
1 m3 gas    
1 GJ    

 Radiator 

Floor 

heati

ng  
High 

temperature 

heating 

capacity v x  
Medium 

tempeature 

heating 

capacity v x  
Low 

temperature v v  

    
tail costs     Source 

One-off costs 6,00%  Cobouw bouwkosten 

General 

construction 

site costs 6,00%  Cobouw bouwkosten 
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Implementat

ion costs  4,00%  Cobouw bouwkosten 

General 

costs 3,00%  Cobouw bouwkosten 

Profit and 

risk 3,00%  Cobouw bouwkosten 

Contribution 

collective 

research 

fund 0,15%  Cobouw bouwkosten 

Contribution 

RAW 0,15%  Cobouw bouwkosten 

    
Source costs       

Standing 

charge gas 

 €                   

143,66   

https://www.liander.nl/sites/default/files/Tarieven_voor_aansluiting_en_transport_gas_huishoudens

_kleinzakelijk_per_1-1-2020_V1_3.pdf 

Standing 

charge 

electricity 

 €                   

256,68   

https://www.vastelastenbond.nl/blog/netwerkkosten-2020-wat-kost-jouw-stroom-en-gas-

aansluiting/ 

Standing 

charge 

district 

heating  

 €                   

410,80   

https://www.stadsverwarmingpurmerend.nl/wp-

content/uploads/2019/12/Tariefkaart_standaard_web.pdf 

Pricing gas 

[€/m3] 

 €                         

0,77   https://goedkopeenergieengas.nl/energie/gas/ 

Pricing 

electricity 

[kWh] 

 €                         

0,22   https://goedkopeenergieengas.nl/energie/prijs-per-kwh/ 

 Pricing 

district 

heating [GJ]  

 €                      

26,06   

https://www.stadsverwarmingpurmerend.nl/wp-

content/uploads/2019/12/Tariefkaart_standaard_web.pdf 

    
Source 

emissions     Source 

Gas [Nm3] 1,88 

kg*C

O2 eq https://www.co2emissiefactoren.nl/lijst-emissiefactoren/ 

Electricity 

(grey) [kWh] 0,475 

kg*C

O2 eq https://www.co2emissiefactoren.nl/lijst-emissiefactoren/ 

Electricity 

(green) 

[kWh] 0 

kg*C

O2 eq https://www.co2emissiefactoren.nl/lijst-emissiefactoren/ 

District 

heating 

(biomass) 

[GJ] 25,82 

kg*C

O2 eq https://www.co2emissiefactoren.nl/lijst-emissiefactoren/ 

District 

heating 

(residual 

heat + 

auxiliary) 

[GJ] 21,53 

kg*C

O2 eq https://www.co2emissiefactoren.nl/lijst-emissiefactoren/ 

District 

heating 

(geothermal 

energy) [GJ] 25,05 

kg*C

O2 eq https://www.co2emissiefactoren.nl/lijst-emissiefactoren/ 

    

    
Heat 

capacity      Source 

Rendement    
Gas boiler 107%   
Heat pump 

low 

temperature 400%   
District 

heating 100%   
Heat pump 

medium 

temperature 300%   
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Property 

valuation        

Before 

renovation      Source 

WWS       

Surface main 

areas 67,37   
Surface 

other areas 10,67   
Heating 4   
Energy index 0   
Kitchen 4   
Toilet 3   
Douche 1   
Sink 2   
Balcony 2   

WOZ 1 

18,577158

54   

WOZ 2 

14,672535

68   

    

 

127,29219

42  https://www.rijksoverheid.nl/onderwerpen/huurprijs-en-puntentelling 

    
Rental price 

before 

renovation 

    €         €         €         €         

641,04 641,04 641,04 641,04         

https://www.huurcommissie.nl/data/user_upload/Huurprijzen_zelfstandige_woonruimte_per_1_juli

_2019.pdf 

    
After 

renovation     Source 

WWS 133 

673,1

4 

https://www.huurcommissie.nl/data/user_upload/Huurprijzen_zelfstandige_woonruimte_per_1_juli

_2019.pdf 

 134 

678,4

7 

https://www.huurcommissie.nl/data/user_upload/Huurprijzen_zelfstandige_woonruimte_per_1_juli

_2019.pdf 

    
Label class    

E 

 €                   

673,14    

D 

 €                   

731,95    

C 

    €         €         €         €         

737,14 737,14 737,14 737,14          

B 

    €         €         €         €         

737,14 737,14 737,14 737,14          

A 

    €         €         €         €         

737,14 737,14 737,14 737,14          

    
Maximum 

rent price 

2020 

 €                   

737,14   https://www.huurwoningen.nl/info/sociale-huurwoningen/ 

Inflation 1,6%  

https://www.rijksoverheid.nl/onderwerpen/huurverhoging/vraag-en-antwoord/wat-is-de-maximale-

huurverhoging-in-2019 

Maximum 

yearly rent 

increase 2,5%  

https://www.rijksoverheid.nl/onderwerpen/huurverhoging/vraag-en-antwoord/wat-is-de-maximale-

huurverhoging-in-2019 

Maximum 

yearly extra 1153,2   

    
Additional 

costs 

(installations

/ extras)       

Extra costs 

HT 

 €              

6.496,34    
Extra costs 

MT 

 €              

8.296,34    
Extra costs 

LT 

 €           

10.497,33    
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The colouring of the decision-making tables is done according to table D.1.  

 

Table D.2: Colour schemes for mapping results decision-making process appendix  
Maximum Midpoint Minimum 

ATL 65 % living room 300 hrs 225 hrs 100 hrs 

ATL 65% bedroom 200 hrs  125 hrs  50 hrs 

OEF living room 470 hrs 450 hrs 430 hrs 

OEF bedroom 270 hrs 250 hrs 230 hrs 

EI 2.7 1.8 0.8 

Annual savings [€]   Lowest  Highest 

Investment price 
 

Highest lowest 

Payback time HT 35 30 25 

Payback time MT 40 35 30 

Payback time LT 50 45 40 

CO2 emissions total 15 years 

[kg*CO2 eq] 

15000 10000 5000 

Underheating hours ≠0 
 

0 
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D.2. General analysis  

 

 
Graph D.1: Heat demand vs energy index, fuel source gas; 

Graph D.2: Heat demand vs energy index, fuel source electricity; 

 

As shown in the graphs above, low temperature heating is not considered an option when gas 

is used. Furthermore, high temperature heating is not considered when electricity is used.  

; 
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D.3. High temperature  

 

The analysis has been divided in the different fuel sources possible for a heating track. This is 

done in order to include the different pricing and emissions between two fuel sources.  

 

D.3.1 District heating  

 

Scenario ATL 65% ATL 65%  OEF OEF EI  

 Energy 

label 

Heating 

demand 

[kWh/m2] 

Annual 

savings [€] 

Investment 

price Payback time 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 172 31 482 199 2.12 E 
 

      10715.39 

F1G1P1 142 35 443 220 1.31 

B 109  €               

434.18  

 €        

32,999.29  28.6 6907.84 

F2G1P1 148 36 449 223 1.31 

B 109  €               

488.12  

 €        

33,250.62  28.8 6330.66 

F3G1P1 177 37 446 233 1.09 

A 82  €               

515.52  

 €        

35,447.34  30.7 6303.21 

F4G1P1 190 37 450 238 1.08 

A 81  €               

532.03  

 €        

38,984.05  33.8 6418.17 

F1G2P1 205 37 465 231 1.31 

B 109  €               

477.80  

 €        

33,688.67  29.2 7157.59 

F2G2P1 238 37 461 232 1.31 

B 109  €               

528.75  

 €        

33,940.01  29.4 6613.87 

F3G2P1 299 39 472 249 1.09 

A 82  €               

555.67  

 €        

36,136.72  31.3 6591.65 

F4G2P1 335 40 475 253 1.08 

A 81  €               

570.40  

 €        

39,673.44  34.4 6726.47 

F1G1P2 144 35 442 219 1.31 

B 109  €               

447.03  

 €        

33,063.28  28.7 6776.58 

F2G1P2 167 35 445 223 1.31 

B 109  €               

500.98  

 €        

33,314.62  28.9 6199.40 

F3G1P2 189 37 449 234 1.09 

A 82  €               

528.37  

 €        

35,511.33  30.8 6171.95 

F4G1P2 210 37 448 237 1.08 

A 81  €               

544.60  

 €        

39,048.05  33.9 6290.04 

F1G2P2 220 37 461 232 1.31 

B 109  €               

490.56  

 €        

33,752.67  29.3 7027.37 

F2G2P2 266 37 464 232 1.31 

B 109  €               

541.41  

 €        

34,004.00  29.5 6484.70 

F3G2P2 325 39 471 252 1.09 

A 82  €               

568.24  

 €        

36,200.72  31.4 6463.52 

F4G2P2 376 39 477 261 1.08 

A 81  €               

582.88  

 €        

39,737.43  34.5 6599.39 

F1G1P3 149 35 439 221 1.29 

B 107  €               

451.72  

 €        

33,211.82  28.8 6561.70 

F2G1P3 169 35 447 222 1.29 

B 107  €               

505.76  

 €        

33,463.16  29.0 5983.47 

F3G1P3 200 37 450 235 1.07 

A 80  €               

532.97  

 €        

35,659.87  30.9 5958.11 

F4G1P3 219 37 446 238 1.06 

A 79  €               

549.11  

 €        

39,196.59  34.0 6077.25 

F1G2P3 230 37 460 232 1.29 

B 107  €               

495.16  

 €        

33,901.21  29.4 6813.53 

F2G2P3 273 37 460 233 1.29 

B 107  €               

546.01  

 €        

34,152.54  29.6 6270.86 

F3G2P3 354 39 471 253 1.07 

A 80  €               

572.75  

 €        

36,349.26  31.5 6250.73 

F4G2P3 388 39 474 261 1.06 

A 79  €               

587.38  

 €        

39,885.97  34.6 6386.60 
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D.3.2 Gas  

 

Scenario ATL 65% ATL 65%  OEF OEF EI      

Annual savings 

[€] 

Investment 

price 

Payback time 

[yrs] 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 172 31 482 199 2.01 
D 

 

      28114.58 

F1G1P1 142 35 443 220 1.62 

C 138  €                                       

345.98  

 €                            

32,999.29  28.6 16448.79 

F2G1P1 148 36 449 223 1.62 

C 138  €                                       

388.96  

 €                            

33,250.62  28.8 14895.27 

F3G1P1 177 37 446 233 1.38 

B 109  €                                       

410.79  

 €                            

35,447.34  30.7 14372.01 

F4G1P1 190 37 450 238 1.37 

B 107  €                                       

423.95  

 €                            

38,984.05  33.8 14188.12 

F1G2P1 205 37 465 231 1.62 

C 138  €                                       

380.74  

 €                            

33,688.67  29.2 15908.97 

F2G2P1 238 37 461 232 1.62 

C 138  €                                       

421.33  

 €                            

33,940.01  29.4 14443.25 

F3G2P1 299 39 472 249 1.38 

B 109  €                                       

442.79  

 €                            

36,136.72  31.3 13933.71 

F4G2P1 335 40 475 253 1.37 

B 107  €                                       

454.52  

 €                            

39,673.44  34.4 13801.95 

F1G1P2 144 35 442 219 1.62 

C 137  €                                       

356.22  

 €                            

33,063.28  28.7 16084.90 

F2G1P2 167 35 445 223 1.62 

C 137  €                                       

399.20  

 €                            

33,314.62  28.9 14531.38 

F3G1P2 189 37 449 234 1.38 

B 108  €                                       

421.03  

 €                            

35,511.33  30.8 14008.13 

F4G1P2 210 37 448 237 1.37 

B 107  €                                       

433.97  

 €                            

39,048.05  33.9 13832.47 

F1G2P2 220 37 461 232 1.62 

C 137  €                                       

390.91  

 €                            

33,752.67  29.3 15547.83 

F2G2P2 266 37 464 232 1.62 

C 137  €                                       

431.42  

 €                            

34,004.00  29.5 14084.85 

F3G2P2 325 39 471 252 1.38 

B 108  €                                       

452.80  

 €                            

36,200.72  31.4 13578.06 

F4G2P2 376 39 477 261 1.37 

B 107  €                                       

464.47  

 €                            

39,737.43  34.5 13449.04 

F1G1P3 149 35 439 221 1.6 

C 136  €                                       

359.96  

 €                            

33,211.82  28.8 15785.12 

F2G1P3 169 35 447 222 1.6 

C 136  €                                       

403.02  

 €                            

33,463.16  29.0 14228.86 

F3G1P3 200 37 450 235 1.36 

B 106  €                                       

424.70  

 €                            

35,659.87  30.9 13711.09 

F4G1P3 219 37 446 238 1.35 

B 105  €                                       

437.55  

 €                            

39,196.59  34.0 13538.17 

F1G2P3 230 37 460 232 1.6 

C 136  €                                       

394.57  

 €                            

33,901.21  29.4 15250.79 

F2G2P3 273 37 460 233 1.6 

C 136  €                                       

435.09  

 €                            

34,152.54  29.6 13787.81 

F3G2P3 354 39 471 253 1.36 

B 106  €                                       

456.39  

 €                            

36,349.26  31.5 13283.76 

F4G2P3 388 39 474 261 1.35 

B 105  €                                       

468.06  

 €                            

39,885.97  34.6 13154.75 
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D.4. Medium temperature  

 

D.4.1. District heating  

Scenario ATL 65% ATL 65%  OEF OEF EI  

 Energy 

label 

Heating 

demand 

[kWh/m2] 

Annual 

savings 

[€] Investment price 

Payback 

time 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 172 31 482 199 2.12 E 
       10685.06 

F1G1P1 142 35 443 220 1.31 

B 109  €       

439.81   €           34,799.29  30.2 6814.78 

F2G1P1 148 36 449 223 1.31 

B 109  €       

484.28   €           35,050.62  30.4 6343.21 

F3G1P1 177 37 446 233 1.09 

A 82  €       

511.58   €           37,247.34  32.3 6316.81 

F4G1P1 190 37 450 238 1.08 

A 81  €       

525.65   €           40,784.05  35.4 6458.95 

F1G2P1 205 37 465 231 1.31 

B 109  €       

483.34   €           35,488.67  30.8 7065.57 

F2G2P1 238 37 461 232 1.31 

B 109  €       

523.40   €           35,740.01  31.0 6643.15 

F3G2P1 299 39 472 249 1.09 

A 82  €       

551.26   €           37,936.72  32.9 6610.47 

F4G2P1 335 40 475 253 1.08 

A 81  €       

567.02   €           41,473.44  36.0 6733.79 

F1G1P2 144 35 442 219 1.31 

B 109  €       

452.85   €           34,863.28  30.2 6681.42 

F2G1P2 167 35 445 223 1.31 

B 109  €       

497.22   €           35,114.62  30.4 6210.90 

F3G1P2 189 37 449 234 1.09 

A 82  €       

524.53   €           37,311.33  32.4 6184.50 

F4G1P2 210 37 448 237 1.08 

A 81  €       

538.79   €           40,848.05  35.4 6324.55 

F1G2P2 220 37 461 232 1.31 

B 109  €       

493.75   €           35,552.67  30.8 6961.49 

F2G2P2 266 37 464 232 1.31 

B 109  €       

536.25   €           35,804.00  31.0 6511.89 

F3G2P2 325 39 471 252 1.09 

A 82  €       

564.21   €           38,000.72  33.0 6478.16 

F4G2P2 376 39 477 261 1.08 

A 81  €       

580.25   €           41,537.43  36.0 6598.35 

F1G1P3 149 35 439 221 1.29 

B 107  €       

457.63   €           35,011.82  30.4 6465.49 

F2G1P3 169 35 447 222 1.29 

B 107  €       

501.82   €           35,263.16  30.6 5997.06 

F3G1P3 200 37 450 235 1.07 

A 80  €       

529.22   €           37,459.87  32.5 5969.61 

F4G1P3 219 37 446 238 1.06 

A 79  €       

543.57   €           40,996.59  35.6 6108.62 

F1G2P3 230 37 460 232 1.29 

B 107  €       

498.44   €           35,701.21  31.0 6746.61 

F2G2P3 273 37 460 233 1.29 

B 107  €       

540.94   €           35,952.54  31.2 6297.00 

F3G2P3 354 39 471 253 1.07 

A 80  €       

568.90   €           38,149.26  33.1 6263.28 

F4G2P3 388 39 474 261 1.06 

A 79  €       

585.32   €           41,685.97  36.1 6379.28 
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D.4.2. Gas 

 

 

Scenario ATL 65% ATL 65%  OEF OEF EI  

 Energy 

label 

Heating 

demand 

[kWh/m2] 

Annual 

savings 

[€] 

Investment 

price 

Investment 

price 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 172 31 482 199 2.01 D 
 

      28035.02 

F1G1P1 142 35 443 220 1.62 

C 138  €       

352.63  

 €           

34,799.29  30.2 16204.60 

F2G1P1 148 36 449 223 1.62 

C 138  €       

388.07  

 €           

35,050.62  30.4 14928.19 

F3G1P1 177 37 446 233 1.38 

B 109  €       

409.82  

 €           

37,247.34  32.3 14407.68 

F4G1P1 190 37 450 238 1.37 

B 107  €       

421.03  

 €           

40,784.05  35.4 14295.13 

F1G2P1 205 37 465 231 1.62 

C 138  €       

387.32  

 €           

35,488.67  30.8 15667.53 

F2G2P1 238 37 461 232 1.62 

C 138  €       

419.24  

 €           

35,740.01  31.0 14520.07 

F3G2P1 299 39 472 249 1.38 

B 109  €       

441.44  

 €           

37,936.72  32.9 13983.10 

F4G2P1 335 40 475 253 1.37 

B 107  €       

454.00  

 €           

41,473.44  36.0 13821.16 

F1G1P2 144 35 442 219 1.62 

C 137  €       

363.02  

 €           

34,863.28  30.2 15835.23 

F2G1P2 167 35 445 223 1.62 

C 137  €       

398.38  

 €           

35,114.62  30.4 14561.56 

F3G1P2 189 37 449 234 1.38 

B 108  €       

420.14  

 €           

37,311.33  32.4 14041.05 

F4G1P2 210 37 448 237 1.37 

B 107  €       

431.50  

 €           

40,848.05  35.4 13923.01 

F1G2P2 220 37 461 232 1.62 

C 137  €       

395.62  

 €           

35,552.67  30.8 15374.98 

F2G2P2 266 37 464 232 1.62 

C 137  €       

429.48  

 €           

35,804.00  31.0 14156.19 

F3G2P2 325 39 471 252 1.38 

B 108  €       

451.76  

 €           

38,000.72  33.0 13616.47 

F4G2P2 376 39 477 261 1.37 

B 107  €       

464.54  

 €           

41,537.43  36.0 13446.30 

F1G1P3 149 35 439 221 1.6 

C 136  €       

366.83  

 €           

35,011.82  30.4 15532.70 

F2G1P3 169 35 447 222 1.6 

C 136  €       

402.04  

 €           

35,263.16  30.6 14264.52 

F3G1P3 200 37 450 235 1.36 

B 106  €       

423.87  

 €           

37,459.87  32.5 13741.27 

F4G1P3 219 37 446 238 1.35 

B 105  €       

435.31  

 €           

40,996.59  35.6 13620.48 

F1G2P3 230 37 460 232 1.6 

C 136  €       

399.35  

 €           

35,701.21  31.0 15075.20 

F2G2P3 273 37 460 233 1.6 

C 136  €       

433.22  

 €           

35,952.54  31.2 13856.40 

F3G2P3 354 39 471 253 1.36 

B 106  €       

455.50  

 €           

38,149.26  33.1 13316.69 

F4G2P3 388 39 474 261 1.35 

B 105  €       

468.58  

 €           

41,685.97  36.1 13135.54 
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D.4.3. Electric 

 

Scenario ATL 65% ATL 65%  OEF OEF EI  

 Energy 

label 

 Heating 

demand 

[kWh/m2] 

Annual 

savings 

[€] 

Investment 

price Payback 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 23 0 133 18 2.12 E 
 

     12209.92 

F1G1P1 20 0 90 10 1.31 

B 109  €    

245.32  

 €       

34,799.29  30.2 8780.31 

F2G1P1 33 0 89 10 1.31 

B 109  €    

280.08  

 €       

35,050.62  30.4 8378.03 

F3G1P1 48 0 88 9 1.09 

A 82  €    

301.42  

 €       

37,247.34  32.3 8407.64 

F4G1P1 57 0 88 9 1.08 

A 81  €    

312.42  

 €       

40,784.05  35.4 8579.11 

F1G2P1 60 0 93 10 1.31 

B 109  €    

279.34  

 €       

35,488.67  30.8 9160.36 

F2G2P1 89 0 92 10 1.31 

B 109  €    

310.66  

 €       

35,740.01  31.0 8810.65 

F3G2P1 129 0 93 9 1.09 

A 82  €    

332.44  

 €       

37,936.72  32.9 8829.71 

F4G2P1 150 0 92 9 1.08 

A 81  €    

344.76  

 €       

41,473.44  36.0 8983.81 

F1G1P2 28 0 89 10 1.31 

B 109  €    

255.51  

 €       

34,863.28  30.2 8684.89 

F2G1P2 44 0 89 10 1.31 

B 109  €    

290.20  

 €       

35,114.62  30.4 8287.39 

F3G1P2 63 0 87 9 1.09 

A 82  €    

311.54  

 €       

37,311.33  32.4 8313.24 

F4G1P2 79 0 56 9 1.08 

A 81  €    

322.68  

 €       

40,848.05  35.4 8481.18 

F1G2P2 81 0 91 10 1.31 

B 109  €    

287.48  

 €       

35,552.67  30.8 9094.63 

F2G2P2 112 0 90 10 1.31 

B 109  €    

320.70  

 €       

35,804.00  31.0 8716.50 

F3G2P2 164 0 89 9 1.09 

A 82  €    

342.56  

 €       

38,000.72  33.0 8736.06 

F4G2P2 196 0 89 9 1.08 

A 81  €    

355.10  

 €       

41,537.43  36.0 8890.92 

F1G1P3 30 0 89 10 1.29 

B 107  €    

259.25  

 €       

35,011.82  30.4 8483.05 

F2G1P3 47 0 88 10 1.29 

B 107  €    

293.79  

 €       

35,263.16  30.6 8086.05 

F3G1P3 70 0 86 9 1.07 

A 80  €    

315.20  

 €       

37,459.87  32.5 8110.14 

F4G1P3 83 0 85 9 1.06 

A 79  €    

326.42  

 €       

40,996.59  35.6 8276.32 

F1G2P3 88 0 89 10 1.29 

B 107  €    

291.15  

 €       

35,701.21  31.0 8892.29 

F2G2P3 128 0 89 10 1.29 

B 107  €    

324.37  

 €       

35,952.54  31.2 8513.40 

F3G2P3 185 0 89 9 1.07 

A 80  €    

346.22  

 €       

38,149.26  33.1 8535.97 

F4G2P3 211 0 89 9 1.06 

A 79  €    

359.06  

 €       

41,685.97  36.1 8685.30 
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D.5. Low temperature  

 

D.5.1. District heating  

 

Scenario ATL 65% 

ATL 

65%  OEF OEF EI  

Energy 

label 

Heating 

demand 

[kWh/m2] 

Annual 

savings 

[€] 

Investment 

price 

Payback 

time 

Underheating 

hours 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 172 31 482 199 2.12 E 
 

     286 10529.25 

F1G1P1 142 35 443 220 1.2 

A 95  €           

431.08  

 €               

36,999.29  32.1 3 6756.22 

F2G1P1 148 36 449 223 1.2 

A 95  €           

475.08  

 €               

38,750.62  33.6 3 6289.88 

F3G1P1 177 37 446 233 1.03 

A 75  €           

507.17  

 €               

40,947.34  35.5 3 6210.15 

F4G1P1 190 37 450 238 1.02 

A 74  €           

524.90  

 €               

44,484.05  38.6 3 6311.51 

F1G2P1 205 37 465 231 1.2 

A 95  €           

474.43  

 €               

39,188.67  34.0 1 7009.10 

F2G2P1 238 37 461 232 1.2 

A 95  €           

519.83  

 €               

39,440.01  34.2 1 6527.07 

F3G2P1 299 39 472 249 1.03 

A 75  €           

549.86  

 €               

41,636.72  36.1 1 6470.35 

F4G2P1 335 40 475 253 1.02 

A 74  €           

567.02  

 €               

45,173.44  39.2 1 6577.98 

F1G1P2 144 35 442 219 1.19 

A 94  €           

444.78  

 €               

38,563.28  33.4 3 6615.54 

F2G1P2 167 35 445 223 1.19 

A 94  €           

488.59  

 €               

38,814.62  33.7 3 6151.30 

F3G1P2 189 37 449 234 1.02 

A 74  €           

520.12  

 €               

41,011.33  35.6 2 6077.84 

F4G1P2 210 37 448 237 1.01 

A 73  €           

537.75  

 €               

44,548.05  38.6 1 6180.24 

F1G2P2 220 37 461 232 1.19 

A 94  €           

488.97  

 €               

39,252.67  34.0 1 6859.01 

F2G2P2 266 37 464 232 1.19 

A 94  €           

534.19  

 €               

39,504.00  34.3 1 6379.08 

F3G2P2 325 39 471 252 1.02 

A 74  €           

562.61  

 €               

41,700.72  36.2 0 6340.13 

F4G2P2 376 39 477 261 1.01 

A 73  €           

579.69  

 €               

45,237.43  39.2 0 6448.81 

F1G1P3 149 35 439 221 1.18 

A 93  €           

449.75  

 €               

38,711.82  33.6 3 6397.52 

F2G1P3 169 35 447 222 1.18 

A 93  €           

493.47  

 €               

38,963.16  33.8 3 5934.32 

F3G1P3 200 37 450 235 1.01 

A 73  €           

524.90  

 €               

41,159.87  35.7 1 5861.91 

F4G1P3 219 37 446 238 1 

A 71  €           

542.35  

 €               

44,696.59  38.8 1 5966.40 

F1G2P3 230 37 460 232 1.18 

A 93  €           

493.94  

 €               

39,401.21  34.2 1 6640.99 

F2G2P3 273 37 460 233 1.18 

A 93  €           

539.54  

 €               

39,652.54  34.4 1 6156.88 

F3G2P3 354 39 471 253 1.01 

A 73  €           

567.21  

 €               

41,849.26  36.3 0 6126.29 

F4G2P3 388 39 474 261 1 

A 71  €           

584.29  

 €               

45,385.97  39.4 0 6234.97 
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D.5.2. Electric 

 

Scenario ATL 65% ATL 65%  OEF OEF EI  

 Energy 

label 

 Heating 

demand 

[kWh/m2] 

Annual 

savings 

[€] 

Investment 

price 

Payback 

time 

[yrs] 

Underheating 

hours 

CO2 

emissions 

total 15 

years 

[kg*CO2 

eq] 

Base 23 0 131 19 2.12 E 
 

      286 16401.96 

F1G1P1 18 0 83 10 0.97 

A 79  €           

351.95  

 €               

36,999.29  32.1 3 6809.65 

F2G1P1 32 0 82 10 0.97 

A 79  €           

377.74  

 €               

38,750.62  33.6 3 6966.57 

F3G1P1 48 0 80 9 0.85 

A 65  €           

396.55  

 €               

40,947.34  35.5 3 7035.43 

F4G1P1 56 0 80 9 0.84 

A 64  €           

406.95  

 €               

44,484.05  38.6 3 7230.29 

F1G2P1 57 0 83 10 0.97 

A 79  €           

377.36  

 €               

39,188.67  34.0 1 7795.44 

F2G2P1 88 0 83 10 0.97 

A 79  €           

403.98  

 €               

39,440.01  34.2 1 7448.25 

F3G2P1 130 0 83 9 0.85 

A 65  €           

421.58  

 €               

41,636.72  36.1 1 7534.47 

F4G2P1 147 0 82 9 0.84 

A 64  €           

431.64  

 €               

45,173.44  39.2 1 7737.62 

F1G1P2 25 0 83 10 0.97 

A 79  €           

359.98  

 €               

38,563.28  33.4 3 7420.85 

F2G1P2 43 0 82 10 0.97 

A 79  €           

385.66  

 €               

38,814.62  33.7 3 6900.84 

F3G1P2 60 0 81 9 0.84 

A 64  €           

404.14  

 €               

41,011.33  35.6 2 6973.47 

F4G1P2 78 0 81 9 0.84 

A 64  €           

414.48  

 €               

44,548.05  38.6 1 7169.84 

F1G2P2 80 0 82 10 0.97 

A 79  €           

385.88  

 €               

39,252.67  34.0 1 7719.90 

F2G2P2 115 0 82 9 0.97 

A 79  €           

412.39  

 €               

39,504.00  34.3 1 7378.75 

F3G2P2 166 0 80 9 0.84 

A 64  €           

429.06  

 €               

41,700.72  36.2 0 7480.06 

F4G2P2 201 0 80 9 0.84 

A 64  €           

439.07  

 €               

45,237.43  39.2 0 7681.71 

F1G1P3 28 0 84 10 0.96 

A 78  €           

362.89  

 €               

38,711.82  33.6 3 7250.70 

F2G1P3 45 0 84 10 0.96 

A 78  €           

388.52  

 €               

38,963.16  33.8 3 6708.81 

F3G1P3 73 0 83 9 0.84 

A 64  €           

406.95  

 €               

41,159.87  35.7 1 6785.97 

F4G1P3 83 0 83 9 0.83 

A 63  €           

417.18  

 €               

44,696.59  38.8 1 6980.07 

F1G2P3 86 0 82 9 0.96 

A 78  €           

388.80  

 €               

39,401.21  34.2 1 7528.62 

F2G2P3 128 0 82 9 0.96 

A 78  €           

415.53  

 €               

39,652.54  34.4 1 7238.79 

F3G2P3 186 0 80 9 0.84 

A 64  €           

431.75  

 €               

41,849.26  36.3 0 7333.30 

F4G2P3 215 0 80 9 0.83 

A 63  €           

441.76  

 €               

45,385.97  39.4 0 7517.60 
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Appendix E. Elaboration final scenarios Case Study 

 

E.1 Case study scenario High temperature 

 

 
Figure D.1: Vertical details case study scenario HT, floor map cut at 500 mm;;  

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 
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E.2 Case study scenario Medium temperature 

 

 
Figure D.2: Vertical details case study scenario MT, floor map cut at 500 mm;;  

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 
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E.2 Case study scenario Low temperature 

 

 
Figure D.3: Vertical details case study scenario LT, floor map cut at 500 mm;  

(adjusted from details Priemus and Bouwdetails online from Archidat Bouwformatie) 
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E.4. Sunshading and night ventilation  

 

In the following appendix the comparison of the temperature distribution for a hot day during 

July is shown. Only hot temperature heating and medium tempeature heating, because low 

temrpature heating is influenced by the cooling capacity of the radiators.  

 

E.4.1. High temperature scenario 

 

 
Graph E.1: Comparison temperature distribution living room hot summer day 2018; 

 

The sun shading causes the apartment to heat up less, the night ventilations cools down the 

apartment during night. The combination of the two results in less heat inside, the two 

solutions reinforce the results of the other.  

 

E.4.2. Medium temperature scenario 

 

 
Graph E.1: Comparison temperature distribution living room hot summer day 2018; 

 


