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ABSTRACT  
Currently, the majority of the post-war building stock is in need of profound building 

transformations. Not only for the improvement of their energy efficiency, but also for the 
improvement of the technical, social and financial conditions of the building environment  (Priemus, 
1986). As the topic of post-war building transformation arises, the need for “balancing the 
conservation or preservation and transformation innovation” does so as well (Blom, Jansen, & van 
der Heiden, 2004);  (Blom, Het verhaal van Nederland tussen 1940 en 1965, 2011).  In order to find a 
balance the research is conducted by the use of the limits of acceptable change. The limits of 
acceptable change were firstly introduced by Frissell in 1963 and are developed to manage a degree 
or range of steps in which change is accepted and gradually scales to unacceptance (Frissell, 
Recreational use of campsites in the Quetico-Superior canoe country., 1963). From this perspective, 
the research addresses the issue of “To what limits can the post-war building stock be transformed? 
What is ‘acceptable’ and what is thought to be as ‘not acceptable’?” 

A fundamental part in energy efficient refurbishment measures is controlled by the structure 
of the building envelope and the configuration of the building systems. The building envelope 
consists of the external walls, windows, roof, and floor, and forms the boundary of the building with 
its surroundings. Next to this, the key factors of orientation, location and construction define the 
potential in refurbishment to improve the energy efficiency of post-war multi-family dwellings 
(Konstantinou & Knaack, 2013). 
 This research aims to increase and stimulate the application of energy efficiency 
improvements within the field of the built environment by the use of a case study multi-family 
dwelling the Albert-Schweitzerplaats Knikflat at the neighbourhood of Ommoord within the city of 
Rotterdam. Furthermore, it aims to apply the limits of acceptable change framework to the topic of 
refurbishments in energy efficiency improvement. 
 The research is divided into three main parts. First the sub-question, ‘How to optimize the 
energy efficiency of the building envelope of a post-war multi-family residential flat?’ is solved by 
the use of a theoretical framework of retrofitting and renewable energy sources building envelope 
measures which define the scale of impact of the building measures on the heating demand. The 
second sub-question, ‘What are the limits of acceptable change in energy efficiency transformations 
of a post-war multi-family residential flat?’ is solved by conducting semi-structured interviews with 
key actors in the decision making of building designs which result in the rate of transformation of 
the case study building. Subsequently, the third part consists of a combination and synthetization of 
the first two parts, in which design recommendations for transforming the building envelope within 
the limits of acceptable change in energy efficiency transformations are developed and evaluated by 
VABIEPA-W to solve the main question of,  ‘How to optimize the energy efficiency of the building 
envelope of a post-war multi-family residential flat, with respect to the buildings’ limits of acceptable 
change in energy efficiency transformations?”. 

In general the results show that the second façade retrofitting measures have the largest impact, 
and the roof and ground floor measures the lowest. Moreover the limitation conditions of the actors 
are found to be merely focused on their own field of view. As for the aesthetical qualities the 
building is not designated as monumental heritage, these values were not mentioned as conditions 
for the limitations of the building transformations by the actors.  

Finally, a brief summary of the acceptable and recommended transformation measures consist 
of: external wall insulation, adjustable shading, window replacement with triple LoE ARGON, under 
slab ground floor insulation, roof insulation and a flat PV-roofing system on 100% roofing area. 
Applying the recommended transformation measures to the case study results in a total Energy 
Index reduction of 44%. As the original building characteristics are classified as an energy label F 
according to the NEN 7120+NV, the building can be transformed to an energy label B within the 
limits of acceptable change in energy efficiency transformations. 
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1 INTRODUCTION  

1.1 PROBLEM FIELD 
This chapter provides an overview of the problem field in which the research is conducted. The 
problem field of the research focusses on the genesis of the building typologies originating from the 
post-war building period. Furthermore, it provides an overview of the questions that have been 
raised in the past decades concerning their cultural significant and heritage values. Also, due to the 
increased awareness for climate change and the reciprocal energy inefficiency of the building stock, 
the energy performance goals and current field of view will be provided in a brief overview. In the 
end both topics will be put into perspective by means of a relevant case study which is derived from 
the general problem field and consists of a combination of the issues of both topics.  

1.1.1 POST-WAR RESIDENTIAL HOUSING AND HERITAGE
3 

After the Second World War, around 1945 to 1970, there was an increasing shortage of residential 

housing. This shortage was caused by historical, demographical and economic developments.  

The Second World War has had a major impact on the building stock of the Netherlands. The 

devastation of the war becomes evident concerning it damaged 293.000, heavy damaged 43.500 

and destroyed over 86.400 dwellings of which 25.000 dwellings were situated within the city of 

Rotterdam. In total, 20% of the building stock of the Netherlands was affected by the frontline 

battles, bombing, and wood plundering of the housing that had happened during the war. 

Furthermore the Building sector had been at rest since 1942, increasing the shortage even more 

(Blom, Jansen, & van der Heiden, 2004). 

 

In the period after the war, the demographical development of the Netherlands showed an 

exceptional growth of the population by 4,1 million in the period of 1940 to 1970, which resulted in 

an increase of 1,3 million households in the period of 1947 to 1971 (Blom, Jansen, & van der Heiden, 

2004). This period of temporary increase in birth rate is known as the ‘baby boom’4 (van Maarseveen 

& Harmsen, 2011). 

 

To cope with the already high and still increasing amount of housing shortage, the government 

developed legislation (1947 to 1967) which enabled and encouraged the development and use of 

automated and labor saving building systems. The main goal of the legislation was to:  

 

‘Industrialize the building sector by standardization of design specifications and by 

stimulating the labor saving production methods.’ (De Vreeze, 1993). 

                                                             
3
 Heritage; the legacy of physical artefacts and intangible attributes of a group or society that are inherited from past 

generations, maintained in the present and bestowed for the benefit of future generations (Unesco , 2015). 
4
 Baby boom, a temporary marked increase in the birth rate. 

Table 1.1.1.1, Impact overview of the Dutch residential building stock due to World War II. 



12 

LIMITS OF ACCEPTABLE CHANGE IN ENERGY EFFICIENCY TRANSFORMATIONS  

 

 

In the first period (1947 to 1948), the legislation consisted of a ‘montagetoeslag’5. The allowance 

was provided with compulsory approval of the ‘Stichting Ratiobouw’6, and enabled a fee on the 

building contract of 10% when new building systems7 were developed. The allowance was given out 

for the first 500 dwellings that were constructed. In the second period (1948 to 1950), municipalities 

were allowed to record buildings, which were developed according to the building systems 

technology, for only three quarters of the building volume. With this allowance, the building sector 

was able to develop additional building volume when they made use of building systems. For the 

period of 1950 until 1954, the legislation was stopped since the goals were met and the government 

did not believe further legislation was needed. However, in the third period, from 1954 until 1968, 

the legislation was restored. And it was even further enriched in 1963 by the ‘NOTA BETREFFENDE 

EEN PLURIFORM. EN EXPANSIEF BOUWBELEID8’, which targeted on stimulating the following: 

prefabrication; mechanization of the building site; standardized building components; and improved 

technological quality of the building components (De Vreeze, 1993). 

 

During the post-war period from 1945 to 1973, the housing stock was increased by 2.210.817 

dwellings of which 331.524, or 15%, were constructed by the use of building systems  (Vos, 1976). 

The post-war building period is typified by a period of modernization and continuous technological 
renewal due to economic scarcity. Next to a renewal in the architectural use of materials, the period 
is distinguished by the renewal of the urban-planning principles and visions for the infrastructure, 
orientation, greenery, functionality and separation of the housing, facilities, recreation area and 
traffic within the urban fabric. An important aspect for both architecture and urban-planning, was 
the cohesion between the scale of the city, building and unit (Blom, Jansen, & van der Heiden, 2004);  
(Blom, Het verhaal van Nederland tussen 1940 en 1965, 2011). 
 
Nowadays the post-war building stock is depreciated, as the current building development goals of 
durability and building technological demands do not align with the housing demands of the period 
in which they were constructed. The buildings, at the time of construction, were poorly insulated 
and consisted of single glazing resulting in low energy efficiency and high energy consumption. Next 
to this, the buildings are, since their construction 50 years ago, in impoverished and decayed 
building technological condition and in need of building technological upgrading (Blom, Jansen, & 
van der Heiden, 2004); (Itard & Meijer, 2008). 
 
The issue of decay has already been recognized in 1984 by both professional experts and policy 
makers, as identified by the congress of October 1984 ‘Post-war public housing in trouble’ at the 
Delft University of Technology and the World Congress of the International Federation for Housing 
and Planning on the topic of ‘Improvement of post-war housing estates’ in Budapest of October 
1985 (Prak & Priemus, 1984). In general, the operating problems of the post-war housing stock are 
characterized by technical, social and financial decay. Resulting from the building technological 
principles of the post-war construction period, technical decay is characterized by draught, noise 
pollution, dampness, concrete defects and a poor finishing. Next to this, social decay is characterized 
by socio-economically weaker groups9inhabiting as soon as greater socio-economic groups leave the 
estate. The social control within the second group is limited, and therefore a spiral of social decay is 

                                                             
5
 Montagetoeslag; fee for developing mountable building components; 

6
 Stichting Ratiobouw; organisation which conducted technical researches on behalf of the economy and business 

organization in the building sector (Encyclo, 2015); 
7
 Building systems; main category of building typologies which consist of mountable prefabricated or quantitative building 

technologies; 
8
 NOTA BETREFFENDE EEN PLURIFORM. EN EXPANSIEF BOUWBELEID; Governmental publication on policies for the building 

sector 
9
 Socio-economically weaker groups; characterized by Priemus 1986 as young people, ethnic minorities, recipients of 

benefit. 
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Figure 1.1.2.2, Overview of the residential energy 

consumption distribution (source: CBS 2014) 

Figure 1.1.2.1, Overview of the residential and non-residential 

energy consumption distribution (Source: CBS 2014) 

occurring. Furthermore, the financial decay is characterized as a result of vacancy which affects the 
limited resources of the landlord and increases the costs for maintenance upon change of tenants 
(Priemus, 1986). 
 

“Technical, social and financial decay often prove to reinforce one another. Once social decay 
has spread, the turnover of tenants increases and excessive vacancy looms.” (Priemus, 1986) 
 
Unfortunately, societal and social issues have the tendency of being solved with building technical 
solutions, which do not always achieve the sociological goals. Furthermore, high maintenance costs 
of the public greenery and deterioration of the public spaces is increasing the belief in transforming 
the area in privately owned gardens and parking lots (Blom, Jansen, & van der Heiden, 2004). 
 
Moreover the low economical value and large amount of cheap rental family dwellings are leading to 
a structural increase in demolition of the post-war building stock. For the past two decades, an 
estimated 20 percent of the building systems post-war housing stock is demolished and, within the 
near future, an additional 20 percent is likely to have the same faith. Furthermore, approximately 10 
percent of the stock has undergone intensive transformations (Liebregts, 2012); (Thomsen, 2004). 
 
From the problem field, it is determined that the current post-war building stock is in need of 
profound building transformations. Not only for the improvement of their energy efficiency, but also 
for the improvement of the technical, social and financial conditions of the neighbourhood. As the 
topic of post-war building transformation arises, the need for “balancing the conservation or 
preservation and transformation innovation.” does so as well (Blom, Het verhaal van Nederland 
tussen 1940 en 1965, 2011). 
 
To what limits can the post-war building stock be transformed? What is ‘acceptable’ and what is 
thought to be as ‘not acceptable’? 
 

1.1.2 THE ENERGY EFFICIENCY OF THE BUILT ENVIRONMENT 
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For the past two decades, from 1990 to 2013, the total energy consumption within Europe has 
increased with 2,2 percent. While during the same period, the energy consumption within the 
Netherlands has increased with almost 10 percent. More specific, the consumption of energy went 
from 2965 petaJoule to 3255 petaJoule. From the statistical analysis of Eurostat10 and the CBS11, it is 
shown that currently the residential sector is consuming over 26 percent of the total energy 
production within the whole of Europe. For the Netherlands, over 19 percent of the total energy 
consumption is consumed by the residential sector of which 73,8 percent consists of natural gas 
consumption and almost 20 percent consists of electricity consumption. (Eurostat, 2014); (CBS, 
Energieverbruik per sector, 1990-2013, 2014); (CBS, 2014). 
 
Furthermore, the world’s energy production out of fossil fuels such as oil, coal and gas reserves will 
be depleted in approximately 35, 107 and 37 years, respectively (Raj Singh & Singh, 2012). The 
depletion of fossil fuels is increasing the need to reduce energy consumption and the use of 
renewable energy sources as the majority of the world’s energy supply is, and will be, based on 
these Fossil fuels for the next twenty years (Ibrahim, 1999). Next to the increase of energy 
consumption and depletion of fossil fuel reserves, the effect of greenhouse gases, such as water 
vapour and CO2 emission, on global warming is causing climate change12 (recognized by the 
Intergovernmental Panel on Climate Change13) (IPCC, 2007) . 
 
In a responds to the aforementioned effects, and reasoned by the fundamental reports of the IPCC, 
the 1997 Kyoto protocol was developed in a global effort to reduce climate change. The protocol 
involved a five percent reduction of greenhouse gases14 based on the levels of greenhouse gases of 
1990 during the first commitment period from 2008 until 2012, and an eighteen percent reduction 
of greenhouse gases based on the levels of greenhouse gases of 1990 during the second 
commitment period from 2013 until 2020 (United Nations, 1998). 
 
To fulfil the agreement developed by the United Nations, the European parliament and national 
government adopted the Kyoto protocol and implemented a set of goals to achieve the targets of 
the aforementioned protocol. This, in 2007, resulted in the ambitious objectives of reducing 
greenhouse gases by twenty percent and increasing the energy efficiency by twenty percent. In 
October 2014, the European Union agreed on increasing the energy efficiency by at least twenty-
seven percent before the year of 2030. Furthermore, the European Union has targeted to cut the 
greenhouse gasses up to ninety five percent by the year of 2050 (European commission, 2010). 
 
Within the documents of the European commission, special attention has been payed to the possible 
energy reduction of the built environment. The European commission is targeting a reduction of the 
energy consumption from the Kyoto protocol of 1990, up to ninety percent by 2050. The high 
increase in energy efficiency of the building environment can only be met by radically transforming 
the current housing stock to increase its energy efficiency (European commission, Energy Efficiency 
and its contribution to energy security and the 2030 gramework for climate and energy policy, 
2014); (Europese commissie, 2011). 
 
 

  

                                                             
10

 Eurostat; statistics office of the European Commission 
11

 CBS; Centraal Bureau voor de Statistiek, statistics office from the Netherlands 
12

 Climate change; a change of the climate from its original characteristics 
13

 IGPCC; Intergovernmental Panel on Climate Change 
14

 Greenhouse gases; Carbon dioxide (C02), Methane (CH4), Nitrous oxide (N20), Hydrofluorocarbons (HFCs), 
Perfluorocarbons (PFCs), Sulphur hexafluoride (SF6); 
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The current problem field lies within the combination of the cultural genesis of the post-war housing 
stock, described in the first part of the problem field, and the ongoing refurbishment of the built 
environment to achieve both building technological and energy efficiency targets. One could argue 
that the demolition of the housing stock would lead to less impact and higher energy efficiency. 
 

“Regarding materials and waste, the environmental impact of life cycle extension is 
definitely less than demolition and new construction.” (Thomsen & van der Flier, 
Replacement or reuse? The choice between demolition and life cycle extension from 
sustainable viewpoint, 2008). 

1.2 PROBLEM FIELD OF THE CASE STUDY 
To address the aforementioned issues of the problem field, the neighbourhood of Ommoord, in the 
city of Rotterdam, was chosen as a case study.  Currently, the building stock of Ommoord is facing 
issues in both building heritage recognition and energy efficiency ratings. The case study is a 
significant reference to the aforementioned problem field. The next paragraphs will clarify why and 
to which extent, the neighbourhood of Ommoord is relevant for the problem field. 

1.2.1 POST-WAR HERITAGE 
Currently, Rotterdam has around 300.000 dwellings with a total of 620.000 inhabitants. Rotterdam 
has a few hundred monumental buildings of which one is designated as a UNESCO World Heritage 
site: The Van Nellefabriek (Gemeente Rotterdam, Rotterdam in cijfers, 2015). 
 
During the post-war building period from 1945 to 1973, new building systems were developed to 
cope with the shortage in residential housing.  The systems that have been used within the 
neighbourhood of Ommoord consist of a majority of RBM II and ERA building systems. According to 
Lijbers, Thijssen & Westra (1984), both the RBM II and the ERA system are classified as ‘group 6 – 
new buildingsystems between 1960 to 1970’. They are part of eight new building systems which 
were developed after 1960. Both the RBM II and ERA are constructed on a large scale and consist of 
cast constructed buildings (Lijbers, Thijssen, & Westra, 1984). 
 
In October 2011, the RCE15 published an article in which they designated thirty areas within the 
Netherlands based on their cultural significance and relevancy for the post-war building period.  The 
article is based on the publication ‘Koersen op karakter: Naar een visie erfgoed en ruimte’ of both 
the Secretary of Education, Culture and Science and the Minister for Infrastructure and Environment, 
and covers a vision on heritage and urban planning (Blom, Het verhaal van Nederland tussen 1940 
en 1965, 2011). 
 
According to the RCE, the areas such as Ommoord are designated to ‘tell the story’ and show both 
the Architectural and Urban planning principles of the post-war building period. The building period 
reflects the establishment of the Netherlands as a welfare state. Within this context, Ommoord is 
referred to as an element of the post-war expansion plan of the city of Rotterdam (Blom, Het verhaal 
van Nederland tussen 1940 en 1965, 2011). An overview of both the urban and architectural design 
and planning principles of the neighbourhood of Ommoord can be found in the fifth chapter of this 
research. 
 
  

                                                             
15

 Rijksdienst voor het Cultureel Erfgoed (RCE); Governmental department for cultural heritage 
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However, despite the designation and recognition of Ommoord as containing significant heritage 
values, it was never designated as protected urban area nor did it have monumental status. As the 
government prefers less regulation, this omission in legislation is causing major impact on the 
building transformations of the area.  
 
Nowadays, multiple transformations of the multi-residential family dwellings within Ommoord have 
led to a diversification of architecture. Since there is minor legislation, the problem arises ‘to which 
extent a transformation is accepted’ and ‘what are these limits of transformation?’. 
 

1.2.2 ENERGY EFFICIENCY 
The envelopes constructed from the building systems used within the neighbourhood of Ommoord, 
have minor insulating value and almost no insulating materials attached to it. Therefore, the energy 
efficiency of the originally constructed buildings is very low. Their average original energy index is 
estimated to be around 2,77, which corresponds with an energy label categorization ‘F’. However, 
the lowest energy label categorization within the same complex is ‘G’ as the average of the energy 
index is constructed out of all the average of all apartments within the flat. The average of only the 
middle apartments is higher efficiency resulted from the fact that the do not lose the same amount 
of heating by the walls since they are shared and heated no the opposite side by their neighbours.  
(RVO, 2010) 
 
Corresponding to the aforementioned policies developed by the European commission, the 
Municipality of Rotterdam has developed legislation to ensure that the goals for the Netherlands, 
set by both the Kyoto protocol and the European commission, are met.  
 
Due to the many port activities, Rotterdam is one of the world’s greatest urban polluters of 
greenhouse gases. In order to prevent further pollution, the government of Rotterdam has set their 
goal for a reduction of CO2 emissions from 1990 up to 2025 with 25% to become the cleanest port 
city of the world. Since one third of the total energy consumption of Rotterdam is consumed by the 
building stock, changing the energy consumption of the buildings can have a large influence on the 
total energy consumption (Gemeente Rotterdam, 2007);  (Gemeente Rotterdam, Ommoord binnen 
de ring onherroepelijk bestemmingsplan, 2008); (Gebiedscommissie Prins Alexander, 2014). 
 
Next to these progressive objectives, around 2010, the municipality of Rotterdam has set the 
Rotterdam Climate Initiative. The initiative aims for a CO2 reduction of 30% by the year of 2020 as 
compared to 1990. Even more ambitious is the reduction of CO2 emissions of all homes and buildings 
in the city by at least 50% by the year of 2025 compared to 1990.  To do so, the climate pro-actively 
promotes the use of green roofs, CO2 capture, reuse and storage, solar and wind energy (Rotterdam 
Climate Initiative, 2009). 
 
Next to this, the municipality of Rotterdam wants to use its heritage and architecture as a 
developing power. Rotterdam wants to put itself on the map as an architectural city and is 
promoting cluster like architecture to optimize its energy efficiency and CO2 reduction (Gemeente 
Rotterdam, 2007); (Gemeente Rotterdam, Ommoord binnen de ring onherroepelijk 
bestemmingsplan, 2008); (Gebiedscommissie Prins Alexander, 2014). 
 
As can be concluded from the problem field, a new era of transition in building transformation has 
set in front of us. Future building transformations are necessary to increase not only the energy 
efficiency of the post-war building stock, but also its social, financial and technical performance 
without losing its cultural significant values. 
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2 RESEARCH FIELD  

2.1 ENERGY EFFICIENCY AND POST-WAR MULTI-FAMILY DWELLINGS 
 
According to the IEA16, the Energy efficiency is defined as “the way of managing and restraining the 
growth in energy consumption. Something is more energy efficient if it delivers more service for the 
same energy input, or the same service for less energy input” (OECD/IEA, 2015). In accordance with 
this definition, the European parliament and the European council define Energy efficiency as “the 
ratio of output of performance, service, goods or energy, to input of energy” (European commission, 
DIRECTIVES, on energy efficiency., 2012). 
In the past two decades, as described in the problem field, concerns on the energy efficiency of post-
war residential housing have increased. The increase in international awareness has resulted in 
numerous research publications regarding the improvements of energy efficiency for post-war 
housing.   
 
In the year of 2006, the IEA published a report in which an overview of the cost-effectiveness and 
opportunities in improving comfort, energy saving and CO2 -emission reduction of refurbishments of 
high-rise residential dwellings was given (Waide, 2006). In addition to this, in 2009 a report on the 
potential energy saving measures was provided to the European commission by the Fraunhofer-
Institute for Systems and Innovations, containing an overview of building technological 
refurbishment strategies and measurements (Fraunhofer-Institute for Systems and Innovation, 
2009).  
 
An overview of the building technological characteristics of multi-family dwellings, constructed in 
the period of 1960 to 1970, and the problems relating to improving their energy efficiency is 
provided by Stein and Harderup (2010). The research not only focusses on the improvement of the 
energy efficiency of the dwellings, but also takes into account the economical and functional effects. 
Next to this, several studies, such as the one conducted by Nemry and Uihlein (2010), which 
researches the possibilities and impact of energy efficient refurbishments for multi-family dwellings 
and other building types, are conducted in an increasing manner the past few decades (Nemry & 
Uihlein, 2010);  (Stein & Harderup, 2010). 
 
By these studies, it has been shown that an essential part in energy efficient refurbishment 
measures is controlled by the structure of the building envelope and the configuration of the 
building systems. As the building envelope consists of the external walls, windows and roofs, it forms 
the boundary of the building with its surroundings, the structure of the envelope has a large impact 
on the heat loss.  Next to this, the key factors of orientation, location and construction define the 
potential in refurbishment to improve the energy efficiency of post-war multi-family dwellings 
(Konstantinou & Knaack, 2013). 
 
Moreover, the aforementioned studies relate the refurbishment in energy efficiency improvements 
of the post-war multi-family dwellings with the potential in energy efficiency reduction and aspects 
such as financing. They do not research the impact of the refurbishments on the cultural significance 
of the post-war building stock neither do they contain limitations in refurbishment strategies due to 
cultural qualities. 
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2.2 LIMITS OF ACCEPTABLE CHANGE  
The limits of acceptable change were firstly introduced by Frissell in 1963:  
 

“a limit should be placed on the amount of change to be tolerated” (Frissell, 1963).  
 
The aforementioned publication of Frissell, focused on the allowance or toleration of impact in 
recreational use of water canoe areas. The approach was later developed into a model for decision 
making of the carrying capacity of wilderness areas. The purposed  
 

“model of Acceptable ecological variation in wilderness” (Frissell, Wilderness environmental 
quality: search for social and ecological harmony, 1972) 
 
displayed the limits of acceptable change caused by man in relation to both rate of change and 
character of change resulting in ecosystem variations, is further developed into a framework for the 
limits of acceptable change in wilderness planning (Stankey, Cole, Lucs, Petersen, & Frissell, 1985). 
This framework provides a process of step by step change, allowing a degree of change in the 
wilderness and allowing the wilderness manager to manage the amount of change that is accepted. 
The framework connects the desired conditions to the current and the consequences of alternative 
management actions (Stankey, Cole, Lucs, Petersen, & Frissell, 1985). Furthermore, a historic 
perspective of the limits of acceptable change framework is discussed in the article of Cole and 
Stankey (1997), providing a brief overview of its global use and possible extension. They conclude 
the framework is extremely useful for problems that are characterized by: 
 
 “conflict and the need for compromise” (Cole & Stankey, 1997) 
 
Moreover, the framework of the limits of acceptable change is broadly used in different fields of 
environmental- and tourism management and planning (Ahn, Lee, & Shafer, 2002); (Gössling, 
Borgström Hansson, Hörstmeier, & Saggel, 2002); (Wallace & Pierce, 1996). 
 
As the limits of acceptable change are already broadly used in different fields, the methodology of 
the framework, consisting of a step by step planning of managing the change of an object or identity, 
can also be applied to the field of heritage management.  
 
According to Pereira Roders (2013), the limits of acceptable change framework, within the field of 
the build heritage, involves the management of  

 
 “how far transformations are allowed to deviate from the main aims to maintain and restore 
when changing cultural heritage properties”. (Pereira Roders, 2013) 

 
As an example, the coliseum in Italy shows the authenticity and integrity considered to be necessary 
to show its cultural significance. Rather than applying a binary scale of Yes and No, this example 
shows the gradual scaling allowing the limits of acceptable change to be managed according to the  
 

“loss of attributes until reaching the minimum state of integrity required to keep cultural 
significance understood” (Pereira Roders, 2013). 

 
Since the method is developed to manage the limits of change that are accepted (Pereira Roders & 
Veldpaus, Tolerance for change in the built environment: What are the limits?, 2013), it can 
therefore be used with respect to the aforementioned problem field. Since there is minor legislation, 
the question arises to which extent a transformation is accepted and what are these limits of 
transformation. 
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2.3 AIMS AND OBJECTIVES  

The aims of the research are twofold. On the one hand, the research aims to increase and 
stimulate the application of energy efficiency improvements within the field of the built 
environment. It contributes to the emerging awareness for refurbishments in energy 
efficiency improvement. 

On the other hand, the research aims to apply the limits of acceptable change framework to 
the topic of refurbishments in energy efficiency improvement and built heritage. It aims to 
connect both management and planning principles to the energy efficiency and heritage 
management.  From these limits design recommendations are provided which can be used 
to improve the energy efficiency of the built environment within the limits of acceptable 
change in energy efficiency transformations.  

The objectives of the research are to provide a theoretical framework of energy efficiency 
transformations of the building envelope and the impact of these transformations on the 
energy efficiency of a case study. 

Furthermore the rate of transformation of the attributes of the theoretical framework will 
be assessed by various actors in the field of the build environment resulting in a framework 
of the limits of acceptable change in energy efficiency transformations. 

In the end, the final framework will result in design recommendations for future building 
transformations and will be assessed on the case study post-war multi-family residential 
flat.  

2.4 SCOPE 
 
The scope of this master thesis is determined by both the problem and the research field, defining 
the issues and questions that need to be addressed and solved. Furthermore, the publication is 
directed to experts on both academic and professional level and those who are interested in the 
field of both heritage designation and sustainability or the field of the built environment in general. 
 
From the problem field, it is determined that the current post-war building stock is in need of 
profound building transformations. Not only for the improvement of their energy efficiency, but also 
for the improvement of the technical, social and financial conditions of the neighbourhood. As the 
topic of post-war building transformation arises, the need for “balancing the conservation or 
preservation and transformation innovation.” does so as well (Blom, Het verhaal van Nederland 
tussen 1940 en 1965, 2011). 
 
In order to find a balance in the conservation or preservation and transformation innovation, the 
research is conducted by the use of the limits of acceptable change. These limits of acceptable 
change define a management and planning principle to control the impact of the transformation. 
From this perspective, the research addresses the issue of “To what limits can the post-war building 
stock be transformed? What is ‘acceptable’ and what is thought to be as ‘not acceptable’?” 
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2.4.1 LIMITATIONS AND DELIMITATIONS 
As the research is conducted on an individual basis and within a time frame of five months, clear 
limitations and delimitations are set to make sure the research can be conducted within academic 
level. 
 
Within the conducted research, the analysis and recommendations are addressed to refurbishments 
in energy efficiency improvements of the post-war housing stock. The recommendations are 
assessed to one case study multi-family dwelling in the neighbourhood of Ommoord within the city 
of Rotterdam. 
 
On the topic of energy efficiency improvements, the building envelope refurbishment solutions will 
be addressed in both retrofitting measures and the application of renewable energy sources. On the 
topic of the limits of acceptable change in energy efficiency transformations, the rate of 
transformation is addressed in a ternary and integer scaling.  
 
Detailed limitations of each research part are provided within the final section of each research 
chapter. 

2.5 RESEARCH RELEVANCE  

2.5.1 SCIENTIFIC RELEVANCE 
Currently several feasibility studies on refurbishment of post-war residential flats are conducted 
within both Ommoord, the case study neighbourhood, as all over the Netherlands. (Nagtegaal, van 
Leersum, & Krijnen, 2011). As described in the problem field, currently there is a high demand for 
energy reduction, and therefore energy efficiency raise, of the building stock.  From the research 
field it is shown that the majority of these research publications only stress the energy efficiency 
impact. A small portion of these publications does link this energy efficiency impact to other field of 
interest such as cost effectiveness.  However, none of them relates the energy efficiency impact to 
limits of acceptable change in energy efficiency transformation. 
 
This master thesis will not only provide an overview of refurbishments in improving the energy 
efficiency, but will also add to knowledge the limits of acceptable change in energy efficiency 
transformations of these refurbishments in improving the energy efficiency of a post-war multi-
family dwelling.  Despite some of the post-war housing stock is designated by the RCE for being 
representative post-war reconstruction areas of national cultural importance, there is only minor 
legislation applied to it. 
 

2.5.2 SOCIAL RELEVANCE 
 
As stated by the publication of Priemus (1986) technical, social and financial decay are connected to 
each other. (Priemus, 1986)  The research is adding to knowledge on limits of acceptable change of 
refurbishments for the improvement of the energy efficiency of the housing stock, it can therefore 
contribute to the building environment not only in technical aspects, but also in financial and social 
aspects. Refurbishing and improving the energy efficiency moreover results in an increase in the 
quality of the living environment and contributes to the reversal of the downward spiral of decay. 
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2.6 RESEARCH DESCRIPTION 
 
The main research question of this master thesis is defined as: 
 

“How to optimize the energy efficiency of the building envelope of a post-war multi-family 
residential flat, with respect to the buildings’ limits of acceptable change in energy efficiency 
transformations?” 
 
To provide an answer to this main research question, the research is divided in three parts. The first 
two parts of the research consist of answering the two sub-questions. Consequently from the two 
sub-questions, the third part of the research, the main question is answered. 
 
The sub-questions of this master thesis are defined as: 

1) How to optimize the energy efficiency of the building envelope of a post-war multi-family 
residential flat? 

2) What are the limits of acceptable change in energy efficiency transformations of a post-war 
multi-family residential flat? 

Within the first part of the research, the theoretical framework for energy efficiency transformations 
of the building envelope is defined. The framework defines the building elements used for assessing 
the limits of acceptable change in energy efficiency transformation. Also, it provides the various 
solutions and boundaries of the energy efficiency improvements that are addressed. Next to this, 
the theoretical framework is applied on a case study building within the neighbourhood of 
Ommoord. The case study provides an insight in the assessment of the developed theoretical 
framework and allows a scale17 of impact of the energy efficiency improvements on the building 
design.  
 
Subsequently to the first part, the second part of the research consists of defining the limits of 
acceptable change in energy efficiency transformations of a post-war multi-family residential flat. 
Additionally to the aforementioned theoretical framework, a rate18 of transformation is added to 
each of the attributes of the framework. Furthermore the case study is used as a reference to assess 
the limits of acceptable change. The framework is then questioned to various resources and 
professionals from the field of the built environment, to unveil the limits of acceptable change in 
energy efficiency transformation.  
 
The third and final part of the research consists of a combination and synthetization of the first two 
parts. Resulting in a framework in which the scale of impact and the limits of the rate of 
transformation are combined to configure design recommendations for optimizing the energy 
efficiency of the building envelope of a post-war multi-family residential flat within the limits of 
acceptable change in energy efficiency transformation. The design recommendations are applied to 
the aforementioned case study and will elaborate on a design solution which has minimum impact 
on the un-acceptable change and does have maximum impact on the heating demand reduction or 
energy efficiency. 
 

  

                                                             
17

 Scale of transformation; framework with graduate scaling of heating demand reduction for the purpose of measuring 
and comparing building transformations. 
18

 Rate of transformation; a certain amount of transformation considered in relation to a transformation measure and used 
as a standard. Here: “Yes”, “Yes, If”, “NO”. 
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3 SCIENTIFIC METHOD  

3.1 METHODOLOGY 
The following section will provide an insight in the method that is used to answer the research 
question ‘how to optimize the energy efficiency of the building envelope of a post war residential 
flat, with respect to the buildings’ limits of acceptable change in energy efficiency transformations? It 
will provide an overview of the significant steps that are taken, the tools, and resources that are 
used to provide this answer. A more comprehensive methodology is provided within the 
methodology section of each chapter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

STEP 1 
Defining a theoretical framework 

of building envelope transfor-

mation measures in energy 

efficiency improvements and 

determining their scale of impact 

on the case study. 
 

Sources:  (Konstantinou T. , 2014); 

(Graham, 2003); (Konstantinou & Knaack, 

2013) Al Houseini (2009), van Bussel 

(2014), van Helden (2014), Creatore 

(2014), Boxem (2014). 

 

Figure 3.1.1, methodological scheme 

 

 

STEP 2 
Determining the limits of 

acceptable change in energy 

efficiency transformations or rate 

of transformation for each 

measure per resource or actor. 
 

Sources: (Gemeente Rotterdam d. , 2007); 

(Gemeente Rotterdam, Welstandsnota, 

2012) ; (Commissie voor Welstand en 

Monumenten, 2005); (Steeneken, 2015); 

(Wessels, 2015); (Meijer F. , 2015); (Meijer 

H. , 2015); (De Wit, 2015). 

 

STEP 3 
Recommendations for optimizing 

the energy efficiency of the 

building envelope of a post war 

residential flat with respect to the 

buildings’ limits of acceptable 

change in energy efficiency 

transformations. 

 
Sources: NEN7120+NV, 2015; VABI EPA-W 
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In the first part of the research, the measures of the theoretical framework for energy efficiency 

transformations and the different possibilities of change are defined. The framework is constructed 

by the use of the “Façade Refurbishment Toolbox“, based on the building envelope existing and 

retrofitting elements (Konstantinou T. , 2014); (Graham, 2003). The framework is enriched with 

measures of Renewable energy sources from literature sources such as Al Houseini (2009), van 

Bussel (2014), van Helden (2014), Creatore (2014), Boxem (2014), and general knowledge base. In 

addition, the case study (consisting of a post-war multi-family residential flat at the Albert-

Schweitzerplaats   in the neighborhood of Ommoord, named the “Knikflat”) is assessed by the 

framework to allow a scale of impact of the energy efficiency improvements. 

 
During the second part, in addition to the aforementioned theoretical framework, a rate of 
transformation is added to each of the measures of the framework. For the retrofitting measures, 
the scaling is based on a ternary scale of: “Yes”; “Yes, if”; and “No”. For the framework of renewable 
energy measures an integer scale of: ”0%”; “20%”; “40%”; “60%”; “80%” and “100%” is used. The 
case study is then used as a reference to define and assess the limits of acceptable change in energy 
efficiency transformation.  
 
To unveil the limits of acceptable change in energy efficiency transformation, qualitative semi-
structured interviews are conducted with the different actors, which define the final design of the 
building envelope. The interviews are focused specifically on the amount of change that is accepted 
for the attributes. The actors are determined as the architecture office BIQ, the architecture office 
Van Schagen Architekten, the project developer and housing cooperation, owner of the case study 
building Woonbron, the project developer and housing cooperation Havensteder and the aesthetics 
committee of the Municipality of Rotterdam. 
 
The resources that are used consist of legislation laws and guidelines such as the zoning 
development plans (Gemeente Rotterdam d. , 2007) and the building aesthetics guidelines 
(Gemeente Rotterdam, Welstandsnota, 2012) and the aesthetics committee report (Commissie voor 
Welstand en Monumenten, 2005) 
 
The third part of the research consists of a combination and synthetization of the first two parts. 
Resulting in a framework in which the scale of impact and the limits of the rate of transformation are 
combined to configure design recommendations for optimizing the energy efficiency of the building 
envelope of the case study within the limits of acceptable change in energy efficiency 
transformations. The design recommendations are explored by the use of the application VABI-EPA-
W and applied to the aforementioned case study. According to the NEN 7120+NV the impact of the 
original design of the case study, in comparison with the transformed designs is evaluated.  
Following from this the energy Index reduction is calculated with VABI-EPA-W elaborating on design 
recommendations which have minimum impact on the unacceptable limits of change and have 
maximum impact on the heating demand reduction or energy efficiency. 
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3.2 PLANNING 
 
Table 3.2.1 Individual research planning 

 

 

The research is divided in four work packages, of which the first two are conducted simultaneously: 
WP1.1 – Defining the theoretical framework; 
WP1.2 – Data and contact gathering 
WP2 – Determining the limits of acceptable change of each measure per source or actor; 
WP3 – Design recommendations for optimizing the energy efficiency of the building envelope. 
 
WP1   – Defining the theoretical framework, data gathering, and contact gathering. 
 | 6 weeks 
In the first part of the research, two work packages are executed in parallel to each other resulting in 
WP1. Since the second work package requires knowledge of both the case study transformation and 
the involved actors, these are acquired during the first work package. During this package, 
appointments are scheduled and arranged with the different actors to be appointed during the 
second work package. The data gathering of the first work package consists of archival research to 
unveil the design’s architectural and building physics and services transformation of the case study 
at the NAi, the municipal archive and the respective office archives. 
 
Aside from the data gathering, the first work package beholds defining the limits of acceptable 
change attributes. These attributes are defined from a literature study on the state of the art in both 
the limits of acceptable change and the energy efficiency building transformation frameworks. The 
framework of attributes will then be used for assessment in the second work package. 
 
WP2 –  Determining the limits of acceptable change of each measure per source or actor; 
 | 7 weeks 
For the second work package, the limits of acceptable change are assessed by both actors and 
resources defined in the methodology. During this work package, interviews are held with the actors 
and the resource documents are assessed by the framework. In the final week of the work package 
the results are combined in order to form a final framework of the building design according to the 
limits of acceptable change. 
 
WP3 – Design recommendations for optimizing the energy efficiency of the building envelope. 
 | 5 weeks 
The final work package consists of reporting the recommendations for optimizing the energy 
efficiency according to the limits of acceptable change and reviewing the research structure and 
report. In a brief evaluation the design recommendations are compared to the original design. 

  

Month

Week 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

WP 1.1

WP 1.2

WP 2

WP 3

Green light

Retake green light

Retake mid-term colloqium Final colloqium

INDIVIDUAL RESEARCH PLANNING

April May June July AugustMarch
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4 SQ1  -  HOW TO OPTIMIZE THE ENERGY EFFICIENCY OF THE BUILDING 

ENVELOPE OF A POST-WAR MULTI-FAMILY RESIDENTIAL FLAT? 

4.1 INTRODUCTION 
To provide an answer to the main question, the research is divided by two sub-questions and three 
main research parts of which this is the first. The first sub-question provides an overview of the 
different energy efficiency measures that are used within this research of optimizing the energy 
efficiency of the building envelope of a post-war multi-family residential flat. It elaborates on a 
theoretical framework for energy efficiency transformations of the building envelope and narrows 
the field of view to set boundaries in which the research is conducted.  
 
Furthermore, the theoretical framework is applied on a case study building, the Albert-
Schweitzerplaats Knikflat, within the neighbourhood of Ommoord. The case study provides an 
insight in the assessment of the developed theoretical framework and allows a scale of impact of 
the energy efficiency improvements on the building design. 

4.2 METHODOLOGY 
In the first part of the research various framework configurations are explored to define the 
attributes and the different measures of change of the theoretical framework for energy efficiency 
transformations. By exploring various building transformations and retrofitting measures, the 
research has elaborated on a framework which determines the boundaries of the research. The 
framework includes research studies on the improvement of post-war multi-family dwellings that 
already have been conducted, general knowledge and innovative technologies. The framework is set 
up by the strategy of the Trias energetica (RVO, Infoblad Trias Energetica en energieneutraal 
bouwen, 2015), the categorization of the definite energy label (RVO, Achtergronddocument 
rekenmethodiek definitief energielabel, 2014) and the measures of the Façade Refurbishment 
Toolbox, based on the building envelope existing and retrofitting elements (Konstantinou T. , 2014), 
(Graham, 2003). Furthermore the framework is enriched with attributes for renewable energy 
measures from literature sources in solar and wind energy generating technologies (Al Houseini, 
2009), (van Bussel, 2014), (van Helden, 2014), (Creatore, 2014), (Boxem, 2014). 
 
Next to this, by the use of digital data gathering on the internet and physical archival data gathering 
within the Municipal archive of Rotterdam and the NAi19, the original building characteristics of the 
case study dwelling have been analyzed. From the analysis and the theoretical framework, an 
overview of possible refurbishment measures which can be applied on the case study are derived, 
resulting in the application of the theoretical framework on the case study residential flat. In 
addition, as the building characteristics and retrofitting measures of the case study are identified. 
The scale of impact of these measures is determined providing an overview of, not only the 
measures itself, but also the scale of impact on the energy efficiency of the retrofitted measure. 
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Figure 4.3.1.1, Trias energetica (RVO, 

Infoblad Trias Energetica en 

energieneutraal bouwen, 2015) 

Reduce energy consumption Efficient use of fossil fuels Use renewable energy sources

Reduce energy consumption Efficient use of fossil fuels Use renewable energy sources

Table 4.3.1.1, Trias energetica (RVO, Infoblad Trias Energetica en energieneutraal bouwen, 2015) 

Table 4.3.1.2, Taxonomy of the Definite Energy Label methodology (RVO, Achtergronddocument rekenmethodiek definitief energielabel, 2014) 

4.3 THEORETICAL FRAMEWORK 

4.3.1 FRAMEWORK BACKGROUND 
 
From1996 the strategy of the Trias energetica, which is shown 
in Figure 4.3.1.1, is adopted by the Novem20 as a fundamental 
strategy in improving the energy efficiency of buildings. The 
strategy is trifold, not only focusing on the parts of the 
strategy itself, but also on the sequence in which the parts are 
applied.  
 
Step 1: Reduce the energy consumption or demand; 
Step 2: Use of renewable energy sources; 
Step 3: If necessary, use fossil fuels as efficiently and clean as 
possible. (RVO, Infoblad Trias Energetica en energieneutraal 
bouwen, 2015) 
 
This strategy of building measures to increase the energy 
efficiency, not only focuses on passive design solutions, but 

also includes active design solutions of using as much renewable energy sources as possible to 
increase the buildings’ energy efficiency. 
 
In September of 2014, the RVO21 published a methodology in order to simplify the energy label 
certification named the “Definite energy label” (RVO, Achtergronddocument rekenmethodiek 
definitief energielabel, 2014). The Definite energy label provides house owners with an overview of 
their current Energy Index22 and further relates the dwellings’ building typology to the impact of 
future building transformations. The calculation of the Definite Energy Label is based on the 

                                                             
20

 Novem; “Nederlandse onderneming voor energie en milieu”, Dutch agency for energy and environment; 
21

 RVO; Dutch governmental office for entrepreneurship; 
22

 Energy index; measure for the energy efficiency of an existing building; 
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NEN7120+NV . The taxonomy of the published methodology provides an overview of the most 
common building typologies; original building constructions; and retrofitting measures and is based 
on the WoOn 2012 research (Het ministerie van Binnenlandse Zaken, 2013). Furthermore, it is used 
to define the building transformations during the group part of this master thesis (unsustainable 
historical buildings?, 2015). 
 
As the taxonomy of the original building constructions and retrofitting measures in table 4.3.1.2 
shows, the energy efficiency measures provided by the RVO can be categorized by the 
aforementioned Trias energetica. 
 
Although the taxonomy of the RVO does provide an overview of building transformations to improve 
the energy efficiency of a dwelling, the categorization shown in table 4.3.1.2 was found to be 
insufficient to be used as a theoretical framework, as it is defined by building measures instead of 
building elements. Durability measures, such as the application of solar panels, do not have any 
building component or location allocated to it. Moreover, the amount of measurements in 
renewable energy sources is very limited. 
 
In October 2014, Thaleia Konstantinou of the Delft University of Technology published the Façade 
Refurbishment Toolbox (Konstantinou T. , 2014). As opposed to the taxonomy used by the Definite 
energy label, this framework, which is shown in the appendix table 1, provides a two dimensional 
matrix allowing a location and retrofitting measure to be linked to one another.  
 
The framework of the Façade refurbishment toolbox is based on state-of-the-art refurbishment 
measures of multi-family post-war residential buildings. The measures used in the framework are 
based on an analysis of current refurbishment practice, experiences and a literature review of 
refurbishment projects such as EPIQR (Flourentzou, Genre, & Roulet, 2001), TABULA (TABULA, 
2012), SUSREF (Häkkinen, 2012), IFORE (Sdei, Tittelein, Lassue, & McEvoy, 2013), (Nemry F. , et al., 
2010) and other research publications mentioned within the research of the Façade refurbishment 
toolbox (Konstantinou T. , 2014). 
 
The horizontal axis of the framework consists of a categorization between the building envelope 
elements defined as follows: exterior wall; window; balcony; roof; and ground floor, and the building 
system elements defined as: ventilation; and heat source.  
 
On the vertical axis the framework consists of a categorization between: existing construction; 
retrofitting measures; renewable energy sources; and spatial interventions.  
 
The framework provides a solution to the positioning of the renewable energy sources, which are 
now connected to the elements of the building envelope and therefore have a location assigned to 
it. Furthermore, total scheme is developed for the use and application on post-war multi-family 
dwellings, making it essential to be adopted as a theoretical framework for improvements in energy 
efficiency of the post-war residential housing. 
 
However, as the framework of the Façade refurbishment toolbox does also include the building 
systems. The building systems categorization is removed from the framework since the theoretical 
framework of this master thesis is only to be used for the refurbishments of the building envelope. 
Furthermore, on the vertical axis the spatial interventions are moved to the retrofitting building 
measures categorization as these elements are to be applied on the retrofitting of a building design 
and the categorization does not affect the framework assessment itself.  
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Table 4.3.2.1, Taxonomy of the Retrofitting measures on the building envelope 

4.3.2 THE FRAMEWORK 
Table 4.3.1.3 shows the retrofitting measures that are used for the theoretical framework of this 

research. Compared to the initial framework of Konstantinou T. (2014), the axis of the framework is 

switched, allowing the measures to be scaled according to their impact on the energy efficiency 

reduction. The parameter that is used for indicating the impact on the energy efficiency is the 

heating demand reduction, as it is responsible for 70% of the energy consumption of residential 

buildings (BPIE, 2011); (Konstantinou T. , 2014). 

The definitions of the retrofitting measures of the framework, correlate with the definitions 

identified by the framework of the Façade refurbishment toolbox and can be found within the 

publication of the Façade refurbishment toolbox chapter 5.3 (Konstantinou T. , 2014). The measures 

will be addressed in depth within the assessment of the framework to the case study in the final part 

of the current chapter. 

 
Moreover, the framework of the Façade refurbishment toolbox does not include, as extensively as it 
could be, the use of renewable energy sources as a refurbishment strategy proposed in the Trias 
Energetica. Therefore, by the use of course material of the Eindhoven University of Technology on 
Renewable Energy Sources and publications of Al Houseini (2009); van Bussel (2014); van Helden 
(2014); Creatore (2014); Boxem (2014), the theoretical framework has been enriched with 
refurbishment measures of renewable energy sources. (Al Houseini, 2009); (van Bussel, 2014); (van 
Helden, 2014); (Creatore, 2014); (Boxem, 2014), 
 
Table 4.3.2.2 shows the renewable energy sources linked to the elements of the building envelope.  
The definitions of the measures can be found in the next part, which contains the assessment of the 
framework to the case study building, of this chapter.   
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4.3.3 LIMITATIONS OF THE FRAMEWORK 
 
Although the theoretical framework, as well as the assessment of the theoretical framework, has 

been conducted out of a thoughtful analysis of both the post-war building stock and the original 

building characteristics of the Knikflat. As with any research, the theoretical framework and the 

application of the framework are constructed with limitations resulting from the research process 

and field of view. These limitations will be addressed in the following paragraphs to justify the 

development and application of the framework within this research. 

 

Resulting from the inherited characteristics of refurbishments and building transformations in 

general, the framework is only focused on the transformations of original building characteristics, 

namely, retrofitting measures. As these original building characteristics vary strongly among the 

post-war building stock, the framework limits itself to only the multi-family dwellings constructed 

within the post war era of 1950 to 1970. 

 

To limit the field of view and thus narrow the research field, the theoretical framework is adopted 

out of the refurbishment measures of the doctoral research of T. Konstantinou (2014), and is only 

focused on the retrofitting measures of the building envelope. Within the building envelope, the 

elements of the roof, external walls, balcony, windows and floors are defined. Therefore, the 

framework does not focus on other parts of the building, which may also have a large influence on 

the retrofitting. 
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4.4 ASSESSMENT OF THE THEORETICAL FRAMEWORK  
 

The next part of this chapter will focus on the application of the theoretical framework to a post-war 

multi-family residential flat at the Albert-Schweitzerplaats in the neighbourhood of Ommoord within 

the city of Rotterdam, namely, the Knikflat. 

 

Firstly, the original building characteristics will be identified. Secondly, to define the attribute on the 

level of the case study and to show its area of impact, the retrofitting and renewable energy 

measurements are applied to the case. Thirdly, the building will be categorized according to the 

building simulation typology of the façade refurbishment toolbox, allowing the framework to be 

assessed according to the scale of impact in heating demand on the case study building. The 

simulation results of the Façade refurbishment toolbox are used to provide an indication of the 

heating demand reduction.  
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Image 4.4.1.1, Knikflat at the Albert-Schweitzerplaats 1999 

(Source: (biq stadsontwerp, 2009)) 

Figure 4.4.1.1, Concept of the balcony (Source (Hage, 2005)) 

Figure 4.4.1.2, Typology overview of the Knikflat (scale 1:250, source: (Biq architecten, 2015) 

4.4.1 ORIGINAL BUILDING CHARACTERISTICS OF THE CASE STUDY 
 

Originating from the masterplan of Ommoord, 

developed by Lotte Stam-Beese on behalf of the 

Urban planning department of Rotterdam, the 

Knikflat has been detailed around 1966 by the 

Architecture office ‘Architekten en 

ingenieursbureau bakker en bakker’ and 

executed as an RBM II -system. The building was 

constructed around 1968.  

The Knikflat has a height of approximately  

25,2 meters and is divided in nine floor levels. 

The ground floor consists of storage boxes and 

the upper eight floors consist of apartments. 

The north and east side sections of the building 

are equal to each other and have a length of 86 

meters consisting of 88 apartments per section. 

The main entrance of all 176 apartments is 

located in the centre of the building in which 

both sections meet each other’s end. 

The gallery of the building is placed on the north 

façade, overlooking the square and parking 

places. The Balconies are placed on the south 

façade overlooking the public greenery. 

The apartment floors are based on 1 corner 

typology, 1 edge typology and 1 middle 

typology. The middle typology is mirrored and 

placed in alternation along the longitudinal axis 

of the building. 
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Originally, the External walls of the building are insulated with 15 mm tempex and constructed out 

of a brick wall on the outside and concrete wall on the inside. The windows were originally built out 

of single glazing with wooden window frames. Figure 4.4.1.4 shows the proportions of the window. 

The Balcony is constructed out of prefab concrete elements and is attached to the facade.  When 

constructed, the concrete ground floor was not insulated and also the first floor, which connects the 

unheated garage spaces with the living spaces, was not insulated.   The flat roof originally consists of 

a concrete roofing construction with 20mm roofmate.  

Figure 4.4.1.5, Detail of the original roof edge construction (source (Biq architecten, 2015) 
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Figure 4.4.2.1, cavity insulation of the front façade. Figure 4.4.2.2, insulation in between dwellings 

4.4.2 APPLICATION OF THE THEORETICAL FRAMEWORK 
 

In the following part the retrofitting measures, shown in table 4.3.2.1 of the theoretical framework, 

will be applied to the case study.  

 

External wall retrofitting measures 

The cavity insulation retrofitting measure consists of ejecting a loose or foam insulating material 

inside the cavity between the layers of concrete and masonry. In case of the Knikflat, the insulation 

can be injected for both the front façade and inside the masonry elements of the longitudinal 

façade. 

The inside insulation measure is conducted on the interior side of the closed façade elements. The 

closed façade elements are represented in figure 4.4.2.1 and 4.4.2.2. The inside insulation consists of 

a sheathing with insulation, vapour protection, and a plaster finish. The inside insulation does not 

affect the outside appearance, however it does affect the disturbance of the occupiers. 

 

The external insulation and finishing system consists of an insulation system placed on the outside 

of the closed façade elements. Moreover, the system replaces the current outside masonry façade 

element and is built up out of insulation boards fixed to the existing exterior façade with a sheathing 

or plaster finish. The closed façade elements are represented in figure 4.4.2.3 and 4.4.2.4. 

 

Furthermore, the external wall retrofitting measures consist of second façade systems. The systems 

are divided in curtain walls and second skin façades.  

 

For the curtain walls, the glass structure is attached to the original façade. The wall has no closed 

floor separations so the air inside the curtain wall can move along both horizontal and vertical axis. 

The solar radiation and internal gains increase the temperature inside the façade and therefore the 

area is used as a thermal buffer for the apartment spaces behind it. Both single and double glazing 

can be used for the curtain wall, depending on the use of the interior space.  

 

Figure 4.4.2.3, closed front façade elements Figure 4.4.2.4, closed elements of the longitudinal façade 
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The second skin façades can be divided into box-window façades, in which the second skin façade is 

integrated in the thermal zone, corridor single glazing and corridor double glazing façades. The 

corridor typology is defined by the horizontal open space of the floor. This enables air to be moved 

across the horizontal axis of the building. 
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Window retrofitting measures 

The window retrofitting measures include 

shading devices, window replacement, window 

upgrades, and secondary glazing. 

 

The adjustable shading devices can be placed 

on both the outside or inside and of the 

window pane, in the form of an overhanging or 

venetian blinds. 

 

The window replacement measures consist of 

replacing not only the window glazing but also 

the whole window frame. 

 

The replacements that are evaluated in the 

Façade refurbishment toolbox and assessed to 

the case study are replacement with: double 

glazing LoE, triple glazing LoE air, triple glazing 

LoE Argon, and double glazing LoE Argon.  Next 

to the low U-value and increased energy 

performance, also the air tightness is beneficial 

when replacing the window. Figure 4.4.2.11 

shows the window area of the Knikflat. 

 

Furthermore, the window can be upgraded 

instead of replaced. When upgrading the 

window pane, only the glass is replaced leaving 

the original window frame as it was 

constructed. Since the window upgrade will 

need a larger depth, the window frame needs 

to be adjusted by the use of fixing strips, as 

shown in figure 4.4.2.12. The upgrade of the 

glazing can be conducted from single to 

double glazing. 

 

In addition, an additional window frame and 

glazing can be placed in front of or behind the 

window to enlarge thermal resistance. The 

secondary glazing can be placed as single or 

double glazing and creates a thermal buffer in 

front of the living space. In this case, the 

original window frame is maintained while 

increasing the air tightness and thermal 

resistance of the dwelling.  

  

Figure 4.4.2.10, flexible shading device on south façade 

Figure 4.4.2.11, area of window replacement 

Figure 4.4.2.12, replacement of single glazing by double 
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Figure 4.4.2.14, balcony cladding double glazing Figure 4.4.2.15, balcony cladding single glazing 

Balcony retrofitting measures 

The cutting-off the balcony floor and replacing 

the floor edge with insulation, reduces thermal 

bridging of the balcony slab. In this case the 

balcony is removed. Similar insulating effects 

with maintaining the balcony typological 

characteristics can be achieved by insulating 

the balcony slab. This can be achieved by fully 

wrapping the balcony floor. 

 

Furthermore, the balcony can be cladded with 

a curtain wall, as shown in figures 4.4.2.14 and 

4.4.2.15, or transformed into a second skin 

façade. The cladding of the balcony transforms 

the balcony into an unheated zone, which is 

used as a buffer zone for the living space. In 

addition to the thermal effects the cladding of 

the balcony increases the spatial area of the 

dwelling. 

 

In addition, the balcony can be transformed as an integrated space or thermal zone in which 

thermally conditioned area of the dwelling is enlarged. This transformation involves each balcony to 

be sealed off. 

 

 

 

Ground floor retrofitting measures 

In this case, the ground floor is positioned on the first floor and adjacent to the garage and storages. 

For retrofitting measures, the basement or garages floor and walls can be insulated and used as 

heated spaces.  This measure will create an additional ground floor. 

 

Moreover, the ground floor can be insulated on top or under the floor slab. The insulation will 

reduce the transmittance of the room to the adjacent unheated space. Furthermore, the ‘on top’ 

insulation will reduce the total ceiling of the first floor and the thermal mass of the concrete is not 

effective anymore. 

  

Figure 4.4.2.13, wrapping of the balcony by insulating 

material. 
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Figure 4.4.2.16, roof retrofitting measure, additional loft. Figure 4.4.2.17, roof retrofitting measure, green roof. 

Figure 4.4.2.19, RES measure PV closed façade. Figure 4.4.2.18, RES measure PV-tilted closed façade 

Roof retrofitting measures 

The roof retrofitting measures consist of roof insulation, green roof, or additional loft spaces. 

 

The roof insulation retrofitting measure consists of an additional roofing insulation constructed as a 

warm roofing, in which the insulation is wrapped around the building construction elements. The 

insulation layer is placed on top of the vapor control layer and under the water proofing. 

 

Furthermore, the green roof retrofitting measure consists of a flat roof structure with insulation, 

drainage, filters and vegetation layers. In this case, the height of the green roof is defined by 

structural limitations and only extensive greenery is possible. The green roof increases the thermal 

resistance of the roof and more importantly it contributes to the environmental health and reduces 

the urban heat island effect.  

 

In addition, an additional loft space is added as a retrofitting measure. The additional heated loft 

space increases the thermal resistance of the top layer since it can be fully insulated.  Figure 4.4.2.16 

shows the additional loft spaces. 

 

Renewable energy sources measures 

In general, the renewable energy sources building measures consist of active systems such as: solar 

power, Photo voltaic panels and solar boiler, and wind energy, vertical axis wind turbines and 

horizontal axis wind turbines. These systems are configured in various settings attached to the 

external wall, window, balcony and roof. An overview of the measures is provided in table 4.3.2.2.  

 

RES - External wall 

The external wall can be cladded with both PV-panels and solar collectors. The combination of these 

systems can be found in the conduction of the ‘energy roof cladding’, which consists of a layer of 

heating and cooling absorption, and a finishing of PV film. The capacity of this module to extract 

electricity, heating, or cooling is generally lower than having the PV-system or solar collector. 
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Figure 4.4.2.21, RES measure PV-tilted balcony Figure 4.4.2.22, RES measure PV balcony 

Figure 4.4.2.20, RES measure phase changing materials  

(Source: (SCHOTT GlassX) 

RES – Window 

Currently, over sixty percent of the façade is 

constructed out of glazing. The renewable energy 

sources such as a PV-film can be cladded to the 

windows and open parts of the façade, developing 

a PV-integrated façade. Furthermore, this cladding 

of PV-film can also be applied to the adjustable 

shading devices.  

 

The openness of the façade can also be utilized by 

the use of Phase changing materials. The phase 

changing materials absorb heat by the result of 

solar radiation, causing the inside temperature of 

the module to increase. When the temperature 

decreases at night, the materials release the heat working as a thermal buffer for the space heating. 

The phase changing materials allow the peak inside temperatures to be buffered to lower the 

heating demand. 

 

RES – Balcony 

The balcony railing on the south façade can be cladded with PV-panels or solar collectors. They can 

be attached vertically to the balcony railing or tilted between 30-40 degrees, working as a canopy. 

 

 

 

RES – Roof 

The roof surface can be utilized for both PV-panels and solar boiler systems. They can be placed 

horizontally, tilted, or as a roof structure shown in figure 4.4.2.23. Also the roof can be utilized for 

the generation of wind energy. Figure 4.4.2.24 shows an example of integrated wind turbines within 

the structure of the roof. 

 

 
Figure 4.4.2.23, RES measure PV structure roof Figure 4.4.2.24, RES integrated wind turbines 

(Source: (Strata SE1 / BFLS)) 
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Edge top [ T6 ] in between top [ T3 ] Edge top [ T6 ] in between top [ T3 ]

1 10 1 10

Edge middle [ T5 ] in between middle [ T2 ] Edge middle [ T5 ] in between middle [ T2 ]

6 60 6 60

Edge ground [ T4 ] in between ground [ T1 ] Edge ground [ T4 ] in between ground [ T1 ]

1 10 1 10

Masonry wall, single glazing,  flat roof Masonry wall, single glazing,  flat roof

60% WWR 60% WWR

West oriëntationSouth oriëntation

Table 4.5.1, Building typology distribution and setup as originally constructed. 

 

4.5 SCALE OF IMPACT OF THE TRANSFORMATIONS TO THE CASE STUDY  
By the use of the heating demand reduction simulation results of the Façade refurbishment toolbox 

(Konstantinou T. , 2014), the case study characteristics will be aligned with the framework simulation 

properties to enable the qualification of the heating demand reduction and the application of the 

case study to the framework. The simulation results of the Façade refurbishment toolbox is used to 

provide an indication of the heating demand reduction. It is not used to provide exact results. These 

simulations will be conducted in the third part of this research. For the analysis the orientation, 

window-to-wall ratio, construction type, and typology subdivisions are used.  

 

The orientation of the Albert-Schweitzerplaats  multi-family residential flat is multi-directional and is 

therefore divided in two sections. The first section is defined as West-oriented, the second section of 

the Knikflat is defined as South-oriented. Both parts are equal in geometry and length.  

 

The heat loss from the façade of the apartments is affected by the window-to-wall ratio  (Aksamija, 

2013). Konstantinou and Knaack (2013), define two main categories of 30 and 60 percent ratio of 

window area to wall area of the façade, within their simulations for heating demand reduction. The 

Knikflat has a window-to-wall ratio of: 

 

14,23 m2  /  22,96 m2 = 61,98 % 

 

and is therefore categorized as 60%. 

 

To enable the use of the simulation framework of the Façade refurbishment toolbox, the 

construction typology of the Albert-Schweitzerplaats  is categorized as M1, “Masonry wall”, “single 

glazing”, “pitched roof” for the external wall, window, balcony, and ground floor simulation results. 

In order to use the roof simulation results the typology is adjusted to M6 containing a “flat roof”.  

 

 

The framework distinguishes six energetic typologies. The typologies are defined according to their 

positioning inside the Knikflat.  In accordance with the original framework taxonomy, the six 

typologies are defined as:  edge top (T6); edge middle (T5); edge ground (T4); in between top (T3); in 

between middle (T2); in between ground (T1). Table 4.5.1 shows the building typology distribution 

and setup as originally constructed. 
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The following paragraphs will provide the simulation inputs that are used to configure the indication 

of the heating demand reduction. 

 

External wall retrofitting measures 

The base settings of the façade are based on M1, T2, and WWR60. The heating demand reduction is 

based on the average of both South and West oriented spaces. 

 

Window retrofitting measures 

The base settings of the window are based on M1, T2, and WWR60. The heating demand reduction 

is based on the average of both South and West oriented spaces. 

 

Ground floor retrofitting measures 

The base settings of the ground floor are based on M1, T1, and WWR30. The heating demand 

reduction is based on the average of both South and West oriented spaces. 

 

Roof retrofitting measures 

The base settings of the roof are based on M6, T3 and WWR30. This corresponds to the flat roof 

typology of the case study. The heating demand reduction is based on the average of both South and 

West oriented spaces. 

 

Balcony retrofitting measures 

The base settings of the balcony are based on M1, T2, and WWR60. The heating demand reduction is 

based on the average of both South and West oriented spaces. 

 

The scale of impact on the heating demand reduction of the refurbishment retrofitting measures 

based on the typological building characteristics and distribution of the Knikflat are shown in the 

Appendix table 2. 
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4.6 DISCUSSION FRAMEWORK  
 

The application of the theoretical framework is used to provide an indication of the heating demand 

reduction. Therefore the framework is adopted from the Façade Refurbishment toolbox 

(Konstantinou T. , Façade Refurbishment Toolbox, Supporting the Design of Redisential Energy 

Upgrades, 2014). From this framework the simulation results are adopted as well to provide an 

indication of the energy efficiency impact. As a result, they are not used as exact values and only 

serve as an indication. The next paragraphs will provide a discussion based on the results of the final 

framework.  

 

The aforementioned simulation results are based on the geometry of a typical floor plan of a post-

war apartment provided by the publication “Niet-traditionele woningbouwmethoden in Nederland” 

of van Elk and Priemus in 1971. Therefore, the geometry that is used is not identical to the geometry 

of the case study. Due to the defined character of the research project, process, and the aim of this 

study, it was not possible to simulate all retrofitting measures according to the case study geometry. 

Also, the climate, occupancy profiles, and HVAC are described within the simulation input chapter 

5.5 of the research of T. Konstantinou 2014 and are thus not further addressed within this research  

(van Elk & Priemus, 1971). 

 

By the use of the Refurbishment toolbox, the impact on the energy efficiency of the retrofitting 

measure is scaled according to the heating demand reduction. Furthermore the dynamic simulations 

are conducted by the use of Design Builder which takes into account sub-hourly fluctuation in 

temperature both in and outside and as such, the results are influenced by changing condition of 

opening windows etc. Moreover, as thermal comfort was a starting condition for the simulations, 

the inputs included ventilation when the temperature reached a specific value. (Konstantinou T., 

2014) 

 

The appendix table 2 shows the scale of impact according to the heating demand reduction. In 

contrary to what could be expected from static simulation software, the dynamic simulations 

resulted in the shading system to reduce the interior heating demand. This is caused by the reduced 

overheating risk, which results in less ventilation (or the opening of windows) and thus less 

ventilation heat losses. In addition the double glazing has higher heating demand reduction than the 

triple glazing, due to the triple glazing has a lower g-value23 which results in less solar heat gains 

although the thermal resistance of the triple glazing is higher. (Konstantinou T., 2014) 

 

Moreover the renewable energy sources measures of the framework are based on a selection of 

measures derived from a brief literature review and course material review of the Eindhoven 

University of Technology. They contain basic knowledge to gain an insight in the limits of acceptable 

change in energy efficiency. Evidently, further research on the framework of renewable energy 

sources is essential to increase the significance of its measures and further extend the qualifications 

of the framework for the conducted research. 

 

  

                                                             
23

 g-value; The coefficient for the amount, in percentage, of total solar radiation which is transferred inside the building 
though the glass. 

Chapter 4 – Energy efficiency transformation framework 
 



42 

LIMITS OF ACCEPTABLE CHANGE IN ENERGY EFFICIENCY TRANSFORMATIONS  

 

 

4.7 CONCLUSION FRAMEWORK 
The first sub-question of this research publication provides an answer to the possible building 

measures for optimizing the energy efficiency of the building envelope of the post-war multi-family 

Knikflat in the Neighbourhood of Ommoord within the city of Rotterdam. It provides an answer to 

the question ‘How to optimize the energy efficiency of the building envelope of a post-war multi-

family residential flat?’. 

 

The answer is provided by the use of a two dimensional framework consisting of both retrofitting 

measures and renewable energy sources measures applied to the building envelope clarifying how 

these transformations are conducted. The framework has been assessed to the case study building, 

showing a visualization of the impact on building level. The final result is shown in the Appendix 

table 2 and table 3.   

 

In addition to the transformation categorization, the overview also provides an indication of the 

scale of impact according to the heating demand reduction of the retrofitting measure. These 

indications are based on the simulation results provided by the publication of Konstantinou T., 2014. 

Although the simulations are not based on the case study building model, they provide an insight in 

the possible effects of the referenced transformation. 

4.8 FURTHER RESEARCH  
 
As the framework consists of two main parts focusing on retrofitting measures and renewable 

energy sources measures, further research is required for the combination of the framework as one 

comprehensive framework. Although the RES measures do not impact the heating demand 

reduction, the framework has to be developed to support the energy efficiency improvement. In this 

case the RES framework can be linked to the Retrofitting measures. 

 

Moreover a comprehensive overview of RES measures is provided by the framework. However this 

framework is based on course material of the Eindhoven University of Technology and a brief 

literature study, further research is required to enhance the quality, amount, and applicability of the 

measures.  

 

In contrary to the retrofitting measures the RES framework is not based on an analysis of building 

transformations of post-war dwellings. Therefore an analysis of the current transformation 

characteristics of RES measures on the post-war building stock is necessary to increase the validity of 

the framework. 

 

In addition, as the heating demand reduction is not based on the case study building geometry 

further research on the reduction of the heating demand in relation to the building geometry can 

increase the reliability of the heating demand reduction overview of the framework. This assessment 

is conducted within the third part of this research publication. 
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Table 4.2.1.2, categorization of the rate of transformation of the renewable energy 

sources 

Table 4.2.1.1, categorization of the rate of transformation of the retrofitting 

measures 

5 SQ2  -  WHAT ARE THE LIMITS OF ACCEPTABLE  CHANGE IN ENERGY 

EFFICIENCY TRANSFORMATIONS OF A POST-WAR MULTI-FAMILY 

RESIDENTIAL FLAT? 

5.1 INTRODUCTION  
To provide an answer to the main question, the research is divided into two sub-questions and 
beholds three main research parts. Currently, the second research part is going to be discussed. The 
second sub-question elaborates on the assessed theoretical framework of the first part and 
determines the limits of acceptable change in energy efficiency transformations of a post-war 
multi-family residential flat.  
 
As the first part of the research focused on the scale of impact of the energy efficiency 
improvements on the building design, the second part of the research focuses on the rate of impact 
of the energy efficiency improvements on the building design. 
 
Furthermore, the second part elaborates on the different perspectives within the fields of the 
building sector to generate limits of acceptable change in energy efficiency transformations. The 
limits of acceptable change created a framework of limits which enabled consideration of building 
transformation between different perspectives, and corresponds to the problems stated in the 
problem field as there is a need for “balancing the conservation or preservation and 
transformation innovation” (Blom, Het verhaal van Nederland tussen 1940 en 1965, 2011). 

5.2 METHODOLOGY  
 
In addition to the assessed theoretical framework of the previous chapter, a rate of transformation 
is added to measure the limits of acceptable change in energy efficiency transformation. The 
categorization is added to each of the measures of the framework. For the assessment, the same 
reference building as in the first part of the research is used, being the post-war multi-family 
dwelling at the Albert-Schweitzerplaats, known as the Knikflat. The rate of transformation is defined 
by the categorization as shown in table 4.2.1.1 and 4.2.1.2. For the retrofitting measures the scaling 
is based on a ternary scale of yes, yes if, and no. Containing no limitations, specific limitations or is 
not accepted, respectively. For the framework of renewable energy measures an integer scaling 
from 0 to 100 percent with steps of 0; 20; 40; 60; 80 and 100 percent for applied surface area is 
used. With the use of these categorizations, the actors of the research are enabled to define their 
limitations regarding the building transformation measures. 

 
To unveil and determine 
the limits of acceptable 
change in energy 

efficiency 
transformation, five 
qualitative semi-
structured interviews 
have been conducted 
with various sources and 
professionals from the 
field of the built 
environment. 
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The interview is focused specifically on the amount of change that is accepted of the building 
transformation and renewable energy sources measures. The actors are determined as the actors 
that have already conducted a transformation on the Knikflat and therefore already have gained 
some insights in the possible limitations. More specifically, the architecture office BIQ-Architects and 
the project developer and housing cooperation Woonbron. 
 
In contrast to this, two actors are determined which have already conducted feasibility studies on 
the Knikflat, or have already created best practice building transformations in the field of the post-
war housing stock. Namely, the architecture office Van Schagen Architekten and the project 
developer and housing cooperation Havensteder. 
 
Furthermore, an independent actor is chosen to serve as an indicator of the deviation of the limits of 
acceptable change in energy efficiency transformations of the aforementioned actors. The 
independent actor consists of the aesthetics committee of the Municipality of Rotterdam as they 
have already agreed on building transformations of the Knikflat (Gemeente Rotterdam, 
Welstandsnota, 2012). 
 
The selected actors and resources are comprehensively addressed within the following section. 
 
In the end of this research part, the results of the interviews are displayed within the framework of 
acceptable change in energy efficiency transformations with an additional part on the actors’ 
perspective on building transformation. This qualitative insight generates significant information 
which can be used for the adjustments of the framework in future research. 

5.3 ACTORS AND RESOURCES 
As building transformation are developed out of the integral collaboration of a diversity of partners 
within the built environment, the limits of this transformation are also defined by the actors which 
are involved in the development process. Therefore, the theoretical framework with the limits of 
acceptable change in energy efficiency transformation is assessed by the actors, which have a part in 
the building transformation of the case study. 
 
In general the actors involving building transformations are distinguished in nine primary actors. The 
building property owners or promoters, the occupiers or users, the expert designers, the expert 
consultants or managers, the contractors or builders, the workmen or artisans, the municipal 
assessors, the external assessors and other primary actors. (Pereira Roders A. , 2007)) 
 
The actors are determined by their influence in the decision making of the building transformation 
design process. As for the traditional design process, the most significant design decisions, with 
respect to the energy efficiency improvements in building transformation measures, are made in the 
early design phases of the design process. Moreover, within this process architects, project 
developers and building experts work together to develop the building design. (Zhongbao & 
Xiangfeng, 2013) 
 
From this perspective the limits of acceptable change framework of the case study design will only 
be assessed by project developers, architecture firms, and the aesthetics committee. 
 
Although within the research process a fourth actor was added being the Bureau of monuments, the 
Bureau of Monuments did not agree on the collaboration since they do not have any legislation 
designated to the case-study building. If the building would have been designated as a Monument, 
then the Bureau of Monuments could proceed in the collaboration of this research. 
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The actors are determined as the stakeholders that have already conducted a transformation on the 
Knikflat and therefore already have some insights in the possible limitations. Namely, the 
architecture office BIQ-Architects and the project developer and housing cooperation Woonbron. 
The transformation of the Knikflat by the aforementioned actors has been conducted between 1999 
to 2009. Four of the Knikflats in Ommoord owned by Woonbron, have been deeply transformed by 
stripping the building to its concrete frame and replacing the building elements by an exterior 
finishing system, consisting of an increased amount of insulation and masonry finish. The whole 
building transformation has been conducted while the building was still inhabited (biq stadsontwerp, 
2009).  
 
In contrast to this, two actors are determined which have already conducted feasibility studies on 
the Knikflat, or have already created best practice building transformations in the field of the post-
war housing stock. Namely, the architecture office Van Schagen Architekten and the project 
developer and housing cooperation Havensteder. 
 
Van Schagen Architekten has been chosen as a result of their experience in the field of transforming 
the post-war housing stock. The architecture firm has been nominated and won several awards for 
their contribution to the transformation of the existing urban living environment. Last year, Van 
Schagen Architekten has won the award of the NPR Gulden Feniks24 for their transformation of the 
Fenixloods II within the category of ‘Low budget, high impact’.  This year, they are nominated with 
the building “Klussen op de Klarenstraat” for the “Nationale Renovatie Prijs 2015” of the NPR Gulden 
Feniks (Van Schagen Architekten, 2015). 
 
Furthermore, they contributed to the transformation of the service flat at the Kelloggplaats within 
the neighbourhood of Ommoord. In this neighbourhood, they transformed the technical, functional 
and social building environment with minimal impact to the building and its surroundings. (Van 
Schagen Architekten, Kellogg Ommoord, Rotterdam )  Van Schagen Architekten is geographically 
located within the city of Rotterdam and is therefore also a suitable actor within the cohesion of the 
case study and examined actors. 
  
Havensteder has been chosen since they own post-war multi-family residential flats which are 
identical to the case study, within the neighbourhood of Ommoord. Also, within the past few years, 
Havensteder has been conducting feasibility studies to improve the energy efficiency of their post-
war housing stock within the neighbourhood of Ommoord. 
 
Furthermore, an independent actor is chosen to serve as an indicator of the deviation of the limits of 
acceptable change in energy efficiency transformations of the aforementioned actors. The 
independent actor is defined as the aesthetics committee of the Municipality of Rotterdam . 
(Gemeente Rotterdam, Welstandsnota, 2012).  
 
The resources that are used, consist of legislation laws and guidelines such as the zoning 
development plans (Gemeente Rotterdam d. , 2007), the building aesthetics guidelines (Gemeente 
Rotterdam, Welstandsnota, 2012), and the aesthetics committee report (Commissie voor Welstand 
en Monumenten, 2005) 
 

  

                                                             
24

 NPR Gulden Feniks; National award for exceptional reuse of existing buildings, awarded once per year; 

Chapter 5 – Limits of acceptable change framework 
 



46 

LIMITS OF ACCEPTABLE CHANGE IN ENERGY EFFICIENCY TRANSFORMATIONS  

 

 

5.4 RESULTS BIQ  -ARCHITECTS 

5.4.1 TRANSFORMATION AND REFURBISHMENT PERSPECTIVE  
From the interview with ir. Rick Wessels, founder and architect of Biq-Architects, the following 

perspective of Biq-architects on building transformations is provided. As the architecture firm has 

already conducted a building transformation on the case study building in the period of 1999 to 

2009. They have a clear view on how the limits of acceptable change in energy efficiency 

transformations on this building are perceived. 

 

When the transformation of the Knikflat was conducted, no significant attention was drawn to 

energy efficient retrofitting measures or renewable energy sources. Nowadays, ir. Rick Wessels, 

does not recognize a lot of issues or unacceptance for transforming the building according to energy 

efficient measures.  

 

As the ‘Contractors architecture25’ of the reconstruction period of the post-war 

building stock is signified by cost effective production methods and efficiency in the 

building technological development, the significant value is to be found in the setup of the 

Urban planning principles of the Neighbourhood. For the transformation of the 

architecture a lot is perceived as acceptable. 

 

Preferable the building is transformed to create a larger connection between the plinth of the 

building and the connection to the context or environment. In this case the building will have a 

larger claim at the ground level. However, this is conducted by the aforementioned building 

transformation, the acceptance of this implementation is changed over time. As currently we would 

only allow this to be conducted when the allocation of a matching target group is made. 

 

Furthermore we would not refurbish a building when this building is occupied by a different target 

group, because then we are developing a building for a group which is not involved yet. The 

occupants can be negatively surprised by the measures that are taken into account for the different 

target group. Subsequently the transformation would only be conducted in an empty building. 

 

Moreover the building design has been divided into three parts to reduce the anonymity of the 

occupants and to create more social interaction as the inhabitants will more easily recognize each 

other as the amount of users of the entrance and routing is reduced. The social control will be 

increased. 

 

Finally, the building transformation is based on the interplay of the decision making parties of the 

building process, such as the project developers, architects, and the aesthetics committee. As 70% of 

the inhabitants should agree on the building transformation, careful guidance and communication 

are a necessity. (Wessels, 2015)    

                                                             
25

 Contractors architecture; ‘aannemers architectuur’, Architecture which is based on the perspective of the contractor 
instead of the perspective of an architect 
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5.4.2 APPLICATION OF THE FRAMEWORK  
In the following paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the retrofitting measures are addressed. 
 
The external wall 
The cavity insulation of the wall is accepted but can only be applied at the masonry structures of the 
longitudinal façade due to the thermal bridging of the front façade elements. The inside insulation is 
not accepted as the case study building is occupied during transformation, therefore this will not be 
allowed by the process and users. As the building is not a monument, the application of external 
insulation is accepted to resolve the thermal bridging issues of the front façade. The application of a 
second façade is acceptable and may be conducted during a transformation. A second façade which 
is applied as an heated zone and therefore integrated in the thermal zone of the building is accepted 
only if it would be accepted by the inhabitants on an individual basis. 
 
The windows 
The adjustable shading is accepted and has already been applied in similar building transformations 
of BIQ. The replacement of the glazing to provide a window upgrade is accepted. The replacement of 
the window frame however, is only accepted as more arguments are required than only the increase 
in Energy efficiency, for instance the current building technical state. The replacement of double or 
triple glazing does not affect the limit of acceptance. The placement of a secondary window panel is 
not accepted due to the limitations in spacing of the occupied building. 
 
The balcony 
The cutting off of the balcony is only accepted if it would add functionality to the building use, such 
as routing. The insulation of the balcony slab is not accepted as the impact on the energy efficiency 
is low in contrast to the impact on the building as a whole. The second skin façade is only accepted 
to be placed if it is chosen on an individual basis by the inhabitants. 
 
The ground floor 
The additional ground floor measures are accepted if the plinth is transformed for inhabitants. The 
insulation of the ground floor slab is never accepted to be conducted on the occupied side. It is only 
accepted to be conducted on the bottom side, however an additional ground floor is preferred. 
 
The roof 
The flat roof insulation is accepted and already conducted on similar buildings. The additional roof 
loft is accepted although the measure can be expensive and does not always return on investment. 
The application of a green roof is very acceptable and already conducted on similar buildings. 
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Table 5.4.2.1, Limits of acceptable change in energy efficiency transformations of the retrofitting measures by Biq architecten 
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In the next paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the Renewable energy sources measures are 
addressed. 
 
With respect to the building integrity a lot of additional resources are acceptable to be applied to 

the building. An important element in the aesthetical qualities is that the edges of the surfaces, such 

as the edge of the roof top and edge of the front façade, are not accepted to be changed. Within the 

surface of the front façade and roof, a lot of transformation measures is accepted. 

 

Furthermore the original horizontal lines of the front façade are not to be kept and therefore 

accepted to be transformed, despite their possible cultural significance. Furthermore the PV applied 

to the balcony is not accepted as a connection to the environment is an essential element of the 

urban plan. Therefore the balcony railing is obligatory to remain transparent. 

 

The additional roof construction is accepted as the element will be perceived as third or fourth order 

element to the building as a whole. Therefore the connection to the building will remain and it will 

not be perceived as an independent structure. This can only be accepted because of the current roof 

edge which is extended beyond the roof surface. If this roof edge was not part of the original design, 

an additional roof structure would not be accepted. 

 

  Table 5.4.2.2, Limits of acceptable change in energy efficiency transformations of the RES measures by Biq architecten 
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5.5 RESULTS VAN SCHAGEN ARCHITEKTEN  

5.5.1 TRANSFORMATION AND REFURBISHMENT PERSPECTIVE  
Van Schagen Architekten has developed its own methodology for transforming the existing building 

environment. Transformation is seen as the physical contribution to approach societal issues with 

respect to the existing architecture and urban planning while maintaining social structures without 

an unnecessary production of demolition waste or the destruction of capital.  

 

Their focus is on the rehabilitation of the built environment, developing a symbiosis of renewal and 

the existing building. When developing a transformation of the built environment, as such of the 

case study, the refurbishment perspective of Van Schagen Architekten is on the cohesion of the 

program, time, process, aesthetics, and the location. The program consists of a synthesis of 

possibilities offered by the existing program and the goals of the renewed program. The time is 

defined by the continuity ond coherence of the past, present and future of the building and its urban 

area. Furthermore, the process is defined as the influence of involvement and the social structure. 

The aesthetic qualities are defined by expressing a symbiosis of the renewal with the existing 

qualities. Moreover the context or place of the refurbishment contains the physical context of the 

urban level to the level of detail. (Van Schagen Architekten, De methode Vanschagen Architecten, 

2015) 

 

With respect to the limits of acceptable change in energy efficiency transformations on the case 

study building, Hans Meijer of Van Schagen Architekten indicates that: “In every project the team 

should first look at what the original building has to offer and what you could do with it and then the 

team should focus at what you would like to achieve with it. It is important to stay close to the 

original building, almost considered literally. Based on the aforementioned principles of program, 

time, process, aesthetics, and the location, decisions are to be made. In this case monotonous is also 

a quality of design as the repetitive element can increase the building transformation efficiency and 

cost effectiveness. Moreover, it should first be proven if some elements are causing issues. If so the 

team should convert it to improve the total quality of the project. 

 

From an aesthetical point of view a lot of value is possible to be increased within this case study 

building, without large interventions. Special attention should be drawn to the collective spaces. As 

the flat is constructed as a vertical neighbourhood, intervening in the collective space can have a 

large impact on the whole building without having to create large interventions on the total building. 

For the apartment units the large number of repetitive elements increases the value for the effective 

execution of refurbishment, however the front façade and collective spaces should be adjusted with 

diligence and custom made. In addition, on the ground level, the closed plinth needs to be adjusted 

to create a stronger connection from the building to the context.  

 

About the aesthetic qualities of the original design he explains: 

 

“The image of the building is not problematic, unless you yourself are having 

troubles with the monotony. If so, you are developing your own problems” (Meijer, 2015) 
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5.5.2 APPLICATION OF THE FRAMEWORK 
In the following paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the retrofitting measures are addressed based on the 
interview conducted with ir. Hans Meijer (2015). 
 
The external wall 
The most important aspect for the retrofitting elements is to stay close to the building. In this case 
the cavity insulation is a good example. External insulation could also be applied if the original 
aesthetical qualities remain such as the masonry brickwork. The brickwork could then be replaced by 
brick strips. The inside insulation is not an option as this case study building is currently occupied, as 
from the method of Van Schagen Architekten the process will not allow so. Furthermore, the 
placement of a second façade system would not be allowed as it has to large impact on the original 
building qualities without improving the building design as a whole. Here the impact on energy 
efficiency does not add significant value compared to the impact on the other elements of the 
aforementioned methodology. 
 
The windows 
The replacement of the glazing panel is a positive chance to increase the energy efficiency without 
impacting the building characteristics. The replacement of the windows frame is only allowed, if it is 
necessary due to the low technological state of the frame. Van Schagen Architekten would replace 
the frame with plastic due to the positive impact on maintenance and costs, the development 
should remain close to the building. The application of a secondary window frame is not accepted 
and would only be applied if the building was designated as a monument and therefore the original 
glazing was not allowed to be changed. 
 
The balcony 
For the balcony transformation it is important to maintain the external space as it was originally 
developed, removing the external space would have to major impact on the current program and is 
therefore not accepted. The insulation of the balcony slab is possible but would not be preferred 
because of the low positive impact on the energy efficiency and the high negative impact on the 
building as a whole. Dependent on the program a second façade system could be applied. Van 
Schagen Architekten has applied this measure within another project. It can increase the value of the 
whole building when conducted properly and with respect to the building as a whole. 
 
The ground floor 
As aforementioned relation of the plinth to the environment is low, transforming the plinth can have 
a positive impact on the neighbourhood. From this perspective an additional ground floor with 
insulation within the façade is accepted. Furthermore insulation on the bottom of the floor slab is 
preferred as this does not have negative impact on the free space height. 
 
The roof 
Flat roof insulation is evident and will always be allowed, as well as the green roof. The placement of 
an additional roof loft could be considered probable if these spaces are required within the program. 
Also in this case Van Schagen Architekten has had some experience in placing additional roof spaces. 
In the development of the extension, attention should be drawn to the relation of the original 
building to the extension. 
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Table 5.5.2.1, Limits of acceptable change in energy efficiency transformations of the retrofitting measures by Van Schagen Architekten 
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In general the application of additional renewable energy sources measures is preferred on the roof. 
At the external wall and balcony, the impact to the energy efficiency is to low compared to the 
impact on the relation to the building design.  
 
The innovative material replacements or additions to the glazing are allowed to be placed only if 
they are developed with respect to the new defined context, and if the effect is feasible enough to 
have a large importance in the energy efficiency impact. 
 
Furthermore the additional measures should be developed in relation to the context and create 
beneficial effects in not only the energy efficiency, but also the building design as a whole. 

  
Table 5.5.2.2, Limits of acceptable change in energy efficiency transformations of the RES measures by Van Schagen Architekten 
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5.6 RESULTS WOONBRON 

5.6.1 TRANSFORMATION AND REFURBISHMENT PERSPECTIVE  
From the interview with Arne Steeneken, project manager of Woonbron, the following perspective 

of Woonbron on building transformations is provided. 

 

In general Woonbron does not focus on the aesthetic qualities of the building design. This is part of 

the architectural principles and is therefore outsourced to the architectural office. With respect to 

the limits of acceptable change in energy efficiency, they do however have some limitations of what 

they perceive as acceptable or not. Woonbron preceives the anonymity of the apartment units 

because of the large scale of the building as negative, therefore a transformation would focus on 

reducing the anonymity by creating a partitioned building block by the use of additional access 

routes or entrances. Currently the transformation would be focused on effective transformation 

solutions which have minimal impact on the costs and have maximum impact on the building as a 

whole. 

 

Furthermore, the experience of Woonbron in the field of building transformations has led to the 

current perspective of optimization in cost effectiveness. Arne Steeneken explained that their 

current view on refurbishments is to aim at an energy label increase up until label B, as this would be 

most cost effective. Higher label value would cost much higher investments and therefore less value 

per occupant that could be asked as rent. It is somehow an economical balance that can be reached 

with weighing the impact the transformation to the cost effectiveness. The current aim is to deliver 

proper dwellings which are generally of acceptable quality without aiming excellent energetic 

values. 

 

The building transformations would moreover be conducted within the building envelope, rather 

than the building systems. As the building systems which are based on heat recovery and balanced 

ventilation, an increased amount of maintenance is required. Replacing elements such as filters 

during occupancy by the occupants will not be conducted without proper guidance. In addition, 

within the case study area of Ommoord, a lot of elderly perceive this as complicated. Furthermore 

‘exotic systems’ are not to be used as the impact on reliability over a long period cannot always be 

warranted.  (Steeneken, 2015) 
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5.6.2 APPLICATION OF THE FRAMEWORK 
In the next paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the retrofitting measures are addressed. 
 
The external wall 
Both the retrofitting measure of cavity insulation and external insulation are acceptable according to 
woonbron as the impact on the energy efficiency is still cost effective. Aesthetic qualities such as the 
horizontal lines of the front façade are not of importance in the decision making process as this is 
required to be argued by the architects. The inside insulation is not accepted to be applied as the 
case study building has to be transformed during occupancy. Further transformations of the external 
wall by second skin façades is not accepted due to the high impact on the investment costs. As 
Woonbron is aiming for acceptable buildings, this large transformation would be classified not 
acceptable. 
 
The windows 
For the adjustable shading system, Woonbron does facilitate its placement but the execution is 
conducted by the initiative of the user. The glazing is accepted to be upgraded, but the replacement 
of the whole window panel is more likely to be conducted as maintenance can be reduced by placing 
plastic frames. Furthermore, triple glazing is not accepted due to the cost effectiveness. In addition, 
secondary glazing is not accepted as it would only be conducted when the dwelling would have 
monumental status designated to it. 
 
The balcony 
From the perspective of the user the balcony would never be ‘cut-off’ as this would cause major 
changes in the building program. Furthermore, the insulation of the balcony slab is only accepted if 
the thermal bridge issues are required to be solved. However the transformation is less preferred 
due to the high impact on the building scale and relative low impact on energy efficiency. The 
wrapping of the balcony is not allowed, as the external space would be removed and the balcony 
would no longer provide an outdoor area for the occupants. Furthermore the high maintenance 
costs are reducing the effectiveness of the transformation. 
 
The ground floor 
The transformation of the ground floor into an occupied space is acceptable to be conducted as it 
would be have minor impact on the whole building. Furthermore, if the ground floor slab would 
have to be insulated the insulation would be placed on the bottom side of the slab as the case study 
building is in an occupied state. 
 
The roof 
Insulating the flat roof is accepted depending on the current technical state of the roofing materials. 
As the insulation would only effects the top of the apartments within the building complex the need 
for transformation due to the technical status should be evident. 
Furthermore an additional roof loft is not accepted due to the high investment costs and limited 
strength of the building. In addition the transformation of the roof into a green roof is not accepted 
due to the difficulties in maintenance and leakage issues. 
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Table 5.6.2.1, Limits of acceptable change in energy efficiency transformations of the retrofitting measures by Woonbron 
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In the next paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the Renewable energy sources measures are 
addressed. 
 

In general the application of renewable energy sources measures are only allowed to be conducted 

for the amount that is necessary to supply the electricity of the common spaces. As the energy costs 

are not contained within the rental of the space, Woonbron does not apply PV or other renewable 

energy sources for the dwellings itself. 

 

The aesthetic quality of the transformation is to be provided by the architectural office, Woonbron 

does not focus on these issues of aesthetical relevance.  

Table 5.6.2.2, Limits of acceptable change in energy efficiency transformations of the RES measures by Woonbron 
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5.7 RESULTS HAVENSTEDER 

5.7.1 TRANSFORMATION AND REFURBISHMENT PERSPECTIVE  
From the interview with Frank Meijer, project leader real estate management of Havensteder, the 

following perspective of Havensteder on building transformations is provided. 

 

Concerning building transformations, Havensteder does not focus on the architectural qualities of 

the final building design. Their decision making process for the limits of acceptable change in energy 

efficiency transformations is based on standard cost-effective interventions. When larger 

interventions are required a return on investment calculation is conducted to determine whether a 

large impact on the energy efficiency is resulting in a cost-effective building measure. As housing 

corporation, Havensteder serves the more vulnerable social groups which, in general, have less 

capital capacity. When large scale interventions are conducted label ranking is increasing and 

therefore also the amount of rent that could be asked from the occupants according to the Housing 

evaluation system26. By transforming the building and therefore increasing the rent, the possibility 

arises that the building is valued over the limit of social housing and thus categorized as liberalized 

housing.  

 

In addition, the case study building consists of almost 100 square meters. If this is combined with a 

high energy label the building will always be categorized as liberalized housing. In this case a strange 

effect occurs in the legislation as they aim for energy neutrality but do not enable housing 

corporations to do so.  

 

“When Havensteder would transform their dwellings to increase the performance 

of the dwellings, they would actually eliminate their own social housing stock from the 

social housing market”  

 

Despite these negative characteristics of cost-effectiveness in building transformations, the housing 

corporation aims at improving the quality of their stock, since they are confident this legislation will 

be adjusted in the future. 

 

Furthermore, Havensteder has the possibility to top the rent27 to artificially reduce the rental price. 

This method is conducted with respect to the future in building transformations as the possibility 

arises that the legislation will be adjusted. (Meijer F. , 2015) 

 

  

                                                             
26

 Housing evaluation system; woningwaarderingsstelsel 
27

 Topping of rent; artificially reducing the rental price to allow social housing 
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5.7.2 APPLICATION OF THE FRAMEWORK 
In the following paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the retrofitting measures are addressed. 
 
The external wall 
For the external wall measures, cavity insulation is not accepted due to the problematics of the front 
façade anchor issues concerning moisture problems. The inside insulation is not accepted due to the 
occupancy of the case study building. Furthermore the maintenance of inside insulation is affecting 
the allowance of the application. External insulation is acceptable and has already been conducted in 
comparable buildings. In addition the second skin façades are not accepted as it affects the usage of 
the building to intensively. Furthermore the occupants can have difficulties understanding their 
responsibilities in advanced systems. 
 
The windows 
The glass panels of the windows are accepted to be replaced as they have minor impact to the 
building. Furthermore the window frame itself is also accepted to be replaced depending on the 
impact to the costs of the measure. Secondary glazing is not accepted as it has a high impact on both 
the cost and the building interior space. 
 
The balcony 
For removing the balcony structure, Havensteder does not accept the measure as it is expensive and 
does not add any value since there are no moisture issues. Furthermore, the insulation of the 
balcony slab is also perceived as not acceptable as there are no moisture issues.  The application of 
second skin balcony façades is perceived as changing the usage of the building to intensively and is 
therefore not allowed. 
 
The ground floor 
The insulation of the façade and converting the ground level as inhabited spaces, is acceptable as it 
is a cost-effective building measure. Furthermore, the insulation of the ground floor slab is only 
accepted to be conducted on the bottom side as the case study building is occupied and on slab 
insulation would not be acceptable due to the practical issues. 
 
The roof 
Insulating the roof is acceptable as the measure has minor impact on the building as a whole. The 
addition of a loft space at the roof is perceived as unacceptable as the density of the building is 
already high and social issues may be increased. Furthermore a green roof is not accepted as the 
measure is expensive and the maintenance is difficult. Since the area of the case study is within a 
green environment, additional measures are not to be conducted. 
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Table 5.7.2.1, Limits of acceptable change in energy efficiency transformations of the retrofitting measures by Havensteder 
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In the next paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the Renewable energy sources measures are 
addressed. 
 

In general Havensteder is conservative in applying innovative additional features to the building 

design. As the exploitation of the building is conducted over a period of over 50 years, the measures 

should have low maintenance and high reliability. The architectural value of the installation is of less 

importance as in principle the cost-effectiveness is decisive. 

 

  
Table 5.7.2.2, Limits of acceptable change in energy efficiency transformations of the RES measures by Havensteder 
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5.8 RESULTS AESTHETICS COMMITTEE & RESOURCES 

5.8.1 TRANSFORMATION AND REFURBISHMENT PERSPECTIVE  
From the interview of Joost de Wit, member of the Aesthetics committee of the municipality of 

Rotterdam, the following perspective of the Aesthetics committee on building transformations is 

provided. 

 

First of all, the criteria used by the Aesthetics committee to assess building transformations are 

found in the document Welstandsnota Rotterdam (2012). For large scale interventions which have a 

major impact on the urban environment such as ‘De Rotterdam’, the building transformation is 

assessed by the Aesthetics committee instead of the regular Aesthetics secretary. For the 

transformation of the case study the criteria are applied without making any exception. An 

exception can be made, when for instance the transformation is generating an increased aesthetical 

value, however the criteria of importance aren’t honored. An example of this would be the blue roof 

extension “Diddendorp” of MVRDV (Vreedenburgh, 2007), (Gemeente Rotterdam, Welstandsnota, 

2012). 

 

The case study area is defined as “stample and building strips”. Within the criteria a sub-chapter 

determines the important qualities which should remain for the building design in the 

neighbourhood of Ommoord. (De Wit, 2015) 

 

 On building level the essential qualities are determined as: 

 

 Context; the coherence between the ensemble of the building blocks and the open spaces 

with public greenery and a clear division of functions. The buildings have no recognizable 

front or back side. 

 

 Façade; no distinctive hierarchy and an open longitudinal façade constructed as a repetitive 

fabric without accents on the corner or roof edge. Furthermore the lines of the floors, 

proportions of the window panel and balcony railings are connected by a coherent play of 

lines. Moreover the façade develops its uniform identity by the rhythmic repetition of 

identical window and door patterns. 

 

 Façade surface; plasticity of recoiling glass surfaces, extruded balcony and gallery, light and 

dark contrasts, create a permeable façade surface. 

 

 Front façade; as closed book supports with glass façades in between 

 

 Plinth; the spatial effect is different from the residential part of the building and is an 

element of the orientation of the ground floor. 

 

 The masonry and detailing are kept simple. 

 
 
 

  



63 

Chapter 1 – Introduction 

 

5.8.2 APPLICATION OF THE FRAMEWORK  
In the following paragraphs the results for the determination for the limits of acceptable change in 
energy efficiency transformations of the retrofitting measures are addressed. 
 
The external wall 
The cavity insulation and inside insulation can be conducted licensed free and are therefore 
accepted by the Aesthetics committee. The external wall insulation is accepted only if the detailing 
of this transformation is conducted with care for the original aesthetic qualities such as the material 
expression. The retrofitting transformation of second façade systems is accepted only if the 
structure is constructed with the same tissue of the environment. It should look the same as the 
original structure of the tissue consisting of the rhythmic repetition of identical window and door 
patterns. 
 
The windows 
All the window measures are accepted if they are in compliance with the quick scan criteria. The 
criteria accept the transformation of the glazing if the placement, color, width and depth are equal 
to the original design. The detailing and materials should be designed and chosen to not be 
influenced by aging due to weather conditions. Air vents are not visible or aesthetically placed in the 
façade design. Furthermore glass coatings may not reduce the visual relationship between the 
indoor and outdoor environment. 
 
The balcony 
The cutting off of the balcony slab is not allowed by the legislation of the department of urban 
planning, since apartments are required to have an exterior space. The insulation of the balcony slab 
is accepted only if the visual design has an acceptable design vision. The placement of a second 
façade structure is accepted if the structure is designed in detail with the same structure of the 
original environment and tissue. As the building is not a monument, this can be conducted, however 
it is not allowed by the legislation of the department of urban planning, since apartments are 
required to have an exterior space.  
 
The ground floor 
As the measures for insulating the ground floor or the additional ground floor are conducted on the 
inside of the building, the aesthetics committee accepts these transformations. 
 
The roof 
The insulation of the flat roof is accepted by the aesthetics committee. The placement of a green 
roof is accepted and encouraged to reduce the urban heat island effect. An additional roof loft is not 
accepted by the aesthetics committee as it is not accepted by the zoning law. The additional space 
affects the roof scape of the ensemble within this area. 
 
 
(Gemeente Rotterdam, Ommoord binnen de ring onherroepelijk bestemmingsplan, 2008); 
(Gemeente Rotterdam d. , 2007);(Gemeente Rotterdam, Welstandsnota, 2012); (De Wit, 2015) 
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Table 5.8.2.1, Limits of acceptable change in energy efficiency transformations of the retrofitting measures by the Aesthetics committee 
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In the next paragraphs the main focus points of the determination for the limits of acceptable 
change in energy efficiency transformations of the Renewable energy sources measures are 
addressed.  
In general the Aesthetics committee does not want to block innovative building measures, as long as 
their significant value to the characteristics of the building is proven and they are conducted with 
respect to the quick scan criteria, urban planning zoning plan and the building code. Within Ommord 
the significance can be found in the cohesion of the ensemble. Within the building itself there is a lot 
of acceptance. 

Chapter 5 – Limits of acceptable change framework 
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5.9 DISCUSSION 
Within the following paragraphs the discussion on the methodology, actors and interviews of the 

second sub-question are provided. 

 

Methodology 

The methodology used to provide an answer to the limits of acceptable change in energy efficiency 

transformations is based on the limits of acceptable change principles which consist of a step by step 

rate of transformation to manage until which extent an object can be changed within its acceptable 

limits. The research adopted these principles and initiated concrete transformation steps. However, 

as a different step size has been used between the Retrofitting measures and renewable energy 

sources measures this developed a conflict in the results. 

 

For the retrofitting measures the categorization of “yes” and “No” set clear boundaries for the 

framework. The “Yes, if”, statement was developed to relate conditions of acceptance to the yes 

statement. These conditions may vary per actor and made the boundary between “yes” or “yes, if” 

less clear, as it could be that the “yes” had also limitations of which the actor did not come up with. 

Furthermore, a step by step rate of transformation categorization has been added to the Renewable 

energy sources measures by the amount of surface area on which the measure could be applied. As 

there was no “yes” or “no” statement, the zero percentage and 100 percentage values have been 

adopted for this. The “yes, if” was defined by the amount of percentage of which the measure could 

be applied. However, as there was no “Yes” or “No” statement, this could lead to noise as: 

 - “Yes”, 100% could also be interpreted as “Yes, I would apply 100%, if …“ and therefore the “Yes” 

and “Yes, if” are included within the same category. 

- Also the categorization of 80% applied surface area does not require the statement of Yes, IF as 

one could also only limit the amount surface area without further limitations. Adopting the “Yes” 

and “Yes, If..” statement within the 20% until 80% of applied surface area, causes noise within the 

perceived results and therefore develops a less reliable categorization system. 

 

In addition, as the categorization of the renewable energy sources measures is based on 

percentages, the location of the section of percentage of the applied area is not provided. As only 

the location and the 100% or 0% measure are visualized in the assessment of chapter 4.  This 

reduces the reliability of the RES measures for the use of the design recommendations to answer the 

main question. 

 

Moreover, the use of the case study to determine the limits of the rate of transformation has solely 

provided an in depth analysis of the limitations of the case study. In contrary, by the use of the case 

study, the results cannot be applied on other buildings as they were specifically concentrated on 

the case study itself.  

 

The actors 

To determine the limits of acceptable change, five actors are chosen to be interviewed. By the use of 

five actors, the research focusses on the limitations perspective of only these five actors.  

Subsequently the results are interpreted as the limits of acceptable change of these five actors.  

Despite the broad view, the choice and perspective of the actor mainly influence the research 

results. As the limitations of the transformations are provided as ‘open’ questions, the 

thoughtfulness of the respondent largely influences the research results. Therefore, the actors are 

chosen from different fields of the built environment to gain a broad perspective on the limitations 

of acceptable change in energy efficiency transformations.  The field of view only focusses on the 

Architectural, Real estate or owners, and Municipal perspective, disregarding the occupant or user, 
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contractor or builder, workmen or artisan, and other external assessors or primary actor’s 

perspectives. As the majority of the focus of the actors is laid on the field of the decision making 

actors, this causes the results to be less reliable with respect to the built environment as a whole. 

In addition, the open limitation conditions require the respondent to provide the answers based on 

their own knowledge field. In the case of the housing corporations, this did not always match with 

the cultural heritage characteristic aesthetical perspective of the problem field of the research topic. 

Furthermore, the semi-structured interview caused the questioning to be less formal as it was 

based on a framework which was explored by the guidance of the interviewer. Therefore, as the 

interviewee did not always came up with the right words directly, the formal structure allowed the 

interviewer to help find the right word, However this may have caused the reliability of the research 

to be reduced, the interviewer did agree on the indicated words. 

5.9.1 DISCUSSION RESULTS BIQ-ARCHITECTS  
As BIQ-architects had previously transformed the case study building, they had a clear insight in the 
limitations of future building transformations of the case study building. However, this insight has 
also limited their view as they were prejudiced by the preceding process. Due to this effect, their 
decisions on the limitations of transformations were not merely based on their architectural 
perspective.  Limitations of the transformations such as the inside insulation are based on the 
occupancy of the building, rather than the architectural perspective of the building design. In 
addition, Rick Wessels, emphasized on the external insulation to be the best case scenario as it does 
not involve the users and resolves the issue of thermal bridging.  
 
Moreover, as the building is not recognized as containing monumental value, therefore there are no 
obliged restrictions or limits to the building detailing. The architecture firm did not include reference 
to the original building details in determining their limits of acceptable energy efficiency 
transformations.  An example of this is the unnecessary horizontal floor level lines of the front 
façade, which do not need to be referenced at when a redesign would be conducted. 
 
Furthermore the architecture perspective of the architecture firm was mainly focused on the 
conditions of the user and their client. Therefore the architectural perspective has been less 
emphasized.  

5.9.2 DISCUSSION RESULTS VAN SCHAGEN ARCHITEKTEN 
The perspective of Van Schagen Architekten is based on the importance to stay close to the original 
building design, almost considered literally. From this perspective the application of a second façade 
system such as a curtain wall within the external wall, might be considered critical. However, Van 
Schagen Architecten had the limitation of the exterior space to be remained for 50%. As the curtain 
wall will be constructed as a whole structure attached to the current façade this transformation can 
be considered as very limited. 
 
Furthermore, the architecture firm expresses the aesthetic qualities of a transformation to be 
defined by expressing a symbiosis of the renewal with the existing qualities. These boundaries are 
found within the addition of a floor level on top of the roof. Although these interventions may 
impact the urban structure of the ensemble, Van Schagen Architekten believes of the possibilities for 
a symbiotic integration. In contrary to this, van Schagen Architekten accepts the placement of a large 
roofing structure based on PV-panels, as underneath this structure building systems can be placed. 
Due to the requirement of the symbiotic environment, the connection with the whole ensemble 
needs to remain.  
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5.9.3 DISCUSSION RESULTS WOONBRON  
The perspective of Woonbron is focused on the cost-effective building transformations. However 

Woonbron explained the building transformations would preferably be conducted within the 

envelope of the building instead of the building systems; in contrary the transformation results do 

not allow a lot of transformations of the building envelope. 

 

Because of the case study assessment, some of the building transformation limitations are 

constructed from the current occupied state of the building and are therefore less emphasized on 

the perspective of the real estate management itself. Such as the inside insulation and on slab 

insulation of the ground floor level, which is not conducted due to the occupied status of the 

building. 

 

As a housing corporation Woonbron did not merely focus on the cost-effectiveness and maintenance 

impact as described within their perspective. Some of the transformations such as the double skin 

façade were also based on the transformation impact according to the user.  

 

Some of the renewable energy source measures were less known or questioned to be valuable by 

the interviewee. An example given by the Phase changing materials, in which the interviewee did not 

see any benefits for the indoor climate. Although the material is used to create a buffer in the indoor 

peak loads, this was not approved by the interviewee.   

5.9.4 DISCUSSION RESULTS HAVENSTEDER  
Although havensteder uses the argument of cost-effectiveness for building transformations, also 
their limitations concerning the inside insulation are not based on their main principles. The 
transformation of the indoor environment is perceived as very limited due to the occupied status, 
even when the cost-effectiveness is very high. In contrary to this, the replacement of the window 
panel is accepted although this can have a large impact on the occupancy as well. 
 
Furthermore the maintenance and inhabitants are frequently given as a limitation in the 
transformation of the building. However their perspective on transformations was based on the 
cost-effectiveness, therefore the limitations are also based on the perspective of maintenance and 
the impact on the occupancy of the building 
 
Next to this, the results of the renewable energy sources building measures are limited by the use of 
the “Yes, if” statement and are therefore less reliable for their interpretation. Measures such as the 
flat PV panels would only be conducted IF the tilted configuration is not allowed. As the framework 
is based on the limitations of acceptable change, this transformation is valued as acceptable. The 
results of the balcony represent the same issue in which the “Yes, if” statement is further elaborated 
with a limitation in the amount of acceptable square meters. 

5.9.5 DISCUSSION RESULTS AESTHETICS COMMITTEE  
The aesthetics committee accepted almost all the building transformations, however they did also 

apply many limitations on how this transformation should be conducted. Moreover, there are some 

contradictions found between the transformation perspective found in the Aesthetics committee 

report  (Gemeente Rotterdam, Welstandsnota, 2012) and the transformation results of the 

conducted interview. However, as the framework does not define aesthetical qualities, these results 

are interpreted as important reliability aspects. A further evaluation on the framework 

contradictions to aesthetic qualities can be found in the general discussion of this chapter. 
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As shown in the report the plinth is evaluated as a characteristic value of the building, however the 

adjustments of it by converting it to a living area are accepted without limitations. Furthermore the 

indistinguishable front and back façade are signified as characteristic value, while in contrary the 

placement of a secondary façade system is accepted with the limitation of the appearance being 

complementary to the original structure. 

 

In addition the renewable energy sources measures such as the balcony PV-system are allowed 

while maintaining the original fabric and rhythm of the balcony structure, which is contradicting to 

the permeability of the façade structure mentioned within the characteristic values.  

5.9.6 GENERAL DISCUSSION OF THE RESULTS 
 

As the limits of acceptable change in energy efficiency transformations are applied and questioned 

by the use of a case study. This case study developed additional practical conditions, such as the 

unacceptance of interior insulation due to the occupancy, which are solely applicable to the case 

study configuration or characteristics. Therefore the framework results are only reliable to be used 

for the case study building. 

 

Moreover the limitation conditions of the actors are found to be merely focused on their own field 

of view. As for the aesthetical qualities the building is not designated as monumental heritage, these 

values were not mentioned as conditions for the limitations of the building transformations. 

 

Furthermore the limitation conditions were provided by a free format which reduced the control on 

the perspective of the answers. The limitation conditions based on the free format enabled a broad 

perspective and insight in the field of view from the actors concerning the limits of acceptable 

change in energy efficiency transformations. In contrary, the free format, and the focus on the limits 

of acceptable change in energy efficiency transformations, also reduced the perspective based on 

the aesthetical conditions of the transformations which eventually reduces the significance of the 

research to the problem field. As further research is required, a discussion on this topic can be found 

in section 5.11. 

 

In addition, as some of the actors had previously conducted a transformation on the case study, 

their conditions for the limits of acceptable change can prejudiced or deviating from the conditions 

they would have provided when they had not conducted the transformation. However, a beneficial 

effect, derived from the prior knowledge, concerns that the provided limitations are more reliable as 

they were grounded by the perspective of the prior conducted process. 
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5.10 CONCLUSIONS 
The second sub-question of this research publication provides an answer to the conditions for an 

acceptable rate of impact which is perceived per actor according to the limits of acceptable change 

in energy efficiency transformations. The research part provides an answer to the question:  

What are the limits of acceptable change in energy efficiency transformations of a post-war multi-

family residential flat? 

 

The limits of acceptable change in energy efficiency transformations are derived from the limitation 

conditions of five actors, namely, the architecture firms Biq-Architects and Van Schagen Architekten, 

the housing corporations Woonbron and Havensteder, and the Aesthetics committee. The results of 

the aforementioned sub-question are stated within the framework results of the results chapter. 

 

Although the limitation conditions vary strongly between the different fields of the built 

environment, generally the Aesthetic committee accepted the largest amount of transformations for 

both the RES measures as the retrofitting measures. Furthermore both the housing corporations had 

similar results based on the estimated cost-effectiveness, maintenance, and reliability over time of 

the building measures. Moreover the architecture firms did not correspond in the amount and 

location of building transformations, in which Van Schagen Architekten stated more conditions and 

less acceptability in comparison with BIQ-architects. 

 

In addition, as the retrofitting measures framework has been set up by the use of a ternary scale and 

the renewable energy sources measures framework has been set up as a integer scaling. For the RES 

measures framework a ternary scaling on “Yes”, ”Yes, if”, and “No” was not applied and therefore 

developed some noise in the research results which has reduced its reliability. Furthermore, there 

were no conditions for the location of the percentages of the integer scaling which reduced the 

efficient comparison of the framework results among the different actors.  

5.11 RECOMMENDATIONS FOR FURTHER RESEARCH  
In the following paragraphs the recommendations for further research of the second part of this 

research publication on the limits of acceptable change in energy efficiency transformations of a 

post-war multi-family residential flat are provided. 

 

Further research on the scaling that is used for the rate of transformation of the limits of acceptable 

change is recommended. As the scaling for the RES did not contain “Yes”, ”Yes,if”, and “No”, this 

scaling was lacking within the analysis. Vice versa an integer scaling or gradual scaling may increase 

the reliability of the rate of transformation. A literature study on the possible scaling for the rate of 

transformation is required to develop a comprehensive and reliable scaling methodology. 

 

Furthermore, as the framework were assessed by a case study. The case study developed a feasible 

framework to be questioned to the actors. However this also made the framework results only 

applicable to the case study as also conditions such as the occupancy and orientation of the building 

influenced the results. With respect to the problem field and the aims of applying the framework 

results to multiple cases, a theoretical framework based on the assessment of multiple case studies 

should be conducted to develop a reliable framework for the limits of acceptable change in energy 

efficiency transformations. 

 

In addition, not all the actors which are part of the field of the built environment are also part of the 

actors that were used for this research. Therefore the framework can be extended with a broader 
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perspective of all actors which have an impact on the built environment. Concerning the limits of 

acceptable change, the current research is conducted focusing mainly on the decision making actors 

and therefore optimizing the efficiency and reliability of the results concerning the whole field of the 

built environment 

 

Moreover the limitation conditions of the results are based on the professional knowledge of the 

interviewee, therefore less attention was drawn to the aesthetical conditions by the housing 

corporations. This caused the results to be less applicable to the aforementioned problem field.  

Further research should focus on generating conditions to guide the process based on the outcomes 

of the conditions of the currently conducted research. 

 

Next to this, due to the limited research period and as the research process is set up by the limits of 

acceptable change in energy efficiency transformation, it would have been of significance 

importance in relation to the current problem field to also assess the heritage impact instead of the 

energy efficiency impact. However to do so, first a cultural heritage impact assessment is required 

to determine the impact of the transformations according to their cultural significance to be able 

to evaluate them accordingly. To do so, also the transformations conditions should be determined in 

aesthetical qualities such as color, material, proportions, rhythm, sequence, etc.  

 

Furthermore, as the semi-structured interview defined the limitation conditions of the actors. Their 

conditions would significantly change by the designation of the building. The current case study did 

not have a monumental status applied to it. Further research is recommended to evaluate the 

influence of the designation to the limitation conditions. 
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6 MQ  -  HOW TO OPTIMIZE THE ENERGY EFFICIENCY OF THE BUILDING 

ENVELOPE OF A POST-WAR MULTI-FAMILY RESIDENTIAL FLAT,  WITH 

RESPECT TO THE BUILDINGS’  LIMITS OF ACCEPTABLE  CHANGE IN 

ENERGY EFFICIENCY TRANSFORMATION? 

6.1 INTRODUCTION 
The final part of the research focuses on both the scale and the rate of impact of the energy 
efficiency improvements on the building envelope. Constructed from the analysis of the theoretical 
framework and the different perspectives on the limits of acceptable change in energy efficiency 
transformations within the field of the building sector, the final recommendations for transforming 
the case study post-war multi-family residential flat are provided. Furthermore the methodology 
used within this final part is constructed from a balanced weighing of the actors providing the first 
steps in the implementation of the framework and is recommended to be used for further research. 
Within the final part of the main question, the recommended transformations will be applied to the 
case study and evaluated to gain insights in the final energy efficiency impact.  

6.2 METHODOLOGY  
The third part of the research consists of a combination and synthetization of the first two parts. 
Resulting in a framework in which the scale of impact and the limits of the rate of transformation are 
combined to configure design recommendations for optimizing the energy efficiency of the building 
envelope of a post-war multi-family residential flat within the limits of acceptable change in energy 
efficiency transformation.  
 
In the second part of the research, the scale of transformation is surveyed by an interview to the 
actors of the research, resulting in the rate of transformation according to the scale of 
transformation.  In the final part these frameworks are combined by the use of a weighing. 
 
The outcomes of the retrofitting measurements framework is be combined the following 
calculation methodology: 

 The limits provided by the Aesthetics committee are used for the maximum allowed values 
as by principle a transformation is not allowed when it exceeds the limits of the Aesthetics 
committee. 

 The limits provided by the other actors are  counted as: 
o “NO”, is minus one; 
o “Yes, if” is plus one half; 
o And “Yes”, is plus one. 

 In which the combined value consists of the summation and defined as: 
o Lower than, or 0, “ NO”; 
o Between 0 and 2, “Yes, if”; 
o And higher than 2, “Yes”. 

 
By the use of the aforementioned calculation method, both the “YES” and “NO” input values have 
the same impact on the sum, since they are both adding or subtracting the total amount by one.  
Due to this methodology of the calculation, a recommendation is only allowed to be adopted as it is 
not denied by two or more.  
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The outcomes of the renewable energy sources measurements framework are combined according 
to the following calculation methodology: 

 The limits provided by the Aesthetics committee are used for the maximum allowed values 
as by principle a transformation is not allowed when it exceeds the limits of the Aesthetics 
committee. 

 The limits provided by the other actors are  counted as: 
o “0%”, is minus one; 
o “20%”, “40%”, “60%”, “80%”, is plus one half 
o And “100%”, is plus one; 

 In which the sum of the values: 
o 0 or lower, defines the limit as “0%”; 
o Between 0 and 2, defines the limit as the average of the values which are not “0%” 

or ”100%” 
o And higher than 2, defines the limit as “100%”; 

 
By the use of the aforementioned calculation method, both the “100%” and “0%” input values have 
the same impact on the sum, since they are both adding or subtracting the total amount by one.  
Due to this methodology of the calculation, a recommendation is only allowed to be adopted as it is 
not denied by two or more. 
 
For the final phase of the research the impact of the acceptable design recommendations are 
evaluated by the use of the application VABI-EPA-W based on the NEN 7120 + NV and applied to the 
aforementioned case study comparing its original building characteristics to the acceptable 
retrofitting and renewable energy source building envelope transformations. To evaluate the case 
study building EI reduction, the average EI reduction of all dwellings is calculated. 

6.3 COMBINED FRAMEWORK  
According to the aforementioned calculation methodology, table 6.3.1 and table 6.3.2 provide the 

final results of the combination of outcomes of all actors. 

 

For the external wall retrofitting measures, only cavity insulation is completely accepted without 

limitation conditions. The external insulation is accepted, only if the limitation conditions of Van 

Schagen Architekten and the Aesthetics committee are honored. Both the actors describe that the 

original aesthetical qualities of the masonry façade needs to remain intact. Furthermore, application 

of an adjustable shading system is allowed to be conducted without limitation conditions. The 

window measures for the window upgrade by replacing the glazing are only accepted if air vents are 

not visible or aesthetically placed in the façade design. Furthermore glass coatings may not reduce 

the visual relationship between the indoor and outdoor environment. Moreover, the replacement of 

the window frame is only accepted if the conditions of both the Aesthetics committee and the 

architecture firms are honored. No balcony transformation is allowed.  

 

In addition, both the additional ground floor and the under slab insulation of the ground floor 

transformations are accepted without further limitation conditions. The insulation of the roof is 

accepted without any limitation conditions. The green roof is accepted only if maintenance issues 

can be easily reduced. 

 

Moreover, only the application of PV-cells flat or tilted for 100% on the roof surface area accepted 

without further limitation conditions. 

Chapter 6 – Optimal energy efficiency LAC transformations 
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Table 6.3.1, Combination of the results of the limits of acceptable change in energy efficiency transformations of 

the retrofitting building measures by all the questioned actors 
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Table 6.3.2, Combination of the results of the limits of acceptable change in energy efficiency transformations of the 

renewable energy sources building measures by all the questioned actors 
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6.4 DESIGN RECOMMENDATIONS 
The recommendations described in the following paragraphs are based on the maximum energy 

index reduction of the building measure to the Knikflat provided by the VABI-EPA-W software. The 

VABI input settings are based on the transformation characteristics of the first research chapter of 

this research publication. The outcomes of the analysis are provided in the Annex table 4 and the 

recommendation overview is provided in table 6.4.1. 

 

The external wall insulation reduces the EI by 5% and is recommended as the maximum accepted 

transformation of the external wall if the limitation conditions of the Aesthetics committee and van 

Schagen Architecten are honoured in which the detailing of this transformation is conducted with 

care for the original aesthetic qualities such as the material expression. Furthermore, the application 

of an adjustable external shading system reduces the overheating risk and the EI by 8%. In addition 

the replacement of the window and window frame by triple LoE ARGON has the largest impact on 

the EI by reducing it with 23%. The glazing is recommended if the technologic status of the original 

window frame requires to be replaced and the transformation is conducted by a plastic material 

with respect to placement, color, width and depth are equal to the original design. The detailing and 

materials should be designed and chosen to not be influenced by aging due to weather conditions. 

Air vents are not visible or aesthetically placed in the façade design. Furthermore glass coatings may 

not reduce the visual relationship between the indoor and outdoor environment. There are no 

recommended transformations for the balcony structure as a transformation is not accepted. For 

the ground floor, the insulation of the floor reduces the EI by 2%, furthermore the insulation of the 

roofing structure reduces the EI of the whole building by 2% and is recommended above the green 

roof since the drainage and additional roofing systems of the green roof cause its maintenance costs 

to increase while it does not have higher impact on the EI. 

 

Furthermore, the application of PV panels on the roof structure is acceptable on 100% of the total 

surface area for both angled and horizontal placement. However, the application of horizontal panel 

placements is recommended as the total surface area is used, in contrary to a lower efficiency of the 

panels, the measure is resulting in a higher EI reduction of 9%. Due to the shading effect the angled 

panel placement has lower EI reduction impact of 5% as the rows of panels are placed with gaps of 

one meter due to shading. 

 

The combination of all recommended building measures consisting of, external wall insulation, 

adjustable shading, window replacement with triple LoE ARGON, under slab ground floor insulation, 

roof insulation and a flat PV-roofing system on 100% roofing area, result in a total Energy Index 

reduction of 44%. As the original building characteristics are classified as an energy label F according 

to the NEN 7120+NV, the building can be transformed to an energy label B within the limits of 

acceptable change in energy efficiency transformations. 
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6.5 DISCUSSION 
The discussion on the topic of the framework development and conducted interviews on the limits of 

acceptable change in energy efficiency transformations can be found in the discussion section of sub-

question one and sub-question two, respectively. 

 

As from the discussion of the methodology of the second sub-questions has been provided, the 

“Yes”, “Yes,if”, and “no” categorization was found to be lacking for the renewable energy source 

measures framework. Therefore a weighing to allow these rates of transformation to be used for the 

design recommendations, the percentages are defined as 0% is “No” and the 100% is “Yes”. 

However, it could still be that a certain option is allowed for 100% but there are some design 

limitation conditions. This reduces the validity of the calculation methodology as is required to be 

changed within further research. 

 

In addition, the calculation method causes the measures which are only accepted with limitations by 

one of the actors (except the Aesthetics committee) and accepted by all the others to be limited 

without further conditions, which disregards the limitation conditions of the single actor and reduces 

the reliability of the total outcome. However, this one condition has minor impact on the 

transformation acceptance of all the actors, further research is necessary to research the impact of 

this omission. 

 

The impact of the design recommendations are validated by the use of VABI-EPA-W. A discrepancy 

between the energy efficiency impact of the transformations from theoretical framework based on 

the research of Thaleia Konstantinou (2014), and the energy efficiency impact of the transformations 

of the case study is caused by: 

 The difference in calculation software between Design Builder and VABI-EPA-W;  

 The difference in building system typologies; 

 The difference in building envelope original structure; 

 The difference in the possibility of applying specific input parameters for the transformation 

measures within the software; 

 Other unknown causes which might affect the outcomes. 

 

As the input value within VABI-EPA-W for the external insulation only consisted of the increase in 

insulation material from 15mm to 200 mm, influences such as different masonry thickness by the 

use of masonry strips instead of brickwork are ignored due to their minimal impact on the U-value of 

the façade as a whole. For the shading system it was not possible to select adjustable or fixed 

shading, therefore only the application of a shading system is selected 

 

Next to this, in contrary to the analysis of Thaleia Konstantinou (2014), it was not possible to 

determine the type of insulation material, triple glazing, roofing insulation or shading system. 

Therefore the U-values of the theoretical framework are used as guidelines for the determination of 

the transformation measure building characteristic input values. In this case, the 200mm insulation 

measure corresponded to the U-value guidelines of the theoretical framework found in the research 

publication of Thaleia Konstantinou (2014). 

 

Furthermore the VABI-EPA-W software was not able to input the PV in a horizontal direction. 

Therefor an angle of 15 degrees is used which increased the final outcomes of the EI reduction. In 

addition the PV-system consisted of mono-crystal based panels which have higher efficiency than 

the regular multi-crystal panels. The outcomes of the PV systems are therefore less reliable as there 

is a large difference in EI reduction impact depending on the type of panel. 
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6.6 CONCLUSIONS 
The following paragraphs summarize the conclusions of the first two parts of the research as they 

are inherent to the main question. Furthermore, the conclusions with respect to the main question 

are provided. How to optimize the energy efficiency of the building envelope of a post-war multi-

family residential flat? 

 

The answer is provided by the use of a two dimensional framework consisting of both retrofitting 

measures and renewable energy sources measures applied to the building envelope clarifying how 

these transformations are conducted. The framework has been assessed to the case study building, 

showing a visualization of the impact on building level. The final result is shown in the Appendix 

table 2 and table 3.  

 

In addition to the transformation categorization, the overview also provides an indication of the 

scale of impact according to the heating demand reduction of the retrofitting measure. These 

indications are based on the simulation results provided by the publication of Konstantinou T., 2014. 

Although the simulations are not based on the case study building model, they provide an insight in 

the possible effects of the referenced transformation. What are the limits of acceptable change in 

energy efficiency transformations of a post-war multi-family residential flat? 

 

The limits of acceptable change in energy efficiency transformations are derived from the limitation 

conditions of five actors, namely, the architecture firms Biq-Architects and Van Schagen Architekten, 

the housing corporations Woonbron and Havensteder, and the Aesthetics committee. The results of 

the aforementioned sub-question are stated within the framework results of the results chapter. 

Although the limitation conditions vary strongly between the different fields of the built 

environment, generally the Aesthetic committee accepted the largest amount of transformations for 

both the RES measures as the retrofitting measures. Furthermore both the housing corporations had 

similar results based on the estimated cost-effectiveness, maintenance, and reliability over time of 

the building measures. Moreover the architecture firms did not correspond in the amount and 

location of building transformations, in which Van Schagen Architekten stated more conditions and 

less acceptability in comparison with BIQ-architects. 

 

In addition, as the retrofitting measures framework has been set up by the use of a ternary scale and 

the renewable energy sources measures framework has been set up as a integer scaling. For the RES 

measures framework a ternary scaling on “Yes”, ”Yes, if”, and “No” was not applied and therefore 

developed some noise in the research results which has reduced its reliability. Furthermore, there 

were no conditions for the location of the percentages of the integer scaling which reduced the 

efficient comparison of the framework results among the different actors.  

 

How to optimize the energy efficiency of the building envelope of a post-war multi-family 

residential flat, with respect to the buildings’ limits of acceptable change in energy efficiency 

transformation? 

 

Based on the aforementioned conclusion, according to table 6.4.1 and table 6.4.2, the final 

framework is provided on the measures which are within the limits of acceptable change for 

optimizing the building envelope in relation to the energy efficiency of the building. 

For the final design recommendations the transformations which have the highest impact on the 

energy efficiency and are accepted within the limitation conditions are proposed as the final design 

recommendations.  
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A brief summary of the retrofitting measures consist of, External wall insulation. Replacement of the 

glazing and window frame by double glazing, no balcony measures, insulation of the ground floor 

slab on the bottom side, and the transformation to a green roof. Furthermore the renewable energy 

source measures consist of the 100% tilted PV panels on the surface of the roof.  

Although some of these measures require limitation conditions, they are perceived as acceptable 

transformations in energy efficiency when the requirements are met. 

 

The combination of all recommended building measures consisting of, external wall insulation, 

adjustable shading, window replacement with triple LoE ARGON, under slab ground floor insulation, 

roof insulation and a flat PV-roofing system on 100% roofing area, result in a total Energy Index 

reduction of 44%. As the original building characteristics are classified as an energy label F according 

to the NEN 7120+NV, the building can be transformed to an energy label B within the limits of 

acceptable change in energy efficiency transformations. 

6.7 RECOMMENDATIONS FOR FURTHER RESEARCH  
The following paragraphs summarize the recommendations for further research of the first two 

parts of the as they are inherent to the main question. Furthermore, the recommendations for 

further research with respect to the main question are provided. How to optimize the energy 

efficiency of the building envelope of a post-war multi-family residential flat? 

 

As the framework consists of two main parts focusing on retrofitting measures and renewable 

energy sources measures, further research is required for the combination of the framework as one 

comprehensive framework. Although the RES measures do not impact the heating demand 

reduction, the framework has to be developed to support the energy efficiency improvement. In this 

case the RES framework can be linked to the Retrofitting measures. 

 

Moreover a comprehensive overview of RES measures is provided by the framework. However this 

framework is based on course material of the Eindhoven University of Technology and a brief 

literature study, further research is required to enhance the quality, amount, and applicability of the 

measures.  

 

In contrary to the retrofitting measures the RES framework is not based on an analysis of building 

transformations of post-war dwellings. Therefore an analysis of the current transformation 

characteristics of RES measures on the post-war building stock is necessary to increase the validity of 

the framework. 

 

In addition, as the heating demand reduction is not based on the case study building geometry 

further research on the reduction of the heating demand in relation to the building geometry can 

increase the reliability of the heating demand reduction overview of the framework. This assessment 

is conducted within the third part of this research publication. What are the limits of acceptable 

change in energy efficiency transformations of a post-war multi-family residential flat? 

 

In the following paragraphs the recommendations for further research of the second part of this 

research publication on the limits of acceptable change in energy efficiency transformations of a 

post-war multi-family residential flat are provided. 

 

Further research on the scaling that is used for the rate of transformation of the limits of acceptable 

change is recommended. As the scaling for the RES did not contain “Yes”, ”Yes,if”, and “No”, this 
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scaling was lacking within the analysis. Vice versa an integer scaling or gradual scaling may increase 

the reliability of the rate of transformation. A literature study on the possible scaling for the rate of 

transformation is required to develop a comprehensive and reliable scaling methodology. 

 

Furthermore, as the framework were assessed by a case study. The case study developed a feasible 

framework to be questioned to the actors. However this also made the framework results only 

applicable to the case study as also conditions such as the occupancy and orientation of the building 

influenced the results. With respect to the problem field and the aims of applying the framework 

results to multiple cases, a theoretical framework based on the assessment of multiple case studies 

should be conducted to develop a reliable framework for the limits of acceptable change in energy 

efficiency transformations. 

 

In addition, not all the actors which are part of the field of the built environment are also part of the 

actors that were used for this research. Therefore the framework can be extended with a broader 

perspective of all actors which have an impact on the built environment. Concerning the limits of 

acceptable change, the current research is conducted focusing mainly on the decision making actors 

and therefore optimizing the efficiency and reliability of the results concerning the whole field of the 

built environment 

 

Moreover the limitation conditions of the results are based on the professional knowledge of the 

interviewee, therefore less attention was drawn to the aesthetical conditions by the housing 

corporations. This caused the results to be less applicable to the aforementioned problem field.  

Further research should focus on generating conditions to guide the process based on the outcomes 

of the conditions of the currently conducted research. 

 

Next to this, due to the limited research period and as the research process is set up by the limits of 

acceptable change in energy efficiency transformation, it would have been of significance 

importance in relation to the current problem field to also assess the heritage impact instead of the 

energy efficiency impact. However to do so, first a cultural heritage impact assessment is required 

to determine the impact of the transformations according to their cultural significance to be able 

to evaluate them accordingly. To do so, also the transformations conditions should be determined in 

aesthetical qualities such as color, material, proportions, rhythm, sequence, etc.  

 

Furthermore, as the semi-structured interview defined the limitation conditions of the actors. Their 

conditions would significantly change by the designation of the building. The current case study did 

not have a monumental status applied to it. Further research is recommended to evaluate the 

influence of the designation to the limitation conditions. 

 

How to optimize the energy efficiency of the building envelope of a post-war multi-family 

residential flat, with respect to the buildings’ limits of acceptable change in energy efficiency 

transformation? 

 

As the calculation methodology is set up as a proposal for grading the rate of transformation of the 

limits of acceptable change, further research is recommended to be conducted on the validity of the 

calculation method. A literature review on the impact on the calculation method and other 

calculation methodologies is required to be conducted to increase the validity of the method.  

 

Chapter 6 – Optimal energy efficiency LAC transformations 



82 

LIMITS OF ACCEPTABLE CHANGE IN ENERGY EFFICIENCY TRANSFORMATIONS  

 

 

Furthermore, in order to conduct the research, a case study in the Neighbourhood of ommoord is 

chosen. To increase the reliability for the use of the framework results on similar project, the 

research methodology should be applied to multiple case study projects. 

 

In addition, the calculation method causes the measures which are only accepted with limitations by 

one of the actors (except the Aesthetics committee) and accepted by all the others to be limited 

without further conditions, which disregards the limitation conditions of the single actor and reduces 

the reliability of the total framework. However, this one condition has minor impact on the field of 

the built environment as a whole, further research is necessary to research the impact of this 

omission. 
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Table 1 Taxonomy of the Façade Refurbishment Toolbox (Konstantinou T. , 2014) 
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Table 2, the scale of impact on the heating demand reduction of the refurbishment retrofitting measures based on the typological building 

characteristics and distribution of the Knikflat. 
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Table 3, Taxonomy of the refurbishment measures in Renewable energy sources on the building envelope 
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Table 4, average energy index of all dwellings within the Albert-Schweitzerplaats knikflats 
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ABSTRACT  
Per year, less than 0,7% of the building stock is newly built (Rijksoverheid, 2015).  Therefore the 

transformation of the existing building stock has a large influence on the performance of the stock as a whole.  

Moreover, older buildings are more likely to be transformed over time for energy efficiency improvements, due 

to their lower efficiency and decay over time. Meijer, Itard, & Sunikka-Blank (2009) stated that: Knowledge of the 

technical performance of the residential stock is needed in order to evaluate the efficiency of renovation measures 

and to set feasible policy targets (Meijer, Itard, & Sunikka-Blank, 2009). However, currently there is no systematic 

monitoring methodology to determine whether buildings have improved their energy performance over time 

(Blok, 2014) (Arkesteijn, De status van het Energielabel en de rol van duurzame energie-opties. , 2014).  

This research paper aims to provide a monitoring method for building transformations within the 

Netherlands. The methodology determines whether a transformation has occurred by the deviation of the 

original estimated energy label to the current certified energy label based on the ISSO 82.3 Energy Index 

calculations within the dataset of the EPBD (RVO, EP-online, 2014). However, the determination is less reliable 

due to the difference between the characteristic and certified geometry, the period of certification (between 

2008-2014), and the deviation of the permit to the year of construction, and can therefore only be used to 

indicate if a transformations has occurred.  

When it is identified that a transformation has occurred, further data is gathered and validated during a 

fieldwork survey within the three case study neighbourhoods of Amsterdam, Rotterdam and The Hague. The 

survey is based on the Definitive Energy label calculation method which provides an insight in the ten 

characteristical building parameters of the dwelling to determine what type of transformations were conducted. 

However, as the Definitive Energy Label is only applicable to the privately owned dwellings and is based on the 

NEN7120+NV, the calculation methodology does not match to the original Energy Index calculation and can 

therefore only be used as a validation and generation of data on the privately owned dwellings and cannot be 

applied to the whole building stock. 

By the use of the methodology it is possible to monitor and determine how buildings have been 

transformed to improve their energy performance within the Netherlands. Although the steps cannot be 

combined, the joint strategy determines both the buildings that are transformed and their specific 

transformation characteristics. 

 

Keywords: methodology; building transformations; Netherlands; comparative analysis 

 

1 INTRODUCTION  
 

Currently, around 40 to 50 thousand building 

units per year are newly built. In comparison to a 

total stock of 7.535.317 building units, this is less 

than 0,7 % per year (Rijksoverheid, 2015). Moreover, 

19,3% of the total building stock is constructed 

before 1944, while 25,6% is constructed between 

1945-1970 and 55,1% of the total building stock is 

constructed after 1970 (Rijksoverheid, Kenmerken 

woningvoorraad, 2014, 2015). As these numbers 

show, the existing building stock has a major role in 
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the performance of the total building stock of the 

Netherlands. Therefore the transformation of 

existing building stock has a large influence on the 

performance of the stock as a whole, in contrary to 

the newly built structures which affect a minority of 

the stock.  

In addition, as the Dutch building code 

continues to reduce the EPC1  demands of newly 

constructed buildings, which also apply to major 

transformations of existing buildings, from 1.4 in 

1996 to 0.4 in 2015, and therefore increase the 

energy performance of the buildings units, the 

transformation of the current building stock becomes 

less affective by increasing year of construction (Blok, 

2014) (Arkesteijn, De status van het Energielabel en 

de rol van duurzame energie-opties. , 2014). 

Moreover it is expected that older buildings 

are more likely to be transformed over time for 

energy efficiency improvements, due to their lower 

efficiency and decay over time. However, currently 

there is no nationally coherent monitoring tool or 

method which provides an insight in how buildings 

have been transformed to unveil the role of 

historical buildings in raising energy efficiency in 

Dutch cities.  

As is inherent to any type of transformation 

and therefore also building transformations, this 

research focusses on the comparison between an 

initial building state, appointed as the original state, 

and the steps of transformation emerged by the 

usage over time, appointed as the current or 

transformed situation. The aim of the paper is to 

provide a monitoring method for building 

transformations within the Netherlands. The 

research focusses on the different possible building 

transformation recording or registration systems that 

are currently used within the Netherlands, and 

researches new methodologies for monitoring 

building transformations within the Netherlands. As 

the research is based on big data as one of its 

fundamental data gathering methods, the analysis 

focusses on the assumptions and limitations of the 

calculation methodologies that are used within this 

data analysis.  

 

 

 

                                                           

 
1
 EPC; Energy Performance Coefficient, dimensionless expression 

for the energy performance of new buildings. A lower value 

indicates higher efficiency. 

2 THEORETICAL BACKGROUND 
 

Historical buildings 

In this research publication, buildings are regarded as 

historical buildings when they are constructed before 

1970 as registered in the BAG2 

 

General overview of energy performance 

certification standards 

For new building units the energy performance is 

expressed by the Energy Performance Coefficient 

(EPC). For existing buildings the energy performance 

is expressed by the Energy Index3 (EI). Within this 

expression a division is made between Utility and 

Residential buildings. In addition, for the 

determination of the Energy index there is both a 

calculation structure and a determination 

methodology, while for the EPC of new building units 

there is only a calculation structure. This research 

paper focusses on the transformation of existing 

buildings, and therefore makes use of the EI 

calculation and determination methodology. 

(Arkesteijn, 2012) 

  

Definitive Energy Label 

From the beginning of 2015, the energy label is made 

mandatory for homeowners when they want to sell 

or rent their house within the Netherlands.  To 

provide the homeowners with an easy to acquire 

energy label, the Definite Energy Label is introduced 

by the Dutch government. In contrary to the ISSO 

82.1 which consisted of around 150 building input 

characteristics, the definite energy label is based on 

two building characteristic parameters (building type 

and year of construction) and ten main building input 

parameters. Table 1 shows the classification of input 

parameters. The input values are fixed and linked to 

standardized assumptions which are coded for 

automated output in the calculation structure. The 

input values are based on the NEN7120+NV. The EI 

outcome of the calculation structure is transformed 

                                                           

 
2

 BAG (Basisregistraties adressen en gebouwen); 

Registrationregistration system for addresses  and buildings 

within the Netherlands 
3
 EI; Energy index, dimensionless expression for the energy 

performance of existing buildings. A lower value indicates higher 

efficiency 
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Table 1 Taxonomy of the Definitive Energy Label input characteristics (RVO, Achtergronddocument rekenmethodiek definitief energielabel 

1.2, 2014) 

into an energy label by the ELG4 which is used to 

determine the energy label classification. (Nieman 

Raadgevende Ingenieurs B.V., 2014)  

 

An insight in the recent alterations of both the 

calculation method and the determination method is 

provided in the annex. 

 

3 PREVIOUS RESEARCH  
 

In general, building transformations and 
sustainable development in terms of social, economic 
and environmental sustainability development are 
combined together in order to tackle existing issues 
in urban decay, including urban function 
deterioration and environmental pollution (Zheng, 
Shen, & Wang, 2013), (Lee & Chan, 2008), (Chan & 
Yung, 2004), (Adams & Hastings, 2001). Furthermore, 
transformations in energy efficiency improvements 
of urban residential buildings can be considered as an 
opportunity to regenerate environmental, social and 
urban quality (Ferrante, 2014). 

Currently, the impact of energy efficiency 
transformations is increasingly addressed as both 
national and international legislation increases its 
energy efficiency demands for both the existing and 
new build building stock (Fraunhofer-Institute for 
Systems and Innovation, 2009), (van Hal, Dulski, & 
Postel, 2010) (Waide, 2006). Upgrading existing 
buildings has therefore a larger impact and is more 
often guided by the need for improving the energy 

                                                           

 
4
 Energielabelgetal; the ELG-value is calculated by applying the 

input values of the determination method for privately owned 

dwellings within the NEN 7120 NV. 

efficiency (Battista, Evangelisti, Guattari, Basilicata, & 
de Lieto Vollaro, 2014), (Gharakhani, 2011), (Dulski, 
van der Vliet, & van Unen, 2012). 

When building transformations, aiming for 
the improvement of the energy efficiency, are 
conducted, moreover, improvements of the glazing 
or improved insulation measures for the external 
wall, roof and floor surface area are used. In addition, 
the heating system, ventilation systems and 
durability measures such as solar panels and solar 
boilers are used to increase the energy efficiency of 
buildings (Meijer, Itard, & Sunikka-Blank, 2009), (Het 
ministerie van Binnenlandse Zaken, 2013),  (RVO, 
Voorbeeldwoningen particuliere woningen en 
verhuursector , 2011). 

Although the aforementioned research 
publications address the energy efficiency 
improvements of the existing building stock. 
Currently there is no systematic methodology to 
determine whether buildings have improved their 
energy performance over time. Meijer, Itard, & 
Sunikka-Blank (2009) stated that: Knowledge of the 
technical performance of the residential stock is 
needed in order to evaluate the efficiency of 
renovation measures and to set feasible policy 
targets (Meijer, Itard, & Sunikka-Blank, 2009). 

This research publication focusses on a 
monitoring methodology for determining how 
buildings have been transformed in order to provide 
an insight in the status of building transformations of 
the existing building stock. The paper focusses on 
determining the original building characteristics and 
the energy performance transformations of the 
existing building stock, over time. As aforementioned 
in the theoretical background of this paper, the 
energy performance of existing buildings is expressed 
by the EI. This expression provides a guideline for the 
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determination of building transformations and 
provides monitoring guidance for the physical state 
of the building stock. 
 

4 METHODOLOGY  
 

The research method consists of two main parts 

and is focused on providing a methodology for 

determining the original and current status of the 

building stock within the Netherlands, by the use of 

Amsterdam, Rotterdam and The Hague as case 

studies. In general, when a deviation between the 

original and the current characteristics is found, a 

building transformation has occurred. In addition a 

methodology is provided to determine the 

characteristics of the transformation to evaluate 

what has been transformed. 

In the first step a methodology for determining 

the original characteristics of the building stock is 

developed. By the use of the building permits system 

of the municipalities, data gathering on building 

transformations is conducted together with a data 

analysis of the acquired information. However, due 

to poor Municipal data digitalization and data 

recording which was hand-written, not classified and 

organized per Municipality, the usage of this system 

for the purpose of this research has been insufficient. 

Next to this, the building permits provide insight in 

the building transformations of all building measures. 

However, from the current perspective of the build 

environment, the research focusses on building 

transformations which improve the energy 

performance of the buildings. Therefore a secondary 

approach is developed. 

By the use of the energy label certification 

method, the original and current characteristics of 

the building stock are outlined.  The classification is 

based on the WoOn 2012 research and provides a 

building transformation categorization system shown 

in table 3 (Het ministerie van Binnenlandse Zaken, 

2013). To analyze and describe how buildings have 

been transformed, the categorization used by the 

RVO for determining the Definite Energy Label based 

on the building typology, sub-typology, year of 

construction, and 10 energetic parameters is 

adopted. The methodology is set up by a twofold 

process consisting of: the occurrence of building 

transformations, and the type of building 

transformations. 

 

First, the occurrence of a building 

transformation is determined within the three cities 

and neighbourhoods, by the use of data gathering 

and by conducting a comparative analysis of energy 

labels. By comparing the assumed original energy 

label to the certified current energy label, the 

occurrence of a building transformation is 

determined by the deviation of the original from the 

current label classification.  

Second, the data is validated during a fieldwork 

survey within the three case study neighbourhoods. 

By the use of the survey results, a comparison 

analysis is conducted comparing the energy label 

transitions to the building changes of the 

aforementioned ten parameters from the RVO 

categorization (2014). In addition to the second part, 

this part provides an insight in what type of 

transformations were conducted. 

Finally, both methodological steps and expected 

results are evaluated on validity and reliability, 

according to the influences from changing calculation 

methodologies, by the use of the Second opinion of 

Nieman (Nieman Raadgevende Ingenieurs B.V., 

2014), NEN 7120+NV (NEN, 2014)and ISSO 82.3 

(ISSO, ISSO-publicatie 82.3 Formulestructuur EI en 

maatwerkadvies woningbouw, 2009) 
 

5 RESULTS  

5.1 METHODOLOGY FOR THE OCCURRENCE 

OF BUILDING TRANSFORMATIONS 
The occurrence of building transformation is 

determined by comparing: 

 

the current certified energy label 

 

MINUS 

 

the original5 estimated energy label 

 

The current energy label consists of the energy labels 

which are gathered from the certified energy label 

database of the EPBD6 at the 24th of December 2014 

(RVO, EP-online, 2014).  

 

                                                           

 
5 Original energy label; the energy label of the building at the 

time the building was constructed. 
6
 EPBD; European Energy Performance of Buildings Directive; 
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The original energy label consists of an 

estimation of the energy label of the building as it 

was originally constructed. The estimated original 

energy label is determined by the year of 

construction and the building typology. The original 

building characteristics such as the amount of 

insulation material, the width of the cavity in the 

external wall, the glazing material and the applied 

building services are based on the requirements from 

the building code that were obliged in the year of 

construction of the building. The energy label 

calculation of the original energy label is based on an 

energy index calculation according to the ISSO7 82.3, 

(RVO, 2011); (RVO, Voorbeeldwoningen particuliere 

woningen en verhuursector , 2011); (RVO, 

Voorbeeldwoningen 2011 bestaande bouw, 2011); 

(ISSO, 2009). 

To determine the occurrence of a building 

transformation, the energy label ranging from G, F, E, 

D, C, B, A, A+, A++, A+++, is converted to a numerical 

value ranging from one to ten, respectively. By 

reducing the numerical value of the certified current 

energy label with the assumed original energy, the 

occurrence of a building transformation is 

determined by the numerical deviation of the original 

from the current label classification. For example, 

when the current energy label is corresponding to 

the original energy label, the result is zero and it is 

assumed no transformation has occurred. However 

when the certified current energy label is B and the 

estimated original energy label is F, the deviation is 

of order four and the result determines a 

transformation has occurred.  

Based on the aforementioned methodological 

steps and data, the first part of the methodology is 

applicable to both the national, city and 

neighbourhood scale.  

 

5.2 METHODOLOGY TO DETERMINE TYPE OF 

BUILDING TRANSFORMATIONS 
First a fieldwork sample is derived to evaluate 

the aforementioned methodology. Secondly, data 

gathering in the form of a fieldwork survey is 

conducted to acquire the current energy label by 

certifying the fieldwork sample. Thirdly, the sample is 

                                                           

 
7
 ISSO; “Kennisinstituut voor de installatiesector”, Institute on 

behalf of the knowledge development in the field of building 

services; 

used to provide, not only an overview in the energy 

label deviation of the fieldwork sample, but also to 

allow an insight in what interventions were made to 

the buildings of the sample.  

For the first part, a field survey is conducted 

within the case study neighbourhoods of New-west, 

Mariahoeve and Ommord, to evaluate the 

occurrence of building transformations. The case 

study areas are applied as spatial filters to the 

fieldwork sample. Consequential from the main 

research the sample is filtered on year of 

construction acquired from the BAG8. Furthermore, 

as the certification process of the definite energy 

label is only applicable for privately owned dwelling, 

the sample is also filtered on ownership, which is 

acquired from the municipalities of the case study 

areas.  

In order to conduct the fieldwork survey, a 

spatial map is developed by the use of QGIS 9 

software. The dataset of the BAG is used to generate 

a map filtered on buildings before and after 1970 on 

the level of the premises 10 . The filter of the 

ownership is applied on VBO-level and represented 

as colored dots to provide a distinction between the 

privately owned and rental dwellings. The filters are 

then coupled by address to both ownership and year 

of construction. However as the municipality of 

Amsterdam was not able to provide the ownership 

by premise-ID this filter is not applied to the 

neighbourhood of New-west. As the map is printed 

two-dimensional, the apartment buildings which 

have mixed ownership are not able to be 

distinguished from the map. Therefore, the addresses 

overview linked to the ownership of these flats are 

printed and included as annex to the maps. 

For the second part, three methods of data 

gathering are used consisting of surveys conducted at 

the community center and household surveys 

conducted during the fieldwork, and online 

questionnaires. The fieldwork survey is held as a one-

day event, while the online questionnaire was open 

for submission for thirty days. However these three 

methods gather the data differently, they do input 

the gathered data into the same dataset in which the 

                                                           

 
8

 BAG (BASISREGISTRATIES ADRESSEN EN GEBOUWEN); 

REGISTRATION SYSTEM FOR ADDRESSES  AND BUILDINGS 

WITHIN THE NETHERLANDS 
9
 Qgis; Open source Geographic Information System 

10
 Premise; unit of a building in which it is possible to reside for 

residential or business purposes 
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final data fields are identical, therefore the methods 

are different but the setup of the results are 

identical. The survey makes use of the Definitive 

Energy Label certification and consists of a two-step 

process which includes two different questionnaires. 

The first questionnaire gathers the transformation 

measures of dwellings and monitors the awareness 

of homeowners on energy related issues. The second 

questionnaire is linked to the protected environment 

of the RVO Definite energy label certification. By the 

use of the homeowners DigiD-number, home owners 

are provided the opportunity to log on to the RVO 

website and acquire a definite energy label, which is 

then certified by the research team under the 

supervision of the certification company Atriensis.  

For the third part, two steps of data analysis 

are conducted. First, the data gathered from the 

fieldwork sample is verified by the method used to 

determine the occurrence of building 

transformations and added to the database, 

respectively. Furthermore, the label transition 

distribution of the whole dataset, containing the 

deviation of the current to the original energy label, 

is represented in a matrix in which all typologies and 

building periods are linked to their corresponding 

label deviation. Second, an insight in what 

interventions were made to the building sample is 

developed by the comparison of the estimation of 

the assumptions of the original ten building 

parameters of the RVO (RVO, Voorbeeldwoningen 

2011 – EPA detailgegevens per woningtype, subtype 

en bouwperiode, 2011) to the results of the current 

building parameters acquired by the questionnaire. A 

transformation has occurred when a difference is 

found between the original assumed value and the 

questionnaire value or when the original assumed 

value is the energetic lowest possibility. An example 

is shown in the following IF-THEN statement of the 

heating system: 

IF ‘Original assumed value’  IS ‘Questionnaire value’ 

OR ‘Questionnaire value’ IS “Separated supply, 

geiser” THEN ‘No transformation’ 

IF ‘Original assumed value’  IS NOT ‘Questionnaire 

value’ OR ‘Questionnaire value’ IS NOT “Separated 

supply, geiser” THEN ‘Transformation’ 

Because for all dwellings in the questionnaire 

the typology and year of construction are known, 

results are divided into different typologies and 

different building periods. 

 

Based on the aforementioned methodological steps 

and data, The second part of the methodology is only 

applicable to the neighbourhood scale. 

 

6 D ISCUSSION  

6.1 DISCUSSION OF THE METHODOLOGY 

FOR THE OCCURRENCE OF BUILDING 

TRANSFORMATIONS  
The certified current energy labels are based 

on the energy label certificates database of the EPBD. 
Therefore only certified building units are used for 
the determination of the occurrence of building 
transformations. This increases the reliability of the 
research outcomes, as the certification process can 
only be conducted by a recognized expert and is 
nationally determined by a normative process. As the 
certificates from the EPBD database are based on the 
ISSO 82.3, the certificate is constructed according to 
150 building characteristics, which provide a reliable 
insight in the building current energetic status. As the 
energy label certificate is valid for 10 years, the 
changes in calculation methods of the energy label 
and also the label categorization affects the 
coherence of the database. To increase the reliability 
of the research, the calculation methodology of the 
ISSO 82.3 is used, for both the current certified 
energy label, as they are present within the 
database, and also the original estimated energy 
label. As both calculation methods are 
corresponding, noise is reduced within the final 
outcomes as much as possible. 

From January 2015 the calculation method is 
changed to the NEN7120+NV, therefore these label 
certifications are excluded within this methodology. 
In addition, the current certified energy label consists 
of labels certified in the time period of 2008 until 
2014. Therefore, the outcomes of the methodology 
should be considered less valid by older year of 
certification as the building units that are evaluated 
may have been changed after their latest label 
certification. 

As the estimated original energy label is based 
on the minimal requirements by the building code 
within the period of the originally constructed 
building. It can occur that a building was constructed 
with higher energy efficiency than was required by 
the building code at that time. Therefore the energy 
index of the unit was originally higher than what is 
assumed by the estimation. This effect can cause the 
comparison of the certified energy label to the 
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Comparison ISSO 82 and NEN7120+NV 

Figure 1, energy labels plotted to the whole building stock 
according to the WoOn2012 and based on ISSO 82.3 or 
NEN 7120+NV 

ISSO 82              NEN7120+NV 

original energy label to indicate a transformation has 
occurred, while in practice the change did not occur 
as the building was originally constructed with higher 
energy efficiency or lower energy index. 

Furthermore the certificated energy label is 
based on the unique building characteristics of the 
dwellings, such as the amount of floor area, façade 
area, material use and building service applications, 
while the assumed original energy label is based on 
average building typological characteristics at the 
time of construction. Therefore, the use of averages 
can cause the geometry of the assumed energy label 
to be different from the certified energy label even if 
no transformation has occurred. However, the 
deviation of the original assumed and the real 
original characteristics is estimated to be very 
minimal as is intrinsic to a value that is based on the 
average. The larger the sample size that is used, the 
less impact this effect will cause on the final 
outcomes. 

In addition a discrepancy of the original 
building characteristics compared to the assumed 
original building characteristics can occur, as the 
assumptions are based on the minimal building 
requirements of the year of building application of 
the building permit. As the year of construction is 
used to determine the minimal requirements and the 
year of building application can deviate from the year 
of construction, this can cause the building 
characteristics to be different from what it is 
assumed to be.  

6.2 DISCUSSION OF THE METHODOLOGY TO 

DETERMINE TYPE OF BUILDING 

TRANSFORMATIONS  
In contrary to the methodology for the 

occurrence of building transformations, which is 

based on the ISSO 82.3 and 82.1, the determination 

of the type of building transformations is based on 

the NEN7120+NV. As this calculation methodology is 

based on 10 parameter changes, instead of the 150 

parameters of the ISSO, the methodology is more 

suitable to be conducted on a broader scale.   

However, as the reliability of the averaged 

outcomes increases by the amount of respondents, 

the reliability of the method itself is lower as it is 

based on a more assumptions of building 

characteristics. As the NEN7120-NV is chosen from 

the methodological perspective, this caused a 

specification of the focus point within the research 

on privately owned dwellings, as the calculation 

method is only applicable to privately owned 

dwellings.  

 Furthermore, as the outcome of the Energy 

index calculation of the NEN-7120+NV differs from 

the ISSO 82.3 the results cannot be coupled back to 

the first methodological step. The outcome can 

therefore only be used as a validation of a small 

group of the whole building stock. 

Figure 1 shows a comparison of the energy 

label outcomes of the calculation method before 

January 2015 (ISSO 82.3) and the calculation method 

after January 2015 (NEN7120+NV). The figure is 

based on the WoOn2012 research, in which the 

outcomes are plotted on the whole building stock of 

the Netherlands and used as input for both the old 

and new method. 

The figure shows there is a minor change in 

the distribution of the labels. The NEN7120+NV 

increased the amount of green labels (A-C) by 15-

20% in comparison to the ISSO 82.3. (Nieman 

Raadgevende Ingenieurs B.V., 2014)  (Berben, J.;, 

2014), (ISSO, ISSO-publicatie 82.3 Formulestructuur 

EI en maatwerkadvies woningbouw, 2009), (NEN, 

2014). 

Importantly, the effects of the difference in 

calculation methodology of the two methods, do not 

affect the final outcomes of the research since the 

methodological use is not mixed. As the energy label 

classification is not used for determining what 

interventions are conducted, the change in 

calculation methodology has not affected the 

outcomes of the methodology. 
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Furthermore, as the type of building 

transformations is only focused on privately owned 

dwellings, the results of the type of building 

transformations are less valid to be used for the 

whole building stock. The building transformations of 

the privately owned dwellings may have different 

causes for transforming their dwelling in comparison 

to the dwellings owned by housing corporations. For 

privately owned dwellings, the minor changes are 

more significant to be conducted and have a larger 

impact to the cost benefits of the owner and building 

occupant. As large transformations are to be 

conducted by the “VVE”11, this can be different from 

the type of transformations conducted within the 

building stock as a whole. 

 

7 CONCLUSIONS  
 

 Resulting from the research that has been 

carried out, it can be concluded that the monitoring 

methodology for determined how buildings have 

been transformed is based on a twofold 

methodology. 

As from the building permits administration, 

no sufficient categorisation methodology could be 

developed. The taxonomy of the Definite Energy 

label, as provided in the third part of the whole 

research publication, is used to categorise the 

building transformations. 

First, the occurrence of building 

transformations is determined by comparing the 

assumed original energy label to the certified 

current energy label. As both energy labels are 

calculated by the ISSO 82.3, the deviation determines 

whether a transformation has taken place.  Although 

the original estimated value is based on characteristic 

values and the minimal requirements of the building 

code at the time of construction. As this 

methodology can provide a general insight in the 

occurrence of building transformations., the 

determination is less reliable due to the difference 

between the characteristic and certified geometry, 

the period of certification (between 2008-2014), and 

the deviation of the permit to the year of 

construction, and can therefore only be used to 

indicate if a transformations has occurred. 

 

                                                           

 
11  VVE; Vereniging van Eigenaren; Association of 

Homeowners 

Second, as the acquired database of the 

EPBD does not contain characteristics on what has 

been changed within a building, the data is 

complemented and validated during a fieldwork 

survey within the three case study neighbourhoods. 

From this a comparison analysis is conducted 

comparing the energy label transitions to the building 

changes of the aforementioned ten parameters from 

the RVO categorization (2014). The fieldwork can 

therefore provide an insight in what type of 

transformations were conducted. However, the 

Definitive energy label calculation method provides 

insight in the ten building parameters of the dwelling, 

since January 2015 the certification calculation 

methodology has changed to the NEN 7120+NV and 

does not match to the original Energy Index 

calculation. Therefore the method can only be used 

as a validation and generation of data on the 

privately owned dwellings. The outcomes of the 

methodology can therefore not be applied to the 

whole building stock. 

By the use of the aforementioned methodology 

it is possible to monitor and determine how buildings 

have been transformed to improve their energy 

performance within the Netherlands. Although the 

steps cannot be combined, the joint strategy 

determines both the buildings that are transformed 

and their specific transformation characteristics. 
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SFD* MFD* SFD* MFD*

A++ EI ≤ 0,50 44 40 EI ≤ 0,60 44 40

A+ 0,51 < EI ≤ 0,70 40 36 0,61 < EI ≤ 0,80 40 36

A 0,71 < EI ≤ 1,06 36 32 0,81 < EI ≤ 1,20 36 32

B 1,07 < EI ≤ 1,30 32 28 1,21 < EI ≤ 1,40 32 28

C 1,31 < EI ≤ 1,60 22 15 1,41 < EI ≤ 1,80 22 15

D 1,61 < EI ≤ 2,00 14 11 1,81 < EI ≤ 2,10 14 11

E 2,01 < EI ≤ 2,40 8 5 2,11 < EI ≤ 2,40 8 5

F 2,41 < EI ≤ 2,90 4 1 2,41 < EI ≤ 2,70 4 1

G EI > 2,91 0 0 EI > 2,71 0 0

*PVS, Property Valuation System

*SFD, Single Fami ly Dwel l ings

*MFD, Multi  Fami ly Dwel l ings

PVS*

From January 2015Before January 2015

PVS*Energy Label 

Classification
Energy Index range Energy Index range

Before 01-01-2015 Calculation Structure Determination methodology Outcome

Residential ISSO 82.3 ISSO 82.1 Energy Prestation Certificate

Utility ISSO 75.3 ISSO 75.1 Energy Prestation Certificate

After 01-01-2015 Calculation Structure Determination methodology Outcome

Residential - privately owned NEN 7120+NV Rekenmethodiek definitief energielabel' Definite Energy Label

Residential - rental cooperations NEN 7120+NV ISSO 82.1 (revised for NV) Energy Index + automated Definitive Energy Label

Utility NEN 7120+NV ISSO 75.1 (revised for NV) Energy Index + automated Definitive Energy Label

Energy performance of Existing Buildings by the Energy Index

Annex 
 

General overview of energy performance certification standards 

For new building units the energy performance is expressed by the Energy Performance Coefficient (EPC). For 

existing buildings the energy performance is expressed by the Energy Index12 (EI). Within this expression a 

division is made between Utility and Residential buildings. In addition, for the determination of the Energy index 

there is both a calculation structure and a determination methodology, while for the EPC of new building units 

there is only a calculation structure. As this research paper focusses on the transformation of existing buildings, 

only the theoretical background on the existing building calculation methodology is provided. (Arkesteijn, 2012) 

 
Table 1 Overview of the changes in calculation structure, determination methodology and outcome by January 2015. 

Before January 2015 the calculation structure for the EI is determined by the ISSO 82.3 for residential buildings, 

and the ISSO 75.3 for utility buildings. Furthermore there was a protocol for determining the input parameters of 

the calculation which is described within the ISSO 82.1 for residential buildings, and the ISSO 75.1 for utility 

buildings. The results from these calculations were directly linked to a corresponding energy label classification 

value shown in table 2 (Arkesteijn, 2012). 
 

From January 2015, the calculation structure for the EI of both residential and utility buildings is replaced by the 

NEN 7120 + NV. Next to this, a simplified determination method is developed for privately owned dwellings, 

namely the Definite Energy Label13. For rental dwellings and utility buildings, the old determination method is 

updated according to the NV. The resulting values from these Energy Index calculations and determination 

                                                           

 
12

 EI; Energy index, dimensionless expression for the energy performance of existing buildings. A lower value indicates higher efficiency 
13

 Definitive Energy Label; Energy label certificate for privately owned building units 
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methods are not directly linked to a corresponding energy label classification. For the rental dwellings the 

outcomes are only used for the Property Valuation System14 (PVS) shown in table 2. Due to the complexity of the 

certification methodology, diagram 1 and diagram 2 have been added to the annex to provide an overview of the 

total structure.  (Arkesteijn, De status van het Energielabel en de rol van duurzame energie-opties. , 2014) 

(Berben, J.;, 2014) (Nieman Raadgevende Ingenieurs B.V., 2014) 

 
Table 2 Overview of the changes in energy label classification and Property Valuation System (Berben, J.;, 2014) 

Since the calculation structure of the energy index is changed, the outcomes of EI calculations before January 

2015 are not comparable to the outcomes of the EI calculations after January 2015. Furthermore, an overview of 

the EI classifications of before and after January 2015 is provided in table 2  (FEDEC energieadviseurs verenigd, 

2014). 

 

Definitive Energy Label 

From the beginning of 2015, the energy label is made mandatory for homeowners when they want to sell or rent 

their house within the Netherlands.  To provide the homeowners with an easy to acquire energy label, the 

Definite Energy Label is introduced by the Dutch government. In contrary to the ISSO 82.1 which consisted of 

around 150 building input characteristics, the definite energy label is based on two building characteristic 

parameters (building type and year of construction) and ten main building input parameters. Table 3 shows the 

classification of input parameters. The input values are fixed and linked to standardized assumptions which are 

coded for automated output in the calculation structure. The input values are based on the NEN7120+NV. The EI 

outcome of the calculation structure is transformed into an energy label by the ELG15 which is used to determine 

the energy label classification. (Nieman Raadgevende Ingenieurs B.V., 2014)  

Calculation structure NEN7120+NV 

The calculation structure of the EI within the NEN 7120+NV is calculated by dividing the characteristic energy use 

by the reference energy use, multiplied by a constant introduced to be able to relate the EI with the EPC shown in 

formula 1. 
Formula 1 

In which: 

CEI;w = constant for Energy Index dwellings  

EP;tot = characteristical energy use   

EP;adm;tot;bb;woon= referential energy use 

                                                           

 
14

 Property Valuation System (or Woningwaarderingsstelsel); System for determining the maximum allowed reasonal rent of a building 

unit. 
15

 Energielabelgetal; the ELG-value is calculated by applying the input values of the determination method for privately owned dwellings 

within the NEN 7120 NV. 

;

;

; ; ; ;

P tot

EI W

P adm tot bb woon

E
EI C

E
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The referential energy use of formula one is constructed out of three constant values and two variables. The 

constants for the Definite Energy label are based on founded assumptions of averaged dwelling characteristics, 

average consumer occupancy and climate data. The two variables are defined as the usefull area (Ag) and the 

area of loss (Averlies) shown in formula 2. 
Formula 2 

In which: 

c1 = 244 MJ/m
2
; c2 = 87 MJ/m

2
; c3 = 5844 MJ 

 

The characteristic energy use of formula one, EP;tot, is constructed out of the total sum of the use of fossil fuels, 

converted into primary energy of heating, humidification, ventilation, lighting, cooling, dehumidification, hot tap 

water and the used auxiliary energy reduced by the converted amount of produced energy. (NEN, 2014) 

Formula 3 

; ; ; ;exp; ; ;exp; ; ; ; ;P tot P del ci P T gi P el gi P pr nEPus el

ci ci ci ci

E E E E E        

In which 

E P;tot = Yearly characteristical energy use in MJ; 

E P;del;ci  = Yearly decreased primary energy of the energy carrier ci for the total of energy functions involved and for the active production 

of heat, cold or electricity, in MJ; 

E P;;T;gi = Yearly exported heat and/or cold converted to avoided primary energy, coming from service gi, in MJ; 

E P;;el;gi = Yearly exported electricity converted  to avoided primary energy, coming from service gi, in MJ; 

EP;pr;nEPus;el =  Yearly exported electricity converted  to avoided primary energy, produced and used on own ground but not used  for the 

functions included in the total of energy functions for the energy performance , in MJ. 

 

  

; ; ; ; 1 2 3P adm tot bb woon g VerliesE c A c A c    
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Diagram 1 (Arkesteijn, De status van het Energielabel en de rol van duurzame energie-opties. , 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 2 (Arkesteijn, De status van het Energielabel en de rol van duurzame energie-opties. , 2014) 
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