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Summary 

Global energy problem is required to be addressed for various purposes, and it occurs 
due to the non-efficient way of generating and consuming energy. In order to achieve 
the energy goals from both EU and the Netherlands, implementing more social housing 
energy renovation project can be regarded as one of the sufficient methods. Therefore, 
this thesis mainly focuses on reducing energy consumption from social housing aspect 
through conducting energy efficiency renovation project. Compared to public building 
and office buildings, social housing sector has conducted less energy efficient 
renovation project. This happens since social housing has split interest. House owners 
(housing organizations) are required to invest for the project while tenants receive the 
benefits (energy bill reduction and living condition improvement) from this investment.  
 
This lead to the following research questions: How to successfully implement social 
housing renovation project. The balanced methods of communication between different 
stakeholders that have relationships within the range of social housing are required to 
be discovered to further develop the renovation process. The finding is assessed by a 
practical renovation project in the Eindhoven to test the feasibility. These questions are 
mainly answered through literature review, case study, interview and Life Cycle Cost 
Analysis (LCCA). Literature review provides general situation of past social housing 
renovation project. Common problems and concerns can be found out after the 
research. Case study focuses on the practical situation and interviews through the 
inputs from both literature review and case study provide the insight of current 
renovation condition. LCCA at the end contain financial feasibility assessment of the 
project. The conclusion provides the recommendation to the following social housing 
renovation project regarding what they are required to consider for successfully 
implementing their project.  
 
This thesis starts with literature review regarding the current situation of social housing 
renovation project. The impacts and benefits of energy renovation projects are first 
distinguished and analyzed. These lead to necessity to implement energy saving 
renovation project. It not only benefits the total energy consumption, CO2 emission and 
tenantsΩ wellbeing of the area, but also contributes to the development of construction 
industry and economic growth. With the help of these impacts and benefits, social 
housing energy renovation projects have still not been well spread due to various 
lagging factors. Finance and technique are the two main barriers that affected past 
renovation projects. Project teams from social housing renovation projects cannot 
continue with other processes due to their influence. Other barriers and risks, such as 
organizational barriers and time risks also lag the development of social housing 
renovation project. Many previous projects stopped their development since they 
cannot overcome these factors in the early stages. Solutions for these lagging factors 
are also found in literatures, but project teams are still required to implement the 
solutions based on the situation of project area. Successful factors are found after 
looking for lagging factors. These factors are mentioned in the literatures that lead 
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previous projects to success. Many literatures have mentioned the importance of 
ǘŜƴŀƴǘǎΩ focus (focus on what tenants require for the renovation project) and 
stakeholder involvement (involve stakeholders from early stages to discuss and verify 
projectΩs process).  They are not necessarily implemented in the project, but these 
factors would provide the project team smooth process and feasible outcomes. 
Moreover, project assessment methods are found from literatures. They all have 
different functions and focus for evaluations. Case study, interview and Life Cycle Cost 
Analysis are chosen for the assessment of the project in this thesis.  
 
The third part of the thesis contains research process and results. Case study of Eckart 
area is first implemented to understand the general situation of the project. This case 
has been chosen since the project team is implementing a unique concept of άseries of 
oneέ. From this experimental concept, new guideline for implementing social house 
renovation project might be found out. Interviews with the input questions from 
literature reviews and case study are conducted to gain the insight of the research 
questions. Interview structures are mainly divided into three parts, potential lagging 
factors, successful factors and judging criteria. The structure is divided based on what 
literatures indicate. The lagging factors are the reason current social housing 
organizations cannot conduct a successful renovation project, and successful factors 
would lead the project to success. Therefore, these are the important factors to 
consider for assessing a practical project and its concept to draw the conclusion at the 
end. Moreover, the criteria are set to double check with the finding of this thesis to 
provide a reliable guideline for following social housing organization at the end. After 
conducting interview with the project manager of housing organization, contractor and 
tenants, some factors are adjusted based on the Eckart case. Moreover, LCCA is 
implemented to test the financial feasibility for both tenants and the project team. The 
result indicates that tenants focus truly have good impact on the project. Tenants are 
willing to join the project since their requirements are considered during plan phase. 
However, in this specific case, this convenience for tenants leads to the extra burden for 
the project team for the schedule and finance plan.  
 
Therefore, this thesis can conclude that in order to successfully implement social 
housing renovation project, the project team is required to be familiar with the situation 
in the project area to select sufficient renovation measures. Moreover, the experience 
from past renovation project also needs to be considered during decision making 
process. The project team should learn from the lagging factors and successful factors to 
understand how to deal with the problem in their project. The guidelines for these 
factors are provided based on the study from literature reviews and interview. 
Moreover, in order to achieve a feasible renovation outcome at the end, it is essential to 
find the balance between tenants interests focus and company requirement based on 
the project situation. This balance can ensure both controllable process and feasible 
outcomes.  
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Abstract 

Conducting energy efficiency renovation project especially in the social housing section 
is rather necessary to achieve the energy goal from both the EU and the Netherlands 
since reducing energy consumption in the buildings can be executed better than 
producing more renewable energy at current stage in the Netherlands. The slow 
development and spread of social housing energy efficiency renovation project is 
because of several lagging factors. These factors and correlated solutions are revealed 
and discussed in this thesis to provide general guideline for following social housing 
renovation project. Furthermore, common renovation measures to improve energy 
label in the households and successful factors from past social housing renovation 
project that can provide process guide for following renovation project are also 
provided in the general guideline for social housing energy efficiency renovation project. 
Besides the general guidelines, a case study related to a specific ongoing social housing 
renovation project is also conducted in this thesis. Moreover, Interview with the housing 
organization, contractors and tenants, and LCCA are implemented to obtain better 
insight of the project for a comprehensive project evaluation. This evaluation conducted 
through several interviews includes the successful factors, potential lagging factors and 
evaluation criteria of the case. The basic framework and content are obtained from 
literature review and preparation interview with the project manager. The following in-
depth interview with the project manager and contractor improve the interview 
framework and provides detailed answers and insight for the case. Moreover, project 
feasibility from both aspect of the housing organization and tenants are assessed by 
terms of interviews with tenants and LCCA (mainly focus on financial feasibility for the 
company). The opinion directly from tenants regarding their satisfaction related to the 
all the process in the project can be obtained. The financial feasibility of the case is 
assessed by terms of LCCA for the period of 30 years maintenance (calculate until the 
next renovation project). Some recommendations and discussions for tenants approach 
and tenantsΩ satisfaction can also be obtained after the comprehensive evaluation. This 
thesis provides insights of how to successfully conduct social housing renovation project 
and the results can be used to accelerate the process and development of conducting 
social housing energy efficient renovation project.     
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1. Introduction 

1.1. Problem definition 

1.1.1. Background information 
Energy crisis nowadays is not only because of the lack of energy sources, but also 
because of the non-efficient (lack of innovation) way of producing and consuming 
energies. There is still no efficient way to address it (Rinkesh, 2009). As for the situation 
in EU (European Union), the final energy consumption has decreased by 11% in the EU-
28 countries during the period from 2005 to 2014 (Barbu, 2016). However, as it shown 
in the Figure 1, the main energy consumption is still sourced from oil and gas that 
accounts for 37% and 22% respectively, while renewable energy only occupies 8% in the 
total consumption in 2015. Therefore, in tandem with supply-side policies, EU has 
launched a number of initiatives and policies that aim at increasing energy efficiency, 
reducing energy demand, and decoupling energy problem from economic growth 
(Consumption of energy, 2017).  Paris Agreement (The Paris Agreement, 2016) also 
prompts this process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 EU energy consumption 2015 (sited from (Mearns, 2016)) 
 
Considering the situation in the Netherland, with the annual amount of 119.60 billion 
kWh in energy consumption, (Energy consumption in the Netherlands, 2017) the 
country is capable of producing 96% of the total amount of energy. The Dutch 
government has determined to have a low-carbon economy by 2050, which means that 
almost all energy should be produced from sustainable sources (The future of fossil fuels, 
2017). This is also for supporting and accomplishing the energy goals from the EU.  
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In order to reach the energy goals from both the Netherlands and the EU, briefly two 
actions can be conducted: Reduce the consumption (demand) of energy and increase 
the production of renewable energy (Sorrell, 2015). Despites the rich renewable sources, 
the development of renewable energy share is still low. The main reason can be 
concluded as cash cow sourced from oil and gas since the government is capable of 
making a great deal of money (around 7 billion per year) from the involvement in the 
fossil fuel industry (Avery, 2016). Therefore, the government will not discard the cash 
cow from oil in a short term. Consequently, the thesis will mainly focus on the aspect of 
reducing energy demands in housing sectors. 
 
In order to accomplish the environmental goal from both EU and the Netherlands by 
2020, reducing the energy consumption in household is essential. Over the past 30 years, 
average Dutch household gas consumption has reduced by nearly half mostly through 
high-performance boilers and better housing insulation (PBL, 2014). Therefore, the 
implementation of energy renovation project together with other energy saving 
technology can further reduce energy consumption in the household, which would 
contribute to the environmental goal since 40 % of total energy consumption in 
European Union is used in buildings (EU, 2017). Besides that, it is being estimated that 
people globally spend approximately 70 % of their time in buildings (Sustania, 2014).  

1.1.2. Problem statement 
Despite the necessity of implementing energy renovation project to reduce energy 
consumption in the building and households, there are several problems and limitations 
that the renovation concepts are currently facing. Although a wealth of policies, 
regulations, incentives, and other interventions that have been introduced to stimulate 
and support the diffusions of energy efficiency measures, home owners still remained 
ǎǘǳōōƻǊƴƭȅ ǊŜǎƛǎǘŀƴǘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ƘƻƳŜǎΩ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ōȅ ǊŜƴƻǾŀǘƛƻƴ (Wilson., 
2014). There are diverse renovation projects running in Northern Europe, but those are 
mostly within the range of public buildings and office buildings. 
 
35% of the total housing stocks (2.4 million houses) in the Netherlands are social 
housing. As it shown in Figure 2, only approximately 25% of the houses are above 
energy label B in 2014. Most of the houses only have an energy label that is lower than 
C (households energy consumption more than 160 kWh/m2/year). Although the energy 
label in the social houses is generally improving due to the implantation of one and two 
label steps renovation according to Figure 3, the low energy label problem in social 
housings is still serious. Even though carrying out energy renovation project is necessary 
and there are various benefits to implement energy renovation projects, the spread of 
renovation projects in social housing is still at a low level. As it shown in Figure 3, the 
deep energy renovation rates (at least three or more label steps) was 3.5% in total from 
2010 to 2014. The trend had a steep increase in the year of 2012, but it remained stable 
again after 2013 (Filippidou, 2017). More social housing energy renovation projects are 
required to truly achieve the energy goal from both EU and the Netherlands.  
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Figure 2 Energy label categories in social housings (cited from (SHAERE database, 2018))  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Energy renovation rates of the social housing sector (cited from (SHAERE 
database, 2018)) 
 
The most essential problem is that it is difficult to take the final joint decision during 
initial stage. The social housing organizations do not have enough experiences and 
budgets to carry out a large- scope renovation project.  The residents are not sure about 
whether the renovations truly have the effect which was guaranteed by the company, 
and they are not willing to invest on a rental house. Therefore the main purpose of this 
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thesis is to find out what are the successful factors and potential lagging factors (the 
factors that might lag the process of project) for social housing renovation project, and 
how can this be implemented in later social housing renovation project for a successful 
outcome.  

1.2. Research questions and expected results 

1.2.1. Research Questions 
Due to the importance and necessity of implementing social housing renovation project, 
the successful method and guideline for social housing organization needs to be 
provided to further accelerate the process of social housing energy efficiency renovation. 
Moreover, the questions related to case evaluation compose another part of the thesis.  
In order to accomplish this, two parts of analysis will be carried out as following: 
 
Part 1: Energy Renovation Project Evaluation 
Main question: How to successfully implement social housing renovation project? How 
is the outcome of the renovation project? What can other renovation project learn from 
this specific case? 
 
In order to answer this question, literature review and a specific case study (and 
interview) is conducted. General situation and problem of previous renovation project 
and correlated solutions are found out after literature review. Case study is 
implemented to obtain some unique and updated information for social housing 
renovation project. Moreover, three sub-questions are formulated to further elaborate 
this main question. The sub-questions can help with the detailed understanding of each 
factor.  
 
Sub questions:  
1. What energy saving renovation measures are implemented in the project? Are they 
proper for this renovation project?  
2. What are the successful factors and how do they influence the project? 
3. What are the potential lagging factors? What are their effects and how to overcome 
them?  
 
Both literature review and case study (interview) are implemented to answer these 
questions. General recommendations for social housing renovation project can be 
obtained after case study.  
 
Part 2: Project Feasibility Assessment 
Since the social housing company is implementing a new way to renovate social 
housings, the feasibility of the method needs to be assessed to find out whether it is 
necessary to continue with the same method.  
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Main question: Is this renovation project feasible for both the social housing company 
and their tenants?  
 
In order to answer this main question, interview with tenants and housing organization 
in the specific case study is conducted. These interviews can provide the insights from 
both sides to understand the project feasibility in a comprehensive way. Moreover, 
three sub-questions are formulated to obtain the further understanding.   
 
Sub question:      
1. Is the project feasible for the company, especially from financial aspect? 
2. Are tenants satisfied with the renovation concept, approach and process?  
3. Is it feasible to continue renovating other possible houses with the same method? 
 
Financial feasibility is set as one of the sub question since budget is mostly the biggest 
barrier for projects. These questions are formed to assess the outcome of this specific 
renovation project. They are answered mainly through case study and interview.  

1.2.2. Expected results   
It is expected that social housing energy efficiency renovation project is not widely 
spread because of several barriers and risks that social housing organizations cannot 
address during decision-making process, and consequently influence the whole project. 
Therefore, these lagging factors should be revealed and discussed. One of the expected 
results of this thesis is to provide a guideline for the social housing organizations to 
accelerate their renovations. Furthermore, the evaluation result of a specific case study 
is demonstrated in the thesis. The guideline will include both specific renovation in the 
houses and renovation approaches for the company and their tenants. 
 
Another expected result is the evaluation of an on-going experimental social housing 
renovation project. This evaluation mainly focuses on financial aspect and tenants 
satisfaction aspect. It is also expected that the evaluation result can provide some 
recommendations for the following social housing renovation projects. 

1.3. Research Design 
The research design of this thesis is shown in Figure 4. The research begins with 
understanding technology background conducted from literature review. The 
experience and knowledge from previous projects is obtained for the input and 
preparation of the analysis. A specific social housing case is introduced afterwards, and 
the input from both literature review and case overview is implemented in interviews to 
obtain insight from expert to understand the case detail and current social housing 
renovation situation. Results of the interview are applied to both qualitative analysis 
and quantitative analysis. Consequently, conclusion and discussion of the report are 
described at the end of the thesis together with the recommendation of general social 
housing energy efficiency renovation project.   
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Figure 4 Research framework 

1.4. Importance of the subject 

1.4.1. Practical importance 
From the perspective of social relevance, the subject of this thesis can contribute to 
accelerate and improve the social housing renovation process. Considering the fact that 
old and poorly insulated social housing stock accounts 35% of the total housing stock in 
the Netherlands, and they are all required to have an average energy label of B by the 
year of 2020, the importance and urgency of social housing renovation project is 
obvious. Therefore, the barriers and problems from previous energy renovation project 
should no longer hinder this process. This new way of renovating social housing can also 
provide a unique way for social housing organizations to choose and implement in their 
cases.  
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1.4.2. Social relevance 
Energy efficiency in housing sectors is the key factor for reducing energy consumption.    
This renovation can also improve the indoor air quality for the tenants. However, the 
current situation indicates that although energy renovation is a άwin-winέ operation, 
not many people are willing to follow this process. This is the consequence of bad 
reputation from previous renovation projects. Housing organizations and tenants have 
no trust in the outcome of the project. Therefore, from the social relevance, the subject 
of this thesis is capable of reversing this cagey circumstance to encourage people to 
realize and understand renovation project. Consequently, more people and companies 
will be willing to conduct energy renovation projects. 

1.4.3. Scientific relevance 
From the scientific perspective, this study contributes to the existing literature regarding 
project evaluation methods. This thesis analyzes the existing literatures and evaluation 
methodologies for concluding and discussing what the best way to analyze one project 
is, and what aspects do the method focus on when conducting evaluation. This 
perspective links the scientific relevance to the thesis. 

1.5. Reading guide  
This thesis is structured into six chapters, where the first chapter captures the 
introduction of the problem background. In the first chapter the problem is stated, 
based on which the research objective, theoretical framework and research questions 
are formulated. The introductive chapter also presents the importance of the thesis 
from practical and social aspects. 
 
The second chapter provides an insight into the existing literature in the topic of general 
social housing renovation situations, as well as barriers and problems that lag this 
renovation process. Furthermore, the literature review provides different 
methodologies of assessing renovation project. Author can obtain knowledge 
background of what is required for this thesis from this chapter. 
 
The third chapter introduces the research methodology of this thesis. Motivation and 
general structure of the methods are elaborated in this chapter.  Furthermore the 
method and type of data collection, processing method and analysis is described. This 
chapter provides an understanding of required methodologies for the reliable analysis 
and consequently feasible outcome at the end. 
 
The fourth chapter is the outcome of the case study and interview. Overview of the case 
is first described, following with the interview structure that developed for the 
evaluation of this project. This structure is also the guideline for the interview analysis. 
In this analysis, the elements that could influence the outcomes of the project, such as 
barriers and risks, are described and assessed. At the end of this chapter, the result of 
project evaluation is presented. The fifth chapter present the result of another 
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methodology, Life cycle cost analysis. The result of this chapter can assess the 
renovation project from the aspect of financial aspect. 
 
The sixth chapter presents the conclusions of the research, based on the results and 
data analysis, the recommendations for the social housing company regarding energy 
efficiency renovation project, limitations of the research as well as future research 
opportunities are presented.  
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2. Literature Review 

2.1. Introduction 
The second chapter presents a review of existing academic literature on the topic of 
building energy renovation project and its evaluation. In order to correctly evaluate the 
value and achievement of a specific and innovative renovation project, the pre-
knowledge of general evaluation is indispensible.  
 
First of all, the general information including energy renovation measure categories and 
energy label (Energy index) description, and some renovation examples from public 
buildings and office buildings. Moreover, impact of energy renovation project is 
demonstrated, following with the barriers and incentives for social housing energy 
renovation projects. These three sections elaborate why the renovation project is 
important but difficult to implement. Furthermore, the assessment methodologies for 
existing academic literatures will also be revealed to elaborate what and how the 
evaluation process should be accomplished. 

2.2. Energy Renovation Categories and Examples 
As mentioned in the introduction, there are not many social housing renovation project 
carried out previously; therefore, this section mainly focus on summarizing the 
categories of social housing energy renovation project, and providing some examples of 
renovation projects from public building and office buildings. These examples are 
chosen since they have clear description regarding the goals, renovation measures and 
outcomes. 
 
Three types of energy renovation for social housing were distinguished by Trime 
through his interviews with social housing organizations (Trime , 2016): 
 

- Deep renovation: Increase the energy label to A or B in a dwelling with poor 
technical conditions. The tenants have to leave their house during the period of 
renovation in most of the case. 

- 2 label step renovation: Increase the energy efficiency of the house with at lease 
2 labels, while the house is occupied. 

- Single measure renovation: Replace the specific component when it is needed. 
 

The last two types are mostly implemented in the social housing renovation project 
since they are easier to manage and less capital is required compared to the first one.   
 
Energy label mentioned in dividing renovation types is a common way to express EI 
(Energy Index) that is the official coefficient for measuring energy efficiency of an 
existing dwelling. The correlated relationship is shown in Table 1. EI is calculated as 
(Filippidou, 2017), 
  
 



24 
 

 

%)
1

ρυυ!П ρπφ! ωυφπ
 

In which:     
Q total   Yearly primary energy use of the dwelling  
155   Correction factor for useful living area   
A floor   Total heated floor area of the dwelling 
106   Correction factor for transmission losses 
A loss   Areas that are not heated in the dwelling (such as cellar) 
9560   Standard amount of energy used for existing dwellings 
 
Table 1 Connection of Energy Index and Energy Label (cited from (ISSO, 2009)) 

Energy Label Energy Index 
Mean theoretical primary energy 
consumption (kWh/m2/year) 

A (A+, A++) <1.05 96.8 

B 1.06 ς 1.3 132.5 

C мΦом ҍ мΦс 161.6 

D мΦсм ҍ нΦл 207.8 

E нΦлм ҍ нΦп 265.0 

F нΦпм ҍ нΦф 328.0 

G > 2.9 426.9 

 
Various renovation projects for different sectors have been implemented in Europe.  
Although these projects are mostly focus on public building and office building, the 
renovation ideas are still capable of providing a reliable reference since the effect of 
renovation can be reflected through the outcomes. The typical and successful building 
renovation project examples are shown in table 2. 
 

Table 2 Renovation Project examples 
Name Sector Goal Renovation Results 

Aarhus (14-17) 
(EUR 53.5M) 
(European 
Investment Bank, 
2014) 

Public 
buildings 
 

cut the CO2 
emissions by 40% 

Energy efficiency projects 
and  PV projects 

¶ Energy savings of 32,100 
MWh/a 

¶ Renewable energy 13,700 
MWh/a 

¶ GHG emission reduce 
17,300 tCO2eq/a 

The Salopelto family 
(13-14)  (Renzerd 
energy renovation 
project, 2014) 

Single-
Family 
House 

Make the house 
nearly zero-energy 

Replacement of house 
envelope, and installation 
of ground-source heat 
system and PV panel 

Renovated to energy class 
level A; 
The basement and floor 
structure(not included in 
renovation) were found 
with leaks 

Sweden(16-19) 
(Mahapatra, 2016) 

Detached 
house 

Cost effective and 
energy efficient 
renovation 
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SHERPA (16-19) 
EUR 3,6M 
(SHERPA , 2017) 
 

Public 
buildings 

Reach the EU 20% 
energy efficiency and 
25% CO2 emissions 
reduction target by 
2020 

Reinforce the capacities of 
public administrations at 
regional and sub-regional 
level to improve Energy 
Efficiency 

 

Office building 
Frankrijklei  71 
(BUREAU 
BOUWTECHNIEK, 
2011) 

Office 
building 

To change a building 
into passive building 

limiting the heat losses, 
Sun protection, new 
energy-efficient lighting, a 
preferment ventilation 
system and night 
ventilation 

 

 

2.3. Impact and benefits of energy renovation project 
There are multiple benefits in investing in energy efficient renovation project on 
buildings and housings. As it described in the previous chapter, 40% of total energy 
consumption in EU is accounted by building sector. Moreover, people spend 
approximately 70% of their time in the building (Jensen, 2015). 
 
Gas is an important energy sources in the Netherlands. In the household, approximately 
77.3% of energy consumption is sourced from gas and it is mainly used for house 
heating.  As the consequence of energy efficiency renovation project, the average 
energy performance in the household increases and energy consumption fell steeply 
from 2141PJ to 2090PJ between 2000 and 2016. This trend will continue so that the 
energy consumption is expected to decline to 2,000 PJ in 2020, and 1,933PJ in the 2030. 
This decline occurs mainly because of the reduction in heating requirement due to the 
improvement of house insulation. Furthermore, gas consumption is also expected to fall 
further while renewable sources consumption increases (ECN , 2017).  
 
Therefore, it is necessary to retrofit the buildings since retrofits also provide impact in 
the construction industry with business during construction and design phase, 
improving the energy efficiency, indoor health and comfort of their tenants, increasing 
the value of their homes, creating jobs by employing a wide range of workers, and 
helping reduce carbon emissions as it shown in Figure 5. Furthermore, since the 
generation and usage of energy always have some links and networks in most of the 
cases, although only one renovation is implemented, the benefits and impacts can be 
multiple. For instance, the introduction of heat recovery ventilation will result in 
considerable saving of heating energy, better indoor air quality and even centralized 
cooling  (Paiho, 2015). 
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Figure 5 Impact of housing renovation (sited from (Regmi, 2016)) 
 
Consequently, energy renovation project will lead to a result of user wellbeing. As Venus 
described in his study, thermal comfort, indoor air quality, internal and external noise, 
ease of installation and reduced annoyance and natural lighting had been improved 
variously after renovation project (Venus, 2017). Moreover, renovation projects can also 
lead to cost reduction from the perspectives of both energy bills and energy assets 
exposed to extreme weather condition. This can increase the affordability of energy 
service. This co-benefit motivates tenants from social housings to request renovation 
measures.  
 
From the perspective of environment, energy efficiency renovation project can 
contributes to reduce CO2 emissions from household. Global warming caused by 
overuse of energy can be eased as the result of retrofitting projects. This improvement 
can facilitate the quality of surrounding environment, social and economy  (Regmi, 
2016).  
 
Furthermore, Næ ss-Schmidt described that the low EE (energy efficient) scenario would 
have a much lower annual benefits to the society comparing to the high EE scenario, as 
it shown in the Figure 6. Not only the part of energy savings would increase significantly, 
but also the part of health benefits would grow dramatically as the result of renovation 
project. Moreover, a similar result can be found also in the improvements of public 
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finance and GDP (Næ ss-Schmidt, 2012). The improvement of society and economy also 
included the impact on the job creation (Meijer, 2012). 

 
Figure 6  Annual gross benefits to society from energy efficient renovation of buildings, 
2020 cited from  (Næ ss-Schmidt, 2012) 

2.4. Barriers and Solutions 
The barriers in social housing renovations projects have been studied in several 
literatures, especially during the decision-making process. Paiho & Ahvenniemi 
demonstrated in his study that there might be lack of clarity over who is responsible for 
change (homeowners or governance) (Ahvenniemi, 2017). Common technical and 
financial barriers also lag the development of social housing renovation projects. The 
correlated solutions are also demonstrated following the barriers. 

2.4.1. Technique 
The lack of the knowledge and experience of many stakeholders on the building level as 
well as on decision-making level slowed down the process of the renovation project. The 
owners might not know why and how to start with the energy refurbishment, since the 
total and long-term picture of the energy supply system was not often understood  
(Levin, 2014). Lack of information and knowledge about energy-efficient and sustainable 
materials and products can be also conducted as one of the knowledge and techonology 
barrier of the renovation (Palm & Reindl, 2016). 

2.4.2. Finance 
Economical and financial aspects are the greatest barrier for starting energy renovation 
project  (Levin, 2014). The housing organizations are mostly lack of funds and capital to 
implement renovation project.   
 
Karlsson described his found of barriers in technical aspect: ά9ȄƛǎǘƛƴƎ ōǳƛƭŘƛƴƎ ǎǘǊǳŎǘǳǊŜ 
and technical system limit the choice of technical solutions that can be used but where 
ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǘƛƻƴǎ Ŏŀƴ ōŜ ŦƻǳƴŘΣ ǘƘŜȅ ŀǊŜ ƻŦǘŜƴ Ŏƻǎǘƭȅ ŀƴŘ ƴƻǘ ŦƛƴŀƴŎƛŀƭƭȅ ǾƛŀōƭŜέ. 
Therefore, even though the necessity of the projects has been emphasized during the 
past few years, the social housing organizations did not have the ability to afford the 
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cost for a wide range of renovation. This financial problem can also be regarded as one 
of the technical barriers (Karlsson, 2013). 
 
Furthermore, the organization of ZenN (Nearly Zero energy Neighborhoods) concluded 
that the discrepancies between predicted and actual savings are also one of the 
technical barriers that renovation projects are currently facing. This will lead to a result 
that building owners are unlikely to make return on investment, which reduce their 
willingness to implement energy renovation project  (ZenN, 2013). 
 
Levin also elaborated that the widespread use of simple payback method for investment 
evaluation is one of the serious financial barriers, since the financial timely changes (e.g. 
currency change and increasing energy price) were not implemented, which would lead 
to the underestimation of profitability and positive cash flow effects  (Levin, 2014). 
Therefore, in order to carry out a successful energy renovation project for all the 
stakeholders, the financial barrier has to be addressed properly. 
 
Solution 
In order to receive more funds and capitals for renovations, a funding model is required 
to be created for the project. It would be the best to have financial assists and funds 
from government  (Levin, 2014). Moreover, the housing organizations can gather more 
capitals by means of increasing monthly rent to charge tenants for the investment. 
When tenants express negative opinions for rent increase, housing organizations can 
provide a living expenses guarantee that the increased rent will not exceed the inflation 
rate in a certain period for tenants (Trime , 2016).  
 
Financial and technical barriers mentioned above regarding the difference between 
expectations and outcomes can be solved by gathering the experience from past 
projects and documents. More accurate expectation can be created in this way. 
Furthermore, this research helps in offering more renovation measures to the housing 
organization.  
 
As for the limitation regarding housing conditions, housing organizations can combine 
housing renovation project together with maintenance and upgrade of the houses (Cash, 
2012). Housing conditions can be upgraded and more renovation measures can be 
installed in the houses consequently.    
 
When the finance problem stops housing organizations from making the decision to 
renovate, they need to consider the increased dwellings market value as the 
consequences of renovations. This change of thoughts could encourage motivations for 
housing organizations. (Trime , 2016) 
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2.4.3. Organizational barriers 
In the same study from Levin, he also analyzed the barrier regarding the lease 
relationship in social houses. In most of the case, the rent agreement was exclusive of 
heating and cooling, which meant that the benefits of the renovation investment went 
directly to the tenants instead of the property owner who made the investment. 
Therefore, there was less motivation for the property owners to carry out the 
renovation project  (Levin, 2014). 
 
The tenants also refuse to cooperate with the social housing organization because of the 
increase in their rent as the result of renovation, and inconvenience and disturbance 
during construction. The tenants have few trusts in social housing organization. They are 
also not familiar with the energy efficiency goal; therefore, they notice no urgent and 
necessity in renovation  (Levin, 2014). 
 
Besides the barriers related to the relationship, the barriers can also be seen in general 
organizations of social housing. The building codes mostly focus on new buildings 
instead of existing buildings. Therefore, the renovations need to be conducted according 
to the regulation of new built. It is difficult to implement the same equipment and 
measure in houses with the building years of 1960s to 1970s, which is the common 
building year of most of the social housings in Europe (related to the first technology 
barrier)  (Levin, 2014). 
 
Solution 
When the outcomes of renovation are closely related to tenants, they will be more open 
towards it. Therefore, one solution to encourage the motivation of tenants to renovate 
is demonstrating clearly the increased comfort and living condition as a consequence of 
energy renovation (Trime , 2016).  

2.4.4. Other possible barriers 
Similar to the barrier of lease relationship, the split incentive is also a significant barrier 
for renovations. Each stakeholder has its own incentive which is vary from others. For 
example, the incentive for housing organization is to renovate the houses until energy 
label A with an economical investment, while tenants wants no increase in their rent 
with high energy efficient equipment and furniture. If these thoughts cannot be 
communicated and discussed, the renovation plan is difficult to implement (Palm & 
Reindl, 2016). 
 
A bad reputation of energy renovation project also occurred as the result of the 
experiences of low quality and costly investments according to the study of Staniaszek 
and Volt. Public were skeptical about the outcome of the renovation project due to the 
reason mentioned in previous paragraphs (Staniaszek & Volt, 2016).  
 
Additionally, they demonstrated that the dwellingsΩ energy performance was viewed as 
less important than its investment value. Therefore, even though the energy 
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performance rose due to the renovation, it is still not easy to show the increased value 
to the tenants (Palm & Reindl, 2016). 
 
Solution 
To address the barrier of split incentive, a clear renovation beneficial scheme for house 
owners and tenants needs to be developed. This can be done through further 
developing their contracts into the direction of άAll inclusive leasing contractέ (utility 
costs are not paid separately) and άgreen leasing contractέ (concrete agreement 
regarding energy objects and building specific cooperate social responsibility objects). 
When the tenants and housing organizations share the benefits of renovation, there will 
be more motivation from both sides  (Levin, 2014).    
 
In order to speed up the renovation decision making process, consultants and designers 
should be involved early in the process. In this way, the project team has more time to 
develop and consider the critical elements for renovations (Cash, 2012).  

2.5. Successful factors of past projects 
Not only the lessons from past social housing renovation projects could benefit the 
process of accelerating social housing renovation project, the model from successful 
renovation projects can also provide valuable knowledge and approaches. Therefore, 
this section mainly focuses on describing the models to obtain the knowledge from 
successful past energy renovation projects. 
 
Staniaszek (Staniaszek, Renovation in Practice, 2015) analyzed in his report about 
several successful cases in social housing renovation project as following: 
The case of stroomversnelling is a successful innovative retrofitting project in the 
Netherlands. The non-profit market development team gathered six social housing 
organizations and four construction companies to catch up with the social housing goals 
in the Netherlands. It implemented a holistic approach to accomplish the goal of zero-
energy retrofits for existing social housings.  In this case, the development team 
succeeded in providing quickly construction and no extra cost for the tenants.  The 
successful and key factors are: 
 

- Stakeholders: housing providers, tenants, construction companies and finance 
providers; 

- First implement and evaluate several άprototypeέ, and then put to the full 
industrialization phase until all aspects are satisfied by all the stakeholders 
involved; 

- The renovation of the house is achieved within 10 days; 
- The amount that tenants pay for housing rent remains the same; 
- An energy performance guarantee of 30 years is provided; 
- A high degree of off-site industrial prefabrication is conducted to decrease costs 

while achieving high quality and reducing construction period in the houses; 
- Tenants are offered with a comfort, livable and affordable living condition. 
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The case of Habiter Mieux in France tackled the problem of three quarters of houses 
falling into inefficient energy label (D-G) and fuel poverty.  The case targeted at low-
income households to improve their living quality. A comprehensive renovation 
including thermal insulation and heating equipment replacement was carried out in the 
dwellings. The successful and keys factors are: 
 

- Stakeholders: Government, national housing coordinator, housing providers, 
finance providers and project engineers. 

- Large-scale national program funded (a clear fund and financial scheme was 
made to elaborate) by public budget for low-income housing sector 

- Thermal diagnosis (technical visit) before renovation 
- Realization of thermal renovations was leaded by the cooperation with project 

engineering and financial engineering. 
 

Another case of Bridgend in UK (Cash, 2012) indicates their successful and key factors 
as:  

- Stakeholders: Government, housing providers, finance providers, investors, 
designers, tenants and project engineers. 

- All the stakeholders involved from the early stage (planning and design stage) 
- The owners and joint representatives were also involved in the early stage 
- Project monitored by private investors and government 

 
NeZeR described a renovation in apartment building in the case of Groningen in the 
Netherlands. The renovation contained 168 units with poor insulation, ventilation and 
indoor air quality, built from 1966. The energy consumption before renovation was 265 
kWh/m2 /year. The structure there was with small apartments and large loggias. The 
successful and key features of the case are as following (NeZeR, 2014): 
 

- Focus on tenants satisfaction (1 on 1 tenants guide, Safety first and customer-
friendly contact during process)  

- Set a specific goal of zero energy consumption with Larger apartments, better 
indoor air quality, higher comfort level after renovation  

- Short construction period and minimal building activities on site 
- First renovate several demo apartments 
- Fresh and modern look externals  
- Affordable for tenants and housing organization 

 
There are more successful social housing renovation project carried out until now. Some 
of them indeed have their unique successful factors, such as a case of an apartment 
building άDe Wachterέ in the Netherlands. This project has included a mix of commercial 
rent and social rent, which made it possible for the project to include high quality 
renovations with rents below the requirement for subsidies (Reshape, 2009). The other 
projects in most of the time have some common factors that lead the project to success. 
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Affordable and easy finance: Finance problem as the biggest barrier for the social 
housing company to carry out the renovation project, needs to be taken into 
consideration from the very beginning of the project, and needs to be tracked and 
monitored all the time during the project. The companies need to make sure that they 
have enough funds, supports or loans to support the project, and sufficient agreements 
with the stakeholders and tenants regarding financial distribution.  
 
Involve stakeholders (including tenants) in the early stage: This aspect can also be 
described as planning everything in the early stage.  Energy renovation project is 
relatively comprehensive; therefore, it is significant to plan everything beforehand from 
various aspects, such as finance, construction and design aspects. Early involvement of 
stakeholders leads to lower likelihood of insufficient design and higher likelihood of 
efficient design since they have more time to understand and consider the project. 
Furthermore, early involvement grants possibilities to create solutions and development 
of ideas (Lehto, 2011). As for the tenants, they also need to be involved in the early 
stages, since they are the property άownersέ in the project. This involvement means the 
agreement on renovation project including rent adjustment and construction period 
agreement. Involving all the stakeholders is essential for the smooth process of the 
project. 
 
Good ǘŜƴŀƴǘǎΩ satisfaction: Tenants are the main beneficiaries of the renovation 
projects. This is also one of the major challenges in the renovation projects. The project 
team is required to understand what the true requests from tenants are instead of 
determining everything on their own.  When tenants are not satisfied with what has 
been promoted, the project cannot be regarded as a true success (Sanderson, 2016).  
 
Besides the factors mentioned above, demonstration project, and specific and sufficient 
goal seems to be other important factors that could lead the project to success. 
Demonstration houses are implemented to provide basis processes and products in the 
project. Demonstration contributes to reduce uncertainty through new information. 
Therefore, renovation details can be assessed during demonstration houses, and it 
could bring innovative idea to the construction (Koch, 2014). As for the aspect of specific 
goals, it provides clear outlines of the expectations and addresses realities. By doing so, 
the success rate can increase by up to 70% since everyone knows exactly what the 
priorities are. During the early stages, it is more important to agree on goal meanings 
instead of details, so that the project team can make full use of early stages in the 
project (Brandeis, 2018) (Woodruff, 2018).   
 
On the other hand, there are also features that have high possibility to lead the projects 
to an insufficient result.  Hoppe (Hoppe, 2012) analyzed eight renovation projects in the 
Netherlands to gather the lessons that renovation projects could learn from: 
 

- Lack of financial feasibility assessment in the early stage of the renovation 
- Renovation goals are over-ambitious 
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- Delay caused by unexpected situations 
- Lack of trust from the tenants 

 
All these elements are the contrasts of the successful elements mentioned above. 
Therefore, paying attention to the successful factors during implementing renovation 
projects is significant to the outcomes of the project.  

2.6. Renovation (energy saving) measures 
It is essential to understand some common retrofitting techniques in order to assess the 
renovation project from the choice of renovation measures. The common ways to 
improve energy efficiency are: 1) Control the usage of all energy sources, such as water 
and electricity, in the building; 2) Purchasing energy star products; 3) Switch off 
computers, and unplug battery chargers during long periods of non-use  (Jamison, 2016); 
4) Install solar panels; 5) Make sure the insulation of the walls and windows; 6) Improve 
the efficiency of the furnace and hot water system (Sachs, 2009), etc. As a conclusion of 
the methods mentioned above, upgrading and installing the equipments and isolations 
is the most important and common way to improve the energy efficiency in the 
buildings. The general energy saving measures in residential buildings can be seen in 
Figure 7.   

 
Figure 7  Energy saving measures for residential building renovation cited from (ková, 
2015) 
 
Some literatures demonstrated some specific renovation measures that were 
implemented in their specific cases. For example, Carreón (Carreón, 2015) summarized 
that of building envelope in his study as shown in Table 26 in Appendix A. In addition, 
Visser (Visser, 2014) indicated several renovation measures in his thesis, as shown in 
Table 27 in Appendix A. Palm and Reindl (Palm & Reindl, 2016) also show presented 
some of the renovation measures that are shown in Table 28 in Appendix A. 
 
The renovation measures mentioned above are all currently commonly used in housing 
renovation project.  Venus elaborated renovation measures from another aspect, which 
include BITS (building integrated technical systems) ς measures on technical systems for 
heating, domestic hot water, cooling, auxiliaries, lighting, ventilation and common 
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appliances; Investigated energy sources for heating and domestic hot water production 
ς energy sources that were investigated in the parametric studies (Venus, 2017). 
 
Understanding these commonly implemented renovation measures can indicate the 
efficiency and value of the project from the choice of renovation. These measures are 
used in the later chapter to compare with the Eckart project to evaluate the project 
from the choice aspect. 

2.7. Assessment Methods and Tool for evaluating renovation project 
A proper and sufficient assessment method and tool is essential in helping of developing 
and evaluating an energy efficient renovation project. The process of the project might 
show no delay or problem during and after the renovation. However, the true value and 
result of the renovation project need to be assessed from different aspects, such as 
ǎǘŀƪŜƘƻƭŘŜǊǎΩ interest and satisfaction, financial outcome and energy performance. In 
this section, the common evaluation tools for assessing and evaluating energy 
renovation project are studied to obtain the insights of evaluation.   

2.7.1. Post Occupancy Evaluation (POE) 
POE is one of the oldest and most common methods to evaluate building performance; 
therefore, it is suitable to use this method to assess the project with the performances 
data before and after the renovation. The main purpose of conducting POE is to I,prove 
the ways that buildings are used to support productivity and well being.  This evaluation 
is normally conducted with the combination of user surveys and technical 
measurements for indoor climate after the occupancy of the building. The POE process 
provides value-neutral prompts to stimulate stakeholders to make testable observations 
about their experiences of buildings' effect on productivity and wellbeing.  The main 
focuses in this method are classified as generic methods, beauty, usability and 
technology (Preiser, 2005). 
 
Post-Occupancy Evaluation is capable of (Bre, 2018): 

- Discovering any immediate problems and situations that can be addressed and 
solved  

- Emphasizing the gaps and barriers in communication and understanding 
between various stakeholders that have impact and influence on the building 
performance 

- Providing guidelines and lessons to improve the renovation projects in the future 
- Acting as a bridge between various projects for comparisons over time 

 
Therefore, POE is a sufficient tool to assess the renovation project for improving 
building performance. It has also benefits for the housing organizations that have 
multiple renovation tasks, since they can learn the lessons from past mistakes during 
different processes of the renovation.  
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2.7.2. Interview 
Interview is a commonly used qualitatively assessment method to obtain professional 
knowledge, views and experience (Mason, 2002). It is one of the best methods to collect 
detailed personal information from individuals. The three categories of interview are 
structured interview, semi-structure interview and unstructured interview.  
Furthermore, the main types of research interviews are brief survey, extensive survey, 
in-depth interviews and monologue. The primary advantage of In-depth interviews is 
that it provides rich information compared to what can be obtained through other data 
collection. People could answer spontaneous questions that they need to express 
themselves. However, the results obtained might be not generalisable. Semi-structured 
interview is a more commonly used methods since it offers considerable researcher 
flexibility. Moreover, the questions are partial pre-planned, so accurate answers related 
to research questions can be obtained (Woods, 2011).   
 
Many literatures also conducted interviews as their methodology to gather relevant 
information and data. Gaitani conducted semi-structured interview in his thesis in order 
to gain in-depth knowledge of the involved stakeholders (including the project manager 
of the case, municipality, university and architecture company), and to assess the 
challenges of holistic approach for sustainable development. The in-depth interview 
helped him to better understand the selected case, and how the experience of the 
selected case can be implemented to a more general situation. Although the results 
demonstrated that the selected case was difficult to applicant in general cases, the 
interview approach have still provided a reliable output for the case (Gaitani, 2014). 
 
Rahola implemented both interviews and questionnaires for energy renovation expert 
from EU countries to fill the knowledge gap between the project delivery methods and 
the potential for energy renovations. 5ŜǎƛƎƴπōǳƛƭŘπƳŀƛƴǘŀƛƴ Ƙŀǎ ǘƘŜ ƳŀȄƛƳǳƳ ǇƻǘŜƴǘƛŀƭ 
to deliver energy savings because it facilitates collaboration between the various actors 
and promotes their commitment to achieving project goals. (Rahola, 2013) 
 
The general approach of interview analysis starts with building themes through process 
of coding, and then study focus as orienting focus for the formulation of themes. The 
themes are required to be reduced to five and seven at the end. Coding system needs to 
be made in relation with the research questions, and all relevant data needs to be 
organized into codes.  
 
The qualitative data analysis is iterative, and it begins with analyzing preliminary analysis 
during data analysis. This involves critically the reflection on the collected data to build 
up a knowledge regarding the emerging issues and follow-up. This process is required to 
be repeated until research question is answered and no new data is emerged. 
Afterwards, the thematic analysis is conducted to identify recurrent patterns in order to 
reduce data amount (Braun, 2006). The process of thematic analysis is shown in Figure 8.  
 
  

http://www.emeraldinsight.com/action/doSearch?ContribStored=Baldiri+Salcedo+Rahola%2C+Tadeo&content=articlesChapters&target=default
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Figure 8  The process of thematic process (cited from Presentation) 
 
The method mentioned above is commonly used for qualitative analysis that has one 
interview question to multiple interviewees. This coding system can be implemented to 
obtain the common outcome for a specific phenomenon and topic. This outcome can 
reflect a reliable result for the questions. 

2.7.3. Life Cycle Assessment (LCA) 
Life cycle assessment is commonly used in different fields for the assessment of 
sustainability. When it is implemented in renovation sector, this methodology can be 
used to encourage and support building owners to evaluate various renovation 
alternatives from the aspects of environment, economy and society (Mjörnell, 2014). 
Many studies have implemented LCA as their assessment tool in office buildings, such as 
the study from Su (Su & Zhang, 2007). The main focus of this study is to identify and 
quantify the energy consumption and environmental emissions during the life cycle of 
office buildings. It started from analyzing building energy system in life cycle, and then 
various energy parameters and inventories are analyzed and calculated to obtain the 
comprehensive understandings the relationship between building behaviors, and energy 
consumption and environmental emission of different materials. As the result, the most 
optimized scenario of material combination for office building.  
 
Furthermore, the study from Erlandsson and Levin (Erlandsson & Levin, 2004) analyzed 
different renovation scenarios though calculating the difference of environmental 
performance between existing houses and houses after renovations by terms of life 
cycle analysis and case study. Various energy generation methods are assessed in terms 
of energy production, transportation and future forestry. Moreover, energy 
consumption and energy conservation measures are analyzed to assess different 
approach. Consequently, the case study implemented inside achieved a reduction of 70% 
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for heating service and 75% for wastewater system, which is similar to what has been 
expected from the calculations.  
 
Therefore, LCA is an efficient and proper method to assess the building improvement 
from the aspects of energy consumption and environmental emissions. However, this 
report is mainly focus on the heuristic method for social housing decision making 
process. Environmental elements are indeed significant to assess, but specific expenses 
on the renovation is a more important aspect to assess. 

2.7.4. Life Cycle Cost Analysis (LCCA) 
Life-cycle cost analysis (LCCA) is a method for assessing the total benefits of facility 
ownership from different aspects. It takes into account all the balances of acquiring, 
owning, and disposing of a building or building system (Fuller, 2016). It is a part of the 
whole life costing. The cost optimal level refers to the energy performance that leads to 
the lowest cost during the life cycle of the project; therefore, the purpose of an LCCA is 
to estimate the overall benefits of project alternatives and to select the design that 
ensures the facility will provide the sufficient overall benefits of ownership consistent 
with its quality and function. It is essential to implement LCC during the decision making 
process is because of the time value of the currency, and similar ratio between 
maintenance, operation and utility cost, and initial investment, as it shown in Figure 9. 
Typically, performing an LCCA study involves:  
 
(1) Establishing objectives for the analysis,  
(2) Determining the criteria for evaluating alternatives,  
(3) Identifying and developing design alternatives, 
(4) Gathering cost information,]]  
(5) Developing a life cycle cost for each alternative (Reidy, 2005). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9  Building 30-year life cycle cost (million dollars) (cited from (Coban, 2018) 
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A widely used methodology for assessing the feasibility of the social house company Life 
Cycle Cost Analysis (LCCA) will be viewed. Two literatures below demonstrate the 
example of implementing LCCA: the case of Cattolica (Giuseppe, 2016) and a case from 
Portugal (Almeida & Mateus, 2017). 
 
The case of Cattolica is a renovation project for a single-family detached house with 
building year of 1990. The housing organization proposed three different scenarios with 
one original control for the renovation that has a life cycle of 20 years. Due to the 
uncertainty quantification of Life Cycle cost, this study proposed to combine building 
simulation and LCC analysis. As a result, besides calculating LCC by the formula proposed 
by the author, additional LCC module software was also used in this case to transform 
the sample generation to UA and SA global cost to improve the accuracy of the result 
(Giuseppe, 2016).  
 
As for the case in Portugal, the project mainly focused on the buildings that were built in 
the 1950s. There were no insulations on the envelope, no heating and cooling system, 
even the hot water was heated by electricity and was stored in a tank. Due to these 
serious conditions, several renovation scenarios were assessed by LCCA to obtain the 
best choice for this case.  The assessment started with the calculation of energy 
requirements and primary energy consumption in the building for each renovation 
scenarios considered and the calculation of the related global costs taking into 
consideration of the limit of cost effectiveness. Eight scenarios were analyzed for the 
balance between cost efficient and energy performance, as it shown in Figure 10 
(Almeida & Mateus, 2017).   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10  The result of LCCA (cited from (Almeida & Mateus, 2017) 
 
There are more implementations of LCCA in various projects, and the two cases shown 
above are the commonly used method to interpret this method. In this thesis, the 
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interpretation of LCCA varies from its common usage. More specific information and 
analysis can be found in chapter 4.   

2.7.5. Other possible assessment methods and tools 
The most direct way to exam energy renovation project is to measure and compare the 
differences of energy consumption. Carreón summarized four techniques and tools to 
evaluate energy performance in heritage buildings as it shown in table 3. Due to their 
measurement abilities, the tools could be used in both detecting where need to be 
enhanced and how well the improvements performed (Carreón, 2015). 
 

Table 3 Techniques and tools to evaluate energy performance of heritage buildings 
(cited from (Carreón, 2015) ) 

Technique Description Tool 

Air tightness Air permeability and location of air leakage 
paths 

Blower door 

Thermograph Assessment of insulation continuity and 
measurement of thermal irregularities 

IR camera 

Heat flux 5ŜǊƛǾŀǘƛƻƴ ƻŦ ŀƴ ƛƴ ǎƛǘǳ ά¦έ ǾŀƭǳŜ ŦƻǊ ǘƘŜ 
building element 

Heat flux sensors/  
Temperature sensors 

Co-heating Heat losses measurement resulting from 
both infiltration and thermal transmission 
through the building fabric 

Electrical heaters and 
thermostatic controller/  
Temperature and relative 
humidity sensors/kWh meter 

 
However, the improvement from data comparison can sometimes only elaborate 
renovation measures from energy saving aspect. In order to provide a proper evaluation, 
the renovation measures need to be assessed from various fields. Eriksen elaborated a 
method of holistic, which entails equivalent consideration of energetic, structural, 
economic, architectural and social aspects (Degan, 2014). The purpose of this evaluation 
is to provide a standardized and holistic evaluation of buildings to renovate during the 
prefeasibility study phase (Eriksen, 2013).  
 
In another report, Jensen developed his own method, RENO-EVALUE, to evaluate energy 
efficiency renovation project through 4 case studies in Denmark. It is a tool, which 
covered four main categories: Stakeholders, Environment, Project organization, and 
Economy, for holistic assessment of sustainability in building renovation projects. It can 
be used in both supporting decision-making process and evaluation the renovation 
project, even as a tool of communication between various stakeholders and comparison 
between alternative renovation proposals (Jensen, 2015). The evaluation method is to 
illustrate a spiderΩs web according to the grade (1~5) of different factors among all the 
stakeholders. By means of the comparison between the rating before and after the 
renovation project, it is possible to compare the expectations with the final results 
(Jensen, 2015). 
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Additionally, there is some internationally used sustainability assessment tools also 
applied in measuring energy renovation projects. Ameen reviewed five widely used 
methods in her research: BREEAM Communities, LEED-ND, CASBEE-UD, Pearl 
Community Rating System (PCRS) and GSAS/QSAS  (Ameen, 2015). However, the 
methods and tools mentioned above have a narrow environmental or energy focus. The 
recent trend is towards development of more holistic tools for sustainability assessment 
and certification including also social and economic aspects, such as the international 
SBTool, the Australian CASBE and the German DGNB (Jensen, 2015). 

2.8. Conclusion 
In this chapter, literature review regarding current situation of social housing renovation 
project is conducted. The literature concludes that the barriers from the aspects of 
technology, finance and organization lag the development of social housing renovation 
project. It is essential to overcome all these barriers that have direct and immediate 
effect on the project before stating the project to ensure the success of the project. 
Moreover, the successful factors including demonstration houses and easy financial plan 
could help the following social housing organizations to set a feasible and reliable plan 
from the beginning of the project. As for renovation measures, they can be divided into 
three categories, and most of the organizations mainly focus on building construction 
category. 
 
Project evaluation methods and tools are also elaborated in the literature review. In 
order to answer the research question proposed in this thesis, the methodology 
regarding in-depth understanding of the case project to answer the first part research 
question. Moreover, the methodology that can assess financial feasibility and tenants 
satisfaction are required to answer the second part of research question. Therefore, 
interview and LCCA are chosen as the methodology of the thesis to answer the two 
questions.  
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3. Research Approach 

3.1. Introduction 
In this chapter, the methodologies used in the thesis are elaborated and explained. In 
order to provide proper and sufficient outcomes, both qualitative and quantitative 
methodologies are implemented. They are case study, interview and LCCA. The first two 
methods were chosen since the evaluated project is distinct and specific. The project 
indeed has some similar characteristic as common ones, but its uniqueness is the main 
aspect that needs to be assessed. LCCA is chosen to evaluate the financial feasibility in 
long-term. More specific arguments are given in the following sections.  

3.2. Methodologies 

3.2.1. Case study 

3.2.1.1. Motivation to use case study 
Case study is one of the most flexible research designs; it allows the researcher to retain 
the holistic characteristics of real-life events while understanding a complex issue or 
object (Schell, 1992). Therefore, in order to understand the current situations of energy 
efficiency renovation projects and their problems, the method of case study can convert 
this abstract subject to a real-life situation that is easier to understand and observe. This 
research process becomes consequently concrete and constructed. The method is also 
necessary for the in-depth understanding of the aim of this thesis and the structure of 
the research. 

3.2.1.2. Case selection 
The case sleeted for this thesis is Eckart project in Eindhoven conducted by social 
housing corporation Woonbedrijf. This is a social housing energy efficiency renovation 
project and its concept is unique compared to ordinary social housing renovation. This 
project is also one of the projects within the range of Triangulum project; it is a highly 
valuable case.  

3.2.2. Interview 

3.2.2.1. Motivation to use interview 
The purpose of conducting interviews is to gain knowledge and insight regarding this 
specific project. Therefore, the concrete knowledge is necessary, and the first-hand 
information from the closest people is the best way to obtain descriptive data on the 
personal experiences of the interviewee. A key feature of semi-structured interview is 
partially pre-planning interview questions. Therefore, new questions raised in the 
interview can also be answered, which leads to comprehensive outcomes that cover all 
the aspects  (Gaitani, 2014). Semi-structured interview also provides more insight and 
detailed information compared to questionnaires and surveys especially for some 
spontaneous questions that participants need to express themselves. Therefore, semi-
structured interview is implemented in this report to obtain the valuable and in-depth 
information from different stakeholders (Rahola, 2013).  
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3.2.2.2. Interview data Collection 
Data was collected through semi-structured face to face interviews for the input of the 
case with different stakeholders from March to June 2018: 

- Project manager of Eckart project, Woonbedrijf (14-03, 28-03, 18-04, 07-05) 
- Project manager, Woonconnect (25-04) 
- Project manager,  Jansen Huybregts Projecten BV (04-05) 
- Tenants, (30-05, 05-06, 07-06)  

 
Four interviews were conducted with the project manager of Eckart project 
(Woonbedrijf). The main topic of the interviews was related to various situations in 
Eckart project. After the background knowledge from literature review, the main 
interests from the author are the barriers, risks and the corresponding solutions of them. 
Additionally, stakeholders and tenants involvement were also discussed in the interview. 
Other related general questions, such as why the project was selected and how the 
concept was developed are also asked for in-depth understanding.   
 
The interview with project manager of Woonconnect is to understand the basic function 
and duty of Woonconnect in the project, and whether it contributes to the success of 
the project. Other general questions such as establishing purpose and future vision are 
also asked for better understanding a new mode of communication. Moreover, the 
interview with the contractor from Jansen Huybregts Projecten BV is conducted to 
obtain the knowledge regarding technology and construction of the project. Interesting 
and essential features that only happen during constructions can be obtained from this 
interview.  
 
Interview with tenants mainly focuses on tenants satisfaction aspect in the project. This 
includes the perspective of project concept, living condition improvement, information 
exchange and construction process. Two of the tenants (indicate tenant A and tenant B) 
are the tenants from demonstration houses, and another one is the household that 
going to renovate soon (indicate tenant C).  
  
These stakeholders were selected since they all work closely on the whole process from 
developing the concept to implement the finial construction. These stakeholders have 
different duties and responsibilities in the project; therefore, separate interview 
questions regarding specific topics are required for comprehensive understanding of the 
project. There are also other stakeholders in the project, such as a third party evaluation 
company and research companies. However, since they both do not play a key role at 
currant stage, and they only have little influence to the whole project, they are not 
involved in the interviews. All the interviews were recorded and written down on paper. 
The interview questions and answers can be found in Appendix B.    

3.2.2.3. Interview analysis method 
Qualitative data analysis is different from quantitative data analysis. There are no clear 
rules but guidelines on how to conduct it. Qualitative analysis also starts with 
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hypotheses, but developing working hypotheses and tests them during data analysis.    
In this thesis, since the interview object is only one specific expert questions instead of 
number of interviewees with different project related, using the common method 
mentioned above is insufficient. Therefore, the main analysis implemented in the thesis 
is to obtain the insight of Eckart case from the interviews and analyze the successful 
factors to implement them in general cases.  
 
Therefore, hypothesis causal relationships between different elements, as shown in 
Figure 11, are first established, and then the interview questions will evaluate these 
relationships to obtain the essential criteria and elements. All these hypothesis factors 
and relationships are formed based on the literature review and case study.  
 
This causal structure can be mainly divided into three parts: factors that can encourage 
success of the project, factors that can lag success of the project, and criteria to judge 
success of the project. The structure is decided since literatures indicate that the lagging 
factors are the reason current social housing organizations cannot conduct a successful 
renovation project, and successful factors would lead the project to success. Therefore, 
these are the important factors to consider for assessing a practical project and its 
concept to draw the conclusion at the end. Moreover, the criteria are set to double 
check with the finding of this thesis to provide a reliable guideline for following social 
housing organization at the end.  
 
In the consumption barriers and risks are set as the two main factors that could lag the 
success of the project. These are set due to the different barriers and risks that highly 
influenced the project process mentioned in the literature review.  
 
As for the factors that could encourage success of the project, they are formed in 
combine with some common elements, such as early stakeholders involvement and 
demonstration houses, and some unique elements, such as the involvement of 
άWoonconnectέ and different implementations related to tenantsΩ focus. Through the 
assessment of these relationships, the elements that are essential for the project can be 
obtained, and the advices for new type of social housing renovation method can also be 
composed. 
 
The criteria to judge success are the last part of the causal structure. The hypothesis 
part mainly focuses on the degrees of completion of the project goal. More specifically, 
whether the project goal is fulfilled in an ideal way is the standard for judgment. The 
most important element in hypothesis for this part is the cost difference between 
ordinary renovation project and άone at onceέ renovation. Project cost increases from 
material and times aspect when carrying out άone at onceέ renovation. Because 
Woonbedrijf assume that the project cost would be similar for project life cycle, it is 
essential to test it from a long term insight. Through the assessment of these 
relationships, the feasibility of the project can be evaluated. If the outcomes are positive, 
then this project is feasible from company and contractors aspect, vice versa.  
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Figure 11 Hypothesis causal relationship of successful elements and factors 
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The semi-structured interview is formed based on these hypothesis causal relationships. 
After obtaining all data from different stakeholders, the coding system will first 
demonstrate the critical elements for the project. The outcomes can be used to modify 
hypothesis causal relationships into an accurate and case oriental structure. At the end, 
the causal relationship will indicate the essential elements that could affect the success 
and feasibility of the project.     

3.2.3. LCCA 

3.2.3.1. Motivation to use LCCA 
Life Cycle Costing (LCC) is defined in the International Organization Standardized 
standard as άŜŎƻƴƻƳƛc assessment considering all agreed projected significant and 
relevant cost flows over a period of analysis expressed in monetary value. The projected 
costs are those needed to achieve defined levels of performance, including reliability, 
safety and availaōƛƭƛǘȅέ (ISO, 2008). Therefore, LCC is a sufficient tool to assess a real 
estate development from various alternatives to test a long term planning and 
budgeting to improve the feasibility of the project. In addition to the similar ratio 
between early stages and later stages in renovation project as shown in the literature 
review, the distribution of building life cycle stages also represents the significance of 
analyzing in a comprehensive aspect as it demonstrated in Figure 12. The cost for initial 
stages disappears after the first peak of investment, while the other costs remain at a 
similar level during the whole life cycle. Therefore, it would be not rigorous to only 
consider the costs of initial stages for estimating the whole project, and the cost from 
each stage need to be considered with currency value to obtain the sufficient result. 

 
Figure 12  Building life cycle stages (cited from (Australian National Audit Office, 2001)) 
 
In this thesis, instead of choosing the optimal solution for the project, LCCA tool is 
mainly used for comparing the financial outcome for the specific case and ordinary 
cases.  These certain cases includes the analysis for currant άone at onceέ type 
renovation, the analysis for hypothesis common renovation (renovate together), and 
hypothesis no renovation. In this chapter, the model for LCCA is first analyzed, followed 
with the calculation and result of LCCA to assess whether the Eckart renovation project  
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is feasible from financial aspect.  

3.2.3.2. LCC Model  
In order to obtain the correct and proper assessment at the end, an appropriate model 
needs to be implemented. The typical asset of LCC in renovating an existing building can 
be expressed as: 
Life Cycle Cost = initial (projected) capital costs + projected life-time operating costs + 
projected life-time maintenance costs - projected residual value (ICMAB, 2014). The 
mathematic formula is shown in formula 3.1. 
 

,### В /#ÏÓÔВ -#ÏÓÔ2#ÏÓÔ                                 
(3.1) 

 
Where 
#    Initial (projected) capital costs 
OCost   Projected life-time operating costs 
MCost   Projected life-time maintenance costs 
RCost   Projected residual value (cost) 
T   Life cycle period (in year) 
t   Number of Period (in year) 
 
All the costs need to be standardized by annualizing the costs, which will result in having 
the present value of these investments in order to make the investments comparable 
across the schemes. This process is essential since the value of currency and other 
factors, such as building cost, changes over time. Initial capital costs are already present 
value; therefore, no change needs to be conducted. Operation costs and Maintenance 
costs exist through the whole life cycle; the present values are obtained though the 
discount from their future value as it shown in Formula 3.2 (Geltner, 2007). Residual 
value appears at the end of the life cycle. Its present value is also calculated based on 
formula 3.2.  
 

06
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(3.2) 
Where 
PV   Present Value 
FV   Future value 
r   Discount rate 
t   Number of Period (in year) 
 
 Therefore, the formula 3.1 can be written in: 
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 Where 
pvf   Present value factor (1 + r) -T  
r    Discount rate  
T   Life cycle period (in year) 
As the components of different elements in LCC, according to ISO (ISO, 2008), typical 
LCC analyses are conducted based on:  
 

1. Construction costs (initial cost) and all associated costs such as delivery, 
installation, commissioning and insurance;  

2. Operational costs, including utility costs such as energy and water use;  
3. Maintenance costs, including all costs of replacement, maintenance, repair and 

adaptation of the constructed asset; 
4. End-of-life costs such as removal, recycling and refurbishment. 

 
Therefore, each component is required to first be identified and then calculated 
separate to obtain the final result and comparison. End-of-life costs reflect the project 
residual value. The common and general elements for each component are shown in 
Table 4. The calculation is mainly conducted in a excel sheet since the project is not too 
complicated.  
 
Table 4 Common and general elements for each component in LCC (ISO, 2008), 
Investment cost Operational cost Maintenance cost 

Decision making cost 
Material cost 
Design cost 
Website cost 
Technical advice and information fee 
Legal and compliance fee 
Visit cost 
Taxes 

Website operating cost 
Contract cost 
Re-habitat cost 
Energy usage (Electricity, 
water..) 
Failure cost 
Pollution cost 
Insurance 

Replacement cost 
Repairmen cost  

 

3.2.3.3. LCCA data collection 
Finance data for analyzing Life Cycle Cost is obtained from Woonbedrijf project manager. 
As the project is currently at the beginning of realization phase and tenants have the 
decision on renovation details, many hypothetical conditions are implemented to obtain 
reliable outcomes. More detailed information and the LCCA results can be found in 
section 4.3. 
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4. Eckart case study 

4.1. Overview of the case 

4.1.1. Current situation and renovation decision 
The area of Eckart is located at the North part of Eindhoven. In this area, average 
temperature is 3.1oC in January and 17.5oC in August. It receives average global 
horizontal radiation of 1020 kWh/m2 yr, and annual heating degree days of 2978oCd/yr 
(calculated according to base temperature 16 oC). The houses there were mainly built 
from 1967 to 1969. The condition of house itself still remains fine. However, the energy 
labels of the houses are pretty low (D or E), since the roofs are not at all insolated, and 
there is serious problem with ventilation. The types and locations of the houses are 
shown in Figure 13.  

Figure 13 Types and location of renovation house (source: woonbedrijf) 
 
Eckart area was chosen to be renovated since: 
 
1. It is already under the requirement of maintenance; 
2. The Eckart area is one of the locations within the range of άTrangulumέ project, and 

it is the complex of dwellings that make the biggest improvement. Therefore, it is a 
perfect match for Eckart area; 

3. All social housing corporations have the agreement to improve their houses to an 
average energy label B in 2021. 
 

The Triangulum project is άone of nine European Smart Cities and Communities 
Lighthouse projects, set to demonstrate, disseminate and replicate solutions and 
ŦǊŀƳŜǿƻǊƪǎ ŦƻǊ 9ǳǊƻǇŜΩǎ ŦǳǘǳǊŜ ǎƳŀǊǘ ŎƛǘŜǎ. The flagship cities Manchester (UK), 
Eindhoven (NL) and Stavanger (NO) will serve as a test bed for innovative projects 
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ŦƻŎǳǎƛƴƎ ƻƴ ǎǳǎǘŀƛƴŀōƭŜ ƳƻōƛƭƛǘȅΣ ŜƴŜǊƎȅΣ L/¢ ŀƴŘ ōǳǎƛƴŜǎǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦέ (Triangulum, 
2018). In Eindhoven Eckrt-Vaarbroek is one of the project areas and the goal is to reduce 
CO2 emission in the houses, and understand that although housing association owns 
that houses, but tenants are the true owners.  

4.1.2. Basic concept of Eckart case 
The basic concept and principle of the Eckart renovation project is to renovate social 
houses according to the preference of the tenants; it is called άseries of oneέ. More 
specifically, άan individual house in a block of houses can be renovated at the most 
convenient time of the tenant according to his or her individual choices ς and not when 
the housing association deems it appropriateΦέ (Triangulum, 2018) Since the company 
provides their tenants a web service called άWoonConnectέ where they can visualize 
energy and house renovation options, the tenants are capable of choosing their own 
renovation options without difficulty.  
 
Woonconnct is an online system that visualizes energy performance and renovation 
measures in 3D model. It is one of the experimental objects during the Eckart 
renovation process. The main purpose of this system is to ease the communication 
between tenants and Woonbedrijf regarding renovation measures and starting time. 
Woonconnect has been developed for six to seven years specifically for this market. 
People can see the consequences of their behavior and home improvement in their own 
house and environment. In this way, the company attempts to accomplish awareness 
for everyone, in this case especially for the tenants and Woonbedrijf. When using the 
Woonconnect Model, people can see directly what the consequences are for the cost of 
energy, investment for the renovation measures, influence on the environment, and 
influence on the bills.  
 
In Woonconnect, ǘŜƴŀƴǘǎΩ house information is already in the system; therefore, tenants 
can see their house condition at the interface of Woonconnect through 3D models. 
Tenants can also obtain their approximate household energy usage through the 
calculation related to family members and shower time. After the basic setting 
mentioned above, tenants can start to choose different renovation measures according 
to their house conditions and preferences. Every time when one measure is selected, 
correlated energy bill decrease and energy performance increase, and change of 3D 
model are shown at the interface. Sometimes when tenants choose luxury measures 
(new kitchen and new bathroom), correlated rent increase is also shown. Therefore, 
tenants can test and compare various combinations to obtain the most suitable result. 
After selecting all the renovation measures, the list with information including chosen 
measures, energy performance, energy bill reduction and increased rent is provided for 
the final check. All this information will be send to Woonbedrijf for management and 
administration. 
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This concept is decided since Woonbedrijf concentrates more on tenantsΩ interest 
instead of getting benefits from them. The successful implementation of this project can 
lead to a new method of renovating social housings. 

4.1.3. Project team component  
The structure of internal project team can be found in Figure 14. In this team, two 
project managers are both expert in renovation field. They have been conducted several 
renovation projects in Woonbedrijf. The external contractors are two maintenance 
companies, Woonconnect and one architecture company (only during design phase). 
Both of the maintenance companies and Architecture Company are contractors of 
Woonbedrijf before the renovation and they are responsible for Eckart area.  

 

Figure 14  Internal organization (source: Woonbedrijf) 

The contractors in this case take charge of the entire renovation technology situations. 
There are two contractors in this project; unfortunately, the author could only reach 
one of them. According to the contractor, since they are working in the same area, all 
the design and process should be the same. Therefore, information from one contractor 
is enough to cover the key feature of Eckart case. The two contractors are both 
maintenance companies that are responsible for the request from Eckart area; 
therefore, they are the stakeholders who truly understand the house situations there.  

4.1.4. Renovation measures decision 

4.1.4.1. Interviews and Questionnaires with the tenants 
In order to response to the concept of Eckrt case, opinions from the tenants regarding 
renovation measures are necessary. Therefore, questionnaires were provided to the 
tenants by the company during the design phase of the renovation project. This 
questionnaire was conducted in order to obtain the overview of the current living 
condition, and tenantsΩ opinions of Eckart area since Woonbedrijf communicate seldom 
with most of the tenants living in complex c366. Most importantly, this is also a great 
opportunity for Woonbedrijf to start conversation and communication with the tenants. 
That is why Woonbedrijf combined questionnaires with interviews; Employees asked 
tenants questions from questionnaire, and also seek for some qualitative insights from 
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tenants. The content of questionnaire includes the situation of tenantsΩ living conditions, 
general opinions on improvement, neighborhood conditions, general opinions on 
service, help and mobility, energy awareness, district conditions, and general ǘŜƴŀƴǘǎΩ 
information. This questionnaire was implemented in Woonconnect; examples are 
shown in Figure 35 in Appendix C. 

4.1.4.2. Renovation requirement of Woonbedrijf to contractors 
Combining the outcomes of tenants and experience from the contractors, contractors 
have the first thoughts of renovation locations and measures. These thoughts need to 
fulfill the requirements from Woonbedrijf as it shown in Table 5. Only the renovation 
measures related to energy saving are demonstrated in this thesis. Other renovation 
measures such as new kitchens and new bathrooms (also can be called άƭǳȄǳǊȅ 
renovation measuresέ) are not the main focus of this thesis.  
 
Table 5 Requirement of renovation measures of Woonbedrijf to the contractors  
Category Components Requirement 

 
 
Roof 

General Energy performance of Rc=6; No maintenance for 50 
years; Ready for the transitions of others (toilet, kitchen)  

Solar panels (PV) Ready to put PV on the roof; Need to be installed in the 
roof surface instead of on the tiles 

 
 
Facade 

General Eliminate cold bridge  

Masonry Repairing and Cleaning 

Joints (mortar) Repairing (25 years of no maintenance) 

Window (Frame) Apply HR++ glass; Replace rotating parts; Install 
ventilation grilles 

 
Inside 

Ventilation New ventilation needs to be installed in toilet, bathroom 
and kitchen 

Energy component Repairing and replacing for further renoavtions 

4.1.4.3. Renovation measures 
Based on the information from all the relevant parties, specific renovation measures are 
decided in the following sections. All these information is printed into pamphlet for 
tenants to ensure that tenants understand what will happen in their household during 
construction process.  
 
Roof 
The basic roof renovation contains five parts as shown in Figure 15: 

1. Chimney: A new chimney is installed for better ventilation; 
2. Skylight: Replace the old skylight with the new ones  that have the same 

dimension; 
3. Roof: Install a new insulated roof on the current roof slab together with 

replacing old tiles with the new ones. Lower part of the roof can be used to 
install solar panels since there is no roof tile there;    

A. Expand skylight with an increase of ϵмΦлр ǇŜǊ ƳƻƴǘƘ;  
Extra skylight small (55 * 78 cm) with an increase of ϵоΦут ǇŜǊ ƳƻƴǘƘ; 
Extra roof window large (78 * 118 cm) with an increase of ϵпΦфн ǇŜǊ ƳƻƴǘƘ; 
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B. Solar Panel: Depending on the location of the house, an increased service fee of 
ϵм2.64 per month and ϵ21.93 per month is charged for 5 and 10 solar panels 
respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15  Energy efficiency renovation: Roof (source: Woonbedrijf) 
 
New chimneys are installed outside of the existing ones with 70mm insulation and 
frameworks. This measure will increase the energy efficiency in the household by terms 
of reducing heat loss. The prefabricated roof is insulated from outside as it shown in 
Figure 16. Compared to the old situation, a new renovation roof is installed in between 
and roof tiles are replaced. A seal coating is implemented inside of the house to reduce 
the damage from UV, moisture and other aging effect (Illbruck, 2016). Moreover, 
isolation stone wool is installed in between of two roofs (houses). Solar panels are 
installed for renewable energy input for the households. In order to maintain proper 
exterior of the roof, solar panels are installed in line with the roof tiles.  
 
 
 




















































































































































































