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“Architecture is the very mirror of life. You only have to cast your eyes on buildings to feel the 

presence of the past, the spirit of a place; they are the reflection of society.” 

― I. M. Pei 

“Success is a collection of problems solved.” 

― I. M. Pei 

In memory of one of the greatest artists 

I.M. Pei
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Abstract 

The pace of development in modern society since the Industrial Revolution has been 

unprecedented and it keeps proceeding in a more aggressive and accelerated phase. However, this 

development is a highly energy demanded action which is resulting an increased exploitation of 

natural resources, and subsequently, an expanded pressure on our environment, which sometimes 

conflicts between proprietors. On the other hand, it also creates great opportunities for 

technological developments as well as new research fields. As one of the biggest energy consumers, 

it is a crucial task that building and real estate sector follow this development trend by inventing 

and practicing new methods and technologies in order to limit energy usage and increase energy 

efficiency for a contribution to sustainable development in the society.  

When considering improvement of energy efficiency of the buildings from the million home 

programme, it is worth to carry out energy analysis before renovation works begins in order to 

obtain a holistic overview of the energy issues those buildings are struggling with. For dwellings 

from almost 50 years ago, one of the biggest issues is the large energy usage for heating due to the 

heat loss to the ambience through the building’s envelope. More precisely, the heat losses through 

roof, walls, windows, doors, ventilations and infiltrations. This thesis will focus on technological 

solutions that can control the heat losses caused by convection and conduction through the external 

walls, windows and doors, which approximately stands for nearly 55% of the total heat loss for a 

house from the million home programme. Furthermore, with help of passive heating and cooling 

strategies, improvement of both energy performance and indoor thermal comfort on the studied 

lamellar house from the million home programme will be achieved.  

According to the simulation results, the installation of double glass façade on the outside of the 

external walls can reduce energy consumption, as well as keep indoor thermal comfort in desirable 

boundaries. In the simulated executive model, the delivered energy has been reduced to 95.3 

𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 from the basic model with 121.8 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. However,

In the exclusive model the delivered energy has successfully declined to 71.1  𝐾𝑊ℎ/

𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 , which is under the maximum permitted value (85.0  𝐾𝑊ℎ/
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𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟) in the Swedish building code. Both of models has maintained the occupancy

satisfaction in adequate boundaries. 

Key words: renovation, façade, Million Programme, IDA ice, Trombe wall, double glass façade, 

sustainability
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Sammanfattning 

Det moderna samhället utvecklas i en rasande fart och är inne i en mer aggressiv och accelererad 

fas. Denna utveckling har dock medfört ett ökat utnyttjande av Jordens naturresurser som i sin tur 

har skapat en ökad påfrestning på vår miljö, ibland till och med konflikter mellan resurs 

innehavarna. Dock har denna utveckling även skapat en gynnsam miljö för utvecklingsforskning 

på nya tekniska områden. Som en av de största energiförbrukarna, behöver byggsektorn ta rygg på 

denna utvecklingstrend och inventera och tillämpa nya metoder och tekniker i byggsammanhang 

i syfte med att minska energiförbrukning och öka energieffektivitet, och ett bidragande till en 

hållarbar utveckling i samhället. 

När det gäller renovering av husen från miljonprogrammet kan det vara lämpligt att utföra 

energianalyser innan själva renoveringsarbetet påbörjas. Detta i syfte med att åstadkomma en 

övergripande syn på de energirelaterade brister som dessa hus brottas med. För bostäderna från 

närmare för 50 år sedan, är en av de största bristerna värmeförluster till omgivningen genom 

klimatskalet på byggnaderna. Med detta menas att värmeförlusterna genom husets tak, fönstren, 

dörrar, ventilation samt infiltrationer. Denna uppsats fokuserar på de tekniska lösningar som kan 

kontrollera de konduktiva och konvektiva värmeförlusterna genom husens ytterväggar, fönster och 

dörrar, vilket utgör ca. 55% av den total värmeförlusterna genom det klimatskalet. Ytterligare ska 

hållbara strategier för såväl passiv uppvärmning och kylning som naturventilation på ett 

renovationsprojekt till det studerade lamellhuset from miljonprogrammet tillämpas, detta med 

avsikt att förbättra energiförbrukning samtidigt att behålla ett tillfredsställande inomhusklimat i 

detta hus.  

Resultaten från de utförda simuleringarna visar att installation av DGF utanpå de befintliga 

ytterväggarna kan bidra till att minska energiförbrukning på det studerade lamellhuset, samtidigt 

den gör det möjligt att bibehålla den termiska komforten inom ett önskvärt intervall. I den 

exekutiva modellen har energiförbrukningen minskat till 95.3 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. I den

exklusiva modellen har energiförbrukningen förminskat till 71.1  𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 ,
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vilket är lägre än det maximalt tillåtna värdet 85.0 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 i BBR. Både av

modellerna har behållit en acceptabel inomhus komforten.  

Nyckelord: renovering, fasad, miljonprogrammet, IDA ice, Trombe wall, dubbel glass fasad. 

hållbarhet 
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1.Introduction

1.1. Background 

The building and real estate sector is one of the largest energy consumers in Sweden. In a survey 

which has been carried out by the Swedish National Board of Housing, Building and Planning, the 

total energy usage for the sector  has come up to approximately 132TWh, which is corresponding 

37% of the total national energy consumption in 2016. (Boverket, 2019)  From this consumed 

energy, there is approximately 63% from renewable energy sources.(see figure 1) 

Sweden is one of the pioneer countries in the world that has an ambition to create a low-carbon 

society in the future. In the recent energy report from Internal Energy Agency, Sweden is among 

the best member countries regarding mitigation of carbon dioxide (𝐶𝑂2) emission. Especially in 

two categories, one is the second lowest 𝐶𝑂2  emission per GDP (gross domestic product) after 

Switzerland, another is the second lowest 𝐶𝑂2 emission per capita after Mexico. Space heating 

and electricity generation are almost decarbonized since most of delivered primary energy comes 

from renewable energy sources. (International energy agency, 2019) 

Figure 1 Energy source 2016 (Boverket/SCB)
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Sweden has also a clear energy policy towards sustainable development in the building sector as 

well. In Swedish national climate goal “Good built environment” (God bebyggd miljö) the 

Government gives more detailed descriptions of each collateral goal that the building and real 

estate need to be achieved, which can be  summarized as effective utilization of energy, resource 

optimization and environmentally friendly development of technology.  The Swedish government 

has also defined 10 concrete goals in 2012 in order to describe more precisely what a good built 

environment should be. They are 

1. Sustainably built structures: A long term sustainable built structure need to be obtained

by optimizing position and location for new buildings, facilities and business and

sustainable development on usage and conversion of existing buildings.

2. Sustainable planning: The planning in both urban and rural areas need to be planned with

a holistic consideration from social, economic, environment and health protection

perspectives.

3. Infrastructure: In order to reduce resource and energy use, as well as climate impact, the

urban planning need to cover energy systems, transport, waste management and water and

wastewater management so that positioning of infrastructure is adoptive to citizen’s needs.

4. Public transport, walking and cycling: The public transport is environmentally friendly,

energy effective and easily accessible, as well as safe and effective walking and cycling

roads.

5. Nature and green areas: easily access to nature and green areas near the built environment

6. Cultural value in built environment: the cultural, historical and architectonical value of

the buildings and built environments need to be preserved.

7. Good daily environment: the built environment shall support the citizen’s needs and

offers varied options of housing, working, service.

8. Health and safety: harmful air pollutions, chemical   pollutions, noise, radon gas and other

unacceptable health and safety risks need to be eliminated.

9. Energy and natural resources management: Usage of energy, land, water and other

natural resources must be as efficient as possible, and only use energy from renewable

energy sources.

10. Sustainable waste management: waste management must be effective and harmful

impact on health and environment need to be minimized.
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Besides the climate policy, it is important to provide a guideline for this particular project to work 

towards those goals. One of the well-known concepts for sustainable development of energy usage 

in building sector is trias Energetica. (see figure 2)  

 

 

The essential idea of this strategy is focusing on optimization of energy usage so that a sustainable 

energy development can be gradually accomplished. The strategy includes three components such 

as reduction of energy demand, utilization of renewable energy sources and selection of fossil 

energy sources. The interpretation of this strategy in building sector can be interpreted as 

 

1. Reduction of energy consumption by using building technologies with high energy 

efficiency as well as materials with high energy saving performance in early stages of all 

kind of building projects.  

2. Increase of energy usage from renewable energy sources such as solar radiation, wind and 

hydropower. This can be achieved by such as, maximizing gain of solar radiation at heating 

season, using artificial shading technologies at cooling season and giving buildings right 

orientation to increase the natural ventilation. 

Select 

energy source

Use renewable energy

Reduce energy demand

Figure 2 Trias energetica 
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3. Usage of non-renewable energy source only when the renewable energy is not sufficient to 

supply the building’s energy needs, and as effective as possible.  

Additionally, in chapter 9 in BBR, the Swedish national board of housing, building and planning 

has also strict requirements for multi-family dwellings concerning energy performance and other 

relevant parameters. According to the regulation, the multi-family dwellings shall not consume 

more than 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 (Boverket, 2019) This provision is adaptive both to new-

raised houses and alteration of the existing buildings and will  be the main target to  achieve in this 

paper of work.

1.2. The million home programme 

 

As I.M. Pei mentioned in his point of view of architecture, the history of architectural development 

is an epitome of the history of social development. As one of the most classic examples, MP has 

drawn a strong stroke in Swedish architecture history, not only solved the public housing problems 

with their massive constructions in shorten 10 years, but also created many challenges and 

opportunities that the society has to settle today. 

 

In 1965, the Swedish government decided to build 1 million homes in varied heights (see figure 3) 

for Swedish citizens in order to solve the problem of shortage of affordable housing during that 

time. Under 10 years, nearly 1 million homes had been built and the housing problem seemed to 

be solved. However, this massive construction with prefabricated elements is causing many 

troubles today, especially energy utilization and energy efficiency. In an interview in SVT, Erik 

Stenberg, architect and associate professor at KTH, pointed out that these houses were only 

designed with a life cycle in 50 years and most of them have urgent needs for renovation today, 

not only for improvement of energy efficiency but also for increased demand on indoor thermal 

comfort in accordance to present requirements and standards. (Stenberg, 2019) In another 

interview , the researcher Jenny Von Platten at RISE(Research Institute of Sweden), emphasized 

that almost 400,000 apartments are in need of renovation. (Platten, 2019) Of these, 300,000 of the 

total 800,000 homes were built as three-storied lamellar house which still on the waiting list for 

renovation. (Bernardo, et al., 2018) The situation is critical and frequently discussed on social 

media today. An affordable solution is therefore expected to be able to solve this issue. 
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Figure 3 Proportion of house types in Million Programme (Boverket) 

 

1.3 Regulations for reconstruction of buildings 

The Swedish Building Code BBR consists of detailed descriptions of mandatory provisions and 

general recommendations that all kind of new construction projects in Sweden need to follow. In 

paragraph 1:2 Mandatory provisions it has defined what kind of work BBR shall be applied 

 – the erection of new buildings,  

– ground and demolition works, and  

– undeveloped sites to be provided with one or more buildings.  

When erecting other constructions than buildings on lots, the mandatory provisions in section 8.9 

apply. When changing buildings provisions shall be followed to that extent that is permitted by 

section 1:22. (BFS 2017:5) 

 

And 

in 1:22 Requirements for alterations to buildings 

When altering buildings, the rules in Sections 1 and 2 apply where appropriate as well as parts of 

Sections 3–9, which are under the headings: "Requirements for alterations to buildings." The parts 

of Sections 3–9 under the headings: "Definitions" and "Scope" also apply to alterations of 

buildings. (BFS 2011:26).  

General recommendation  
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The requirements for new constructions are never directly applicable to alterations. However, 

some guidance can often be given from these for assessing the implications of the requirements 

for the alterations. For alterations, however, the requirements are often met through other 

solutions than for the construction of new buildings. (BFS 2016:6). 

 

In section 9 Energy conservation, paragraph 9:2 Dwellings and premises  

The requirements for maximum primary energy usage of houses with different characters are 
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Table 1 Maximum permitted primary energy number installed electric input for space heating, average heat transfer coefficient 

and average air leakage rate, for single-family houses, multi-dwelling blocks and premises. (BBR) 

 

And paragraph 9:9 Requirements for energy conservation in case of alterations to buildings, 

9:91 General  

Buildings shall be designed in such a way that energy use is limited by low heat losses, low cooling 

demands, efficient use of heat and cooling and efficient use of electricity. Rules on alteration are 

contained in section 1:22.  

The requirements for energy conservation shall be applied to ensure the other technical 

characteristics requirements can be met and to ensure the building's cultural values are not 

impaired and that the architectural and aesthetic values can be safeguarded. Upon verification of 

the requirements in 9:2, the building’s energy use shall be determined according to Boverket’s 

mandatory provisions and general recommendations (2016:12) regarding determination of the 

building’s energy use at normal use and in a standard year, BEN. (BFS 2016:13). 
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1.4 Studied object 

 

The studied object, situated at Sollentuna, north of Stockholm, is one of the houses from a typical 

MP building cluster which is consisted of 11 houses. (Appendix A) All of the houses have a well-

recognized architectural shape which often be named as lamellar house(loftgångshus). The chosen 

house number 9 is a three-story multi-family house with 17 apartments and a total floor area 

2266,8𝑚2. The first floor consists of 5 apartments, 17 storages and 1 laundry. The second floor 

consists of 6 apartments as well as the third floor. The structural properties have been described in 

the table below, distributed heating via radiators as the main source for heating. 

 

 
Figure 4 studied object, a lamella house at Sollentuna 

 

Description U-value 
𝑊

𝑚2
. 𝐾 

External wall, long side 

8mm enternit+air gap+ 3,2mm internit+12cm mineral wool board+1.5mm 

plastic sheet+13mm gypsum board 

0,30 

 

External wall, Short side 

10cm calcareous sandstone+10 mineral wool board+15 cm concrete 
0,35 

Roof, wood construction c/c 1.2 m, tongue and groove +roofing felt 0,172 

Windows, 2 glass 

 
2,86 

IDA ice data  

Floor area 𝑚2 

Floor area+ cavities 𝑚2 

2266,8 

2349,3 

Envelope area 𝑚2 

Envelope area 𝑚2 

2278,5 

2699,7 

Distributed hot water 𝑙 𝑝𝑒𝑟. 𝑑𝑎𝑦⁄  58 

Airflow 𝑙 𝑠.⁄ 𝑚2 0,35 
Table 1.4.1 parameter data of the studied object 
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1.5 Trombe wall and glass façade 

 

Nowadays, energy optimization is one of the important aspects that need to be considered in all 

kind of construction designs. More applications of passive strategies such as passive heating, 

cooling and lighting are involved in building projects in order to contribute to a sustainable 

development in our society. The conventional strategies will be replaced gradually by passive 

alternatives so that buildings consumption of energy will be minimized and only from renewable 

energy source if it is possible.  

 

The Trombe wall was developed by French engineer Félix Trombe and is categorized as one of 

frequently used passive design strategies in building sector. Trombe wall is a passive design 

strategy that only heat from solar radiation is used as energy source. The typical Trombe wall 

consists of one external glass layer installed on existing external walls. The external walls are often 

assigned with 2 air vents. The cold air in the room transfers through the lower vent to the air cavity, 

become heated by solar radiation and transfer upward in the cavity due to the density difference. 

Through the upper vent, the heated air flows back into the room to provide an improved thermal 

comfort in the room.(see figure 5) The Trombe walls makes also building’s envelope more air tight 

so that the heat exchange between the building and the atmosphere  can be limited.   

 

 

 
Figure 5 Principle image of Trombe wall 

  

 

The glass façade is actually no new invention, architect I.M. Pei has already used the material 

when designing his famous glass pyramid in front of the Musée du Louvre. One of the reasons is 
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that the sufficient daylight will penetrate through the glass facade and give the underground lobby 

enough natural lighting. Another advantage is that the glass pyramid provides additional heat 

support from the solar radiation. In recent years, there is a tendency that more and more companies 

intentionally design new buildings or renovate old buildings with glass because of the described 

advantages. Moreover, the glass is also a material that provides robust control on different climate 

loads from nature such as rain, air and vapor since the material’s high density and low hydraulic 

conductivity. As a material it is flexible to form and change color for desired purposes, and it is 

also a sustainable building material since glass is 100% recyclable.   

 

1.6 Aim 

The primary aim of this paper is to investigate feasibility of renovation of façades by installing 

extra glass façades on the outside of the existing external walls on a lamella house from the million 

home programme and examine if this method can have any positive effect on energy consumption 

from energy saving perspective, as well as how indoor thermal comfort can be affected of the 

renovation strategy. The studied object will be modelled in the energy simulation programme IDA 

ice in order to provide a complete understanding of what this renovation method can offer 

regarding reduction of energy usage. Another aim is that from a sustainable point of view to discuss 

and evaluate both the simulation results and the feasibility of this renovation method as a 

sustainable strategy for renovation of lamella houses from the MP.  

 

 

1.7 Limitation 

 

This work will only focus on renovation of lamella houses from the million home programme.  

The project will only investigate possibility for installation of exterior glass wall on existing 

external walls and how it can improve the energy performance as well as remain indoor thermal 

comfort in a desirable boundary. The feasibility for application of this method to other types of 

buildings has not been studied. Furthermore, this method has only utilized solar radiation as a 
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renewable energy source, other types of renewable energy sources which may be comparative and 

competitive to this energy source has neither been studied. As one of the most important aspects 

in a retrofitting process, renovation and maintenance cost and will be discussed in later chapters 

of this paper, but a detailed calculation of both renovation cost and maintenance cost has not been 

carried out.  

 

1.8 Structure of work 

 

This project will start with study the frequently used façade renovation strategies on buildings from 

MP in present and the advantages and shortcomings each strategy provides, as well as the 

difficulties in applying these strategies to lamella houses. The method with DGF will be presented 

as a renovation strategy that can be applied to lamella houses after their special character among 

all buildings from MP.  

 

The project will continue with building up a representative model in IDA ice, in this particular 

case, a DGF outside of the existing walls on the studied lamella house will be modelled in. 

Different combinations with varied system parameters will be experimented in the model, and the 

result will be observed and evaluated afterward in order to achieve the best feasible solution to this 

design concept.  

 

This paper of work will be finished with presentation of simulation results and discussion from a 

holistic perspective of the contribution to sustainable development in relationship to façade 

renovation with DGF will accomplish.  
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2.Method  

2.1 Philosophy and hypothesis  

“One of the demands on a rational conversation is that the words that are important for the 

argument should be as well-defined as possible. Lack of clarity in the meaning of a word or a 

phrase can be of two different types.” (Hansson, 2007) 

 

In order to avoid any ambiguity and vagueness, it is a great importance to clarify and emphasize 

the definition on sustainable renovation of façade for this specific project. That is  

By only using the renewable energy source i.e. solar radiation and combined with passive design 

strategies, to improve the energy performance of the residential lamella dwellings from Million 

Programme, without any mechanical energy contribution applied. At the same time, provide a 

sufficient indoor thermal comfort, desirable indoor air quality and occupancy satisfaction. 

 

Generally, in most of the scientific researches, we use models to represent our real target. A model 

is a theory-depended idealization, offering the possibility to be manipulated by giving different 

variables. There is advantages to use models to represent a real target when it is too costly to 

experiment new methods on the target itself.  In this project, instead of building up the glass façade 

on our studied house, we use simulation software IDA ice to investigate the proposed renovation 

strategy, observing and evaluating the simulation results of different scenarios afterward in order 

to find a best feasible solution to our target. Noticeable is that models are only simplifications and 

idealizations of the real target that all the simulation results have be evaluated critically. Yet, the 

simulation results of models are the fundamental prerequisites of decision making of execution on 

the real target.  

 

Furthermore, randomization is another important aspect to be considered, by randomly select a 

target from a group of subjects will eliminate selection bias and give more reliable modelling 

results. The house number 9 was therefore randomly selected from the building cluster in respect 

to this manner. 
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It is also appropriate to state a hypothesis to this paper which will be tested by combining theories 

and models. That is 

 

“Installation of a double glass façade on the existing external walls is a sustainable strategy to 

renovate lamella houses from the million home programme, and it will improve the energy 

performance and keep a desirable thermal comfort at the same time for these houses.” 

 

2.2 Present renovation methods 

Nowadays, the typical solutions for improvement of energy performance for buildings from 

Million Programme are additional insulation of external walls, change of windows or upgrading 

of ventilation system from S or FT to FTX. All these methods have its advantages and 

shortcomings.  

Additional insulation on the façades and modification of windows are two of the most used 

methods for improvement of energy performance to high-raised multifamily houses from MP. 

However, those methods cannot be economic feasible for lamella houses since the investment costs 

of both material and renovation works are often too high, since most of the costs have to be 

financed by both increased loan for facility owner and increased rent for tenants. Therefore, an 

optional alternative of renovation strategy can be interesting to investigate, targeting especially on 

lamellar residentials in Sweden.  

The natural draft ventilation(S), mechanical exhaust air ventilation(F) and mechanical exhaust-

inlet air ventilation (FT) are three types of existing ventilation system. The S system utilize the 

density difference between the cold air and the warm air. The cold air transfer through either 

leakage or fresh air valve into the building, the warmed cold air will transfer further upwards since 

the density of warm air is less. This system was frequently used on small houses and multifamily 

houses before 1976. The F system (see figure 7) has a controlled fan that leads the polluted indoor 

air in kitchens and bathrooms out of the building. The fresh air come into the building through 

either air valves placed behind the radiators or the window frames due to the pressure difference. 
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A variation of this system is the FT system there even inlet fresh air is controlled by fans.  

                

Figure 7 FT system with fan (Swedish ventilation)                  Figure 8 FTX system with heat exchanger (Swedish ventilation) 

 

 

Boverket (The Swedish National Board of Housing, Building and Planning) has reported in 2010 

that 70% of houses from MP use mechanical exhaust air ventilation. One of the critical factors of 

these systems is that all of them lacks heat recovering from exhaust air which has become an 

essential issue for effective energy usage of the houses. In recent years, some of these systems 

have been successfully upgraded to FTX (see figure 8) where heat exchange between exhaust air 

and inlet air occurs in a ventilation aggregate. The inlet air will be warmed up by waste heat from 

the exhaust air before it transfers further into the rooms. However, one of the fundamental 

requirements for making FTX work is that the buildings must be enough airtight which a lot of 

present houses from Million Programme are lacking with. Another difficulty with FTX is that the 

system needs quite large room for installation of equipment and in many instances the system has 

to be installed on the roof which is a very costly operation. Therefore, an optional renovation 

strategy can be interesting to investigate, focusing especially on lamellar residentials in Sweden.  

In present, there are many successful façade renovation examples of houses from MP by using the 

prescribed strategies. However, most of the treated multifamily houses are so-called slab block 

houses (skivhus) and point block houses (punkthus). Renovation of façade on the three-story 

lamellar houses which constituting a large population of existing buildings from MP are still a 

difficulty to carry out mainly due to two particular reasons   

1. The brick-cladding facade needs to be torn down before installation of additional 

insulations.  
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2. The total area of facades which need to be renovated are proportionally too large to total 

floor area, which merely can give any economic benefit after renovation. 

 

 

 

 

 

2.3 IDA ice simulation and definitions of thermal comfort 

The IDA ice (Indoor Climate and Energy) is a computer programme specialized on energy 

simulations and indoor climate of buildings and constructions. The integrated functions give us 

flexible controls on the parameters such as air temperature, radiant temperature, air speed, 

humidity, metabolic rate and clothing insulation which are six essential factors to influence 

determination of a desirable condition of indoor thermal comfort according to ASHARE, 

American Society of Heating, Refrigerating and Air-Conditioning Engineers. (ASHRAE, 2019). 

IDA ice offers three levels user interfaces with different support and extents for the users. In the 

ground level, which is called Wizard, the user can carry out simulations directly with simplified 

conditions for a certain type of study.  

In the next level, named as standard, the user has more options to choose for what kind of study 

the IDA ice will carry out. In this level, the users can define mostly all of system parameters by 

themselves, which provides a great freedom to specific target simulation they want to aim to. 

Besides the functions named earlier, the IDA ice provide also opportunity to define building’s 

location, geometry, material, site shading, orientation and other varied parameter setups in the 

zones. The standard level has also pre-defined a default primary system with boiler for hot water 

supply to the radiators and chiller for cooling water. The boiler converts purchased energy e.g. gas 

electricity or district heat to hot water for circulation through radiators to warm up the rooms in 

heating seasons. The boiler itself consumes energy for conversion of heat and pumping. The chiller 

works in a similar manner but produces chilled water to air handing units by using electrical power. 

Since in Sweden cooling is not needed in the most of time, the chiller is turned off. A default air 
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handing system consists of many components, a fan for supply air, a heating coil to warm up 

supply air, a cooling coil to cool down supply air and a heat exchanger to recover the heat from 

exhaust air. The cooling coil is always turned off since we do not need any cooling in Sweden, and 

in most of scenarios, both heat exchanger and heating coil are turn off because of   

preconditions the studied lamella house offers, i.e. there is currently no FTX system to supply this 

default setup.  

In advanced level, there is no longer physical terms but equations and variables which can be 

examined by users themselves. 

The outcomes of simulation provide sufficient information to specific aims, in our particular case, 

the grand total delivered energy to the studied house and the indoor thermal satisfaction factors 

PPD and PMV which are important criteria in order to evaluate simulation results afterwards. The 

American Society of Heating, Refrigerating and Air-conditioning Engineers, ASHRAE has also 

defined PMV as an index that predicts the mean value of the thermal sensation votes of a large 

group of persons on sensation scale express from -3 to +3. As well PPD as an index that establishes 

a quantitative prediction of the percentage of thermally dissatisfied people determined from PMV. 

(ASHRAE, 2019) To use the calculation formulas, units of clothing and metabolism has also been 

defined after influence of heat exchange of clothing insulation and activity level.(See figure 10 

and 11)   

Sensitive scale PMV 

Hot + 3 

Warm + 2 

Slightly warm + 1 

Neutral 0 

Slightly cool -1 

Cool - 2 

Cold - 3 
Figure 9 PMV, thermal sensitive scale (ASHRAE,2019) 

The formulas of PMV are given in Swedish standard SS-EN ISO 7730:2006 (SIS, 2006) as 

 

 

𝑃𝑀𝑉 = [0.303 ∙ exp(−0.036𝑀) + 0.028] ∙ {(𝑀 − 𝑊) − 0.305 ∙ 10−3

∙ [5733 − 6.99 ∙ (𝑀 − 𝑊) − 𝑝𝑎] − 0.42 ∙ [(𝑀 − 𝑊) − 58.15]
− 1.7 ∙ 10−5 ∙ 𝑀 ∙ (5867 − 𝑝𝑎) − 0.0014 ∙ 𝑀 ∙ (34 − 𝑡𝑎) − 3.96
∙ 10−8 ∙ 𝑓𝑐𝑙 ∙ [(𝑡𝑐𝑙 + 273)4 − (𝑡𝑟 + 273)4] − 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙 − 𝑡𝑎)} 

 

 

 

(1) 
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𝑡𝑐𝑙 = 35.7 − 0.028 ∙ (𝑀 − 𝑊) − 𝐼𝑐𝑙 ∙ {3.96 ∙ 10−8 ∙ 𝑓𝑐𝑙

∙ [(𝑡𝑐𝑙 + 273)4 − (𝑡𝑟 + 273)4] + 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙 − 𝑡𝑎)} 
(2) 

 

 ℎ𝑐 = {
2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0,25    𝑓𝑜𝑟     2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0,25 > 12.1 ∙ √𝑣𝑎𝑟   

12.1 ∙ √𝑣𝑎𝑟                 𝑓𝑜𝑟    2,38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0,25 < 12.1 ∙ √𝑣𝑎𝑟

 (3) 

 

 𝑓𝑐𝑙 = {
1.00 + 1.290𝑙𝑐𝑙      𝑓𝑜𝑟                    𝑙𝑐𝑙 ≪ 0.078𝑚2 ∙ 𝐾/𝑊 

1.05 + 0.645𝑙𝑐𝑙              𝑓𝑜𝑟                𝑙𝑐𝑙 > 0.078𝑚2 ∙ 𝐾/𝑊
 (4) 

 

 

where 

 

M is the metabolic rate, in watts per square meter(W/𝑚2) 

 

W is the effective mechanical power, in watts per square meter(W/𝑚2) 

 

𝐼𝑐𝑙 Is the clothing insulation, in square meters kelvin per watt (𝑚2 ∙ 𝐾/𝑊) 

 

𝑓𝑐𝑙 Is clothing surface area factor 

 

𝑡𝑎 Is the air temperature, in degrees Celsius(C) 

 

𝑡𝑟 Is the mean radiant temperature, in degrees Celsius(C) 

 

𝑣𝑎𝑟 Is the relative air velocity, in meter per second(m/s) 

 

𝑝𝑎 Is the water vapor partial pressure, in pascals (Pa) 

 

ℎ𝑐 Is the convective heat transfer coefficient, in watts per square meter kelvin[W/(𝑚2 ∙
𝐾)] 

 

𝑡𝑐𝑙 Is the clothing surface temperature in degrees Celsius(C) 

 

1 clothing unit = 1 clo = 0.155 𝑚2 ∙ C/W, 1 metabolic unit = 1 met = 58.2 W/𝑚2 

 
 

Figure 10 Clothing and thermal insulation  Figure 11 Metabolic unit values 
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For PPD, calculation is as follow 

 

 𝑃𝑃𝐷 = 100 − 95 ∙ exp (−0.03353 ∙ 𝑃𝑀𝑉4 − 0.2179 ∙ 𝑃𝑀𝑉2) (5) 

 

Beside these formulas, a chart with relation between PMV and PPD is also available  

 
Figure 12 PPD as function of PMV(SS_EN_ISO_7730_2006) 

 

 

2.3.1 Scenario 1(Basic model) 

 

Firstly, a representative model based on the drawings (appendix A) is built in IDA ice. Each room 

has been assigned with its own zone. 86 zones with the total floor area 2266.8𝑚2 has been built 

up in the basic model. The latest climate data from the nearest climate location Bromma is selected. 

The components in the building’s envelope such as external walls, roof and windows are built 

according to the drawings as well. Notice that the frequently used material eternit (fibre-reinforced 

cement) at that time has been forbidden in Sweden due to its harmful substance asbestos which 

can cause serious respiratory diseases. As a result of this circumstance, the accurate properties of 

external walls cannot be performed in the models. However, the U-value for the external walls in 

the document are performed in the models with similar materials so that aberrations of u-values 

between the models (0.294 W/𝑚2𝐾) and the real studied object (0.3 W/𝑚2𝐾 ) is minimal. The 

airflow is set to CAV (constant air volume) with 0.35m/s which is in accordance to the national 

minimum airflow requirement for residential buildings. The operative temperature is set in an 
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interval between 21C and 25C which is higher than the minimum permitted operative 

temperature 18C in BBR. The relative humidity is also given between 20% and 70% which is 

lower than the critical moisture level at 75%. Domestic hot water is set to 58 L/person and day for 

multifamily buildings according to a survey the Swedish energy agency has published. 

      

        

 Figure 14 Reference house in IDA ice 

 

Secondly, in order to improve the effectivity of simulation speed, the zones in each apartment has 

been merged to one zone. By this approach the total number of zones has been reduced to 25 which 

successfully foreshorten of the simulation process. The comparison of the results of simulation has 

given a slight difference on delivered energy by 2.1 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 . This depends on 

slightly increased lighting demand in the merged zones since the area of each zone has become 

larger. In attention of this difference, the merged model is somehow convertible to the original one 

with multi-zones, and it can be used as the basic model for following analyses with varied system 

parameters in IDA ice. The yearly delivered energy in this stage become 121.8  𝐾𝑊ℎ/

𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. An another one with heat exchanger har also been simulated with the result 

of energy consumption in 96.2 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟  for further comparison with other 

models. Simulations of quarters January to Mars, June to August are performed in order to give a 

more detailed understanding of how the strategy’s influence of energy consumption in difference 

weather conditions, simulations of the coldest and warmest day in 2018 are carried out as well in 

all of following scenarios. 
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2.3.2 Scenario 2(DGF windows) 

Windows and doors stand for approximately 35% of total energy loss through the building 

envelope. (Counselling, 2018) Therefore, it is a great importance to investigate the effect of 

installing an additional layer of glass outside of the existing windows and observe how this 

execution will influence the outcomes of the total delivered energy to the house. The integrated 

function of DGF (see figure 15 and 16) is applied with varied distances between 40 cm and 80 cm 

to all the windows with double clear glass (2.86 W/𝑚2𝐾). In order to utilize the integrated function 

of DGF, the balconies and the passages in the models are also assigned with its own zone with 

glass openings and also are assigned with DGF. 

Both simulations have obtained equivalent results of energy consumption which indicates that the 

distance between the external glass and the existing windows has minimum influence on energy 

consumption in the simulated models. On the other hand the delivered energy is reduced to 116 

𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟  compared with the basic model in Scenario 1(appendix C). This 

indicates that installation of DGF on the windows has a positive effect concerning energy saving 

renovation of the studied house.  

 

   
Figure 15 DGF on the existing windows.                    

 

2.3.3 Scenario 3(DGF wall, integrated) 

 

Besides all fundamental settings that we already defined in the previous model, the integrated 

function DGF is performed on all the external walls in this scenario. The energy consumption of 

this setup become 113.3 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 which is slightly less than the previous setup. 

Description

 DOUBLE-GLASS_FACADEName

Object

Return air DoF

ventilation, CAV

 1.0

 0.05

Room - DoF

m2 0.001

 0.001

 SunDraw Control

Shading (wrt. outer skin)

W/(m2·°C) 2.0Frame U-value

0-1 0.1Frame fraction of the total window area

 Double Clear Air (WIN7)Glazing/shading

External w indow (outer skin)

 0.1

l/s 10.0

m2

m2

m from

floor

m

Level  100 W/m2

Type  No integrated shading

 n.a.Model

Schedule  n.a.

Figure 16 Double glass facade on window  
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Deferent distances between DGF and external walls has been simulated as well, but the results 

from both simulations with varied distances are equivalent to each other.  

 

However, this approach has a drawback at the joint of external walls because there the integrated 

DGF cannot be merged with each other. (see figure 17) This may give aberration from the actual 

energy consumption that an enclosed DGF of external walls will obtain. By reason of this, it is 

therefore appropriate to build a comparative model with more accurate design on the external walls 

in order to avoid this kind of imperfection in the model. 

 

 
Figure 17 Unmerged joints at the edge 

   

2.3.4 Scenario 4(DGF wall, comparable) 

 

A comparative model with separately defined zones is built based on the merged model in this 

scenario. The primary reason is to eliminate the drawback that the integrated DGF presents in the 

previous model. The DGF in this scenario has been merged at the edges of externals wall and will 

give a more accurate simulation result of energy consumption in comparison with the previous one, 

at the same time it is also beneficial to validate if the previous result is reliable. The comparable 

model provides a better possibility for control of the airflow and air temperature in the cavity zones 

since there is a possibility to assign all four zones in the cavities between DGF and external walls 

with dedicated AHU with only supply air adopted.  

Sweden is a northern country without sufficient solar radiation at heating seasons due to its 

geographical situation. It provides not only a difficulty for the design approach such as renovation 

with DGF, when heating demand is largest at heating seasons and the main energy source of this 

type of strategy  is from the solar radiation, but also an opportunity to invention of new system 
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solutions with additional energy sour to the DGF. Since most of unrenovated lamella houses still 

have mechanical exhaust air ventilation system (F), the exploitation of waste heat from exhaust air 

can be re-led to the cavities as an additional energy source. The essential precondition that need to 

be ensured in this approach is that the air quality in the exhaust air must be well filtered to avoid 

unwanted gases, odors, oil, microorganisms and other contaminants transfer into the cavities with 

exhaust air. 

The airflows of two speed on 0.35 l/s and 3l/s, both with 22° has been tested in the model in order 

to demonstrate how air speed and air temperature in the cavities can influence the energy 

performance and the thermal comfort in the model. However, this experimentation has not been 

able to achieve the expected effect on energy reduction in the model, since the difference of 

delivered energy between 2 simulation models is not noticeable. Furthermore, the thermal 

stratification indicators PPD and PMV are not in an acceptable boundary according the ASHARE, 

which indicates that further adjustments of system parameters in IDA ice have to be executed in 

order to obtain more desirable thermal comfort satisfaction indices in the model. On the other hand, 

the energy consumption in this scenario has been reduced to 94.4 W/𝑚2𝐾  which gives us a 

confirmation that renovation façade with DGF has ability to reduce the energy consumption to the 

studied lamella house. 

 

 

 

2.3.5 Scenario 5(DGF wall, executive) 

 

The previous comparative model has shown a repeated stability in simulation process and generate 

rational result of energy consumption. However, the thermal comfort and the occupancy 

satisfaction is not in an acceptable boundary. To be able to solve this issue, a couple of 

optimizations has been accomplished in the executive model. First, a separate opening control of 

windows has been introduced since the PI controller in the previous model does not give sufficient 

effect. 
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Figure 18 Executive model, top view                               Figure 19 Executive model, side view 

By defining a separate opening strategy for lower DGF windows, a PI controller with a control 

point at 20°C will control the zone temperature in the cavity between the DGF and external 

wall.(See figure 20) The PI mode has been given to value 1 which indicates that if the zone 

temperature is higher than 20°C, all windows on lower part the DGF will be opened to initial 

passive cooling with natural ventilation. A separate opening schedule has been added to this 

approach so that this operation is only available at period between April and September to ensure 

the windows keep closed during the heating season. The windows at the edges of the DGF and at 

the top have a dedicated opening schedule which allows them to be fully opened during summer 

to contribute an enhanced natural ventilation as well as improve the air quality in the cavities. All 

the windows on the DGF are supported with shading devices. In the detailed shading schedule, the 

PI controllers will measure the zone temperature and ambient temperature, the shading mode will 

be and only be initialed if both temperatures are higher than 21°C. The aim is  to avoid any 

unexpected shading, especially during the winter when heating is demanded. (see figure 21) 

To be able to identify glass’s influence on energy usage for the model, two other simulations with 

triple glass are executed as well. One of them use triple glass with low u-value only on DGF, 

another one uses triple glass on both windows and DGF, the total delivered energy become 

93.1 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 respectively 88.8 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. 
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2.3.6 Scenario 6(DGF wall, exclusive) 

 

In this scenario, a simulation model with best conceivable condition is presented, all of the glass 

is changed to triple glass with a u-value 0.695W/𝑚2𝐾. The heat exchanger is also turned on in this 

model. All other system parameters remain unchanged from previous model. After simulation, the 

total delivered energy has significantly reduced to 71.1 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟, which is under 

the national provision 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. The indoor thermal satisfaction indices PMV 

and PPD remain in convincing intervals with a maximum value 0.13 for PMV respectively 15.02% 

for PPD in the worst zone.   

 

3.Results 
 

Results from all of simulations in all of scenarios in previous chapter are reported in following 

chart 

 

The signals from the sources listed on the left may be used as input to the control algorithm. Any unused source may be

removed. More sources may be added by dragging from palette page Links.

The  values of setpoints are mapped to the zone setpoints, unless they are replaced in the zone central control macro.

The output signal should be connected to the pre-defined Opening interface reference on the right border of the macro.

Click F1 for more information.
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The signals from sources listed on the left may be used as input to the control algorithm. Any unused source may be

removed. More sources may be added by dragging palette page Links.

The  values of setpoints are mapped to the zone's setpoints, unless they are replaced in the zone's central control macro.

The output signal should be connected to the pre-defined Shading and SlatAngle (detailed window model only) interface

reference on the border of the macro.

Click F1 for more information.
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Figure 20 Opening control, windows Figure 21 Shading control 
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Figure 22 Energy consumption of different models, quarterly and yearly 

 

 

 

 

Figure 23 Energy consumption in coldest respective warmest day in 2018 
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The yearly consumption of energy has been successfully reduced and this accomplishment was 

depending on many adjustments in the model, especially in the last scenario when the heat 

exchanger is introduced together with installation of high-performance glasses. Energy 

consumption in the first three months has also declined which indicate that the demonstrated 

renovation strategy can contribute to a decreased heat demand at heating seasons. The delivered 

energy in summer of each model are broadly the same. In figure 23 we can see a decreased trend 

of energy demand in February 27, which is the coldest day in 2018, also the energy consumption 

from July 26 which is the warmest day in 2018 remains unchanged. 

The monthly average of thermal satisfaction indices PPD and PMV in apartment 151, which is the 

worst zone with highest occupancy dissatisfaction vote has been collected for comparison. From 

the charts we can see all of the simulated models provide a good indoor thermal comfort expect 

the comparable model, and this is due to the overheating in the summer in this particular zone. The 

issue has been solved by opening control of the windows to cool down the zone without any 

additional energy usage. 

 

Figure 24 PMV in worst zone in respective models 
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Figure 25 PPD in worst zone in respective models 
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4.Discussion 

The main purpose of this paper was to find an energy sufficient way to retrofitting façades on 

lamellar houses from MP, in order to achieve an increased energy performance as well as keep the 

indoor climate in an adequate boundary. There are also many useful guidelines such as LEED 

(Leadership in Energy and Environmental Design), BREEAM (Building Research Establishment 

Environmental Assessment Method) and Svanen (Nordic Swan Ecolabel) that can give sufficient 

information about how a sustainable development shall be practically achieved. All of these 

guidelines have a detailed description of which criteria that need to be fulfilled for a reliable 

achievement of a sustainable development. These criteria have also been discussed by researchers 

from KTH in a report which has been carried out 2014 (Björk, Lind, Annadotter, Högberg, & 

Klintberg, 2014). In this report, a sustainable renovation of houses from MP has been treated from 

a holistic perspective which also can be applicable for this project.  In this chapter, we will discuss 

more detailed about these aspects in following manner. 

 

4.1. Environmental sustainability 

When considering a sustainable environmental renovation of façades of lamellar houses, a primary 

target is to reduce energy usage and increase energy efficiency of buildings. The DGF on windows 

has shown slight improvement of energy consumption of the model. However, the effect is not 

competitive to other methods. The results of simulations of installation of DGF on the existing 

external walls fulfill this criterion. The grand total delivered energy of the model has successfully 

declined to 95,3 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟  respectively  71,1 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 which 

are close to the National requirement 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. Furthermore, the thermal 

comfort and indoor air quality has been improved which is reflected by increased occupancy 

satisfaction vote in all zones in the models. The production of construction waste of this renovation 

of façade is minimal, since no existing walls need to be torn down which is a precondition in some 

other renovation strategies. The harmful substance asbestos has remained unaffected and it will 

limit the risk for exposure of this material. Glass as a building material is also environmentally 

friendly since it consists of nonharmful substances to the environment and is 100% recyclable.   
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On the other hand, the simulations have shown a declined trend on energy usage from scenario 1 

to scenario 6. However, there is only the last exclusive model which is feasible to carry out with 

respect to the maximum permitted energy usage 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. Even though we 

used heat exchanger in scenario 1, the total delivered energy 96.2 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 is 

still above the national requirement. In scenario 5 we have demonstrated the glass’s influence on 

energy usage for the simulated models. However, none of them are feasible if provision in BBR is 

considered. The only solution is the exclusive model with 71.1 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. This 

means even though DGF is environmentally friendly and sustainable strategy to renovate lamella 

houses from Million Programme, it is still impossible to carry out without additional heat 

exchanger in operation. The only solution that may be discussed is the variation with triple glass 

installed on all glass parties. However, it will increase the renovation cost significantly which will 

be discussed in the following paragraph. 

 

4.2. Technological sustainability   

There are many useful strategies in present to renovate houses from MP. Each strategy has its 

advantages and shortcomings. In a renovation context, the choice of technology is a crucial 

begging part of the whole renovation process. In many situations, a number of technical 

alternatives can be available to choose, which can be a challenge for decision makers. 

Conventional techniques are well proved but maybe less effective, and newer innovative 

techniques can be more efficient but more risky. (Björk, Lind, Annadotter, Högberg, & Klintberg, 

2014)  Too many techniques combining with each other in one system may have a dramatical 

effect of energy performance compared to simplified one, but an exaggerated system approach 

leads often to complication in operation phase which is consisted of reparation and maintenance. 

The operational alternative can be, to combine some of them into new concepts with well tested 

methods to create a balanced system to fulfill the renovation purpose. It was also one of the 

essential objectives to this project that combine present strategies in a simple way to achieve an 

expected result, which has been shown in the simulations.  
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 Maintenance in operation phase can be carried out as the same manner as on traditional double 

glass façade without extensive education. This solution has not adopted any other fossil energy 

sources but just solar radiation, which fulfills the criteria for sustainable development in building 

sector. In order to gain more energy from solar radiation, parts of glass on DGF can also be 

replaced by solar panels which can generate both additional heat and power to the house.  

 

However, due to the geographical position, the solar radiation in Sweden is limited, especially in 

winter when the heat demand is largest. This aspect needs to be considered for decision makers 

whether this solution can be a balanced solution when the economic aspect comes in, i.e. how 

much the economic benefits the method can generate for landlords and facility owners after 

renovation, when Sweden’s geographical situation for this method is not the optimal. A 

combination with heat exchanger gives sophisticated result on energy efficiency, yet there is an 

economic consideration need to be balanced even in this scenario. 

 

4.3. Economic sustainability 

One of crucial aspects that need to be considered is investment cost in both design phase, 

construction phase and operation phase. Exaggerated costs will frighten away investors and 

contractors when the potential economic benefits in future are jeopardized. Even though the 

renovation can be carried out with a high cost in the present, it still will cause other complications 

than economy in many concerning fields in the future. 

 

The conceptual design of DGF is by combining the present passive strategies with renewable 

energy sources. It is relatively easy to accomplish compared with other methods. The external 

walls do not need to be torn down and thereby, saving both retrofitting time and cost. The system 

does not require too large place which is competitive against FTX system. The operation and 

maintenance costs are also minimal since no extra mechanical energy is contributed and the system 

can be maintained as same manner as glass façade without more complicated education.  

 

On the other hand, the exclusive model is the only one that can be carried out in respect to the 

energy provision in BBR. The triple glass with low u-value is energy efficient but expensive. The 
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investment cost will be set to spiral when a FTX system is also required to be able to bring down 

the total energy consumption under 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟. The executive model with 

double clear glass in the most feasible one concerning investment cost, but the total energy usage 

95.3𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟  is still above 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 . The only solution 

which is closed to the National provision is the model with all triple glasses on both the double 

glass façades and the windows,88.8 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟, however it can be costly when all 

the windows need to be changed. The question in this circumstance remains as, shall we leave the 

lamella houses unrenovated until a better renovation is available, or there should be room for 

multiplicity of solutions from Boverket as regards to renovation of houses from the million home 

programme. 

 

4.4. Social sustainability 

Another aspect which needs to be discussed is the social consequence after renovation. The 

renovation shall find a balance between improvement of the energy efficiency and limitation of 

the renovation cost. It will give the economic benefits not only to the contractors and house owners, 

but also will be affordable to the tenants who live in these houses, since most part of investment 

costs will lay on the rent after the renovation, which can cause an increased pressure on tenant’s 

economy since most of them who lives in houses from the million home programme are low 

income employees.  

The social sustainability can be studied in many dimensions, but overall, it is to find a balance 

between all of those aspects we have discussed before. The renovation cost often leads to an 

increased rent for tenants who already have a limited income. The consequence of this is that, for 

most of the time, the tenants are forced to move which will create more segregation in society 

following by increased criminality and influence social stability. That was contrary to all essential 

purposes for the Swedish Government of achieving more integrated and mixed communities. 

(Björk, Lind, Annadotter, Högberg, & Klintberg, 2014) In accordance with this aspect, and in our 

specific case, we need to consider not only how much  energy reduction the renovation strategy 

can achieve, but also which solution will provide a better quality of life for individuals, as well as 

create a more equitable and diverse society after the renovation.         
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4.5. Fire safety 

One aspect we have named but not discussed in this paper is fire safety. Since DGF for renovation 

of façade is an unknown subject which has never been studied before, it is therefore difficult to 

find adequate information and regulations regarding fire safety on this type of design approach. 

What is comparable is the studies which has been published about fire safety on double glass 

facades. 

According to a research report in 2016, it still lacks both regulation and knowledge in this field 

and the double glass façade may contribute to an increased fire risk since an initialed fire can easily 

flow up to other parts of the building through the cavities. (Jönsson, Jansson, & Nyman, 2016)  

Even though our model is not a fully enclosed construction, it still may have an increased risk 

regarding fire safety since the sensors in cavities will give an opening signal to both upper and 

lower windows on the DGF to increase natural ventilation. This operation can contribute to rapid 

fire spread if the speed of airflow in the cavities become higher. The risk of fire spread is therefore 

a crucial task to investigate. A conceptual solution is installation of sprinkler in the cavities to 

protect the DGF system. However, it needs more substantial studies to support this proposition. In 

section 5 safety in case of fire in BBR Boverket has detailed descriptions what need to be followed 

when designing a building, this chapter can somehow be treated as a guideline for future 

investigation and analysis, especially 5:8 Requirements for fire protection during alterations 

to buildings  

5:81 General  

Buildings shall be designed with the type of fire protection that ensures that fire safety is 

satisfactory. The design of the fire protection shall assume that a fire could occur. Fire protection 

shall be designed with adequate robustness to ensure all or large parts of the fire protection is not 

knocked out by individual events or stresses. Buildings shall, following the alteration, comply with 

the fire protection requirements in Sections 5:1–5:7. However, the requirements may be satisfied 

in a way other than that specified where the corresponding safety level is still achieved. Deviations 

from the safety level may be made if there are exceptional reasons relating to the scope of the 

alteration and the building's conditions. Rules on allowable deviations are contained in Section 

1:22 and in Sections 5:81–5:87. However, deviations must never result in an unacceptable risk to 
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human safety. If deviations from the requirements in Sections 5:1–5:8 are made, the design shall 

be verified with analytical design in accordance with 5:112. (BFS 2011:26) 

5.Conclusion  

Before making conclusions, it is worth to review the aims that we have presented in earlier chapters 

in this paper. We want to investigate if renovation of façade with double glass can reduce energy 

consumption for a lamella house from the million home programme and at the same time keep the 

indoor thermal comfort in a desirable level. We want to examine if this renovation method can be 

considered as a sustainable renovation strategy as well. From the simulation results we can clearly 

see a decreased energy usage from 121.8  𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟  in scenario 1 to 

71.1 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 in scenario 6, which gives us a confirmation that renovation a 

lamella house in such way is an effective method to limit the energy usage for this type of house 

from the million home programme. Furthermore, in all simulations in this study, the indoor thermal 

satisfaction indices PMV and PPD remain within acceptable boundaries expect the comparable 

model due to the overheating in summertime. This issue has been solved with both shading control 

and control opening on both glasses on the double glass façade and windows in the zones without 

add any energy for cooling. From these points of views, we can conclude that, in respect to energy 

saving purpose, renovation of the façade with additional double glass façade on the existing 

external walls is a feasible method to renovate façade of lamella houses from the million home 

programme, and can be considered as an environmentally and technologically sustainable strategy 

since the method only use energy from renewable energy sources without any additional energy 

source. Our hypothesis is proved as true.  

On the other hand, it needs a more substantial study to prove whether this method can be defined 

as sustainable strategy economically or socially. Especially the exclusive model in scenario 6, 

which is the only solution to fulfills the energy requirement 85 𝐾𝑊ℎ/𝑚2𝐴𝑡𝑒𝑚𝑝 𝑎𝑛𝑑 𝑦𝑒𝑎𝑟 from 

BBR since a combination of both triple glass with low heat transmittance vote and a FTX system 

can be too expensive to carry out. In respect to this consideration, renovation façade with double 

glass can be defined as an economically and socially sustainable renovation strategy, if and only 

if an economic analysis can prove that the method can provide an economic profitability for both 

the landlords and the tenants in long term. 
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