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Abstract 

Fire Safety Engineering for Innovative and Sustainable Building 
Solutions 
 

Funktionsbaserade regler och standarder har länge visat sig vara ett effektivt sätt för att 

främja innovation. Men det är flera saker som behövs för att säkerställa kreativa och 

robusta miljöer. Kvaliteten måste säkerställas och det måste finnas tydliga 

förutsättningar för byggandet i kombination med ett regelverk som ger utrymme för 

nytänkande. Nordiska ministrar har också konstaterat att det finns det barriärer och 

handelsproblem på den nordiska byggmarknaden på grund av skillnader i regler och 

kontrollförfaranden. Av dessa skäl är det viktigt för byggsektorn i Norden att 

vidareutveckla funktionsbaserade standarder inom det nordiska samarbetet. 

Brandsäkerhet är ett komplext kompetensområde som traditionellt har byggt på 

detaljerade regler. Detta beror bland annat på att brandsäkerhet är svårt att mäta och 

verifiera. Detta framgår av det faktum att de flesta nordiska länderna i många 

situationer fortfarande använder sig av de föreskrivande bestämmelserna som 

innehåller specifika lösningar, och som ofta skiljer mellan länderna. Detta 

tillvägagångssätt kan resultera i alltför konservativt och fördyrande brandskydd. 

Schablonregler riskerar att öka kostnaderna, hindra innovation och minska 

hållbarheten genom att begränsa användningen av vissa material. 

Till skillnad från föreskrivande föreskrifter anger inte funktionsbaserade krav hur man 

ska uppnå brandsäkerhet. I stället formuleras prestandakrav i regelverket och en 

lösning tillåts som uppfyller dessa krav på prestanda, vilket möjliggör en mängd olika 

möjliga lösningar. Dessa lösningar kan optimeras för både kostnad och hållbarhet. 

Norden är ledande i Europa inom funktionsbaserat brandskydd men saknar samtidigt 

en gemensam plattform. Detta medför att verifieringsprocedurer, resulterande 

lösningar och risknivåer varierar mellan länderna. Nya verifierings- och 

kontrollprocesser finns och den senaste forskningen kan ge en gemensam grund för att 

främja innovativt brandskydd. Nästa steg för de nordiska länderna är att utveckla 

gemensamma standarder som är funktionsbaserade för att underlätta innovation, 

handelsfrihet och hållbarhet. 

Det nordiska brandsäkerhetsprojektet för innovativa och hållbara byggnadslösningar, 

finansierat av Nordic Innovation, SBUF (Svenska Byggbranschens Utvecklingsfond) 

och DIBK (Direktoratet for byggkvalitet), startade i juni 2014 och avslutades i augusti 

2017.  

Målet med detta projekt var att producera förslag på två praktiska specifikationer inom 

två områden inom brandteknik. Förslagen har lämnats över till det nordiska 

standardiseringssamarbetet, INSTA. Målet är att standarderna ska gå ut på remiss 

under 2017 och publiceras under 2018. Förslagen är: 

• Standard för probabilistisk metod för att verifiera brandskydd i byggnader 

• Standard för kontroll och granskning i byggprocessen 
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Publikationerna har skräddarsytts för den nordiska byggregelmiljön och har 

projektdeltagare från samtliga fem nordiska länder. Projektet stödjer nordisk 

harmonisering av brandsäkerhet som i slutändan kan underlätta innovation, hållbart 

byggande och ökad handel med tjänster och produkter. 
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Background 
The construction sector faces many significant challenges while trying to introduce 

innovative technology into a conservative industry that also faces increasing pressure to 

reduce costs while focusing on sustainability. These challenges include providing 

solutions and catering for an aging population, new energy requirements (which 

motivate the focus for sustainable construction), coping with changing climate loads, 

trade barriers due to national requirements, as well as ever more adventurous 

expressions of architectural creativity. 

The newly implemented Construction Products Regulation (CPR) addresses some of 

the problems with barriers of trade but it is incomplete. While the CPR is a first step, it 

only addresses specific construction products, and additional efforts will be needed 

within the Nordic countries to remove barriers of trade for the construction sector in a 

wider context. The Nordic countries have strong cultural ties and other similarities, and 

are therefore in an ideal position to take the next step towards stronger cooperation. 

All of the Nordic countries have introduced performance-based building codes. 

However, the implementation of performance-based codes has been delayed and has 

caused many conflicts because of the lack of standardized FSE-verification methods 

(Fire Safety Engineering). Designers rely on the pre-accepted solutions to avoid 

trouble, and local authorities are opposing performance-based codes because they 

question whether or not the design is meeting the regulations. 

Differences in regulations and practices are causing problems for the trade of products 

and services. The problem for the trade barriers within the Nordic countries has been 

identified by the Nordic ministries and one goal is to create a unified Nordic 

construction market. 

The challenge in this project is to create performance-based standards for fire safety 

engineering that will facilitate the design processes and technical innovations in a 

robust and sustainable way. 
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Summary 
Performance-based regulations and standards have long been proven and effective way 

to facilitate innovation. However, several necessary elements are needed to ensure 

creative yet robust environments. Also, Nordic ministers concluded that there are trade 

problems in the Nordic construction market due to differences in building regulations 

and verification and control procedures. It is important for the construction industry in 

the Nordic countries that the further development of performance-based standards is 

performed via Nordic collaboration. 

Fire safety is a complex field of expertise that is traditionally prone to detailed 

regulations. One important reason is that it is hard to measure and verify adequate fire 

safety. This is demonstrated by the fact that most Nordic countries in many situations 

still rely on the prescriptive regulations containing specific solutions. This approach 

may often result in overlap of fire safety features and overly conservative design. These 

regulations increase costs, hamper innovation and reduce sustainability by restricting 

usage of some materials while demanding the use of the others. 

Unlike prescriptive regulations, performance based regulations do not specify how to 

achieve fire safety. Instead, performance-requirements are formulated in the 

regulations and any solution is permitted which meets these requirements on 

performance, thus allowing a variety of different possible solutions. These solutions 

may be optimized for both cost and sustainability. 

Nordic countries are European leaders in the introduction and use of performance-

based regulations but lack a common understanding, resulting in a variation in 

verification procedures and resulting solutions and risk levels. New verification 

methods exist and new research provides a common basis for the implementation of 

innovative methods. The next step for the Nordic countries is to develop common 

standards that are performance-based to facilitate innovation, freedom of trade, but 

also consistency. 

Aim of the project 
The aim of the project is creating new verification methods from a practical perspective 

to facilitate the implementation of performance-based regulations and thereby increase 

the use of innovative design and technology in the industry, such as green/sustainable 

buildings. 

New innovative construction products may be used in the built environment, proven to 

be fire safe yet able to meet the changing requirements of society. 

Therefore, INSTA standards/specifications are produced, providing the methods to 

facilitate innovative design by fire safety engineering methods and providing guidance 

on the process that lead to safe and innovative fire safety design. 
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1 Description of the Work Packages 
Each Work Packages are described below. For each of them, a table shows the original 

milestone plan and the possible deviations meet during the project.  

1.1 WORK PACKAGE WP 1 - Identification and 

Analysis of the Barriers to Innovation and Trade  

 

Aim 
To develop a specific technical method, for verification of innovative 

and sustainable solutions 

Start 01.06.2014 

End 28.02.2015 

Responsible Björn Karlsson, Iceland Construction Authority 

Results 
Problems and barriers to trade and innovation are addressed and a 

technical verification is proposed 

Deliverable 
A status report on the current situation, with prioritized areas for 

further progress ( in WP 2 and WP 3) 

 

The work package contains a screening of the building regulations in the Nordic 
countries to identify barriers. 
WP1 was completed on schedule in February 2015 (as originally  planned), under the 
leadership of the Icelandic Construction Authority, with the publication of a report 
entitled Report on WP1 - Identification and Analysis of the Barriers to Innovation and 
Trade.  
More precisely, the report provides brief background on fire safety engineering 
methods in the Nordic and European countries. Also, it gives an overview of how such 
methods are used in combination with performance-based codes, presenting a 
discussion on how and why performance-based codes were developed, and how such 
codes contributed towards enhancing fire safety engineering practices.  
An overview of the building codes in the Nordic countries with emphasis on fire safety 
engineering is given.  
And finally, a discussion is conducted on the main problems and challenges related to 
fire safety engineering, based on questionnaires distributed to fire safety engineers and 
authorities and practical experience among fire safety engineers.  
The report of the WP1 is provided in Annex A. 

 

 

 

1.2 WORK PACKAGE WP 2 – Development of 

Probabilistic Verification Method 
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Aim 
Identification of the problems and prioritization of necessary actions, 

for use in the later work packages 

Start 01.01.2015 

End 31.03.2016 

Responsible John Utstrand, COWI 

Results 
Problems and barriers to trade and innovation are addressed and a 

technical verification method is proposed 

Deliverable 
A preliminary technical verification method for use in fire safety 

engineering. Final version published in WP5. 

 

WP2 started in January 2015 and completed in March 2016, under the leadership of 

COWI, with the production of a preliminary specification document that provides 

guidance on a basic probabilistic approach, supported by quantitative analysis, 

suggested acceptance criteria, and a collation of relevant fire statistics and reliability 

data. This document is entitled Fire Safety Engineering – Probabilistic Methods For 

Verifying Fire Safety Design in Buildings. 

Description of the document: 

In fire safety engineering, compliance with fire safety regulations can be demonstrated, 

either by the use of pre-accepted solutions that are defined by the building authorities, 

or by using fire safety engineering methods.  

Fire safety engineering methods can be used to demonstrate fire safety in two ways: 

1. The use of fire safety engineering methods in order to compare a design to pre-

accepted solutions; 

2. The use of fire safety engineering methods for the evaluation of a design against 

absolute criteria.   

A lack of absolute criteria has been a hinder to extensive use of the second approach, 

and this Technical Specification aims to provide guidance also for analyses where pre-

accepted solutions are invalid or where a comparative approach is not considered 

optimal. The execution of these methods requires input data which represent the 

frequency of events and an absolute criterion which correspond to an acceptable level 

of safety. In order to facilitate the implementation of performance-based regulations 

for non-pre-accepted solutions, this Technical Specification provides performance 

criteria, guidance on the use of fire safety engineering methods and guidance on the use 

of input parameters, such as reliability data and statistics. 

This Technical Specification is supplementary to the INSTA/TS 950 Technical 

Specification, which describes comparative methods for assessments that use pre-

accepted solutions as a basis. As INSTA/TS 950 has a primary focus on deterministic 

methods, this Technical Specification also provides guidance on a probabilistic 

approach to comparative analysis. 

The result of this Work Package is not presented in this current document as it was only 

a work document being further developed in WP5. 



 

© RISE Research Institutes of Sweden 

 

1.3 WORK PACKAGE WP 3 – Development of 

Building Process Focusing on Review and Control of 

Fire Safety Engineering 

 

Aim 
To develop a process to facilitate development and verification of 

innovative and sustainable solutions 

Start 01.01.2015 

End 31.03.2016 

Responsible Johan Noren, Briab 

Results 
This work package will address process oriented problems identified in 

WP 1 and will result in the development of a preliminary specification 

Deliverable 
A preliminary specification for the process leading to verification of 

innovative and sustainable design. Final version published in WP5. 

 

WP3 started concurrently with WP2 in January 2015 and completed in March 2016, 

under the leadership of Briab, with the production of a preliminary specification 

document that provides a harmonized process for the review and control of fire safety 

engineering designs, applicable for innovative and sustainable fire safety engineering 

solutions. This document is entitled Fire Safety Engineering – Control in the Building 

Process. 

This Technical Report provides guidance about review and control of fire safety design 

in the building process. It is based on previous Nordic work (NKB, 1994), work 

conducted by ISO TC92/SC4 on fire safety engineering and SFPE Guidelines (SFPE, 

2007 and 2009).  

The result of this Work Package is not presented in this current document as it was only 

a work document being further developed in WP5. 

 

1.4 WORK PACKAGE 4 – Application of WP2 and 

WP3 Methods on Practical Cases in the Nordic 

Countries 

 

Aim 
To use and test the products of WP 2 and WP 3 in practical 

application, i.e. real buildings projects 

Start 01.01.2016 
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Aim 
To use and test the products of WP 2 and WP 3 in practical 

application, i.e. real buildings projects 

End 31.12.2016 

Responsible Thomas Järphag, NCC 

Results 

Experience from the use of the products of WP 2 and WP 3 and 

the application of the methods on actual cases for evaluation 

purposes 

Deliverable 
A report on the case study, using the products of WP 2 and WP 

3 

 

WP4 started in February 2016 and completed in December 2016, under the leadership 

of RISE (as explain in the Progress Report of 2016, a change from the previous 

nominated leader NCC). 

The primary objective of WP4 is to use and test the outputs (preliminary specifications) 

from WP2 and WP3 in practical applications. Seven case studies have been performed 

in the case of the WP2, two case studies in the case of the WP3. 

Also, both documents have been reviewed by an expert (Dr. Brian Meacham, Associate 

Professor at Worcester Polytechnic Institute, USA). 

The WP4 report, namely WP4 Report – Application of WP2 and WP3 Methods on 

Practical Cases in the Nordic Countries is provided in Annex B. 

 

 

 

 

 

 

1.5 WORK PACKAGE 5 –Recommendations and 

Finalization 

 

Aim 

To finalize and produce two specifications or standards that 

facilitate sustainable and innovative solutions by fire safety 

engineering  

Start 01.08.2016 

End 31.05.2017 

Responsible Michael Strömgren, RISE 
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Aim 

To finalize and produce two specifications or standards that 

facilitate sustainable and innovative solutions by fire safety 

engineering  

Results 
Revision of the delivered reports of WP 2 and WP 3 based on 

conclusions of WP 4 

Deliverable 
Final version of the two reports from WP 2 and WP 3, to be 

published as technical specifications or standards 

 

WP5 has started in August 2016 and completed in May 2017, under the leadership of 

RISE. 

The first version of the specification document of the WP2 and WP3 has been modified 

according the outcomes of WP4. Both documents are now under the formatting process 

for a publication as standard/guidance. The National Standardization Bodies (SFS from 

Finland, SIS from Sweden, SN from Norway) have approved the proposals and their 

willingness to participate actively in the work.  

In Annex C and Annex D, the final versions of the specifications Fire Safety 

Engineering – Probabilistic Methods For Verifying Fire Safety Design in Buildings, 

and Control in the Building Process are presented. 
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2 Future work after the project 
The National Standardization Bodies (SFS from Finland, SIS from Sweden, SN from 

Norway) will process the specifications from WP 2 and WP 3 into INSTA documents. 

Indeed, those bodies have approved the proposals and their willingness to participate 

actively in the work. In addition, IST (Iceland) approves the establishment of an INSTA 

Technical Committee for Fire Safety Engineering (INSTA/TC FSE) but without direct 

participation. Standard Norway will hold the secretariat of this INSTA Technical 

Committee. In that sense, Vidar Stenstad (SN) has been nominated as chair of the 

INSTA/TC FSE and Lisbet Landfald (SN), will be secretary.  

Therefore, SIS, SFS, SN, IST and DS (Danish Standard body) have been invited to 

nominate national delegates/experts to the new INSTA/TC, and the following are the 

nominated members of INSTA/TC FSE:  

For Finland: Esko Mikkola. 

For Norway: Anne Steen-Hansen, RISE. 

For Sweden: Michael Strömgren, RISE (now, BRIAB) and Karin Ekström, SIS (as 

observer). 

For Denmark: To be determined. 

For Iceland: No active participation  

A possible publications of the specifications from WP 2 and WP as standards will be in 

the first quarter of 2018.   
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3 Communication 
Here the list of the communications activities during the project: 

• In June 2015 a presentation entitled Fire Safety Engineering for Innovative 
and Sustainable Building Solutions was made at the 1st SFPE Europe 
Conference on Fire Safety Engineering in Copenhagen. 

• In May 2016, two presentations were made during the 11th Conference on 
Performance-Based Codes and Fire Safety Design Methods, which took place 
in Warsaw, Poland. The first relates to the work of WP2 and is entitled 
Probabilistic Fire Risk Analysis in the Nordic Region. The second, relating to 
WP3, is entitled Fire Safety  Engineering for Innovative and Sustainable 
Building Solutions – Development of Building Processes Focusing on Review 
and Control of Fire Safety Engineering. 

• A presentation entitled Fire Safety Engineering for Innovative and Sustainable 
Building Solutions was made at the Nordic Fire and Safety Days, the 16th and 
17th June 2016 in Copenhagen, Denmark. 

• An article entitled Next Generation Nordic Fire Safety Engineering has been 
published within the English version of Brandposten (number 55, 2017: 
http://www.mypaper.se/show/sp/show.asp?pid=3553551157066694). 

• Seminars has been organized during May 2017, one in Malmö, Sweden and one 
in Oslo, Norway. 

• A presentation entitled Fire Safety Engineering for Innovative and Sustainable 
Building Solutions, Future Standard for control and review was made at the 
Nordic Fire and Safety Days 2017, in Copenhagen, Denmark. 

 

As requested by Nordic Innovation, the following paragraph consists on a press release 

 

Press Release – Fire Safety Engineering For Innovative 

and Sustainable Building Solutions 

The Nordic fire safety engineering project (funded by Nordic Innovation, SBUF, DIBK  
and own contributions by project participants) for innovative and sustainable building 
solutions is now finalized. We produced practical specifications on two areas within fire 
safety engineering: 

• Standard on Probabilistic Method to Verify Fire Safety Design in Buildings 

• Standard on Control in the Building Process 
This project is important as it supports Nordic harmonization of fire safety which in the 
end may facilitate trade of services and products. We all share challenges in our 
societies as we introduce new technologies and aim for more sustainability, often 
challenging traditional fire safety concepts. For example, some cases where traditional 
fire safety regulations may hinder building design are: 

• passive housing 

• energy efficiency and use of combustible materials 

• green facades or roofs 

• tall buildings 
So what is new in these standards? There are plenty of guidelines and standards on fire 
safety engineering by British standards, SFPE, ISO and others. What we have 
developed is however tailored for the Nordic context which is a region that has used fire 
safety engineering for quite some time now. In some areas, the Nordic region is doing 
pioneering work. Some things we are trying to achieve in this work are: 

http://www.mypaper.se/show/sp/show.asp?pid=3553551157066694
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• turning good knowledge into practice 

• take recommendations one more level 

• bridge the gap between probabilistic criteria, such as FN-curves and acceptance 
criteria used in scenario based design 

• quality control & review in the building process 
We have come far enough to treat the new publications and review them for different 
type of cases in the Nordic countries. During the winter 2017-2018, the INSTA process 
will start in order to make specifications into INSTA documents.  
The project is led by RISE and has the following partners: 

Sweden Iceland Denmark Finland Norway 

RISE Safety 

Iceland Construction 

Authority 
DBI 

KK Palokonsultti  

DiBK 

Briab RISE Fire Research 

AS Boverket 

Brandskyddslaget 

Iceland Fire Research 

Institute 
Rambøll 

COWI 
Lund University 

NCC Standards Norway 

 

 

Photo 2: Meeting at DBI for the finalization of the WP 4.  

From the right to left: 

Esko Mikkola (KK Palokonsultti, Finland), Johan Noren and Fredrik Nystedt (BRIAB, 

Sweden), Annemarie Poulsen (formerly Rambøll, Denmark), Bengt Gåfvels (NN, 

Sweden), Anne Sønderskov Nielsen (If, Denmark), Pierrick Mindykowski (RISE, 

Sweden), Anders Dragsted (DBI, Denmark). 



 

© RISE Research Institutes of Sweden 

Not shown on the picture but present by skype: Anne Elise Steen-Hansen (RISE Fire 

Research AS), Björn Karlsson (Iceland Construction Authority, Iceland). 

Picture taken by Michael Strömgren (formerly RISE, Sweden). 
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4 List of the appendices 

4.1 Appendix A 

Document name: WP1 – Identification and analysis of the barriers to innovation and 

trade 

4.2 Appendix B 

Document name: WP4 – Application of WP2 and WP3 Methods on practical cases in 

the Nordic countries 

4.3 Appendix C 

This document is part of the final outcome of the Work Package 5. It consists of the 

implementation of the modifications of the specification document (Work Package 2) 

found during the process of the Work Package 4. 

Document name: Probabilistic method to verify fire safety design in buildings 

4.4 Appendix D 

This document is part of the final outcome of the Work Package 5. It consists of the 

implementation of the modifications of the specification document (Work Package 3) 

found during the process of the Work Package 4. 

Document name: Control in the building process 

4.5 Appendix E 

Document name: Economic Report 
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5 Appendix A: WP1 – Identification and 

analysis of the barriers to innovation and 

trade 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 



 

© RISE Research Institutes of Sweden 

 

  



 

© RISE Research Institutes of Sweden 

6 Appendix B: WP4 – Application of 

WP2 and WP3 Methods on practical cases 

in the Nordic countries 
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7 Appendix C: Probabilistic method to 

verify fire safety design in buildings 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

  



 

© RISE Research Institutes of Sweden 

8 Appendix D: Control in the building 

process 

 

 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

 



 

© RISE Research Institutes of Sweden 

 

  



 

© RISE Research Institutes of Sweden 

Through our international collaboration programmes with academia, industry, and the public sector, we 

ensure the competitiveness of the Swedish business community on an international level and contribute 

to a sustainable society. Our 2,200 employees support and promote all manner of innovative processes, 

and our roughly 100 testbeds and demonstration facilities are instrumental in developing the future-

proofing of products, technologies, and services. RISE Research Institutes of Sweden is fully owned by 

the Swedish state. 

 

I internationell samverkan med akademi, näringsliv och offentlig sektor bidrar vi till ett 

konkurrenskraftigt näringsliv och ett hållbart samhälle. RISE 2 200 medarbetare driver och stöder alla 

typer av innovationsprocesser. Vi erbjuder ett 100-tal test- och demonstrationsmiljöer för framtidssäkra 

produkter, tekniker och tjänster. RISE Research Institutes of Sweden ägs av svenska staten. 

  

 

 

RISE Research Institutes of Sweden AB 

Box 857, SE-501 15  BORÅS, Sweden 

Telephone: +46 10 516 50 00 

E-mail: info@ri.se, Internet: www.ri.se 

Safety 

RISE Report 2017:42 

ISBN: 

 


