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Abstract  
 

Energy and climate efficient building systems 
 

In the collaborative forum Positive footprint housing® Riksbyggen is building the Viva 

residential quarter, which is a sustainability project at the very forefront of what is possible 

with contemporary construction. The idea is that this residential quarter should be fully 

sustainable in ecological, economic and social terms. Since 2013, a number of pilot studies 

have been completed under the auspices of the Viva project framework thanks to financing 

from the Swedish Energy Agency.  

 

The various building frame alternatives that have been evaluated are precast concrete, cast 

in-situ concrete and solid wood, all proposed by leading commercial suppliers. The report 

includes a specific requirement for equivalent functions during the use phase of the 

building, B. An interpretation has been provided that investigates the building engineering 

aspects in detail, as well as an account of the results based on the social community 

requirements specified in Viva, durability, fire, noise and energy consumption in the 

Swedish National Board of Building, Planning and Housing building regulations (BBR), 

plus Riksbyggen’s own requirements, Sweden Green Building Council’s Environmental 

Building Gold (Miljöbyggnad Guld) and 100-year life cycle. Given that the alternatives 

have different long-term characteristics (and also that our knowledge of these 

characteristics itself varies), these functional requirements have been addressed by setting 

up different scenarios in accordance with the EPD standard EN 15978. 

 

Because Riksbyggen has specified a requirement for a 100-year life cycle, we have also 

opted for an analysis period of 100 years. 

 

The results show no significant differences between concrete and timber structures for the 

same functions during the life cycle, either for climate or for primary energy. The minor 

differences reported are accordingly less than the degree of uncertainty involved in the 

study. 

 

The available documentation on the composition of the relevant intumescent paint coating 

on solid wood frames differs from source to source, so it was not possible to fully allow for 

the significance of this.  

 

The LCA has not included functional changes in the building linked to load-bearing 

characteristics, noise, moisture, health or other problems that may result in increased 

maintenance and replacement. The concrete houses have been dimensioned for 100 years, 

for instance, in accordance with tried and tested standards and experience. The solid wood 

house is not dimensioned in the same way, and this has led to us having to assume various 

scenarios.  

 

The results also show the following: 

 

• The uncertainties involved in comparing different structures and alternative 

solutions are very significant. The results are affected by factors such as life 

cycle, the functional requirements taken into consideration, transportation, 

design and structural details, etc. 

 

• Variations in the built items and a considerable degree of uncertainty in the 

assumptions make it difficult to obtain significant results on comparisons. Only 

actual construction projects with known specific data, declared from a life 

cycle perspective that takes into account actual building developer 
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requirements and involving different scenarios (best, documented and worst-

case) for the user stage can currently be compared. 

 

• In the other hand, comparisons restricted to different concrete structures only, 

or to different timber structures only, ought to involve a lower degree of 

uncertainty. These would then provide results that are significant as well as 

improvement requirements that are relevant. 

 

• There is potential for improving concrete by imposing requirements on the 

material  

 

• There is potential for improving solid wood frames by developing and 

guaranteeing well-documented long-term characteristics for all functional 

requirements.   

 

The LCAs were performed as an iterative process where all parties were given the 

opportunity to submit their viewpoints and suggestions for changes during the course of 

the work. This helped ensure that all alternatives have been properly thought through. 

 

Because, during the project, Riksbyggen opted to procure a concrete frame, in the final 

stage the researchers involved focused on ensuring the procurement process would result 

in the concrete frame as built meeting the requirements set out above. As things currently 

stand, the material requirements for the concrete are limited by the production options open 

to the suppliers, and this is therefore being investigated in the manufacture of precast 

concrete frames for the Viva cooperative housing association. 

 

Key words: building systems, climate impact, CLT wood frame, lean concrete frame, 

sustainable building, LCA, EPD 
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Preface 
 

The energy and climate-efficient construction system project has been carried out with the 

support of the Swedish Energy Agency. The work was divided into three parts, of which 

this report covers the third part, and is a comparative analysis of three different frame 

options. The project has studied a property that Riksbyggen plans to build in the Viva 

residential district, next to Chalmers University of Technology in Gothenburg. 

 

LCA calculations have been performed by Joakim Norén and Diego Peñaloza, SP 

Sustainable Built Environment (wood), and Nadia Al-Ayish and Otto During, CBI – 

Swedish Cement and Concrete Research Institute (concrete).  Eva-Lotta Kurkinen, SP 

Sustainable Built Environment, was responsible for compiling the report based on the LCA 

calculations performed. 

 

Information on the calculations was provided by other participants in the project, who are: 

• Strängbetong AB 

• Thomas Betong AB 

• Martinsons Byggsystem AB 

• Malmström Edström Arkitekter 

• Göteborgs Energi 

• Cementa 

• SP Energy Technology 

• Bengt Dahlgren 

• Riksbyggen 
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Summary  
 

In the collaborative forum Positive footprint housing®1 Riksbyggen is building the Viva 

residential quarter, which is a sustainable project at the forefront of what it is possible to 

build today. The residential quarter must be fully ecologically, economically and socially 

sustainable. Since 2013, financing from the Swedish Energy Agency has allowed a number 

of feasibility studies to be carried out within the framework of the Viva project.  

 

The different frame options that have been assessed are precast concrete, concrete cast-in-

situ and solid wood, all proposed by leading commercial suppliers. The report includes 

specific requirements for equivalent functions during the building’s use phase. On the basis 

of the requirements made in the Viva project for durability, fire, noise and energy 

consumption in accordance with the Swedish National Board of Housing, Building and 

Planning Building Regulations (BBR) and Riksbyggen’s own requirements for 

Miljöbyggnad Guld certification from the Sweden Green Building Council and a 100-year 

service life, a wider interpretation of building technology and result reporting has been 

made. As the options contain a variety, as well as varying knowledge, of long-term 

properties, these functional requirements have been handled by establishing different 

scenarios in accordance with the EPD standard EN 15978. 

 

As Riksbyggen requires a service life of 100 years, an analysis period of 100 years has also 

been selected.  

 

The results show no significant differences in relation to climate or primary energy between 

concrete and timber structures with regard to the same functions during the building’s 

service life. The minor differences reported are therefore less significant than the 

uncertainties in the study. 

 

The documentation available on this regarding the actual composition of fire retardant paint 

for solid wood frames differs between different sources, which is why its significance 

cannot be fully taken into account.  

 

The LCA study did not include changes in function of the building associated with 

durability, noise, damp, health or other issues that could result in increased maintenance 

and replacement. The concrete buildings have, for example, been dimensioned for 100 

years in accordance with proven standards and experience. The proposed solid wood 

building lacks corresponding dimensioning. This relative difference means the structures 

are not really comparable, resulting in the assumption of several scenarios. 

 

The results also show; 

 

• that the uncertainties in comparisons of different structures and alternative 

solutions are very high. Factors such as service life, consideration of functional 

demands, transport, design and structural components, etc. impact the result. 

 

                                                      
1Positive Footprint Housing® is a collaborative forum in Gothenburg initiated by Riksbyggen, 

with partners from Chalmers, University of Gothenburg, Johanneberg Science Park, Göteborg 

Energi, Malmström Edström Arkitekter, Bengt Dahlgren and SP. The aim is to create holistic 

thinking around sustainable housing and urban development, focusing on the human aspect. The 

forum focuses on social sustainability and reduced environmental impact, and members include 

researchers with expertise in architecture, technology and within the social sphere. The “energy 

and climate-efficient construction systems” research project, which includes this work, originated 

in this forum. 
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• variations in what is built and high uncertainties in assumptions make it difficult 

to obtain significant results from comparisons. Only real construction projects with 

known, specific data declared from a life cycle perspective that take into account 

real contractor requirements and include different scenarios (best, documented, 

worse case) for the chain of use can be compared today. 

 

• nonetheless, comparisons between different concrete structures and between 

different timber structures contain less uncertainties, which offers the possibility 

of both significant results and relevant requirements for improvement. 

 

• improvement opportunities for concrete by setting material requirements.  

 

• improvement opportunities for solid wood frames by developing and ensuring 

well-documented long-term properties for all functional requirements.   

 

LCAs were carried out as an iterative process where all parties had the opportunity to 

submit opinions and proposals for changes during the work process. This has contributed 

to a good review of all options from different perspectives.  

 

As Riksbyggen opted to procure a concrete frame during the project, researchers involved 

in the final stage focused on ensuring that the requirements above were met during 

procurement of the constructed concrete frame. The limit for material requirements for 

concrete currently depends on the suppliers’ production options, which were also 

investigated with production of precast concrete frames for Brf. Viva. 
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1 Introduction 
In the collaborative forum Positive footprint housing2 Riksbyggen is building the Viva 

residential quarter, which is a sustainable project at the forefront of what it is possible to 

build today. The residential quarter must be fully ecologically, economically and socially 

sustainable. Since 2013, financing from the Swedish Energy Agency has allowed a number 

of feasibility studies to be carried out within the framework of the Viva project.  

 

The different options assessed were a frame using precast concrete, a frame in concrete 

cast-in-situ and a solid wood frame. Based on Riksbyggen’s preliminary planning and 

parallel subprojects, Martinsons Byggsystem AB, Strängbetong AB and Thomas Betong 

AB submitted proposals they judged to be realistic and which formed the basis for the 

climate and energy declarations. The basis for the calculations are the drawings produced 

by the architects at Malmström Edström, who also calculated the surface of floor structures, 

balconies and other types of walls. A concrete foundation is also included in the 

calculations, and is the same for all options. The comparison has been made on buildings 

that have the same living area (BOA) In addition to concrete cast-in-situ, the frame cast-

in-situ also includes concrete floor slabs and balconies in precast concrete. 

 

The project was formally reported in autumn 2015, with results including the following [1]; 

 

“Within the framework of the energy and climate-efficient construction system project, the 

environmental impact of the different structure types was analysed over its full life cycle. 

Factors that could have an impact, such as material selection, transport, heating systems, 

etc., were identified. The results show that where there is an active selection of factors that 

could have an impact, we do not see any differences in relation to climate or primary energy 

between concrete and timber structures during the building’s life cycle.”  

   

CBI – The Swedish Cement and Concrete Research Institute has also submitted separate 

guidelines to Riksbyggen for material requirements within the actual procurement of the 

selected frame in precast concrete. 

 

Subproject 3, to which this report relates, was extended in autumn 2015, and includes a 

further development of the LCA method by including requirements for equivalent functions 

in the user phase. The functional requirements in the user phase B were designed as 

scenarios in accordance with the EPD standard EN 15978 in the analyses. The extension 

of subproject 3, was therefore expanded with: 

 

• A wider interpretation of building technology and result reporting based on the 

requirements in Viva for functional durability, fire, noise and energy in the 

Swedish National Board of Housing, Building and Planning Building Regulations 

(BBR) and Riksbyggen’s own requirements for Miljöbyggnad Guld certification 

from Sweden Green Building Council and a 100-year service life.  

 

Riksbyggen made the decision to procure frames in precast concrete based on the document 

produced in summer 2015. The structure procured was further developed and planned in 

                                                      
2 Positive Footprint Housing® is a collaborative forum in Gothenburg initiated by Riksbyggen 

with partners from Chalmers, University of Gothenburg, Johanneberg Science Park, Göteborg 

Energi, Malmström Edström Arkitekter, Bengt Dahlgren and SP. The aim is to create holistic 

thinking around sustainable housing and urban development, focusing on the human aspect. The 

forum focuses on social sustainability and reduced environmental impact, and members include 

researchers with expertise in architecture, technology and within the social sphere. The “energy 

and climate-efficient construction systems” research project, which includes this work, originated 

in this forum.  
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detail, and is not the same as that used in this report. Nevertheless, E2B2 approved a follow-

up project which will, among other things, produce climate and energy declarations for the 

structure actually built while also allowing widespread use of the experiences gained in this 

project on procurement of climate and energy efficient concrete construction.  

 

1.1 Goal 
The goal of the study was to create and document decision data on the climate and energy 

impact for selection of frame material and facade in the planned residential buildings. The 

result from the study is intended to be used in detailed planning when, among other things, 

material selection and structural design are finally decided. 

 

In connection with the extension of the subproject, the goal was expanded to also include 

development of the LCA method linked to fulfilment of requirements for durability, fire 

and energy consumption during building use, i.e. module B in accordance with standard 

EN 15804. 
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2 Viva Tenant-owner association  
Viva is a residential quarter planned in the Johannesberg district of Gothenburg, next to 

Chalmers University of Technology. The total living area is 6,078 square metres, divided 

into three low and three higher buildings on a slope. 

 

 
Figure 1. Model of Brf. Viva. 

 

The planned flats are relatively small, which will be compensated with large shared areas 

and the option of growing plants on the roof. The floor space in the flats can easily be 

adapted to different needs via a number of moveable, light walls. The long planned service 

life of 100 years was chosen because it collectively gives a low environmental impact per 

year. 

 

The study only covers the materials and products included in the building’s climate 

envelope, including interior walls, floor structures, other frame stabilising components and 

foundation. The exterior sections of the respective structure taken into account in this report 

are reported in Figure 2. 

 

 
Figure 2. The share of total building sections (total area 27,204 m2). The quantities were 

obtained from Malmström Edström Arkitekter Ingenjörer AB.  
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3 The project work method and description of 

the frames 
 

3.1 Project work method 
In 2013, Riksbyggen invited three commercial operators to submit proposals for reasonable 

designs for solid wood (Martinsons), precast concrete (Strängbetong) and concrete cast-in-

situ (Thomas Betong). The frames must fulfil society’s standard requirements for 

durability, fire and energy consumption, have Miljöbyggnad Guld certification from 

Sweden Green Building Council, and be classified according to SundaHus. Building 

components are described in Appendix A.  

 

Energy consumption and climate impact are analysed and assessed based on the project 

requirements and conditions. Previous results have been published in an internal report the 

Energy Group’s Report of 15 October 2014 with participation from Riksbyggen, Göteborg 

Energi, Chalmers, Malmström Edström Arkitekter, SP Sustainable Built Environment and 

CBI Swedish Cement and Concrete Research Institute under the management of Bengt 

Dahlgren AB. These results were delivered to Riksbyggen, which used them as decision 

data in the selection of frames with precast concrete. The results have been presented by 

Riksbyggen in many contexts, including a press release [2] and an article by Otto During 

in Bygg & Teknik [3]. 

 

This report has the same basis, the proposals submitted by the company in 2013, which 

have been developed further in some sections, with respect to material quantities, etc. 

 

In addition, the impact of the structures during the use phase (B2, B4 and B6) was 

developed by starting with the requirements for durability, fire and energy as reported in 

various scenarios in accordance with the EDP standard EN 15978. Due to varying 

information on maintenance, replacement and transport for the solid wood building, two 

scenarios have been developed, essentially;  

 

Scenario 1 – primarily based on the supplier’s own data, “best case” 

 

Scenario 2 – primarily based on published results and documents, “proven cases” 

 

It should also be possible to consider scenario 3 (“worst case”), which occurs when the 

service life is only 50 years and the whole building must be reconstructed, but this scenario 

has not been calculated. 

 

This work requires incredibly detailed knowledge, and the work has had to be limited in 

some cases. This primarily relates to functions during the use phase, such as health, damp 

issues, etc. The consequences of this are reported in the report. Installations are not 

included either.  

 

3.2 Solid wood frame with cross-laminated timber 
The building with solid wood frame is based on a construction system with load-bearing 

elements in cross-laminated timber (also called CLT or solid wood) produced by 

Martinsons in Bygdsiljum Today, this system is used in blocks of flats with wood frames 

that are taller than four storeys.  

 

Cross-laminated timber is used in external walls, load-bearing walls, intermediate floor 

structures and in balconies and access balcony floor structures. In flat dividing walls and 

room dividing non-load bearing interior walls, the frame is structural timber. The building 

sections are reported in Appendix A. A summary of materials included in the different 
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building sections is available in Table 1. The building with solid wood frame has the same 

foundation structure in concrete cast-in-situ as both concrete options. The foundation 

corresponds to 17% of the exterior sections of the project.  

 

The outer wall has a timber facade in 25 mm glulam timber panels. The selection of timber 

facade was a requirement from Riksbyggen. As the building has more than two storeys, 

there are specific requirements on measures to reduce the risk of fire spreading along the 

facade. These requirements can be met by sprinklers in the flats, or with a fire retardant 

paint or fire retardant impregnated timber panels. According to Riksbyggen, sprinkling of 

the building is not an option. The choice was therefore to use timber panels treated with a 

fire retardant. The analysis assumes that the facade is painted with fire retardant paint of 

type Teknos Firesafe 2407 so the desired fire rating is achieved.  

 

However, this option is not optimal for tall wooden buildings as it requires maintenance. 

Instead, a polished facade or untreated timber facade is normally used in combination with 

sprinklers. 

 

Martinsons has assessed there is a need for stabilising walls, which means that approx. 60% 

of the non-load-bearing interior walls that divide rooms are load-bearing and stabilising in 

the concrete cases. The calculations assume the room dividers and number of stabilising 

walls is the same on each floor. The analysis also assumes the same living area in all 

comparisons. Only the building sections with cross-laminated timber are assumed to be 

produced in Bygdsiljum. Other walls with framework in structural timber are manufactured 

in place using material from local suppliers in Gothenburg. Building elements are 

transported from Bygdsiljum via lorry.  

 

On the top and sides of cross-laminated timber sheets is a sealing layer of rubber sheeting 

and impregnated wooden floor decking. Mounting in the frame requires sheet metal work 

and pulling the rubber sheet under the wall facade. The underside of both access balconies 

and balconies are encased in fire retardant impregnated timber panels.  

 

The solid wood building has approximately 4% more volume for the same living area as 

the concrete buildings due to thicker walls and floor structures. This is allowed in the 

current detailed plan, which is why there are no consequences in this study. 

 

Compared with earlier energy reports, the structures and material data are adjusted in 

accordance with the current EPD, living area has been used throughout instead of floor 

area, adjustments have been made to allow comparison with concrete structures, data has 

generally been adapted to Swedish industry with Swedish electricity and heating, and 

network electricity losses are now included, incorrectly calculated quantities have been 

corrected and the scenarios for B1–B6 have been adjusted. In addition, the material 

quantities for access balconies and balconies are adjusted, both in connection to quantities 

that were previously too small, and for the actual design solutions required for protection 

of the mounting in the frame.  
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Table 1 Materials included in the building sections for the solid wood building.  

Material Density 

[kg/m³] 

Weight per 

unit area 

[kg/m²] 

Quantity in 

Viva 

[kg] 

Cross-laminated timber 400  820,000 

Glulam 450  86,000 

Sawn and planed timber 440  200,000 

Plywood 500  22,000 

Plasterboard, normal (type A) 720 9.0 140,000 

Plasterboard, fire (type F) 820 13 140,000 

Rock wool 28  80,000 

Plastic sheeting, 0.2 mm  0.18 570 

Wind barrier membrane 0.2 

mm 

 0.1 310 

Rubber sheeting  1.7 11,000 

Screw/nail   1,400 

PP pipes for bracket   570 

Concrete 2,400  900,000 

Reinforcement   16,000 

Foam plastic 30  6,300 

Base and top coat  0.5 1,500 

 

3.3 Concrete frames 
Just like the solid wood frame, the concrete option has a foundation of concrete cast-in-situ 

which constitutes 17% of the outer section. The aim was for a design with a low climate 

impact by using a material-efficient type cross section and concrete and reinforcement with 

a low climate impact. The concrete frame has been dimensioned for 100 years based on 

Eurocode and exposure class according to standard EN 206 [4]  

 

Among other things, the exposure classes show which type of cement needs to be used, 

what quantity of supplementary material can be added to the mixture and what ratio of 

water and cement (w/c ratio) must not be exceeded. The w/c ratio gives an indication of the 

concrete porosity. A low porosity gives a strong and resistant concrete. Low porosity can 

also be achieved via particle packing by adding fine materials to the mixture. In order to 

reduce climate impact, cement with a mixture of slag and fly ash is used.  

 

Riksbyggen has opted not to use so-called raised floors, which can otherwise reduce 

concrete quantities. 

 

Compared with previous energy reports, CO2  uptake via carbonation is included, and living 

area is used throughout instead of floor area, and network electricity losses are now 

included. 

 

Precast concrete frame. 

In order to achieve a low climate impact, Cementa has committed to producing material for 

Riksbyggen to mix a new cement equivalent to CEM II/B-V. The inclusion of fly ash in 

this cement mixture may be up to 30%, which gives a lower environmental impact than 

today’s basic cement (CEM II/A), where approx. 15% fly ash is mixed in [5]. Strängbetong 

proposed that the floor structures were cast as hollow core, which uses approx. half the 

amount of material as a solid floor structure. As the hollow core saves material in its own 

right, it places a lower requirement on the inclusion of fly ash, but is still claimed to be 

equivalent to CEM II/A. In order to prevent the increased concentration of fly ash leading 

to more cement being used in the recipe, the quantity of binding agent is limited to 350 

kg/m3 for indoor structures and 400 kg binding agent/m3 for outdoor structures, see Table 

2. 
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Cast-in-situ 

The cast-in-situ option is produced by Thomas Betong AB, which is one of the few Swedish 

companies that uses high concentrations of slag in its concrete. The proposal uses a 

concrete called FBLC50, where Thomas Betong has succeeded in halving the climate 

impact of standard concrete. The high concentration of slag may mean a longer time before 

removal from the mould, but the floor structures are cast on floor slabs, which also function 

as the mould, which means it is not necessary to remove anything from the mould. In 

exposed structures, a lower concentration of slag is used. Balconies and access balconies 

are made as precast slabs using the same concrete as for the precast concrete frame. The 

transport distance from the concrete plant to the construction site is estimated as 10 km. 

 

The quality of concrete selected 

The qualities selected for precast and cast-in-situ concrete are listed in Tables 2 and 3 with 

associated proportions of binding agent and supplementary materials and the w/c ratio. 

 

The limitations in the composition of concrete depend on the impact on production, i.e. if 

the hardening time for the concrete is extended, this normally increases the financial costs. 

The compositions given below are not assessed to impact the production time for the 

concrete. An important part of the procurement and construction of Brf. Viva is simply 

evaluating this.   

 

Table 2 Concrete cast-in-situ as used in the LCA calculations  
Concrete Surface 

m2 
Volume 

m3 
Quantity 

binding agent 

[kg]/m3 

Concrete 

Binding agent 

Precast hollow core, 

foundation 
1,700 180 350 

82% CEM II/A-V (fly ash 

cement) 

18% added fly ash 

which gives a clinker factor 

of 65% 

Precast outdoor 

foundation 
5,900 840 350 

82% CEM II/A-V (fly ash 

cement) 

18% added fly ash 

which gives a clinker factor 

of 65% 

Precast indoor 

foundation 
1,200 180 400 

82% CEM II/A-V (fly ash 

cement) 

18% added fly ash 

which gives a clinker factor 

of 65% 

Precast floor slabs 7,600 380 320 CEM II/B-S (30% slag) 

Walls and floor 

structures cast-in-situ 
10,000 2,100 300 

CEM II/B-S (30% slag) 

+ GGBS gives a total of 

approx. 60% slag. 

Facade and roof edging 

cast-in-situ 
3,500 580 280 

CEM II/B-S (30% slag) 

 

Basement walls, ground 

slabs cast-in-situ  
1,700 380 280 

CEM-II/B-S with (30% slag) 
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Table 3 Precast concrete frame as used in the LCA calculations 
Concrete Surface 

m2 
Volume 

m3 
Quantity 

binding agent 

[kg]/m3 

Concrete 

Binding agent 

Interior walls and inner 

facade layers 

(Indoor environment) 
7,100 1,200 350 

82% CEM II/A-V (fly ash 

cement) 

18% added fly ash 

which gives a clinker factor 

of 65% 

Precast hollow core 

(Indoor environment) 
9,200 980 350 

100% CEM II/A-V (fly ash 

cement) 

which gives a clinker factor 

of 86% 

External facade layers, 

access balconies and 

balconies 

(Outdoor environment) 

9,400 1,100 400 

82% CEM II/A-V (fly ash 

cement) 

18% added fly ash 

which gives a clinker factor 

of 65% 

Basement walls, ground 

slabs cast-in-situ  
1,700 380 280 

CEM II B-S, with 30% slag 

 

 

Carbonation of the concrete during 100 years of use has been calculated in accordance with 

prEN standard EN 16757 – Product Category Rules for concrete and concrete elements.  
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4 Life cycle assessment (LCA) 
The LCA study is structured in accordance with ISO 14 044, and implemented in its various 

sections Planning – Inventory – Environmental Impact Assessment – Interpretation [6]. As 

the aim of the study was to enter an early stage of the planning to provide documentation 

that the choice of frame still contained many uncertainties on how the final building would 

appear in reality. The project therefore calls the LCA study a feasibility study, even though 

it is more detailed than normal. 

 

4.1 Scope and implementation 
When comparing different structural designs, the system limits were the same, which is a 

prerequisite for a robust comparison. 

 

Inventory of the building covers the entire life cycle of the building, where the use phase 

B, is based on scenarios in accordance with standard EN 15978 [7]. Reporting of 

environmental effects in the life cycle follows the division into modules in accordance with 

standards EN 15978 [7] and EN 15804 [8], see Table 4. As the study only covers frames 

and facades, the modules are only considered to cover the use of installations. 

 

Table 4 Modules included in the calculations.  

Production phase Construction phase 

A1 A2 A3 A4 A5 

Raw material 

production 

Transport to the 

factory 

Manufacture of 

construction 

material 

Transport to the 

construction 

site 

Work on the 

construction 

site 

Use phase Final phase 

B2 B4 B6 C 

Maintenance over 

100 years 

Replacement of 

building sections 

over 100 years 

Energy 

consumption for 

operations over 100 

years 

Demolition of the 

building. 

When the building is demolished in module C, the material flows meet the study’s system 

limits and demolition rubble passes the system limits as unallocated flows. After demolition 

in 100 years, several different scenarios may be conceivable. We opt for building sections 

and materials being sold in existing condition after demolition.  

 

The climate impact and resource consumption of primary energy for the concrete has been 

calculated in an EPD program for concrete. Data has been transferred to an Excel tool in 

which building components have been drawn and calculations performed for modules A1–

A3. Finally, the entire result has been calculated in an Excel file, where calculations for 

both timber and concrete are compared. The energy consultant Bengt Dahlgren has 

calculated the building’s energy consumption using the IDA ICE software.  

 

The following building components are included in the inventory: 

• Exterior walls, including facade material and outer layer 

• Interior walls, load-bearing and non-load-bearing 

• Floor structures, storeyed floor structures, climate dividing floor structures 

• Foundations, ground slabs 

• Access balconies and balconies  

 

The following are not included in the inventory: 

• Roof and terrace floor structures 

• Pillars (on a slope) 

• Greenhouse 
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• Glass partitions, windows and doors 

• Outer layers, internally and externally, other than the facade 

• Installations 

• Interior joinery 

 

The service life for blocks of flats is highly dependent on society’s and the contractor’s 

financial and environmental calculations. As the VIVA project is based on creating a 

sustainable concept for the future, Riksbyggen has selected a 100-year service life.  

 

With reference to the LCA, the term “analysis period” is used to declare the environmental 

impact. This term should not be confused with construction service life, but is simply a way 

of simplifying comparisons. As Riksbyggen requires a service life of 100 years, an analysis 

period of 100 years has also been selected.  

 

4.1.1 Geographical location 
The calculations are produced specifically for the Brf. Viva project in Gothenburg. 

Transports and materials are selected for the most probable options to achieve a sustainable 

frame in concrete or wood. Specific product data from the environmental product 

declarations have been used extensively. 

 

4.1.2 Functional unit 
The functional unit (FU) in the study was selected as 1 m² living area (BOA) over 100 

years for a block of flats where constituent building sections fulfil the same function in 

relation to the requirements in BBR, although only durability, fire and energy consumption 

during the use phase.  

 

4.1.3 Environmental impact categories 
The impact categories selected for this life cycle analysis are climate impact in accordance 

with IPCC GWP100 with the unit CO2 eq/FU and total renewable and non-renewable 

primary energy in MJ/FU.  

 

4.1.4 Calculation of biogenic carbon 
The timber used is assumed to come from forests with replanting, and where CO2 uptake 

by the plants corresponds to subsequent CO2 emissions. Biogenic carbon is therefore 

calculated to be climate neutral, i.e. both uptake to biomass and emissions of biogenic 

carbon cancel out one another, and the net climate impact is therefore zero.  

 

The climate neutrality of timber products is one way of simplifying calculations concerning 

biogenic carbon [9]. Carbon dioxide uptake in forests can either be higher or lower than 

the biogenic emissions in the final stage, and this depends on specific local aspects in 

connection with the forest’s carbon balance, and significantly more data is required for 

such an analysis than is available in this project. It may however be noted that, from a life 

cycle perspective, the effect of the forest’s carbon balance can be highly significant, but 

this is an extremely complex problem that lies outside the scope of the study [10a]. 

Similarly, any effects of long-term storage of carbon dioxide are not affected, as no 

methods have been adopted for this [10b] and [10c]. 

 

4.1.5 Carbonation of concrete 
During the service life of the concrete, there is a chemical reaction called carbonation, in 

which carbon dioxide from the air reacts with the calcium hydroxide in the concrete to 

create calcium carbonate. The extent of this carbon dioxide uptake and the impact this has 

in this project is analysed using a method from the Lagerblad report [10d]. The method 

takes into account the strength class, the degree to which the concrete is exposed to air, 
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outer layers and binding agent, among other things. Lagerblad’s equation for calculating 

the quantity of carbon dioxide uptake is: 

 

𝐶𝑂2 − 𝑢𝑝𝑝𝑡𝑎𝑔 = 0,75 ∗ 𝐶 ∗ 𝐶𝑎𝑂 ∗
𝑀𝐶𝑂2

𝑀𝐶𝑎𝑂
∗ 𝑉𝑘𝑎𝑟𝑏 , [𝑘𝑔 𝐶𝑂2] 

Where 

0.75 = Proportion of CaO carbonated in the carbonated concrete layer. 

C = Quantity of portland cement per m3 concrete 

CaO = Quantity of CaO in cement [weight %] = 0.65 

M = molar mass of the relevant substance 

Vcarb = Volume of the carbonated concrete layer. 

 

The effect of carbonation will be standardised from the beginning of 2017. 

 

4.1.6 Data quality 
The values selected for environmental impact are often specific to selected structural 

sections, and are representative of the Swedish market. Local energy production of district 

heating, Good Environmental Choice, was selected as the most representative data for 

buildings in Gothenburg. Specific cement has been taken from reviewed environmental 

product declarations in accordance with standard EN 15804. The concrete recipe was 

obtained from local producers. Specific details have been produced by Martinsons, which 

is the only producer of cross-laminated timber in Sweden. For electricity, data from 

Ecoinvent 3.0 is used with Swedish electricity adjusted for trade of electricity with other 

countries, unless otherwise specified. Appendix B reports the climate impact and primary 

energy for all materials, activities and processes in the study.  

 

4.2 Inventory  
The buildings were drawn by Malmström Edström Arkitekter Ingenjörer AB. The architect 

has calculated the total areas of walls and floor structures. These tender documents have 

been used in the LCA.  

Detailed designs for the building sections in the analysed frame options, see Appendix A, 

have been provided by the relevant manufacturers for the various construction systems. 

The calculations assume that the lowest floor structure in the split-level sections under the 

ground floor of the tall buildings is the same. In the smaller buildings, the lower beams 

above the pillars are assumed to be the same. 

 

Specific data from manufacturers in the form of environmental product declarations (EPD) 

have primarily been used in the calculations. The EPDs, which are reviewed by a third 

party, comply with standard EN 15804 and are representative of the Swedish market. 

Where the EPD is missing for specific material, data is collected from Ecoinvent. See 

Appendix B for a complete list of material, activities and resources used.  

 

4.2.1 Production (modules A1–A3) 
In the concrete option, EDPs specific to the Swedish market are used to calculate the 

environmental impact of the cement. Information on the environmental impact of the 

ballast is taken from IVL’s report [11]. Fly ash is a residual product, and based on a 

financial allocation, no environmental impact has been allocated. When producing concrete 

to cast-in-situ, 18 kWh/m3 electricity and 12 kWh/m3 heating is used in the concrete plant. 

Precast concrete elements require 70 kWh electricity and 70 kWh/m3 heating [12]. 

 

The corresponding division for producing glulam and cross-laminated timber is missing. 

Martinsons does not use fossil fuels in its sawmill or for production of glulam/cross-

laminated timber, other than for internal transport. The energy consumption during 

production comes exclusively from hydroelectric power or biomass.  
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4.2.2 Transport (modules A2 and A4)  
Transport activities in A2 and A4 modules are calculated via NTM’s (Network for 

Transport Measures) advance goods calculation [13]. According to NTM, the slope 

gradient is 0% for Sweden, e.g. the ground is flat, which results in a lower climate impact 

than if the ground had a higher slope variation [13]. As the comparison between the three 

structures depends on the option of return cargo, different calculations have been performed 

for the structures.  

 

In the case of concrete, it is assumed that Strängbetong and Thomas Betong supply concrete 

from their plants close to Gothenburg. For transport of cement, ballast and concrete cast-

in-situ, calculations always assume empty return transport. For precast elements, transport 

to the construction site has a load fullness factor of 100%, while the return is assumed to 

have a load fullness factor of either 100% or 0%. Both cases are calculated and the 

difference stated in the caption to figures 7 and 8. The distance for precast concrete in the 

study has been assumed to be the distance between Herrljunga and Gothenburg. For other 

transports, the distance varies depending on supplier, and may be longer, although suppliers 

are usually in southern Sweden. 

 

In the case of timber, the majority of the timber components are manufactured in northern 

Sweden, which results in a longer transport distance. The transport of timber components 

from manufacture site to the construction site is currently primarily via lorry, which has 

also been selected as the most probable option in the LCA calculations. Transport by train 

has also been assessed as a less likely option for the manufacturing company, as options 

for transporting large components are limited. Transport by boat from Umeå is also 

assessed to be a possible alternative, but not as probable as road transport. With transport 

of timber components by lorry, there is also a large amount of insulation, which means that 

the load is bulky. The load fullness factor is therefore 50%. For the return, the lorries are 

assumed to be full in scenario 1 and two-thirds full in scenario 2. The distance between 

Gothenburg and Bygdsiljum is 1,050 km. 

For local timber, regional deliveries and the transport for these always assumes empty 

return transport in calculations. 

 

4.2.3 Construction (module A5) 
For construction activities, energy consumption from construction machinery is calculated. 

An energy factor of 60 MJ for timber and 60 MJ for precast concrete and 110 MJ for 

concrete cast-in-situ has been used per square metre of floor area, in accordance with 

Björklund & Tillman [14]. For construction of concrete frames, the energy is split into half 

electricity and half diesel. Construction of wood frames only uses electricity. 

 

4.2.4 The use phase of 100 years (modules B2, B4 and B6) 
An important part of the LCA is to ensure the functional unit during the use phase. This is 

a prerequisite for comparisons, but difficult to manage when you need to compare different 

structures with different prerequisites. Also, none of the options are detail plans but consist 

only of suitable and commercial proposals from companies based on Riksbyggen’s 

requirements. In accordance with the EPD standard EN 15978, we decided to use two 

different scenarios:  

 

• scenario 1 is based primarily on the supplier’s own data, “best case”  

• scenario 2  is based primarily on published results and documents, “proven cases” 

 

In addition, an understanding of the unreliability of the result is obtained. The result will 

show the significance, possibilities and limitations of doing this type of comparison. 
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The scenarios only cover durability, bearing capacity, fire and energy. Damp, health and 

changed noise properties during the use phase have not been studied. 

 

For this project we do not have any opinion on which option the contractor may choose, 

but these scenarios make it possible for all parties to make their own assessment. We 

naturally hope that continued work allows us to develop these scenarios so that it is possible 

to carry out more and more relevant comparative studies in future.  

 

Facade including durability (modules B2 and B4) 

For concrete, the durability is dimensioned and ensured in the facade and other structural 

sections by selection of exposure class in accordance with EN 206:2013, a method that 

builds on both documented theoretical studies and many years of follow-up field studies. 

Concrete is a non-flammable material and, in this case, has been dimensioned for a service 

life of 100 years. 

 

For the solid wood structure, the facade needs to be protected using paint. This is done 

because Riksbyggen had a requirement for sprinklers not to be used. Fire retardant paint of 

type Teknos Firesafe 2407 is used.  

 

Concrete 

For the concrete frame cast-in-situ, a polished facade replaced twice during the lifespan of 

the building is assumed. The precast concrete is assumed to be maintenance free [14a] as 

it is dimensioned in accordance with EN 206:2013 for the relevant exposure class 

(surrounding environment).  

 

Scenario 1 solid wood 

Scenario 1 uses the maintenance and replacement interval for the timber facade that, 

according to Martinsons, corresponds to the paint system Martinsons uses today. This 

scenario for maintenance of the facade (module B2) with the type of measures and scope 

in terms of the percentage of the facade surface with various maintenance situations is given 

is Table 5. The facade is assessed to be maintained six times over 100 years.  

 

Table 5 Scenario 1 for maintenance (B2) and replacement (B4) of the facade 

Maintenance 

[no.] 

Replacement 

facade panel [%] 

Base coat paint 

[%] 

Top coat paint 

[%] 

1 - 2 100 

2 10 15 100 

3 20 25 100 

4 50 55 100 

5 20 25 100 

6 10 15 100 

 

In scenario 1, the fire retardant paint is assumed to have good long-term properties in terms 

of leaching. In the calculation, the fire retardant paint is estimated with a waterborne paint 

system consisting of alkyd oil based base and top coat for which environmental data is 

available. The quantity applied is assumed to be 350 g/m2 for the base coat and 150 g/m2 

for the top coat.  

 

Scenario 2 solid wood 

In “The durability of outdoor timber above ground: Guide for design and material 

selection”[15], there is a calculation method which takes both the specific design of the 

facade and its geographical position into account. The method was developed within the 

sectoral research programme (BFP) for the forestry and timber sector, via WoodBuild, and 

is intended for use as a tool and support when designing timber structures outdoors in terms 

of durability and service life. You should be able to dimension in relation to durability in 
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the same way as you dimension load-bearing structures in relation to strength. Applying 

the guide should allow you to achieve a reasonably secure measurement of the expected 

service life of the relevant structure which builds on the vision that timber in outdoor 

exposed applications and climate screens must be, and considered to be, a safe and natural 

choice in terms of engineering. In its report “service life of panels in Brf. Viva” [16] SP 

has calculated the actual maintenance and replacement for the Gothenburg climate based 

on this guide. The calculations indicate the service life for a well-maintained and well-

designed panel for Brf. Viva. If the maintenance is not performed, the service life is 

naturally considerably reduced. Based on the result in the report, the maintenance and 

replacement is selected according to Table 6. 

 

Table 6 Over 100 years, the facade and associated sections, will need to be maintained 10 

times.  
Maintenance 

[no.] 

Replacement 

facade panel 

[%] 

Replacement of pillars 

and beams connecting 

balconies and access 

balconies [%] 

Other timber 

replacement* 

[%] 

Base coat 

and top 

coat 

[%] 

1    100 

2    100 

3 100 100  100 

4    100 

5   100 100 

6 100 100  100 

7    100 

8 100 100  100 

9    100 

10    100 

* wooden floor decking, solid deck  

 

Today, there are no type approved fire retardant paints for outdoor use without top coat. 

This type of system is however extremely sensitive as any damage to the outer layer risks 

compromising the fire resistant properties of the fire resistant paint through leaching or 

dissolution. It is therefore stated in [17] that “when repainting, it is necessary to reapply a 

base coat of fire resistant paint.”  

 

Scenario 2 is based on the replacement and repainting in Table 5, but with each repainting 

the existing paint is removed and both base coat and top coat applied. 

 

The fire resistant paint can be based on organic binding agents and active ingredients that 

react and create a parcel-like layer when exposed to heat. This means that the fire resistant 

paint definitely has a different environmental impact than the standard waterborne paint 

system. The documentation available on the actual composition of fire retardant paint for 

solid wood frames differs between different sources, which is why its significance cannot 

be taken into account, but it must be noted that this is not included in the study. Therefore, 

in this study, the same water-based paint system and applied quantities as scenario 1 are 

used. 

  

Durability of the exterior wall (modules B2 and B4) 

Both wood and concrete structures have been used for a long time, often with good 

experiences. In recent years, energy efficient construction in combination with a warmer 

and damper climate have changed the physical building conditions for buildings, such that 

the uncertainty regarding previous experience is valid. In extremely general terms, energy 

efficient buildings have a much thicker insulation today than previously, which gives a 

colder exterior wall with a risk of condensation inside the exterior walls and any incoming 

rain is no longer dried out [18], [19] and [20]. Energy efficient buildings are also dependent 
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on a high air-tightness, which prevents heat loss via air flows through the walls, which is 

also significant as it prevents the supply of indoor damp in the structure, and thus the risk 

of damage from damp and health issues. Researchers have expressed this as “The contractor 

should therefore not trust traditional development of structures and construction systems if 

no assessment of the structural performance has been performed and documented” (Olsson 

and Hagentoft) [20].  

 

Air-tightness for both cast-in-situ and precast concrete is ensured in the concrete layers. 

Rock wool and foam plastic do not age and are not hygroscopic materials, and the reported 

material properties are long-term properties. The material inside the concrete walls is not 

exposed to damp or high temperatures either. A literature study of long-term experiences 

with foam plastic was also carried out with extensive references, including [21]. This study 

supports the functional period of 100 years in terms of heat insulation and air-tightness for 

both concrete cast-in-situ and precast sandwich concrete elements. However, during the 

period of use concrete structures require, in the same way as solid structures, maintenance 

of joints and seals etc. These joints are considered to be equal for all structures and are 

therefore not included in the analysis. 

 

The energy efficient exterior walls in timber place high requirements on design, as the outer 

sections are colder and therefore more sensitive to damage from damp. Specifically, there 

are increased risks that the air-tightness from the plastic sheeting will deteriorate with age, 

e.g. Ylmén et al. [22] states that half the air-tightness can be lost after 50 years due to the 

aging of the plastic sheeting.  

 

Scenario 1 with solid wood assumes that over 100 years the structure will not develop 

damage from damp or health issues. 

 

Scenario 2 with solid wood assumes that the plastic sheeting will be replaced after 50 years 

as its service life cannot be guaranteed after that. The plastic sheeting is located inside the 

structure, 135 mm in from the inside of the walls, and is difficult to replace without an 

extremely high impact on the environment, tenants and finance. The impact on climate and 

energy is quantified in this report, but the scenario still undervalues the climate impact with 

a replacement, as no account is taken of the above points. The alternative to this scenario 

would be to limit the functional period to e.g. 50 years.     

 

Service life of structures, for both the frame and access balconies/balconies (modules 

A and B) 

According to the Swedish Planning and Building Act (SFS 2010:900) the European 

construction standards are applicable for requirements on dimensioning of load-bearing 

capacity, stability and durability. The contractor then decides the service life for which the 

relevant building must be dimensioned. In Brf. Viva, the contractor requires a 100-year 

service life. The submitted concrete proposals are dimensioned for 100 years, while the 

solid wood structure, including the external access balconies and balconies lacks 

corresponding dimensioning. Instead, it is traditionally dimensioned for 50 years. This 

relative difference means the structures are not really comparable. We are also faced with 

the question of whether it is possible to declare climate and energy impact for a longer 

period than the building is dimensioned for in terms of load-bearing capacity?  

 

Scenario 1 for the solid wood building assumes that the solid wood structural frame has a 

service life of 100 years. For access balconies and balconies, it is assumed the barrier layer 

and wooden floor decking will need replacing twice during the building’s service life of 

100 years. During this period, it is also assumed that the glulam pillars in load-bearing 

frames for both balconies and access balconies are replaced once, and that the glulam 

facade is replaced 1.1 times. Transports in connection with transporting new sections from 

Bygdsiljum to Gothenburg are included in the replacement. 
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Scenario 2 for the solid wood building assumes the frame’s load-bearing capacity is 

ensured through maintenance and replacements in connection with the exterior wall’s 

durability according to what is reported under the exterior wall’s durability. Rubber 

sheeting with a service life of 25/30 years according to EPD [23] is used, and together with 

the service life of the access balconies and balcony mountings in the frame.  

 

Energy consumption (module B6) 

In Brf. Viva, energy consumption was one of the focus areas, both in relation to energy-

efficient construction, and with regard to the impact energy consumption has on Brf. Viva’s 

total climate impact. In the Energy Group’s internal report of 15 October 2014, experts 

from Riksbyggen, Göteborg Energi, Chalmers, Malmström Edström Arkitekter and SP 

under the management of Bengt Dahlgren AB performed a detailed analysis and evaluation 

of different options. The energy consumption during the operating phase is divided into 

residential electricity, building services electricity and heating consumption with district 

heating and geothermal heating respectively. The calculations were performed in IDA ICE 

by Bengt Dahlgren AB. As the calculations were performed at a very early stage, they 

contain several assumptions which are uncertain, and should not be seen as the final energy 

forecast for the building. A selection of the results are presented in Figure 3–4. 

 
 

Figure 3. The climate impact for operating energy over 100 years is divided by type and 

energy consumption.  
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Figure 4. Primary energy for the operating energy over 100 years divided by type of energy 

consumption.  

 

The results in figures 3 and 4 show that the use of geothermal heating gives both a lower 

energy consumption and a lower climate impact when compared with district heating. 

 

The operating phase is based on a service life of 100 years with retained new-construction 

performance. Electricity comes from wind power where data is collected from Vattenfall’s 

EPD, which shows a climate impact of 16 g CO2/kWh and a primary energy of 0.23 

MJ/kWh. The most probable scenario for heating is assumed to be district heating, and this 

is the option used in the life cycle analysis. The district heating has the Good Environmental 

Choice label and has a climate impact of 14 g CO2/kWh and a primary energy factor of 

0.04. The geothermal heating option is calculated with an efficiency of 3.2 kWh 

heating/kWh electricity and electricity from wind power. Brf. Viva’s total annual energy 

consumption for all buildings divided in to property electricity, heat consumption and 

tenant electricity is shown in Table 7. This shows that the concrete building has a somewhat 

lower energy consumption due to a better capacity to store energy. Preparation of domestic 

hot water corresponds to 38% of the total heating demand. 

 

Table 7 Estimated annual energy consumption per m2 Atemp in Brf. Viva with new-

construction performance.  

The total annual energy consumption for all 

buildings 

Wood frame 

[kWh/m2 

Atemp] 

Concrete 

frame 

[kWh/m2 

Atemp] 

Property electricity 12 12 

Heat consumption 54 53 

Tenant electricity 21 21 

 

Forecast management (predicted) 

In parallel with the LCA studies we ran a forecast management project with the aim of 

showing the effect of managing the supply of heating to a flat in Brf. Viva based on the 

environmental impact of the heat source [24]. Data from district heating from Göteborgs 

Energi in the form of its energy impact over time are used to manage heating supply to one 
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of the central flats in Brf. Viva. The aim is to obtain the lowest possible climate impact for 

heating without compromising the thermal comfort in the flat. The study was carried out 

for a flat using both concrete and solid wood. The heating methods were floor heating and 

airborne heating. The result of the study shows that the potential for reducing the CO2 load 

from heating is extremely high, especially if the CO2 emissions from the energy source per 

produced kWh vary widely over time. However, seen from an accounting perspective 

(corresponding to mean production) the variation has been small. 

 

As only one flat has been studied and this has a much greater heating demand than the 

entire building, plus a somewhat different thermal behaviour, it is difficult to transfer the 

result to the whole of Brf. Viva. Therefore, the result is reported separately in figure 5, and 

we make the assumption that half the savings can be included in the LCA as it is clear that 

the climate impact can be reduced through forecast management of the flats against CO2 

emissions from the energy source, but not how much. This applies for both concrete and 

solid wood structures.  

 

 

Apartment 
Energy saving (%) 

kWh/m2/year gCO2/m2/year 

Concrete, floor heating -7 -8 

Concrete, air heating -11 -10 

   

Wood, floor heating -3 -4 

Wood, air heating -6 -6 

 

Figure 5. The potential reduction of climate impact for heating through forecast 

management against CO2 load at the energy source. In this case, for a central flat in Brf. 

Viva with district heating from Göteborgs Energi (mean production during 2013). 

 

Durability scenario 

The climate impact during the period of use relates to unchanged energy performance over 

100 years. As previously discussed, air-tightness is a crucial factor associated with both 

energy consumption and the physical building function. This is shown by both Garbo [25] 

whose example shows that the energy consumption with halved air-tightness typically 

increases by 3–8%. The air-tightness with the frame options partly depends on the number 

of joints around windows etc. and where we take a simplified assumption that all frames 

need the same maintenance.  

 

Concrete frames 

As the air-tightness can reduce over time (Wahlgren et al.) [26], it is assumed that the 

energy consumption increases gradually. An increase of 3% is assumed over the final 50 

years of the precast concrete building’s service life. The option cast-in-situ is not assumed 

to deteriorate at all [27]. The low increase is justified because it is difficult to see how this 

material, which itself ensures air-tightness, deteriorates if there is no question of pure 

extensive damage, fire, etc.  

 

Solid wood frame 

For solid wood in Brf. Viva, high air-tightness is ensured through use of plastic sheeting, 

with a limited durability, primarily in combination with tape and joins. [22].  
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Solid wood scenario 1 assumes the plastic membrane’s air-tightness deteriorates, but that 

no damp or health issues arise. A simplified assumption has been made that energy 

consumption increased by 3% after 30 years and by 8% after 60 years.  

 

Solid wood scenario 2 is based on the plastic sheeting, as above, being replaced after 50 

years. Therefore we assume a 3% increase between years 30 and 50, and between years 80 

and 100, which ultimately corresponds to the same increase as for the option with concrete 

cast-in-situ.  

 

Effect of potential forecast management and durability scenario 

The effect of taking a small climate impact into account due to forecast management and 

respectively a higher impact due to a deterioration in air-tightness in the buildings is very 

small. The change only occurs for the part that corresponds to heating of the buildings, 

which is barely three quarters of the heating consumption, as domestic hot water 

consumption is deducted. Of the total energy consumption (excluding household 

electricity), heating consumes around half. For the wood scenarios, there is no difference 

at all, for the concrete option, environmental impact is reduced by 1%. The primary energy 

consumption is changed to the same extent. See figure 6. 
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Figure 6. The climate impact during operation with respect to the potential savings via 

forecast management and estimated increase due to deterioration in air-tightness (above). 

The primary energy consumption impact under operation with respect to the potential 

savings via forecast management and estimated increase due to deterioration in air-

tightness (below). 

 

4.2.5 Final chain (module C) 
The energy consumption on demolition is 51.5 MJ/m2 floor area for the option cast-in-situ, 

18.7 MJ/m2 floor area for precast concrete and 27.1 MJ/m2 floor area for the solid wood 

option according to Björklund & Tillman (1997) [14]. The energy relates to diesel.  

 

Building sections and materials are sold in existing condition after demolition. It may 

however be noted that it is probable that both the foam plastic and rubber sheeting will be 

incinerated. This type of scenario should mean that the climate impact for module C 

increases by 6 kg CO2 eq/m2 living area for the concrete option which contains foam plastic 

and by 9 or 18 kg CO2 eq/m2 living area for the various wood scenarios containing rubber 

sheeting. The highest value is obtained for Scenario 2, which is calculated with four 

replacements over 100 years.  
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5 Environmental Impact Assessment 
As the LCA was performed as an iterative process in which all parties were able to submit 

opinions and proposals for changes, the results have changed during the project. The result 

in this report therefore replaces previously communicated results.  

 

5.1 The results for climate impact and energy 

consumption with concrete frames 
Figures 7 and 8 below show the climate impact of concrete frames over 100 years. Figure 

7 reports the result as kg CO2 eq/m2 living area. Figure 8 reports the result as primary 

energy in MJ/m2 living area. The primary energy consists of the total energy consumption 

of biogas and fossil fuel which is needed during the building’s full life cycle, excluding the 

energy bound in the construction materials.  

 

Even if there are differences between the options, these differences are not considered to 

be significant in connection with the uncertainties existing in the work. 

 

For precast concrete frames, the climate impact varies depending on actual return load. 

Empty return load results in increased climate emissions of less than 2 kg CO2 eq/m2 living 

area respectively less than 25 MJ/m2 living area. The figure shows the results when the load 

fullness factor for return transport is 100%. The effect of the concrete carbonation has been 

calculated and results in a reduced climate impact of 6% for both concrete cases, which 

corresponds to approx. 10 kg CO2 eq/m2 living area.  

 
Figure 7. The climate impact of the concrete frames over 100 years. For precast concrete 

frames, the climate impact varies depending on actual return load. Empty return cargo 

would involve increased climate emissions of less than 2 kg CO2 eq/m2 living area. The 

figure shows the results when the load fullness factor for return transport is 100%. The 

effect of carbonation is not included in the bar calculations, but would involve a reduced 

climate impact of 6% or 10 kg CO2 eq/m2 living area under the operating period. 

  

The concrete carbonation is not included in the calculations, which 

should involve a reduction of 10 kg CO2 eq/m2 living area under the 

operating period for both options. 
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Figure 8. The primary energy consumption for the frame over 100 years. For precast 

concrete frames, the climate impact varies depending on actual return load. Empty return 

cargo should involve increased energy consumption of less than 25 MJ/m2 living area.  

 

For the transport, little impact is seen for the concrete options, despite heavy materials. The 

reason is the relevant concrete plants are located close to the construction site. 

 

5.2 The results for climate impact and energy 

consumption with solid wood frames 
Figures 9 and 10 below show the climate impact of the different wood scenarios over 100 

years. Figure 9 reports the result as kg CO2 eq/m2 living area. Figure 10 reports the result 

as primary energy in MJ/m2 living area. The primary energy consists of the total energy 

consumption of biogas and fossil fuel which is needed during the building’s full life cycle, 

excluding the energy bound in the construction materials.  

 

A summary of the differences between both scenarios can be found in Appendix C. 

 

 
Figure 9. The climate impact of the wood frames over 100 years. Both scenario 1, which 

is based on the supplier’s own information (best case), and scenario 2, which is based on 

the published results and documents (proven cases), are reported.  
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Figure 10. The primary energy consumption for the frame over 100 years. Both scenario 

1, which is based on the supplier’s own information (best case), and scenario 2, which is 

based on the published results and documents (proven cases), are reported. 

 

The result in figure 9 shows that the greatest carbon dioxide emissions are released during 

operation of the building. The result also shows that the transport is significant for the wood 

frames, primarily due to the long transport distance and when considering that the elements 

being transported cannot reach a load fullness factor of 100% in terms of weight.  

 

The result for primary energy, see figure 10, shows that contrary to the climate impact, the 

greatest energy consumption occurs during the construction phase (A).  

 

 

5.3 Comparison between frame materials 
Figures 11 and 12 below show the comparison between the different frame materials for 

the analysis period of 100 years. Figure 11 reports the result as kg CO2 eq/m2 living area. 

Figure 12 reports the result as primary energy in MJ/m2 living area. The primary energy 

consists of the total energy consumption of biogas and fossil fuel which is needed during 

the building’s full life cycle, excluding the energy bound in the construction materials.  

 

These figures calculated the concrete options for the return transport with a load fullness 

factor of 100%. The effect of carbonation is not included either, but contributes to a 6% 

reduction in climate impact.  
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Figure 11. Comparison between the climate impact of the three different frames over 100 

years. The wood option is divided into scenario 1, which is based on the supplier’s own 

information (best case), and scenario 2, which is based on the published results and 

documents (proven cases). 

 

 

Figure 12. Comparison between primary energy consumption with the three different 

frames during their life cycle. The wood option is divided into scenario 1, which is based 

on the supplier’s own information (best case), and scenario 2, which is based on the 

published results and documents (proven cases). 

 

Active selections in the construction phase generate a low climate impact and energy 

consumption for the concrete option, and there is no significant difference compared with 

The concrete carbonation is not 

included in the calculations, 
which should involve a 

reduction of 10 kg CO2 eq/m2 

living area under the operating 

period for both options. 
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the solid wood construction in consideration to the uncertainties that exist. However, there 

is a significant difference between scenarios 1 and 2 for the solid wood building. This 

shows that the service life and function of the solid wood building must be ensured 

carefully during planning in order not to generate both a high climate impact and high 

energy consumption.   
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6 Conclusions  
The project reports during the scheduling stage in 2014 showed a result where there was 

no significant difference between the options for solid wood, concrete cast-in-situ and 

precast concrete frames as proposed by three commercial frame suppliers for Brf. Viva. 

This applies to both the climate impact and primary energy from a life-cycle perspective. 

This result is confirmed by the revised, expanded study. 

 

The functional properties are an important decision basis for blocks of flats. Further 

development of functions, durability, fire and energy consumption has therefore been 

carried out. This is based on performance requirements in the Swedish National board of 

Housing, Building and Planning Building Regulations (BBR) and the contractors 

requirements for Miljöbyggnad Guld certification from Sweden Green Building Council, 

100-year service life and building sections and materials classified according to SundaHus.  

 

Scenarios have been defined in order to manage uncertainties for solid wood buildings. 

Scenario 1 is based on a mix of supplier information and confirmed documentation on the 

assumption that no physical building issues occur during the 100 years (best case). Scenario 

2 is based on the documented knowledge and declarations and experience of replacement 

after 50 years (proven cases). The worst case (scenario 3) is based on the calculations that 

the service life is only 50 years, but this scenario has not been calculated. 

  

The solid wood building calculations are probably undervalued as the relevant climate and 

energy data for the necessary fire retardant paint are missing.  

 

The LCA study has not included performance requirements associated with noise, damp 

and health. The concrete buildings have, for example, been dimensioned for 100 years in 

accordance with proven standards and experience. The dimensioning for Martinssons’ 

proposed solid wood frame building is unclear, potentially only 50 years. Plus, the modern 

energy-efficient exterior walls in timber infer new and higher physical building risks of 

damp issues than older wood buildings.  

 

A 100-year service life is used as a calculation basis in the LCA calculations in order to 

spread the environmental impact over the use phase. However, it is highly probable that 

replenishment of the building frame will be needed much earlier, e.g. replacement after 50 

years. Replenishment of the frame refers to interior walls, installations, kitchen, bathroom, 

etc. In connection with this, it is also possible that some of the building’s functions have 

changed. In some cases, other sections such as attics and exterior walls may also need 

replacing, e.g. due to damp issues. Most managers and tenant-owner associations require, 

however, that the building frame must survive such renovation. Therefore, it is important 

that the frame’s function is maintained much longer than would normally be required with 

replenishment of the frame, otherwise there would be great consequences for the tenant-

owner association. A normal depreciation period for a building under a tenant-owner 

association is between 75 and 125 years. 

 

The result shows that in comparisons between different options, in this case concrete and 

wood frames, only transparent and relevant results are obtained when comparing the same 

performance requirements over the full life cycle. The relevant comparisons in the study 

between concrete and solid wood options do not change if the study result is recalculated 

to an analysis period of 50 years.  

 

The results also show; 

 

• For concrete construction, it is crucial that the contractor sets requirements for the 

concrete and binding agents used. 
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• For solid wood buildings, it is crucial that the contractor sets requirements for the 

construction technique to be documented and guaranteed for use longer than 50 

years. The result also shows that it is beneficial to select suppliers with short 

transport distances.  

• The variation in what is built and the high uncertainties that exist mean that each 

construction project must be evaluated individually and with specific values. 

Based on the feasibility study, among other things, Riksbyggen has chosen to plan and 

procure precast concrete in the main body of the buildings and concrete cast-in-situ for the 

lower sections. Therefore, this project has specifically further developed the material 

requirements for the concrete in contact with Riksbyggen in order to ensure a 100-year 

durability. 

 

The procured structure has been developed further and planned in detail and is not the same 

as what is used in this report. Nevertheless, the Swedish Energy Agency, via E2B2, 

approved a follow-up project which will, among other things, produce climate and energy 

declarations for the concrete buildings actually built while also communicating and 

allowing widespread use of the experiences gained in this project on procurement of 

climate and energy efficient concrete construction.  
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Appendices 
Appendix 1. Building sections in the analysed 

construction system 
 

Wood frame, cross-laminated timber Precast concrete frame. Concrete frame cast-in-situ 

Exterior walls Exterior walls Exterior walls 

 

 

25 glulam panels 

22x70 timber lath c-c 

600 

Wind barrier 

membrane 

12x70 plywood c-c 

600 

70 rock wool, 28 

kg/m³ 

45x145 girder c-c 600 

70+70 rock wool 

45x140x210 girder 

70 rock wool, 28 

kg/m³  

Plastic sheeting, 0.2 

mm 

120 cross-laminated 

timber 

15 plasterboard, GF 

  

75 concrete 

250 Expanded 

Polystyrene Concrete 

(EPS)  

150 concrete 

Reinforcement 10 

kg/m²  

 

 

  

20 plaster  

250 Expanded 

Polystyrene Concrete 

(EPS) 

160 concrete  

Reinforcement 6 

kg/m² 

 

U=0.12 W/m²K U <0.12 W/m²K 

Exposure class ≥XF1, and X0/XC1 

w/c ratio ≤0.60 

U < 0.12 

Exposure class XC1 

w/c ratio ≤ 0.90 

 

Interior wall, load-bearing Interior wall, load-bearing Interior wall, load-bearing 

 

 

 

15 plasterboard, GF 

120 cross-laminated 

timber 

15 plasterboard, GF 

 

 

 

200 concrete 

Reinforcement 6 kg/m² 

 

 

 

 

200 concrete 

Reinforcement 6 

kg/m² 

 

Exposure class ≥X0/XC1 

w/c ratio ≤ 0.9 

Exposure class X0/XC1 

w/c ratio ≤ 0.9 

Flat dividing walls Flat dividing walls Flat dividing walls 

 

2x15 plasterboard, GF 

12 Plywood 

120 rock wool, 28 

kg/m³ 

45x120 girder c-c 600 

10 air gap 

45x120 girder c-c 600 

120 rock wool, 28 

kg/m³ 

12 Plywood 

2x15 plasterboard, GF 

 
 

 

200 concrete 

Reinforcement 6 kg/m² 

 

  

200 concrete 

Reinforcement 6 

kg/m² 

Exposure class ≥XC0/XC1 

w/c ratio ≤ 0.9 

Exposure class X0/XC1 

w/c ratio ≤ 0.9 
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Wood frame, cross-laminated timber Precast concrete frame. Concrete frame cast-in-situ 

Intermediate floor structure 

 

Intermediate floor structure Intermediate floor structure 

 
145 cross-laminated timber 

70 rock wool, 28 kg/m³ 

45x220 girder 

170 rock wool, 28 kg/m³ 

Lath 28x70 c-c 300 

2x13 plasterboard, GN 

 
 

50 concrete screed 

200 hollow core 

Reinforcement 6 kg/m² 

 

Exposure class ≥XC1 

w/c ratio ≤ 0.9 

 

 
10 screeding concrete 

200 structural concrete 

50 Precast concrete 

Reinforcement 12 kg/m² 

 

Exposure class XC1 

w/c ratio ≤ 0.9 

 

Access balcony slabs 

 

Access balcony slabs 

 

 

 

 

160 

concrete 

Reinforcement 6 kg/m² 

 

Exposure class ≥XF3 

w/c ratio ≤ 0.55 

Access balcony slabs 

 

 

 

 

160 

concrete 

Reinforcement 6 kg/m² 

 

Exposure class ≥XF3 

w/c ratio ≤ 0.55 
28 wooden floor decking 

Rubber sheeting 

120 cross-laminated timber 

115x270 glulam beam 

190x225 glulam pillars 

Balcony slabs 

 
 

Balcony slabs 

 

 

 

 

160 

concrete 

Reinforcement 6 kg/m² 

 

Exposure class ≥XF3 

w/c ratio ≤ 0.55 

Balcony slabs 

 

 

 

 

160 

concrete 

Reinforcement 6 kg/m² 

 

Exposure class ≥XF3 

w/c ratio ≤ 0.55 

28 wooden floor decking 

Rubber sheeting 

120 cross-laminated timber 

115x270 glulam beam 

190x225 glulam pillars 

Detail solution, mounting 
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Wood frame, cross-laminated timber Precast concrete frame. Concrete frame cast-in-situ 

 

Light walls 

 

Light walls 

 

Light walls 

 

 

12.5 plasterboard 

70 rock wool 

45x70 timber girder 

12.5 plasterboard 

  

12.5 plasterboard 

70 steel girder 

12.5 plasterboard 

  

 12.5 

plasterboard 

 70 steel girder 

 12.5 

plasterboard 
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Appendix B. Climate impact and primary energy for all 

materials, activities and processes in the study 
 

Material 

Transport 

Energy 

Declared 

unit 
Climate impact 
[kg CO2 eq/unit] 

Primary 

energy 
[MJ/unit] 

Reference 

Production (A1–A3)     

Plasterboard 

1 m2 plaster 

board 12.5 

mm thick 

2.83 44.6 

EPD Gyproc Normal – Standard 

Plasterboard. 

The International EPD® System 

EPD No. S-P-00388 

Plasterboard, type F 

1 m2 F-type 

plaster board 

15.4 mm 

thick 

5.09 82.0 

EPD Gyproc PROTECT F – Fire 

Board 

The International EPD® System 

EPD No. S-P-00389 (2013) 

Rock wool 

1 m2 of 37 

mm thick 

stone wool 

1.27 13.5 
EPD Rock wool insulation, 

EPD no 00131Erev1 

Steel components 1 kg 4.71 73.4 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Dataset: Steel, chromium steel 18/8 

{RER}| steel production, converter, 

chromium steel 18/8 | Alloc Def, S 

Rubber EVALASTIC 1 m2 7.10 174 

EPD EVALASTIC® VSK 1.2 mm, 

self-adhesive 

 

PE components 

(Plastic sheeting) 
1 kg 2.62 77.3 

Ecoinvent 3.0 data (HDPE granulate 

+ Extrusion with 5% loss) 

Dataset: 

Polyethylene, high density, granulate 

{GLO}| marked for | Alloc Def, U 

Extrusion, plastic film {RER}| 

production | Alloc Def, U 

PP components 

(Fixings for lath pipes) 
1 kg 2.66 75.1 

Ecoinvent 3.0 data (PP granulate + 

Extrusion with 5% loss) 

Dataset: 

Polyethylene, granulate {GLO}| 

marked for | Alloc Def, U 

Extrusion, plastic film {RER}| 

production | Alloc Def, U 

Wind barrier membrane 1 kg 2.64 75.9 

Ecoinvent 3.0 data (50% PP + 50% 

HDPE + Extrusion with 5% loss) 

Dataset: 

Polyethylene, granulate {GLO}| 

marked for | Alloc Def, U 

Polyethylene, high density, granulate 

{GLO}| marked for | Alloc Def, U 

Extrusion, plastic film {RER}| 

production | Alloc Def, U 

Sawn timber 1 kg 0.04 3.97 

Environmental facts on timber and 

timber products, Kontenta 0009032 

(Trätek, 1999) 

Plywood 1 kg 0.21 8.80 
Environmental declaration Vänerply 

No. 9709079 (Trätek, 1997) 

Glulam 1 m3 45 3,900 

Construction product declaration 

Martinsons trä 

no. IVL BVD no. 2179 (based on 

PCR) 
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Material 

Transport 

Energy 

Declared 

unit 
Climate impact 
[kg CO2 eq/unit] 

Primary 

energy 
[MJ/unit] 

Reference 

Paint (base coat) 1 kg 5.11 83.3 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Dataset: Alkyd paint, white, without 

solvent, in 60 % solution state 

{RER}| alkyd paint production, 

white, solvent-based, product in 60 % 

solution state | Alloc Def, S 

Paint (top coat) 1 kg 4.81 57.6 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Dataset: Alkyd paint, white, without 

water, in 60 % solution state {RER}| 

alkyd paint production, white, water-

based, product in 60 % solution state | 

Alloc Def, U 

Precast concrete, indoor 

environment 
1 m3 214.2 1,680 Recipe according to Strängbetong 

Precast concrete, outdoor 

environment 
1 m3 242.1 1,790 Recipe according to Strängbetong 

Precast concrete, hollow 

core 
1 m3 260.2 1,390 Recipe according to Strängbetong 

Precast concrete, C 25/30 

(20% fly ash) 
1 m3 223.3 1,610 

Recipe according to 

Betonghandboken 

Concrete cast-in-situ 

Indoor environment 

FBLC 50 

1 m3 125.8 1,692 
Recipe according to Thomas Betong 

Eco-cement + GGBS 

Concrete cast-in-situ 

C25/30 30%, slag 

foundation 

1 m3 176.2 1,591 
Recipe according to 

Betonghandboken 

Concrete  

C28/35, Floor slabs 
1 m3 213.2 2,330 

Recipe according to 

Betonghandboken 

CEM II/A-V 52.5 N 1 tonne 668 2,526 

EPD Cementa Bascement 

Institut Bauen und Umwelt e.V. 

(IBU) 

EPD No. EPD-HCG-20140205-

CAA1-EN 

CEM II B-S 52.5 N 1 tonne 569 4,218 

EPD Cemex environment 

The Norwegian EPD Foundation 

EPD No. NEPD154N 

Ground-granulated blast-

furnace slag, GGBS 
1 tonne 48.2 5,530 Verbal communication Merox/SSAB 

Superplasticizer 1 tonne 770 17,270 

European Federation of Concrete 

Admixtures Associations. (2006). 

EFCA Environmental declaration – 

superplasticizing admixtures. 

Accelerator 1 tonne 1,263 20,200 

European Federation of Concrete 

Admixtures Associations. (2005). 

EFCA Environmental declaration – 

accelerating admixtures. 

Sand and gravel 1 tonne 1.8 22.1 LCA of road, Report B1210 IVL 

Plaster 1 kg 0.16 1.24 
EPD weber.base KC 50/50, dry 

mortar 
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Material 

Transport 

Energy 

Declared 

unit 
Climate impact 
[kg CO2 eq/unit] 

Primary 

energy 
[MJ/unit] 

Reference 

Insulation, EPS 1 m3 48.2 1,394 

EPD, EPS-Hartschaum 

Institut Bauen und Umwelt e.V. 

(IBU) 

EPD No. EPD-IVH-2009211-D 

Steel reinforcement 1 tonne 360 7,909 

EPD Celsa 

The International EPD® System 

EPD No. S-P-00305 

Steel profiles 1 m 2.41 0.17 

EPD Norgips 

The Norwegian EPD Foundation 

EPD No. NEPD 00171N 

Construction site (A4–

A5) 
    

Swedish electricity mix 1 kWh 0.062 8.76 

Ecoinvent 3.0 data 

Dataset: Electricity, medium voltage 

{SE}| market for | Alloc Def, S 

Transport, concrete 

vehicle 6 m3 
1 kgkm 1.18E-4 4.31E-3 Verbal communication with Scania 

Transport of concrete 

elements, lorry 50–60 t, 

100% trip 

1 kgkm 3.78E-5 6.05E-4 

Network for transport measures, 

NTM 

https://www.transportmeasures.org/ 

Transport of the wood 

building, lorry 34–40 t, 

50% trip 

1 tkm 0.066 0.92 

Network for transport measures, 

NTM 

https://www.transportmeasures.org/ 

Energy consumption for 

construction, prefab 

1 m2 floor 

area 
3.8 126 

[14] 

Refers to electricity and diesel 

Energy consumption for 

construction, cast-in-situ 

1 m2 floor 

area 
5.8 231 

[14] 

Refers to electricity and diesel 

Energy consumption for 

construction, wood 

1 m2 floor 

area 
1.5 221 

[14]  

Refers to electricity 

Consumption (B1–B7)     

District heating 1 kWh 0.014 0.040 Göteborg Energi 

Electricity (wind power) 1 kWh 0.016 0.233 

EPD Vattenfall vindkraft 

The International EPD® System 

EPD No. S-P-00183 

Paint (base coat) 1 kg 5.11 83.3 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Dataset: Alkyd paint, white, without 

solvent, in 60 % solution state 

{RER}| alkyd paint production, 

white, solvent-based, product in 60 % 

solution state | Alloc Def, S 

Paint (top coat) 1 kg 4.81 57.6 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Ecoinvent 3.0 data with Swedish 

electricity mix 

Dataset: Alkyd paint, white, without 

water, in 60 % solution state {RER}| 

alkyd paint production, white, water-

based, product in 60 % solution state | 

Alloc Def, U 
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Material 

Transport 

Energy 

Declared 

unit 
Climate impact 
[kg CO2 eq/unit] 

Primary 

energy 
[MJ/unit] 

Reference 

Final stage (C1–C4)     

Energy consumption for 

demolition, precast 

1 m2 floor 

area 
1.97 20.1 [14] 

Energy consumption for 

demolition, cast-in-situ 

1 m2 floor 

area 
5.4 83.8 [14] 

Energy consumption for 

demolition, wood 

1 m2 floor 

area 
1.4 21.1 [14] 
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Appendix C. Summary of differences for different 

scenarios with solid wood structures 
 

 
 Scenario 1  

(kg CO2 eq/m2 living area) 

Scenario 2  

(kg CO2 eq/m2 living area) 

 value comments value comments 

Transport A4 21.3 50% fullness factor and 

full return 

27.9 50% fullness factor and return 

filled 2/3 

Maintenance B2 3.5 Repainting six times with 

top coat and 1.3 times 

with base coat 

12.7 Repainting 10 times with both 

base coat and top coat to 

ensure fire retardant properties 

Replacements B4 12.2 Facade panels replaced 

1.1 times, rubber mats 

and wooden floor decking 

twice, and load-bearing 

frame for balconies and 

access balconies replaced 

once. 

51.2 In order to ensure function, 

the plastic sheeting is replaced 

with affected sections of the 

exterior wall once (6.74). The 

facade panel is assumed to be 

replaced three times (1.71). 

Repainting with both top and 

base coat occurs 10 times 

(12.4). Pillars and beams 

connecting balconies and 

access balconies are replaced 

three times [1.04] Balconies 

and access balconies are 

replaced once (5.5). Rubber 

sheeting and wooden floor 

decking are replaced three 

times (24.6) 

Operation B6 140 Adjusted for air leaks and 

forecast management  

139 Adjusted for air leaks and 

forecast management (This 

option is somewhat tighter) 
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SP Technical Research Institute of Sweden  

The SP Group’s vision is to be a leading international innovation partner. Our 1,400 employees, of 

which over a half are academics, and approx. 380 have postgraduate education, constitute an important 

knowledge resource. We carry out assignments for more than 10,000 customers annually, to increase 

their competitiveness and contribute sustainable development. The assignments include both 

interdisciplinary technical research and innovation projects and close-to-market contributions within 

testing and certification. Our six business areas (ICT, Risk Safety and Security, Energy, Transportation, 

The Built Environment and Life Science) respond to the needs of society and industry and link the 

Group’s technical units and subsidiaries. The SP Group achieves revenues of approx. SEK 1.5 billion 

and is owned by the Swedish government through Research Institutes of Sweden AB. 

 

SP Technical Research Institute of Sweden 

Our work is concentrated on innovation and the development of value-adding technology. Using 

Sweden’s most extensive and advanced resources for technical evaluation, measurement technology, 

research and development, we make an important contribution to the competitiveness and sustainable 

development of industry. Research is carried out in close conjunction with universities and institutes 

of technology, to the benefit of a customer base of about 10,000 organisations, ranging from start-up 

companies developing new technologies or new ideas to international groups. 

 

 

 
 
 
 
 

 


