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Abstract 
Climate change, waste, pollution, and the overconsumption of the earth's limited resources 

are real threats. To solve these big problems, an innovative idea is needed. In line with 

the United Nations goals for sustainable development, the concept of circular economy 

(CE) has gained attraction as an alternative to the current linear economy (LE) “take-

make-use-dispose”-model to reduce GHG emissions from buildings and mitigate climate 

change. Reuse of building materials and products is a key part of this concept, where the 

goal is to preserve resources and their value within the economy by closing material loops. 

In the Norwegian construction industry (BAE), many studies show that the reuse can help 

reduce the amount of waste and GHG emissions from the industry. But it is still limited to 

a small number of pilot projects.  

This thesis aims to investigate which building materials and products can be suitable for 

reuse from a sustainability perspective. As well as, demonstrate the potential to create a 

more resource-efficient and environmentally friendly construction industry. For that to be 

the case, it must be considered a sustainable solution and there must be a potential for 

creating a market of a certain size. This research will act as a guideline for rehabilitation 

and fit-out projects with a focus on reuse as a sustainability assessment method. Both 

qualitative and quantitive data were used to examine the selected case study projects. In 

total, a literature study, a document analysis including interviews with industry 

representatives, and finally a comparative environmental analysis of reused building 

materials and -components compared to new products in two of FutureBuilt pilot projects; 

Kristian August gate 13 and  Kristian August gate 23 in Oslo were performed. The third 

pilot project, Skur 38, was excluded from this study due to a lack of data acquisition and 

the use of a different GHG calculation methodology.   

The results of the comparative analysis per building parts analysis indicate that greenhouse 

gas emissions can be reduced by the use of reused material by 70% and 83% from the 

production and replacement phases for KA13 and KA23 respectively. Among the 

comparison analysis per material/product, the most significant reductions were scored by 

the steel and concrete categories. The following material categories were further analyzed 

in detail: Steel, Hollow-core slabs, windows and doors, brick stone, and facade panels. 

From the production phase together with the replacement of the building components, all 

the products provided between 78% and 98% savings compared to a new alternative. In 

this sense, load-bearing materials, such as steel and concrete, are examples of materials 

that can have good effects and are considered suitable for reuse to a large extent. 

The document analysis has revealed significant challenges in the development of the reuse 

market. Limited information about the existing building stock also complicates the 

understanding of the present and future potential for reuse. However, it is still seen that 

there are sufficient quantities of analyzed material for scaling up the market. In terms of 

scaling the market, prioritizing certain materials and products will most likely be favorable 

for establishing safe and efficient solutions for logistics, testing, and re-documentation. 

The potential for reusing several products and materials is evaluated throughout this study. 

By focusing on reuse in the planning phase of projects, design for disassembly (DFD), and 

adaptability, the future potential of the reuse market may be significant. On the way to the 

reuse-market development, FutureBuilt is improving its circular building criteria to comply 

with BREEAM-NOR v6.0, and the Green Building alliance included Futurebuilt criteria on 

their exemplary rating level in their manual v.06. In this study, five corresponding 

parameters were specified; material efficiency, material reuse, GHG emission calculation, 

resource utilization, and waste volume. 
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Sammendrag 
Klimaendringer, avfall, forurensning og overforbruk av jordens begrensede ressurser er 

reelle trusler. For å løse disse store problemene trengs det en innovativ idé. I tråd med 

FNs mål for bærekraftig utvikling, har konseptet sirkulær økonomi (CE) fått tiltrekning som 

et alternativ til dagens lineære økonomi (LE) "take-make-use-dispose"-modell for å 

redusere klimagassutslipp fra bygninger og dempe klimaendringene. Ombruk av 

byggematerialer og -komponenter er en sentral del av dette konseptet, der målet er å 

bevare ressursene og deres verdi i et sirkulært kretsløp. I den norske byggebransjen (BAE) 

viser mange studier at gjenbruk kan bidra til å redusere avfallsmengde og klimagassutslipp 

fra industrien. Men disse studiene er fortsatt begrenset til et lite antall pilotprosjekter. 

Denne oppgaven har som mål å undersøke hvilke byggematerialer og produkter som kan 

egne seg for ombruk fra et bærekraftperspektiv. Samt demonstrere potensialet for å skape 

en mer ressurseffektiv og miljøvennlig byggenæring. For at det skal være tilfelle, må det 

tas i betraktning en bærekraftig løsning og det må være et potensial for å skape et marked 

av en viss størrelse. Denne forskningen skal fungere som rettesnor for rehabiliterings- og 

innredningsprosjekter med fokus på ombruk som bærekraftig vurderingsmetode. Både 

kvalitative og kvantitative data ble brukt til å undersøke de utvalgte casestudieprosjektene. 

Totalt en litteraturstudie, en dokumentanalyse inkludert intervjuer med 

industrirepresentanter, og til slutt en komparativ miljøanalyse av gjenbrukte 

byggematerialer og -komponenter sammenlignet med nye produkter i to av FutureBuilt 

pilotprosjekter; Kristian August gate 13 og Kristian August gate 23 i Oslo ble fremført. Det 

tredje pilotprosjektet, Skur 38, ble ekskludert fra denne studien på grunn av manglende 

datainnsamling og bruk av en annen GHG-beregningsmetodikk. 

Resultatene av den komparative analysen per bygningsdelsanalyse indikerer at 

klimagassutslipp kan reduseres ved bruk av gjenbruksmateriale med 70 % og 83 % fra 

produksjons- og utskiftingsfasene for henholdsvis KA13 og KA23. Blant 

sammenligningsanalysene per materiale/produkt ble de mest signifikante reduksjonene 

skåret etter stål- og betongkategoriene. Følgende materialkategorier ble videre analysert 

i detalj: Stål, Hullplater, vinduer og dører, murstein og fasadeplater. Fra produksjonsfasen 

sammen med utskifting av bygningskomponentene ga alle produktene mellom 78 % og 98 

% besparelser sammenlignet med et nytt alternativ. Slik sett er bærende materialer, som 

stål og betong, eksempler på materialer som kan ha gode effekter og i stor grad anses 

som egnet for gjenbruk. 

Dokumentanalysen har avdekket betydelige utfordringer i utviklingen av 

gjenbruksmarkedet. Begrenset informasjon om eksisterende bygningsmasse vanskeliggjør 

også forståelsen av nåværende og fremtidig potensial for gjenbruk. Imidlertid ser man 

fortsatt at det er tilstrekkelige mengder analysert materiale for å skalere opp markedet. 

Når det gjelder skalering av markedet, vil prioritering av enkelte materialer og produkter 

mest sannsynlig være gunstig for å etablere sikre og effektive løsninger for logistikk, 

testing og re-dokumentasjon. Potensialet for gjenbruk av flere produkter og materialer er 

evaluert gjennom denne studien. Ved å fokusere på gjenbruk i planleggingsfasen av 

prosjekter, design for demontering (DFD), og tilpasningsevne, kan det fremtidige 

potensialet for gjenbruksmarkedet være betydelig. På vei til utviklingen av 

gjenbruksmarkedet forbedrer FutureBuilt sine sirkulære bygge kriterier for å overholde 

BREEAM-NOR v6.0, og Green Building-alliansen inkluderte Futurebuilt-kriterier på deres 

eksemplariske vurderingsnivå i manualen v.06. I denne studien ble fem tilsvarende 

parametere spesifisert; materialeffektivitet, materialgjenbruk, GHG-utslippsberegning, 

ressursutnyttelse og avfallsvolum.  
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Glossary 
Adaptability: Collective concept of generality, flexibility, or 

elasticity (Leland, 2008). 

As-built documentation 

("As-built"): 

Describes the building's structure through drawings 

and detailed information, and must be updated along 

the way for changes in the construction process 

(MIM, 2017). 

Construction product: All products that are to be built permanently into a 

building and that have an impact on the basic 

building's basic properties and services (SINTEF 

Building Research, 2016). Furniture is not considered 

a building material (Sunde et al., 2020). 

Construction waste: A collective term for all of the waste generated from 

new construction, rehabilitation, and demolition of 

buildings (Nordby and Wærner, 2017). 

Downcycling: Recycling, where the resulting product is considered 

to have lower-quality or value than the original 

product (Leland, 2008). 

Design for disassembly: The concept of design for disassembly and reuse 

(DfD) is based on materials and solutions being 

designed so that it is possible to take them apart 

(Leland, 2008). 

Elasticity: The ability of a building to expand or reduce the size 

of areas within a given geometry (Multiconsult and 

Building Environment, 2008). 

Energy recovery: Incineration of waste with the utilization of energy 

(Nordby and Wærner, 2017). 

Environmentally justifiable 

service life: 

The service life justifies environmental impacts 

added to produce a material (Nordby, 2011). 

Flexibility: Ability to change the layout of buildings (Multiconsult 

and the Building Environment, 2008). 

Functional service life: The time the building or part of the building fulfills 

the assumed planned function (MIM, 2017). 

Generality: Ability to change the function of a building without 

major interventions and costs (Multiconsult and the 

Building Environment, 2008). 

Landfill: A permanent disposal site for waste when depositing 

the waste on or under the ground (The Waste 

Regulations §9-3, 2004). 

 
Life Cycle Assessment (LCA): Systematic assessment of the environmental and 

resource impact of materials, products, or services 
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throughout all or parts of the life cycle (SINTEF 

Building Research, 2014a). 

Material recycling: Includes any form of recycling where waste materials 

are used to produce substances or objects that are 

not waste (Kilvær et al., 2019). 

MOM (“FDV” in Nor.): Abbreviation for management, operation, and 

maintenance. Collective term for activities 

throughout the life of a building (Kilvær et al., 2019). 

Recycling: See definition for re-use and energy recovery. 

Rehabilitation: Restore buildings and components to the original 

standard without changing function (SINTEF Building 

Research, 2017). 

Renewable and non-

renewable resources: 

Non-renewable resources are stored in nature and 

are not renewable, which in theory can run out. 

Renewable resources have their origin in nature's 

cycle and can be considered inexhaustible (Brunvoll 

and Stave, 2007). In reality, many resources are 

considered to be somewhere in between (Swan label, 

2013). 

Renovation: Major building work, includes changes to the 

building's function, floor plan, or standard (SINTEF 

Building Research, 2017). 

 

Re-use(“Gjenbruk” in Nor.): Utilization of existing building materials and other 

residual products by both reuse and recycling 

(Leland, 2008). 

Reuse(“Ombruk” in Nor.): To utilize a product or component again in its original 

form for the same purpose or new function (Leland, 

2008). 

Selective demolition 

(Disassembly): 

A form of demolition work where materials and 

building parts are dismantled during picking, and in 

practice often carried out as a reverse construction 

process (Norsas, 1999). 

Technical service life: Service life which associated with the technical 

durability of a component or building (Leland, 2008). 

Upcycling: Processes where the result is materials of higher 

quality than the original product (Nordby, 2009). 
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1.1 Background 

This year's Emission Gap report, prepared by the UN Climate Panel, states that too little is 

being done to reverse climate change and that major disruptions are necessary for the 

goals set in the Paris Agreement to continue to be achievable (UNEP, 2019). The world's 

resources are consumed at a pace that puts great pressure on ecosystems. Unfortunately, 

environmental investments are often downgraded in today's capitalist society because the 

effects are only visible far into the future. But if changes do not happen, large costs and 

consequences will have to be paid for by future generations (Bakshi, 2018). 

The construction industry, which is a major consumer of resources and energy, plays an 

important role in creating change (UNEP and IEA, 2018). The consumption in the industry 

is not only high but enormous amounts of waste are also generated every year (Statistics 

Norway, 2020b). The resources and efforts invested in the production of building materials 

are in many cases not utilized sufficiently, and it is found that as many as 95% of building 

materials are only used once (Statistics Norway, 2021). 

The circular economy has emerged as a new and alternative economic model to today's 

linear "use-and-throw" practice. Reuse is a central part of this way of thinking (Green 

Building Alliance and Norwegian Real Estate, 2016; Boye, 2019). The Real Estate Sector's 

roadmap towards 2050 outlines a future industry where circular principles and reuse are 

central (Green Building Alliance and Norwegian Real Estate, 2016). The Norwegian building 

and construction industry is responsible for approx. 26% of the total national waste stream 

and 36% of greenhouse gas emissions. Renovating existing buildings and building a more 

efficient infrastructure around energy utilization has major environmental benefits 

(Statistics Norway,2021). The amount of waste from construction, rehabilitation, and 

demolition further increased by 5.6% from 2018 to 2019. Less than 50% of this waste was 

recycled (Statistics Norway, 2021), which is below national and EU requirements of 70% 

reuse, recycling and recovery of non-hazardous materials (European Commission, 2018). 

Most of the construction waste in Norway consists of non-contaminated and inert materials 

and could be reused without any health or environmental risks (Statistics Norway, 2021). 

As things stand today, however, the reuse of building materials is mainly limited to 

individual pilot projects. This raises the question of why the degree of reuse in the industry 

is so low? 

Reuse as a topic has recently received a great deal of attention in the construction industry. 

During the autumn of 2019 and until the spring of 2022, a large number of breakfast 

meetings, seminars, and conferences were held where reuse has been high on the agenda. 

Reuse is a key principle in the waste hierarchies (LOOP, 2018). It develops material 

efficiency across all economic sectors and represents the second-best choice after waste 

prevention to decrease resource consumption and carbon emissions, and divert demolition 

waste from landfills (Akinade et al., 2017; Rakhshan et al., 2020). A Nordic study states 

that the reuse of construction components has the potential to reduce resource 

consumption by 20% in the Nordic construction sector resulting in greenhouse gas 

emission (GHG) reductions of approximately 900,000 tons of CO2 equivalents (Høibye and 

Sand, 2018). At the same time, it can create social and financial benefits for private 

1 Introduction 



 

2 

 

companies equating to 1.7% of the annual growth rate (Høibye and Sand, 2018). SINTEF1 

has also launched a research project on the same topic that addressed the market 

prospects for the reuse of building materials and identified important drivers and barriers 

to future development (Eli Sandberg and Ann K. Kvellheim, 2021). During the period, 

several very central reports on the topic were published, including an announcement from 

the Directorate for Building Quality- DiBK. 

Among these reports is a socio-economic analysis of measures for resource efficiency in 

the industry, which concludes that it is currently more profitable to focus on waste 

minimization rather than reuse (Ibenholt et al., 2020). This is justified by the fact that 

there are currently major barriers to the implementation of reuse, and that in many cases 

it is not profitable for the developer. Nevertheless, it is emphasized that reuse can become 

more profitable in the long run, through the development of the reuse market. It is 

currently uncertain what such a development might look like, and the question is how much 

potential there is for an upscaling of the market. There is relatively little demolition per 

year, but the industry still generates huge amounts of waste. How much of this waste could 

have been reused, and is it sufficient that it is worth investing in putting recycling practices 

to a greater extent in the system? 

Among the most important driving forces for the implementation of reuse in the 

construction industry are the environmental savings it will be able to provide, both in the 

form of a reduced need for increased resource efficiency and reduced greenhouse gas 

emissions. At the same time, it is not a given that reuse is the best solution for a more 

sustainable construction industry (Nußholz, Rasmussen, and Milios, 2019). This raises 

questions about which building materials and products will be worth investing in in the 

years to come. 

The design for disassembly concept (DfD) has been introduced decades ago (Akinade et 

al., 2017). However, traditional methods of end-of-life building disposal are dominating 

since modern society rarely designs with material recovery in mind (Guy and Shell, 2002). 

Construction materials and products hold the potential of mitigating the overall embodied 

impacts of buildings from the early stages (Rahla et al., 2021). On the other hand, 

designers, contractors, and other construction actors must act together to define ambitions 

for material loops. 

Key drivers for reuse in the Norwegian building sector are the reduction of GHG emissions 

and enhanced company image by fulfilling the criteria of sustainability schemes. The latter 

often combines sustainability and circular economy concepts (Rahla et al., 2021). BREEAM-

NOR (Green Building Alliance, 2020) and the Norwegian FutureBuilt criteria for circular 

buildings (Nordby, 2020) include both reuse and circular economy principles. In addition, 

national initiatives such as the "National Strategy on Circular Economy" (Ministry of Climate 

and Environment, 2021), requirements for the assessment of reuse of construction 

products (DiBK, 2021), and the establishment of digital reuse platforms (Loopfront, 2021; 

Rehub, 2021) demonstrate the growing interest in circular practices. 

Reuse is still in its early stage in Norway. Only a few pilot projects are currently testing 

reuse solutions and processes. Two of FutureBuilt projects testing the feasibility of reuse 

in construction projects have recently been completed (FutureBuilt, 2020, 2021). The 

lessons learned from these projects will play a major role in the improvement and 

implementation of measures to promote the reuse of construction products and materials. 

 
1 SINTEF | Stiftelsen for industriell og teknisk forskning. (Building and Infrastructure Research 

Institute). https://www.sintef.no/ 



 

3 

 

What we can learn from pilot projects and setting specific reuse goals is the most important 

success factor which should be included in future reuse projects (Sandberg et al., 2022). 

1.2 Aim and problem statement 

This study is based on the research project REBUS2 – “Reuse of building materials - a user 

perspective " which aims to develop knowledge that will enable wider and more efficient 

implementation of reusable construction products (REBUS, 2020). There is still a lack of 

research on how to achieve a circular economy in various industries despite a rapidly 

growing interest in this transition. Although the construction sector is a major source of 

GHG emissions, it also holds a large potential in terms of material reuse and circularity 

thinking. The scientific literature on this topic is still limited, especially in the Norwegian 

context. The current knowledge is mostly in industry reports for practitioners, based on 

anecdotal experiences. There is a clear need for more and better information on how to 

make the most sustainable choices when selecting materials suitable for reuse and 

designing a circular building. 

Another obstacle is the lack of reuse-oriented regulation and documentation. Current 

legislation and assessment methods are overwhelmingly geared toward new materials and 

products, and a linear economy model. How can reused material safety be evaluated and 

documented? How can we decide whether it is more sustainable to reuse material or 

product or to pick a new one? Through the construction process, how can the different 

stakeholders communicate and collaborate on approaching circularity in the construction 

sector? 

The REBUS project has five work packages that each address a different aspect of the 

project objective. Figure 1.1 below shows how the work packages relate to and interact 

with each other : 

1. User requirement: analyze user awareness, knowledge, needs, and social 

practice to find solutions and create a knowledge platform 

2. assessment of construction products for reuse: Identify best methods for 

assessing both technical performance and content of hazardous substances in 

construction products or components that are considered for reuse. 

3. Life Cycle sustainability assessment: Identify how existing evaluation and 

labeling methods can be developed for communicating reusable materials from a 

life-cycle perspective. 

4. Pilot testing and toolbox: Co-produce implementation of practical knowledge of 

assessed methods and solutions through pilot projects. 

5. Networking and procurement: Develop network strategies and recommendations 

for incitements through procurement and regulations. 

 

The framework of the project is a series of interviews with different groups of actors from 

the Norwegian construction industry to identify barriers and success factors for reuse as 

experienced by different experts and professions, the project will continue until December 

2024 (REBUS, 2020). 

 
2 REBUS is a research project financed by the research Council of Norway through MILJØFORSK program. 

The project started in January 2020 and will continue until December 2024. The project is 
interdisciplinary collaboration between architects, engineers and environmental psychologists from 
SINTEF AS and Inland Norway University of Applied Science together with Boligbygg Oslo KF, FutureBuilt, 
and Resirqel AS. 
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The ongoing REBUS project identified barriers and drivers to the reuse of construction 

products, as well as the analysis of perceptions and reflections of different actors adds a 

new level to studying the adoption of reuse in the Norwegian building sector (Knoth et al. 

2022). In the same line, several studies have identified a range of sectoral, financial, 

regulatory, and cultural factors affecting material reuse in the building sector (Camacho-

Otero et al., 2018; Debacker, Manshoven & Denis, 2016; Dunant et al., 2017; Hart et al., 

2019; Nordby, 2019) showing that addressing reuse barriers requires a holistic approach 

(Rakhshan et al., 2020).  Based on this, this research was defined, to gain a deeper 

understanding of pre-studies and competence within various aspects of reuse as a ground 

before working on the master's thesis. Findings in the pre-studies and projects, thus, have 

contributed to forming a basis for preparing the problem in this thesis. 

The overall aim of this research report is to provide a comprehensive picture of the 

environmental significance of the reuse of building materials and products. As well as 

increase the pace of renovation of our existing buildings if we are to achieve the climate 

goals, and promote circularity as a new way of thinking. The purpose of this study is to 

investigate and shed light on major environmental benefits and key aspects that can 

contribute to an understanding of whether it is worth investing in the reuse of building 

materials, to create a more resource-efficient and environmentally friendly construction 

industry. For that to be the case, it must be considered a sustainable solution and there 

must be a potential for creating a market of a certain size. 

Based all over, it has been chosen in this study to answer the following question: 

“Which building materials and products can be suitable for reuse from an environmental 

perspective and what is the potential to promote the circular reuse of materials and scaling 

up the reuse market”  

The task is relatively two-part defined, but both parts of the problem are considered central 

for reuse to have a lasting foothold in the Norwegian construction industry. The problem 

Figure 1.1: REBUS work package structure 

( REBUS ,2020) 
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is so complex that it is considered necessary to divide it into some selected research 

questions: 

01 Which building materials and products are suitable to reuse? 

02 What environmental effects -CO2 savings- do the reuse of materials and products have 

compared to the use of new solutions? 

03 What development is it likely that the reuse market will have in the years to come? 

04 How do FutureBuilt circular building criteria comply with BREEAM-NOR v.06 to identify 

circulatory indicators for building materials and products?  

The research questions will build on and contribute to answering the problem. In this study, 

it is chosen to focus mainly on research questions 01 and 02, while 03 and 04 will be 

discussed only under the discussion chapter. 

1.3 Scope and delimitations 

The task is defined relatively broadly, and there are many different ways to approach the 

problem. The thesis focus on the reuse potential of building materials and products. The 

research questions have helped to limit and define which aspects it has been desirable to 

go into more depth. For instance, the availability of reusable materials in the existing 

building stock is emphasized as central to an upscaling of the reuse market, when 

formulating the research questions. However, many aspects are considered central to 

gaining an understanding of the complexity and scope of the topic, so it has also been 

chosen to shed light on some aspects such as mapping of the reuse materials and relative 

environmental effects such as CO2 emission savings on a more general level. While the 

economical and social aspects of the reuse are excluded from this study. 

In connection with the mapping of reuse potential associated with materials and products 

from existing buildings, it has been chosen to take as a starting point professional market 

in Oslo. This has been chosen as Oslo is a large and centralized market with high 

construction, demolition, and rehabilitation activity, and is considered to be able to provide 

a good picture of possible quantities. It has also been chosen to be based on commercial 

buildings based on findings from the previous studies, which indicates that many believe 

that this segment, and especially office buildings, has the greatest potential for reuse in 

an industrial and professional context. 

In the work of assessing the environmental effects of reusable materials compared with a 

new alternative, a comparative life cycle assessment has been carried out on selected 

materials/products in case study projects “Kristian Augusts gate 13” (KA13) and “Kristian 

Augusts gate 23” (KA23).  The third case study project “Skur 38” was excluded from this 

study due to the lack of data acquisition and the use of different GHG emission calculation 

methods. Furthermore, it has been chosen to prioritize assessing greenhouse gas 

emissions in the form of CO2 equivalents from the processes, rather than other 

environmental impacts. This has been chosen, as it is the most common effect category 

used in such analyzes, and as the work with the analysis has been time-consuming. It was 

initially planned to assess the social and financial aspects of the reusable materials in the 

case projects, but for the same reason, these were also excluded from the scope. 

The thesis is written over a limited period of five months, and it has thus been necessary 

to set some boundaries. The time limit has, among other things, set guidelines for the 

number of aspects that have been practically possible to include. During the project period, 

the Corona epidemic has also been ongoing, which has affected the work by the fact that 
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information gathering has taken longer. Major changes in the construction industry and 

business in general, as a result of, among other things, digitalization and the corona 

epidemic, could lead to changes in the needs associated with commercial buildings. This 

could have an impact on research question no. 3 and 4, among other things through more 

people choosing home offices as an alternative. However, this has not been emphasized, 

as the effect is currently too early to say anything about, and it is assumed that it will not 

have a major impact on the reuse market. Thus, thesis questions 3 and 4 are chosen to 

be discussed only under the discussion section.  

An important aspect of the research design has been that a lot of relevant work is underway 

related to reuse in the construction industry. Keeping up to date on the news picture and 

relevant reports that are published has therefore been important. At the same time, it 

became necessary to put a stop to the collection of information towards the end of the 

project period, which means that there may be updates and news that have not been 

included. 

1.4 Outline of the research 

The design of the thesis is based on a main scientific structure. The outline is intended to 

give the content a logical context and ensure an overall flow in the text. See Table 1.1 for 

an overview of the design of the assignment. Finally, there is an in-depth reference list, as 

well as appendices that are referred to throughout the text. 

 

Table 1.1: Overview of the research structure and content in each section 

 Section Content 

1 Introduction 

This includes the background for the research, choice of the problem 

statement, and presentation of relevant research questions. The 

scope of the task and current limitations that have been made will 

also be explained. 

2 
Theoretical 

background 

This chapter reviews the necessary theory related to the reuse of 

building materials and life cycle analysis. 

3 Methodology 

The method chapter describes which methods have been chosen 

and how they help to answer the problem in the thesis. The choice 

of method is also evaluated. 

4 Case Studies Here, the chosen case projects are generally presented. 

5 Results 

This chapter presents the study's findings and results, related to the 

potential for upscaling the reuse market, by findings from the 

analysis, as well as the environmental aspect of reuse. 

6 Discussion 
In this chapter, the theory and findings presented in the results 

chapter are discussed based on the research questions. 

7 Conclusion 

The conclusion summarizes the content of the thesis and explains 

how the overall problem is answered. Furthermore, 

recommendations have been made for aspects that are considered 

interesting for research in future work. 
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2.1 Climate crisis and sustainable development demand  

Global trends related to increased economic activity, population growth, and globalization 

have led to a sharp increase in human impact on the planet in the last century (Bakshi, 

2019). Today's linear consumption pattern means that resource consumption increases in 

line with people's welfare levels and economic activity (IRP3, 2017). Many of nature's 

resources are now characterized by overconsumption, ecosystems are under pressure and 

there is a drastic decline in biological diversity (Bakshi, 2019). 

Human activity has also led to a sharp increase in greenhouse gas emissions, and the 

climate crisis with global warming is now one of the greatest challenges of our time. Drastic 

shifts and rapid changes are required to avoid or reduce the extent of the serious 

consequences that temperature changes can have for both nature and humans (IPCC, 

2018). The UN Climate Panel emphasizes, depending on the magnitude of the temperature 

changes, that it will lead to challenges such as increased water shortages, reduced food 

production, extreme weather, and global sea-level rise. Such consequences will affect and 

destroy the living conditions and livelihoods of countless people, and many millions will 

end up as climate refugees (Norwegian Environment Agency, 2020). 

2.1.1 Sustainable development 

There is broad agreement that this development is not sustainable, and that it is necessary 

to create a more "sustainable development". The term was first introduced by the 

Brundtland Commission in 1987 and is defined by the UN as a "development that meets 

the needs of today without destroying the opportunities for future generations to have their 

needs met" (UNEP, 2019). The UN's sustainability goals have been prepared as the world's 

joint work plan to ensure sustainable development. In this lies the social, economic, and 

environmental aspects, and an understanding that the connection between these pillars is 

crucial for sustainability. The business community, including the construction industry, has 

a significant impact on Norway's contribution to achieving these goals (Norwegian Real 

Estate, 2019). It is worth noting that sustainability goals 11, 12, 13, and 17 are particularly 

central in connection with the topic of the reuse of building materials. See figure 2.1. 

In the effort to limit global warming to 1.5º or a maximum of 2º degrees, 195 countries, 

including Norway, have through the Paris Agreement committed to reducing their 

greenhouse gas emissions (UNEP, 2019). Despite international goals and commitments, 

the temperature has now increased by 1.1º degrees and the current trend is towards an 

increase of 3.2º degrees by 2100. According to the UN Emissions Gap Report for 2019, 

rapid changes are required for the 1.5º degree goal to be possible to achieve. They claim 

that the member countries' action plans are far from ambitious enough and that the 

necessary global emissions cuts per year will be higher with each passing year (UNEP, 

2019). 

 
3 International resource panel. https://www.resourcepanel.org/ 

2 Theoretical background 
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Norway has therefore this year raised its emission targets for 2030 from 40% to between 

50% and 55%, compared with 1990 levels (Ministry of Climate and Environmental 

Protection, 2020). A cooperation agreement has also been entered into with the EU on 

joint achievement so that Norway is legally obliged to comply with the EU's climate 

regulations (Ministry of Climate and Environmental Protection, 2019; 2020a). 

2.1.2  Circular economy on the rise 

 

Figure 2.1: The UN's sustainable development goals 

Figure 2.2: Diagram of flows within the circular economy  

 (Ellen McArthur Foundation, 2018) 

(UN-SDGs, 2019) 
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To ensure sustainable development and achievement of the UN's sustainability goals, 

should the society's dependency on welfare and economic growth be disconnected from 

resource use, so that greenhouse gas emissions and resource use can be reduced 

regardless of welfare levels and economy (IRP, 2017; Bakshi, 2019). To achieve this, many 

believe that today's linear economy must be replaced by a circular way of thinking (IRP, 

2017; Moum, Skaar and Midthun, 2017). UNEP (2019) also claims that it is necessary to 

decouple economic growth from resource consumption to achieve the UN's sustainability 

goals. 

The circular economy has thus emerged as an alternative economic model to the linear 

"use-and-throw" economy, which as of today is largely applicable, including in the 

construction industry (Moum, Skaar and Midthun, 2017). The circular economy is about 

preserving products for as long as possible and reducing the need for extraction of virgin 

resources by managing the resources in a circular cycle (Ellen McArthur Foundation, 2018; 

Geissdoerfer et al., 2017). It is an economy where waste is considered a future resource, 

and reuse, recycling, and repair are central (Green Building Alliance and Norwegian Real 

Estate, 2016; Boye, 2019). Figure 2.2 shows the diagram of flows within the circular 

economy. A shift to a circular economy entails a major transformation in many sectors, 

and innovation in terms of business models and resource management (Boye, 2019). 

The EU has since 2015 been committed to implementing a circular shift in Europe and has 

recently presented a new action plan for the circular economy (European Commission, 

2015). In this, development has been announced in the framework for production in return 

for it being more profitable to produce products with longer service life, and for it to be 

facilitated to a greater extent for reuse and recycling. Several countries are well underway 

the transition to a circular economy and the Norwegian government has, among other 

things, decided that we will be a pioneer in the circular economy (Boye, 2019; the Prime 

Minister's Office, 2019). According to the plan, a national strategy for the circular economy 

will be presented towards the end of 2020 (Ministry of Climate and the Environment, 

2020b). 

Figure 2.3: Illustration of linear and circular economy  

 based on (Boye, 2019). 
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2.1.3 The environmental impact of the construction industry 

The construction industry plays an important role in achieving the climate goals because 

there are major direct and indirect environmental impacts related to many of the activities 

in the industry (Bramslev, 2018). Globally, the construction industry is responsible for 

around 40% of all energy consumption and greenhouse gas emissions, in addition to 50% 

of raw material extraction each year (UNEP & IEA, 2018; Circle Economy et al., 2018). 

Although many measures have been taken to pull the industry in a "greener" direction, an 

annual status report, prepared by the UN Environment Program and the International 

Energy Agency (IEA), states that the global construction industry's measures to reduce 

greenhouse gas emissions are stagnating ( UNEP & IEA, 2019). In an industry that is 

traditionally characterized by short-termism and an ever-increasing turnover rate of 

buildings and building parts, change is important (Nordby, 2009). It is necessary to step 

up the current efforts for a more sustainable practice, at the same time as there are 

unforeseen opportunities in the construction industry of the future as the building stock 

worldwide is expected to double by 2050 (UNEP & IEA, 2019). 

On a national basis, it is estimated that the building and construction sector accounts for 

as much as 15.3% of Norway's total annual greenhouse gas emissions (Asplan Viak, 2019). 

This also includes contributions from other sectors, as a result of construction activities. 

Figure 2.4 shows the distribution of emissions. 

For many years, the energy needs and emissions related to the use and operation of 

buildings have been in focus, but as more energy-efficient solutions are developed, the 

environmental impact associated with the use of materials has also become more central 

(Asplan Viak, 2018). Extraction, production, transport, and waste management of building 

materials and technical installations require large input factors of both resources and 

energy (Fuglseth et al., 2018). As presented in Figure 2.4, building materials are 

responsible for a significant proportion of emissions in Norway, at the same time as large 

quantities of building materials are also imported from abroad each year, which are not 

made visible to the same extent in the statistics (Bramslev, 2018). 

Well-thought-out material choices can have a major impact on the industry's carbon 

footprint, while circular principles increase the opportunities for more efficient use of 

resources (Green Building Alliance and Norwegian Real Estate, 2016). In line with this 

Figure 2.4: The construction sector's share of Norway's GHG emissions  

 (Asplan Viak, 2019). 



 

11 

 

development, the question is how the circular ideas can be realized in an industrial 

construction field where economy, time use, and efficiency are set tight and still «linear»  

frameworks (Asplan Viak, 2018). 

2.1.4 Need for waste reduction and better waste management 

Nationally, large amounts of waste are created every year, and waste from building and 

construction activity makes up a significant part of the total, with up to 25% (Norwegian 

Environment Agency, 2019b). Norway is obliged to comply with the EU framework directive 

for waste (Ministry of the Environment, 2013). The directive regulates the handling of 

waste in general and has in recent years been updated to include more ambitious goals for 

source sorting, reuse, material recycling, and increased producer responsibility (Wilsgaard, 

2018). An important guideline in the regulation is the requirement that at least 70% by 

weight of all building and construction waste, except for hazardous waste, must be reused 

or recycled by 2020 (Ministry of Climate and Environment, 2013). 

According to Building Technical Regulations4 (TEK17), on construction sites, there is a 

requirement for a 60% degree of sorting of all waste, and the sorting can help to provide 

a starting point for more efficient waste management (Building Technical Regulations, 

2017). In general, for waste management, it is recommended to follow the priorities of 

Norwegian waste policy and the EU framework directive for handling, illustrated through 

the waste pyramid in Figure 2.4 (LOOP5, 2018). This hierarchical overview says something 

about how waste should be handled initially to achieve the best possible utilization of the 

resources available, and the goal is for the waste to be treated as close to the top of the 

pyramid as possible. This is beneficial for preserving the energy and resources invested in 

the extraction and production of new materials and products (Waste Norway, VESAR and 

Norwegian recycling, 2016). 

 

 
4 TEK17: The Building technical regulations. https://dibk.no/regelverk/byggteknisk-forskrift-tek17/ 
5 LOOP: Foundation for Source Sorting and Recycling. https://loop.no/  

Figure 2.5: Presentation of the waste hierarchy 

(LOOP, 2018) 
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There are a total of five different levels for waste management according to the Foundation 

for Source Sorting and Recycling (LOOP, 2018): 

• Waste reduction: Ensure that waste does not initially occur as far as possible. 

• Reuse: As previously explained, it is about using things again and thus extending 

the life of the products. 

• Material recycling: Use materials for the manufacture of new products or substances 

that can be reused. 

• Energy utilization: Waste is incinerated and the heat energy can be used for district 

heating and industrial use, at the same time as harmful environmental substances 

are destroyed (Norwegian Environment Agency, 2019c). 

• Landfill: Landfill is the lowest level of the pyramid, and is considered a safe final 

treatment if the other levels in the pyramid are not possible. This is only reserved 

as a last resort because the landfill produces more greenhouse gas emissions 

(Norwegian Environment Agency, 2019a). 

 

Annually, just over 1.8 million tons of waste is generated, divided into activities from 

demolition, rehabilitation and new construction (Statistics Norway, 2020b). The waste 

statistics are considered to have some dark numbers, as Statistics Norway compiles the 

statistics based on submitted data from waste plans and final reports that are sent to the 

municipality when applying for the projects' completion certificate (Nordby and Wærner, 

2017; Statistics Norway, 2020b). This is not required for minor construction measures, as 

regulated in TEK17 Regulations §9-6 (Building Technical Regulations, 2017). A report 

carried out by NOMIKO estimates that the actual amounts of waste are a lot more if one 

includes everything from construction and demolition activity (Valde, Ottersen and 

Wormstrand, 2018). In addition to this, there are other activities related to the construction 

industry that are not included, for example, waste from the production of building materials 

will instead be regarded as industrial waste (Ibenholt et al., 2020). 

The distribution of waste related to new construction, demolition and rehabilitation 

activities is presented in Figure 2.6a. It is mostly waste from demolition and new 

construction. Figure 2.6b shows the handling methods of the total amount of waste from 

2018. A relatively large proportion is sent to material recycling, around 43%, but this 

Figure 2.6: Distribution of waste quantities 

(Statistics Norway, 2020b). 
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means that it is still too far to reach the intended EU framework directive's target of 70% 

material recycling and reuse by the end of 2020 ( Ministry of the Environment, 2013). 

Furthermore, a lot is still sent to landfills, around 30%. This type of waste treatment 

accounts for 28%. It is worth noting that the statistics do not make visible the reuse of 

materials as treatment. 

The material fractions that stand out in the statistics are concrete, brick and other heavier 

building materials (37%), wood (13%) and asphalt (11%) (Statistics Norway, 2020b; 

Green Building Alliance and Norsk Eiendom, 2016). Hazardous waste makes up a small 

part of the total amount of waste, but the proportion has increased sharply in recent years 

with almost a doubling the amount from 2014 to 2018 (Statistics Norway, 2020b). A report 

prepared for the Norwegian Environment Agency indicates that the amount of hazardous 

waste will continue to increase in the years to come (Norwegian Environment Agency, 

2019a). There are potentially several reasons for this, including the fact that increased 

knowledge about environmentally hazardous substances means that several types of 

products are classified as dangerous. 

As waste management is today, there is potential for increasing resource efficiency within 

the material categories by going up one or more levels in the waste pyramid (Nordby and 

Wærner, 2017). The handling for some of the larger fractions is presented in Table 2.1. 

For example, almost all wood is sent for energy recovery, and about 50% of the gypsum 

waste is landfilled. Chaudhary (2019) believes that relatively large amounts of waste are 

little polluted. This increase the possibility that the materials could have been used again 

without special environmental considerations. 

 

Table 2.1: Distribution of waste management for selected material groups in 2018.  

2.2 What is reuse and what does it involve? 

Reuse means reusing a product in its original form (Rognlien, 2002; Sørnes et al., 2014). 

Nordby and Wærner (2017) and Asplan Viak (2018) define the term as: «any operation 

where products or components that are not waste are reused for the same purpose for 

which they were made». In this thesis, it has been chosen to include that the product can 

also be used for new purposes, but with a small degree of adaptation and processing. The 

Material Category 
Material recycling 

 [%] 

Energy recovery 

 [%] 

Landfill 

 [%] 

Wood 1,7 97,6 0,4 

Metal 100 0 0 

Gypsum 51,6 0 48,4 

Glass 73,7 13,7 6,2 

Brick, concrete, and 

other heavier building 

materials 

58 
 

0 41 

Hazardous waste 20,6 20,7 36,3 

Mixed waste 0,6 99,4 0 

(Statistics Norway, 2020). 
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terms re-use (gjenbruk) and reuse (ombruk) are often confused with each other, (see the 

concept descriptions in the Glossary), but reuse (ombruk) is in this thesis considered a 

collective term for material reuse (Leland, 2008; Sørnes et al., 2014). 

Reuse is based on the thinking of a circular economy and constitutes the second-highest 

level in the waste pyramid. It can be categorized into different forms, as shown in figure 

2.7  (Sørnes et al., 2014). There are variations in the legislation that include the different 

types of reuse. This will be described in subchapter 2.4. 

 

Other key concepts 

Upcycling is a useful term for reuse. This means giving materials new value through 

product development and processing. Depending on how this processing takes place, this 

can also be included in the concept of reuse (Kilvær et al., 2019). Examples of upcycling 

can be assembling used windows for multi-glazed windows to achieve regulatory 

requirements or using compressed and treated ventilation ducts for facade elements 

(Nielsen et al., 2014). In the opposite sense, downcycling means using single stock parts 

in products, and often involves decomposition into a product of lower value (Kilvær et al., 

2019). An example of this could be crushing concrete to use as a filler. Resirqel also 

describes this as destructive reuse (Sunde et al., 2019). 

Another aspect, which is central to waste minimization and utilization of resources, is the 

use of surplus materials (Kilvær et al., 2019). Surplus materials can, among other things, 

occur on construction sites or at building materials retailers and manufacturers, in the form 

of b-products that are not sold out or cut off. As surplus materials are completely new and 

usually have all the necessary documentation, this is low-hanging fruit in the work with 

waste minimization (Ibenholt et al., 2020). 

Furthermore, today there is a strong increasing focus on preserving buildings rather than 

demolishing them (Green Building Alliance, 2019). Preservation of entire buildings through 

rehabilitation and transformation is of course very central from an environmental 

perspective and in a circular-economic way of thinking, but in this thesis is not considered 

directly as reuse. Resirqel writes that "Demolition, rehabilitation and more efficient use of 

existing buildings is the most valuable way to do it, but where there is no alternative, waste 

reduction and reuse is an opportunity with great potential" (Kilvær et al., 2019, p 14). 

Internal reuse: The reuse -

elements are owned by own 

organization and brought in, to 

both local reuse and reuse 

elsewhere. 

Local reuse: Reuse when 

upgrading the same building from 

which the elements are taken. 

The materials must be moved in 

order for it to categorized as 

reuse. 

 

External reuse: Sales and 

purchases reuse elements from 

other organizations. 

 

Reuse elsewhere: Reuse 

elements are retrieved from 

other buildings(donor buildings). 

Figure 2.7: Different forms of reuse 

(Sørnes et al., 2014) 
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Reuse is not new 

Although there is a very low degree of reuse in the industry today, the reuse of building 

materials is not a new phenomenon. In fact, until the 1960s, there were strong traditions 

for the reuse and sorting of building materials in Norway (Green Building Alliance, 2019). 

The materials have traditionally been very expensive, and one could save a lot by using 

materials such as ceilings, roof constructions, bricks and windows. Old log buildings are 

often cited as an example of buildings previously being designed in a way that made it 

possible for elements to be easily dismantled and reused (Leland, 2008; Sørnes et al., 

2014). However, this practice has to a small extent been passed on to modern buildings, 

and few buildings have recently been adapted for new use without extensive alterations 

(Leland, 2008; Green Building Alliance, 2019). 

2.3 The reuse potential of building materials 

Several different factors affect whether a building product can be considered reusable or 

not. What is technically possible to reuse is not necessarily practically feasible or legal 

(Kilvær et al., 2019; van den Berg, Voordijk, and Adriaanse, 2020). Whether something 

has the potential to reuse or not is not black and white. It is nuanced. In their master's 

dissertation, Mynors and Moldekleiv (2017) prepared a flow chart for evaluating the reuse 

potential of materials. This has been modified to include TEK17 and is shown in Figure 2.8. 

It is emphasized that it is important to use judgment when using the flow chart, as not all 

questions are straightforward to answer. In practice, the process will also often take place 

less successively than the flow diagram presents it (Mynors and Moldekleiv, 2017). 

In the literature, the reuse potential of several materials has been discussed (Addis, 2012; 

Nordby, 2009; Gorgolewski, 2008). Factors such as environmental impact from production, 

raw material prices and the technical quality of the material, energy consumption, 

economy, and service life are important in assessing which materials are best suited and 

should be prioritized from a reuse perspective (Selvig et al., 2020; Leland, 2008; Sørnes 

et al., 2014). 
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In the project «Nordic Built Component Reuse», an assessment was made of materials 

based on a selection of nine criteria, see Figure 2.9. The project looked specifically at 

recycled solutions for different materials, but the categories for evaluation are considered 

equally central in an assessment of reusable products in general (Nielsen et al., 2014). 

How well the materials score in the different categories is made visible by how far out in 

the circle they reach. The outermost line of the gray area indicates values for conventional 

materials, and the further out in the form, the higher the potential for reuse. The evaluation 

method takes into account aspects that affect all three aspects of the concept of 

sustainability. 

 

Figure 2.8: Flow chart for assessment of reuse potential 

self-produced based on (Mynors and Moldekleiv, 2017). 
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(Nielsen et al., 2014) 

main value categories – The grey zone in the radar diagram indicates values 

below conventional performance (5). Other colors: While “Sourcing and 

production”, and “Sale, Economy, Narrative” connect in groups of values, the 

impact of the DfD performance of concepts affects future cycles of reuse more 

scattered along with the diagram. 

2.3.1 Evaluation of the reuse potential of various materials 

The report «Forsvarlig ombruk av byggevarer» or « proper reuse of building materials», 

prepared by Team Resirqel on behalf of The Directorate for Building Quality (DiBK), 

systematically reviews which material groups are suitable and the possibilities for reuse 

with current conditions. Six relevant categories for reuse are highlighted; load-bearing 

steel, Hollow-core slabs in concrete, brick, window/glass, wood, and materials without 

documentation requirements. These categories are highlighted based on recommendations 

from the literature, the author's experience from projects, the necessary energy for 

extraction and production, as well as materials with a short cycle time despite a long 

service life (Kilvær et al., 2019). A sufficient volume of the materials in use and the amount 

of construction waste are also emphasized. As concrete, brick, and wood are particularly 

prominent in the waste statistics, these material groups will be very relevant to focusing 

on reducing waste in the industry (Statistics Norway, 2020b). 

Based on the categories found in the literature, a general overview is summarized in Table 

2.2 of the possibilities and challenges of various materials related to reuse, as well as the 

impact on the external environment through extraction and procurement. 

 

 

 

Figure 2.9: Assessment chart for reuse potential 
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Table 2.2: Overview of reuse potential of various building materials and products. 

Material 
Category  

Environmental impact Possibilities Challenges  Current status 

 Limited resource, but 
great potential for 
repetitive material 
recycling with satisfactory 
quality 3 

Very energy-intensive in 
production, but also 
possible to produce 

metals with a large 
proportion of recycled raw 
material 3;5 

In the case of material 

recycling, steel, and 
aluminum, respectively 
provides 80% and 95% 
savings compared to 
new production 7 

Reuse of structural steel 

can save up to 96% 
emissions compared to 
virgin 8   

Metals are durable with a 
long service life in proper 
use 6  

Steel and aluminum for 
load-bearing use can be 

suitable for reuse. Good 
possibilities for better 
connections that simplify 

disassembly-/assembly 7  

Great potential for 
smaller metal 
components such as 

fittings, railings, door 
handles, hinges, and the 
like, if they are 
undamaged and 
demountable 4;6  

Ventilation ducts of steel 

have proven to be very 
favorable economically in 
previous projects 6  

Structural steel must be 
documented before new 
use, and significant 
processing leads to the 
need for CE-marking. 

Environmental toxins in 
the surface treatment of 
steel can be a barrier 7   

Reinforcement steel is 
subjected to dynamic 
loads and fatigue, as well 
as, steel that is 

manufactured before 
1970 is not suitable for 
reuse (unless there are 
bolted connections)7;8   

Assumed as good 
opportunities for reuse of 
steel with current 
regulations. A lot of 
ongoing work to develop 

procedures based on 
standards. CE marking is 
possible within current 
regulations if required 7  

Example of reuse of 
structural steel profiles 
(rolled and hollow) and 

metal facade panels in 
KA13 9. Ventilation pipes 
in galvanized steel are 
also reused in the project 
6  

 A renewable source with 
large access to virgin 
wood in Norway1.  Wood 
is a large part of waste 
fractions, especially from 

new buildings 9  

Often referred to as 
climate-neutral due to 
biogenic carbon uptake in 
wood, which acts as 
temporary storage of CO2 

limited by the life of the 
material before 
combustion or 

decomposition 3;6.  

It is debated, and 
neutrality depends on 
whether the wood comes 

from sustainable forestry 
or endangered rainforest 
1  

Potential in structural 
timber such as columns, 
beams, and girders, as 
well as glulam in I-profiles 
and wood fiber slats, in 

addition to whole room 
modules 7  

Exterior / interior 
cladding and wooden 
doors can easily be 
reused, subject to a 

declaration of 
performance where 
applicable. Possible to 

use undocumented wood 
for moldings and window 
frames 2  

Wooden fiberboards with 

intact properties and 
shape can be reused 
directly 6  

Must be able to document 
sufficient quality for use, 
especially construction 
timber 2  

Careful disassembly 

and intermediate 
storage to avoid 
damage to the wood 7  

The cost perspective can 
make it more economical 
with virgin wood 6  

  

  

Over 99% of wood is 
currently sent for energy 
recovery 10  

Some initiatives look at 
how wood can be 

recycled into new wood 
products, such as 
chipboard10  
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 Energy-intensive 
production with large 
emissions 2   

A large part of the waste 
statistics 9   

Big savings on reuse. Old 

Bricks has calculated that 
a brick saves 0.5 kg CO2 
eq. compared to the new 
11    

Durable material with 
long service life, in 
addition to a modular 
product that is well 
suited for reuse 2;12  

Possible use in non-load-

bearing walls inside and in 
plaster facades 6  

Some types of brick (and 
concrete) roof tiles can 
easily be reused if there is 
no damage 7    

  

Demanding disposal 
process that makes it 
uneconomically beneficial 
in many projects. 
Particularly challenging if 
bricks are bricked with 

cement mortar, rather 
than lime mortar 2  

Documentation 
requirements and possible 
incineration for use where 
load-bearing capacity and 

frost resistance are 
important, such as 

facades and ground 
bricks. The danger of 
harmful substances to 
health and the 
environment in brick in 

contact with elastic joints 
with a high content of 
PCBs often built btw. 
1940-1980 6  

The reuse of bricks has 
been tested in several 
projects in Norway 7  

Crushed and used for 
filling or sent to landfill 3  

In Denmark, a quality 

assurance system has 
been developed, which is 
still awaiting approval 
from the EU 7  

In KA13, an approx. of 34 
m³ (40 tons ) of reused 

brick stone has been 

used as a solution for a 
firewall facing the 
neighboring building 
(Faculty of Law) 9. 

 

 Energy-intensive 
production process with 
large CO2 emissions, 

especially due to cement 
production. It is estimated 

that 5% of the world's 
greenhouse gas emissions 
are due to cement 
production 4  

Concrete reinforcement 

bars, which increase 
strength, also contribute 
to the overall 
environmental impact, but 
may also have a recycled 
proportion of metal 3  

Concrete is a large part of 
the waste fraction, at the 

same time as it is one of 
the most used materials 13  

Discussed whether the 
uptake of CO2 through 
carbonation during its 

lifetime should be 
included as a positive 
environmental contri-
bution 14  

Durable material with a 
long life. Prefabricated 
concrete elements may 

be suitable for reuse. 
Special mention is made 

of hollow-core slabs 6  

Prefabricated elements 
can be adapted for 
disassembly by better 
information and 

installation of fastening 
devices 7  

Concrete quality and 
properties must be 
documented during 

testing 7  

The natural content of 
heavy metals must not 
exceed the limit values, 
such as the content of 
PCBs and chromium. It 
May also contain other 

harmful substances from 
paints and other surface 
treatments 6;16  

In-situ concrete and non-
reversible joints in 
existing buildings, such as 

screeds and end anchors, 
as well as the lack of 

fastening points make 
reuse difficult 7  

Must be calculated for 
processing of almost all 
concrete hollow-core slabs 

before reuse 7  

Low direct reuse today. 
Often recovered by 
crushing concrete into 

filling materials or sent to 
landfill 3  

Reuse of hole coverings 
from the Government 
Quarter has been tested 
for reuse in KA13 and the 
Oslo city emergency 

hospital (Storbylegevakt) 
7 

preservation of existing 
hollow-core slabs in 
KA2323  

Recently adopted revision 

of the regulations that 
increase the limit for 

hexavalent chromium in 
concrete. Will prevent 
automatic disposal and 
enable reuse/recycling to 
a greater extent 15  

B
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 Energy-intensive 
production with high 
emissions. Plenty of raw 
materials from non-
renewable sources. Can 
be recycled easily, but 

with lower quality 3  

Relatively simple 
disassembly options based 
on modules 6;12 

It is possible to reuse 
glass in contexts where 
the demands are less, 

such as in an unheated 
building or interior walls 6   

 

A large proportion of old 
windows contain 
substances that are 
harmful to the 
environment, which must 
be handled in a 

responsible manner 6   

PCBs in sealant in 
Norwegian windows from 
1965-1975, chlorinated 
paraffin from 1976-1989, 
pellets from 1990-2005 17  

Requirements for 

satisfactory, documented 
technical properties, such 
as insulated windows and 
safety windows 6; 7   

Some glass is recycled 
for use in glass wool 
insulation 3  

Several projects with 
reused glass in several 
forms, for example, office 

fronts, glass facades and 
windows in KA 137 and 
KA23 23 

 Some technical 

equipment is made of 

metal, such as steel and 

aluminum, with very 

energy-intensive 

production processes 6  

Ventilation ducts and 

newer lighting equipment 

may be relevant for reuse 
2 

Buildings from 1970-1980 

and more recent may 

have more potential for 

reuse of ductwork than 

older buildings 18  

Difficult to get a warranty 

on new products, usually 

short lifetimes and a lot of 

replacement. Can also be 

difficult to disassemble 2:6  

Reuse of ventilation 

systems may require 

compromises concerning 

current requirements for 

new buildings 18   

In KA13, both radiators 

and cooling baffles are 

being reused 9  

In KA23, some technical 

installations were reused 

internally; pumps, and a 

snow-smelting plant. Also 

used-brought 

items/added items 

such as air handling units 

(AHU) 23 

 

  

 Depends on the 

proportion of recycled 

gypsum, but there is 

relatively little pollution 

during production. Can 

have up to 99% recycled 

gypsum content and can 

be recycled indefinitely 3  

One of the most widely 

used building materials. 

Thoughtful design and 

careful handling can 

increase the potential for 

reuse 2  

  

Challenging to 

disassemble for reuse as 

the plates are porous and 

easily damaged during 

disassembly 7  

Transporting heavy plaster 

is costly 2  

Gypsum waste is 

normally handled by 

recycling (56%) or landfill 

(44%) 11  

The gypsum waste 

recycling plant at 

Holmestrand produces 

recycled raw material for 

the production of new 

gypsum boards 22  

 Different forms of 
insulation have different 
environmental impacts. 

Glass wool often contains 

some recycled raw 

material. Rock wool 

requires some energy in 

production, depending on 

the size or density of the 

product 3  

Functional service life can 

be longer if the insulation 

is installed correctly and 

protected 3  

Must be in good condition 

and without damage/wear 

to enable reuse 2  

Most of the insulation is 

sent to landfill 2  

Some manufacturers 

have a return scheme to 

set up recycling for new 

insulation 19  
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 Depending on specific 

material and product. 

Materials related to 

landscape architecture 

are generally a relatively 

small proportion of total 

construction waste 7 

No need for testing or 

redocumentation that 

makes it easier to reuse 3  

Composite products that 

can not be divided can be 

advantageously reused 19   

Fixed furnishings and 

fixtures, as well as 

windows for other uses 

(interior/without 

requirements)7;21. 

Materials for landscape 

architecture, such as 

concrete/granite tiles and 

field bricks 7 

Often aesthetics become a 

decisive factor in whether 

reuse is relevant 2;7  

More items on the reuse 

of brick,  concrete/granite 

tiles, and stone in 

landscape architecture 7 

Reuse of furniture is 

more widespread, but not 

very well established and 

often only within 

organizations 22   

Reuse -brought 

items/added items in 

KA23, for example, 

leftover tiles from KA13 
23  
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Upcycling and creative use of materials 

Where building materials do not satisfy requirements for further use in their original form, 

there are opportunities to look at a more alternative use. Such an approach is considered 

in more detail in the “Nordic Built Component Reuse” project. Among the results from the 

project was the use of rolled ventilation ducts as metal cladding, floor coverings as facade 

cladding, and composite window surfaces for integrated glass facades (Nielsen et al., 

2014). How these solutions came out in economic and environmental assessments varies 

(Nielsen et al., 2014). Decorative purposes, furniture and installations are other examples 

of creative use of building materials, where the requirements for documentation and 

technical performance are less extensive as the products are no longer considered building 

materials (Kilvær et al., 2019). 

Materials less suitable for reuse 

Among material groups that can be categorized as more challenging in the context of reuse 

are various types of plastic and composite materials that are permanently attached or 

glued to a substrate, such as laminates, pipes, bathroom tiles and floor coverings (Leland, 

2008; Sørnes et al., 2014). Insulation and gypsum are highlighted as materials that in 

theory can be reused, but with the condition that they are without damage. This is 

challenging in practice, which may mean that material recycling can be a better alternative 

(Kilvær et al., 2019; Leland, 2008). Gypsum is particularly relevant, which can have up to 

99% recycled gypsum content and can be recycled indefinitely (Hagen, Haupt and 
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Bramslev, 2017). Other categories that are also suitable for material recycling are concrete 

and bricks, which can be crushed to aggregate. This is temporarily considered recycling 

compared with other recycling and reuse solutions (SINTEF Building Research, 2012). 

Material recycling of metals can in some cases be a better solution for a good result (Myhre, 

Widenoja and Kilvær, 2018). 

2.4 Legislation related to reuse 

The legislation is present to ensure proper construction of buildings of good quality, 

appropriate treatment of waste, and prevention of substances that are harmful to health 

and the environment. All buildings, regardless of whether reused materials or new ones 

are used, must therefore meet certain quality requirements (DiBK, 2018). The literature 

points out that parts of current regulations create challenges for the implementation of 

reuse projects (Asplan Viak, 2018; Kilvær et al., 2019). Some key parts of the regulations 

will be reviewed in this chapter. 

2.4.1 Building Technical Regulations (TEK17) 

Building technical regulations state technical requirements for buildings within safety, 

environment, health, and energy to help ensure that the buildings we surround ourselves 

with are of good enough quality. Under current regulations, TEK17, it is provided in §3-1 

that it shall be ensured and documented that all building materials used in a building are 

suitable for use and contribute to satisfying the requirements in the regulations. This point 

is central in connection with reuse, as it means that significant properties in the intended 

use must be able to be documented. It includes, among other things, fire technical and 

construction technical properties, as well as the content of substances that are harmful to 

health and the environment (DiBK, 2018). 

Furthermore, §9-5 Construction Waste states that "products shall be selected that are 

suitable for reuse and material recycling". For this to be possible, the accompanying 

guidance emphasizes that it is necessary that the design contributes to fastening schemes 

enabling disassembly and that the materials are followed by the necessary documentation 

which, among other things, indicates fire technical and construction technical properties 

(DiBK, 2019). The section shall thus ensure that new buildings are made possible for reuse, 

but no requirement related to that used materials be reused. It is also stated that buildings 

must be ensured a proper service life and that waste quantities must be minimized. 

2.4.2 Legislation for harmful substances to health and the environment 

The legislation that controls pollution of the external environment, as well as the content 

of substances that are hazardous to health and the environment in building materials, is 

central in connection with reuse. Many building materials contain some substances that 

are not easily degradable and that can accumulate in nature, at the same time as they can 

be toxic and have serious long-term effects on both health and nature (Hambra and 

Hjellnes Consult, 2013; SINTEF Building Research, 2018). In connection with reuse, it is 

most important to point out that it is not legal to sell or reuse materials with substances 

that are harmful to health and the environment or where the content exceeds certain 

maximum values (Asplan Viak, 2018). 

Under TEK-17 §9-7 (1), the possible content of substances that are harmful to health and 

the environment in buildings must be mapped by all measures in existing buildings 

(Building Technical Regulations, 2017). Furthermore, an environmental remediation 

description must be prepared that helps to ensure separation and safe handling of other 
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waste. Environmental mapping is required for all projects where a waste plan is required 

by §9-6 in TEK17, for the following measures: 

a) construction, extension, and substructure of a building if the measure exceeds 

300 m² BRA (usable area) 

b) significant change, including facade change, or significant repair of a building if 

the measure affects a part of the building that exceeds 100 m² BRA 

c) demolition of a building or part of a building that exceeds 100 m² BRA 

d) construction, extension, substructure, alteration, or demolition of structures 

and facilities if the measure generates more than 10 tons of construction and 

demolition waste 

When choosing materials, it is required in TEK17 §9-2 that «Products with or without a low 

content of substances that are harmful to health or the environment shall be selected». In 

the guide to the provision, reference is made to the Norwegian priority list and the 

candidate list for REACH6 for substances that should be avoided. The two lists overlap 

somewhat and together have over a hundred substances, in addition to the fact that there 

are constantly updates with new substances that must be avoided (Hambra and Hjellnes 

Consult, 2013). 

The Product Regulations, or «Regulations on restrictions on the use of chemicals that are 

hazardous to health and the environment and other products», which are authorized in the 

Product Control Act (1977), are intended to limit the use of substances that are harmful to 

health and the environment in products. A reused building product that has been inspected 

and possibly decontaminated for contaminants and does not come at the expense of the 

bans in the REACH list, which are substances that give great cause for concern, will meet 

the requirements of the Product Regulations (Asplan Viak, 2018; Norwegian Environment 

Agency, n.d.). In the opposite case, it is not legal to use or reuse products where the 

content of substances that are harmful to health and the environment exceeds the 

maximum limits. 

The substitution obligation, §3 a, in the Product Control Act states that actors who use 

products containing substances that are hazardous to health and the environment must 

investigate alternatives that can reduce risk. It is therefore recommended in the provision 

to choose products with an approved pre-assessment of the content, by the Nordic 

Ecolabel, ECO-product, or SINTEF Technical Approval (DiBK, 2017). 

"Act on protection against pollution and waste" (Pollution Act, 1981), is also central in 

connection with reuse. The purpose of the law is simplified to ensure safe environmental 

quality and protect the external environment from pollution. Reduction of waste volumes 

and improved treatment of waste are key. The Waste Regulations, which are authorized in 

the Pollution Control Act, deal with, among other things, how the waste is to be treated, 

including requirements for landfills, incineration, etc. It also defines limit values for when 

waste becomes hazardous waste, as well as how it is to be stored, transported, and 

handled. Thus, hazardous waste must be delivered to an approved reception, and cannot 

be reused (Asplan Viak, 2018). 

 
6 UK registration, evaluation, authorisation and restriction of chemicals. 

https://www.hse.gov.uk/reach/ 
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2.4.3 Regulations on documentation of construction products (DOK) 

Construction products sold in a market must comply with the Building Products Regulation 

from the EU, which aims to ensure the free flow of construction products in the European 

market (SINTEF Building Research, 2016). Regulations on documentation of construction 

products (DOK) implement in the Building Products Ordinance in Norway and were 

introduced in January 2014. DOK does not distinguish between used and new building 

products and sets requirements for the declaration of product properties and benefits and 

quality assurance of the production phase. The Construction Products Ordinance divides 

products into five system classes, with different requirements for testing and independent 

control in the production phase. It has been chosen not to go deeper into the requirements 

that apply to every individual product group in this thesis, but rather to provide an overall 

picture of relevant guidelines. Simplified, one can divide into three scenarios for handling 

according to DOK (SINTEF Building Research, 2016): 

1) There is a harmonized product standard for the building product, and CE marking7 

is required before sale. 

2) There is no harmonized product standard for the building product, and it is chosen 

to prepare an ETA (European Technical Assessment) based on an EAD (European 

Assessment Document). It is then required to CE-mark the product before the sale 

(Kilvær et al., 2019). 

3) The construction product has no harmonized standard. Significant properties and 

benefits related to load-bearing capacity, fire safety, energy, etc. must, in any case, 

be documented. 

Most building materials are covered by a harmonized product standard, and must thus be 

CE marked (Asplan Viak, 2018). It is pointed out that the CE mark does not confirm that 

the product is suitable for use in buildings in Norway, and suitability must always be 

assessed under TEK (Weber Saint-Gobain, 2019). In scenarios 1 and 2, the product must 

also be accompanied by a declaration of performance (DoP). Relevant control bodies with 

the authority to perform technical tests as well as issue certification documents are 

designated in the NANDO8 database. These include SINTEF and NEMKO9 (SINTEF Building 

Research, 2016). 

It is the documentation requirements that were applicable at the first sale of the building 

product that will also be applicable at the time of sale for reuse. This means that building 

materials produced and sold before the Building Products Ordinance came into force have 

different and often simpler documentation requirements than new products. If the 

necessary documentation from the time of production can be obtained, this will still be 

valid for new sales if the following conditions are met (Kilvær et al., 2019): 

• The properties of the building product are still the same 

• The building product is sold under the original product name 

• The building product is sold with original documentation 

 
7 CE marking (CE = Conformité Européenne) is the visible proof that a product is considered to meet 
the requirements laid down in one or more of the new method directives / regulations.(Standard 
Norway, 2022) 
8 The database of notified bodies (NANDO). https://ec.europa.eu/growth/tools-databases/nando/ 
9 Electrical Product Testing & Certification | Nemko.www.nemko.com 
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There is uncertainty about how the top point should be taken care of. It is emphasized that 

the above points are not met if the seller wishes to make changes to the reuse-product, 

declare new properties, or change the product name on it. As mentioned, DOK occurs when 

a building product is sold in a market to a third party. The requirements in DOK will 

therefore not apply if the building product is kept internally in its organization. This 

provides a good opportunity for large builders to reuse materials, without having to comply 

with EU regulations (Sørnes et al., 2014). 

2.4.4 Exceptions and uncertainties related to the regulations 

There are some exceptions to the requirements of the Building Products Ordinance (DOK). 

This applies to: 

1. Materials of high value in public-protected buildings. 

2. Building materials that are produced on-site.  

3. Building materials that are individually produced.  

Kilvær et al. (2019) argue that it is undesirable to have an increased degree of machining 

on the construction site because, from experience, it leads to less demountable buildings 

and a lower grave of process control. Lawyers at “Kluge Advokater” also point out that 

there is a risk associated with relying on the last exception rule. This is because the product 

must have been produced outside the manufacturer's «normal production», which can be 

challenging to refer to from a legal perspective and it is uncertain how DiBK practices the 

rule (Nyland and Apelseth, 2019). 

The Building Products Ordinance is based on new products, and it is thus the manufacturer 

of the product who is responsible for declaring the products' properties, production control, 

and quality assurance. If further documentation of the properties of a building product is 

required, the seller of the product will, according to DOK, take on the role of producer 

(Kilvær et al., 2019). As the regulation is intended to apply to producers with series 

production and developed production control systems, it is uncertain how this will be taken 

into account when reusing. There is also uncertainty associated with the necessary 

documentation if it is not possible to prove at what time the building product was produced, 

and thus what requirements were applicable at that time. Figure 2.10 presents issues 

related to DOK in the event of reuse. 
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Figure 2.10: Flow chart for documentation and sales by the regulations 

(Kilvær et al., 2019). 
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2.5 Today's reuse practice 

 

The market for reusable materials can be described as poorly set in the system and 

constantly evolving in terms of the professional part of the construction industry (Asplan 

Viak, 2018; Sunde et al., 2020). There is an increasing number of players who show 

interest in reuse, but the degree of reuse is low even though interest is high. "When the 

will in the industry is there, and it is technically feasible, the lack of reuse and the large 

production of waste are symptoms of a system that lays behind" (Kilvær et al., 2019, 

p.118). The scope of reuse in the industry is largely limited to a selection of pilot projects, 

and there are still many unsolved questions in connection with how the reuse of various 

building materials can be properly implemented in practice and put into a system (Kilvær 

et al., 2019; Asplan Viak, 2018; Asplan Viak 2020). 

When implementing reuse in construction projects today, many new issues thus arise 

compared with the use of new construction products, and this can be a complicating factor 

as the market is today (Asplan Viak, 2018; Kilvær et al., 2019). How Reuse can be carried 

out will largely vary depending on the type of reuse that is relevant (internal, external, 

local, and reuse on other sites), what materials are in question, and what function they are 

to fulfill. This chapter is thus very general but is intended to provide an overall picture of 

how reuse is practiced today. Figure 2.11 shows the value chain for a typical new 

Figure 2.11: Value chain for new produced building components 

(Asplan Viak, 2020). 
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material/product, while Figure 2.12 presents the value chain for used building materials 

and products. 

2.5.1 The general Practice 

For the implementation of reuse in construction projects, it is first and foremost important 

that it is desirable from the developer's point of view, as it requires more effort along the 

way and can lead to the uncertainty associated with the final design of the building and 

cost development in the project (Rognlien, 2002). According to Rolingen (2002), the 

examples of questions that are important to ask from the beginning in reuse projects are: 

• What is the level of ambition for the project, and what degree of reuse should it be? 

• Which reusable materials are built that it is desirable to use? 

• What requirements are set for these materials? 

• To what extent are extra costs associated with reuse accepted? 

2.5.2 Project design/planning 

Designing with reused building materials can be time-consuming, and to be able to find 

good solutions, it is recommended to set aside sufficient time for design in the progress 

plan (Leland, 2008). It may be necessary to make adjustments to the originally planned 

design, depending on what materials are available in the right time frame with a view to 

the progress of the project (Gorgolewski, 2018; Asplan Viak, 2018). 

As it is not certain that it is possible to obtain the desired volumes or dimensions of the 

reusable materials, a flexible way of thinking and goodwill from the design team is required 

to make adjustments (Gorgolewski and Morretin, 2009; Leland, 2008). It is also beneficial 

to facilitate an integrated design process with collaboration across disciplines and with the 

influence of the executive/contractor already in the design phase. This will be able to 

facilitate finding good solutions at an early stage, where the potential for influence is 

greatest, while at the same time one must assume that design can go even more parallel 

to the construction phase itself (Rognlien, 2002; Leland, 2008). 

2.5.3 Material acquisition/procurement 

Acquiring or obtaining reusable materials can be time-consuming. There is a lack of a well-

functioning marketplace where reuse can be safely and legally traded or made available to 

professional players. This makes it challenging to combine supply and demand for reused 

prodcts (Myhre, Widenoja and Kilvær, 2018; Sunde et al., 2020). Information about reuse 

materials, both internally and externally, is also to a small extent available, systematized, 

and digitalized (Asplan Viak, 2018; Kilvær et al., 2019). Thus, the exchange of materials 

takes place to a large extent by the requesting project itself finding relevant demolition 

and conversion projects (an exchange platform) or examining its portfolio for products with 

reuse potential. Contacts and collaboration with other actors can be central (Nußholz et 

al., 2019). Concerning the reuse of inventory, Sunde et al. (2020) describe that this has 

to a small extent been anchored in an overall strategy or objective among municipal actors 

and that there is a lack of systematics. 
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If materials are obtained from other projects, then it will be dependent on the timing of 

procurement corresponding to the progress of the construction project. This provides low 

predictability in the quantities of materials that can be obtained. To reduce uncertainty and 

ensure that the materials are in place at the right time, the materials can be tried to be 

obtained early in the process. However, this can create an increased need for intermediate 

storage, which imposes additional costs on the project (Asplan Viak, 2018, 2020; 

Gorgolewski, 2008). 

Several players are working to promote and scale up the reuse market, and want to 

develop a reuse database that can make visible what is available from reuse materials. 

Here are some key players highlighted: 

• AV Reuse10: Asplan Viak developed a system for reuse mapping and design of 

used building materials. With AV Reuse, the materials found in existing buildings 

are registered, for later reuse in rehabilitation and new projects. A separate app 

makes it easy for builders to map available materials. (Asplan Viak Reuse, 2022) 

• Loopfront11 previously “Greenstock”. In 2019 the company developed a digital 

platform adapted for reuse and circular processes. The platform is reserved for 

 
10 https://www.asplanviak.no/verktoy/ombruk/ 
11 https://www.loopfront.com/no 

Figure 2.12: Value chain for used  building components 

(Asplan Viak, 2020). 
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internal reuse with large building owners with several buildings. NTNU, Trondheim 

municipality, and Asker municipality are examples of their customers. Later in 2021 

launched the next generation of the platform, which addresses the entire value 

chain. From mapping and documentation to collaboration, logistics, and reporting 

(Loopfront, 2022). 

• Resirqel12 is a reuse consultant who offers reuse mapping and material 

management, and they have sales of reuse products via a digital website and its 

premises in Oslo. The company also assists with advice for project management 

and reuse in various phases (Resirqel, u.å.). Recently, in collaboration with “Ragn-

Sells Group” (Ragn-Sells, n.d.), they launched the concept «Reuse Bank» for a more 

efficient collection of surplus materials by placing containers near major 

construction projects (Resirqel, 2020a). The company has been a specialist and 

content developer for the guide "Reuse mapping and order- this is how you do it ", 

published by Green Building Alliance “Grønn Byggallians” and State Construction 

“Statsbygg” (Green Building Alliance, 2021), and opened in January 2021 "Circular 

Resource Center" in collaboration with, among others, “Pådriv” and “Statsbygg”. 

This is a warehouse building where used building materials are to be temporarily 

stored. 

• Rehub13 is an online hub that connects supply and demand for the reuse of 

building materials including necessary additional services, to make it easier to 

implement reuse in construction projects, especially with a focus on digital 

opportunities. Rehub wants to combine many services in one unified industry 

platform (Haugen, 2019). 

• Madaster14 is a Dutch concept and platform, which will function as an online library 

for materials in construction. By giving building materials a material passport, and 

thus an identity, the idea is that construction can be considered material depots for 

further use (Madaster, u.å.). There are several who want to use this concept in 

Norway (Circular Norway, 2019). 

Today's demolition practice largely means that materials are destroyed in the process. To 

enable reuse, the materials must be dismantled gently to secure against possible damage 

so that the materials can be used further (Asplan Viak, 2018, 2020; Leland 2008). This 

type of practice is often called selective demolition or disassembly (Addis, 2012). 

Dismantling is considered a more time-consuming process that may involve increased costs 

but also allows for a higher degree of sorting of the materials, which entails lower disposal 

costs (Bohne and Wærner, 2014). For dismantling to be carried out rather than traditional 

demolition, there must still be sufficient willingness to pay the client, and there must be a 

demand for the materials (Asplan Viak, 2018). 

Before demolition or disassembly measures of a certain size, an environmental mapping 

description shall be prepared, described in subchapter 2.4.2, in which possible substances 

that are harmful to health and the environment are detected (SINTEF Building Research, 

2011). This work, in combination with a possible reuse mapping, form the basis for which 

materials should be taken care of for possible reuse. 

 
12 http://www.resirqel.no/  
13 https://www.rehub.no/ 
14 https://madaster.no/ 

http://www.resirqel.no/
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2.5.4 Logistics related to storage and transport 

After disassembly from previous use, the reusable materials must be handled during 

transport and any processing, testing, and intermediate storage. This entails the use of 

resources in the form of costs, equipment, and labor, and costs will therefore be incurred. 

The logistics are then handled by the parties involved in the project, and the risk of any 

damage in the handling must be distributed (Asplan Viak, 2018, 2020; Kilvær et al., 2019). 

Necessary conditions that must be taken care of when handling and intermediate storage 

will vary considerably between different materials. For example, this applies to the need 

for protection against rain and moisture, as well as the need for space. Materials of large 

quantities and dimensions will require large areas or premises for intermediate storage, 

which can drive up costs. Heavier materials will also lead to greater greenhouse gas 

emissions in transport, and transport stages should be limited to ensure a positive effect 

on the life cycle analysis (Kilvær et al., 2019). Reuse will, according to Sunde et al. (2020) 

most cost-effective when the reuse products can find their way directly from one building 

to another. To get reuse in practice, however, intermediate storage will often be necessary. 

The Dutch report "Reuse of HSC" cites two examples regarding the reuse of hollow-core 

slabs, one of which used a vacant plot near the project for storage and thus got the reuse, 

while in the other example it was such a confusing logistics process that reuse was not 

possible (Naber, 2012). Good logistics are therefore important to be able to carry out reuse 

in practice. For efficient logistics, thoughtful handling of the materials during and after 

disassembly is generally recommended to facilitate a systematic overview of the various 

products along the way. It can often involve a form of marking based on type, location, or 

order (SINTEF Building Research, 2011). 

Intermediate storage is generally resource- and area-intensive and the project may depend 

on finding premises with low rental prices on local plots to keep the costs associated with 

storage down. This can be challenging in big cities. Intermediate storage is currently an 

economic and logistical challenge (Kilvær et al., 2019). 

2.5.5 Quality assurance and compliance with the legislation 

Regardless of whether it is internal or external reuse, the materials must be quality assured 

and it must be documented that the material is suitable for use if it will affect technical 

requirements (Asplan Viak, 2018, 2020; Sørnes et al., 2014). Although Building Technical 

Regulations (TEK) state that  “products suitable for reuse and material recycling shall be 

selected”  and the Building Products Ordinance states that  “buildings shall be constructed, 

used and demolished in such a way that buildings and materials and parts of buildings can 

be reused or recycled after demolition“, is the lack of concrete, measurable requirements 

and follow-up of the extent to which those who demolish and build new today facilitates 

reuse and reusability a significant barrier to a more circular and resource-efficient 

construction industry (Asplan Viak, 2020, p.168). 

Current legal guidelines, as discussed in chapter 2.4, are therefore described as 

challenging. There is a lot of uncertainty about how reuse can be carried out properly and 

following the regulations, which are based on new products and are not adapted to reuse. 

Resirqel writes: "Uncertainty about regulations, standards, and procedures constitute a 

problem for reuse on an industrial scale" (Kilvær et al, 2019., p.4). Many actors today work 

hard to clarify and find solutions for how processes related to quality assurance, testing, 

certification, and re-documentation for various building materials can be carried out 

responsibly (Asplan Viak, 2018; Kilvær et al., 2019). 
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The Building Products Ordinance is especially mentioned as a barrier to the sale of reuse 

products as it appears today (Lotherington, 2018; DiBK, 2017). Among other things, it is 

challenging to meet the requirements of the regulations if the original documentation for 

the products is not possible to obtain. Asplan Viak (2018) claims that the origin of the 

reusable materials is often unknown and that this means that few will be able to take 

responsibility if it later turns out that the use of the materials poses some disadvantage to 

the client. According to the Building Case Regulations (2010) (CASE10) §12-6 (2), there is 

a requirement that the responsible company must keep documentation for the fulfillment 

of its liability after the building has been completed, but only for 5 years. Documentation 

associated with the existing building stock is in addition rarely stored digitally, but rather 

preferably placed in a binder in archive rooms (Kilvær et al., 2019). 

The consequence of a lack of documentation, or that it is no longer valid due to changes 

in the product's properties, is that the product must be re-documented if it is to be sold in 

a market (Kilvær et al., 2019). This can be a challenging and time-consuming process, as 

there is a great lack of accepted and proven procedures. Involved actors must then be 

willing to take on the risk of increased costs and time use (Kilvær et al., 2019; Asplan Viak, 

2018). Corresponding challenges with how key properties for different products can be 

demonstrated and documented also apply in connection with the fulfillment of 

requirements in TEK (DiBK, 2018a) This applies to whether the reuse product will have an 

impact on building technical properties, regardless of whether it is internal or external 

reuse. 

2.6 Requirements for an upscaling of the reuse market and 

drivers for future development  

Previous chapters have highlighted some barriers that players face when implementing 

reuse. Many possible measures have been proposed in the literature and other studies that 

could contribute to facilitating increased reuse (Asplan Viak, 2018, 2020; Kilvær et al., 

2019; Merrild, Jensen and Sommer, 2016; Moum, Skaar and Midttun, 2017). This chapter 

will address some aspects that are central to the resale market being scaled up, with 

proposed measures. 

What is meant by an upscale market is not clear. Intuitively, it is about getting an increase 

in the market, with some market players in a value chain and certain structures around 

logistics and practice. To a large extent, it can be about bringing more industrialized 

processes. Moum et al. (2017) describe the industrialization of the construction industry 

and construction processes. There is no clear definition of what industrialized construction 

processes entail, but it is argued that the following elements are central: 

- Organization: Good flow of processes through the value chain and good logistics 

- Scale: Product and production scope of a certain size 

- Technology use 

- Automated processes 

- Variation: A combination of standardization and tailoring 

It is not for granted that the reuse market should represent all of these elements, but it 

indicates that the current reuse market is still far from industrialized. 
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2.6.1 Clarifications related to compliance with the regulations 

Clarifications are needed in connection with how the regulations are to be complied with, 

both when selling building materials and when demonstrating the necessary properties for 

new use (Kilvær et al., 2019; Asplan Viak, 2018; Myhre, Widenoja and Kilvær; 2018). Re-

documentation, testing, and certification of reuse products are currently complicated to 

carry out, and at the same time a prerequisite for the reuse market to be able to scale up. 

If one finds justifiable procedures for documentation of certain building materials, it could 

form future practice for similar products (Kilvær et al., 2019). Here, ongoing and future 

pilot projects can do a lot of groundbreaking work that is very important to the industry. 

In light of the EU's major investment in the circular economy, it is possible that in the long 

term adjustments or changes will be made to the regulations for trading that to a greater 

extent enable circular material handling. According to the Directorate of Building Quality 

(DiBK), the EU is in the process where they are considering making changes to the Building 

Products Ordinance (DiBK, 2019). DiBK participates in audit work, but has no formal voting 

rights as Norway is not a full member of the EU (Lotherington, 2018). Any adjustments in 

the regulations may, however, take a long time, and Kilvær et al. (2019) emphasize that 

for the time being the starting point must be the regulations that are in force today. 

2.6.2 Improved financial framework conditions 

Despite the challenges associated with the financial framework for reuse, It is currently 

possible to receive financial support for projects and initiatives that want to invest in reuse 

from actors such as Enova, Innovation Norway, FutureBuilt, and Klimasats (Asplan Viak, 

2018; Innovation Norway, 2020; Nordby, 2020; Norwegian Environment Agency, 2020). 

These are relatively new initiatives. The lack of financial incentives for circular material 

handling and circular business models can nevertheless be regarded as a barrier to an 

increased degree of reuse (Nußholz et al., 2019). 

Below is a selection of suggestions for financial incentives mentioned in the literature listed: 

- Increased fees: fees for waste management and delivery to the landfill can be 

further increased to motivate waste reduction through reuse (Asplan Viak, 2018). 

- Value-added tax(VAT) exemption: exemption from VAT on repairs and sales of 

second-hand products can make reuse products more profitable because it pays off 

financially (Asplan Viak, 2018). 

- Support schemes: financial support for projects with high environmental 

ambitions, as mentioned above, can motivate reuse (Asplan Viak, 2018). Other 

support schemes for local recycling centers in the big cities, storage, and 

certification, as well as the preparation of digital marketplaces, can also be 

implemented (Sørnes et al., 2014). 

- Deposit scheme: take-back schemes in the form of a mortgage can reward waste 

reduction and create more opportunities for reuse (Nußholz et al., 2019). 

2.6.3 Competence development, collaboration, and new business models 

Knowledge and understanding of aspects related to reuse practices is an important basis 

for players in the industry to be able to implement reuse to a greater extent (Asplan Viak, 

2018). Thus, reports and supervisors are central to disseminating knowledge and 

experiences gained in the industry. Furthermore, the reuse of the syllabus for relevant 

subject areas at universities and colleges could contribute to increased competence in the 
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future (Asplan Viak, 2018). Wizards and guidance services will also be important in making 

it easier to choose reuse and other sustainable solutions (RENAS et al., 2019). 

Furthermore, an increased degree of selective demolition and dismantling will require the 

development of guidelines and training, so that demolition actors can contribute to creating 

cleaner fractions when disposed of and more careful handling of the materials (Høibye and 

Sand, 2018). 

The reuse in Norway could be greatly advanced by more communication and cooperation 

between interdisciplinary actors in the value chain. Especially manufacturers can have an 

important role and need to be more involved in reuse processes. Planning for and practical 

implementation of reuse will benefit from a well-functioning research infrastructure (Knoth 

et al., 2022). Cooperation between actors is highlighted as a prerequisite for increased 

reuse and a transition to a more circular economy (Asplan Viak, 2019). A good example of 

this is “Byggfloken”, or “Building group” in English, an innovation project with a collection 

of 26 actors from construction-related companies. The result of the collaboration led to the 

design of nine concepts for circular value chains, with reuse as an important part of these 

(RENAS et al., 2019). The report “Circular Economy” in the Nordic Construction Sector also 

emphasizes that cross-border cooperation is important for developing new business models 

that can provide returns (Høibye and Sand, 2018). 

Circular economy and reuse open up new business models and innovations when it comes 

to organizing the market (RENAS et al., 2019; Boye, 2019). Increased producer 

responsibility is included as a key opportunity (Boye, 2019). This means that the supplier 

is given responsibility for products throughout the service life and at the end of the service 

life. It will provide an increased incentive to produce durable products that are suitable for 

material recycling and reuse, and reduce the content of substances that are hazardous to 

health and the environment (Boye, 2019). According to Wærner and Tabacuru (2019), this 

is non-existent in the construction industry. Leasing models and sharing economy will also 

be able to contribute to innovation in terms of reuse (Moum, Skaar and Midttun, 2017; 

RENAS et al., 2019) 

2.6.4 Used material information availability and increased market 

predictability 

As mentioned earlier, the lack of reuse databases creates challenges in the procurement 

process for reuse (Asplan Viak, 2018; Kilvær et al., 2019). For the reuse market to be able 

to scale up, there must be more information about what is available for reuse in the market 

and internally in one's organization. It is therefore proposed to establish digital 

marketplaces, as well as digital platforms for gathering information (Asplan Viak, 2018). 

This could contribute to increased predictability in supply and demand for reuse products. 

A sufficient volume of different reusable materials is necessary to be able to create this 

predictability and for the reusable market to be able to function on an industrial scale 

(Kilvær et al., 2019). 

Lack of documentation and information about the buildings and the properties of the 

materials is, according to Rose and Stegemann (2018), also a major challenge. In 

particular, "as-built" "documentation is often experienced as incomplete and unreliable 

when it is available (Rose and Stegemann, 2018). In new projects, the collection and 

storage of sufficient information about the products used will be very important to better 

facilitate reuse in the future (Asplan Viak, 2018). Information about the materials' quality, 

technical properties, guarantees, and instructions for disassembly can be collected in a so-

called «material passport» prepared by the manufacturers (Luscuere, 2017). This can 
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follow the product throughout its life cycle and be updated during maintenance and other 

interventions, as well as include specific MOM15 documentation (Sørnes et al., 2014). 

Legislation of such a scheme can create a good information base and simplify the process 

(BAMB, 2019b). 

Digital tools, such as BIM models (Building information modeling), can serve as a MOM 

basis and also contain sufficient information about building materials for reuse purposes if 

they contain information about how the building is built “as-built documentation” 

(Bjørheim, 2018; Sunde et al., 2020). This is often called a "digital twin". BIM models are 

increasingly used today for new buildings, but it is also entirely possible to prepare for 

existing buildings (Sunde et al., 2020). Technology such as laser scanning for BIM will be 

able to contribute to the establishment of digital models of existing buildings (Fuglesang, 

2017; Cobuilder, 2018; Rodahl, 2019). The preparation of digital twins in new projects, 

which contain "as-built" documentation, is also a key tool (Bjørheim, 2018). 

2.6.5 Stricter requirements for sustainable material use 

As emphasized earlier, TEK17 sets requirements for the selection of materials that are 

suitable for reuse and material recycling. How it should be made visible, however, has not 

been clarified. Setting stricter requirements for circular material procurement and reuse, 

among other things in the regulations, will mean that the industry must be able to deliver 

the solutions (Kylili and Fokaides, 2017; Høibye and Sand, 2018). It will be an important 

incentive to change practice. Sunde et al. (2019) also emphasize the ordering power of 

builders. They describe the current situation as a classic "hen and egg" situation, where 

there are few suppliers of reusable materials and in principle, no one demands it either. If 

demand is secured, they believe that contractors and material suppliers will adapt. Difi's 

guide to circular procurement will, among other things, help to simplify the possibilities of 

setting requirements related to reuse (Difi, 2019). Furthermore, the following examples of 

measures are suggested in the literature: 

- Extending the requirement for environmental mapping for hazardous waste to 

include mapping of reuse potential for the materials before rehabilitation or 

demolition (Asplan Viak, 2018; BAMB, 2019). 

- Inspired by the scheme for the electricity return scheme and other product 

categories, it can be a measure that the manufacturers introduce a system for take-

back at the end of the function or a specific reuse volume for the company (Asplan 

Viak, 2018). This can be legislated by the authorities, so that the manufacturers 

can benefit from getting the materials returned, as well as increased insight into 

how they have worked through use times. 

Municipalities can also play an important role in increasing reuse, by setting requirements 

for builders and setting premises for construction case processing (Asplan Viak, 2018; 

Sørnes et al., 2014). This can be done by setting requirements for information about 

reusable materials through the waste plan that is delivered to the municipality. If this plan 

is submitted earlier, in connection with an application for commissioning, the information 

can be published digitally and marketed for disposal or sale, thus creating a greater time 

window to obtain elements and connect to ongoing projects (Asplan Viak, 2018; Sunde et 

al., 2020 ). 

 
15 MOM documentation stand for management, operation, and maintenance. 
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2.6.6 Design of buildings that enable reuse in the future 

Large parts of the existing buildings have not been planned so that it will be possible to 

change function without major alterations or that it will be possible to dismantling the 

buildings (Leland, 2008; Wærner, 2020). By adapting the buildings to a greater extent 

with thoughtful material choices and a design that can potentially simplify functional 

change and dismantling, they may be easier to reuse in the future (Melton, 2020). 

The extended service life of buildings and materials 

From a sustainability perspective, it is important to ensure a long service life for buildings 

and building components (Bygg21, 2018a). Lifetime considerations are thus central in the 

assessment of what is appropriate handling of materials (Bjørberg, Kampesæter, and 

Listerud, 2009). One can distinguish between functional, technical, aesthetic, and 

economic service life, and which service life will be limited depending on the situation. 

Many factors affect the longevity of building components; maintenance, use load and 

exposure environment, material quality, design and execution. If, for example, the 

necessary maintenance is not carried out, the service life of many materials will be shorter 

than expected (Bjørberg, Kampesæter and Listerud, 2009). 

Furthermore, it is also important to assess environmentally safe service life, which means 

that service life justifies the environmental impact that has been reduced when obtaining 

the material (Nordby, 2009; Sørnes et al., 2014). It is often the case that functional service 

life occurs before technical service life is reached (Bjørberg, Kampesæter and Listerud, 

2009). It will then be necessary to replace the material or product, even if the object could 

technically still be usable in another function or location. This often leads to materials being 

considered waste earlier than necessary, which is not justifiable from an environmental 

perspective. 

All buildings consist of many different components with different service lives. Figure 2.13 

shows a layering of the components of a building, where the layers have a shorter 

Figure 2.13: Diagram shows the division of elements involved in building with a lifetime 

(Jensen et al., 2019). 
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calculated service life, the thinner the lines. Such a subdivision was made by Brand (1997) 

and the idea is that it should be possible to change and replace building parts with shorter 

service life, regardless of the consequences for other parts with longer service life. The 

parts that are difficult to reach must be durable for a long time, such as foundations and 

load-bearing systems (Akanbi et al., 2018; Bjørberg, Kampesæter and Listerud, 2009). 

Fixtures and fittings are often replaced several times during the life of a building, and it 

should be possible to change without major interventions. The same applies to the 

building's facade, which is very exposed to the weather (Jensen et al., 2019). In Table 2.3, 

the estimated lifetimes for the various building parts in connection with the layering are 

presented. 

Table 2.3: Overview of estimated lifetimes for different building parts 

(Jensen et al., 2019). 

Increased adaptability, elasticity, and flexibility 

The adaptability of buildings is considered, according to Melton (2020), as an important 

tool to make it easier to use materials and products again in a new location, and thus limit 

the extraction of new resources then. The term is considered a collective term for 

generality, elasticity, and flexibility. Generality is about the possibility of changing the 

building's function without major structural interventions. Elasticity indicates the possibility 

of changing the size of the building, and flexibility is based on whether the interior room 

division can be changed within the main framework (Multiconsult and the Building 

Environment, 2008; Arge and Landstad, 2002). These factors have a significant impact on 

Building element Estimated lifetime Reuse potential 

Groundworks & Foundation 100+ years 

The foundation is buried in the ground and 

is difficult to access, which is acceptable 

because the element has a long life that can 

endure several buildings 

Load-bearing structure 50+ years 

The structure is the spine of the building, so 

it is acceptable that connections are the 

least accessible. The lifetime of this element 

is longer than most buildings so it is 

important it can be taken out and reused in 

another building.  

 Fasade 30+ years 

Due to the facade cladding's exposure to the 

weather, it is expected that during the 

building life the facade will be either 

changed or at least undergo a major 

renovation, so it is key that these actions 

can easily be made.  

Partitions and systems 10+ years 

A building must be able to adapt to the 

changing needs of its occupants, and 

flexibility in the partition walls and the 

technical system is the keystone to 

achieving this. 

Things (items and fixtures) 1+ years 
 

The things we put inside our buildings, 

furniture, decorations, etc. have in general 

a very short lifecycle. These things should 

be thought about regarding the overall use 

of the building so they did not interfere with 

the flexibility and reuse of resources.   
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the ability to reuse building materials and provide incentives to ensure a long life for 

components, as well as buildings as a whole (Multiconsult and the Building Environment, 

2008; SINTEF Building Research, 2004a). 

Practical examples of adaptability in buildings are to ensure long spans to enable free 

surfaces and light interior walls. For many buildings, adding spacious floor heights for 

adaptability concerning ceiling heights and technical infrastructure, as well as technical 

mezzanines will be a good measure (SINTEF Building Research, 2004a; Multiconsult and 

the Building Environment, 2008). 

Design for disassembly and reuse 

The concept of design for disassembly and reuse (DfD) is based on materials and solutions 

being designed so that it is possible to take them apart (Leland, 2008). The aim is to ensure 

that materials can be included in a circular cycle and adapted to new use, relatively either 

through reuse or material recycling (Jensen et al., 2019). The design of the buildings and 

the location of materials, therefore, have a close connection with the building element 

divisions presented earlier in Figure 2.13. 

To enable the disassembly of materials and products, the use of fastening mechanisms and 

connections will play a key role. For example, it is recommended to use screws instead of 

nails, lime mortar instead of portland cement, and soluble fasteners instead of glue (Jensen 

et al., 2019). According to Nordby (2009), it is also important to limit the choice of 

materials, ensure high generality, and have available information about the materials. 

Modular design with standardized sizes is a good tool for ensuring high flexibility in the 

buildings (Minunno et al., 2020). Finally, it is important to choose materials with no or little 

content of substances that are hazardous to health and the environment to enable future 

reuse (Nordby, 2017). If toxic substances cannot be avoided in the materials, it is 

recommended that they can be easily identified and dismantled (Leland, 2008). 

Circular buildings 

In connection with the implementation of the circular economy in the construction industry, 

circular buildings have gained significant importance. There are many different definitions 

of the term, but Circle Economy (CE) defines a circular building as a building that has been 

developed, used, and reused without unnecessary resource consumption or environmental 

impact (Circular Economy et al., 2018). FutureBuilt has prepared a more specific definition 

for circular buildings, a specific definition: “A circular building facilitates resource utilization 

at the highest possible level, and consists of at least 50 percent reused and reusable 

materials and components” (Nordby,2020). 

On their criteria set for circular building, they divide the concept further into five themes, 

which are; (1) environmental-based decision on rehabilitation or demolition, (2) resource 

utilization in demolition work, (3) reuse of materials, (4) reusability, and (5) Adaptability 

(ability to change). The FutureBuilt criteria for circular buildings v.02 are illustrated in 

figure 2.14. The elements mentioned above, such as extended service life, increased 

adaptability, and design for disassembly, therefore play an important role in the design of 

circular buildings. As mentioned before this research report will be focusing only on (3) the 

reuse of building materials (Nordby,2020). 
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Self-produced based on (Nordby, 2020) 

Figure 2.14: FutureBuilt Criteria for circular buildings 
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2.7 Reuse as sustainability assessment method-FututreBuilt 

circular building criteria v.02 against BREEAM NOR v.06 

2.7.1 Rehabilitation scope in BREEAM-NOR v6.0 

What is BREEAM 

BREEAM is the world’s leading science-based suite of validation and certification systems 

for a sustainable built environment since 1990 (BREEAM, n. d.). BREEAM is an abbreviation 

for “Building Research Establishment’s Environmental Assessment Method”. In Norway, 

there is a customized BREEAM manual to ensure relevance and applicability “BREEAM-

NOR”. BREEAM is owned by British Building Research Establishment (BRE), which can be 

compared to SINTEF in Norway as a testing and research center. 

The scope of BREEAM-NOR for new buildings is primarily quantification and reduction of 

environmental impacts from new building projects. The version 6.0 manual is therefore not 

intended for the assessment of rehabilitation projects. Until a separate certification method 

is developed in Norway for the rehabilitation of buildings, however, builders can under 

certain conditions use BREEAM-NOR v.06 to certify rehabilitation projects (Green building 

alliance, 2022). 

Definition of new buildings and extensions 

New buildings and extensions can use the BREEAM-NOR manual without adaptations, see 

alternative A in figure 2.15. As a general rule, a new building is defined as a building that 

is built from scratch and generally does not incorporate or include any parts of an existing 

building (Building Technical Regulations, 2016). Where a building is erected on the site of 

an existing building, it will be defined as a new building as long as no part of the previous 

building above ground level is included. Basement, lower floor, or ground floor can be 

included. Extensions can also share certain building parts with an existing building, such 

as a wall in an infill project. 

Total rehabilitation 

Total rehabilitation projects can use the BREEAM-NOR manual without adaptations, see 

description of alternative A below. In BREEAM-NOR, the term rehabilitation is used 

throughout, but a distinction is made between total rehabilitation and other rehabilitation 

projects. Total rehabilitation is the same as the main renovation, a term that is used in the 

Planning and Building Act's descriptions of work on existing buildings (Kynbråten and 

Larsstuen, 2015). Total rehabilitation means radical changes or repairs that are so 

extensive that the entire structure is essentially renewed. 

It should be noted that the vast majority of total rehabilitation projects will reuse most of 

the building's existing load-bearing systems. In some cases, the facade is retained, 

although it can be repaired or rehabilitated. 

Building parts that can be continued in a total rehabilitation project: 

- Load-bearing structures 

- Basement, underground floor, flooring/covering against the ground, or other 

building parts below ground level 
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Other rehabilitation 

Projects that do not meet the requirements described for "Total Rehabilitation" can use the 

BREEAM-NOR manual with adaptations/adjustments. See the description of alternative B 

below. 

Available Alternatives 

There are two alternatives available for rehabilitation depending on the scope. See figure 

2.13 and the description below. 

 

 

 

 

 

 

 

 

Alternative A 

In Alternative A, the project can use the 

BREEAM-NOR manual without 

adaptations. This means that the scope of 

rehabilitation must correspond to 

BREEAM-NOR's definition of total 

rehabilitation (see above). 

Buildings that have protection regulations 

associated with the building must always 

choose alternative B. 

Some projects may be suitable for 

alternative A even if the scope of 

rehabilitation does not correspond to 

BREEAM-NOR's definition of total 

rehabilitation. The auditor can then make 

a technical clarification to the Green 

Building Alliance on behalf of the project. 

 

Alternative B 

For all rehabilitation purposes other than 

alternative A, the project must have a 

BREEAM-NOR Bespoke RFO criteria set 

prepared. The criteria set is an adaptation 

based on the BREEAM-NOR manual but 

includes elements from BREEAM 

International Refurbishment & Fit-Out. 

This is to adapt the criteria and points 

opportunities better to the project. The 

principles that form the basis for the 

preparation of the Bespoke criteria set and 

the Bespoke process itself is like other 

Bespoke projects 

 

Alternative B 

Other rehabilitation 

 

Alternative B 

BREEAM/NOR RFO  

Bespoke 

 

BREEAM/NOR RFO  

Alternative A 

Total rehabilitation 

 

Alternative A 

BREEAM-NOR 

Without adaptations 

 

BREEAM-NOR 

Figure 2.15: The alternatives A and B for rehabilitation projects 

(Green Building Alliance, 2022) 
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(Green Building Alliance, 2022) 

 

 

Scope of rehabilitation in RFO Bespoke 

BREEAM-NOR RFO Bespoke is divided into four parts, see table 2.4. The scope of the 

project may include one or more parts. 

Table 2.4: Scope of rehabilitation and available parts 

Part Element Component Description 

Part 1 Envelope 

1. External walls 

2. Roof 

3. Windows 

Applies when the rehabilitation 
covers more than 50% of the 
building element's surface or 25% 
of the surface of the building's 

envelope in total. 

Two or more of the building 
elements in the list must be 
included in the scope. 

Part 2 
Main 

installations 

1. Ventilation 

2. Heating 

3. Cooling 

4. Sanitary facilities 

5. SD system 

6. Energy supply 

Two or more of the main 
installations on the list need to be 
replaced or upgraded 

Part 3 
Local 

installations* 

1. light 

2. control systems 

3. local ventilation 

4. local heating 

5. local cooling 

6. local water heater 

One or more local installations 
from the list must be replaced or 
upgraded. 

Light must as a minimum be 
included due to minimum 
requirements in the issue Hea 01. 

Part 4 Interior 

1. Surface treatment wall 

2. Floor covering 

3. Ceiling and roof systems 

4. Partitions 

5. Technical floor 

6. Furniture and fixtures (fixed) 

And at least one of the following: 

1. Sanitary equipment 

2. Other equipment (fixed) 

3. Local electrical installations, 

e.g. sub-meters 

Two or more items in the list need 
to be replaced or upgraded. 

Surfaces must be included in the 

assessment if you want to achieve 
a higher classification level than 
Good. 

The rehabilitation must cover at 
least 50% of the area of the 
building component. 

* Local installations are defined as installations that supply a specific area and that can be 

connected to central installations within the rental area. 

 

For the available classification levels for the various parts, the classification level that can 

be achieved for alternative B depends on which, and how many parts from table 2.4 are 

included in the scope of rehabilitation and possibly the combination of these. Due to the 

minimum requirements for the various classification levels in BREEAM-NOR, it is difficult to 

achieve a higher classification level than “Very Good” if the scope only includes one or two 

of the four parts (Green Building Alliance, 2022). 
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(Green Building Alliance, 2022) 

 

Combined new construction-Rehabilitation projects 

If the project consists of a combination of new construction and rehabilitation, either 

alternative A or B can be chosen. 

The options are described below: 

1. The project uses alternative A for the entire project, ie both for the new building 

and the rehabilitation project. 

2. The project uses alternative A for the new building. The rehabilitation project is 

omitted from the scope of certification 

3. The project is divided into two. The new building uses alternative A. For the 

rehabilitation project, a BREEAM-NOR RFO Bespoke criteria set is prepared 

according to alternative B. The project receives two certificates, one for the new 

building part and one for the rehabilitation part. 

4. If the project is mainly a rehabilitation, but with some new components, 

alternative B can be used for both the new building part and the rehabilitation part 

if the requirements described in Table 2.5 below are met. This means that the 

project receives one certificate for the entire project. 

 

Table 2.5: Relationship between the existing building and new building/extension 
using option 4.  

 
Division 1 Division 2 Division 3 

Existing Building < 500 m² > 500 og < 2500 m² > 2500 m² 

New Building/Extension <40% of the area of 

the existing building 

<30% of the area of 

the existing building 

<20% of the area of 

the existing building 

Both of the case projects are rehabilitation projects with extensions (combined new 

construction-rehabilitation) and therefore will be considered under alternative B, option 4. 

Division 3 for both of the existing buildings (3350 m², 8720 m²) for KA13 and KA23 

respectively. For the extensions, division 2 (20.9%) for KA13 and division 3 (2.5%) for 

KA23. See table 2.6 below. 

 

Table 2.6: Relationship between the existing building and new building/extension 
using option 4 in case study projects. 

 
Division 1 Division 2 Division 3 

Existing Building - - KA13, KA23 

New building/Extension  KA13 KA23 
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2.7.2 Reuse scope in BREEAM-NOR v6.0 

BREEAM-NOR v6.0  has several important changes, among others, the reuse of building 

materials and products (Green Building Alliance, 2022a). In BREEAM-NOR manual v6.0 and 

under «Criteria» are included the issues that are assessed divided into ten sustainability 

categories displayed in Table 2.7 as follows:  

Table 2.7: Categories and issues in BREEAM-NOR for new buildings v6.0 

Categories and Issues in BREEAM-NOR v6.0 

 

Management 

 

Health and wellbeing 

Man 01 Concept development and project 

optimization 

Man 02 Life cycle costs and lifetime planning 

 Man 03 Responsible for building practices 

Man 04 Commissioning and handover 

 Man 05 Test operation and follow-up 

Hea 01 Visual comfort 

Hea 02 Indoor air quality 

 Hea 03 Thermal environment  

Hea 05 Sound ratio 

Hea 06 Safe and healthy environment 

Hea 08 Private area 

 
Energi 

 
Transport 

Ene 01 Building energy performance 

 Ene 02 Energy measurement 

Ene 03 Outdoor lighting 

Ene 05 Energy efficient refrigeration 

and freezing rooms 

Ene 06 Energy efficient transport systems 

Ene 07 Energy efficient laboratory systems 

Ene 08 Energy-efficient equipment 

Tra 01 Transport mapping and mobility plan 

Tra 02 transport measures 

 
Water 

 
Materials 

Wat 01 Water consumption 

Wat 02 Water measurement 

Wat 03 Detection and prevention of water leaks 

 Wat 04 Water-saving equipment 

Mat 01 Sustainable material selection – LCA and 

greenhouse gas calculations 

Mat 02 Sustainable material selection – 

product requirements 

Mat 03 Responsible procurement of 

materials 

Mat 05 Robust and climate-adapted 

construction 

 Mat 06 Material efficiency and reuse 

Mat 07 Adaptability and reusability 

 
Waste 

 
Land use and ecology 

Wst 01 Resource management on construction 

site 

 Wst 03 Waste in the operating phase 

Wst 04 User involvement in internal surfaces 

LE 01 Plot selection 

LE 02 Ecological risk and opportunities 

LE 03 Management of impact on ecology 

LE 04 Ecological change and improvement 

LE 05 Long-term ecological management 

and maintenance 

LE 06 Adaptation to climate 

LE 07 Floods and storm surges 

LE 08 stormwater management 

 

Pollution 

 

Innovation 
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Pol 01 Influence of refrigerants 

Pol 02 Local air quality 

Pol 04 Reduction of light pollution 

Pol 05 Noise cancellation 

New technology, process, or practice 

Each issue defines a performance level (criteria), and the assessed building must meet the 

criteria for this level (using relevant documentation) to achieve the number of points 

available for the level. The client or the design team can choose which courses are to be 

included to achieve the desired number of points and thus the desired classification. 

However, several topics have minimum requirements. They show what must at least be 

met to obtain a certain classification (Green Building Alliance, 2022). 

The reuse in the BREEAM-NOR scope is covered in three categories; the management, the 

materials, and the waste out of 9, see figure 2.16 and under the following issues:  

• Man 01 Concept development and project optimization  

• Wst 01 Resource management on construction site 

• Mat 01 Sustainable material selection – LCA and greenhouse gas calculations 

• Mat 03 Responsible procurement of materials 

• Mat 06 Material efficiency and reuse 

• Mat 07 Adaptability and reusability 

Mat 01 and Man 01 are relevant to greenhouse gas emission reduction from material use, 

while Mat 03, Mat 06, Mat 07, and Wst 01 are relevant for the reuse of building materials 

and products. The above issues together with their goals and criteria set are illustrated in 

figure 2.17.   

Greenhouse gas emission 

• Materials (Mat): Materials are one of the largest contributors to greenhouse gas 

emissions in the Norwegian industry. The new BREEAM-NOR v.06, set, among other 

important changes, a requirement for greenhouse gas accounts for the building as 

a whole to have a certificate issued (Green Building Alliance, 2022a). In addition, 

points for reduction of greenhouse gas emissions are calculated based on NS 3720: 

Figure 2.16: The BREEAM-NOR sustainable categories 
(Green Building Alliance, 2022) 
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2018 method for greenhouse gas calculations for buildings (Standard Norway, 

2018). Reference values are agreed with the Directorate for Administration and 

Financial Management (DFØ) 's greenhouse gas tool and adapted to different 

building types (DFØ, 2021). See Table 2.8 below: 

Table 2.8: BREEAM-NOR v6.0 rating for reduction of GHG emission 

Reduction of greenhouse gas 

emissions % 
 

Point Minimum requirement 

20% 1 Very Good 

30% 2 Excellent 

40% 3 Outstanding 

60% Innovation point  

 

• Energy (Ene): Climate-friendly energy source is rewarded. The same goes for 

greenhouse gas accounts for energy use. 

• Transport (Tra): Here, greenhouse gas accounts are rewarded for transport to and 

from the building during the building's operating period. 

• Construction site (Man): Greenhouse gas emissions on construction sites are 

measured and reduced. Energy consumption, transport of masses, and waste. 

Innovation points: A maximum of 10% of the emissions are direct emissions of 

greenhouse gases on the construction site. 

• Management (Man), the project is rewarded for setting up a greenhouse gas budget 

in the early phase and using it as a basis for setting framework conditions and 

environmental goals in the project. After completion, the final greenhouse gas 

accounts for the entire building will be presented and evaluated against terms and 

goals. This also meets the requirements of the taxonomy and is a minimum 

requirement from Excellent (Green Building Alliance, 2022a). 

Waste and reuse 

The goal is to make the projects reduce the amount of waste by designing for less waste  

(reuse, recycle, prefabricated materials, reduce the number of changes, etc.). The new 

BREEAM-NOR manual v6.0 rewards the projects that not only sort but also recycle, those 

that get to reuse, and those who manage to minimize the amount of waste. 

• Waste quantities (Wst): BREEAM-NOR rewards projects that have low waste 

volumes per m².  

Table 2.9: BREEAM-NOR v6.0 rating after generated construction waste quantities 

Point 
 

Amount of construction 

waste generated in kg/m² 

(BRA) 

Minimum requirements 

1 ≤ 40 Outstanding 

2 ≤ 25  

Innovation point ≤ 19  
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• Source Sorting and Material Recovery (Wst): BREEAM-NOR continues to reward 

source sorting but to a lesser extent. 75% is the minimum requirement from Pass. 

To achieve the Excellent certification level, the project must also have prepared 

70% of the waste for reuse or material recycling. You do not get points here for 

waste that is delivered to waste incineration. Prepared is meant that it must be 

sorted and stored so that material can be recycled. This is because as of today it 

can be difficult to get reception for certain types of waste for material recycling 

depending on the capacity of the reception and where in the country the project is 

located. 

Table 2.10: BREEAM-NOR v6.0 rating after waste prepared for reuse or recycling 

Point 
 

Share sorted 

Percentage 

prepared for reuse 

or material recycling 

Minimum 

requirements 

Minimum 

requirements 

No points 

75% - Pass 

1 85% 50% - 

2 90% 70% Excellent 

Reuse  

Here are several new topics under the category Materials. In the new Mat 06 - material 

efficiency and reuse, and reuse mapping is the minimum requirement if there are existing 

structures on the site. From Excellent, the minimum requirement has been extended to at 

least 10 of the recommendations in the reuse mapping, and for at least 5 product groups, 

20% of potentially reusable building components must be used. A new topic is also Mat 

07– Adaptability and reusability, which gives up to 3 points (Green Building Alliance, 

2022a). An overview of the reuse scope in the BREEAM-NOR v6.0 sustainable categories 

is presented in Figure 2.17. Every category is followed by the Goal, relevant issues and 

assessment criteria. 

BREEAM-NOR v6.0 has, among other things, a goal to promote circularity and increase 

the scope for reuse and availability of reused materials and products, as well as create a 

market for reusable components (Green Building Alliance, 2022a), see Figure 2.18. 

• For the demolition phase, at least 10 measures should be followed, through material 

mapping, of how resource utilization in the demolition phase is planned and 

implemented, and at least 5 components should be reused out of the building 

component schedule. 

• For the new building components at least two reused components should be used 

externally from other donor buildings or preferably surrounding buildings under the 

demolition for example façade plates and hollow/core slabs.  

• In addition, BREEAM-NOR rewards buildings that are planned to be built in the future. 

These types of buildings are with a clear resource overview or have a material bank 

circular approach. Furthermore, for those who design for disassembly buildings (DfD) 

with reusable components in the future such as; load-bearing systems, envelopes, 

internal components and technical installations.  
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Figure 2.17: The reuse scope in the BREEAM-NOR v6.0 sustainable categories 

(Green Building Alliance, 2022) 
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2.7.3 Reuse in FutureBuilt circular building criteria 

The FutureBuilt circular building criteria, presented in chapter 2.6.6, have the purpose to 

motivate reuse and circular principles in rehabilitation, demolition, and new construction 

and set a standard for what should be the level of ambition for a circular building 

(Nordby,2020). Its concept covers five issues, see figure 2.14: 

(1) 2.1 Environmental-based decision on rehabilitation or demolition 

(2) 2.2 Resource utilization in demolition work  

(3) 2.3 Reuse of materials  

(4) 2.4 Reusability  

(5) 2.5 Adaptability (ability to change)   

Points 2, 3, 4, and 5 must be answered for all projects. Point 1 must also be answered 

where there are existing buildings on the site as in our case study buildings. The relevant 

criteria under each issue are described as follows: 

Environmental-based decision on rehabilitation or demolition 

• Where there are existing buildings on the site, a thorough assessment shall be carried 

out to determine what is the environmentally best alternative concerning the question 

of continued maintenance and repair, degree of rehabilitation, or demolition. 

• The assessment must be carried out by an interdisciplinary team of advisers and also 

executives so that all the advantages and disadvantages of the alternatives emerge. 

Resource utilization in demolition work  

Demolition phase 

• An account shall be given of how resource utilization in the demolition phase is planned 

and implemented. 

• Reusable components must be mapped taking into account the potential for reuse 

early in the project so that the material values are made visible to the designers. 

• Reusable components that are not used in the project must be made available to 

external stakeholders or sought to be returned to the manufacturer. 

• Sufficient time must be set aside for selective demolition / gentle dismantling and 

requirements for demolition methods must be incorporated in tender documents and 

Figure 2.18: The BREEAM-NOR v6.0 reuse assessment 

(Green Building Alliance, 2022a) 
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contracts. Dismantling and securing of components for reuse are specified in the 

demolition description, and requirements are set for understanding the task and 

references when awarding a contract. 

Construction phase 

• An account shall be given of how resource utilization in the construction phase is 

planned and implemented. 

• During the construction phase, waste must be minimized. Coats, wastage, packaging 

as well as incorrectly ordered products, and surplus products must be limited as much 

as possible. Where it does occur, measures must be taken to utilize these resources. 

• New products (incorrect orders and surplus products) must not be thrown away, these 

must either be returned to the manufacturer, or made available to internal and 

external stakeholders. 

Reuse of materials 

• In total, at least 50% of the components in the project (calculated by weight, ex 

ground, and foundation) must be reused or reusable per issues (3) and (4). It is up to 

the project to define the approach and distribution of different measures. 

• In new buildings, at least 20% of the components (calculated by weight, ex ground, 

and foundation) must be reused, and reuse must be carried out for a min. 10 

component types, defined as different building parts according to the building 

component table, 2-digit level. 

• In rehabilitation projects, at least 50% of existing building structures must be taken 

care of (calculated by weight, ex ground, and foundation). Taking care of existing 

building structures counts as reuse in the reuse accounts. In addition, at least 10% of 

the components supplied to the building must be reused, and reuse must be carried 

out for min. 5 component types, defined as different building parts according to the 

building part table, 2-digit level. 

• Local recycling of masses is in addition. 

Reusability 

• In total, at least 50% of components in the project must be reused or reusable per 

issues (3) and (4). It is up to the project to define the approach and distribution of 

different measures. 

• In new buildings, at least 20% of the components must be reusable, calculated by 

weight. Measures must be implemented for min. 10 component types, defined as 

different building parts according to the building part table, 2-digit level. 

• In rehabilitation projects, 10% of the components that are added to the building must 

be reusable, and the measures must be implemented for min. 5 component types. 

Adaptability 

When designing circular buildings, it must be explained how strategies for changeability 

have been applied. 

2.7.4 Corresponding points in the assessment methods 

In FutureBuilt circular building criteria, there is a goal to raise awareness about circularity 

and for the criteria to be easy to apply. It is also a goal to link the criteria to already 

established Norwegian standards and guidelines (Nordby,2020). Based on this, FutureBuilt 

is currently trying to link its criteria to the BREEAM-NOR v6.0 criteria set which in its turn 

has included FutureBuilt criteria in their new version as an “Exemplary level" criteria (Green 

Building Alliance, 2022). Figure 2.19 is an illustration of an example of the reuse of building 
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materials and products as a circularity assessment method based on the corresponding 

points between BREEAM-NOR v.06 relative criteria set for reuse and FutureBuilt s criteria 

for circular building and greenhouse gas emission Zero which need to be further discussed 

on future works. 

Figure 2.19: Reuse assessment and circularity indicators/parameters for building 

materials and products (self-produced) 

 



 

52 

 

2.8 Environmental system analysis 

There are many different ways to estimate the environmental impact of building elements 

and building materials (Bakshi, 2019). Environmental system analysis can be used as a 

collective term for various types of environmental analyzes, among which is the life cycle 

analysis (LCA). 

2.8.1 Life cycle assessment (LCA) 

LCA is a systematized method used to determine the environmental impact of a product, 

product system, or activity through the identification of direct and indirect energy and 

material consumption, waste, and pollution to the environment (Bakshi, 2019). The 

analysis can contain all or part of the life cycle of a product or system, from the extraction 

of raw materials until the product is in use and is finally to be disposed of. The scope of 

the analysis, or system boundaries, is determined based on the purpose of the study. The 

method is based on the standards NS-EN ISO 14040, NS-EN ISO 144044, and NS-EN ISO 

14025. Usually, carrying out a life cycle analysis follows the steps listed below. 

Definition of goals and scope: 

First, the goal and scope of the study must be determined. An assessment must be made 

of which processes are included in the product system and where the system boundaries 

should go. A common system boundary for building materials is cradle-to-grave, which 

includes all processes from raw material extraction to disposal. Cradle-to-gate refers to 

analyzes that only include processes until the product has been produced (SINTEF Building 

Research, 2014a). 

Furthermore, a common functional unit is determined, which is a clearly defined and 

measurable reference unit. The functional unit links the product being analyzed to a 

function and a life cycle and should be able to form a basis for a fair and good comparison 

between alternative ways of solving the function (Bakshi, 2019; Fuglseth et al., 2018). It 

is noted that no functional unit can be determined for products that are only analyzed for 

parts of the life cycle (SINTEF Building Research, 2014a). Then declared units related to 

mass must be used, such as kg or m³. A declared unit is not comparable in the same way 

as a functional unit (SINTEF Building Research, 2014a). 

Overall, four main phases are often the starting point for determining the system limit for 

the life cycle assessment of construction products (SINTEF Building Research, 2014a). The 

phases are also represented in Figure 2.20. 

1. The product stage deals with how raw materials are extracted and transformed into 

products. This includes phases A1-A3. 

2. The implementation stage deals with transport to the construction site and the 

assembly of the building product in the building. These are phases A4 and A5. 

3. The use stage involves the use, maintenance work, replacements, and operation 

throughout the life cycle. This involves phases B1 to B8. 

4. The End of Life stage of the life cycle, phase C1-C4, deals with demolition work, 

dismantling, shipping, and disposal. 
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Phase D is possible as additional information beyond the building's life cycle. This addresses 

the potential pros and cons of material and energy recovery, as well as further reuse 

(Standard Norway, 2006). It is worth noting that phase D is voluntary and intended as 

supplementary information, and is outside the current system boundaries. This means that 

the system only looks at a linear process from “cradle to grave” and not a circular way of 

thinking from “cradle to cradle” (van Dijk, Tenpierik and van den Dobbelsteen, 2014). If 

phase D is included, challenges arise in the distribution of advantages and disadvantages 

between different system delimitations (Nordby, Solli and Dahlstrøm, 2015). 

Life cycle inventory phase 

The life cycle accounting phase includes the collection of relevant data to be able to analyze 

resources that go in and out of the unit processes that are part of the product system. A 

unit process can be a simple work operation or an industrial process (SINTEF Building 

Research, 2014a). The resources can be materials, energy, waste, and emissions. The data 

collection can be extensive and detailed, depending on the type of analysis carried out. 

Databases are often used with the lifecycle inventory of several products and processes as 

a starting point for collection, such as Ecoinvent. 

If emissions occur in activities that deliver more than one product, the emissions must be 

distributed between the various activities or processes. This is called allocation and can be 

implemented in different ways. The standards recommend trying to split the system into 

sub-processes as far as possible to avoid allocation problems (Fuglseth et al., 2018). If 

this is not possible, one can allocate by system expansion, or by distribution based on the 

physical size “mass, volume, energy” or economic value (Nordby, Solli and Dahlstrøm, 

2015). The first mentioned involves "removing" by-products from a process by subtracting 

the emissions from the emissions of alternative production of the product. 

Life cycle impact assessment phase 

In this phase, the goal is to make visible the environmental consequences of the various 

input and output factors associated with the unit processes in the product system. Resource 

consumption and emissions are then assigned to different environmental impact categories 

or effect categories. Results of life cycle analyzes are most often stated in midpoint 

indicators, where emissions are assigned and classified into different environmental impact 
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categories with the common name “impact categories”. According to the ReCipe16 midpoint 

method (LCIA), which is widely used in LCA, a total of 18 impact categories are stated 

(Bakshi, 2018). Global warming potential (GWP) and acidification of soil and groundwater 

are examples of such effect categories (SINTEF Building Research, 2014a; Bakshi, 2018). 

Each effect category has one common unit. For example, kg CO2 equivalents and kg SO2 

are used for the mentioned categories, respectively. Several different emissions can 

contribute to the different effect categories. For example, carbon dioxide (CO2), nitrous 

oxide (N2O), and methane gas (CH4) contribute to global warming potential. To get all 

contributions on the same unit, characterization factors are used, which weigh the different 

emissions relative to each other (SINTEF Building Research, 2014a). 

It is also possible to indicate results using endpoint indicators, which describe the 

consequences on, among other things, health, ecosystems or resource availability. This is 

not included in standards for life cycle assessment of buildings or building materials as 

these methods are more uncertain and subjective (SINTEF Building Research, 2014a). 

Bakshi (2019) argues that it is important to have an overall system perspective when 

comparing alternatives to avoid one environmental problem being replaced by another (so-

called "problem shifting") and to be able to find the overall most environmentally friendly 

solution in a societal perspective. By focusing only on greenhouse gas emissions, and in 

particular CO2 emissions, there is a risk of ignoring other environmental impacts of 

influence (Bakshi, 2019). Steinmann et al. (2016) nevertheless argue that some selected 

environmental impacts are in many cases most interesting and appropriate to highlight. 

Among them is GWP. 

The interpretation phase 

The last phase involves making an overall assessment when reporting and interpreting 

the results against the purpose and scope of the analysis. A critical review of an external 

third party may be necessary if the results of comparative analyzes are to be published 

(SINTEF Building Research, 2014a). 

2.8.2 LCA of reused materials 

When conducting a life cycle analysis that includes reused materials or products, there may 

be special considerations to take, compared to a standard newly produced product 

(Fuglseth et al., 2018). As mentioned earlier, the effects of reuse are only voluntary to 

include, and "cradle-to-grave" and "cradle-to-gate" are common system boundaries, so for 

the time being there are no special plans for conducting life cycle analysis (Richter, 2002). 

Nordby, Solli and Dahlstrøm (2015) and Fuglseth et al. (2018) describe the allocation 

problem associated with material recycling, but which is also relevant in connection with 

reuse. The system under consideration is a recycling system where materials are used as 

an input factor in the production of new products. It is largely a matter of the advantages 

and disadvantages that arise from recycling or reuse, having to be allocated between 

projects. Fuglseth et al. (2018) state that the benefit of reuse in the form of reduced 

greenhouse gas emissions must be distributed to one or more of the use phases of a 

reusable product. Some selected methods will be described further. 

 
16 ReCiPe is a method for the life cycle impact assessment (LCIA). It was first developed in 2008 

through cooperation between RIVM, Radboud University Nijmegen, Leiden University and PRé 
Sustainability. https://pre-sustainability.com/articles/recipe/ 
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The method that is often used in EPDs is called "cut off" or "recycled share". It means that 

products are assigned the relevant environmental impacts that are directly associated with 

it. This means that the system that reuses a product will not get the negative loads from 

the production of the product. Another method, called "quality degradation", distributes 

environmental impact to each product concerning quality degradation or residual life. This 

gives manufacturers of long-life products an advantage. In a closed cycle, an average 

environmental impact from the production and disposal of all products in the value chain 

is distributed (Fuglseth et al., 2018; Nordby, Solli and Dahlstrøm, 2015). The methods see 

the use of resources in different products in one overall system. 

If there is a product that remains in the building, for local reuse, it is recommended that 

the emission value is set equal to zero. If materials in the building are taken care of for 

reuse in the event of demolition, gains and emissions in connection with this can be set 

separately in phase D. Here, is considered the net environmental impact in connection with 

avoided emissions from the production of new materials and processing of reuse products 

(Fuglseth et al., 2018). For external reuse, the criteria are that the system boundary is set 

when the material from the previous system reaches "end-of-waste", defined following NS 

3720. This means that the material must meet the following: 

• It can be used for a specific purpose 

• It fills a market need 

• It meets legal requirements and other specific requirements 

• It is not harmful to health and the environment according to REACH17 

It is not clear when or how the materials reach "end-of-waste" and whether, for example, 

larger emissions associated with dismantling rather than demolition should be allocated 

between the systems or dedicated to one or the other project (Fuglseth et al., 2018). It is 

also not specified which phases are to be used if only the materials are considered, and 

not an entire building. 

2.8.3 Methodological choices 

When conducting life cycle assessments, there may be methodological choices that may 

have an impact on the final result. Here, choices regarding service life, and replacement 

needs will be described. 

Assessment of the service life can have a major consequence on the final result in analysis 

because it affects periods for maintenance and replacement during the analysis period. The 

choice of the analysis period will also be decisive for what will be included. For buildings, 

the calculation period is often set at 60 years (Sintef Building Research, 2015). Rønning, 

Lyng and Vold (2011) emphasize that in life cycle assessments of building materials beyond 

load-bearing structures, the entire life of the building should be the starting point, as the 

service life of the materials are often complex and can be seen in context. 

As mentioned earlier, different materials and elements in the building have a different 

service life that is affected by several factors, such as implementation, maintenance, 

material quality, and surrounding environment (Bjørberg, Kampesæter and Listerud, 

2009). Lifespan is not an inherent characteristic and must be seen in the context of function 

over time. It will be the property that goes below an acceptable level of performance that 

is decisive for determining the service life (SINTEF Building Research, 2004b). 

 
17 UK registration, evaluation, authorisation and restriction of chemicals. 

https://www.hse.gov.uk/reach/ 
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The establishment of a data basis for service life considerations has mostly been 

unsystematic and largely based on experience. Testing for short-term exposure in 

laboratories and long-term exposure under given conditions of use can help to give an 

expression of the product's durability. For evaluation of new products, it is often relevant 

to test for short-term exposure (SINTEF Building Research, 2004b). In general, a lack of 

information about exposure and current conditions of use for the products means that 

experience and expert assessments become central to longevity considerations (SINTEF 

Building Research, 2004b).  

SINTEF Building research has prepared the instruction 700,320 “Intervals for maintenance 

and replacement of building parts”, which includes proposals for short, medium, and long 

intervals, based on material quality and focus, for the technical functionality of building 

parts. These intervals are indicative, and it is recommended to take into account realistic 

adjustments based on available knowledge of the current application (SINTEF Building 

Research, 2017a, Bjørberg, Kampesæter and Listerud, 2009). This is also relevant for 

service life stated in EPDs that are based on the manufacturers' experiences, and not 

standardized test methods (EPD-Norway, n.d.-b). Stated service life should therefore be 

evaluated for choices in each case when using environmental declarations (EPD-Norway, 

n.d.-c), for both long service life and earlier replacement. An earlier replacement is usually 

since the functional service life has been reached because better solutions have come on 

the market or requirements from users and regulations have changed. Examples of which 

building parts and which service life is often applicable are shown in table 2.16. 

The remaining life of a product will usually not decrease linearly over time but depends on 

what is due to the reason for replacement. In some cases, a further assessment should be 

made as to whether replacement is necessary at all, or whether repair may be relevant 

(SINTEF Building Research, 2017c). 

Table 2.11: Overview of the service life that often occurs first in different parts of the 

building 

Building parts Service life is likely to occur first 

2 Building 

21 Groundworks and foundations 

22 Bearing systems 

23 Outer walls 

24 Inner walls 

25 Floors 

26 Roofs 

27 Fixture and fitting 

28 Stairs and balconies 

Technical service life 

Technical service life 

Technical or aesthetic service life (surfaces) 

Functional service life* 

Technical service life 

Technical service life 

Functional service life  

Technical service life 

3 Heating, water and sanitation 

Pumps and aggregates 

 

 Pipes /channels 

Functional service life due to 

requirements/technical 

Technical service life 

Electrical power 

Distribution 

Light 

Technical service life/Functional 
Functional service life  

5 Tele and automation 

Automation 

Data system 

Sound and image 

Alarm and signaling system 

Functional service life 

Functional service life  

Functional service life  

Functional service life   

                                                                        *The company's function 

(Bjørberg, Kampesæter and Listerud, 2009). 
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2.8.4 Environmental declarations (EPDs) 

The environmental profile of a component or product can be summarized in the form of an 

environmental declaration, the so-called EPD (Environmental Product Declaration). This is 

a concise third-party verified document that has been prepared based on a life cycle 

analysis (SINTEF Building research, 2014b). EPDs must be objective and standardized to 

enable comparison of the environmental impact of similar products, and design 

requirements are set under the ISO standard “14025 Environmental Labels and 

Declarations Type III” (EPD-Norway, n.d.-a). 

There is an ever-increasing focus on sustainable material choices in construction projects 

and more people are demanding environmental declarations on the products. As the 

situation is today, there is still a way to go, as the EPD market is relatively immature, and 

well-documented materials can thus gain a competitive advantage (SINTEF Certification, 

2020). According to Rønning, Lyng and Vold (2011), there is a weakness in the use of EPDs 

that it can be difficult to know which methodological choices and justifications affect the 

results, as this information is often not available. 
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This chapter explains relevant methods used in the work on the master's thesis, with 

reasons for why the methods have been chosen. The chapter will ensure the validity and 

reliability of the thesis. First, the research design is presented in general, then the applied 

data collection methods and analysis method are described and evaluated.  

3.1 The research design 

The research design sets out a plan for how the research will answer the problem and 

research questions (Saunders, Lewis, and Thornhill, 2016). Thus, It refers to a systematic 

approach to increasing knowledge within a topic. The choice of research design depends 

both on the goal and the nature of the study. 

The problem of the thesis is relatively twofold, consisting of: 

1. Which building materials and products are suitable to reuse from a sustainability 

perspective? 

2. What is the potential to increase the circular reuse of materials and accelerate the 

circular construction market? 

Based on an extensive problem statement, it is considered necessary to consider the two 

parts as different objectives with a need for separate, but still overlapping research 

methods. The overall research method must address the study's overall problem. The 

selected method is illustrated in Figure 3.1. 

For the first part of the problem statement, which deals with the environmental effect of 

reused components, it is considered appropriate to carry out a comparative assessment of 

case studies of a reuse-benchmarks/construction pilot project. Document study and 

literature review are mainly used as data collection methods for this part. Furthermore, 

data were also obtained through meetings and conversations with the project organization 

in the relevant case projects. The data is analyzed using an overarching life cycle analysis, 

and environmental system analysis. Findings from the document study and the 

environmental system analysis have been assessed against the literature.  

In the work with the second part of the problem, it is considered inappropriate to include 

the case studies as this is a more general perspective. Here, it has instead been chosen to 

base the work on a combination of data collection methods. Qualitative reviews have been 

conducted which are assessed against literature from the literature study. Besides the 

document study of both FutureBuilt circular building criteria against BREEAM-NOR v6.0 

criteria set for new buildings.  

3 Methodology 
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3.1.1 Research methods 

Overall, it is common to divide studies into qualitative and quantitative, as well as a 

combination of both. Simply explained are qualitative studies based on analyses and 

interpretations of the text, images, and statements within a topic, while quantitative 

studies analyze data and numbers. A qualitative study is often characterized by the fact 

that the information is based on fewer cases or occurrences, compared with a quantitative 

study that makes statistical studies of quantitative data (Saunders, Lewis and Thornhill, 

2016). The methods will give different and complementary results, and it must therefore 

be considered which method is most appropriate in each case. 

In this study, it has been chosen to combine qualitative and quantitative elements, as it 

has been considered appropriate to analyze both numerical data and qualitative 

Figure 3.1: Illustration of the thesis' research method 

Self-produced 
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information. Among the data collection methods, the document studies can mainly be 

regarded as quantitative, while the interviews and literature study are qualitative methods. 

The thesis is based on a form of method triangulation "Mixed Methods", which involves 

combining several perspectives in the analysis (Saunders, Lewis and Thornhill, 2016). 

Theoretically, it is possible to divide into different forms of method triangulation, depending 

on whether the data is collected and analyzed in parallel or sequentially, as well as how 

different perspectives are included and combined. The method chosen in the study is 

described by Creswell (2014) as convergent parallel method triangulation "convergent 

parallel mixed methods", which involves a relatively simultaneous collection of qualitative 

and quantitative data. Collectively, the data will form a comprehensive analysis basis for 

answering the problem. 

Method triangulation is often used with the assumption that a combination of different 

approaches and perspectives should be able to provide a more comprehensive 

understanding of the problem than using only qualitative or quantitative data (Creswell, 

2014). However, chosen methods must work well together to contribute positively to the 

study (McLaughlin, 2012). This is considered in more detail in the chapter. 

3.1.2 The nature of the study and its logical structure 

The main purpose of the thesis is to investigate the potential for the reuse of materials and 

products and their environmental consequences in the construction industry. This is a 

relatively open and comprehensive angle, which requires insight into reuse issues and life 

cycle analyses. With such an interpretation, the nature of the study can be described as 

exploratory, as exploratory studies often seek to increase knowledge within a topic and 

understand contexts (Saunders, Lewis and Thornhill, 2016). This is also relevant for the 

second part of the problem, as it is desirable to explore the availability of reusable materials 

in existing buildings. Furthermore, to promote the circular reuse of building materials and 

products for an upscaling in  the reuse market. 

The first part of the problem seeks to investigate the actual environmental effect associated 

with the reuse of building materials compared with new products. This angle can to a 

greater extent be described as evaluative because it is desirable to evaluate how good the 

effect of reuse can give. According to Saunders, Levis and Thornhill (2016), evaluative 

studies are not only putting the spotlight on understanding "how effective" something is, 

but also "why". This also applies to the highest degree to the overall purpose of the study, 

which addresses "why" or "to what extent" it is appropriate to focus on reuse as an 

environmental measure. Overall, the study can thus be said to have a combination of an 

exploratory and evaluative nature. 

3.1.3 Validity and reliability 

Validity and reliability are common terms used to evaluate the quality of a study. Reliability 

says something about the reliability of the study and refers to whether another researcher 

could have followed the same procedure as the study and achieved the same results. 

Validity deals with the accuracy and quality of the study, whether procedures have been 

used appropriately and whether conclusions have been drawn on the correct basis. In other 

words, it refers to the credibility of the work (Yin, 2018). Subsequent subchapters will 

describe how validity and reliability are safeguarded and assessed in this study. 
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3.2 Literature study 

To form a theoretical knowledge base for the entire thesis, a literature search has been 

carried out. Parts of the study are based on previous literature research carried out in 

many studies on the same topic. This work is supplemented by further search on 

environmental analyzes for existing building stock, as well as demolition activity. The 

literature study forms an important part of the information gathering through the work of 

answering the problem and the research questions. This method can further contribute to 

ensuring critical source use by systematic assessment of relevant literature (Aveyard, 

2019). 

In addition to what can be characterized as an academic literature study, supplementary 

searches have been made. This is to find relevant guiding documents, reports and other 

publications from relevant players that set guidelines and that can influence the reuse 

practice in the industry. It is noted that such documents, in the same way as the 

information obtained in the document study, are not necessarily peer-reviewed and verified 

as the literature found in the literature study. Therefore, it is especially important to 

evaluate the authors and the message from the documents. Examples of such relevant 

actors are the Ministry of Local Government and Modernization, Oslo Municipality, SINTEF, 

and the Directorate for Building Quality (DiBK). 

As there is a lot of interest around the topic in the industry, and work that is going on these 

days, it has also been interesting to follow publications in various journals and professional 

publishing websites such as;Circulareconomy.europa.eu, Byggalliansen.no, Futurebuilt.no, 

Bygg.no, Innovative Anskaffelser, Fremtidens Byggenæring, and Teknisk Ukeblad and 

many others. This has inspired further work and insight into current elements within reuse. 

3.2.1 Search strategy 

It has been chosen to take the research questions as a starting point when searching for 

literature. Because the task is relatively twofold, it has led to a wide search field with great 

variety. The strategy for obtaining literature has at an early stage been to consult with 

supervisors about knowledge of relevant publications and master's theses. 

Furthermore, the collection of literature is mainly based on systematic searches in 

academic databases on the internet. Current databases that have been used are Google 

Scholar, Oria, Elsevier, and Scopus. The keywords used can often give many hits, and to 

narrow down the searches, Boolean operators have been used as "AND" /"OR" functions. 

Synonyms and other intuitive keywords have also been used to find the most suitable 

sources. Examples of relevant keywords are shown in Table 3.1. 

The searches were made in both Norwegian and English to increase the possibility of finding 

relevant literature. English searches yield several hits, but Norwegian sources are of 

particular interest as it is desirable to map the conditions and experiences that apply to 

Norway. Therefore, Norwegian searches have been given greater priority than English 

ones. In addition, in principle, only searches have been made for sources published in the 

last 5 years, i.e from and including 2014. This is to find updated and current sources, as 

well as reduce the number of hits. This exclusion criterion has nevertheless had to deviate 

for some of the search topics, as it has turned out to be less up-to-date literature. 

 

 

 

https://byggalliansen.no/
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Table 3.1: Examples of keywords used in the search databases. 

Search words (English) Search words (Norwegian) 

• Reuse AND construction materials 

• LCA AND building materials AND 

reuse 

• Building stock AND material flow 

• Circular economy AND buildings 

• Ombruk OG byggematerialer 

• Livsløpsanalyse OG byggematerialer 

OG ombruk 

• Eksisterende bygningsmasse OG 

materialstrøm 

• Sirkulær økonomi OG bygg    

In addition to systematic searches, literature that has been evaluated and considered 

relevant has been used further as a starting point for chain searches. This is a method that 

is based on a review of the source's references, in the so-called "backward chain search". 

This has also been done by «forward chain search», which means going through 

publications that have referred to this particular source in their work (Rienecker, Jørgensen 

and Landaas, 2013). 

3.2.2 Source evaluation 

To ensure that the literature maintains quality and helps to build on the thesis' credibility, 

it is necessary to assess all of the literature. The assessment has been made several times 

to enable the exclusion of less suitable sources. In the first round, literature findings were 

judged based on the title and then keywords, summaries, and conclusions correlated with 

current research questions. Furthermore, the publisher and authors were assessed in more 

detail, and relevant sources were read more carefully. The TONE principle is used as a 

basis for this evaluation work. It is about ensuring the credibility, objectivity, neutrality, 

and suitability of the literature, see Table 3.2 (Breivik, 2017). 

Table 3.2: Overview of the principles according to TONE and what it involves 

 

Credibility 

It is about evaluating who has published the article, where it has been 

published, institution affiliation, and whether it has been peer-reviewed. 

Objectivity 

Discusses the author's purpose with the publication and how data is 

presented; it must persuade or inform. It should also be considered 

whether the source sheds light on various aspects of the case. 

Accuracy 

Refers to the research methodology and how well it is explained, as well as 

whether the data is up to date and can be confirmed by other sources. 

Suitability 

Reflects relevance to the topic of the thesis and the problem, as well as 

whether the source can provide answers to the research questions that 

have been defined. 

3.2.3 Strengths and weaknesses of literature study 

Literature study as a data collection method can help to uncover a lot of relevant literature 

with good credibility according to set criteria. The use of several different databases can 

both help to find many good sources, and to evaluate the sources' credibility as the number 

of citations and publications in different databases can give an idea of how reputable they 

are considered to be. Within the topic of the thesis, there are especially some selected 

(Breivik, 2017) 
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reports from Norway that are particularly relevant. These are frequently used, as they are 

extensive and include large parts of the theme. 

Weaknesses of this method are that search results are highly dependent on how well the 

keywords are defined, and thus also dependent on self-expertise in the field. The keywords 

were defined by a combination of intuitive assessment of relevant words within the topic 

and by looking at keywords in the publications that were found. Other combinations of 

words and different uses of endings can give different results. This challenge is very 

relevant when searching for English literature, and there may be a reason to believe that 

relevant literature is omitted from the search. 

The same keywords and phrases are used on all four search databases, sometimes with a 

large number of hits in some of the databases and a low number of hits in others. Some 

keywords can thus be considered too broad or too narrow in the various databases, which 

can go beyond the quality of the result. Google Scholar generally gives a lot of hits as this 

search engine does not have the same sorting features as the other databases. Some 

sources are found among the first pages of searches that yielded very many hits. Although 

the selected sources from such searches can be considered good, there is a danger that 

relevant sources placed on pages further back will be overlooked. 

3.3 Document study 

Obtaining information through document study has been necessary to be able to answer 

both parts of the problem. Document studies involve the collection, processing, and 

interpretation of secondary data (Jacobsen, 2015). In this study, documentation was 

obtained from both public and private actors. This applies to project-related information 

from the case study projects, as well as statistics and other data from Statistics Norway 

and the Oslo municipality at the Planning and Building Agency. 

3.3.1 Case-study documents 

Project-related documentation for the case projects includes project quality programs, 

reuse experience reports, greenhouse gas calculation reports including product 

declarations, and quantity descriptions. In carrying out the comparative environmental 

system analysis for the projects, there has also been a need for additional information 

about the materials and products in detail. As Kristian Augusts gate 13 is Norway's first 

building where the reuse of building materials and circular solutions has been used on a 

larger scale, and KA23 is Norway's first circular building with conservation status, the 

projects received great interest from the construction industry. FutureBuilt cooperated on 

their part of the projects to assign me a key contact person, who was my co-supervisor 

"Erlend Seilskær" during the whole work. He has obtained the desired information and was 

the bridge in contact with other relevant professionals and consultants in case study 

projects companies such as Multiconsult, Asplan Viak, and Green building alliance. etc. 

Thus, this information is passed on by the contact person on behalf of relevant 

professionals, manufacturers, etc. Thus, This study was built, among other documentation, 

on the following documents described below: 

Reuse experience reports 

The experience report has been prepared by the reuse teams on each project and was 

based on the feasibility study for reuse from the pre-project phase and experience reports 

from FutureBuilt workshops. It also discussed practical and technical possibilities and 

challenges in connection with the reuse of building parts in KA13 and KA23. Besides, 

substantiating conclusions regarding why and why not reuse has been possible. With the 
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background on high environmental ambitions in the case study projects, early targets were 

set for a high degree of reuse of building parts, including specifically groundworks and 

foundations, load-bearing structures, and also exterior walls in existing buildings were 

mainly retained.  Thus, the reports aimed to assess the reuse potential of building materials 

and components at their maximum ambition level.  

Strategies and solutions for this have been adapted in the project in interdisciplinary 

processes where all disciplines have been involved. Initially, a large number of building 

parts were re-examined for reuse, and it has along the way lists have been prepared of 

procurement needs for used materials from other buildings. Professional advisers (ARK, 

RIB, etc.) have stated quantities and requirements specifications for these lists. 

The reports were very informative about experiences over the implementation of a reuse 

project in all phases. From the pre-project to the implementation and completion of the 

project. Also the relevant experiences and learning points for each reused material and 

product category including the drivers and barriers currently in the construction industry, 

which highlighted in detail under the discussion section. It includes results about the 

material flow in the projects, from local reuse, external reuse, and disposal/sale materials 

in the form of tables and lists, which will be discussed further in the results chapter. For 

the KA 13 experience report refer to (Nordby et al. 2021), and for the KA 23 reuse 

assessment document no:  10213558-01-RIM-NOT-002, see Appendices 03.  

Greenhouse gas emission reports 

FutureBuilt's greenhouse gas emission reports are summary reports that explain their pilot 

project's environmental measures and results. It includes details about assumptions, data 

basis, measure assessments, choice of measures, etc. which is the basis for the 

greenhouse gas calculations and achieved greenhouse gas reductions. Generally, the 

greenhouse gas report has two goals; first, the documentation of calculations and 

calculation results of the greenhouse gas reductions, and second, spreading the knowledge 

to other projects about which assessments and measures have been carried out to reduce 

greenhouse gas emissions for the project. As well as, which assessment and measures 

have not been carried out. Thus, the reports are documentation of greenhouse gas 

calculations, achieved greenhouse gas reductions, and proposed and implemented 

measures. The reports are prepared and revised three times through planning/engineering, 

after construction, and after 2 years of operation. The calculations for Kristian August Gate 

13 have been prepared by Asplan Viak AS, refer to Appendix 01, while the calculations for 

Kristian Augusts gate 23 have been prepared by Multiconsult AS, see Appendix 02. 

As mentioned before, the goal of the greenhouse gas calculation is to shed light on the 

environmental effect of reusing materials, choosing new materials with low greenhouse 

gas emissions, mobility solutions with low greenhouse gas emissions and energy efficiency, 

and calculate greenhouse gas reduction for the project compared with reference buildings. 

The calculation is according to NS 3720: 2018 (Standard Norway, 2018) and includes 

greenhouse gas emissions from material use, transport, and stationary energy use. 

For the calculation program for GHG calculation, in KA13, the calculations for greenhouse 

gas emissions from material use have been carried out in ByggLCA v1.1. Separate 

calculations have been made for transport based on RVU for Oslo and Akershus. 

Calculations for energy are based on Futurebuilt's emission factors for energy use and 

delivered energy calculated according to NS 3031: 2014 (Calculation of buildings' energy 

performance - Method and data) and NS 3701: 2012 (Criteria for passive houses and low-

energy buildings - Commercial buildings). While in KA23, the online program One Click LCA 
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Previously” Bionova Ltd, 2021”18 was used for greenhouse gas calculations. A separate 

spreadsheet is used for intermediate calculations that cannot be performed in One Click 

LCA. These intermediate calculations include conversion between units in the database and 

units that were to be used in One Click LCA, for example for material quantities in interior 

walls, and calculation of the number of visitors based on the number of employees. 

3.3.2 Interviews 

Furthermore, It has been decided to conduct interviews with relevant industry 

representatives to supplement information where there has not been sufficient information 

obtained through the literature and document study. Interviews are a widespread method 

in qualitative studies, which involve conversations with a given topic and structure (Tjora, 

2021). Interviews can be conducted with a very formalized structure or as informal and 

unstructured conversations. In this study, it has been chosen to do informal and 

unstructured interviews due to time limitations and tight schedules for intended 

interviewees. This means that the interviews are relatively unstructured, but with some 

prepared topics and questions. Also with opportunities to make it more interactive and 

open up for discussion by letting the interviewees come up with their thoughts and input 

beyond the interview questions (Saunders, Lewis and Thornhill, 2016). This method of 

conducting interviews is well suited and is commonly used in exploratory and causal 

studies. So, the output of the interviews was decided to be used as a piece of supportive 

information in the case studies. 

The interviews were conducted both physically and as online video calls using Microsoft 

Teams. This is partly because the digital interview has been easier to perform, and partly 

due to the Korona epidemic that was ongoing during the project period. The interviews 

have been performed as conversations and aim to close the gaps where there has not been 

sufficient information obtained through literature and documents and act as a supportive 

source of information for the case study documents. Following the interviews, the content 

is compiled by transcription. The content of the interviews is structured and then evaluated 

based on the thesis problem.   

Many industry representatives have been interviewed with different competence and 

professional background. The answers from these interviews have contributed to the 

development of a level of knowledge that has been central to both the design of this thesis 

and to answering thesis questions. The interviewees were: 

- Sigri Heen, BREEAM-NOR Consultant, Green Building Alliance  

- Jennifer Lamson, Energy – and Environmental Consultant, Höegh eiendom 

- Selamawit Mamo Fufa, Senior Research Scientist, SINTEF 

- Pasi Aalto, Centre Director NTNU Wood and assistant professor, NTNU 

- Julie Sandnes Galaaen, Environmental Consultant, Multiconsult AS 

- Eirik Rudi Wærner, Environmental Consultant, Multiconsultant AS (the interview 

was not performed due to traveling circumstances). 

3.3.3 Strengths and weaknesses of document study 

The document study opens up the possibility of obtaining quantitative data that can be 

difficult to obtain in other ways. As this is not in all cases public information, it is important 

 
18 Bionova Ltd has changed its business name to One Click LCA Ltd, 1 July 2021 

https://www.oneclicklca.com/bionova-becomes-one-click-lca/ 
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that what is analyzed is reliable and correct, to the extent that it is possible to assess. 

According to Tjora (2021), it is important to ask questions about the context of the 

documents' origin and purpose. The information can be influenced by the author of 

documents written by and for who, as well as when they were written. In contrast to the 

literature collected in the literature study, these are not, to a certain extent, peer-reviewed 

documents that have been verified by external representatives. 

Case-study documents 

Parts of the information provided in connection with the case projects have been passed 

on by a contact person in the project, to avoid unnecessary action against the project 

organization. This reduces the ability to assess how the information is requested, and 

whether all relevant aspects are covered or disseminated correctly. As mentioned before, 

the experience reports were very informative about experiences over the implementation 

of a reuse project in all phases. But, the reports did not have the same degree of accuracy 

and comprehensiveness. For example, the KA23 report (see Appendix 03) specifies neither 

the learning points nor the quantities of local reuse and external reuse in detail. It was 

Höegh Eiendom who performed the reuse calculation but only as total amounts per Kg. It 

has been requested through the contact person to include in the report as done in KA13 

the percentage of material flow in the KA23 project for the local, external and reusable 

materials and product weight percentages to be able to compare the case-study projects. 

This was provided as an external sheet, see Appendix 04. While in KA13 reuse report was 

more intensive, refer to (Nordby et al., 2021).  

Greenhous gas emission calculation reports were extensive on the building parts level and 

included all the greenhouse emission calculations from material use, which is our scope of 

the study, and relevant CO2 savings, but it was limited to the material/product level. For 

example, KA 13 report specifies the greenhouse gas emission reductions only for some 

building materials and components, while in KA23 emission on material/product level was 

not clear enough. Besides, in KA 13 report, the GHG emission from material use calculation 

results for the “As-built building” (existing building+basement and the extension) were 

presented in detail in Appendix 2, while it was not presented for the reference building. 

Thus, the Greenhous gas emission calculation of the “Reference building” has been 

estimated on the material/product level to compare the results together. The case for  

KA23  was different, the report Appendix was not available and a datasheet collected from 

Multiconsult AS has the Greenhous emission calculations for both the reference and as-

built buildings. Appendix 01 and 02 have the datasheets about Greenhouse emission 

calculations and reduction calculations re-documented and re-classified per the 

material/product level. The most challenging point through comparison performance was 

finding reused materials and products that fall under the same building category and gives 

a significant value to the comparison results.    

Interviews 

Interviewing is a time-consuming method, as it requires solid preparation before the 

interviews and processing afterward. The outcome of the interviews can be influenced by 

many factors. Among them, it can be pointed out that the wording or tone the interviewer 

uses when asking questions, as well as comments were given during the interview can 

affect how the interview candidate responds to the questions. The same can be said of the 

chemistry between the interviewer and the interview candidate, and whether the interview 

candidate has confidence in the study (Saunders, Lewis and Thornhill, 2016). Furthermore, 

it is important to note the role or position of the interviewee in connection with the study 

topic and how it affects the study. 
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As mentioned before, it has been chosen to do informal and unstructured interviews due 

to the time limitations of the study, long waiting times, and tight schedules for 

professionals and consultants This means that the interviews are relatively unstructured, 

but with some prepared topics and questions. This resulted in the interviews being more 

interactive and open up for discussion by letting the interviewees come up with their 

thoughts. 

During the implementation, most of the interviews have not been recorded by voice 

recording but important comments and reflections were noted down, which ensures that 

all interesting points are perceived and included. On the other hand, it means that some 

of the interviewees become particularly more expressive than aware of what information 

they are communicating and that they choose to share more than in a formal conversation. 

Semi-structural interviews open up the possibility of following up with additional questions 

if the interviewee says something particularly interesting. This is seen as positive, as it 

opens up new understanding and learning. On the other hand, the interviews are largely 

governed by how complementary the interview candidate answers questions, and 

interviews with the same interview template can be very different. A lack of standardization 

of the interviews can thus lead to a low validity. 

3.4 Case studies 

The case studies have been chosen as the overall research method for answering the first 

part of the thesis problem when conducting a comparative environmental system analysis. 

The research method is further based on several different data collection methods, to find 

sufficient data to analyze and ensure the validity of the study. 

According to Yin (2018), case studies often focus on events or cases from the present and 

explore a phenomenon or case in-depth within a realistic framework. A case study can 

analyze one or more cases. The chosen case projects were FuturBuilts pilot projects; 

Kristian Augusts gate 13, Kristian August 23, and Skur 38 in Oslo representing the most 

significant benchmark- and large-scale reuse projects in Norway. As mentioned in the 

introduction the third project “Skur 38” was excluded from the comparison analysis due to 

the lack of reuse datasheets and relevant greenhouse gas emission reports as well as using 

a different greenhouse gas calculation methodology than performed in KA13 and KA23. 

The last-mentioned case projects were therefore considered appropriate in this study. The 

projects have been chosen based on their topicality and reuse ambitions, in addition to 

having appropriate progress concerning the period in which the master's thesis is written.  
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3.4.1 Presentation of case studies 

KA 13 

 

Photo: Mad Architects / Kyrre Sundal 

Kristian Augusts gate 13 is Norway's first 

building where the reuse of building materials 

and circular solutions has been used on a larger 

scale. With up to 80% reuse of materials, 

Kristian Augusts gate 13 has reduced 

greenhouse gas emissions by 70%, and the 

project has made reuse a theme for the entire 

construction industry (FutureBUilt, 2020). 

Location and period: KA 13 is located at 

Tullinsløkka in Oslo and is originally an 8-

storey office building (including basement) 

built in the 1950s. According to circular 

principles, the rehabilitation and upgrade of the 

existing building was carried out as well as the 

construction of a new extension of 8 floors with 

a floor area of approx. 60 m². It was built in the 

period 2018-2020 by Entra as developer, and 

the first year of operation was 2021.  

 

Reuse: In the construction of the extension, 

work is being done on reuse to a large extent 

at the same time as the extension complied 

with the requirements in TEK 17. Within 

circular principles, work has been done on 

reusing building parts from the existing 

building (eg load-bearing system, radiators, 

restoration of interior surfaces) at the same 

time as the project will reuse building 

components from other projects (eg steel, 

hollow-core slabs, sanitary equipment, facade 

panels, radiators, doors, glass facades etc.) 

(FuturBuilt, 2020). 

 

 

KA 23 

 

Photo: Dimitry Tkachenko 

Kristian August Gate 23  is Norway's first 

circular building with conservation status. It 

has been rehabilitated according to sustainable 

principles, and follows FutureBuilt's set of 

criteria for circular buildings. With up to 88% 

reuse of materials, Kristian August Gate 23 has 

reduced greenhouse gas emission by 55% 

(FutureBuilt, 2021). 

Location and period: KA 23 is located at 

Tullinsløkka in Oslo and is originally an office 

building built in 1951 as the headquarters of 

the Norwegian Employers' Association. The 

building has been rehabilitated by Höegh 

Eiendom. The project period ran from 2020 to 

2022. The project aims was to become a 

circular building according to FutureBuilt's 

criteria.  

 

 

Reuse: The building consists of over 50% 

reused and reusable materials and 

components. The facade of the building is 

protected in accordance with the Planning and 

Building Act, and existing foundations, load-

bearing structures, exterior walls, window 

frames, floors, load-bearing system, stairwells, 

lifts, parts of interior walls and some technical 

equipment are retained. An extension in new 

materials has also been built (FutureBuilt, 

2021).  
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KA 13 

Area: The building including the extension has 

a gross area (BTA) of 4,762 m², of which the 

extension amounts to 857 m², and a heated 

usable area (heated BRA) of 4,050 m². 194 

employees are planned as regular users of the 

office building( see Appendix 01). 

Project team: 

- Developer: Entra ASA 

- Original architect: H.J.S. Bakstad 

Arkitekt 

- Architects: MAD architects 

- Project & const. management, 

environmental consultant and reuse 

coordinator: Insenti AS 

- Main contractor: Haandverkerne 

- Adviser const. engineering: Rambøll AS 

- Energy & reuse advisor: Asplan Viak AS 

 

Goal/ambition: In its criteria set for circular 

buildings, v. 2.0, Futurebuilt has defined the 

following quantitative requirements for reuse 

and reusability (Nordby, 2020). 

 
GHG reduction min. 50% ............  70 % 

Reusability       min. 10% ...........  15% 

Reuse              min. 10% ............  80% 

The project should facilitate resource utilization 

at the highest possible level that at least 50% 

of existing building structures are taken care of 

and that at least 10% of the components 

supplied to the building must be reused. 

 

Achieved: 80% reuse (80% local reuse, 15% 

from donor buildings and 3% reuse and 

reusability (of total weight)), 70% reduction of 

CO2 emissions from production of building 

materials (Nordby et al., 2021). 

Status: completed 

KA 23 

Area: The building including the extension has 

a gross area (BTA) of 8,962 m², of which the 

extension amounts to 226 m², and a heated 

usable area (heated BRA) of 8,721 m². 413 

employees are planned as regular users of the 

office building (see Appendix 02). 

Project team: 

- Developer: Höegh Eiendom 

- Original architect: Bjercke & Eliassen 

- Architects: Arcasa architects AS 

- Project management : Stig A. Nilsson 

- Construction management: KPP AS 

- Main contractor: Seltor AS 

- Energy & reuse advisor: Muticonsult  

Norway AS 

 

 

Goal: Retain the building's original character 

features and meet FutureBuilt's criteria for 

circular buildings v.2.0. So, the following 

quantitative requirements for reuse and 

reusability were identified. 

 

 

 

 

 

 

 

 

 

 

 

 

GHG reduction min. 50% ............  55 % 

Reusability       min. 10% ...........  53% 

Reuse              min. 10% ............  88% 

The project should facilitate resource utilization 

at the highest possible level that at least 50% 

of existing building structures are taken care of 

and that at least 10% of the components 

supplied to the building must be reused. 

 

Achieved: Preliminary results show 88% 

reuse, 3% from donor building and 53% 

reusability, approx. 55% greenhouse gas 

reduction compared to a reference project and 

30% waste reduction (see Appendix 04) 

Status: completed 
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Materials/products and Buildings' structure 

The existing building of KA13 is a concrete building with load-bearing columns and beams 

and concrete floors. Central to the building is a continuous staircase and elevator. The 

facade facing Kristian August gate13 is clad with stone panels. The extension consists of 

load-bearing steel columns and beams and hollow-core slabs in concrete. The facade is 

composed of different types of sheet metal and cement cladding (FutureBuilt, 2021). 

 

Figure 3.2: Kristian August gate 13 - existing building 

Kristian Augusts gate 23 was built in 1951 and rebuilt around the year 2004. The building 

consists of 8 floors and a basement with a footprint of approx. 1200 m². The building is 

built with concrete in the foundation and floors, and walls of brick and some LECA. The 

facade towards the street level consists of panels of natural solar stone (solvågstein) as 

facade panels and original teak windows. Inside, the entire eighth floor as well as some 

corner offices are original with characteristic teak and marble walls. It has been a goal to 

retain as much of the building's uniqueness as possible, both for reasons of the 

environment and architectural value. The building has been restored based on FutureBuilt's 

set of criteria for circular buildings (FutureBuilt, 2022). 

(Elverum, 2020) 

 

Figure 3.3: Kristian August gate 23 - existing building 

(Wikimedia commons, 2014;  Estate news, 2019) 
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Scope of reuse in the projects 

The Scope of reuse in a pilot project is defined according to FutureBuilt as three different 

Material flows, as illustrated in figure 3.4. Case study projects implemented the following 

types of reuse: 

Internal reuse: 

In KA13, different building parts and materials 

are reused locally in the project, such as 

doors, radiators, wood panels railing, air 

ventilation, cableways, and fixtures. In 

addition, the load-bearing system from the 

existing building is retained. This is not 

directly referred to as reuse as it is not moved, 

but it contributes to an increased service life 

of the materials/products and high resource 

utilization (FutureBuilt, 2021). While in KA23, 

The facade of the building is protected under 

the Planning and Building Act, and existing 

foundations, load-bearing structures, exterior 

walls, window frames, floors, load-bearing 

system, stairwells, lifts, parts of interior walls, 

and some technical equipment are retained. 

Original wood panels, polished plaster walls, 

stairs, terrazzo floors and internal walls, 

exposed concrete columns, window screens, 

doors, and other technical equipment such as 

pumps, snow-smelting plants,.etc 

(FutureBuilt, 2022).         

External reuse: 

In KA23, materials have been brought in from other donor buildings. This type of reuse is 

most common in the extension, and here, among other things, steel, hollow-core slabs in 

concrete, sanitary equipment, and façade elements have been reused. While in KA23 the 

external reuse was limited to used-brought items/added items and leftover ceramic tiles 

(from KA 13), wardrobes, benches, and AHU (air handling units). 

Disposal/sale:  

In KA13 disposal of used building materials has not been relevant for many items. Most of 

what was usable in existing buildings were reused in KA13. A stack of 4x4 inch beams from 

the existing part was given away to the company “Drivved”. Furthermore, some surplus 

materials from KA13, including old teak doors from stairwells and some used doors from 

the 6th floor, were taken care of by Entra for possible use in the neighboring building KA11. 

There is also some surplus of acquired, used items. If Entra does not find a use for it, it 

may be relevant to dispose of via a third-party player. While in KA23, glass and door 

panels, catering kitchen machines with counter and canteen accessories, a total of 8,147 

kg were retrieved by Bruktrom company. Of this is reused and further sold approx. 95%. 

Besides, it was delivered 324.34 tons of pure bricks to “Østfold gress” by Seltor AS from 

the project to be reused. 

Figure 3.4: The three different 
materials flow 

(Nordby et al., 2019) 
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Reuse process  

The investment in reuse has led to the project's construction process being set up a little 

differently than a conventional project model. It is noted that as of today, reuse processes 

are still being clarified or have not been carried out, so this is a general presentation of the 

process. An overview of the reuse process is illustrated in Figure 3.6.  

The search for reusable materials began already in the pre-project stage and continued 

into the detailed design and the construction phase (Elverum, 2020). Both architects, 

contractors and reuse consultants have helped to find products and solutions for reuse 

(FutureBuilt, 2020). External industry representatives have also helped to find solutions, 

for example, in KA13, through interdisciplinary workshops organized by Entra in 

collaboration with FutureBuilt. . Used building materials come from over 25 buildings, which 

have been in the demolition/rehabilitation process or where building parts have been used 

temporarily. The illustration below shows where the nearest "donor buildings" are located. 

The mapping and logistics related to reuse products are described as time-consuming, and 

thus cost-driving for the project (FutureBuilt, 2021). Decisions have been made in several 

rounds when procuring used materials, and in some cases, reuse has led to changes in the 

design. The reused materials have had different needs for intermediate storage, processing 

and testing, which requires planning and logistics. Own lawyers are engaged in the project 

to take care of the regulations related to the reused products. Figure 3.5 presents the 

different project locations where reused materials were retrieved to KA13. While the reuse 

process according to pilot projects' experiences is presented in Figure 3.6, from project 

reuse mapping phases through documentation and selective demolition/disassembly to 

assembly and use.  

Figure 3.5: Overview of locations for the analyzed reused products were 
retrieved to KA13, Illustrated by Mad Architects . 

 (Nordby et al., 2019) 
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3.4.2 Strengths and weaknesses of the case studies 

A good case study is often based on several different data acquisition methods (Yin, 2018). 

This opens up the possibility of verifying data from the various methods used, and will be 

able to increase the study's reliability. In this study, method triangulation opens up for 

statements in informal interviews to be compared and checked with data obtained from 

document studies as well as information from literature found in the literature study. 

A possible weakness of a case study as a research method is that it has been debated 

whether results from case studies can be generalized and used to create credible theory 

(Yin, 2018). Yin (2018) points out that case studies can try to generalize analytically and 

Figure 3.6: The reuse process according  to case projects 

(self-produced) 
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not statistically, which is based on a large number of cases. It is further emphasized that 

generalization must be carried out based on the case study and not the specific case. 

Theory and literature must therefore in this case play an important role for it to be possible 

to generalize the results. The procedure and method used to analyze the case are described 

in the next subchapter. 

3.5 Environmental impact assessment 

An environmental system analysis is the method used in connection with the assessment 

of the environmental impact of selected materials/products associated with the case study 

projects KA13 and KA23. The analysis is based on data obtained through document study 

and literature study, as well as supplementary information obtained through interviews 

with representatives from the project organization and relevant professionals. 

An environmental system analysis is, as described in the theory chapter, a form of life 

cycle assessment. This term is used to emphasize that a complete LCA is not carried out 

with the inclusion of detailed inventory analysis. Nor is any assessment made of 

environmental impacts other than Greenhouse gas emissions. The implementation of the 

environmental system analysis nevertheless follows procedures given in the standards for 

LCA as far as possible. (System boundary A1-A3+B4-B5 as per NS3720). 

The environmental system analysis carried out in this study is comparative, where 

greenhouse gas emissions related to the processes for implementing reused materials are 

compared with corresponding new materials. The analysis is based on five different 

material groups/products with reusable products used in the project, as shown in Table 

3.3. It has been chosen to focus on the comparison of selected and disregard other 

materials and products in the rest of the two buildings. 

3.5.1 Goal and scope 

The overall objective of the GHG calculation is to shed light on the environmental impact 

of reused materials compared to similar new materials, select new materials with lower 

GHG emissions, and calculate the project's GHG reduction compared to reference buildings. 

The aim is to find out the environmental benefits associated with the reuse of the selected 

categories of materials/products, as well as to highlight other unexpected consequences 

that may affect the results. Besides spreading the knowledge to other projects about which 

assessments and measures have been carried out to reduce greenhouse gas emissions, as 

well as which measures have not been carried out or have been chosen not to carry out. 

A comparative environmental impact analysis was conducted at the level of building parts 

to show the benefits of the reduction from a general perspective, and then more specifically 

at the material/product level, following the specific relative material classes in detail. 

Furthermore, the material/product categories in the analysis were selected in collaboration 

with representatives from the case projects, based on materials and products that could 

be considered interesting from an environmental perspective, as well as the availability of 

information after the projects were completed. It is assumed that the materials will satisfy 

the same function used and that the total amount of new alternative products is similar to 

the quantities reused. The calculation is according to NS 3720: 2018 (Standard Norway, 

2018) and includes greenhouse gas emissions from material use, transport and stationary 

energy use. 
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Functional unit 

The functional unit is generally defined as a given amount of a product, which performs its 

function throughout the system period, which is set to 60 years. It is natural to use a 

different unit for each product as the quantities are defined differently. The relevant units 

for each material are given in Table 3.3. The units shall be the same for the reused material 

category and the corresponding new alternative to ensure a basis for comparison. 

Table 3.3: Overview of selected material categories and the associated functional unit 
used in the analysis 

Material/ product 

Category 

Functional Unit 

Steel 1 kg of steel for load-bearing use for 60 years. 

Hollow-core slabs in 

concrete 

1 ton of hollow-core slabs as a load-bearing cover between 

floors for 60 years. 

Brick 1 m³ of brick for 60 years 

Windows and doors 1 m² of windows and doors, through 60 years. 

Façade cladding 1 m² of facade panels for 60 years. 

System boundary 

According to FutureBuilt's greenhouse gas emission reports, it has been chosen to use an 

analysis period of 60 years. This is standard for the FutureBuilt pilot projects and 60 years 

is often used in life cycle assessments (Fuglseth et al., 2018). Because the analysis is 

comparative, it has been chosen to disregard processes and phases that are assumed to 

be approximately the same for reused and new materials. Phases included in the analysis 

are A1-A3 and B4. Figure 3.7 shows an illustration of which processes are included in the 

system boundary, which is marked with a dotted line. The figure includes two product 

systems; one for reused products and one for new alternatives. 

For the new materials that are not replaced during the service life, it is mainly the 

production of materials (A1-A3) that are included. End of life phase is then not included in 

the system limit. The same applies to the reuse materials, but phases A1-A3 will instead 

of extraction and production involve disassembly, testing, and intermediate storage as well 

as transport and necessary processing. Disassembly is included from previous projects, as 

it is assumed that it would have been dismantled or demolished in another way if it had 

not been planned for reuse. Transport for intermediate storage and processing has been 

chosen to include in phases A1-A3. The last transport stage A4, to the construction site, is 

not included to maintain the comparison basis.  

Assembly (A5) is not taken into account, because there are significant differences between 

new and reused. Maintenance (B2), repair (B3), and renovation (B5) are not included, as 

it is assumed that there are minor differences, in addition to the fact that there is not 

sufficient information to be able to make a qualified assessment of the need for 

maintenance during the analysis period. If the material is replaced (B4), all emissions 

related to the handling of the replaced product (A1-C4) shall be assigned to phase B4, as 

per the system limits given in NS 15978. 
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In calculations associated with the reusable materials, it has been chosen to include input 

data from processes that can be connected directly to them. This applies to energy 

consumption from processing, intermediate storage, and testing where this is relevant. 

Production and transport of additional products for processing are also included. On the 

other hand, the environmental impact from the actual manufacture and production of 

machines and equipment used in the processes has been chosen to be disregarded, as it 

is assumed that the products last a long time and it will not make much difference to 

include contributions that would be allocated to these processes. 

3.5.2 Life cycle inventory 

Knowledge of the materials and products used and of the whole process is central to being 

able to carry out the analysis. This requires extensive data collection for relevant processes 

and phases that are included. 

Collection of data 

Information about the materials has largely been obtained during document study, and 

current documentation has been sent directly from the project's contact person. 

Furthermore, information has also been obtained in communication with project teams 

consultants, and professionals or the use of databases for specific product information. 

There have been regular meetings with the contact person who is my co-supervisor from 

FutureBUilt, to discuss and coordinate assumptions and hypotheses for all materials in the 

analysis. Where there has not been sufficient information, it has been seen necessary to 

make separate assumptions to obtain numerical values. This applies in particular to the 

calculation of KA13 reference building production and disassembly. Where emission data 

for reusable materials have not been available, a standard reduction of 80% in phases A1-

A3 has been used instead. An overview of the calculations for Kristian August Gate 13, 

originally prepared by Asplan Viak AS, is gathered in Appendix 01, while the calculations 

Figure 3.7: Flow chart for analyzed material/product system. The system boundary is 

marked with dotted lines A1-A3 and B4 (self-produced) 
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for Kristian Augusts gate 23 originally prepared by Multiconsult AS, are collected in  

Appendix 02. 

Data tools and databases 

As mentioned before and according to Greenhouse calculation reports, the reference 

building of KA13 is generated in carbon designer in OneClick LCA and adapted to be more 

representative through the Enova report « Climate-friendly building materials - Potential 

for emission reductions and barriers to use » (Asplan Viak, 2020) while the as-built taken 

from BIM model, dated 16.09.2020. The calculation program for GHG calculation from 

material use, in KA13, has been carried out in ByggLCA v1.1 (see Appendix 01). While in 

KA23, the online program One Click LCA (Bionova Ltd, 2021) was used for greenhouse gas 

calculations. A separate spreadsheet is used for intermediate calculations that cannot be 

performed in One Click LCA. These intermediate calculations include conversion between 

units in the database and units that were to be used in One Click LCA, for example for 

material quantities in interior walls, and calculation of the number of visitors based on the 

number of employees. Adapted reference building was prepared in April 2020, based on 

the IFC model downloaded 16.03.20 (see Appendix 02). 

3.5.3 Strengths and weaknesses of environmental system analysis 

In general, there is uncertainty associated with obtaining information and the quality of 

the data (Thormark, 2000). It is relevant for the calculation of quantities, equipment, and 

emission factors used in the analysis. In several cases, data is retrieved on similar products 

and not specifically for the particular product being analyzed. This may mean that the 

results and the actual emissions do not match. However, this is difficult to verify. 

Compared materials/products 

A challenge in comparative analysis is the assumption that used and new materials fulfill 

the same functions and that the phases in which they behave similarly are excluded from 

the analysis (Rønning, Lyng and Vold, 2011). This is a simplification, and whether this is 

the case, in reality, is linked to uncertainty. It is important to note that the results from a 

comparative analysis only give a picture of the difference in the environmental impact 

between reused and new materials, and not complete emissions related to the entire life 

cycle of the materials. There are several processes with associated emissions that have 

been disregarded, and which in reality would have contributed CO2 and a greater 

environmental impact than what is calculated. For some of the reuse materials, , a 

conservative estimate of 80% reduction concerning new material has been used, after 

consultation with Futurebuilt , professionals and climate consultants in the industry. 

System boundary 

The system boundary is relatively broad, and it can be difficult to know where the included 

phases in the analysis were proper and what can affect the result to a greater extent. 

Exclusion of processes that contribute with insignificant contributions can be challenging 

to predict, and therefore considerable time was spent on the analysis. What is included in 

processes also completely depends on what information has been available from the given 

projects. Thus, some contributions are calculated in great detail, while other processes are 

estimated. 
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4.1 Comparative environmental analysis per Building part  

4.1.1 Overall results 

 

 

4 Results 

KA 13 

Asplan Viak AS has prepared a 

greenhouse gas account for the entire 

KA13 project according to FutureBuilt 

criteria for circular building, including 

emissions from energy, material use, 

and transport. 

1. The total GHG reduction was of 40% 

compared with the reference building. 

The greenhouse gas emissions for the 

project "as built" are estimated at 

39.38 kgCO2eq./m2/year, and 822 

kgCO2 eq./occupant/year. In total for 

the building, this amounts to 159,473 

kg CO2 eq./year.  

2. The project has been compared with a 

reference building with the same area 

as KA13 (BRA of 4050 m²), but which 

has been built new with conventional 

material use. The extension part 

(tilbygg) of the building was included 

in the reference model. 

3. CO2 Saving: The calculations show 

that emission reductions from 

material use of 70% or (6.45 

kgCO2eq./m²/year) are achieved for 

the whole building, i.e., both the 

rehab part and the new building, see 

figure 4.1. For the existing building 

and basement, emission reductions of 

78% are achieved compared with the 

reference building, and for the new 

building, emission reductions of 36% 

are achieved. 

KA 23 

Multiconsult AS prepared the GHG 

accounts for KA23 project according to 

FutureBuilt criteria for circular building, 

including emissions from energy, 

material use, and transport.  

1. Kristian Augusts gate 23 achieves a 

greenhouse gas reduction of 55% 

compared with reference buildings. 

Reuse of materials, use of materials 

with low greenhouse gas emissions, 

reduced energy consumption, use of 

district heating, central location and 

no parking contribute to reducing 

greenhouse gas emissions in the 

project. 

2. The project has also been compared 

with a reference building with the 

same area as KA23 (BRA of 8721 m²), 

but which has been built new with 

conventional material use. As the 

building has a protected status, all the 

protected elements including the 

fasade toward Tullinsløkka street 

were excluded from the reference 

building. The extension part (påbygg) 

was included in the reference building. 

3. CO2 Saving: The calculations show 

that for the project compared to the 

reference calculation, an emission 

reduction, for the material use, of 

85% is achieved for projected and 

83% or (3.57 kgCO2eq./m²/year) for 

"as built". Refer to figure 4.1. 
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4. Why? The main reason for the 

reduction in greenhouse gas 

emissions is that existing building 

mass and load-bearing systems have 

been preserved. There is also a high 

degree of reuse in the extension, 

which leads to a reduction in 

greenhouse gas emissions. For the 

existing building, much of the building 

body has been preserved, which 

provides major reductions for load-

bearing systems, exterior walls, roofs, 

and floors. 

Existing foundations have also been 

preserved, except for the floor to the 

ground which is included in the 

decking. This means that the existing 

building has very low greenhouse gas 

emissions compared to the reference 

building. The comparison of CO2 

saving per Kg CO2.eq/m²/year by 

building elements is shown in figure 

4.2. 

4. Why? Greenhouse gas emissions 

from materials have been reduced 

from reference buildings to projected 

buildings and "as built" due to a large 

degree of reuse and preservation of 

materials as well as the use of 

materials with lower greenhouse gas 

emissions than the reference values. 

The largest reductions are achieved 

for Groundworks and foundations, 

exterior walls, floors and load-bearing 

systems, and for these building parts 

there is a high degree of reuse in the 

project. For interior walls, the 

reduction in greenhouse gas 

emissions is not so great due to the 

significant amount of new interior 

walls in the project. GHG emissions 

have increased somewhat for stairs 

and balconies, mainly due to the steel 

stairs under the green-house, which 

in the reference building are modelled 

as concrete. The comparison of CO2 

saving per Kg CO2.eq/m²/year by 

building elements is shown in figure 

4.2. 
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Figure 4.1: Comparative GHG emission reduction from material use for 
different project phases for the entire building, KA13 and KA23. 
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According to GHG reports for KA13 and KA23, the project's total greenhouse gas emissions 

compared with the reference calculation, have been reduced by 40% and 55% for the "as-

built" KA13 and KA23 respectively. The greenhouse gas emissions for the KA13 project 

"as-built" are estimated at 39.38 kg CO2 eq./m2/year, and 822 kg CO2 eq./person/year. 

In total for the building, this amounts to 159,473 kg CO2 eq./year. While the greenhouse 

gas emissions for the KA23 project "as-built" are estimated at 34 kg CO2 eq./m2/year, 

and 420 kg CO2 eq./person/year. In total for the building, this amounts to 295,125 kg CO2 

eq./year. Table 4.1 shows the reductions for the different phases for total (material use, 

stationary energy use for the operation of the building, and passenger and products 

transport during the operation phase) for the entire building, and the total for the material 

use only. 

Table 4.1: GHG emissions for case studies for the Entire building and Material use for 

different project phases 

Project 

Reference building  As-Built  

Kg CO2eq./m²/year Kg CO2eq./m²/year 

Reduction compared 

to reference building 

[%] 

KA13 (Total: 
Material, Energy and 

Transport) 

66.17 39.38 40 % 

KA23 (Total: 

Material, Energy and 
Transport) 

74.43 33.84 55 % 

KA13 (Material use) 9.20 2.75 70 % 

KA23 (Material use) 4.3 0.73 83 % 
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Figure 4.2: Distribution of calculated GHG emission reduction per building 
part for KA13 and KA23. 
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Table 4.2: Distribution of GHG emissions for case studies per building part for different 
project phases and the relevant reductions 

Building 

element 

Reference building 

Kg CO2eq./m²/year 

As-Built 

Kg CO2eq./m²/year 

Reduction compared to 

reference building  

Kg CO2eq./m²/year 

KA13 KA23 KA13 KA23 KA13 KA23 

Groundworks 
and 
foundations 

2.6 0,93 0.4 0 2.2 0.93 

Load bearing 
system 

0.9 0.21 0.11 0.05 0.79 0.16 

External walls 1.4 1.07 0.52 0.1 0.88 0.97 

Inner walls 0.8 0.3 0.34 0.27 0.46 0.03 

Floors 2.9 1.63 1.13 0.21 1.77 1.42 

Roof 0.6 0.11 0.21 0.05 0.39 0.06 

Stairs and 

Balconies 
0 0.05 0.04 0.05 -0.04 0 

Total 9.2 4.3 2.75 0.73 6.45 3.57 

 

The results show that the total emission reduction from material use for KA13 is 2.88 Kg 

CO2.eq/m²/year more compared to KA23. While the emission reduction for KA23 (83%) is 

13% more compared to KA13 (70%). Although the used area (BRA) for KA23 (8721 m²) 

is quite larger compared to KA13 (4050 m²). This difference is due to that the reference 

building for KA23 does not consider the GHG emissions from the retained foundation and 

load-bearing system as done in KA 13 calculations. Multiconsult AS in their material note 

rev 02, see Appendix 00, did not consider the retained building components. “The report 

also does not include all building components that will remain where they are today in 

existing buildings, such as. supporting structure, stairs, facade towards street level, etc.” 

For complete documentation of the KA23 reference building, with emission factors, service 

life, and solutions, see Appendix 2. 

4.1.2 Groundworks and foundations 

The calculations show that for the case projects compared to the reference calculation, 

emission reductions per groundworks and foundations of 85% and 100% are achieved for 

"as-built" KA13 and KA23 respectively, see figure 4.3. The main reason for the reduction 

in greenhouse gas emissions is that existing buildings' foundations have been preserved. 

There is also a high degree of reuse in the extensions which leads to a further reduction in 

greenhouse gas emissions. As mentioned before, we can notice in the reference foundation 

of KA23 that only the piles are considered, as shown below in table 4.3.   
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Table 4.3: Distribution of GHG emissions for case studies per Foundations for different 
project phases and the relevant reduction 

Groundworks 

and 

Foundations 

Reference 

Structure 

As-Built  

Structure 

Reference Building As-Built 
 

KgCO2eq./m²/year KgCO2eq./m²/year 

Reduction 

compared to 

ref. [%] 

KA13 (Exist. 
+Basement) 

Existing 

foundation 

Reused from 

existing 

foundation 
2.6 0.4 85% 

KA13 

Extension 
 

Pile foundation Pile foundation 

with steel core 

piles 

KA23(Exist. 

+Extension)  

Steel piles, 20 

m depth.* 

Reused from 

the existing 

building. 
0.93 0.00 100% 

*Existing foundation only the piles are considered 

4.1.3 Life cycle impact assessment 

In this stage, data is collected from the life cycle inventory is converted into emissions. 

All calculations are performed using Excel. 

In this analysis, it has been chosen to look only at the environmental impact category of 

global warming potential (GWP) in the form of kg CO2 equivalents. This is considered the 

most relevant and interesting to consider, in addition to the fact that there is uncertainty 

and a lack of information about environmental impact beyond CO2 emissions from the 

reuse processes. 
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Figure 4.3: Comparative GHG emission and the achieved reduction from 
foundations for different project phases for KA13 and KA23. 
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4.1.4 Load-bearing systems 

The calculations, in figure 4.4, show that for each project compared to the reference 

calculation, emission reductions per load-bearing system of 88% and 76% are achieved 

for "as-built" KA13 and KA23 respectively. The main reason for the reduction in greenhouse 

gas emissions is that existing buildings' bodies and loadbearing systems have been 

preserved. The utilization of reused steel columns and beams in KA13 in the new extension 

leads to a significant reduction in greenhouse gas emissions. While in KA23 new columns 

and beams were used in the extensions. Here, we can notice in the reference building s 

load-bearing system of KA23 that it is a relatively low value, although KA 23 is almost 50% 

bigger compared to KA13. Description of load-bearing system with associated greenhouse 

gas emissions for the different building phases, existing building+extension, is shown 

above in Table 4.4.   

Table 4.4: Distribution of GHG emissions for case studies per Load-bearing system for 
different project phases and the relevant reduction 

Load-bearing 

System 

Reference 

Structure 

As-Built  

Structure 

Reference 

Building 
As-Built  

KgCO2eq./

m²/year 

KgCO2eq./

m²/year 

Reduction compared 

to ref. [%] 

KA13 (Exist. 

+Basement) 

Existing 

columns and 

Beams in 

concrete 

and steel 

Reused from 

Existing.The 

extension on 

level 9 is made 

with steel 

columns and 

beams  

0.9 0.11 88% 

KA13 

Extension 

 

Steel 

columns and 

beams 

Steel columns 

and beams. 

Existing 
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Figure 4.4: Comparative GHG emission reduction from Load-bearing system 
for different project phases for KA13 and KA23. 
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concrete 

columns on the 

1st floor have 

been preserved 

KA23 

(Exist.+Exten

sion)  

Columns 

and beams 

are of 

concrete 

and steel 

Somewhat 

reused from 

existing 

buildings, some 

new from steel 

0.21 0.05 76% 

4.1.5 External walls 

 

Figure 4.5 shows the calculations for the case projects compared to the reference 

equivalent per External walls. Reductions of 71% and 90% are achieved for "as-built" KA13 

and KA23 respectively. The main reason for the reduction in greenhouse gas emissions is 

that existing buildings' external walls have been preserved to a good extent especially the 

reused facade plates in KA13 and the natural stone plates in KA23 which contribute to a 

remarkable reduction. The same applies to external walls, we can notice in the reference 

building of KA23 that it is a relatively low value, although KA 23 is almost 50% bigger 

compared to KA13. This is because of Multiconsult consideration of preserved building 

parts, that were not included in the calculations as well as the outer wall has a conservation 

status following the Planning and Building Act.. Description of the external walls with 

associated greenhouse gas emissions for the different building phases, existing 

building+extension, is shown in Table 4.5.  
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Figure 4.5: Comparative GHG emission and the achieved reduction from 
External walls for different project phases for KA13 and KA23. 
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Table 4.5: Distribution of GHG emissions for case studies per External walls for different 
project phases and the relevant reduction 

External 

walls 

Reference 

Structure 

As-Built  

Structure 

Reference 

Building 
As-Built 

 

KgCO2eq./m²/

year 

KgCO2eq./m²/

year 

Reduction 

compared to 

ref. [%] 

KA13 
(Exist. 
+Basem

ent) 

Concrete walls 

with cladding and 

wooden windows 

with metal 

cladding 

Existing concrete 

walls and cladding 

have been 

preserved. Wooden 

windows with 

aluminum cladding. 

1.4 0.52 71% 

KA13 
Extensio
n 
 

Standard outer 

wall with timber 

frame, insulation, 

and plasterboards 

inside. 

Typical windows 

with aluminum 

cladding. Fasade 

panels in metal 

and sement. 

Climate wall with 

external wind 

barrier (GU-X), 

trusses with 

wooden posts and 

mineral wool, vapor 

barrier, and internal 

plaster. 

Windows are 

largely reused. 

Wooden windows 

with aluminum 

cladding. 

Reused facade 

panels in metal and 

fiber cement. 

KA23 

(Exist.+
Extensio
n)  

Exterior walls are 

insulated timber 

walls, concrete 

walls, and LECA 

walls with natural 

stone as a facade 

and plaster and 

tiles as interior 

cladding. There 

are also some 

glass facades. 

Mainly reused from 

existing buildings, 

window glass, some 

glass facades, and 

some LECA walls 

are new. 1.07 0.10 90% 

4.1.6 Internal walls 
  

The calculations show that for each project compared to the reference calculation, emission 

reductions per the internal walls of 58% and 10% are achieved for "as-built" KA13 and 

KA23 respectively. In KA13, the main reason for the reduction in greenhouse gas emissions 

is that the building's floor was planned as open space. This means that there is little need 

for interior walls, which means that this item deviates most from the reference building. 

While in KA23, the reduction in greenhouse gas emissions was not so great due to the 

significant amount of new interior walls in the project. The description of interior walls with 

associated greenhouse gas emissions for the different building phases for case projects is 

shown in Table 4.4.   
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Table 4.6: Distribution of GHG emissions for case studies per Internal walls for different 
project phases and the relevant reduction 

Internal 

walls 

Reference 

Structure 

As-Built  

Structure 

Reference 

Building 
As-Built 

 

KgCO2eq./m²

/year 

KgCO2eq./

m²/year 

Reduction 

compared to 

ref. [%] 

KA13 
(Exist. 
+Base

ment) 

Timber-frame 

walls, insulation, 

plasterboards. 

Wet areas, 

plaster, and 

ceramic tiles. CLT 

walls in offices. 

Timber-frame walls, 

mineral wool, plaster 

on each side. Steel 

studs. System glass 

walls. Ceramic tile 

with a membrane in 

the wet room. TEWO 

system walls in some 

offices. 

0.8 0.34 58% 

KA13 
Extensi
on 
 

Timber-frame 

walls, insulation, 

plasterboards. 

Wet areas; 

plaster, and 

ceramic tiles. CLT 

walls in offices. 

A small degree of 

interior walls 

Timber-frame wall, 

mineral wool, plaster 

on each side. Steel 

studs. System glass 

walls. Ceramic tile 

with a membrane in 

the wet room. TEWO 

(CLT) system walls in 

some offices. 

Figure 4.6: Comparative GHG emission and the achieved reduction from 
Internal walls for different project phases for KA13 and KA23. 
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KA23 

(Exist.
+Exten
sion)  

Interior walls are 

glass-wool-

insulated truss 

(timber frame) 

walls made of 

steel studs with 

plaster and tiles 

as cladding. Some 

drywall has 

plywood. 

New plaster/drywalls, 

glass fronts, and 

interior doors. The 

plaster walls have 

steel studs and rock 

wool insulation, and 

either fiber plaster or 

standard plaster. 

Some plaster walls 

have OSB or 

plywood. Some new 

tiles. Otherwise 

reuse. 

0.3 0.27 10% 

 

4.1.7 Flooring 

The calculations show that for case projects compared to the reference new equivalent, 

emission reductions per the flooring of 61% and 87% are achieved for the "as-built" KA13 

and KA23 respectively. In KA13, the main reason for the reduction in greenhouse gas 

emissions is the high degree of preservation of concrete floors as well as the reuse of 

hollow-core slabs from the donor building, the old government headquarter. While in KA23, 

the flooring was one of the largest achieved reductions due to the high degree of reuse 

and preservation of flooring as well as the use of concrete with lower greenhouse gas 

emissions than the reference values in the extension. The description of flooring with 

associated greenhouse gas emissions for the different building phases for case projects is 

shown in Table 4.7.   
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Figure 4.7: Comparative GHG emission and the achieved reduction from 
Flooring for different project phases for KA13 and KA23. 
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Table 4.7: Distribution of GHG emissions for case studies per Flooring for different 
project phases and the relevant reduction 

Flooring Reference Structure 
As-Built  

Structure 

Reference 

Building 
As-Built 

 

KgCO2eq.

/m²/year 

KgCO2

eq./m²

/year 

Reduction 

compared 

to ref. [%] 

KA13 
(Exist. 

+Base
ment) 

Hollow-core slabs in 

concrete, and screed 

layer. Carpet tiles in the 

office area. 

Ceramic tile with the 

membrane in the wet 

room. Ceiling tiles and 

mineral wool insulation. 

Acoustic treatment and 

thermal insulation. 

 

Existing concrete floors 

are preserved, except in 

the basement, where 

there is a new concrete 

floor against the ground. 

Screed and rehabilitation 

of some floors. 

Carpet tiles in large parts 

of office areas. 

Ceramic tile with the 

membrane in the wet 

room. 

Ceiling boards, and 

mineral wool in the 

ceiling. Sonaspray in the 

ceiling for acoustic 

treatment. 

2.9 1.13 61% 

KA13 

Extensi
on 
 

Hollow-core slabs. 

Ceiling tiles and mineral 

wool insulation. 

Acoustical treatment 

and thermal insulation. 

Hollow-core slabs 

Reused hollow-core slabs 

Ceiling tiles, and mineral 

wool in the ceiling. 

SonaSpray for acoustic 

treatment. 

KA23 

(Exist.
+Exten

sion)  

Floors consist of hollow-

core slabs and cast-in-

place concrete. The floor 

surface is Kebony, vinyl, 

carpet, terrazzo tiles, 

parquet, plaster, and 

linoleum. The ceiling is 

wooden wool and 

plaster. 

Mainly reused from 

existing buildings. New 

concrete floor in the 

extension, some ceiling 

(wood wool) and floor 

covering (carpet, terrazzo 

casting, linoleum, 

parquet, and epoxy) are 

new. 

1.63 0.21 87% 
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4.1.8 Roof 

Figure 4.8, shows the calculations for the case projects compared to the reference 

equivalent per outer roof. Reductions of 65% and 55% are achieved for "as-built" KA13 

and KA23 respectively. The main reason for the reduction in greenhouse gas emissions is 

that existing buildings' roofs have been preserved to a good extent. Description of the 

structure of the external walls with associated greenhouse gas emissions for the different 

building phases, existing building+extension, is shown in Table 4.8.  

Table 4.8: Distribution of GHG emissions for case studies per Roof for different project 
phases and the relevant reduction 

Roof Reference Structure 
As-Built  

Structure 

Reference 

Building 
As-Built 

 

KgCO2eq.

/m²/year 

KgCO2

eq./m²

/year 

Reduction 

compared 

to ref. [%] 

KA13 
(Exist. 

+Base
ment) 

Compact concrete roof, 

steel plates, insulation, 

and bitumen membrane 

roofing. 

 

Blue-green roof. Sedum 

roof with insulation. 

Existing concrete roofs 

have been preserved. 

Terrace floors on 

balconies. 
0.6 0.21 65% 

KA13 
Extensi
on 

 

Compact concrete roof, 

steel plates, insulation, 

and bitumen membrane 

roofing. 

Blue-green roof. Sedum 

roof with insulation. 

Existing concrete roofs 

have been preserved. 
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Figure 4.8: Comparative GHG emission and the achieved reduction from the 
Roofs for different project phases for KA13 and KA23. 
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KA23 
(Exist.
+Exten
sion)  

The outer roof consists 

of compact roofs of 

concrete, glass, steel 

plates, aluminum, 

insulation, and bitumen 

polymer membrane 

roofing. 

Mainly reused from 

existing buildings. New 

galvanized steel roof, 

green roof, and tender 

royal. Re-insulation of the 

existing roof and new roof 

in extension. 

0.11 0.05 55% 

4.1.9 Stairs & Balconies 

The calculations, in figure 4.9, show that for case projects compared to the reference new 

equivalent, no emission reductions are achieved for "as-built" KA13 and KA23 per stairs 

and balconies. The existing stairs were excluded from greenhouse gas emissions in KA13. 

While in KA23 Greenhouse gas emissions have increased somewhat for stairs and balconies, mainly 

due to the steel stairs under the greenhouse, which in the reference building are modeled as concrete. 

Thus, the reuse of stairs was barely noticeable. Description of stairs and balconies structure 

with associated greenhouse gas emissions for the different building phases, existing 

building+extension, is shown in Table 4.9. 

 

Table 4.9: Distribution of GHG emissions for case studies per Stairs and Balconies for 
different project phases and the relevant reduction 

Stairs and 

balconies 
Reference Structure 

As-Built  

Structure 

Reference 

Building 
As-Built 

 

KgCO2eq.

/m²/year 

KgCO2

eq./m²

/year 

Reduction 

compared 

to ref. [%] 

KA13 

(Exist. 

+Base

ment) 

Stairs and balconies are 

made of concrete and 

timber. 

Concrete ramps and 

internal stairs in concrete. 
0.0 0.04 -4% 
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Figure 4.9: Comparative GHG emission and the achieved reduction from the 
Stairs and Balconies for different project phases for KA13 and KA23. 
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Existing stairs are 

preserved. 

Wooden stairs from the 

1st floor. To the 

basement. 

KA13 

Extensi

on 

 

Stairs and balconies are 

made of steel and 

concrete. 

Steel stairs along with the 

new extension. 

Concrete stairs up to the 

backyard. 

KA23 

(Exist.

+Exten

sion)  

Stairs and balconies are 

made of concrete. 

Mainly reused from the 

existing building, new 

steel staircase under 

greenhouse and new steel 

railing on extension. 

0.05 0.05 0% 

4.2 Comparative environmental analysis per material/product  

The case study projects meet FutureBuilt's criteria for circular buildings by a good margin. 

As mentioned in section 4.1, the greenhouse gas accounts for case projects showed that 

the major reductions in greenhouse gas emissions were due to the large preservation of 

existing building masses; the foundations, load-bearing systems, exterior walls, roofs, and 

floors have been preserved. This means that the renovated building has very low 

greenhouse gas emissions compared to the reference building. There is also a high degree 

of reused materials in the existing buildings and their extensions as well as the use of 

materials with lower greenhouse gas emissions than the reference values. 

In KA13, the existing load-bearing system and external walls are retained, except for the 

necessary rehabilitation works of new hole-making and reinforcements. About 75 percent 

of the steel is reused for both the existing building and the new extension, and the 

supporting structure in steel uses a large amount of reused steel profiles. The achieved 

reduction from the reuse of steel structure was 2.65 KG CO2eq./m²/year or 83%, see 

figure 4.11. Besides, reused hollow-core slabs from the government quarter (R4) on three 

floors have been used in the extension. The reduction achieved from reinforced concrete 

was 3.92 Kg CO2eq./m²/year or 90%. Also in other parts of the project, there is a lot of 

reuse such as facade panels, and interior equipment such as radiators, sanitary equipment, 

ducts and pipes, and office fronts and doors which contribute to further significant 

reductions, see figure 4.11. Furthermore, there was a close collaboration with the tenant 

“Spaces” on the reuse of interior surfaces on floors, walls, and ceilings. Spaces were very 

positive to a large extent of return to original surfaces such as tiled columns. 

Architecturally, the building's floor plan as an open space means that there is little need 

for interior walls, which means that gypsum- and plasterboards and relevant steel and 

wooden-studs system and insulation deviate most from the reference building, see Table 

4.11. But it has not only been a goal in the project to reuse building materials. What is 

newly built in the project has a design and execution that makes it possible with any future 

reuse. For KA13's complete list of reused elements used in the greenhouse gas calculations, 

see Appendix 1. 

For KA23, The building has many reused building materials and therefore deviates 

significantly from the reference building. Floors, exterior walls, and groundworks and 

foundations are the building parts that lead to the highest greenhouse gas emissions for 

adapted reference buildings. So, Concrete, steel, and glass walls are the most contributing 
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materials. Relevant greenhouse emission reductions per Kg CO2eq./m²/year were 1.8, 

0.84, and 0.38 respectively, see Table 4.11. Measures implemented to reduce greenhouse 

gas emissions from materials include the use of recycled materials instead of new ones, 

carpets made of recycled material ( plastic bottles and an old fishing nets), low-carbon 

concrete of class B, fiber gypsum instead of standard gypsum, and steel columns with 

lower greenhouse gas emissions from production than the reference. In addition, there is 

a high focus on reusability and flexible solutions as well as proper disposal. For the 

extension of the building at an early project stage, some measures have been assessed 

and rejected including building the extension in solid wood (CLT), extension in reused 

materials, and extension with a plastered façade instead of a glass façade. These had to 

be rejected due to the tight schedule of the project. See Appendix 2 for a complete 

overview of material quantities. 

Figure 4.10 shows the distribution of the calculated greenhouse gas emission per 

material/product for different project phases for KA13 and KA23 in the carried out 

comparative life cycle analysis. The following material/product categories are analyzed: 

Table 4.10: Distribution of GHG emissions for case studies per building material/product 
for different project phases and the relevant reductions 

Material/ 

product 

category 

Reference building 

Kg CO2eq./m²/year 

As-Built 

Kg CO2eq./m²/year 

Reduction compared to 

ref. building  

Kg CO2eq./m²/year 

KA13 KA23 KA13 KA23 KA13 KA23 

Steel structure 3.20 0.97 0.55 0.13 
2.65 

 (83%) 

0.84 

(87%) 

Glass 0.17 0.44 0.14 0.06 
0.03 

(18%) 

0.38 

(87%) 

Reinforced 

concrete 
4.35 1.83 0.43 0.03 

3.92 

(90%) 

1.8 

(98%) 

Doors&windows 0.25 0.37 0.19 0.21 
0.06 

(24%) 

0.16 

(44%) 

Gypsum boards 

and studs 
0.06 0.08 0.04 0.02 

0.02 

(34%) 

0.06 

(75%) 

Wood 0.03 0.04 0.03 0.03 
0.00 

(0%) 

0.01 

(2.5%) 

Facade cladding 0.22 0.02 0.08 0.00 
0.14 

(64%) 

0.02 

(100%) 

• Steel structure                                

• Glass  

• Reinforced concrete  

• Doors and windows 

• Gypsum- and plasterboards 

• Wood 
 

• Brick, stone, and ceramic 

• Façade cladding 

• Insulation 

• Ceiling panels 

• Floor covering 
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Brick, Stone & 

ceramics 
0.17 0.09 0.12 0.04 

0.05 

(30%) 

0.05 

(56%) 

Insulation 
0.14 0.04 0.13 0.02 

0.01 

(7%) 

0.02 

(50%) 

Ceiling panels 
0.06 0.01 0.02 0.00 

0.04 

(67%) 

0.01 

(100%) 

Floor covering 0.84 0.25 0.73 0.09 
0.11 

(14%) 

0.16 

(64%) 
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Figure 4.10: Distribution of greenhouse gas emissions per material/product 
for different project phases for KA13 and KA23. 
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Figure 4.11 shows the distribution of total calculated greenhouse gas emission reductions 

for KA13 and KA23 projects with the utilization of the reuse products compared with 

corresponding new alternatives. It has not been decided to address other environmental 

impacts than greenhouse gas emissions, in the form of Kg CO2.eq/m²/year. The results 

apply to phases A1-A3, which constitute processes from the start of the life cycle and the 

replacement phase.  

Afterward, a more specific comparative life cycle analysis has been carried out for 

selected reusable materials used in KA13 and KA23. The selection of such categories was 

based on the largest reduction contribution of greenhouse gas emissions from one side, 

and the corresponding comparability from the other side. The basic greenhous gas 

calculations for materials/products for different project phases for KA13 and KA23 can be 

found under Appendix 1 amd Appendix 2 respectively. 

A brief presentation of the analyzed materials and products is summarized in Table 4.11. 

In Table 4.12, the savings per unit for phases A1-A3 and B4 are presented for the different 

material categories. 
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Figure 4.11: Distribution of calculated GHG emission reductions per 
material/product for KA13 and KA23. 
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Table 4.11: Overview of relevant material categories analyzed from KA13 and KA23. 

Material/ 

Product  

Proje

ct 
Analysis unit 

Total 

amount 

reused 

Obtained  

from 
Reuse  

process 

Reuse 

type 
Year 

Steel 

structure 

profiles 

of beams 

and 

columns 

KA13 

Kg steel rolled 

and hollow 

profiles 

36,142 kg Eastern Norway 

area 

Cutting, 

sandblas

ting and 

priming 

Extern

al 

unknown 

KA23 

Kg steel rolled 

and hollow 

profiles 

10,950 kg Procured new --- ---- 2020 

Concrete 

Hollow-

core 

slabs 

KA13 

Ton hollow-

core slabs of 

thickness 265 

mm + 

80 mm screed 

21 pcs. 

(Type 

HD265), 

160 m² (on 

3 floors), 

96 tons 

Government 

quarter, R4 

Cutting, 

testing 

Approx. 

1985 

Extern

al 

About19

85 

KA23 

Ton hollow-

core slabs of 

thickness 265 

mm 

About 236 

tons 

Reused from 

Existing building 

testing Local/i

nternal 

1951 

Brick 

KA13 

m³ Firewall in 

brick 

(Of this, 

approx. 20,000 

bricks used in 

KA13, 

approx. 10,000 

stones that 

were not used. 

34 m³ 

(About 

20,000 pcs) 

About 40 

ton 

Øst Riv, from the 

following projects: 

a.Strømsveien 

185 

b.Bergensgata 41-

43 

c.Tine Kalbakken, 

Bedriftsveien 7 

d.Darres gate 2 

Cleaning 

of 

mortar 

and 

testing  

Extern

al 

a. before 

1955 

b. 1913, 

1947 

and 

1981 

c. before 

1955 

d. 

1930s/ 

1940s 

KA23 
m³ internal 

walls brick 

196.6 m³ 

(324.34 

ton) 

Reused in an 

external project 

due to lack of 

documentation 

Taken 

out, 

cleaned, 

and sold 

Sold 1951 

Windows

& Doors 

KA13 

m²  

3-layer 

windows of 

size 

1,588x1488 

mm and 

1,588x2,188 

mm 

m² Doors: 

different sizes 

87 m² of 

windows( 

30 pcs) 

153 m² of 

doors ( 81 

pcs; 17 

existing + 

64 from 

donor 

build.) 

Windows: 

Turbinveien 15, 

and 

Nordregate 20-22. 

Doors:  

Refstad 

skole(UBF), DEG8 

(Braathen 

eiendom) and St. 

Olavs plass 5 

(Entra)  

No 

process 

for 

windows 

and 

cleaning 

and 

painting 

for doors 

Extern

al for 

window

s and 

17 

were 

internal

, and 

64 pcs 

externa

l 

2014 

KA23 
m² different 

sizes 

 About 1660 

m²( 740 m² 

Reused from 

Existing building 

No 

process 

Local 1951, 

2004 
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Table 4.12: Reductions in Kg CO2.eq/unit for the analyzed material categories in phases 
A1-A3+B4 

Material 

Category 

Reused 

material/ 

Product 

Unit 

Emission per 

unit 

equivalent new 

(Reference) 

Kg CO2eq./unit 

Emission per 

unit with 

Reuse 

(As-Built) 

Kg 

CO2eq./unit 

Reduction 

compared to 

ref. building 

[Kg 

CO2.eq/unit] 

Reduction 

compared to 

ref. building 

[%] 

KA13 KA23 KA13 KA23 KA13 KA23 KA13 KA23 

Steel 

structure 

(Steel 

profiles 

of 

beams 

and 

columns) 

Steel 

profile, L, 

U, and I 

profile 

kg 2.08 2.08 0.04 2.08 2.04 0.00 98% 0% 

Steel 

profile, 

hollow 

profile  

kg 3.62 3.62 0.08 2.47 3.54 1.15 97.8% 31.8% 

doors and 

920 m² 

windows) 

for 

windows 

and 

cleaning 

and 

painting 

for doors 

Façade 

cladding 

KA13 

m² finished 

cladding 

695 m² 

401 pcs 

Cembrit, 

1151 pcs 

and 313 

+3381 

Metal 

plates, 

Steni. 

- Cembrit: St. 

Olav hospital/ 

Finn.no. 

- Metal plates: 

Oppsalhjemmet 

(OBY)/Rehub 

-Steni: 

Rehabilitation of 

housing project in 

Alfred 

Trønsdalsvei 9, 

Trondheim 

and Surplus stock 

Cutting 

and 

varnishin

g 

Surplus 

and 

externa

l 

1970s, 

2009, 

2020 

KA23 

m² Natural  

quartzite stone 

(solvågstein) 

and stoneware  

glazed tiles  

1916.5 

m²of 

cladding; 

1244.8 m ² 

Natural 

stone 

quartzite 

slate, 12 

mm.And 

672 m² of 

stoneware 

tiles glazed, 

10 mm 

Reused from 

Existing building 

Cleaning 

and re-

polish 

Local 1951 
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Concrete 

Hollow-

core 

slabs 

Hollow-

core slabs 

m² 85.36 85.36 9.4 0.00 75.96 85.36 89% 100% 

m³ 160.48 160.48 17.68 0.00 142.8 160.48 89% 100% 

ton 124.9 124.9 13.9 0.00 111 124.9 89% 100% 

Brick 
Brick 

stone  
m³ 390 - 78 - 312 - 80% 80%* 

Windows

& Doors 

3-layer, 2 

fags 

windows 

m² 80.22 69.76 7.22 7.22 73 62.54 78% 89.7% 

Interior 

doors 
m² 66.80 66.80** 9.50 9.50 57.3 60.26 85.8% 85.8% 

Façade 

cladding 

Cement, 

metal, and 

fiber 

cladding 

plates 

m² 50.73 - 1.58 - 49.15 - 97% - 

Natural  

quartzite 

stone  

m² 6.56 - - 0.00 - 6.56 - 100% 

stoneware  

glazed 

tiles 

m³ 87.21 - - 0.00 - 87.21 - 100% 

* 324.34 tons of brick was sold to another project and the reduction compared to new would be 80% 

** The door factor to KA13 is estimated here due to different types of the reused doors in KA23 (climate -, 

interior wooden-, multifunctional steel- and glazed doors) 

 

There are large savings to be made by reusing the materials and products in the process 

and replacement phases. To get a more comprehensive impression of the consequences of 

the material choices throughout the life cycle, the forthcoming subchapters will provide a 

more thorough review of each material category, including possible scenarios for 

replacement. 
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4.2.1 Steel/structural profiles of columns and beams 

 

 

The total results from material use, Figure 4.11, showed that building with reused steel, in 

general, provides relatively large savings in greenhouse gas emissions due to an energy-

intensive production process for new steel. For the structural steel profiles, in KA13, there 

are large amounts of steel reused in the project, see Figures 4.12 that show the reduction 
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Figure 4.12: Comparative GHG emission and the achieved reduction from 
structural steel profiles for different project phases for KA13 and KA23. 

Figure 4.13: Comparative GHG emissions for steel profiles to columns and 
beams, phase A1-A3, KA 13. 
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provided with the use of reused steel profiles, while figure 4.13 show only the contribution 

of the reused steel profiles in KA13. In KA23 no reductions were achieved, due to the new 

steel profiles being used. 

The reused hollow profiles contribute to approx. 86 tons CO2 saving compared to the new 

alternative, while L, U, and I profiles contribute to 24 tons CO2 saving compared to the 

use of the new equivalent. Per kilogram of steel, the savings are 2.04 and 3.54 Kg CO2 

equivalents, for the rolled and hollow profiles respectively, which is a reduction of approx. 

98% compared with the use of new steel with a recycling rate of 13%. Figure 4.13 shows 

how the emissions are distributed for different phases. 

 

In KA13, a total of 75% of all steel in the project has been reused, and the reuse of steel 

profiles contributed to a significant emission reduction, see figure 4.13. It is suggested in 

KA23 two reuse scenarios. The first scenario is to substitute the L.U and I profiles with 

reused alternatives to achieve an emission reduction of about 50% compared to the As-

built scenario. While the other scenario is to retain the As-built of L, U, and I profiles and 

only substitute the hollow profiles with reused alternatives, which will also contribute to 

approx. 50% CO2 saving. Substitution scenarios are illustrated in figure 4.14. Steel has an 

estimated service life of 100 years, so there will be no need for replacement throughout 

the building's service life. In this case, only phases A1-A3 have been analyzed. The 

processes that make the greatest contribution to the greenhouse gas accounts during reuse 

are the processing of the steel, which includes, among other things, cutting, sandblasting, 

and priming of all surfaces. For further details about greenhouse gas contributions, see 

Appendix 2. 

4.2.2 Concrete/Hollow-core slabs 

In KA13, an approx. of 96 tons reused hollow-core slabs have only been used on three of 

the eight floors in the extension, but provide a saving of 10.6 tons of CO2 eq. In KA23, 

236 tons of hollow-core slabs have been retained and 32.8 tons of CO2 eq. is achieved. 
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KA23 Emission reduction potential for steel structure, 
steel profiles

Equivalent new steel profiles(conventional)  Reused steel profiles(circular)

GHG reduction As built

Figure 4.14: Greenhouse gas emissions reduction scenarios for steel columns 
and beams, phase A1-A3, KA 23. 
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Per ton of hollow-core slabs, this means a 111 kg and 124.9 kg CO2 equivalent reduction 

in greenhouse gas emissions for KA13 and KA23 respectively, which corresponds to an 

89% reduction relative to corresponding new hollow-core slabs for KA13 and 100% for 

KA23. See Figure 4.15 for a presentation of the results. 

 

In line with the steel elements, in KA13, the hollow-core slabs are part of the load-bearing 

structure of the extension, and will not be replaced during the life of the building. The slabs 

have been inspected by the project team and tested by SINTEF, and it is assumed that the 

service life is equal to the service life of the building even though they are 35 years old. 

Thus, only phases A1-A3 are included. According to the reuse report, most of the 

contributions for the used slabs are associated with transport, up to 90% of total emissions, 

both to the construction site (A4) and intermediate storage (A1-A3). This is because the 

slabs are heavy, which gives a high emission intensity in transport. It still takes a lot for 

the reuse of the hollow-core slabs to pay off. They can be transported a full 890 km before 

the emissions are equivalent to the new alternative, with the assumptions in this analysis. 

Disassembly and machining cause minimal emissions. In addition, the used elements were 

very expensive compared to new perforated tires. The casting also resulted in reduced 

floor heights compared to the original plan. 
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It was chosen to keep the original screed on the reused hole decks to take care of as much 

of the concrete as possible. On the floors where new perforated decks have been used, 

there is no need for screed, as the floor area in the extension is relatively small (53 m²). 

Thus, greenhouse gas emissions for screed are not included for the corresponding new 

perforated tires. Larger projects will often be included, which will lead to even greater 

savings when reused. Thus, the reuse of existing hollow-core concrete slabs in a building 

can create a new structure for the other and a significant CO2 saving. 

4.2.3 Brick 

In KA13, an approx. of 34 m³ (40 tons ) of reused brick stone has been used as a solution 

for a firewall facing the neighboring building (Faculty of Law). The reuse of brick provides 

a saving of 10.6 tons of CO2 eq. In KA23, about 196.6 (324.34 tons) of brick have been 

dismantled from the interior walls and decided not to be used in the project due to the lack 

of documentation and have been sold to another project. In this study, we have assumed 

a scenario of this amount of brick being reused to compare with KA13. In that case, a 

reduction of 61.3 tons of CO2 eq. will be achieved. Per m³ of brick, this means a 312 kg 

CO2eq. reduction in greenhouse gas emissions for KA13 and KA23. which corresponds to 

an 80% reduction relative to the corresponding new brick. See Figure 4.15 for a 

presentation of the results. 

The rehabilitation and demolition contractor (Øst-Riv) has acquired bricks from various 

buildings that they have demolished. Everything is transported from the buildings that 

have been demolished to Øst-Riv's storage site at Slemmestad, where cleaning and 

preparation have taken place. 

 

Figure 4.16: Reuse of the hole-slabs from the government quarter (R4) 

(Elverum, 2020)  



 

102 

 

The number of bricks made available in the project was originally estimated at 30,000 

stones. The amount was reduced due to that the total weight became too high for the 

foundations. In addition to the weight of the brick wall, there were also additional loads 

from the used hollow-core slabs. LECA has therefore been used as a firewall on three floors. 

The result is that it was approx. 10,000 stones that were not used. 

4.2.4 Windows and doors 

In KA13, the existing windows from the 1980s had poor woodwork and a lack of sealing 

around the frame, and could not be fixed, so they can not be kept. The fabrication of the 

new alternatives, based on the existing insulating glass, was said by several suppliers to 

be at a higher price compared to the new ones. Besides, due to the need for daylight, it 

was not relevant to decide on the window size, and it is naturally very challenging to find 
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Figure 4.18: Comparative greenhouse gas emissions  from brick stones, phase 
A1-A3 

Figure 4.17: The reuse of brick in KA 13 and finished firewall 

(Elverum, 2020)  
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used windows that fit exactly into existing facade openings. All windows in the existing 

building are therefore new (Nordby et al., 2020). The existing windows in KA23 were 

mostly retained. The windows were relatively in a good condition as well as the existing 

protection status of the façade.    

The reused windows, in KA13, were incorrectly designed in a housing project in 

Kværnerbyen (Turbinveien 15) and were acquired by Resirqel, see figure 4.18. An approx. 

of 87 m² (30 pcs) have been used on the fifth to the eighth floors in the extension, and 

provide a saving of 6.4 tons of CO2 eq. compared with a new alternative in phases A1-A3 

and B4. This amounts to 73 kg CO2 eq. per  m² of the window, which corresponds to a 

78% reduction relative to corresponding new windows. The windows are from 2014, and 

it is assumed that the remaining life of the windows is just over 30 years. Thus, it will be 

necessary to replace them during the life of the building. While in KA23, an approx. of 921 

m² of windows have been retained from the existing building and about 64 tons of CO2 

eq. of greenhouse gas reduction is achieved. Per m² of a window, this means a 62.54 kg 

CO2 equivalent reduction in greenhouse gas emissions, which corresponds to a 90% 

reduction relative to corresponding new windows. 

Photo: Resirqel, Facade extension, designed with 1) New windows, 2) Used 

windows. Illustrations: MAD architects (Nordby et al., 2019) 

Figure 4.18: Windows dismantled from a housing project in Kværnerbyen 

(Arcasa Architects, 2022) Figure 4.19: The reuse of existing windows in KA23 
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For the reused doors in KA13, 17 pcs. of the existing doors in KA13 have been retained in 

their original position, shown in figure 4.18. The rest of the doors have been moved to new 

walls. Some of the reused doors are only green soap washed, while others have been 

cleaned and surface treated. Besides, 64  doors were reused from other donor buildings. 

A total of about 153 m² of doors were reused in the KA 13 project and about 740 m² in 

KA23. The reuse of the doors has provided a saving of 7.2 and 19.3  tons of CO2 eq. 

compared to the use of new alternatives for KA13 and KA23 respectively. This amounts to 

57.3 kg CO2 eq. and 60.26 kg CO2eq. per m² of the door, respectively for KA13 and KA23, 

which corresponds to about 86% reduction relative to corresponding new doors. The total 

greenhouse gas emission from doors and windows is shown in figure 4.20. 

 

(Arcasa Architects, 2022) 

Figure 4.20: The reuse of the existing doors in KA 13 

(Nordby et al. 2019) 

Figure 4.21: The reuse of the existing doors in KA23 
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4.2.5 Fasade cladding 

The chosen solution in KA13 for facade cladding in the extension provides a 97% cut in 

greenhouse gas emissions from phases A1-A3 compared with a new solution. This amounts 

to as much as 33.2 tons of CO2 eq, as shown below in Figure 4.21. 
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Figure 4.22: Comparative total greenhouse gas emissions from windows and 
doors, phases A1-A3 and B4 

Figure 4.23: Comparative greenhouse gas emissions from façade cladding, 
phases A1-A3 and B4 for KA13 and KA23. 



 

106 

 

The façade consists of many different types of façade plates (metal, fiber cement, and 

stone composite) of different years, see figure 4.22. Approximately 53% of the boards are 

surplus materials from the Steni factory's warehouse, which allegedly would have been 

sent for waste treatment if they had not been used here. It is not described as reuse but 

has been chosen to be taken into account as it opens up some interesting issues in the life 

cycle assessments. For example, whether the production of the materials is to be taken 

into account or not, and it has been decided in this analysis not to include emissions from 

the production. 

In KA23, about 1916.5 m² of stone cladding was retained from the existing building. An 

approx. of 1244.8 m² of natural stone quartzite slate, with a thickness of 12 mm, and 672 

m² of stoneware tiles glazed, of 10 mm thickness were preserved. Figure 4.21 shows the 

comparative greenhouse gas emission from façade cladding for phases A1-A3 and B4. 

Thus, the reused façade cladding in KA23 provided 6.56 kgCO2 eq. per m² cladding of 

natural stone and 87.21 kgCO2 eq. per m³ cladding of other stoneware glazed tiles. Figure 

4.23 shows the retained natural stone quartzite (solvågstein) in the KA23 project.  

 

 

 

 

 

 

 

 

 

 

Figure 4.24: The reused  façade cladding in KA 13 

Figure 4.25: The natural quartzite stone façade cladding in KA23 

(Mad Architects, 2019) 

(https://www.ka23.no) 

https://www.ka23.no/
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4.3 Comparative reuse calculation 

4.3.1 Background for calculating quantities of reusable materials 

In FutureBuilt's set of criteria for circular buildings, v. 2.0, 16.03.2020, Futurebuilt has 

defined the following quantitative requirements for reuse and reusability. 

The project will facilitate resource utilization at the highest possible level according to the 

definition of the circular building in FutureBuilt's criteria for circular buildings, that at least 

50% of existing building structures are taken care of and that at least 10% of the 

components supplied to the building must be reused (Nordby,2020). 

In total, at least 50% of the components in the project (calculated by weight, e.g. ground 

and foundation) must be reused or reusable according to sections 2.3 and 2.4. 

(Nordby,2020). It is up to the project to define the approach and distribution of different 

measures. 

In new buildings, at least 20% of the components (calculated by weight, e.g. ground and 

foundation) must be reused, and reuse must be carried out for min. 10 component types, 

defined as different building parts according to building component table, 2-digit level. 

See building component table below. 

For the rehabilitation projects at least 50 percent of the existing building structures must 

be preserved (calculated by weight, ex ground and foundation). Maintaining of existing 

building structures counts as reuse in the reuse accounts. In addition, at least 10% of the 

components supplied to the building must be reused, and reuse must be carried out for 

min. 5 component types, defined as different building parts according to the building part 

table, 2-digit level. The reuse documentation requirements, it is mainly focused on the 

following points: 

• Reused quantity and type of components are stated as weight and percentage of the 

building's weight 

Figure 4.26: Illustration of quantitative requirements for reuse and reusability for 
circular buildings, FutureBuilt's criteria for circular buildings, v2.0 - 16.03.2020. 

(Nordby, 2020) 
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• Numbering is based, as far as possible, on the specific weight of components, including 

technical installations. 

• Procedures for quality assurance and material documentation should be described. 

Thus, quality and properties must be documented in such a way that the building parts 

satisfy the requirements in TEK and the Building Products Directive (DOK). 

Table 4.13: Building components with required reuse and reusability elements 

 

 

Here, the project's estimate of the achieved weight percentage for resp. local reuse, 

external reuse (reuse from procurement), and reusability. 

 

 
Required 
reused from 
acquisition 

Reused from 
acquisition/procurement 
(Imported) 

Required 
reusable 

Reusable 

Building part, 

2-digit level 

5 Pcs. 

22 Bearing system 

23 Exterior wall 

24 Interior wall 

25 Floor/Covers 

26 Exterior roof 

27 Fixed inventories 

28 Stairs and balconies 

31 Sanitary 

32 Heat 

33 Firefighting 

36 Air treatment 

37 Air cooling 

43 Distribution 

5 Pcs. 

22 Bearing system 

23 Exterior wall 

24 Interior wall 

25 Floor/Covers 

26 Exterior roof 

28 Stairs and balconies 
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4.3.2 Local reuse 

Since case studies are rehabilitation projects where it was chosen to keep as many of the 

existing constructions as possible, the requirements for local reuse (50%) were met 

without problems. 

Local reuse amounts to approx. 80% and 88% of the total weight of the projects KA13 and 

KA23, respectively as shown in figure 00. In general, the total weight of the building is 

estimated on as built calculations; on a combination of loads used in connection with 

dimensioning of foundations and support system and calculations based on quantities and 
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dead weights for different materials. While in new building, other methods for calculating 

weight could be more appropriate, for example, some calculator programs may calculate 

weight in addition to cost. 

4.3.3 External reuse and reusability 

For the External reuse procured from "donor buildings", the proportion was approx. 15% 

by weight of elements added to the project for KA13. The figure is similar for the proportion 

of reusability of added materials. While it was only 3% for KA23.   

In KA13, there was some overlap between what is reused and what is reusable. For 

example, the brick in the brick wall was built of reused stone, and bricked with lime mortar 

that makes the wall reusable in the next round. As a percentage by weight of the building's 

total weight, the share of reuse and reusability is approx. 3%. The building elements that 

make up most of the reused and reusable elements are the steel structures, the brick wall 

and the facade cladding.  

Large Material weight = large greenhouse gas savings 

There is a large correlation between greenhouse gas reductions and weight, so that a reuse 

calculation based on weight facilitates that reuse results in large greenhouse gas savings. 

Elements such as sanitary equipment, technical equipments and surface materials such as 

paints and floor coverings give little account in the reuse calculation. However, these are 

elements with a high replacement rate with a potential for reuse rather than a use-and-

throw mentality. 

To motivate re-use also for elements that give a smaller payout percentage, Futurebuilt 

has specified a minimum number of components according to the building component table 

(2-digit level) which must be reused from acquisition and reusable, respectively. The 

requirement is set at 5 and 10 for rehabilitation and new construction, respectively. 

4.3.4 Disposal/Sale(not reused) 

As mentioned in chapter 3.5.1.1. Disposal of used building materials has not been relevant 

for many items. Most of what was usable in existing buildings were reused in KA13. The 

total amount of the disposed of materials was 20% of the total weight and 12%, 

respectively for Kristian august gate 13 and Kristian august gate 23. 
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In this chapter, the research questions will be discussed based on the theory and results 

from the comparative environmental system analysis. Overall, the idea is that this will build 

towards an answer to the problem. 

5.1 What building materials are possible and suitable to reuse? 

Through the study, several materials have been identified that can be considered well 

suited for reuse (Kilvær et al., 2019; Sørnes et al., 2014, etc.). Practical examples of reuse 

have also been highlighted, including through the case projects KA13 and KA23. 

Theoretically, the possibilities for reuse are many. Creative ways of thinking about What 

the reused material can be used for can also help to increase the potential for more material 

groups. 

On the other hand, it has been proven that today there are many challenges related to the 

market situation, the legal framework, and how the existing buildings are grouped. This 

entails limitations on what is possible and legal to implement. Nor is it taken for granted 

that what can be implemented can necessarily be considered appropriate reuse. This raises 

questions about which materials and solutions are worth investing in with a view to their 

wider reuse. What does it take for materials and products to be suitable for reuse?. 

5.1.1 What is the difference between possible and suitable reuse? 

What is possible to reuse can be said to be related to what is legal, technical, and practically 

feasible. Here, among other things, the legal framework comes into play. As described in 

the theory, current regulations, standards, and procedures are not designed to facilitate 

reuse, which in many cases creates challenges and uncertainty (Kilvær et al., 2019, Asplan 

Viak, 2018, 2020). The possibilities for dismantling, transporting, and storing the materials 

without causing damage are further among the criteria for reuse to be practically feasible. 

What is possible to achieve will also depend on which materials are possible to obtain at 

the right time on the market, what needs they must meet, and what financial framework 

the project in question has. 

What can be considered suitable reuse, is a more comprehensive assessment. Whether 

something is suitable must be determined based on whom it concerns and their goals and 

ambitions. If the goal is, for example, to test the possibilities for large-scale reuse in 

projects, such as in KA13 and KA23, perhaps all reuse is suitable because it will be able to 

provide valuable experience for later. On the other hand, if we want to focus on reuse for 

the least possible environmental impact in a project, it may be better to prioritize the 

products that have been shown to have the greatest impact on the project's greenhouse 

gas accounts. 

Nielsen et al. (2014) have prepared a complex evaluation method for assessing the reuse 

potential of materials and products, as shown in Figure 2.9. The material's service life, 

maintenance needs, and quality are included as part of this method and may be central in 

assessing what can be considered appropriate. The consequences of service life and 

replacement intervals are made visible in the environmental system analysis. It is required 

to ensure a reasonable life of the building under TEK17 §9-2, which gives reason to choose 

durable materials. Admittedly, there is little experience with lifetime assessments for used 

5 Discussion 
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materials and products. It is advantageous with materials of good durability, and for which 

one can easily assess the remaining service life. Thus, it is not worth investing in materials 

that have too short remaining life. 

From a larger perspective, what is suitable to reuse may be related to which materials and 

products it is possible to achieve effective and more industrialized solutions for some time 

to come. As described in the chapter on today's re-use practices, the current reuse market 

and practices are little defined and constantly changing. Among other things, SINTEF is 

only in the initial phase with their research project REBUS (REBUS, 2020), which will 

investigate which materials can be assessed to create more industrialized solutions for 

testing, redocumentation, etc. An entire infrastructure must be in place to be reused on a 

larger scale, especially if the reusable materials are to be used in functions that affect 

building technical properties. What is suitable today may thus be something completely 

different in the future if processes are put more into the system. 

Furthermore, the concept of sustainability will be central in assessing what is appropriate 

to invest in. As described in the theory, sustainability is not only about environmental 

impact, but also about economic and social aspects (UN-SDGs, 2019). It is difficult to 

achieve anything beyond pilot projects as long as it is not related to the concept of 

sustainability but also financially. 

As the reuse market is today, it is not a given that reuse is a profitable practice and 

appropriate for achieving project success criteria; it is time-consuming, uncertain and in 

the worst-case expensive (Kilvær et al., 2020; Asplan Viak, 2018, 2020, Sunde et al., 

2020). Ibeholt et al. (2020) claim that reuse is not very profitable for the developer. The 

theory has shown that there is currently a lack of financial incentives for players to invest 

in reuse (Asplan Viak, 2018, Selvig et al., 2020; Ibenholt et al., 2020). 

As previously pointed out, it is conceivable that both what is considered possible and 

appropriate reuse may change in the years to come. Chapter 2.6 sets out several 

assumptions for an upscaling of the re-use market, with possible incentives for increased 

re-use. All such factors will play an important role in what is possible and suitable. For 

example, the EU has started work where they are considering making changes to DOK, 

which may make it easier to legally use construction products where, for example, there 

is a lack of documentation. With the EU's investment in the circular economy and Norway's 

obligations to the EU, it is also conceivable that the economic framework conditions for re-

use may change (DiBK, 2017). 

5.1.2 What materials are considerable and worth investing in today's 

market? 

The discussion of what is possible and suitable reuse indicates that it is not clear which 

materials and products are considerable and worth investing in for reuse. Special 

consideration must be given to practical feasibility, environmental impact, and economic 

effects. Kilvær et al. (2019) highlighted six categories in particular in their report 

”Forsvarlig ombruk” or ”Proper reuse” in English, which is considered to be particularly 

suitable in today's market. This applies to load-bearing steel, hollow-core slabs in concrete, 

brick, windows/glass, wood, and materials without documentation requirements. Refer to 

table 2.2. All of these categories have been tested for reuse in our case studies, but only 

selected ones have been analyzed. Leland (2008) also mentions technical installations, 

such as ventilation ducts, etc., as a good option. In KA13, the cooling beams are an 

example of this being tested. Which products may seem to be related to the concept of 

sustainability and may be suitable for reuse on a larger scale? 
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Steel and concrete are examples of heavy materials, of which large volumes according to 

the waste statistics, are energy-intensive to produce, and have a long service life. 

According to FutureBuilt's criteria for circular buildings, which operate with requirements 

for percentages of weight with reused or reusable materials in projects, as discussed in 

chapter 4.3.1, these materials will also be very favorable for projects to reuse 

(Nordby,2020; Nordby et al., 2021). Thus, both materials are considerable and worth 

focusing on and investing in. The load-bearing steel is well suited for disassembly, even 

though steel connections are not necessarily designed for disassembly. According to Kilvær 

et al. (2019), it is also possible to achieve external reuse of steel with current regulations. 

On the other hand, it seems that reusing the steel in KA13 entails increased costs. This 

involves relatively large sums in the project, but can still be argued to be defensible with 

concern to the environmental aspect (Nordby et al., 2021). The steel sections used in the 

KA23 were new-produced and two reuse scenarios were proposed related to avoiding 

energy-intensive production and excavation of raw materials. In each case, further savings 

in greenhouse gas emissions can be achieved. Below is a summary of the learning points 

for the reuse of steel according to Nordby et al. (2021) in the reuse experience report: 

• Access to used steel is a primary challenge today. It is required to find the right 

dimensions. By upscaling the used market for steel, this can be solved. 

• Communication with designers regarding access to different profiles and flexibility 

in the design is considered crucial for the project's success. 

• Reuse requires careful disassembly and handling, which requires more time during 

demolition 

• The test procedures developed in the project, with a limited number of destructive 

tests, significantly reduce the costs associated with testing. 

• There is already a standard that can be used for recertification of used steel: NS-

EN 1090-2. This applies only to a few building materials! 

• Bolting of the steel elements instead of welding may require greater height and 

thus come into conflict with floor height and light entry. 

When it comes to hollow-core slabs in concrete, the slabs in KA23 were only reserved, for 

local or in-place reuse. Whereas KA13 is an example of how it is possible to get external 

reuse. Without reliable figures on what the cost picture looks like here, it is not for granted 

to take a position on whether it is worth investing in. From an economical and practical 

perspective, it won't be a realistic alternative due to the costs and complicated dismantling. 

On the other hand, the alternative solution is often a type of down-cycling, where concrete 

is crushed and used in landfills. Then the value of the resource is considerably reduced 

concerning what is possible with reuse. Thus, in practice, It is recommended to leave the 

load-bearing system of existing concrete buildings standing, as in KA13 and KA23, and 

hope that a jacking system that creates more distance between the floor decks will be able 

to have a good effect. Thus, learning points for the reuse of hollow-core slabs are as 

followed: 

• Disassembly requires careful planning to maintain the stability of the "donor 

building" during disassembly and to ensure safe release and hoisting of the 

elements. 

• Space must be set aside for intermediate storage to be able to process and prepare 

the hollow-core slabs for installation. 

• Procedures for quality assurance and documentation for the reuse of constructive 

elements must be prepared in close collaboration with designers, contractors, and 
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suppliers in the project, in addition to relevant external material experts and 

industry associations. 

Glass, for example in windows, is energy-intensive to produce, and can potentially provide 

good savings (Kilvær et al., 2019). As seen in the analysis of KA13, the need for 

replacement and the impact on the building's energy efficiency can reduce the 

environmental effects in connection with the reuse of windows. According to Kilvær et al. 

(2019), there have previously been few examples of reuse of windows in exterior 

construction without relatively extensive processing, which probably comes from precisely 

this impact on the heat loss in the building. As shown in the theory, the requirements for 

energy efficiency in buildings have become increasingly stringent. The older the windows, 

the greater the probability that the U-value is low compared to new products. Windows, 

on the other hand, are examples of products that can be easily dismantled, and there are 

great financial benefits from reuse. Here, the discussion on whether it is worth investing 

in will involve whether the re-use products can be regarded as perfect alternatives to new 

ones. Below is a summary of the learning points for the reuse of windows according to 

Nordby et al. (2021) in the reuse experience report. 

• It is difficult to find used windows with dimensions that exactly match existing 

window openings in a rehab project. Reuse of windows in a new building is easier 

to implement. 

• Windows of older date can be challenging to reuse, both due to. requirements for 

U-value and due to environmental toxins used in the period approx. 1965-1989. 

• Windows of more recent age can be found in newer buildings that are being rebuilt 

or demolished, or from incorrect deliveries. 

• Reusing windows can be both environmentally and cost-saving. Four factors will 

form the basis for assessment; 

1. U-value and energy calculations 

2. Daylight requirements 

3. Environmental impacts during production 

4. Possible health/environmentally hazardous content in older windows 

A balancing of these partly conflicting factors will determine whether the reuse of windows 

is possible or undesirable in a new building. 

Furthermore, products without documentation requirements are highlighted as a category 

of low-hanging fruit for reuse (Kilvær et al., 2019; Asplan Viak, 2018). The documentation 

requirements are avoided if the products do not affect the technical qualities of the 

building, as the products are not considered then as building materials. It simplifies the 

processes considerably, as we avoid possible testing and re-documentation. Fixtures and 

fittings, such as carpet tiles, ceramic tiles, furniture and modular walls (without special 

sound requirements), and landscape architectural stones and surfaces can be cited as 

examples here (Kilvær et al., 2019). There are great values in these elements and this 

type of reuse has been the main focus of Loopfront's survey so far.  On one hand, This 

raises the possibility of creative thinking" outside the box". Aesthetics and quality of the 

products, on the other hand, will affect which products are worth investing in. 

To gain a lasting foothold in the construction industry, it has been shown that reusable 

materials must be competitive in several areas. For current practice, the conclusion may 

be that it is most appropriate to invest in certain, larger material groups with the potential 

to create industrialized processes. Examples of this can be steel, materials without 

documentation requirements, and bricks. The last-mentioned (latter) has been shown to 

provide environmental savings and is well suited to several previous projects. On the other 
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hand, there is now an urgent need to reduce resource consumption and greenhouse gas 

emissions (Bakshi, 2019; UNEP, 2019). This opens up the argument that certain materials 

should be given priority even though it is not currently profitable, but which may change 

in the future. This may, for example, apply to the reuse of hollow-core slabs in concrete. 

At the same time, it must be assessed against solutions for material recycling. For example, 

it should be considered whether in some cases it is more appropriate with material recycling 

solutions for concrete rather than reuse. 

5.2 What environmental effects does the reuse of selected 

reusable materials and products have compared to the use of 

new solutions? 

Among the most important driving forces for increasing the degree of reuse in the 

construction industry are the environmental effects it could have. Reuse reduces the need 

for extraction of virgin resources and the production of new products. In theory, it has 

been pointed out that several studies have concluded that reuse provides greenhouse gas 

savings in projects, but there is still a need for examples that show what is worth investing 

in reused products and how the service life of the products plays a significant role. The 

environmental system analysis of the case studies can provide answers to what savings in 

CO2 emissions the projects have achieved, but to what extent the results can be 

generalized and which scenarios are most likely to occur is uncertain. 

5.2.1 Discussion of results from the environmental system analysis 

The comparative environmental system analysis per building element has shown that the 

reuse of the analyzed material and products on the building parts level largely results in 

large savings in greenhouse gas emissions compared with new alternatives. The 

calculations showed that emission reductions from the material use of 70% or (6.45 

kgCO2eq./m²/year) are achieved and 83% or (3.57 kgCO2eq./m²/year) for KA13 and 

KA23 respectively.  

The main reason for these reductions is that the existing buildings' mass and load-bearing 

systems have been preserved to a large extent. Besides a high degree of reuse in the 

extensions, leads to further CO2 saving, as well as the use of materials with lower 

greenhouse gas emissions than the reference values. The largest reductions are achieved 

for groundworks and foundations, load-bearing systems, exterior walls, roofs, and floors. 

For these building parts, there is a high degree of reuse in both of the projects. For interior 

walls, the reduction in greenhouse gas emissions in KA23 is not so great due to the 

significant amount of new interior walls in the project. While in KA13 the reuse of interior 

partition walls was considered difficult due to sound requirements, formats, and poor 

quality supply of existing partitions. Within this type of building component, there is a lot 

of use and waste of bad products. So it was considered to use CLT solid timber walls (TEWO 

Flex19), which are more environmentally friendly and can be dismantled and reused. Also, 

the used studs in wood or steel contributed to further CO2 savings. In KA23, GHG emissions 

have increased somewhat for stairs and balconies, mainly due to the use of steel stairs 

under the greenhouse. While in KA13 the existing concrete and wooden stairs are 

preserved. However, steel stairs along with the new extension and concrete stairs up to 

the backyard were used which also contributed to increased GHG emissions. As an overall 

 
19 Tewo Flex is a standardized system based on a sandwich construction of pre-insulated CLT panels.It 

is a sustainable wall system consists of reusable elements of solid wood and mineral wool insulation, 
and contains no environmental toxins. https://tewo.no/flex-2 
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result of analysis per building element, the rehabilitation of the existing buildings has very 

low greenhouse gas emissions compared to the reference building.  

The comparative environmental system analysis per material/product has shown that the 

reuse of the analyzed material categories largely results in large savings in greenhouse 

gas emissions compared with new alternatives. The savings in phases A1-A3 and B4 

depend on the amounts of materials that are reused, how much processing and service life 

for replacement is required, and how energy-intensive the production process is for the 

new material. This has also been pointed out by Anne Nordby (2019) and Aslan Viak (2018, 

2020). Nußholz, Rasmussen, and Milios (2019) emphasize that it is not a given that reuse 

provides greenhouse gas savings in these phases. Based on this study, it still seems that 

it takes quite a bit for it not to pay off, as the savings from these phases are between 78% 

and 98% per unit for all of the investigated materials and products. 

Steel is an example of the materials that give by far the largest savings among the analyzed 

material categories in total, if we exclude the preserved concrete structure, based on the 

KA13 project experience, see figure 4.11, which coincides well with the theory (Kilvær et 

al., 2019; Myhre, Widenoja and Kilvær, 2018, Nordby; 2009). Per kilogram of reused steel 

in, a comparative contribution of 0.04 kg CO2eq. for the steel structure with (L, U, and I) 

profile and 0.08 for the hollow profile. Thus, an average of 0.07 kg CO2 eq. Kilvær et al. 

(2019) states for comparison 0.24 kg CO2 eq. The difference here may be that shipping 

and assembly are not included because it is assumed to be the same as new. Besides the 

performed GHG emission calculation was for production and displacement stages only to 

be compared to other pilot projects. In KA 23 the used steel profiles were relatively new 

in the extension construction. It has been suggested two scenarios with reused profiles for 

both the rolled and hollow respectively lead to a significant potential for GHG reduction per 

kilogram of  0.03 kg CO2 eq.  

The concrete hollow-core slabs also provided clear savings, even though they have been 

reused to a relatively limited extent. These are examples of materials that place a great 

environmental impact (carbon mitigation) on production. In the literature, it is assumed 

that such materials will provide correspondingly large savings when reused, which seems 

to be significant (Asplan Viak, 2018; Naber, 2012). In comparison, the ceiling panels 

provide limited greenhouse gas savings overall, even though quite large amounts of the 

panels have been used in the project. The new alternative here is insulation, which has far 

lower emissions from production than steel and concrete. 

For the façade cladding in KA13, It has been decided to include the surplus cladding panels 

of the façade in the analysis. From the theory, surplus materials are not further defined as 

reuse, although it is a good measure of resource efficiency (Kilvær et al., 2019). As 

mentioned, surplus materials were used because sufficient quantities of reused materials 

and products were not found. It may not be entirely appropriate to include them in this 

analysis as it says something about the uncertainty associated with the supply of reusable 

elements, but it was chosen because it opens up for interesting discussion about how 

correct is it to calculate these materials. 

It is not clear from the standards for life cycle assessments how surplus materials are to 

be included in a system. It is uncertain whether it is most appropriate to include production, 

not include it, or include only parts of it. It is stated from the project that the materials 

would probably have been sent for waste treatment if they were not used in this project. 

Nevertheless, the products have already been produced and not used before, so it can be 

argued that production should be taken into account. On the other hand, the consequence 

of counting on the production of these materials is that it does not pay for projects to utilize 
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such surplus materials. Thus, there will be few incentives to try to reduce waste through 

the utilization of products that will not be used. Based on this, it has been decided in this 

study not to count on the production of the materials. 

To what extent can the results indicate which reusable material/product gives the best 

CO2 saving? 

The results from the environmental system analysis show what savings the reusable 

products provide compared to a new alternative, in total for the project and per unit. In 

assessing which materials give the best effect when it comes to greenhouse gas savings, 

it is tempting to compare the results from the various materials. However, this is a 

challenge as the scope of the reuse products is different and they do not have the same 

functional unit, in addition to the results being project-specific. For example, how can one 

compare the impact of the steel components, which are stated in kg and used in large 

parts of the project, against the windows that are stated in m² of windows and are only 

used on certain floors? 

One solution could be to look at how large parts the different materials typically make up 

in many different rehabilitation projects and analyze the effect of replacing all new 

materials with reused ones. At the same time, this opens up for discussion about how likely 

it is to achieve projects with 100% reuse. The results should therefore be considered 

separately in this study. The magnitude of the savings, especially per unit, can still indicate 

what pays off the most. In other words, what to be considered is the Carbon Dioxide factor 

per unit for the reused materials and products. To get a comprehensive picture of the 

savings, as much of the life cycle as possible should be taken into account. It has been 

seen in this study that all the materials give large savings from the first phases, but when 

including replacement, the savings may look a little different. 

Value for future projects and generalization of project-specific results? 

In future projects, assessments should be made for several building parts, with a focus on 

the largest amounts of material, and those that otherwise contribute to large greenhouse 

gas emissions. This primarily applies to concrete structures and steel structures but is also 

relevant for wall elements and windows. As the reuse market becomes more established, 

it is natural that environmental product declarations (EPD) are made for reused materials 

in the same way as new materials. This already exists, among other things, for façade 

panels of reused brick20. Probably results from EPDs of reusable products can be adapted 

to similar products, if this becomes more widespread in the market.  

Experience from the projects shows that the large savings are made especially for building 

parts that have a long service life, such as the supporting structure in steel, but also facade 

panels and Hollow-core slabs contribute to large greenhouse gas savings. It is thus 

challenging to estimate how large parts of the completed processes that are relevant will 

be done in the same way in future reuse projects. Consequently, it will also be difficult to 

say how large parts of the environmental system analysis will be able to provide a picture 

of greenhouse gas savings that can be expected in the various material categories. 

It is emphasized in the method that Yin (2018) argues that results should be made based 

on the case study and not the specific case. The results from the comparative 

environmental system analysis should therefore be seen in connection with theory so that 

 
20 https://www.epd-norge.no/bygningsplater/gamle-mursten-vagsystemer-facadesystem-med-

murstenskaller-skaret-af-genbrugsmursten-article1997-318.html   
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they can be generalized. Here again, comes the aspect where case studies are pilot projects 

since there are currently few comparable projects.  

In theory, two studies have been highlighted that have attempted to investigate what 

environmental effect reuse can have from a societal perspective (Høibye and Sand, 2018; 

Asplan Viak, 2018). The results in these studies are relatively divergent, partly because 

one study also included material recycling. The environmental system analysis in this study 

is too project-specific for them to be used to see potential environmental savings from a 

larger perspective. This has not been the goal of the thesis either, but the more specific 

examples one has of reuse and calculations of its environmental effect of it, the greater 

basis one may have to say something about the environmental effect at an overall level. 

However, this is closely related to how large amounts of materials can and will be reused 

in the future. 

5.2.2 Impact of the method for calculation of environmental impact 

Methodological choices made in the environmental system analysis can have a significant 

impact on the results of the analysis. This will be discussed in more detail here. 

System boundary 

According to NS 3720, the system limit for external reuse must be set when the material 

from the previous system reaches the material's «end of life» (Fuglseth et al., 2018). What 

this means in practice is not clear. How the various benefits and disadvantages associated 

with reuse are to be distributed between the various systems can also affect the results. 

For example, whether disassembly from the previous system should be taken into account, 

is not clear. In the comparative environmental system analysis carried out in this study, it 

has been chosen to take into account the disassembly in the analysis. This is done because 

the probability of demolition work being carried out in another way if the products are not 

reused in this project, is assumed to be relatively high. If the dismantling leads to an 

increase in emissions, and it falls to the demolition project, there will be few incentives to 

implement this. It is uncertain whether this will lead to increased emissions. 

Product comparison 

An important condition in comparative analysis is that the compared products fulfill the 

same function, defined by a functional unit (Bakshi, 2019; Fuglseth et al., 2018). In the 

environmental system analysis, it is assumed that this is true for the re-use products and 

a corresponding new alternative. At the same time, some challenges have been 

experienced in defining a good function where the technical specifications of the re-use 

products are different from what is often the current standard. This is especially true for 

windows, where the U-value could have been a natural part of the unit, to ensure the same 

purpose. Nevertheless, they serve the same purpose, for example in the form of letting 

daylight into the building and can be opened and create natural ventilation. 

A further challenge with this is that the final solutions with reused products have in many 

cases ended up being different from what would probably have been implemented if new 

products had been used. This applies, among other things, to the façade cladding solution. 

The complex solution is probably partly chosen to be able to use the quantities of reusable 

boards that it has been possible to obtain from various projects. It is uncertain whether a 

less complex solution would have been chosen if new products had been used. In each 

case, the solution resulted in a large increase in the number of barges and loops used with 

what was initially planned. 
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The windows are also a clear example that the solution has become different with reusable 

products. Due to the higher U-value of the reuse windows compared to new windows, extra 

insulation has been used in the wall. Changes have also been made in the façade design, 

and this can be regarded as indicators that new and older windows are not completely 

comparable in the first place. Furthermore, the assumption that the compared products 

behave similarly in use and have the same maintenance needs is a simplification of reality. 

Today, no proven routines have been developed to be able to determine the properties of 

reusable products. On the other hand, the condition of the reusable materials in the project 

has been assessed by professionals and processing has been done that should indicate that 

the materials are of the required quality. 

5.2.3 Resource efficiency through reuse 

It has been shown in theory that reuse constitutes the second-highest step in the waste 

pyramid, and is thus considered the second-best management of resources after waste 

reduction. Reuse is thus considered a more valuable way of managing resources than, for 

example, material recycling or energy recovery, refer to Figure 2.5. The question of 

whether reuse is a good resource efficiency solution in the construction industry is not 

taken for granted that it is always the best resource management solution. 

Asplan Viak (2020) argues for the necessity of reused materials being able to replace the 

role of the virgins, and not just supplement the use, to achieve holistic environmental 

effects. In some cases, when reusing, there may be a need to use additional materials and 

products, which would not have been necessary if new materials had been used. The reuse 

windows and the façade solution in KA13 and KA23 are examples of this, where the 

windows entailed a need for extra insulation and the façade solution entailed extra barges 

and loops. None of the parts had a major impact on the greenhouse gas accounts, but it 

led to an increased need for materials. In such cases, it is conceivable that an assessment 

should be made of what extra materials are required, as well as how large quantities, 

before one can say anything about which solution is best. 

Ibenholt et al. (2020) point out that re-use rarely becomes one-to-one utilization, and thus 

often involves waste. This is partly because few buildings are designed for dismantling. If 

buildings were to a greater extent designed to be modular and standardized, such as «lego 

bricks», they could provide full utilization of the materials (Ibenholt et al., 2020). This is 

not the case in today's building stock, but it opens up for even greater resource efficiency 

in the event of reuse in the future if it is currently designed for dismantling and reuse. 

The environmental system analysis has revealed that the façade solution has led to 

relatively large amounts of cuts. The small dimensions of the plates were chosen, among 

other things, so that today and in the future, there will be greater opportunities to find 

suitable reusable products. At the same time, this meant that larger plate dimensions had 

to be cut into much smaller parts, and previous attachment points also had to be removed. 

This can be said to be contrary to the idea that one should plan for less competition and 

waste in the first instance to a reduction of waste volumes from projects. On the other 

hand, the use of the plates also leads to an extended service life of the products and less 

resource consumption. 
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5.3 What development is it likely that the reuse market will 

have in the years to come?  

What development the reuse market will have in the years to come is, based on this study, 

challenging to say something certain about. The reuse market is, as shown in theory, 

poorly established and constantly evolving. Many assumptions must be taken into account 

and barriers must be overcome for an upscaling of the market to be possible (Asplan Viak, 

2018; Kilvær et al., 2019). How and when we will eventually overcome these are still 

uncertain to say. Based on the theory, there is admittedly great interest in reuse in the 

industry. Is it possible to use this moment to make changes? 

There are many opinions about the future market's prospects. Today, most of the reuse in 

the professional market is reserved for selected pilot projects (Asplan Viak, 2018). This will 

also be the practice until reuse is more rational financially. Besides, more industrial 

solutions will be established, but only for a few, selected products. Many researchers 

believe the reuse of other materials will be reserved for the private market, which has 

great potential for upscaling. On the other hand,  awareness of the climate challenges, as 

well as the Norwegian government's commitment to the Paris Agreement, will drive the 

development of the market. 

An important condition that is assumed to be of great importance for the development of 

the reuse market is how we should relate to the legislation in the future. The Norwegian 

Directorate for Building Quality, DiBK (n.d.), emphasizes that work is taking place within 

the EU on how DOK can come to terms with a reuse practice, and it may take a long time 

to get in place. Kilvær believes that the experiences gained in the industry now, in pilot 

projects such as KA13 and KA23, will be able to contribute to finding accepted solutions 

and practices for selected building materials before that time. The Norwegian Directorate 

for Building Quality (DiBK) will crackdown on illegal activity, and in turn, emphasizes the 

importance of spending enough time to put in place safe solutions. 

Several aspects of the reuse market development are characterized by a "hen and egg" 

situation, as Sunde et al. (2018) draw attention to. This makes it difficult to secure needs 

and demand. Builders do not dare to order something that may be unsafe, at the same 

time suppliers will not provide reused products if there is no clear demand. The Norwegian 

Directorate of Public Construction and Property (Statsbygg) and Norway’s largest housing 

developer (OBOS) agree that the large builders must secure the demand by ordering 

power, and in this way, it may be that other players in the market adapt (Kilvær et al., 

2019). Sunde et al. (2020) believe that this is central to getting the market going. Asplan 

Viak (2018, 2020) highlights cooperation between players as central to an upscaling of the 

market. Cooperation can help to find safe and good solutions to the challenges and at the 

same time reduce the risk for players who want to contribute to the development of the 

market. 

At the time of writing, several players are in the process of establishing a well-functioning 

marketplace for reuse. It can help to visualize quantities of different products and make it 

easier for projects to plan with reuse in their projects. This will ensure the predictability of 

supply, and at the same time make it easier for the demand side to choose reuse. However, 

a marketplace is not a stand-alone solution that will lead to the development of the market, 

and more information is also required about existing building materials. The importance of 

putting in place sufficient information to be able to make a qualified choice about when it 

may be appropriate to choose reusable products in projects. As material passes are central, 
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Madaster stated in a breakfast meeting under the auspices of Circular Norway that "if we 

do not know what it is, we throw it away" (Thorendal, 2019). 

Furthermore, a change in attitudes related to re-use in society could have a significant 

impact on development. People are used to surrounding themselves with new things, and 

that new and rehabilitated building should not bear the mark of having collected what they 

have on hand. Users on the other hand are not willing to pay large sums for something 

that is several years old. This is about what attitudes and expectations one has towards 

products and what one surrounds oneself with. In such a way of thinking, it is conceivable 

that it may be easier to reuse products that are not visible in the building, such as support 

systems and the ceiling panels in KA13, and KA23 that are used above the ceiling. At the 

same time, the case projects are good examples of how reuse can also lead to a type of 

identity or architectural style, which can be desired and intended. The circular economy 

has become a trend, and more people are following the green wave. It is conceivable that 

increased awareness of environmental challenges and the need for sustainable 

development may change expectations and lead to a greater desire for sustainable 

solutions and reuse among users. This can potentially provide an increased pretext for 

implementing reuse if there is demand in the market, from both builders and users. 

The opportunities can be created by thinking completely new about ownership and the use 

of building materials in construction. Increased producer responsibility and leasing 

agreements for products will create increased incentives for manufacturers to produce their 

products more durable, and to a greater extent facilitate disassembly and reuse. Then the 

need and service the product complements will be in focus to a greater extent, than the 

product itself. This is a key aspect of the circular way of thinking (Green Building Alliance 

and Norwegian Real estate, 2016; Boye 2019; Bakshi, 2019). If this becomes more 

relevant, there may also be completely different financial and legal framework conditions 

to deal with. It can give the market other dimensions than what is focused on in this thesis. 

As previously discussed, the reuse potential of existing buildings will look completely 

different when buildings designed for dismantling and reuse reach their functional or 

technical life. This is a two-part problem, where the reuse of current materials and products 

offers greater challenges than it will in the future. Is it still worth investing in reuse today, 

even though as of today many barriers must be overcome?. As theory has shown, the 

world's resources are under great pressure, and we must also introduce further measures 

that can contribute to reduced greenhouse gas emissions now and until 2030 if it is to be 

possible to comply with the Paris Agreement. The environmental system analysis has 

shown that reuse can both contribute to large greenhouse gas savings and more efficient 

use of resources. The question is whether we can find good and competitive solutions for 

the materials and products that are based on the greenhouse gas accounts. 

5.4 How do FutureBuilt circular building criteria comply with 

BREEAM-NOR v.06 

As described in the theory, FutureBuilt circular building criteria have a goal to raise 

awareness about circularity and for the criteria to be easy to apply (Nordby,2020). The 

greater goal was to link the criteria to already established Norwegian standards and 

guidelines. BREEAM-NOR (2022) by their new assessment manual v6.0 has utilized the 

FutureBuilt circular building criteria as an Exemplary level reward. On the other hand, 

FuturBuilt is trying to comply with the BREEAM-NOR v6.0 to improve their circular building 

criteria from one side and make it more compatible with BREEAM-NOR v.06 criteria set 

from the other side. The overall aim was to standardize and spread knowledge about 
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calculating how circular buildings, materials, and products are. The intention is to 

encourage both the investors and building owners toward renovation and improve the 

practice in buildings that invest in the reuse of materials and products. In the theory, it 

has been concluded five corresponding parameters for both FutureBuilt- and BREEAM-NOR 

v.06 criteria; material efficiency, material reuse, GHG emission calculation, resource 

utilization, and waste volume. 

Material efficiency and material reuse are among the most important building circularity 

indicators. The good utilization of material efficiency and reuse in the construction industry 

can promote reuse and optimize the use of new materials. According to BREEAM-NOR v.06 

(2022), project-specific goals and measures must be prepared to increase material 

efficiency. For example, the land use can be optimized through joint use and sharing, 

increasing the utilization rate of building elements or design with standard dimensions to 

reduce lost spaces and avoid oversizing. The use of materials and products that can be 

reused or recycled at the end of their service life can also be a solution. Also, reuse of 

building elements or use of materials with a high proportion of recycled content. However, 

increasing material efficiency can also be by (DfD) design for disassembly and reuse, using 

prefabricated items where appropriate to reduce material waste, or utilizing thermal mass 

for heat storage by exposing materials with good heat capacity. Extra loads can be avoided, 

for example, avoid oversizing loads and design with light load-bearing structures or use 

tailor-made load-bearing structures where this will reduce the use of materials. In other 

words, rationalize the use of load-bearing structures and optimize solutions for soil and 

foundations. Furthermore, the responsible procurement of materials also plays an 

important role. It can promote the choice of materials with lower negative environmental, 

economic and social impacts throughout the supply chain, including extraction, processing, 

and production. As mentioned under the material category, Mat 03 (BREEAM-NOR, 2022). 

FutureBuilt on their criteria section 2.3 “reuse of building materials” required that at least 

half of existing building structures, calculated by weight, must be taken care of 

(Nordby,2020). Increasing the material efficiency measure is by the preservation of 

existing building structures, which also counts as reuse in the reuse accounts. In addition, 

they added that at least 10% of the components supplied to the building must be reused, 

and reuse must be carried out for min. 5 component types. This opened up a discussion 

about the weight percentage calculation and the number of components. BREEAM-NOR s 

consultant, Siri Reed,  argued that calculation based on weight only leaves the lightweight 

components as electrical equipment and technical excluded from the reuse field. So they 

have decided to include only the number of components or measures instead of the weight 

percentage in their material category, Mat 06 (BREEAM-NOR, 2022).  

GHG emission calculation is categorized due to project phases. Preparing a greenhouse gas 

budget in the early phase can be used to design own climate goals and help to concretize 

sustainability goals and strategies in the project. Comprehensive calculation of buildings' 

greenhouse gas emissions throughout the building's life cycle provides an opportunity to 

identify measures to reduce greenhouse gas emissions from both a short and long time 

perspective. After construction, a comprehensive greenhouse gas account with as-built 

information will be presented. The scope shall be the same as for the greenhouse gas 

budget. The results are registered in the BREEAM-NOR auditor's report. The project 

management will review the results and see how they correspond to or deviate from the 

sustainability goals set in the project, refer to management category, Man01, criteria 2,3 

(BREEAM-NOR, 2022). As BREEAM-NOR recognizes that greenhouse gas calculations are a 

field under development. It is possible that projects that use FutureBuilt ZERO version 2.0, 



 

123 

 

dated 14.06.2021, can use this set of criteria and methods to document the project's total 

greenhouse gas emissions. In FutureBuilt ZERO method note version 2.0, dated 

14.06.2021, the assumptions and deviations from NS3720: 2018 are explained in detail. 

The note can be found on FutureBuilt's quality criteria (Andresen et al., 2021). 

Resource utilization, according to BREEAM-NOR v.06 (2022), aims to reduce the amount 

of construction waste by designing and facilitating reuse, recycling, and best practice 

management of resources and waste on the construction site. A resource management 

plan shall be prepared, which includes the design and management of construction waste, 

demolition waste, and excavated masses. If there are existing structures in the 

development area, as in our case study projects, the resource management plan must be 

prepared in connection with the reuse mapping report from the issue Mat 06; Material 

efficiency and reuse. Such a plan aims to promote resource efficiency and prevent the 

illegal disposal of such waste. Furthermore, construction and demolition waste should be 

prepared for reuse and material recycling. The Preparation for reuse and material recycling 

means that the waste can be used for; reuse for similar purposes, material recycling for 

new products, or filling material within the construction area or on other plots within a 

reasonable surrounding distance. For such recovery of concrete and bricks, the waste 

regulations §14a must be followed. Other material that can be utilized must be approved 

by the relevant authority. 

For resource utilization, FutureBuilt criteria for circular building (Nordby,2020), states that 

an account shall be given of how resource utilization in the demolition phase is planned 

and implemented (resource management plan in BREEAM-NOR v.06) Reusable 

components must be mapped taking into account the potential for reuse early in the project 

so that the material values are made visible to the designers. Besides, Reusable 

components that are not used in the project must be made available to external 

stakeholders or sought to be returned to the manufacturer. Furthermore, sufficient time 

must be set aside for selective demolition/gentle dismantling, and requirements for 

demolition methods must be incorporated in tender documents and contracts. Dismantling 

and securing of components for reuse are specified in the demolition description, and 

requirements are set for understanding the task and references when awarding a contract. 

For the Waste volume, the demolition waste, excavation masses, and waste from 

construction site offices and the operation of the building shall not be included in the 

amount of construction waste generated from the development area (BREEAM-NOR, 

2022). FutureBuilt defines that during the construction phase, waste volume must be 

minimized including coats, wastage, packaging as well as incorrectly ordered products, and 

surplus products must be limited as much as possible. Where it does occur, measures must 

be taken to utilize these resources. New products (incorrect orders and surplus products) 

must not be thrown away, these must either be returned to the manufacturer, or made 

available to internal and external stakeholders (Nordby, 2020). 

According to BREEAM-NOR v6.0, if separate return schemes have been established with 

suppliers or producers for products that are considered waste, in addition to an agreement 

with waste reception, these quantities must also be entered in the accounts of generated 

waste quantities. Although demolition and excavation masses are often the largest 

amounts of waste in a development project, BREEAM does not include this in the reporting 

of waste quantities, because the quantities produced vary from development project to 

development project. If demolition and excavation masses should have been taken into 

account it would not encourage development areas with inevitably large amounts of 

demolition and excavation masses to concentrate on reducing the production of waste from 
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building materials (which would also have benefited environmental consequences), and it 

would make it easier to meet the given threshold values for waste quantities in 

development projects with little or no tear or digging masses. This will weaken the factors 

that lead to lower production of construction waste arising from the use of new building 

materials. 

Thus, BREEAM-NOR v.06 criteria set and Futurebuilt circular building criteria tend to have 

many corresponding categories and issues as illustrated before in figure 2.19. BREEAM-

NOR new v.06 has included the FutureBuilts criteria in their exemplary rating level. On the 

other hand, FutureBuilt also working on, among other quality criteria, improving the 

circular building criteria and linking it to BREEAM-NOR and other Norwegian standards in 

the building industry. Reuse as a sustainability platform and circularity assessment method 

can reunite, standardize and spread knowledge about Calculating how circular buildings, 

materials, and products are in the future construction and renovation practice.  
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6.2 Which building materials and products are suitable to reuse 

from a sustainability perspective? 

The study has shown that it is not straightforward to say which building materials and 

products are suitable to reuse from a sustainability perspective, as a comprehensive 

assessment of many different aspects is required. First and foremost, it must be legal, 

safe, and practically feasible to reuse the building material/product. Then an assessment 

must be made of what is suitable depending on the ambition level of the project, what the 

goal of the reuse is, and what alternative solutions for resource management are. The 

environmental aspect of sustainability, Greenhous gas emission in this study, has been the 

main focus of the analysis, and the results indicate that reuse in most cases provides good 

greenhouse gas savings. At the same time, it has become clear that not all reuse with the 

current market situation and framework conditions is necessarily related to the economic 

aspect of the concept of sustainability. This makes it challenging to achieve something 

more than just pilot projects. However, changes in the framework conditions and market 

structure in the years to come will be able to change this picture. 

The scope of work of what can be reused is limited by the legal framework. The possibilities 

for disassembly and transport without damage also place limits on what is practically 

possible to achieve. Furthermore, for it to be more worthwhile to choose reuse over a new 

product, the building product must be of a certain quality and be able to fulfill the desired 

function without leading to the need for large amounts of extra materials, as well as having 

a sufficient remaining life. There must also be sufficient quantities of similar materials to 

be obtained to put reuse processes associated with the relevant material to a greater extent 

in the system. There must also be sufficient quantities of similar materials to be obtained 

to put reusable processes associated with the relevant material to a greater extent in the 

system. In this perspective, the large waste fractions, such as wood, concrete, and steel, 

are worth investing in. Products that do not have special requirements, such as furniture, 

floor surfaces, and landscape architectural products, are far easier to reuse. Here, 

aesthetics and quality mainly determine what is usable. 

In the study, Greenhouse gas savings are compared with a new product alternative 

calculated per building part, building material/product, and for selected corresponded 

material categories in connection with the case projects Kristian August gate 13 and 

Kristian August Gate 23. The results of this analysis are based on project-specific conditions 

but can contribute as an experience base. The comparison per building part was based on 

building parts schedule, 2-digit level. The calculations show that emission reductions from 

the material use of 83 % or (3.57 kgCO2eq./m²/year) and 70% or (6.45 

kgCO2eq./m²/year) are achieved for the whole building for KA23 and KA13 respectively. 

In the comparison per material/product the following categories were considered: Steel, 

Concrete, Glass, doors and windows, Gypsum, Timber, Façade Cladding, Brick, Insulation, 

Ceiling panels and Floor covering. The most significant reductions were scored by the steel 

and concrete categories. The following material categories were further analyzed in detail: 

Steel, Hollow-core slabs, windows, Brick, and Facade panels. From the production phase 

6 Conclusion 
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together with the replacement of the building components, all the products provided 

between 78% and 98% savings compared to a new alternative. Corresponding savings are 

also shown in previous studies. Durable reuse Material/product that does not need 

replacement will thus to a large extent pay off environmentally, and total savings will 

depend on how energy-intensive the production of new similar materials is. In this sense, 

load-bearing materials, such as steel and concrete, are examples of materials that can 

have good effects. 

In general, the reused steel profiles give by far the largest environmental effect of the 

analyzed material categories in the case projects and contribute to a reduction of about 

110 tons of CO2 equivalents. Here, the theory indicates that it should be possible to put in 

place good solutions so that both internal and external reuse is possible. Load-bearing steel 

components can thus be considered suitable to invest in for reuse. Then follow reused brick 

as a good solution despite the technical problems experienced with the firewall construction 

in KA13. The windows have been shown to have an impact on the project's energy 

accounts, but still, come out well from the analysis. The remaining service life and U-value 

will be central to whether the reuse of windows can be described as suitable reuse. The 

hollow-core slabs can have great potential, depending on how extensive the handling is 

and the extent of the reuse. The façade solution in KA13 largely consists of surplus 

materials, as it has been challenging to find reusable products. Here, the analysis has 

revealed that clarifications are required about how the environmental impact of surplus 

materials is to be calculated in the project. Without including production, the façade 

solution provides good greenhouse gas savings. 

A selection of reused products has been analyzed in-depth in this study, but the other 

materials and products also have great reuse potential. The latter material categories were 

selected on the comparison- and the corresponding ability basis for case projects KA13 and 

KA23. In the study, the glass and floor covering are believed to have great potential, 

among other categories. Experience from implementation is required here to be able to 

say something more about what is suitable from a sustainability perspective. Furthermore, 

it is important that what can be considered suitable must be seen in connection with current 

recycling solutions, as well as other measures that can provide increased resource 

efficiency and reduced greenhouse gas emissions in the construction industry. 

If we avoid substances that are harmful to health and the environment and put in practice 

more improved design methods such as (DfD) “design for disassembly” and flexible 

solutions in construction projects, far more building materials and products may be suitable 

to reuse in the future. On the other hand, this will only have a lasting effect in the future, 

and the reuse of certain materials may represent sustainable solutions already now. 

6.3 What is the potential for upscaling the re-use market? 

Today's re-use market is a little set in the system and constantly evolving. In a project-

based industry with strict time and cost limits, as well as well-established and well-proven 

processes, reuse currently entails some uncertainties. A clarification is constantly required 

in connection with legal aspects and what is possible to achieve from legal re-use. 

Furthermore, there is a lack of information about used building materials, as well as 

information about what will be made available from demolition and rehabilitation activities 

in the future. This creates unpredictability in what may be possible to obtain. Lack of 

financial incentives in combination with a poorly developed market structure and lack of 

accepted practice currently limits the possibilities for an upscaling of the re-use market. 
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Nevertheless, there is a great deal of interest and ever-increasing ambitions associated 

with reuse in the current industry. Several initiatives work towards establishing a 

functioning practice, so that reuse can be carried out to a greater extent in the industry. 

Ongoing and planned pilot projects can contribute valuable experiences related to how 

reuse can be implemented in projects. 

Trends in construction and demolition activity have been used to provide a picture of what 

the development might look like. The rehabilitation and conversion activity around 

commercial buildings will probably continue to increase, as has been the trend in recent 

years. 80 percent of the building stock is expected to remain standing in 2050, but at the 

same time more and more is being built than is being demolished in the face of population 

growth. With an increased focus on area efficiency and preservation of buildings, one will 

probably see an increased need for necessary interventions in existing buildings. At the 

same time, it is conceivable that demolition activity will decline, as complete demolition of 

buildings is less compatible with sustainability thinking. 

The design of buildings will also be central to the possibility of an upscale reuse market in 

the fututre. The study has shown that the reuse of building materials from the current 

building stock can in many cases be challenging and also expensive in some cases. This is 

justified, among other things, by the fact that many buildings are designed with low 

adaptability and without the thought that they can be used further at the end of their 

functional life. As predicted, the building of the future will set other requirements for 

design, and it is essential to prioritize design that takes into account adaptability and design 

for disassembly and reuse, regardless of whether it is new construction or rehabilitation. 

The materials must also be developed and improved to reduce the content of 

environmentally hazardous substances and increase durability. The effects will only be seen 

in the future, but with this as a starting point, there will no longer be a need for functional 

changes in buildings that will put an end to the cycle for buildings and building materials. 

Instead, technically and environmentally safe service life will be limited. 

Furthermore, it is emphasized that reuse must be seen in connection with other existing 

methods for resource utilization and material efficiency, as well as for reducing greenhouse 

gas emissions measures. Although reuse is considered a high-quality method for resource 

management and in many cases refers to significant environmental savings, it is beneficial 

for the industry that the practice is assessed against waste volume minimization and 

recycling. Some materials are not suitable for reuse today and then other solutions may 

be a more favorable alternative. 

In this study, it has been concluded that reuse on a larger scale can have the greatest 

potential by prioritizing certain material categories. This is to be able to develop systems 

that can provide profitable processes both financially and environmentally for an entire 

industry. Which material categories there should be is currently not straightforward to say, 

because it depends on which products we can find solutions for, among other things, 

disassembly, logistics, testing, re-documentation more in the system, and where it is also 

possible to get the economy to go up. Nevertheless, the study has assessed some materials 

that may appear to have great potential. 

What development the reuse market will have, and what role reuse can play in the work 

of developing a greener and more sustainable construction industry, is still uncertain. 

Future development depends on different aspects, many of which are highlighted in this 

master's thesis. Experiences gained in the industry at the time of writing and in the time 

to come will be able to have a great influence on how the development will be. This study 

has shown that there can be great environmental benefits to be gained from reuse, in the 
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form of resource and greenhouse gas savings. The question is what role the industry's 

players and the authorities will take in future developments, as well as how the reuse of 

various building materials and products can be linked to the economic aspects of the 

concept of sustainability in the years to come. 

Construction industry players and authorities, such as Oslo Municipality and Green Building 

Alliance, are playing an important role in reuse market development. Six municipalities, 

for example, in the Oslo region, are collaborating on the FutureBuilt program to support 

climate-friendly urban development. FutureBuilt contributes with its quality criteria, among 

the others, circular building criteria. While Green Building Alliance, the operator of the 

environmental certification method “BREEAM-Nor v.06” has adopted the reuse of building 

materials in their new version to a relatively good extent. How do FutureBuilt circular 

building criteria comply with BREEAM-NOR v.06., as shown in the study, embodied with 

their goal to link the criteria to Norwegian standards and guidelines, among the others, 

BREEAM-NOR v.06 criteria set. BREEAM-NOR on its new version v.06 has employed the 

FutureBuilt circular building criteria on its Exemplary level. On the other hand, FuturBuilt 

is trying to comply with the BREEAM-NOR standards to improve its criteria and make it 

more compatible with BREEAM-NOR v.06 criteria set. The goal was to standardize and 

spread knowledge about calculating how circular buildings, materials, and products are. 

The intention is to encourage both the investors and building owners toward renovation 

and improve the practice in buildings that invest in the reuse of materials and products. In 

conclusion, five corresponding parameters are specified; material efficiency, material 

reuse, GHG emission calculation, resource utilization, and waste volume. 

6.4 Recommendations for further work 

The study has dealt with several aspects of reuse that may be interesting to go into even 

more depth than what has been relevant here. Some aspects are requested in several 

other reports, such as looking to other countries for re-use experiences, but the study has 

also revealed some new elements that may be useful to gain more insight into. 

It will be very beneficial to get a clearer overview and an expanded knowledge of the 

building stock, with material composition and the need for upgrading. This is especially 

true for commercial buildings, where there is limited available information as of today. 

Furthermore, it would be interesting to take a closer look at how reuse can be made visible 

in the waste statistics, as well as possibly how the waste statistics can to a greater extent 

clarify which materials and products the various material fractions contain. 

Carrying out the environmental system analysis of the reusable materials in the case 

project proved to be a comprehensive and time-consuming process. As there is a focus in 

the industry on making the environmental aspects of reusable materials visible, it may be 

interesting to investigate what a more efficient approach might look like. A more 

standardized and simplified method for determining greenhouse gas emissions for other 

reusable materials will, to a greater extent, enable the comparison of systems. In addition, 

it can be a useful tool in assessing whether reuse is worth prioritizing in each case. It will 

also be interesting to look at which other environmental impact categories can have a 

major impact, in addition to greenhouse gas emissions in such analyzes. 

Finally, it would be interesting to take a closer look at which methods of resource 

management, including reuse and material recovery, pay off financially and 

environmentally for each material. Relatively for the entire life cycle, including scenarios 

for changes in framework conditions in the future to look at what the effects will be if reuse 

is to a greater extent put into a system. 
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Appendix 1: KA13 Basic Greenhous Gas Calculations For Materials 

Kristian August Gate 13 Greenhouse gas calculation report, Rev.1, released 28.10.2020, prepared by Asplan Viak AS is available under 

the attachments panel, I. (.pdf file). 

I. Kristian August Gate 13 _Greenhouse gas calculation report_Rev.1.pdf 

1A. Reference building  

Material 
Category 

 Location Building Part Material Amount Unit 
A1-A3 
Kg CO2eq. 

B4 
Kg CO2eq. 

Sum 
Kg CO2eq. 

Steel and other 
metals 

Existing Groundworks & 
foundations 

Steel core piles 408809.4
5 

kg 517416.48 0.00 517416.48 

Steel and other 
metals 

Existing Load-bearing 
system 

Steel beam, L, U and I 
profile 

819.00 kg 1703.52 0.00 1703.52 

Steel and other 
metals 

Existing Load-bearing 
system 

Steel beam, L, U and I 
profile 

9368.00 kg 19485.44 0.00 19485.44 

Steel and other 
metals 

Existing Load-bearing 
system 

Steel beam hollow profile 3462.00 kg 12532.44 0.00 12532.44 

Steel and other 
metals 

Existing Load-bearing 
system 

Steel beam hollow profile 2945.00 kg 10660.90 0.00 10660.90 

Steel and other 
metals 

Existing Roof Corrugated steel plates 
10kg / m² 

1380.00 kg 3513.20 0.00 3513.20 

Steel and other 
metals 

Existing Roof Fittings, parapet, steel 7.81 m² 421.54 453.88 875.42 

Steel and other 

metals 

Existing Roof Corrugated steel plates 

10kg / m² 

1380.00 kg 3513.20 0.00 3513.20 

Steel and other 
metals 

New building Groundworks & 
foundations 

Steel core piles 75600.00 kg 93744.00 0.00 93744.00 

Steel and other 

metals 

New building Load-bearing 

system 

Steel beam, L, U and I 

profile 

7480.00 kg 15558.40 0.00 15558.40 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam, L, U and I 
profile 

2371.00 kg 4931.68 0.00 4931.68 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam hollow profile 2061.00 kg 7460.82 0.00 7460.82 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam hollow profile 21458.00 kg 77677.96 0.00 77677.96 

Steel and other 
metals 

New building Stairs & 
Balconies 

Steel stairs 2922.00 kg 7830.96 0.00 7830.96 



 

 

Steel & other metals (Total) 
 

776904.42 

Glass Existing External walls Glass facade  11.00 m² 1265.25 175.59 1440.84 

Glass Existing External walls Glass facade  15.00 m² 1725.34 1966.51 3691.85 

Glass Existing Internal walls Glass in office fronts 80.00 m² 7263.20 1948.53 9211.73 

Glass Existing Internal walls Glass panels 145.00 m² 13164.55 13822.78 26987.33 

Glass Existing Roof Skylight 13.51 m² 942.52 0.00 942.52 

Glass (Total) 
 

42274.27 

Reinforced 
Concrete  

Existing Groundworks & 
foundations 

Concrete, grout 43.00 m³ 12196.28 0.00 12196.28 

Reinforced 
Concrete  

Existing Load-bearing 
system 

Concrete column 300.00 m³ 99000.00 0.00 99000.00 

Reinforced 
Concrete  

Existing External walls Concrete wall, load-bearing 560.00 m³ 201600.00 0.00 201600.00 

Reinforced 
Concrete  

Existing Internal walls Elevator shaft Concrete wall, 
load-bearing 

278.00 m³ 100080.00 0.00 100080.00 

Reinforced 
Concrete  

Existing Roof Concrete roof 267.30 m³ 96228.00 0.00 96228.00 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete stairs 0.98 m³ 342.21 0.00 342.21 

Reinforced 
Concrete  

Existing Flooring Hollow-core slabs 4780.00 m² 408015.83 0.00 408015.83 

Reinforced 
Concrete  

Existing Flooring Concrete, screed on hollow-
core slabs 

8.31 m³ 1924.44 0.00 1924.44 

Reinforced 

Concrete  

Existing Flooring Cast-in-place slab 91.42 m³ 25930.45 0.00 25930.45 

Reinforced 
Concrete  

Existing Load-bearing 
system 

Reinforcing steel for column 30450.00 kg 18879.00 0.00 18879.00 

Reinforced 

Concrete  

Existing External walls Reinforcing steel, for 

concrete wall 

5684.00 kg 3524.08 0.00 3524.08 

Reinforced 

Concrete  

Existing Internal walls Reinforcing steel, for 

concrete wall 

28217.00 kg 17494.54 0.00 17494.54 

Reinforced 

Concrete  

Existing Flooring Reinforcing steel, cast-in-

place slab 

5.50 kg 1.98 0.00 1.98 

Reinforced 
Concrete  

Existing Roof Reinforcing steel, for 
concrete roofs 

27130.95 kg 16821.19 0.00 16821.19 



 

 

Reinforced 
Concrete  

New building Groundworks & 
foundations 

Concrete, grout 9.00 m³ 2552.71 0.00 2552.71 

Reinforced 

Concrete  

New building External walls 430mm concrete wall 16.77 m³ 4756.55 0.00 4756.55 

Reinforced 
Concrete  

New building Flooring Concrete, screed on hollow-
core slabs 

12.92 m³ 2990.36 0.00 2990.36 

Reinforced 

Concrete  

New building Stairs & 

Balconies 

concrete stairs 2.11 m³ 736.80 0.00 736.80 

Reinforced 
Concrete  

New building Flooring Hollow-core slabs 160.00 m² 13657.43 0.00 13657.43 

Reinforced 
Concrete  

New building Flooring Hollow-core slabs 254.43 m² 21717.88 0.00 21717.88 

Reinforced 
Concrete  

New building Roof Hollow-core slab B45 / H40 80.22 m² 6847.49 0.00 6847.49 

Reinforced 
Concrete  

New building Flooring Leveling compound 1.58 m³ 499.83 0.00 499.83 

Reinforced 
Concrete  

New building External walls Reinforcing steel, 200 kg / 
m³ 

3354.00 kg 1740.73 0.00 1740.73 

Reinforced 
Concrete  

New building Flooring Reinforcing steel, cast-in-
place slab 

883.93 kg 548.04 0.00 548.04 

Reinforced Concrete (Total) 
 

1058085.8
2 

Doors Existing External walls Exterior door, aluminum 
with glass 

10.00 Pcs. 1830.00 0.00 1830.00 

Doors Existing External walls Exterior door, wood 1.00 Pcs. 96.20 70.26 166.46 

Doors Existing Internal walls Interior door, wood 32.00 Pcs. 2137.60 1337.92 3475.52 

Doors Existing Internal walls Interior door, wood with 
glass 

8.00 Pcs. 448.00 377.34 825.34 

Doors Existing Internal walls Interior door, metal 14.00 Pcs. 296.80 771.19 1067.99 

Doors Existing Internal walls Interior door, aluminum 
with glass 

25.00 Pcs. 4575.00 0.00 4575.00 

Doors New building External walls Exterior door aluminum 6.00 Pcs. 127.20 330.51 457.71 

Doors New building Internal walls Interior door, wood 4.00 Pcs. 267.20 0.00 267.20 

Doors New building Internal walls Interior door, wood with 

glass 

2.00 Pcs. 112.00 94.34 206.34 

Doors New building Internal walls Interior door, aluminum 
with glass 

6.00 Pcs. 1247.76 0.00 1247.76 

Windows Existing External walls Windows 231.83 m² 14914.09 15465.72 30379.81 



 

 

Windows New building External walls Window, two casements 87.00 m² 6979.12 0.00 6979.12 

Windows New building External walls Window, two casements 104.00 m² 8342.86 0.00 8342.86 

Doors &Windows (Total)  
 

59821.11 

Gypsum board 
& studs 

Existing External walls 13 mm Gypsum/plaster 173.89 m² 295.61 201.97 497.58 

Gypsum board 
& studs 

Existing External walls 15 mm fireproof gypsum 10.24 m² 26.62 17.38 44.00 

Gypsum board 
& studs 

Existing External walls 9 mm GU-X boards 108.72 m² 184.82 0.00 184.82 

Gypsum board 
& studs 

Existing Internal walls 13 mm gypsum/plaster 2099.20 m² 6066.69 0.00 6066.69 

Gypsum board 
& studs 

Existing Internal walls 15 mm fireproof gypsum 485.71 m² 1262.85 0.00 1262.85 

Gypsum board 
& studs 

Existing Internal walls 13 mm gypsum/plaster 750.88 m² 2170.04 0.00 2170.04 

Gypsum board 
& studs 

Existing Internal walls 15 mm fireproof gypsum 62.04 m² 161.30 0.00 161.30 

Gypsum board 
& studs 

New building External walls standard gypsum, external 
walls 

130.00 m² 375.70 151.00 526.70 

Gypsum board 

& studs 

New building External walls Fireproof gypsum, external 

walls 

143.00 m² 371.80 242.67 614.47 

Gypsum board 
& studs 

New building External walls 9 mm GU-X boards 2.45 m² 4.16 0.00 4.16 

Gypsum board 

& studs 

New building External walls Inside exterior walls with 

gypsum 

272.00 m² 118.64 474.78 593.42 

Gypsum board 
& studs 

New building Internal walls 13 mm gypsum/plaster 102.04 m² 294.90 118.52 413.42 

Gypsum board 

& studs 

New building Internal walls Interior walls with gypsum 37.80 m² 16.49 65.98 82.47 

Gypsum board 
& studs 

New building Internal walls 70 mm studs 56.63 kg 52.13 0.00 52.13 

Gypsum board 

& studs 

Existing External walls 70 mm studs 18.38 kg 16.92 0.00 16.92 

Gypsum board 
& studs 

Existing Internal walls 70 mm studs 1662.78 kg 1530.47 0.00 1530.47 

Gypsum board 
& studs 

Existing Internal walls 100 mm studs 329.56 kg 303.34 0.00 303.34 



 

 

Gypsum board 
& studs 

Existing Internal walls 50 mm slotted steel studs 477.30 kg 439.32 0.00 439.32 

Gypsum board 

& studs 

Existing Internal walls 70 mm studs 400.96 kg 369.05 0.00 369.05 

Gypsum board 
& studs 

Existing Internal walls 100 mm studs 61.60 kg 56.70 0.00 56.70 

Gypsum-board & studs (Total) 

 

15389.85 

Wood Existing Internal walls 200 mm TEWO (CLT) 88.67 m² 3449.13 0.00 3449.13 

Wood Existing Internal walls 15 mm Veneer 450.00 m² 1036.80 0.00 1036.80 

Wood Existing Internal walls 15 mm Veneer 275.54 m² 633.74 0.00 633.74 

Wood Existing External walls 23+48 mm Lath 10.87 m³ 576.22 0.00 576.22 

Wood Existing Roof Terrace floor, 28 mm 192.01 m² 1411.82 0.00 1411.82 

Wood (Total) 
 

7107.71 

Façade cladding Existing External walls Metal, fiber cement, & stone 
composite plates 

223.78 m² 11352.36 6070.19 17422.55 

Façade cladding New building External walls Metal, fiber cement, & stone 
composite plates 

472.22 m² 23955.72 12140.37 36096.09 

Façade cladding (Total) 

 

53518.64 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiles 80.00 m² 840.00 1597.62 2437.62 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiles glue 288.00 m² 721.46 1158.30 1879.76 

Brick, Stone & 

ceramics 

Existing Internal walls Ceramic tiles 106.00 m² 1113.00 870.29 1983.29 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiles glue 381.60 m² 955.93 1534.75 2490.68 

Brick, Stone & 

ceramics 

Existing Flooring Ceramic tiles, 5mm 87.50 m² 918.75 249.63 1168.38 

Brick, Stone & 

ceramics 

Existing Flooring Ceramic tiles glue 87.50 m² 219.19 0.00 219.19 

Brick, Stone & 

ceramics 

Existing Roof Roof tops 400.25 m² 2037.27 12177.53 14214.80 

Brick, Stone & 
ceramics 

New building External walls 250 mm Brick  34.00 m³ 13259.00 0.00 13259.00 



 

 

Brick, Stone & 
ceramics 

New building Flooring Brick, courtyard 8.84 m³ 3447.34 0.00 3447.34 

Brick, Stone & 

ceramics 

New building Roof Stone, slate-tiled roof 1.70 m³ 148.24 0.00 148.24 

Brick, Stone & ceramics (Total) 
 

41248.30 

Insulation Existing External walls 48 mm Insulation 5.22 m³ 112.20 0.00 112.20 

Insulation Existing External walls 148 mm Insulation 28.27 m³ 1636.57 0.00 1636.57 

Insulation Existing External walls 98 mm Insulation 10.65 m³ 351.60 0.00 351.60 

Insulation Existing External walls 70 mm Insulation 0.04 m³ 1.45 0.00 1.45 

Insulation Existing Internal walls 70mm Insulation 11.32 m³ 373.50 0.00 373.50 

Insulation Existing Internal walls 100 mm Insulation 18.67 m³ 616.21 0.00 616.21 

Insulation Existing Internal walls 70 mm Insulation 7.56 m³ 249.44 0.00 249.44 

Insulation Existing Internal walls 100 mm Insulation 2.00 m³ 66.01 0.00 66.01 

Insulation Existing Roof 30 mm Fireproof insulation 4.15 m³ 805.28 226.71 1031.99 

Insulation Existing Roof 225 mm Insulation 31.11 m³ 1801.28 0.00 1801.28 

Insulation Existing Roof 30 mm Fireproof insulation 4.15 m³ 805.28 226.71 1031.99 

Insulation Existing Roof Insulation 100 mm 131.67 m³ 7623.00 0.00 7623.00 

Insulation Existing Roof Insulation TR 100 mm 131.67 m³ 7623.00 0.00 7623.00 

Insulation New building External walls 48 mm Insulation 13.06 m³ 280.70 0.00 280.70 

Insulation New building External walls 148 mm Insulation 13.06 m³ 755.87 0.00 755.87 

Insulation New building External walls 98 mm Insulation 26.66 m³ 879.65 0.00 879.65 

Insulation New building External walls 250 mm Isoblock 10.71 m² 542.10 0.00 542.10 

Insulation New building External walls 250mm Anchor plate 34.00 m³ 1530.00 0.00 1530.00 

Insulation New building External walls 250mm Anchor plate 36.25 m³ 1631.25 0.00 1631.25 

Insulation New building External walls 250 mm Isoblock 36.00 m² 1821.46 0.00 1821.46 

Insulation New building External walls 200mm Insulation 7.80 m³ 451.58 0.00 451.58 

Insulation New building Internal walls 70mm Insulation 1.82 m³ 60.06 0.00 60.06 

Insulation New building Internal walls 100 mm Insulation 1.20 m³ 39.60 0.00 39.60 

Insulation New building Flooring Insulation 90 mm, pressure-
resistant 

12.83 m³ 742.86 0.00 742.86 



 

 

Insulation New building Flooring Insulation 40 mm, pressure-
resistant 

5.70 m³ 330.16 0.00 330.16 

Insulation New building Roof 30 mm Fireproof insulation 1.47 m³ 285.47 80.37 365.84 

Insulation New building Roof 225 mm Insulation 11.03 m³ 638.55 0.00 638.55 

Insulation New building Roof 30 mm Fireproof insulation 1.47 m³ 285.47 80.37 365.84 

Insulation New building Roof Insulation 90 mm 12.83 m³ 742.86 0.00 742.86 

Insulation New building Roof Insulation 40 mm 5.70 m³ 330.16 0.00 330.16 

Insulation (Total) 
  

34026.78 

Ceiling panels Existing Flooring Acoustic ceiling panels, 25 
mm 

4.75 m³ 338.97 111.92 450.89 

Ceiling panels Existing Flooring Glass wool ceiling tiles, 50 
mm 

9.51 m³ 845.21 0.00 845.21 

Ceiling panels Existing Flooring Acoustic ceiling panels, 25 
mm 

36.57 m³ 2609.71 384.86 2994.57 

Ceiling panels Existing Flooring Glass wool ceiling tiles, 50 
mm 

73.14 m³ 6500.38 0.00 6500.38 

Ceiling panels New building Flooring Acoustic ceiling panels, 25 
mm 

8.36 m³ 596.57 196.84 793.41 

Ceiling panels New building Flooring Glass wool ceiling tiles, 50 

mm 

16.72 m³ 1486.51 0.00 1486.51 

Ceiling panels New building Flooring Acoustic ceiling panels, 25 
mm 

1.36 m³ 97.05 14.30 111.35 

Ceiling panels New building Flooring Glass wool ceiling tiles, 50 
mm 

2.72 m³ 241.82 0.00 241.82 

Ceiling panels (Total) 

 

13424.15 

Floor covering Existing Flooring Wooden floor 41.69 m² 382.7142 779.72 1162.43 

Floor covering New building Flooring Wooden floor 45.42 m² 416.9556 424.74 841.6956 

Floor covering New building Flooring Wooden floor, oak 42.92 m² 394.0056 401.36 795.3656 

Floor covering Existing Flooring Carpet tile 1622.00 m² 21086 130327.70 151413.7 

Floor covering New building Flooring Carpet tile 541.00 m² 7033 43469.35 50502.35 

Floor covering (Total)  
 

204715.55 

 

 



 

 

 

 

1B. As-Built 

Material 
Category 

 Location Building Part Material Amount Unit 
A1-A3, Kg 
CO2 eq. 

B4 Kg CO2 
eq. 

Sum 

Steel and other 
metals 

Existing Load-bearing 
system 

Steel beam, L, U and I 
profile 

819.00 kg 1012.12 0.00 1012.12 

Steel and other 

metals 

Existing Load-bearing 

system 

Steel beam, L, U and I 

profile, reuse 

9368.00 kg 347.31 0.00 347.31 

Steel and other 
metals 

Existing Load-bearing 
system 

Steel beam hollow profile 3462.00 kg 8931.96 0.00 8931.96 

Steel and other 

metals 

Existing Load-bearing 

system 

Steel beam, hollow profile, 

reuse 

2945.00 kg 235.89 0.00 235.89 

Steel and other 
metals 

Existing Roof Corrugated steel plates 10kg 
/ m² 

1380.00 kg 3513.20 0.00 3513.20 

Steel and other 
metals 

Existing Roof Fittings, parapet 7.81 m² 421.54 453.88 875.42 

Steel and other 

metals 

New building Groundworks & 

foundations 

Steel core piles 75600.00 kg 93744.00 0.00 93744.00 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam, L, U and I 
profile 

7480.00 kg 9243.78 0.00 9243.78 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam, L, U and I 
profile, reuse 

2371.00 kg 87.90 0.00 87.90 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam hollow profile 2061.00 kg 5317.38 0.00 5317.38 

Steel and other 
metals 

New building Load-bearing 
system 

Steel beam, hollow profile, 
reuse 

21458.00 kg 1718.79 0.00 1718.79 

Steel and other 
metals 

New building Stairs & 
Balconies 

steel stairs 2922.00 kg 7830.96 0.00 7830.96 

Steel & other metals 

(Total) 

132858.71 

Glass Existing External walls Glass facade, reuse 11.00 m² 113.87 175.59 289.46 

Glass Existing External walls Glass facade 15.00 m² 1725.34 1966.51 3691.85 

Glass Existing Internal walls Glass in office fronts, reuse 80.00 m² 580.80 1948.53 2529.33 

Glass Existing Internal walls Glass panels 145.00 m² 13164.55 13822.78 26987.33 



 

 

Glass (Total)  33497.97 

Reinforced 
Concrete  

Existing Load-bearing 
system 

Concrete column 0.31 m³ 89.06 0.00 89.06 

Reinforced 
Concrete  

Existing External walls Concrete wall, load-bearing 96.24 m³ 27297.00 0.00 27297.00 

Reinforced 
Concrete  

Existing Flooring Leveling compound 0.06 m³ 17.40 0.00 17.40 

Reinforced 
Concrete  

Existing Flooring Concrete, Cast-in-place slab 91.42 m³ 25930.45 0.00 25930.45 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

concrete stairs 0.98 m³ 342.21 0.00 342.21 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Reinforcing steel for column 31.40 kg 16.30 0.00 16.30 

Reinforced 
Concrete  

Existing External walls Reinforcing steel, for 
concrete wall 

9624.00 kg 3464.64 0.00 3464.64 

Reinforced 

Concrete  

Existing Flooring Reinforcing steel, cast-in-

place slab 

5.50 kg 1.98 0.00 1.98 

Reinforced 
Concrete  

New building Groundworks & 
foundations 

Concrete, grout 9.00 m³ 2552.71 0.00 2552.71 

Reinforced 

Concrete  

New building External walls 430mm concrete wall 16.77 m³ 4756.55 0.00 4756.55 

Reinforced 
Concrete  

Existing Flooring Concrete, screed on hollow-
core slabs 

8.31 m³ 1924.44 0.00 1924.44 

Reinforced 
Concrete  

New building Flooring Hollow-core slabs, reused 127.83 m² 1200.27 0.00 1200.27 

Reinforced 
Concrete  

New building Flooring Hollow-core slabs 254.43 m² 21717.88 0.00 21717.88 

Reinforced 
Concrete  

New building Roof Hollow-core slab B45 / H40 80.22 m² 6847.49 0.00 6847.49 

Reinforced 
Concrete  

New building Flooring Concrete, screed 
on hollow-core slabs 

12.92 m³ 2990.36 0.00 2990.36 

Reinforced 
Concrete  

New building Flooring Leveling compound 1.58 m³ 499.83 0.00 499.83 

Reinforced 
Concrete  

New building Flooring Concrete, Cast-in-place slab 4.57 m³ 1295.08 0.00 1295.08 

Reinforced 
Concrete  

New building Stairs & 
Balconies 

concrete stairs 2.11 m³ 736.80 0.00 736.80 

Reinforced 
Concrete  

New building External walls Reinforcing steel, 200 kg / 
m³ 

3354.00 kg 1740.73 0.00 1740.73 



 

 

Reinforced 
Concrete  

New building Flooring Reinforcing steel, cast-in-
place slab 

883.93 kg 318.22 0.00 318.22 

Reinforced Concrete (Total) 

  

103739.4 

Doors Existing External walls Exterior door, aluminum 
with glass 

10.00 Pcs. 1830.00 0.00 1830.00 

Doors Existing External walls Exterior door, wood 1.00 Pcs. 96.20 70.26 166.46 

Doors Existing Internal walls Interior door, wood, reuse 32.00 Pcs. 304.00 190.27 494.27 

Doors Existing Internal walls Interior door, wood with 
glass 

8.00 Pcs. 448.00 377.34 825.34 

Doors Existing Internal walls Interior door, metal 14.00 Pcs. 296.80 771.19 1067.99 

Doors Existing Internal walls Interior door, aluminum 

with glass, reuse 

25.00 Pcs. 366.00 0.00 366.00 

Doors New building External walls Exterior door aluminum 6.00 Pcs. 127.20 330.51 457.71 

Doors New building Internal walls Interior door, wood 4.00 Pcs. 267.20 0.00 267.20 

Doors New building Internal walls Interior door, wood with 
glass 

2.00 Pcs. 112.00 94.34 206.34 

Doors New building Internal walls Interior door, aluminum, 
with glass 

6.00 Pcs. 1247.76 0.00 1247.76 

Windows Existing External walls Windows 231.83 m² 14914.09 15465.72 30379.81 

Windows New building External walls Window, two casements, 30 
pcs., reuse 

87.00 m² 628.12 0.00 628.12 

Windows New building External walls Window, two casements 104.00 m² 8342.86 0.00 8342.86 

Doors & Windows (Total) 
  

46279.86 

Gypsum-board 

& studs 

Existing External walls 13 mm Gypsum/plaster 173.89 m² 295.61 201.97 497.58 

Gypsum-board 
& studs 

Existing External walls 15 mm Fireproof gypsum 10.24 m² 26.62 17.38 44.00 

Gypsum-board 
& studs 

Existing External walls 9 mm GU-X boards 108.72 m² 184.82 0.00 184.82 

Gypsum-board 
& studs 

Existing Internal walls 13mm Gypsum/plaster 2099.20 m² 3568.64 0.00 3568.64 

Gypsum-board 
& studs 

Existing Internal walls 15 mm Fireproof gypsum 485.71 m² 1262.85 0.00 1262.85 

Gypsum-board 
& studs 

Existing Internal walls 13 mm Gypsum, reuse 750.88 m² 255.30 0.00 255.30 



 

 

Gypsum-board 
& studs 

Existing Internal walls 15 mm Firproof gypsum, 
reuse 

62.04 m² 32.26 0.00 32.26 

Gypsum-board 

& studs 

New building External walls standard gypsum external 

walls 

130.00 m² 221.00 151.00 372.00 

Gypsum-board 
& studs 

New building External walls Fireproof gypsum, external 
walls 

143.00 m² 371.80 242.67 614.47 

Gypsum-board 

& studs 

New building External walls 9 mm GU-x boards 2.45 m² 4.16 0.00 4.16 

Gypsum-board 
& studs 

New building External walls Inside exterior walls with 
plaster 

272.00 m² 118.64 474.78 593.42 

Gypsum-board 
& studs 

New building Internal walls 13mm Gypsum/plaster 102.04 m² 173.47 118.52 291.99 

Gypsum-board 
& studs 

New building Internal walls Interior walls with plaster 37.80 m² 16.49 65.98 82.47 

Gypsum-board 
& studs 

New building Internal walls 70 mm studs 56.63 kg 52.13 0.00 52.13 

Gypsum-board 
& studs 

Existing External walls 70 mm studs 18.38 kg 16.92 0.00 16.92 

Gypsum-board 
& studs 

Existing Internal walls 70 mm studs 1662.78 kg 1530.47 0.00 1530.47 

Gypsum-board 
& studs 

Existing Internal walls 100mm studs 329.56 kg 303.34 0.00 303.34 

Gypsum-board 
& studs 

Existing Internal walls 50 mm slotted steel studs 477.30 kg 439.32 0.00 439.32 

Gypsum-board 
& studs 

Existing Internal walls 70 mm studs, reuse 400.96 kg 73.81 0.00 73.81 

Gypsum-board 
& studs 

Existing Internal walls 100 mm studs, reuse 61.60 kg 11.34 0.00 11.34 

Gypsum-board & studs (Total) 
  

10231.29 

Wood Existing Internal walls 200 mm TEWO (CLT) 88.67 m² 3449.13 0.00 3449.13 

Wood Existing Internal walls 15 mm Veneer 450.00 m² 1036.80 0.00 1036.80 

Wood Existing Internal walls 15 mm Veneer, ombruk 275.54 m² 126.75 0.00 126.75 

Wood Existing Roof Terrace floor, 28 mm 192.01 m² 1411.82 0.00 1411.82 

Wood Existing External walls 23+48 mm Lath 10.87 m³ 576.22 0.00 576.22 

Wood (Total) 
  

6600.72 



 

 

Façade cladding Existing External walls Facade panels, reuse 223.78 m² 354.59 6070.19 6424.78 

Façade cladding  New building External walls Facade panels, reuse 472.22 m² 1723.00 12140.37 13863.37 

Façade cladding (Total) 
  

20288.15 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiles 80.00 m² 840.00 1597.62 2437.62 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiels glue 288.00 m² 721.46 1158.30 1879.76 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiels, reuse 106.00 m² 222.60 870.29 1092.89 

Brick, Stone & 
ceramics 

Existing Internal walls Ceramic tiels glue 381.60 m² 955.93 1534.75 2490.68 

Brick, Stone & 
ceramics 

Existing Flooring Ceramic tiels, 5 mm 87.50 m² 918.75 249.63 1168.38 

Brick, Stone & 
ceramics 

Existing Flooring Ceramic tiels glue 87.50 m² 219.19 0.00 219.19 

Brick, Stone & 
ceramics 

Existing Roof Roof tops/Roofing 400.25 m² 2037.27 12177.53 14214.80 

Brick, Stone & 
ceramics 

New building External walls 250 mm Brick, reuse 34.00 m³ 2652.00 0.00 2652.00 

Brick, Stone & 
ceramics 

New building Flooring Brick, courtyard 8.84 m³ 3447.34 0.00 3447.34 

Brick, Stone & 
ceramics 

New building Roof Stone, slate-tiled roof, reuse 1.70 m³ 53.46 0.00 53.46 

Brick, Stone & ceramics (Total) 

  

29656.12 

Insulation Existing External walls 48 mm Insulation 5.22 m³ 112.20 0.00 112.20 

Insulation Existing External walls 148 mm Insulation 28.27 m³ 1636.57 0.00 1636.57 

Insulation Existing External walls 98 mm Insulation 10.65 m³ 351.60 0.00 351.60 

Insulation Existing External walls 70 mm Insulation 0.04 m³ 1.45 0.00 1.45 

Insulation Existing Internal walls 70mm Insulation 11.32 m³ 373.50 0.00 373.50 

Insulation Existing Internal walls 100 mm Insulation 18.67 m³ 616.21 0.00 616.21 

Insulation Existing Internal walls 70 mm Insulation, reuse 7.56 m³ 49.90 0.00 49.90 

Insulation Existing Internal walls 100 mm Insulation, reuse 2.00 m³ 13.20 0.00 13.20 

Insulation Existing Roof 30 mm Fireproof insulation 4.15 m³ 805.28 226.71 1031.99 



 

 

Insulation Existing Roof 225 mm Insulation 31.11 m³ 1801.28 0.00 1801.28 

Insulation Existing Roof 30 mm Fireproof insulation 4.15 m³ 805.28 226.71 1031.99 

Insulation Existing Roof Insulation 100 mm 131.67 m³ 7623.00 0.00 7623.00 

Insulation Existing Roof Insulation TR 100 mm 131.67 m³ 7623.00 0.00 7623.00 

Insulation New building External walls 48 mm Insulation 13.06 m³ 280.70 0.00 280.70 

Insulation New building External walls 148 mm Insulation 13.06 m³ 755.87 0.00 755.87 

Insulation New building External walls 98 mm Insulation 26.66 m³ 879.65 0.00 879.65 

Insulation New building External walls 250 mm Isoblock 10.71 m² 542.10 0.00 542.10 

Insulation New building External walls 250mm Anchor plate, reuse 34.00 m³ 306.00 0.00 306.00 

Insulation New building External walls 250mm Anchor plate 36.25 m³ 1631.25 0.00 1631.25 

Insulation New building External walls 300mm Isoblock 36.00 m² 1821.46 0.00 1821.46 

Insulation New building External walls 200mm Insulation 7.80 m³ 451.58 0.00 451.58 

Insulation New building Internal walls 70mm Insulation 1.82 m³ 60.06 0.00 60.06 

Insulation New building Internal walls 100 mm Insulation 1.20 m³ 39.60 0.00 39.60 

Insulation New building Flooring Insulation 90 mm, pressure-
resistant 

12.83 m³ 742.86 0.00 742.86 

Insulation New building Flooring Insulation 40 mm, pressure-

resistant 

5.70 m³ 330.16 0.00 330.16 

Insulation New building Roof 30 mm Fireproof Insulation  1.47 m³ 285.47 80.37 365.84 

Insulation New building Roof 225 mm Insulation 11.03 m³ 638.55 0.00 638.55 

Insulation New building Roof 30 mm Fireproof Insulation  1.47 m³ 285.47 80.37 365.84 

Insulation New building Roof Insulation 90 mm 12.83 m³ 742.86 0.00 742.86 

Insulation New building Roof Insulation 40 mm 5.70 m³ 330.16 0.00 330.16 

Insulation (Total) 
  

32550.43 

Ceiling panels Existing Flooring Acoustic ceiling panels, 25 
mm 

4.75 m³ 338.97 111.92 450.89 

Ceiling panels Existing Flooring Glass wool ceiling tiles, 50 
mm 

9.51 m³ 845.21 0.00 845.21 

Ceiling panels Existing Flooring Acoustic ceiling panels, 25 

mm, reuse 

36.57 m³ 443.37 384.86 828.23 

Ceiling panels Existing Flooring Glass wool ceiling tiles, 50 
mm, reuse 

73.14 m³ 1105.51 0.00 1105.51 



 

 

  

Ceiling panels New building Flooring Acoustic ceiling panels, 25 
mm 

8.36 m³ 596.57 196.84 793.41 

Ceiling panels New building Flooring Glass wool ceiling tiles, 50 

mm 

16.72 m³ 1486.51 0.00 1486.51 

Ceiling panels New building Flooring Acoustic ceiling panels, 25 
mm, reuse 

1.36 m³ 16.49 14.30 30.79 

Ceiling panels New building Flooring Glass wool ceiling tiles, 50 

mm, reuse 

2.72 m³ 41.10 0.00 41.10 

Ceiling panels (Total) 
  

5581.65 

Floor covering Existing Flooring Wooden floor 41.69 m² 9.1718 779.72 788.89 

Floor covering New building Flooring Wooden floor 45.42 m² 9.9924 424.74 434.7324 

Floor covering New building Flooring Wooden floor, oak 42.92 m² 9.4424 401.36 410.8024 

Floor covering Existing Flooring Carpet tile, reuse 1622.00 m² 1686.88 130327.70 132014.6 

Floor covering New building Flooring Carpet tile, reuse 541.00 m² 562.64 43469.35 44031.99 

Floor covering (Total) 
 
  

177681 



 

 

Appendix 2: KA23 Basic Greenhous Gas Calculations for Materials 

Kristian August Gate 23 Greenhouse gas calculation report, Rev.2, released 04.03.2022, prepared by Multiconsult AS is available under 

the attachments panel, II. (pdf file).  

II. Kristian August Gate 23 _Greenhouse gas calculation report_ Rev.2.pdf 

2A. Reference building  

Material 

Category 
 Location Building Part Material Amount Unit 

A1-A3, Kg 

CO2 eq. 

B4 Kg CO2 

eq. 
Sum 

Steel and other 

metals 

Existing Groundworks & 

found. 

Structural steel profiles, 

generic, 60% recycled 

content, I, H, U, L, and T 

sections. 

228226.0

0 

kg 473920.01 0.00 473920.01 

Steel and other 

metals 

Existing External walls Aluminum profile, 2700.0 

kg / m³ 

0.29 m3 1569.26 0.00 1569.26 

Steel and other 

metals 

Existing Internal walls Structural steel profiles, 

generic, 60% recycled 

content, I, H, U, L, and T 

sections.  

1640.00 kg 3405.52 0.00 3405.52 

Steel and other 

metals 

Existing Internal walls Structural steel profiles, 

generic, 60% recycled 

content, I, H, U, L, and T 

sections.  

3608.17 kg 7492.50 0.00 7492.50 

Steel and other 

metals 

Existing Roof Aluminum profile, 2700.0 

kg / m³ 

0.71 m3 3804.91 0.00 3804.91 

Steel and other 

metals 

Existing Roof Steel plates, generic, 90% 

recycled content.  

32.75 m2 276.02 0.00 276.02 

Steel and other 

metals 

New building Load-bearing 

system 

Structural hollow steel 

profiles, cold-rolled, 

generic, 10% recycled 

content. 

0.02 m3 652.82 0.00 652.82 

Steel and other 

metals 

New building Load-bearing 

system 

Structural hollow steel 

profiles, cold-rolled, 

generic, 10% recycled 

content. 

1769.00 kg 6396.26 0.00 6396.26 



 

 

Steel and other 

metals 

New building Load-bearing 

system 

Structural steel profiles, 

generic, 60% recycled 

content, I, H, U, L, and T 

sections.  

2800.00 kg 5814.31 0.00 5814.31 

Steel and other 

metals 

New building Internal walls Structural steel profiles, 

generic, 60% recycled 

content, I, H, U, L, and T 

sections.  

0.02 m3 342.32 0.00 342.32 

Steel and other 

metals 

New building Stairs & 

Balconies 

Hot-dip galvanized steel 

sheets, recommended sheet 

thickness range: 0.4-3.0 

mm, zinc coating: 20 μm.  

0.17 m3 3651.77 0.00 3651.77 

Steel & other metals (Total) 

 

507325.7 

Glass Existing External walls Curtain wall with steel 

frame, 54.64kg / m², Uw 

<2.8W / m².K  

1491.30 m2 204622.51 0.00 204622.51 

Glass Existing Roof Fire-resistant glass, 21.1 

mm and 50.5 kg.m², 2393 

kg/m³. 

2.46 m3 7669.42 7749.11 15418.53 

Glass New building External walls Curtain wall with steel 

frame, 54.64kg / m², Uw 

<2.8W / m².K  

88.04 m2 12080.04 0.00 12080.04 

Glass (Total)  

 

232121.08 

Reinforced 

Concrete  

Existing Groundworks & 

found. 

Reinforced concrete, normal 

strength, generic, B20 (var: 

low carbon class C), C20 / 

25 

150031 kg 13156.89 0.00 13156.89 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B  

0.28 m3 78.68 0.00 78.68 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

0.58 m3 161.84 0.00 161.84 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

1.01 m3 282.80 0.00 282.80 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

1.46 m3 408.80 0.00 408.80 



 

 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

1.52 m3 425.60 0.00 425.60 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

2.78 m3 778.40 0.00 778.40 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

3.51 m3 982.80 0.00 982.80 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

4.77 m3 1335.60 0.00 1335.60 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

6.12 m3 1713.60 0.00 1713.60 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

17.53 m3 4908.40 0.00 4908.40 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

20.33 m3 5692.40 0.00 5692.40 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

35.95 m3 10066.00 0.00 10066.00 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete columns, B35 M45 

/ MF45, low carbon class B. 

39.86 m3 11160.80 0.00 11160.80 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Reinforcement steel to 

columns, generic, 97% 

recycled content, A615. 

13569.90 kg 6111.82 0.00 6111.82 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete beams, B35 M45 / 

MF45, low carbon class B. 

0.45 m3 126.00 0.00 126.00 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete beams, B35 M45 / 

MF45, low carbon class B. 

0.76 m3 211.40 0.00 211.40 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete beams, B35 M45 / 

MF45, low carbon class B. 

14.84 m3 4155.20 0.00 4155.20 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete beams, B35 M45 / 

MF45, low carbon class B. 

46.31 m3 12966.80 0.00 12966.80 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Concrete beams, B35 M45 / 

MF45, low carbon class B. 

93.72 m3 26241.60 0.00 26241.60 

Reinforced 

Concrete  

Existing Load-bearing 

system 

Reinforcement steel to 

beams, generic, 97% 

recycled content, A615. 

15607.50 kg 7029.55 0.00 7029.55 

Reinforced 

Concrete  

Existing External walls Lightweight clinker blocks, 

LECA, generic, 650 kg / m³, 

18 kg / block, 

0.5x0.3x0.185 mm.  

0.74 m3 24.27 0.00 24.27 



 

 

Reinforced 

Concrete  

Existing External walls Concrete wall, bearing, B35 

M45 / MF45, low carbon 

class B. 

707.08 m3 197982.40 0.00 197982.40 

Reinforced 

Concrete  

Existing External walls Reinforcement steel to 

walls, generic, 97% 

recycled content, A615. 

70708.12 kg 31846.62 0.00 31846.62 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

1.14 m3 319.20 0.00 319.20 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

1.51 m3 422.80 0.00 422.80 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

2.34 m3 655.20 0.00 655.20 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

6.24 m3 1747.20 0.00 1747.20 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

7.87 m3 2203.60 0.00 2203.60 

Reinforced 

Concrete  

Existing Flooring Hollow-core slabs Type HD, 

W45 M45, 265x1200 mm, 8 

rebars / m2, 371 kg / m2, 

HD 265.  

10.51 m3 1686.67 0.00 1686.67 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

11.17 m3 3127.60 0.00 3127.60 

Reinforced 

Concrete  

Existing Flooring Dry mortar, fiber-

reinforced, cement- and 

lime-based, weber.base 

261 Fiber plaster.  

29.80 m3 12609.87 0.00 12609.87 

Reinforced 

Concrete  

Existing Flooring Hollow-core slabs Type HD, 

W45 M45, 265x1200 mm, 8 

rebars / m2, 371 kg / m2, 

HD 265.  

177.42 m3 28472.72 0.00 28472.72 

Reinforced 

Concrete  

Existing Flooring Leveling compound, 

cement-based, 10-100 mm  

194.79 m3 66618.18 0.00 66618.18 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

301.60 m3 84448.00 0.00 84448.00 

Reinforced 

Concrete  

Existing Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

975.48 m3 273134.40 0.00 273134.40 



 

 

Reinforced 

Concrete  

Existing Flooring Reinforcement steel to 

slabs, generic, 97% 

recycled content, A615. 

147888.5

0 

kg 66608.31 0.00 66608.31 

Reinforced 

Concrete  

Existing Roof Reinforced concrete, normal 

strength, generic, B45 (var: 

low carbon class C), C40 / 

50. 

172.00 m2 12495.20 0.00 12495.20 

Reinforced 

Concrete  

Existing Roof Reinforced concrete, normal 

strength, generic, B45 (var: 

low carbon class C), C40 / 

50. 

229.00 m2 16636.05 0.00 16636.05 

Reinforced 

Concrete  

Existing Roof Reinforcement steel to roof 

slab, generic, 90% recycled 

content, A615 

4962.00 kg 3093.96 0.00 3093.96 

Reinforced 

Concrete  

Existing Roof Reinforcement steel to roof 

slab, generic, 90% recycled 

content, A615 

6595.20 kg 4112.31 0.00 4112.31 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete, B35 M45 / MF45, 

low carbon class B. 

0.30 m3 83.16 0.00 83.16 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete, B35 M45 / MF45, 

low carbon class B. 

1.09 m3 305.20 0.00 305.20 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Stairs, Nor Element stairs  1.09 m3 393.81 0.00 393.81 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete, B35 M45 / MF45, 

low carbon class B. 

1.33 m3 372.40 0.00 372.40 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete, B35 M45 / MF45, 

low carbon class B. 

2.92 m3 817.60 0.00 817.60 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete, B35 M45 / MF45, 

low carbon class B. 

19.50 m3 5460.00 0.00 5460.00 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Concrete, B35 M45 / MF45, 

low carbon class B. 

37.55 m3 10514.00 0.00 10514.00 

Reinforced 

Concrete  

Existing Stairs & 

Balconies 

Reinforcement steel, 

generic, 97% recycled 

content, A615. 

6263.70 kg 2821.14 0.00 2821.14 

Reinforced 

Concrete  

New building External walls Prefabricated concrete wall 

elements, generic, B30, 

C30 / 37. 

0.23 m3 71.23 0.00 71.23 



 

 

Reinforced 

Concrete  

New building External walls Lightweight clinker blocks, 

LECA, generic, 650 kg / m³, 

18 kg / block, 

0.5x0.3x0.185 mm.  

4.25 m3 138.65 0.00 138.65 

Reinforced 

Concrete  

New building External walls Lightweight clinker blocks, 

LECA, generic, 650 kg / m³, 

18 kg / block, 

0.5x0.3x0.185 mm.  

17.83 m3 581.67 0.00 581.67 

Reinforced 

Concrete  

New building External walls Lightweight clinker blocks, 

LECA, generic, 650 kg / m³, 

18 kg / block, 

0.5x0.3x0.185 mm.  

21.69 m3 707.59 0.00 707.59 

Reinforced 

Concrete  

New building External walls Finishing wall mortars, 

French average, 3 mm, 4.2 

kg/m2. 

175.97 m2 440.50 0.00 440.50 

Reinforced 

Concrete  

New building External walls Masonry block Multi 12, 187 

x 187 x 387mm (H x W x 

L), 12.9 kg / unit, Multi 12.  

994.90 kg 74.76 0.00 74.76 

Reinforced 

Concrete  

New building Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

6.07 m3 1699.60 0.00 1699.60 

Reinforced 

Concrete  

New building Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

10.06 m3 2816.80 0.00 2816.80 

Reinforced 

Concrete  

New building Flooring Concrete slabs, B35 M45 / 

MF45, low carbon class B. 

47.95 m3 13426.00 0.00 13426.00 

Reinforced 

Concrete  

New building Flooring Reinforcement steel to 

slabs, generic, 97% 

recycled content, A615. 

6408.00 kg 2886.13 0.00 2886.13 

Reinforced Concrete (Total) 

 

959849.78 

Doors Existing External walls Balcony door with 

aluminium cladding, 0.78 

W/m²K, 69.73 kg, 

1.23x1.48 m 

4.26 m2 290.74 0.00 290.74 

Doors Existing External walls Sectional door, 21.74 

kg/m2  

15.01 m2 1445.53 1447.42 2892.95 

Doors Existing External walls Multifunctional steel door, 

product group 1, 1000mm x 

2125 mm, H 3 D, H 3 OD, H 

22.94 m2 1893.34 0.00 1893.34 



 

 

3 VM, H 3 KT, RS 55, D 65 

OD, D 65  

Doors Existing External walls Multifunctional steel door, 

product group 1, 1000mm x 

2125 mm, H 3 D, H 3 OD, H 

3 VM, H 3 KT, RS 55, D 65 

OD, D 65  

55.01 m2 4540.23 4554.07 9094.30 

Doors Existing Internal walls Interior glazed door with 

wooden frame, 1.96 x 2.09 

m, 44.47 kg/m2, fire-

resistance class.  

7.33 m2 1071.46 1076.62 2148.08 

Doors Existing Internal walls Interior glazed door with 

wooden frame, 1.96 x 2.09 

m, 44.47 kg/m², fire-

resistance class. 

17.60 m2 2572.67 2585.06 5157.73 

Doors Existing Internal walls Interior glazed door with 

wooden frame, 1.96 x 2.09 

m, 44.47 kg/m2, fire-

resistance class. 

29.31 m2 4284.37 0.00 4284.37 

Doors Existing Internal walls Interior door, 809x2053 

mm, 42x92 mm frame, 52 

mm door leaf  

30.33 m2 1022.64 0.00 1022.64 

Doors Existing Internal walls Climate door, 809x2053 

mm, 42x92 mm frame, 52 

mm door leaf.  

247.59 m2 14340.71 0.00 14340.71 

Doors Existing Internal walls Interior glazed door with 

wooden frame, 1.96 x 2.09 

m, 44.47 kg/m², fire-

resistance class.  

304.17 m2 44461.87 44676.06 89137.93 

Doors New building Internal walls Climate door, 809x2053 

mm, 42x92 mm frame, 52 

mm door leaf. 

6.37 m2 368.96 401.00 769.96 

Windows Existing External walls Northwest window, fixed-

frame window with 

aluminum cladding, 708 W 

/ m²K, 66.54 kg, 1.23x1.48 

m. 

112.80 m2 7869.48 0.00 7869.48 



 

 

Windows Existing External walls Northwest window Fixed 

frame window with 

aluminum cladding, 708 W 

/ m2K, 66.54 kg, 1.23x1.48 

m 

806.43 m2 56260.50 0.00 56260.50 

Doors & Windows (Total) 

 

195162.73 

Gypsum-board 

& studs 

Existing External walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.01 m3 1.78 0.00 1.78 

Gypsum-board 

& studs 

Existing External walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.02 m3 4.00 0.00 4.00 

Gypsum-board 

& studs 

Existing External walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

13.74 m3 3052.49 0.00 3052.49 

Gypsum-board 

& studs 

Existing External walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

14.94 m3 3319.08 0.00 3319.08 

Gypsum-board 

& studs 

Existing Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.20 m3 44.43 0.00 44.43 

Gypsum-board 

& studs 

Existing Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

58.00 m3 12885.31 0.00 12885.31 

Gypsum-board 

& studs 

Existing Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

800.00 m2 2310.47 0.00 2310.47 

Gypsum-board 

& studs 

Existing Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

800.00 m2 2310.47 0.00 2310.47 



 

 

10,725 kg / m², 858 kg / 

m³. 

Gypsum-board 

& studs 

Existing Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

1304.00 m2 3766.07 0.00 3766.07 

Gypsum-board 

& studs 

Existing Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

1304.00 m2 3766.07 0.00 3766.07 

Gypsum-board 

& studs 

Existing Flooring Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

45.48 m3 10103.86 0.00 10103.86 

Gypsum-board 

& studs 

New building Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.03 m3 7.55 0.00 7.55 

Gypsum-board 

& studs 

New building Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.10 m3 21.33 0.00 21.33 

Gypsum-board 

& studs 

New building Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.11 m3 23.55 0.00 23.55 

Gypsum-board 

& studs 

New building Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.37 m3 83.09 0.00 83.09 

Gypsum-board 

& studs 

New building Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.41 m3 91.97 0.00 91.97 

Gypsum-board 

& studs 

New building Internal Walls Gypsum board, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³. 

0.75 m3 166.84 0.00 166.84 



 

 

Gypsum board & studs (Total) 

 

41958.36 

Wood Existing External walls Plywood from beech, 

generic, 4-50 mm, 620 kg / 

m³. 

0.01 m3 0.37 0.00 0.37 

Wood Existing External walls Plywood from beech, 

generic, 4-50 mm, 620 kg / 

m³. 

16.03 m3 857.84 0.00 857.84 

Wood Existing External walls Timber-frame system for 

external walls per sqm 

(incl. Air gaps per m3), 

48x98 mm, 600 mm 

spacing  

29.58 m3 75.25 0.00 75.25 

Wood Existing Flooring Wood cladding, pine, 

biochemical impregnation.  

4.76 m3 1217.61 0.00 1217.61 

Wood Existing Flooring Solid hardwood floors, 600 

kg / m3, 21x120mm, 

moist. 8%. 

8.49 m3 1631.89 0.00 1631.89 

Wood Existing Flooring Cross laminated timber 

floor (CLT/XLAM), 470.88 

kg/m3. 

168.63 m3 14057.31 0.00 14057.31 

Wood New building Internal walls Plywood from beech, 

generic, 4-50 mm, 620 kg / 

m³. 

0.20 m3 10.86 0.00 10.86 

Wood New building Flooring Wood cladding, pine, 

biochemical impregnation.  

3.60 m3 920.88 0.00 920.88 

Wood (Total) 

 

18772.01 

Façade cladding Existing External walls Stoneware tiles glazed, 10 

mm, 20.0 kg/m2, 2000 

kg/m³ 

0.01 m3 0.61 0.69 1.30 

Façade cladding Existing External walls Natural stone quartzite 

slate, even thickness with 

sawn edges, 12 mm, 2700 

kg / m³ 

1244.80 m2 8169.82 0.00 8169.82 

Façade cladding Existing External walls Stoneware tiles glazed, 10 

mm, 20.0 kg/m², 2000 

kg/m³ 

6.71 m3 585.16 657.76 1242.92 



 

 

Façade cladding (Total) 

 

9414.04 

Brick, Stone & 

ceramics 

Existing External walls Stoneware tiles glazed, 10 

mm, 20.0 kg/m², 2000 

kg/m3 

0.01 m3 0.61 0.69 1.30 

Brick, Stone & 

ceramics 

Existing External walls Natural stone quartzite 

slate, even thickness with 

sawn edges, 12 mm, 2700 

kg / m³ 

1244.80 m2 8169.82 0.00 8169.82 

Brick, Stone & 

ceramics 

Existing Internal walls Stoneware tiles glazed, 10 

mm, 20.0 kg/m², 2000 

kg/m3 

6.71 m3 585.16 657.76 1242.92 

Brick, Stone & 

ceramics 

Existing Flooring Concrete paint, 1.2 kg / l, 

37% solids / volume, 8-10 

m² / l. 

5.12 m3 17555.25 0.00 17555.25 

Brick, Stone & 

ceramics 

Existing Flooring Terrazzo quartz products, 

with cristobalite and mirror 

glass inserts, 125 x 125 or 

60 x 60 cm, 20 mm, 50 

kg/m².  

6.18 m3 6834.78 0.00 6834.78 

Brick, Stone & 

ceramics 

Existing Flooring Terrazzo quartz products, 

with cristobalite and mirror 

glass inserts, 125 x 125 or 

60 x 60 cm, 20 mm, 50 

kg/m².  

12.08 m3 13359.89 0.00 13359.89 

Brick, Stone & ceramics (Total) 

 

47163.96 

Insulation Existing External walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

291.96 m2 307.39 0.00 307.39 

Insulation Existing External walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

707.08 m3 14889.08 0.00 14889.08 

Insulation Existing Internal walls Glass wool insulation 

boards, generic, L = 0.031 

W / mK, R = 3.23 m2K / W, 

25 kg / m3, applicable for 

densities: 0-25 kg / m3, 

Lambda = 0.031 W / (m.K). 

800.00 m2 256.33 0.00 256.33 



 

 

Insulation Existing Internal walls Glass wool insulation 

boards, generic, L = 0.031 

W / mK, R = 3.23 m2K / W, 

25 kg / m3, applicable for 

densities: 0-25 kg / m3, 

Lambda = 0.031 W / (m.K). 

1304.00 m2 567.03 0.00 567.03 

Insulation Existing Flooring Insulation, glass wool / 

mineral wool, 17 kg / m³ 

141.60 m2 149.08 0.00 149.08 

Insulation Existing Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

35.75 m2 75.28 0.00 75.28 

Insulation Existing Roof EPS insulation, T: 10-2400 

mm, 600 x 1200 mm, 

0.031 W / m2K, 16 kg / m³ 

43.00 m2 915.48 0.00 915.48 

Insulation Existing Roof EPS insulation, T: 10-2400 

mm, 600 x 1200 mm, 

0.031 W / m2K, 16 kg / m³ 

57.25 m2 1218.87 0.00 1218.87 

Insulation Existing Roof Glass wool insulation 

boards, generic, L = 0.031 

W / mK, R = 3.23 m2K / W, 

25 kg / m3, applicable for 

densities: 0-25 kg / m3, 

Lambda = 0.031 W / (m.K). 

129.00 m2 177.14 0.00 177.14 

Insulation Existing Roof Glass wool insulation 

boards, generic, L = 0.031 

W / mK, R = 3.23 m2K / W, 

25 kg / m3, applicable for 

densities: 0-25 kg / m3, 

Lambda = 0.031 W / (m.K). 

171.75 m2 235.84 0.00 235.84 

Insulation New building Internal walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

0.31 m3 6.61 0.00 6.61 

Insulation New building Internal walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

0.43 m3 8.95 0.00 8.95 

Insulation New building Internal walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

1.11 m3 23.37 0.00 23.37 

Insulation New building Internal walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

1.60 m3 33.69 0.00 33.69 

Insulation New building Internal walls Insulation, glass wool / 

mineral wool, 17 kg / m³ 

2.50 m3 52.64 0.00 52.64 



 

 

Insulation New building Flooring XPS insulation board, 33 

mm, 300KPa, 0.033 - 0.039 

W / mK, 1185x585. 

4.04 m3 452.97 0.00 452.97 

Insulation New building Flooring Insulation, glass wool / 

mineral wool, 17 kg / m³ 

6.37 m3 134.13 0.00 134.13 

Insulation New building Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

0.17 m3 3.50 0.00 3.50 

Insulation New building Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

0.38 m3 7.98 0.00 7.98 

Insulation New building Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

0.50 m3 10.44 0.00 10.44 

Insulation New building Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

0.60 m3 12.57 0.00 12.57 

Insulation New building Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

1.77 m3 37.27 0.00 37.27 

Insulation New building Roof Insulation, glass wool / 

mineral wool, 17 kg / m³ 

20.70 m3 435.88 0.00 435.88 

Insulation (Total) 

 

20011.52 

Ceiling panels Existing Flooring Ceiling wooden wool 

cement boards, white, 25, 

50, 70, 100 and 150 mm, 

for wall systems: 400mm 

and 600mm, 400 kg / m³  

0.08 m3 23.12 0.00 23.12 

Ceiling panels New building Roof Gypsum boards, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³ 

0.11 m3 25.10 0.00 25.10 

Ceiling panels New building Roof Gypsum boards, ordinary, 

generic, 6.5-25 mm, 

10,725 kg / m², 858 kg / 

m³ 

0.15 m3 33.99 0.00 33.99 

Ceiling panels New building Roof Ceiling wooden wool 

cement boards, white, 25, 

50, 70, 100 and 150 mm, 

for wall systems: 400mm 

and 600mm, 400 kg / m³  

12.70 m3 3537.49 0.00 3537.49 



 

 

Ceiling panels (Total) 

 

3619.70 

Floor covering Existing Flooring Linoleum flooring, 2.25 

mm, 2.9 kg/m2 (ERFMI) 

0.09 m3 16.33 21.69 38.02 

Floor covering Existing Flooring Woven vinyl flooring, rolls, 

5 mm, 2.94kg/m², up to 3 

kg/m²  

0.19 m3 179.82 902.92 1082.74 

Floor covering Existing Flooring Woven vinyl flooring, rolls, 

5 mm, 2.94kg/m², up to 3 

kg/m²  

18.90 m3 18272.52 91748.29 110020.81 

Floor covering New building Flooring Woven vinyl flooring, rolls, 

5 mm, 2.94kg/m², up to 3 

kg/m²  

6.00 m2 29.00 58.25 87.25 

Floor covering New building Flooring Tufted broadloom carpet, 

3.26 kg/m2, polyamide 6.6, 

max. pile weight 1500 

g/m2  

198.83 m2 3280.70 14761.94 18042.64 

Floor covering (Total) 

 

129271.46 

 

2B. As-Built 

Material 
Category 

 Location Building Part Material Amount Unit 
A1-A3, Kg 
CO2 eq. 

B4 Kg CO2 
eq. 

Sum 

Steel and other 
metals 

New building Load-bearing 
system 

Structural hollow steel 
column profiles , S420MH, 

S355J2 double grade steel  

5200.00 kg 12818.44 0.00 12818.44 

Steel and other 
metals 

New building Load-bearing 
system 

Structural steel beam 
profiles, generic, 60% 
recycled content, I, H, U, L, 
and T sections. 

5750.00 kg 11940.09 0.00 11940.09 

Steel and other 
metals 

New building Internal walls Structural steel profiles, 
generic, 60% recycled 
content, I, H, U, L, and T 
sections. 

0.70 m³ 11410.58 0.00 11410.58 

Steel and other 

metals 

New building+ 

Existing 

External walls Hot-dip galvanized steel 

sheets, recommended 

3360.00 kg 9194.42 0.00 9194.42 



 

 

sheet steel thickness 
range: 0.4-3.0 mm, zinc 
coating: 20 μm.  

Steel and other 
metals 

New building Stairs & 
Balconies 

Hot-dip galvanized steel 
sheets, recommended 
sheet thickness range: 0.4-
3.0 mm, zinc coating: 20 
μm.  

1.00 m³ 21481.02 0.00 21481.02 

Steel and other 
metals 

New building Stairs & 
Balconies 

Hot-dip galvanized steel 
sheets, recommended 

sheet thickness range: 0.4-
3.0 mm, zinc coating: 20 
μm.  

0.17 m³ 3651.77 0.00 3651.77 

Steel & other metals 

(Total)  

70496.32 

Glass New building External walls Curtain wall with steel 
frame, 54.64kg/m², 
Uw<2.8W/m2.K. 

26.40 m² 3622.14 0.00 3622.14 

Glass New building External walls Curtain wall with steel 
frame, 54.64kg/m², 
Uw<2.8W/m2.K. 

25.13 m² 3447.89 0.00 3447.89 

Glass New building External walls Curtain wall with steel 
frame, 54.64kg/m², 
Uw<2.8W/m2.K. 

88.04 m² 12079.27 0.00 12079.27 

Glass New building Roof Curtain wall with steel 
frame, 54.64kg/m², 
Uw<2.8W/m2.K. 

108.23 m² 14849.38 0.00 14849.38 

Glass 

(Total) 
 

33998.68 

Rein. Concrete  New building External walls Lightweight clinker blocks, 
LECA, generic, 650 kg / 
m³, 18 kg / block, 
0.5x0.3x0.185 mm.  

0.23 m³ 7.55 0.00 7.55 

Rein. Concrete  New building External walls Lightweight clinker blocks, 
LECA, generic, 650 kg / 
m³, 18 kg / block, 
0.5x0.3x0.185 mm.  

0.99 m³ 32.07 0.00 32.07 

Rein. Concrete  New building External walls Lightweight clinker blocks, 

LECA, generic, 650 kg / 

4.25 m³ 137.68 0.00 137.68 



 

 

m³, 18 kg / block, 
0.5x0.3x0.185 mm.  

Rein. Concrete  New building External walls Lightweight clinker blocks, 

LECA, generic, 650 kg / 
m³, 18 kg / block, 
0.5x0.3x0.185 mm.  

10.13 m³ 328.17 0.00 328.17 

Rein. Concrete  New building External walls Lightweight clinker blocks, 
LECA, generic, 650 kg / 

m³, 18 kg / block, 
0.5x0.3x0.185 mm.  

17.83 m³ 577.62 0.00 577.62 

Rein. Concrete  New building External walls Lightweight clinker blocks, 
LECA, generic, 650 kg / 
m³, 18 kg / block, 
0.5x0.3x0.185 mm.  

21.69 m³ 702.67 0.00 702.67 

Rein. Concrete  New building Flooring B30 M60 - UN53A-B000 
Low Carbon, C30 / 37 (B30 
M60), UN53A-B000. 

47.95 m³ 11005.00 0.00 11005.00 

Rein. Concrete  New building Flooring Reinforcement steel, 

generic, 97% recycled 
content, A615 

3500.00 kg 1576.38 0.00 1576.38 

Rein. Concrete 
(Total)  
 

14367.14 

Doors New building+ 

Existing 

Internal walls Climate door, 809x2053 

mm, 42x92 mm frame, 52 
mm door leaf  

3000.00 kg 4508.67 4900.18 9408.85 

Windows New building+ 
Existing 

Internal walls System wall (windows), 
Partition system, 12.8 mm, 
element 2400 x 900 mm, 

door opening 2100 x 900 
mm, full system 2400 x 
2700 mm  

17076.00 kg 102298.37 0.00 102298.37 

Doors & Windows  
(Total) 
 

111707.22 

Gypsum board 
& studs 

New building Internal walls Gypsum board, plain, 
generic, 6.5-25 mm, 
10,725 kg / m², 858 kg / 
m³  

38.80 m³ 8619.83 0.00 8619.83 

Gypsum board 

& studs 

New building Internal walls Gipsfiberplate, 12.5 mm, 

1180 kg/m3 (Fermacell) 

39.16 m³ 1339.04 0.00 1339.04 



 

 

Gypsum board & studs 
(Total) 
 

9958.87 

Wood New building Internal walls Plywood from beech, 

generic, 4-50 mm, 620 kg / 
m³ 

1.19 m³ 63.68 0.00 63.68 

Wood New building Internal walls Oriented beach boards 
(OSB), generic, 9.5-28.5 
mm, 610 kg / m3, min. G4-

2 

24.70 m³ 885.15 0.00 885.15 

Wood New 

building+Existing 

Flooring Wood for outdoor use,  

planed softwood, copper 
impregnated, pigmented  

5.60 m³ 996.24 0.00 996.24 

Wood New building Internal walls Massive wooden 

flooring/parquet, 22-450 x 
44-7000 x 8-35 mm, 11.71 
kg/m²  

784.00 m² 5354.07 6644.32 11998.39 

Wood 
(Total) 
 

13943.46 

Façade cladding  
(Total) 
 

 0.00 

Brick, Stone & 
ceramics 

New building Internal walls Stoneware tiles glazed, 10 
mm, 20.0 kg/m², 2000 
kg/m³ 

30.00 m² 25.36 27.18 52.54 

Brick, Stone & 
ceramics 

New building Flooring Terrazzo quartz products, 
with cristobalite and mirror 
glass inserts, 125 x 125 or 
60 x 60 cm, 20 mm, 50 
kg/m²  

780.00 m² 10752.06 10963.04 21715.10 

Brick, Stone & ceramic  
(Total) 

21767.64 

Insulation New building Internal walls Rockwool thermal 

insulation, L = 0.036 
W/mK, R = 2.77 m2K/W, 

100 mm, 11 kg/m2, 110 
kg/m3. 

199.36 m³ 8851.58 0.00 8851.58 

Insulation New building Flooring Rockwool thermal 
insulation, L = 0.036 
W/mK, R = 2.77 m2K/W, 

39.66 m³ 1760.90 0.00 1760.90 



 

 

 

Appendix 3: KA23 Reuse Assessment Note Document 

Kristian August Gate 23 reuse assessment note, Rev.0, released 16.12.2019, prepared by Multiconsult Norway AS can be accessed under 

the attachments panel, III. (pdf file). 

III. Kristian Augusts gate 23_ Reuse assessment note _  phase 2_Rev.0.pdf  

100 mm, 11 kg/m2, 110 
kg/m3. 

Insulation New building Roof Rockwool thermal 

insulation, L = 0.036 
W/mK, R = 2.77 m2K/W, 
100 mm, 11 kg/m2, 110 
kg/m3. 

27.68 m³ 1228.99 0.00 1228.99 

Insulation  

(Total)  

11841.47 

Ceiling panels 

(Total)  

0.00 

Floor covering New building Flooring Linoleum flooring, 2.25 
mm, 2.9 kg/m2 (ERFMI) 

95.00 m² 40.13 106.59 146.72 

Floor covering New building Flooring Terrazzo quartz products, 
with cristobalite and mirror 
glass inserts, 125 x 125 or 
60 x 60 cm, 20 mm, 50 
kg/m2  

780.00 m² 10752.06 10963.04 21715.10 

Floor covering New building+ 
Existing 

Flooring Tufted carpet tiles, 3.00 
kg/m2, pile material of 
polyamide (PA) 6, Ege Tuft 

650 ECT350 Highline Loop 
ECT350  

1156.00 m² 6623.88 20056.30 26680.18 

Floor covering  
(Total) 
  

48542.00 



 

 

Appendix 4: KA23 Reuse calculations 

The weight percentage of material/product (%)to the total weight of the building (of total %). 

 

Concr

ete 

LECA 

(Sipore

x) 

Window/ 

glass 

Natura

l stone 

quartzi

te 

slate 

(solvå

gstein) 

Steel 
Gypsu

m 

Fixed 

fixtures 

(partitio

ns, 

ceiling 

tiles) 

Kitchen Brick  
Ceramic 

tiles 
Stairs Elevator Total 

kg 

Reuse 

        

9,540,

778  

812,94

2 
34.72 

144,25

1.9 
8,560 

Recycle

d 
   3,000 10,000 1,200 

      

10,520,766  

Reuse 

on other 

projects 

(sold) 

      4,257 3,890 
324,34

0 
   

           

332,487  

Not 
reused / 

recycled 
 

  

Contained 

environm

ental 

toxins. 

Sanitized 

         
        

1,497,000  

Total weight: 
      

12,350,253  

The proportion 

of  reused 

materials  

88% 

Not reused 

 

 

 

12% 
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INNLEDNING 


 
FutureBuilts prosjekter dokumenteres på FutureBuilts nettside. Her får man en samlerapport som 
redegjør for prosjektets miljøtiltak og resultater. Denne klimagassrapporten er et vedlegg til øvrig 
dokumentasjon på nettsiden og går i mer detalj om forutsetninger, datagrunnlag, tiltaksvurderinger, 


valg av tiltak, mv. som ligger til grunn for klimagassberegningene og oppnådde klimagassreduksjoner.  
 
Det er satt som mål at Kristian Augusts gate skal oppnå 50% reduksjon av klimagassutslipp fra 
materialer, transport og energi i bygget sammenlignet med et referansebygg. Det er gjennomført 
klimagassregnskap for:  


- Eksisterende bygg og nybygg med kjeller 


- eksisterende bygg med kjeller 


- nybygg uten kjeller 


Hele kjelleren og tilbygget over eksisterende bygg er tilordnet eksisterende bygg. Referansebyggene 


for klimagassutslipp fra materialbruk for bygget og kjeller finnes i vedlegg X. 
 
Klimagassrapporten har to formål: 


1. Dokumentasjon av beregninger og beregningsresultater - klimagassreduksjonene 


2. Formidle kunnskap til andre prosjekter om hvilke analyser/vurderinger som er utført og hvilke 
tiltak som er gjennomført for å få ned klimagassutslippene til prosjektet, hvilke tiltak som ikke 
lot seg gjennomføre eller er valgt å ikke gjennomføre. 


Kristian August Gate 13 er et FutureBuilt-prosjekt og foreliggende rapport er dokumentasjon av 
klimagassberegninger, oppnådde klimagassreduksjoner og foreslåtte og gjennomførte tiltak. 
Rapporten utarbeides og revideres tre ganger gjennom planlegging/prosjektering, etter bygging og 
etter 2 års drift.  


 


I versjon 1 av rapporten presenteres: 
• et referansebygg av samme byggkategori og størrelse, bygget etter minimumskrav i 


Forskrift om tekniske krav til byggverk, materialvalg uten spesiell tanke på miljø og med 
gjennomsnittlig lokalisering uten transporttiltak.   


• den prosjekterte bygningen, med beregnet energibruk (netto iht. NS 3031), planlagt 
energiforsyning, planlagt materialbruk og faktisk beliggenhet med gjennomsnittlige reisevaner 


for denne beliggenheten. 


Versjon 2 av rapporten suppleres med beregningen for: 


• bygningen «Som bygget», fortsatt med beregnet energibruk (netto iht. NS 3031), men med 
faktiske utslippsdata for valgte bygningsprodukter (fra EPD’er) og med transportutslipp iht. 
mobilitetsplan for prosjektet. 


Versjon 3 av rapporten suppleres ytterligere med beregningen for: 


• bygningen etter 2 års drift «I drift», med målt energi fordelt på ulike energiposter og med 
transportutslipp iht. gjennomført reisevaneundersøkelse for brukerne i bygget.  


 
 
Beregningene for Kristian August Gate 13 er utarbeidet av Asplan Viak AS 
 


 


Versjon 2, datert 28.10.2020, inneholder resultatene av klimagassberegninger for bygning «som 
bygget» 
 
Endringer i versjon 2.1 datert 01.12.2020:  


• Lagt til prosjektdata i kapittel 1 
• Lagt til tabeller i kapittel 2 som inkluderer resultater per person og per m2 
• Endret tabellnummerering i kapittel 4 og 5.  


• Drøfting av resultater i kapittel 4 spesifisert for ombruksprodukter 
• Drøfting av resultater i kapittel 5 
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1. PROSJEKTBESKRIVELSE 


Kristian Augusts gate 13 er et mindre kontorbygg i fra 50-tallet oppført i 8. etasjer som nå skal 
oppgraderes etter sirkulære prinsipper. Bygget utvides med et tilbygg med grunnflate på ca. 60 m2 
over 8 etasjer, etablerer teknisk rom på tak og får ny bruk med utvidelse av første etasje og kjeller. I 
oppføringen av tilbygget jobbes det med ombruk i stor utstrekning samtidig som tilbygget skal 


overholde kravene i TEK 17. Bygget oppføres i perioden 2018-2020 og første år i drift blir 2021. 
Utbygger er Entra. 


Postnummer: 0164 Oslo 


Høyde over havet: 11,6 m.o.h. 


Årsgjennomsnittstemperatur: 6,3 


Dimensjonerende sommertemperatur: 26,7 °C 


Innen sirkulære prinsipper er det jobbet med ombruk av bygningsdeler fra det eksisterende bygget 


(eksempelvis bæresystem, radiatorer, tilbakeføring av innvendige overflater) samtidig som prosjektet 
skal ombruke bygningsdeler fra andre prosjekter (eksempelvis stål, hulldekkeelementer, 


sanitærutstyr, fasadeplater, radiatorer, dører, glassfasader m.m.). 


Kristian Augusts gate 13 ligger svært sentralt i Oslo som en del av Tullinkvartalet. Det legges ikke opp 
til parkeringsmuligheter for brukerne av bygget og det legges opp til at reiser til og fra bygget gjøres 
kollektivt, med sykkel eller til fots.  


I tillegg til ombruksambisjonene har prosjektet målsetting om å gjennomføre byggeprosessen som en 
utslippsfri byggeplass, oppnå 100 % avfallssortering med maksimal avfallsmengde på 20 kg/m2 
(ekskl. riving). Prosjektet jobber også med blågrønne løsninger på tak og takterrasser og har stort 
fokus på etablering av mange plantearter som får gode vekstforhold med enkel skjøtsel.   


 
Det er gjort klimagassberegninger for følgende deler av bygget: 


• Eksisterende bygg, kjeller og nybygg (hele bygget) 


• Eksisterende bygg pluss kjeller 
• Nybygg 


Følgende inndata er brukt for å beregne indikatorer, og referanser for byggene.  


 
  Figur 1.1: Inndata brukt for å beregne indikatorer, og referanser for Kristian August gate 13. 


 BRA, m2 BTA, m2 Antall personer 


Hele bygget 4 050 4 762 194 


Eksisterende 
bygg+kjeller 3 350 3 905 153 


Nybygg 700 857 41 


1.1. Beregningsprogram for klimagassberegninger 


Beregningene for klimagassutslipp fra materialbruk er gjennomført i ByggLCA v1.1. Det er gjort egne 
beregninger for transport basert på RVU for Oslo og Akerhus. Beregninger for energi er basert på 
Futurebuilt sine utslippsfaktorer for energibruk og levert energi beregnet iht. NS 3031:2014 
(Beregning av bygningers energiytelse – Metode og data) og NS 3701:2012 (Kriterier for passivhus og 


lavenergibygninger - Yrkesbygninger). 
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2. HOVEDRESULTATER OG SAMMENLIGNING AV 
ALTERNATIVER  


 


2.1. Hele bygget 


Prosjektets totale klimagassutslipp er sammenlignet med referanseberegningen redusert med 40 % 
for ”som bygget”.  
 


Klimagassutslippet for prosjektet «som bygget» er beregnet til 39,38 kg CO2-ekv./m2*år , og 822 kg 


CO2-ekv./person*år. Totalt for bygget utgjør dette 159 473 kg CO2-ekv./år 


 


I tabell 2.1 er reduksjonene for alternativene vist for henholdsvis materialbruk, stasjonær energibruk 
til drift av bygget og person- og varetransport i driftsfasen. 
 
 
Figur 2.1: Fordeling av beregnede klimagassutslipp [kg CO2-ekv./ m2* år] for Kristian August gate 13 


 


 
 
Tabell 2.1: Fordeling av beregnede klimagassutslipp pr. år for Kristian August gate 13, hele bygget.  


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 / år] [kg CO2 / år] [kg CO2 / år] 


Materialbruk 37 277 - 11 101 


Stasjonær energi 55 152 45 957 39 834 


Transport 175 578 108 538 108 538 


Total 268 007 154 495 159 473 


Reduksjon ifht. 
referansebygg 
[%] 


    -40 % 
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Tabell 2.2: Fordeling av beregnede klimagassutslipp pr. m2*år for Kristian August gate 13, hele bygget.  


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 /m2*år] [kg CO2 /m2*år] [kg CO2 /m2*år] 


Materialbruk 9,20 - 2,74 


Stasjonær energi 13,62 11,35 9,84 


Transport 43,35 26,80 26,80 


Total 66,17 38,15 39,38 


Reduksjon ifht. 
referansebygg 
[%] 


    -40 % 


 
Tabell 2.3: Fordeling av beregnede klimagassutslipp pr. person*år for Kristian August gate 13, hele bygget.  


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 / person*år] [kg CO2 / person*år] [kg CO2 / person*år] 


Materialbruk 192 - 57 


Stasjonær energi 284 237 205 


Transport 905 559 559 


Total 1 381 796 822 


Reduksjon ifht. 
referansebygg 
[%] 


    -40 % 


 
 


Målet for klimagassreduksjon fra materialbruk er nådd med god margin, grunnet at en stor del av 
eksisterende bærekonstruksjon og dekker er beholdt. Det er også benyttet høy andel ombruk i 
byggeprosjektet, spesielt i bæresystem og dekker som har bidratt i stor grad til klimagassreduksjon 
fra materialbruk.  
 
For klimagassutslipp fra energibruk har det vært utfordrende å nå målet om reduksjon av 
klimagassutslipp, grunnet at eksisterende bygningskropp er bevart. Bruk av fjernvarme til oppvarming 


bidrar imidlertid til en reduksjon også her, selv om total energibruk er høyere enn for 


referansealternativet.  
 
Byggets sentrale plassering og lave parkeringstilgjengelighet gir også gode resultater for 
klimagassutslipp fra transport, selv om målet om 50% reduksjon av klimagasser ikke er nådd.  
 


2.2. Eksisterende bygg+kjeller 


Prosjektets totale klimagassutslipp er sammenlignet med referanseberegningen redusert med 41 % 
for ”som bygget” for rehabilitering av eksisterende bygg og kjeller.  
 


Klimagassutslippet for prosjektet «som bygget» er beregnet til 37,54 kg CO2-ekv./m2*år , og 822 kg 


CO2-ekv./person*år. Totalt for bygget utgjør dette 125 760 kg CO2-ekv./år 


 


I tabell 2.4 er reduksjonene for alternativene vist for henholdsvis materialbruk, stasjonær energibruk 
til drift av bygget og person- og varetransport i driftsfasen. 
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Figur 2.2: Fordeling av beregnede klimagassutslipp [kg CO2-ekv./ m2* år] for Kristian August gate 13, Kristian 
August gate 13, eksisterende bygg+kjeller. 


 


 
 
Tabell 2.4: Fordeling av beregnede klimagassutslipp pr. år for Kristian August gate 13, eksisterende bygg+kjeller.  


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 / år] [kg CO2 / år] [kg CO2 / år] 


Materialbruk 30 344 - 6 663 


Stasjonær energi 45 620 39 359 33 238 


Transport 138 890 85 859 85 859 


Total 214 853 125 217 125 760 


Reduksjon ifht. 
referansebygg 
[%] 


    -41 % 


 
Tabell 2.5: Fordeling av beregnede klimagassutslipp pr. m2*år for Kristian August gate 13, eksisterende 
bygg+kjeller.  


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 /m2*år] [kg CO2 /m2*år] [kg CO2 /m2*år] 


Materialbruk 9,06 - 1,99 


Stasjonær energi 13,62 11,75 9,92 


Transport 41,46 25,63 25,63 


Total 64,14 37,38 37,54 


Reduksjon ifht. 
referansebygg 
[%] 


    -41 % 
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Tabell 2.6: Fordeling av beregnede klimagassutslipp pr. person*år for Kristian August gate 13, eksisterende 
bygg+kjeller.  


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 / person*år] [kg CO2 / person*år] [kg CO2 / person*år] 


Materialbruk 198 - 44 


Stasjonær energi 298 257 217 


Transport 908 561 561 


Total 1 404 818 822 


Reduksjon ifht. 
referansebygg 
[%] 


    -41 % 


 


2.3. Nybygg 


Prosjektets totale klimagassutslipp er sammenlignet med referanseberegningen redusert med 37 % 
for ”som bygget”.  


 


Klimagassutslippet for prosjektet «som bygget» er beregnet til 48,16 kg CO2-ekv./m2*år , og 822 kg 


CO2-ekv./person*år. Totalt for bygget utgjør dette 33 714 kg CO2-ekv./år 


 


I tabell 2.7 er reduksjonene for alternativene vist for henholdsvis materialbruk, stasjonær energibruk 
til drift av bygget og person- og varetransport i driftsfasen. 
 
 
Figur 2.3: Fordeling av beregnede klimagassutslipp [kg CO2-ekv./ m2* år] for Kristian August gate 13, nybygg. 


 


 
 
Tabell 2.7: Fordeling av beregnede klimagassutslipp pr. år for Kristian August gate 13, nybygg. 


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 / år] [kg CO2 / år] [kg CO2 / år] 


Materialbruk 6 932 0 4 439 


Stasjonær energi 9 532 5 784 6 596 


Transport 36 688 22 680 22 680 


Total 53 152 28 463 33 714 


Reduksjon ifht. 
referansebygg 
[%] 


    -37 % 
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Tabell 2.8: Fordeling av beregnede klimagassutslipp pr. m2*år for Kristian August gate 13, nybygg. 


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 /m2*år] [kg CO2 /m2*år] [kg CO2 /m2*år] 


Materialbruk 9,90 - 6,34 


Stasjonær energi 13,62 8,26 9,42 


Transport 52,41 32,40 32,40 


Total 75,93 40,66 48,16 


Reduksjon ifht. 
referansebygg 
[%] 


    -37 % 


 
Tabell 2.9: Fordeling av beregnede klimagassutslipp pr. person*år for Kristian August gate 13, nybygg. 


 Referansebygg Prosjektert bygg «Som bygget» 


 [kg CO2 / person*år] [kg CO2 / person*år] [kg CO2 / person*år] 


Materialbruk 169 0 108 


Stasjonær energi 232 141 161 


Transport 895 553 553 


Total 1 296 694 822 


Reduksjon ifht. 
referansebygg 
[%] 


    -37 % 
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3. STASJONÆR ENERGIBRUK 


I dette kapitlet er det først redegjort for forutsetninger, grunnlag og resultater av de ulike 
beregningsalternativene, deretter sammenlignes alternativene og det gis en kort forklaring av 
årsakene til forskjellen mellom alternativene. 


3.1. Prosjektfaser – forutsetninger og delresultater 


3.1.1. Referansebygg 


Som referansebygg er det lagt til grunn et kontorbygg som har et netto energibehov iht. 
minimumskrav i Forskrift om tekniske krav til byggverk.  
 


Forutsetninger energibruk i drift - referanseberegning: 


• Spesifikt netto energibehov [kWh/m² *år] tilsvarende rammekravet i teknisk forskrift 


• 60 % av varmebehovet dekkes av elkjel (systemvirkningsgrad 0,86) og 40 % av 
varmebehovet dekkes av panelovner (systemvirkningsgrad 0,92). 


• Dersom kjølebehov: Kjølebehovet dekkes av lokale kjølemaskiner med en 
systemvirkningsgrad på 2,45. 


 
Tabell 3.1: Oversikt over energibehov (ulike formål), energiforsyning og tilhørende klimagassutslipp 
for referansebygg – hele bygget 


Referansebygg Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


Scenario 1 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp 


Scenario 2 


[kg CO2-
ekv/m2*år] 


Elspesifikk energi 71 100 % el 1,1 4,2 


Varme 30 60 % elkjel 


40 % panelovn 


0,5 8,7 


Kjøling 14 100 % lokal 
kjøling 


0,1 0,7 


Sum  115 - 1,8 13,6 


 


3.1.2. Prosjektert bygg 


Byggets netto energibehov er beregnet ved hjelp av beregningsprogrammet SIMIEN, se 


energibudsjett i tabell 3.2 Beregningene viser at byggets netto energibehov er økt med 23,8 % i 
forhold til rammekravet i teknisk forskrift.  


Det ble i forprosjektfasen utarbeidet en energiforsyningsstudie iht. kravene i BREEAM som så på 
mulige energikilder og forsyningsløsninger til bygget. Anbefalingen fra studiet var å videreføre 
eksisterende løsning med fjernvarme og kjøleløsning basert på elektrisitet (DX eller tørrkjøler). 
Solenergi kunne ikke anbefales som følge av lite tilgjengelig areal og lav lønnsomhet. 


Siden ombruk har høy prioritet i prosjektet er det valgt å beholde de eksisterende konstruksjonene i 
KA13 i så stor grad som mulig. Etterisolering av ytterveggene (betong og siporex) har i liten grad 


vært mulig uten å gå på kompromiss med fasadens uttrykk eller risikere frost- og fuktproblematikk på 
grunn av endrede temperaturforhold i veggen. Det er jobbet mye med passive tiltak og optimalisering 
av tekniske anlegg, men uten at det eksisterende bygget kommer ned til nivået for dagens 
forskriftskrav når det gjelder energi. Tilbygget innfrir energikravene i TEK 17, men har mye 
fasadeareal i forhold til bruksareal og det er utfordrende å optimalisere byggets behov for energi 


ytterligere. 
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Tabell 3.2: Energibudsjett for KA 13, hele bygget. Beregnet netto energibehov i henhold til NS 3031.  


Energipost Energibehov Spesifikt Energibehov 


1a Romoppvarming          119 740 kWh                 30,0 kWh/m2  


1b Ventilasjonsvarme (varmebatterier)            40 060 kWh                10,0 kWh/m2
 


2 Varmtvann (tappevann)            27 085 kWh                   6,8 kWh/m2
 


3a Vifter            61 080 kWh                15,3 kWh/m2
 


3b Pumper            11 733 kWh                   2,9 kWh/m2
 


4 Belysning            67 696 kWh                17,0 kWh/m2
 


5 Teknisk utstyr          186 140 kWh                46,7 kWh/m2
 


6a Romkjøling            32 783 kWh                   8,2 kWh/m2
 


6b Ventilasjonskjøling (kjølebatterier)            22 917 kWh                   5,7 kWh/m2
 


Totalt netto energibehov, sum 1-6          569 235 kWh              142,7 kWh/m2 
 


Tabell 3.3: Energibudsjett for KA 13, Eksisterende bygg pluss kjeller. Beregnet netto energibehov i 
henhold til NS 3031. 


 


 
Tabell 3.4: Energibudsjett for KA 13, tilbygg. Beregnet netto energibehov i henhold til NS 3031.  
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Følgende forutsetninger gjelder for klimagassberegningene. 


• Det er forutsatt at all elektrisk energiforsyning vil skje med el fra nettet 
• Videre er det forutsatt at all varmeforsyning gjøres med fjernvarme, med en 


systemvirkningsgrad på 0,88 
• Kjølebehovet dekkes 100% av kjølebatterier med en systemvirkningsgrad på 2,45 


 
Det er gjennomført beregninger for to scenarier for strøm:  


• Scenario 1, norsk forbruksmiks på 16,2 g CO2 ekv/kWh 
• Scenario 2, Europeisk (EU28+NO), 60 years forecasted average på 123 g Co2 ekv/kWh 


• Scenario 2 er hovedscenario 
 
For fjernvarme er det benyttet en utslippsfaktor på 11 g CO2 ekv./kWh som tilsvarer Hafslund sin 
fjernvarmemiks i Oslo. Klimagassutslipp fra avfallsforbrenning er ikke inkludert.  
 
Byggets beregnede klimagassutslipp som prosjektert er for scenario 2, 11,3 kg CO2-ekv/m2*år, se 
tabell 3.5. Dette utgjør en reduksjon på 16,9% i forhold til referansebygget. 


 


 
Tabell 3.5: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektert 
bygg. Hele bygget 


Prosjektert 
bygg,  


hele bygget 


Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-ekv/m2*år] 
Scenario 1 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 2 


Elspesifikk energi 46,0 32% 1,3 10,1 


Varme 83,1 58% 0,6 0,6 


Kjøling 14,4 10% 0,1 0,7 


Sum  143,5 - 2,0 11,3 


 
Tabell 3.6: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektert 


bygg. Eksisterende bygg+kjeller 


Prosjektert bygg, 
eksisterende+kjeller 


Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 1 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 2 


Elspesifikk energi 84,7 57 % 1,4 10,4 


Varme 48,1 33 % 0,6 0,6 


Kjøling 14,4 10 % 0,1 0,7 


Sum  147,1 - 2,1 11,7 


 
Tabell 3.7: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektert 
bygg. nybygg 


Prosjektert bygg, 
nybygg 


Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 1 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 2 


Elspesifikk energi 58,9 55 % 1,0 7,2 


Varme 37,6 35 % 0,5 0,5 


Kjøling 10,8 10 % 0,1 0,5 


Sum  107,3 - 1,5 8,3 
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3.1.3.  «Som bygget» 


Byggets beregnede energibehov er korrigert i henhold til byggeprosjektets utførelse. 
 


Tabell 3.8: Energibudsjett for KA 13, hele bygget. Beregnet netto energibehov i henhold til NS 3031.  


Energipost Energibehov Spesifikt Energibehov 


1a Romoppvarming          119 740 kWh                 30,0 kWh/m2  


1b Ventilasjonsvarme (varmebatterier)            40 060 kWh                10,0 kWh/m2
 


2 Varmtvann (tappevann)            27 085 kWh                   6,8 kWh/m2
 


3a Vifter            61 080 kWh                15,3 kWh/m2
 


3b Pumper            11 733 kWh                   2,9 kWh/m2
 


4 Belysning            67 696 kWh                17,0 kWh/m2
 


5 Teknisk utstyr          186 140 kWh                46,7 kWh/m2
 


6a Romkjøling            32 783 kWh                   8,2 kWh/m2
 


6b Ventilasjonskjøling (kjølebatterier)            22 917 kWh                   5,7 kWh/m2
 


Totalt netto energibehov, sum 1-6          569 235 kWh              142,7 kWh/m2 
 
Tabell 3.9: Energibudsjett for KA 13, eksisterende bygg+kjeller. Beregnet netto energibehov i henhold 
til NS 3031.  


Energipost Energibehov Spesifikt Energibehov 


1a Romoppvarming             130 650 kWh                           39,0 kWh/m2
 


1b Ventilasjonsvarme (varmebatterier)               36 515 kWh                          10,9 kWh/m2
 


2 Varmtvann (tappevann)               16 750 kWh                            5,0 kWh/m2
 


3a Vifter               39 865 kWh                          11,9 kWh/m2
 


3b Pumper               12 060 kWh                            3,6 kWh/m2
 


4 Belysning               67 000 kWh                          20,0 kWh/m2
 


5 Teknisk utstyr             115 575 kWh                          34,5 kWh/m2
 


6a Romkjøling               24 790 kWh                            7,4 kWh/m2
 


6b Ventilasjonskjøling (kjølebatterier)               16 415 kWh                            4,9 kWh/m2
 


Totalt netto energibehov, sum 1-6             459 620 kWh                       137,2 kWh/m2 
 
  







 15 av 52 


 


Tabell 3.10: Energibudsjett for KA 13, nybygg. Beregnet netto energibehov i henhold til NS 3031.  


Energipost Energibehov Spesifikt Energibehov 


1a Romoppvarming               13 720 kWh                          19,6 kWh/m2
 


1b Ventilasjonsvarme (varmebatterier)                 7 000 kWh                           10,0 kWh/m2
 


2 Varmtvann (tappevann)                 3 500 kWh                             5,0 kWh/m2
 


3a Vifter                 8 750 kWh                           12,5 kWh/m2
 


3b Pumper                 1 190 kWh                             1,7 kWh/m2
 


4 Belysning               14 000 kWh                           20,0 kWh/m2
 


5 Teknisk utstyr               24 080 kWh                           34,4 kWh/m2
 


6a Romkjøling                 4 200 kWh                             6,0 kWh/m2
 


6b Ventilasjonskjøling (kjølebatterier)                 3 430 kWh                             4,9 kWh/m2
 


Totalt netto energibehov, sum 1-6           79 870 kWh                       114,1 kWh/m2 
 
 
Tabell 3.11: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektet 
«som bygget», hele bygget 


Som bygget, 
hele bygget 


Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-ekv/m2*år] 
Scenario 1 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 2 


Elspesifikk energi 69,8 52 % 1,1 8,6 


Varme 51,4 39 % 0,5 0,6 


Kjøling 12,1 9 % 0,1 0,6 


Sum  133,2 - 1,8 9,8 


 
Tabell 3.12: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektet 
«som bygget» 


Som bygget, 
eksisterende+kjeller 


Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 1 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 2 


Elspesifikk energi            70,0  51 % 1,1 8,6 


Varme            54,9  40 % 0,5 0,7 


Kjøling            12,3  9 % 0,1 0,6 


Sum          137,2  - 1,8 9,9 
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Tabell 3.13: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektet 
«som bygget» 


Som bygget, 
nybygg 


Netto 
energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-ekv/m2*år] 
Scenario 1 


Klimagassutslipp 


[kg CO2-
ekv/m2*år] 
Scenario 2 


Elspesifikk energi 68,6 60 % 1,1 8,4 


Varme 34,6 30 % 0,4 0,4 


Kjøling 10,9 10 % 0,1 0,5 


Sum  114,1 - 1,6 9,4 


 
  







 17 av 52 


 


3.2. Sammenligning av alternativene – klimagassutslipp fra stasjonær energibruk 


Klimagassreduksjonen er 27,8% fra referansebygget til «som bygget», hvorav hovedårsaken til 


nedgang i klimagassutslipp er utnyttelse av fjernvarme i stedet for strøm til oppvarming. Tilbygget har 
også lavere energibehov enn rehabiliteringen, som bidrar til lavere klimagassutslipp. 


Følgende kan trekkes fram som hovedgrep for lavest mulig energibehov: 


• Godt isolert klimaskjerm, lavt lekkasjetall (målt til 0,9 h-1) for nybygg. 
• Høy varmegjenvinning. Roterende varmegjenvinner med temperaturvirkningsgrad 
• >80 % 
• Automatisk utvendig solavskjerming for solutsatte fasader 


• Behovsstyring av belysning og ventilasjon 
• Energieffektive vifter, pumper, varme-/kjølemaskiner og belysning 


Rehabiliteringen beholder det originale klimaskallet og det har derfor ikke vært mulig å oppnå 50% 
reduksjon i energibruk i dette prosjektet.  


 


3.2.1. Hele bygget 


 
 
Figur 3.1: Beregnede klimagassutslipp for energi, fordelt på formål; varme, kjøling og elspesifikt, hele bygget. 


 


 
Tabell 3.14: Fordeling av klimagassutslipp pr. energikategori for ulike prosjektfaser, hele bygget: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget 


 kg CO2-ekv. 
/år 


kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./år 


Scenario 2 


% red 
saml. med 


ref 


kg CO2-
ekv./år 


Scenario 1 


Elspesifikk 


energi 
35 319          40 718  15,3 %         34 750  -1,6 %          4 576  


Varme       16 906           2 400  -85,8 %          2 632  -84,4 %          2 148  


Kjøling   2 928           2 839  -3,0 %          2 452  -16,3 %             369  


Total     55 152  45 957  -16,7 % 39 834  -27,8 %          7 093  
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Tabell 3.15: Fordeling av klimagassutslipp pr. person pr. energikategori for ulike prosjektfaser, hele 
bygget: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget 


 
kg CO2-
ekv./ 


person/år 


kg CO2-
ekv./person


/år 


% red 
saml. 


med ref 


kg CO2-ekv./ 
person/år 


Scenario 2 


% red 
saml. med 


ref 


kg CO2-
ekv./person/


år 


Scenario 1 


Elspesifikk 
energi 


         182,1           209,9  15,3 %          179,1  -1,6 %            23,6  


Varme             87,1             12,4  -85,8 %            13,6  -84,4 %            11,1  


Kjøling            15,1             14,6  -3,0 %            12,6  -16,3 %              1,9  


Total          284,3           236,9  -16,7 %          205,3  -27,8 %            36,6  
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3.2.2. Eksisterende bygg+kjeller 


 
 
Figur 3.2: Beregnede klimagassutslipp for energi, fordelt på formål; varme, kjøling og elspesifikt, Eksisterende 
bygg+kjeller 


 
 
Tabell 3.16: Fordeling av klimagassutslipp pr. energikategori for ulike prosjektfaser, Eksisterende 
bygg+kjeller: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget 


 kg CO2-ekv. 
/år 


kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./år 


Scenario 2 


% red 
saml. med 


ref 


kg CO2-ekv./år 


Scenario 1 


Elspesifikk 
energi 


  29 214          34 905  19,5 %         28 844  -1,3 %          3 798  


Varme  13 984           2 036  -85,4 %          2 326  -83,4 %          1 841  


Kjøling 2 422           2 417  -0,2 %          2 069  -14,6 %             319  


Total 45 620  39 359  -13,7 % 33 238  -27,1 %          5 959  


 


 
Tabell 3.17: Fordeling av klimagassutslipp pr. person pr. energikategori for ulike prosjektfaser, 
Eksisterende bygg+kjeller: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget 


 
kg CO2-
ekv./ 


person/år 


kg CO2-
ekv./perso


n/år 


% red 
saml. med 


ref 


kg CO2-
ekv./ 


person/år 


Scenario 2 


% red 
saml. med 


ref 


kg CO2-
ekv.person/år 


Scenario 1 


Elspesifikk 
energi 


         190,4           227,5  19,5 %          188,0  -1,3 %            24,8  


Varme             91,1             13,3  -85,4 %            15,2  -83,4 %            12,0  


Kjøling            15,8             15,8  -0,2 %            13,5  -14,6 %              2,1  


Total          297,3           256,5  -13,7 %          216,6  -27,1 %            38,8  
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3.2.1. Nybygg 


 
 
Figur 3.3: Beregnede klimagassutslipp for energi, fordelt på formål; varme, kjøling og elspesifikt, nybygg. 


 
 
Tabell 3.18: Fordeling av klimagassutslipp pr. energikategori for ulike prosjektfaser, nybygg: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget 


 kg CO2-ekv. 
/år 


kg CO2-
ekv./år 


% red saml. med ref 


kg CO2-
ekv./år 


Scenario 2 


% red saml. 
med ref 


kg CO2-
ekv./år 


Scenario 1 


Elspesifikk 
energi 


6 104           5 070  -16,9 %          5 906  -3,2 %             778  


Varme  2 922              333  -88,6 %             306  -89,5 %             306  


Kjøling    506              381  -24,7 %             383  -24,3 %               50  


Total 9 532           5 784  -39,3 %          6 596  -30,8 %          1 135  


 


 
Tabell 3.19: Fordeling av klimagassutslipp pr. person pr. energikategori for ulike prosjektfaser, 
nybygg: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget 


 
kg CO2-
ekv./ 


person/år 


kg CO2-
ekv./person


/år 


% red saml. 
med ref 


kg CO2-
ekv./ 


person/år 


Scenario 2 


% red saml. 
med ref 


kg CO2-
ekv.person/


år 


Scenario 1 


Elspesifikk 
energi 


         150,6           125,1  -16,9 %          145,7  -3,2 %            19,2  


Varme             72,1               8,2  -88,6 %              7,6  -89,5 %              7,6  


Kjøling            12,5               9,4  -24,7 %              9,4  -24,3 %              1,2  


Total          235,2           142,7  -39,3 %          162,7  -30,8 %            28,0  
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4. MATERIALER 
I dette kapitlet er det først redegjort for forutsetninger, grunnlag og resultater av de ulike 
beregningsalternativene, deretter sammenlignes alternativene og det gis en kort forklaring av 
årsakene til forskjellen mellom alternativene. 


4.1. Beregningsalternativer – forutsetninger og delresultater 


4.1.1. Referansebygg 


Referansebygget er generert i carbon designer i OneClick LCA og tilpasset til å være mer 
representativt gjennom Enova-rapporten «Potensial og barrierer for bruk av klimavennlige 
materialer». For en fullstendig dokumentasjon av referansebygget, med utslippsfaktorer, levetider og 
løsninger se vedlegg 2. Følgende arealer er lagt til grunn for å generere referansebyggene.  


Tabell 4.1: Grunnleggende parametere for generering av referansebygg.  


 Hele bygget Eksisterende+kjeller Nybygg 


BRA, m2 4050 3 350 700 


BTA (over bakken), m2
 4 054 3 197 857 


BTA kjeller, m2
 708 708 0 


BTA, totalt 4762 3905 857 


Bebygd areal, m2
 705 500 205 


Dybde til fjell, m 29,5 29,5 29,5 


Tabell 4.2: Referansebygg, hele bygget.  


Bygningsdel Klimagassutslipp, 
kontorbygg over 


bakken 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp, 
oppvarmet 


kjeller 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp, 
hele bygget 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 


2,3 0,4 2,6 29 % 


Bæresystemer 0,8 0,1 0,9 9 % 


Yttervegger  1,2 0,1 1,4 15 % 


Innervegg  0,6 0,1 0,8 8 % 


Dekker 2,4 0,5 2,9 32 % 


Yttertak 0,6 0,0 0,6 7 % 


Trapper og 
balkonger 


0,0 0,0 0,0 0 % 


Sum 8,0 1,2 9,2 100 % 


 


 







 22 av 52 


 


Tabell 4.3: Referansebygg, eksisterende bygg+kjeller.  


Bygningsdel Klimagassutslipp, 


kontorbygg over 
bakken 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp, 


oppvarmet 
kjeller 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp, 


Eksisterende+kjeller 


[kg CO2-ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 2,1 0,4 2,58 29 % 


Bæresystemer 
0,8 0,1 0,85 9 % 


Yttervegger  
1,2 0,2 1,33 15 % 


Innervegg  
0,6 0,1 0,75 8 % 


Dekker 
2,3 0,6 2,90 32 % 


Yttertak 
0,6 0,0 0,62 7 % 


Trapper og 
balkonger 0,0 0,0 0,03 0 % 


Sum 
7,6 1,4 9,06 100 % 


Tabell 4.4: Referansebygg, nybygg.  


Bygningsdel Klimagassutslipp, 
nybygg  


[kg CO2-
ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 2,9 29 % 


Bæresystemer 
1,0 10 % 


Yttervegger  
1,5 15 % 


Innervegg  
0,8 8 % 


Dekker 
3,0 30 % 


Yttertak 
0,8 8 % 


Trapper og 
balkonger 0,0 0 % 


Sum 
9,9 100 % 
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4.1.2. Prosjektert bygg 


Det er ikke utarbeidet klimaregnskap for prosjektert bygg.  


 


4.1.3. «Som bygget» 


Bygget ble ferdigstilt i 2020. Det er benyttet faktiske materialmengder fra prosjektet, hentet fra BIM-
modell, datert 16.09.2020. Dette er kombinert med arbeidstegninger fra ARK og RIB for å sikre riktig 
oppbygning av vegger, himlinger og dekker. Inkluderte faser er A1-A3 og fase B4-B5 (utskifting av 
materialer).  


Der det har vært tilgjengelig er det benyttet produktspesifikke utslippsdata, spesielt for 


ombrukelementer gjennomført i masteroppgave av Høydahl og Walther, «Ombruk av byggematerialer 
og -produkter i et bærekraftsperspektiv» våren 2020. Der det ikke har vært tilgjengelig utslippsdata 
for ombruksmaterialer er det i stedet benyttet en standard reduksjon på 80% i fase A1-A3.  


For en fullstendig oversikt over materialer hentet ut og benyttet i beregningene se vedlegg 2. 


 
 Tabell 4.5: Beskrivelse av bygningsdeler med tilhørende klimagassutslipp for bygget slik det ble 
oppført, hele bygget 


Bygningsdel Klimagassutslipp 


[kg CO2-
ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 0,40 14 % 


Bæresystemer 
0,11 4 % 


Yttervegger  
0,52 19 % 


Innervegg  
0,34 12 % 


Dekker 
1,13 41 % 


Yttertak 
0,21 8 % 


Trapper og 
balkonger 0,04 1 % 


Sum 
2,74 100 % 
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Tabell 4.6: Beskrivelse av bygningsdeler med tilhørende klimagassutslipp for bygget slik det ble 
oppført, eksisterende bygg+kjeller 


Bygningsdel Oppbygging Klimagassutslipp 


[kg CO2-ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 


Eksisterende fundamentering 
0,00 0 % 


Bæresystemer Eksisterende søyler i betong og stål. Tilbygg 
på plan 9 er utført med stålsøyler og bjelker.  0,05 3 % 


Yttervegger  Eksisterende betongvegger og kledning er 
bevart. Trevinduer med aluminiumskledning.  0,39 20 % 


Innervegg  Bindingsverksvegg, mineralull, gips hver 
side. Stålstendere. Systemvegger i glass. 
Keramisk flis med membran i våtrom.  


TEWO systemvegger i noen kontorer.  


0,39 20 % 


Dekker Eksisterende betongdekker er bevart, 
unntatt i kjeller, hvor det er nytt 
betongdekke mot grunn. Påstøp og 
rehabilitering av noen dekker.  


Teppeflis i store deler av kontorarealer.  


Kjeramisk flis med membran i våtrom. 


Himlingsplater, og mineralull i himling. 
Sonaspray i himling for akustisk demping.  


 


0,94 47 % 


Yttertak Blågrønne tak. Sedumtak med isolasjon. 
Eksisterende betongtak er bevart.  


Terassegulv på balkonger. 


0,21 11 % 


Trapper og 
balkonger 


Betongramper og innvendig trapp i betong.  


Eksisterende trapper er bevart.  


Tretrapp fra 1. etg. Til kjeller.  


0,00 0 % 


Sum  
1,99 100 % 
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Tabell 4.7: Beskrivelse av bygningsdeler med tilhørende klimagassutslipp for bygget slik det ble 
oppført, nybygg 


Bygningsdel Oppbygging Klimagassutslipp 


[kg CO2-ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 


Pelefundamentering med stålkjernepeler.  
2,29 36 % 


Bæresystemer Stålsøyler og bjelker. Eksisterende 
betongsøyler i 1.etg er bevart.  0,39 6 % 


Yttervegger  Klimavegg m/utvendig vindsperre (GU-X), 
bindingsverk med trestender og mineralull, 
dampsperre, innvendig gips 


Vinduer er i stor grad gjenbrukt. Trevinduer 
med aluminiumskledning.  


Ombrukte fasadeplater i metall og 
fibersement.  


1,10 17 % 


Innervegg  Liten grad av innervegger 


Bindingsverksvegg, mineralull, gips hver 
side. Stålstendere. Systemvegger i glass. 
Keramisk flis med membran i våtrom.  


TEWO systemvegger i noen kontorer.   


0,06 1 % 


Dekker Hulldekker 


Ombrukte hulldekker 


Himlingsplater, og mineralull i himling. 


Sonaspray for akustisk demping.  


 


2,07 33 % 


Yttertak Blågrønne tak. Sedumtak med isolasjon. 
Eksisterende betongtak er bevart.  0,23 4 % 


Trapper og 
balkonger 


Ståltrapp langs nybygg 


Betongtrapp opp til bakgård.  
0,20 3 % 


 Sum 
6,34 100% 


 


4.1.4.  «I drift» (etter 2 år) 


For materialbruk vil klimagassutslipp «i drift» være det samme som «som bygget» 
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4.2. Sammenligning av alternativene – klimagassutslipp fra materialbruk 


4.2.1. Hele bygget 


Beregningene viser at for prosjektet sammenlignet med referanseberegningen oppnås 
utslippsreduksjoner på 70% % for «som bygget». Det er ingen endringer i materialbruk fra ”som 
bygget” til ”i drift”. 
 


 
Figur 4.1: Fordeling av klimagassutslipp pr konstruksjon for de enkelte prosjektfasene, hele bygget 


 
 


Tabell 4.8: Fordeling av klimagassutslipp pr. bygningsdel for ulike prosjektfaser: 


 Referansebygg "Som bygget" 


 


kg CO2-ekv./år 
kg CO2-
ekv./år 


% red saml. 
med ref 


Grunn og 
fundamenter 


10 656 1 605 -85 % 


Bæresystemer 3 524 450 -87 % 


Yttervegger  5 483 2 089 -62 % 


Innervegg  3 068 1 359 -56 % 


Dekker 11 815 4 586 -61 % 


Yttertak 2 623 864 -67 % 


Trapper og 
balkonger 


109 148 36 % 


Total 37 277 11 101 -70 % 
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Tabell 4.9: Fordeling av klimagassutslipp pr. bygningsdel pr. person for ulike prosjektfaser: 


 Referansebygg "Som bygget" 


 
kg CO2-ekv./ 


person*år 
kg CO2-ekv./ 


person*år 
% red saml. 


med ref 


Grunn og 
fundamenter 


54,9 8,3 -85 % 


Bæresystemer 18,2 2,3 -87 % 


Yttervegger  28,3 10,8 -62 % 


Innervegg  15,8 7,0 -56 % 


Dekker 60,9 23,6 -61 % 


Yttertak 13,5 4,5 -67 % 


Trapper og 
balkonger 


0,6 0,8 36 % 


Total 192,1 57,2 -70 % 


 


Hovedårsaken til reduksjon i klimagassutslipp er at eksisterende bygningskropp og bæresystemer er 
bevart. Det er også høy grad av ombruk i nybygg som medfører reduksjon i klimagassutslipp.  


 
 
 


4.2.2. Eksisterende bygg+kjeller 


Beregningene viser at for prosjektet sammenlignet med referanseberegningen oppnås 
utslippsreduksjoner på 78 % for som bygget. Det er ingen endringer i materialbruk fra ”som bygget” 
til ”i drift”. 


 


 
Figur 4.2: Fordeling av klimagassutslipp pr konstruksjon for de enkelte prosjektfasene 
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Tabell 4.10: Fordeling av klimagassutslipp pr. bygningsdel for ulike prosjektfaser: 


 Referansebygg "Som bygget" 


 


kg CO2-ekv./år 
kg CO2-
ekv./år 


% red saml. 
med ref 


Grunn og 
fundamenter 


8 652 0 -100 % 


Bæresystemer 2 847 177 -94 % 


Yttervegger  4 447 1 321 -70 % 


Innervegg  2 524 1 315 -48 % 


Dekker 9 718 3 139 -68 % 


Yttertak 2 068 705 -66 % 


Trapper og 
balkonger 


87 6 -93 % 


Total 30 344 6 663 -78 % 


 


 
Tabell 4.11: Fordeling av klimagassutslipp pr. bygningsdel pr. person for ulike prosjektfaser: 


 Referansebygg "Som bygget" 


 
kg CO2-ekv./ 


person*år 
kg CO2-ekv./ 


person*år 
% red saml. 


med ref 


Grunn og 
fundamenter 


56,6 0,0 -100 % 


Bæresystemer 18,6 1,2 -94 % 


Yttervegger  29,1 8,6 -70 % 


Innervegg  16,5 8,6 -48 % 


Dekker 63,5 20,5 -68 % 


Yttertak 13,5 4,6 -66 % 


Trapper og 
balkonger 


0,6 0,0 -93 % 


Total 198,3 43,5 -78 % 


 
For det eksisterende bygget er mye av bygningskroppen bevart, som gir store reduksjoner for 
bæresystemer, yttervegger, dekker og yttertak. Eksisterende fundamentering er også bevart, bortsett 


fra gulv mot grunn som er inkludert i dekker. Dette gjør at nybygget får svært lave klimagassutslipp 
sammenlignet med referansebygget.   
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4.2.3. Nybygg 


Beregningene viser at for prosjektet sammenlignet med referanseberegningen oppnås 
utslippsreduksjoner på 36 % for som bygget. Det er ingen endringer i materialbruk fra ”som bygget” 


til ”i drift”. 
 


 
Figur 4.3: Fordeling av klimagassutslipp pr konstruksjon for de enkelte prosjektfasene 


 
 
Tabell 4.11: Fordeling av klimagassutslipp pr. bygningsdel for ulike prosjektfaser: 


 Referansebygg "Som bygget" 


 


kg CO2-ekv./år 
kg CO2-
ekv./år 


% red saml. 
med ref 


Grunn og 
fundamenter 


2 004 1 605 -20 % 


Bæresystemer 677 273 -60 % 


Yttervegger  1 036 768 -26 % 


Innervegg  543 44 -92 % 


Dekker 2 097 1 447 -31 % 


Yttertak 554 159 -71 % 


Trapper og 
balkonger 


21 143 581 % 


Total 6 932 4 439 -36 % 
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Tabell 4.12: Fordeling av klimagassutslipp pr. bygningsdel pr. person for ulike prosjektfaser: 


 Referansebygg "Som bygget" 


 
kg CO2-ekv./ 


person*år 
kg CO2-ekv./ 


person*år 
% red saml. 


med ref 


Grunn og 
fundamenter 


48,9 39,1 -20 % 


Bæresystemer 16,5 6,7 -60 % 


Yttervegger  25,3 18,7 -26 % 


Innervegg  13,3 1,1 -92 % 


Dekker 51,1 35,3 -31 % 


Yttertak 13,5 3,9 -71 % 


Trapper og 
balkonger 


0,5 3,5 581 % 


Total 169,1 108,3 -36 % 


 
 


For nybygget benytter bærekonstruksjonen i stål stor grad av ombrukte materialer. Det er også brukt 
ombrukte hulldekker og fasadeplater som bidrar til reduksjon. Byggets planløsning gjør at det er lite 
behov for innervegger, noe som gjør at denne posten avviker mest fra referansebygget. For en 
fullstendig liste over ombrukte elementer brukt i klimagassberegningene, se vedlegg 2.  
 


4.3. Drøfting av resultater 


Prosjektet har gjort en betydelig innsats i å finne og bruke ombruksmaterialer. Blant materialer som 
er ombrukt er stålkonstruksjon, hulldekker, vinduer og himlingsplater.  


To masterstudenter på NTNU (Vilde Vår Høydahl og Hanna Walter) har – samtidig med 


byggeprosessen i 2020 - beregnet miljøeffekter for seks ombrukte elementer: Stålkonstruksjoner, 
huldekker, vinduer, kjølebafler, himlingsplater og fasadeplater. Fagrådgivere for de ulike 
bygningsdelene har gitt innspill til grunnlaget for vurderingene. Resultater fra miljøanalysene er 
oppgitt under de aktuelle avsnitt, og i tabellene under.  


For de materialene det er gjort utslippsberegninger for i masteroppgaven, er resultatene benyttet 
direkte for å estimere utslippene for ombruksmaterialer. For resterende materialer som innervegger, 
gipsplater og fliser er det ikke gjort egne beregninger. Her er det benyttet et konservativt estimat på 
80% reduksjon i forhold til nytt materiale, etter samråd med Futurebuilt og fagfolk internt i Asplan 
Viak og fra NTNU.  
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Figur 4.4: Sammenligning av systemgrenser for ombrukte byggeprodukter og nye byggevarer. 
(Høydahl og Walter 2020).  


Den største klimanytten for prosjektet kommer fra ombrukt stålkonstruksjon, hulldekker og vinduer. 
Spesielt stålprofiler, fasadeplater og hulldekker har lang levetid og trenger dermed ikke å byttes ut 
med nye materialer i løpet av byggets levetid. Ombruk av vinduer er også relativt enkelt hvis de kan 
demonteres hele og tilpasses til prosjektet, som er tilfelle for Kristian August gate 13. Ombruk av 


stålprofiler, hulldekker og fasadeplater bidrar i seg selv til en besparelse på 155 tonn CO2 ekvivalenter 
i løpet av byggets levetid. 
 
Tabell 4.12: Besparelse i kg CO2-ekv/enhet for de analyserte materialkategoriene i fase A1-A4. 
(Høydahl og Walter 2020): 
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Figur 4.5: Oversikt over utslippsbesparelser av ombrukte produkter i KA13 sammenlignet med nye 
alternativer, fase A1-A4. (Høydahl og Walter 2020) 


Siden klimagassregnskapet ikke inkluderer tekniske installasjoner og inventar er det også 


sannsynligvis større besparelser enn det som er avdekket i klimaregnskapet. En rekke VVS-produkter 
er gjenbrukt, blant annet kjølebafler, radiatorer og sanitærutstyr, i tillegg til en stor mengde inventar 
som kjøkkeninnredning, hyller, sittebåser og benker.  


Kjølebafler i seg selv viser å ha en besparelse på 22 tonn CO2 ekvivalenter som ikke er vist i 
klimagassregnskapet, da disse bygningsdelene ikke er medregnet. Resterende bygningsdeler er ikke 
beregnet i masteroppgaven til Høydahl og Walter, men sannsynligvis vil disse også samlet bidra til en 


betydelig reduksjon i klimagassutslipp.  


Datainnsamling og livsløpsanalyser for ombruksmaterialer er tidkrevende, først og fremst fordi det 
eksisterer lite erfaringstall og aktivitetsdata beregnes per materialtype. Erfaringstall fra dette 
prosjektet kan brukes videre, men også i dette prosjektet er det benyttet mange ombruksmaterialer 
det ikke har vært ressurser og tid til å beregne utslippseffekt av.  


I fremtidige prosjekt bør det gjøres vurderinger for flere bygningsdeler, med fokus på de største 
materialmengdene, og de som ellers bidrar til store klimagassutslipp. Dette gjelder først og fremst 


betongkonstruksjoner og stålkonstruksjoner, men er også relevant for veggelementer og vinduer. 
Etter hvert som ombruksmarkedet blir mer etablert er det naturlig at det lages miljøvaredeklarasjoner 
(EPD) for ombrukte materialer på lik linje med nye materialer. Dette eksisterer allerede blant annet 
for fasadeplater av gjenbrukt tegl.1 Sannsynligvis kan resultater fra EPDer av ombruksprodukter 
tilpasses tilsvarende produkter, hvis dette blir mer utbredt i markedet. Erfaringene fra prosjektet viser 
at de store besparelsene gjøres spesielt for bygningsdeler som har lang levetid, som 
bærekonstruksjonen i stål, men også fasadeplater og hulldekker bidrar med store 


klimagassbesparelser.  


 


1 https://www.epd-norge.no/bygningsplater/gamle-mursten-vagsystemer-facadesystem-


med-murstenskaller-skaret-af-genbrugsmursten-article1997-318.html 
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5. TRANSPORT  


5.1. Beregningsalternativer – forutsetninger og delresultater 


Forutsetninger for hvert av beregningsalternativene er gitt i de påfølgende avsnittene. 


5.1.1. Referansebygg 


Forutsetninger for referansebygg er som følger 


For beregninger av transportutslipp for referansebygget tas det utgangspunkt i reisevaneundersøkelse 
med tilhørende transportmiddelfordeling for Akershus og Oslo. Dette gir en vilkårlig plassering av et 
kontorbygg i området. Nedenfor listes forutsetninger og antagelser opp for referansebygget. Det 
eneste som skiller de tre scenariene er antall m2 bygg som inkluderes.  


Forutsetninger: 


• Antall ansatte: 194 personer (antas at brukerdekningen er 100% året rundt) 


• BRA: 4050 m2, 3 350 m2 eller 700 m2 


• Tidsperspektiv: 60 år 
• Antall dager med kontordrift: 230 dager 
• Antall reiser per ansatt (til og fra jobb): 2 reiser per dag. 
• Som en justering for besøkende, tjenestereiser varetransport og annet forutsettes 2 reiser per 


dag med kontordrift per ansatt for andre brukere. Dette er noe under kontor, 
publikumsattraktivt i tabell 5.1 i regnereglene for Futurebuilt. I sum gir dette 4 reiser per 


ansatt per dag med kontordrift.  
• For referansebygg antas det en transportmiddelfordeling fra RVU i Akershus og Oslo 
• Beregninger gjort i egenutviklede modeller basert på reiselengder, turer per dag, 


reisemiddelfordelinger samt utslippsfaktorer 
• Det er tatt utgangspunkt i reiselengder per tur for kontorbygg i henhold til RVU for 


Akershus og Oslo 


• Ingen begrensninger knyttet til parkering i referansebygget, og følgelig ingen påvirkning av 
reisemiddelfordeling ved parkeringstilgang 


• For sammensetningen av bilparken er det lagt til grunn TØI sin trendbane, som viser 
en gradvis økning i andelen elbiler 


• Både veiinfrastruktur allokert til hver kjørt kilometer samt utslipp forbundet med 


produksjon av kjøretøy er regnet med både for kollektivtransport og personbiler 
• Byggets funksjon og type virksomhet: Kontorbygg 


• Beregninger gjort i egenutviklede modeller (OmrådeLCA, Asplan Viak) 
• Europeisk strømmiks ligger til grunn for utslippsfaktorer tilknyttet elektriske kjøretøy 


 
Tabell 5.1: Transportmiddelfordeling for referansebygg. 


Transportmiddelfordeling 
[% av alle reiser per dag] 


Gang/sykkel Kollektiv Bil 


Arbeid  21 % 32 % 48 % 


 


 
Tabell 5.2: Klimagassutslipp fra transport, fordelt på transportmidler, for referansebygg. 


Klimagassutslipp kg CO2-ekv/m²/år 


Bil 31,1 


Kollektiv – buss 4,4 


Kollektiv – skinnegående 7,9 


Sum 43,4 
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5.1.2. Prosjektert bygg 


Det er antatt samme antall reiser per ansatt og andre reiser for prosjektert bygg som for referansen.  


Endrede forutsetninger i forhold til referansen: 


• Iht. «Regneregler klimagassberegninger i Future Built» er det benyttet tall fra 
reisevaneundersøkelser for «kontor lokalisert i sentrum, Oslo» i stedet for mer generelle 
«bolig, kontor, handel i Oslo og Akershus». Dette medfører en betydelig reduksjon av 
bilbruken, noe som kompenseres ved økt kollektivandel og høyere andel som går/sykler.  


• Parkering: Det er forutsatt lav parkeringsmulighet «Avgiftsbelagt offentlig» (verdi 0,4), 
da det er flere p-hus i området som kan benyttes.  


o Dette medfører at 60% av bilreisene til og fra jobb blir erstattet med flere 
kollektivreiser (75 %), flere gående og syklende (15 %) og økt bilbelegg 
(samkjøring, 10 %).  


Klimagassutslipp for eksisterende bygg+kjeller og nybygg er fordelt på antall reisende. Beregningene 
forutsetter antall ansatte på 194 personer for hele bygget, som for referansen.  


Tabell 5.3: Transportmiddelfordeling når begrensninger i parkeringsmuligheter er hensyntatt. 


Transportmiddelfordeling [% 
av alle reiser per dag] 


Gang/sykkel Kollektiv Bil 


Arbeid  30 % 67 % 3 % 


 


Tabell 5.4: Klimagassutslipp «som prosjektert» når begrensninger i parkeringsmuligheter er 
hensyntatt. 


Klimagassutslipp 
Arealspesifikt utslipp 


[kg CO2-ekv/m2*år] 


Bil 3,3 


Kollektiv – buss 8,4 


Kollektiv – skinnegående 15,1 


Sum 26,8 


 


 


5.1.3. «Som bygget» 


Ingen endringer i forhold til prosjektert løsning. 
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5.2. Sammenligning av alternativene – klimagassutslipp fra transport 


Beregningen viser at man oppnår en reduksjon av klimagassutslipp på 38 % ved de tiltak som er 


gjennomført for transport. 
 


 
Figur 5.1 Fordeling av beregnede klimagassutslipp for transport Kristian August Gate 13 
 


 
Tabell 5.5: Fordeling av beregnede klimagassutslipp for transport for Kristian August Gate, hele 
bygget. 


 Referansebygg Hele bygget Referansebygg Hele bygget 


 kg CO2-ekv./år 
kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./person*år 


kg CO2-
ekv./person*år 


Bil 
125 914 13 484 


-
89 
% 


649 70 


Kollektiv – buss 17 702 33 881 +91 % 91 175 


Kollektiv – skinnegående 31 962 61 173 +91 % 165 315 


Sum 175 578 108 538 -38 % 905 560 


 
Tabell 5.6: Fordeling av beregnede klimagassutslipp for transport for Kristian August Gate, 
eksisterende bygg+kjeller. 


 Referansebygg Eksist.+kjeller Referansebygg Eksist.+kjeller 


 kg CO2-ekv./år 
kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./person*år 


kg CO2-
ekv./person*år 


Bil 99 604 10 667 -89 % 649 70 


Kollektiv – 
buss 14 003 26 801 +91 % 


91 175 


Kollektiv – 
skinnegående 25 283 48 391 +91 % 


165 315 


Sum 138 890 85 859 -38 % 905 560 
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Tabell 5.7: Fordeling av beregnede klimagassutslipp for transport for Kristian August Gate, nybygg. 


 Referansebygg Nybygg Referansebygg Nybygg 


 kg CO2-ekv./år 
kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./person*år 


kg CO2-
ekv./person*år 


Bil 26 310 2 818 -89 % 649 70 


Kollektiv – 
buss 3 699 7 080 +91 % 


91 175 


Kollektiv – 
skinnegående 6 679 12 782 +91 % 


165 315 


Sum 36 688 22 680 -38 % 905 560 


Byggets sentrale plassering, samt lav tilgang på parkeringsplasser gjør at bilbruken for bygget 
reduseres i stor grad sammenlignet med en gjennomsnittlig plassering i Oslo og Akershus. Dette er 
hovedårsaken til reduksjon i klimagassutslipp fra transport.  


5.3. Drøfting av resultater 


Beregningene viser at byggets sentrale plassering gir en betydelig økning i antall personer som reiser 
med kollektivtransport sammenlignet med referansebygget. Andelen kollektivreiser er mer enn doblet 
fra 32% i referansen til 67% i Kristian August gate 13. Likevel viser ikke resultatene like stor 
reduksjon i klimagassutslipp. Dette skyldes først og fremst at elbilandelen i referansealternativet også 
er forventet å øke, som gjør at klimagassutslipp fra personbiltrafikk reduseres betraktelig i 
referansealternativet. Dette slår ikke like mye ut i utbyggingsalternativet siden personbilandelen er så 
lav. Fra figur 5.2 ser vi at referansen øker veldig mye hvis vi antar en utslippsfaktor for personbiler lik 


dagens utslipp fra transport. Reduksjon i klimagassutslipp for Kristian August gate 13 blir 57 % med 
dagens utslippsfaktor for personbiler.   


 


Figur 5.2: Forskjell i resultater med og uten teknologifremskrivninger for personbil. Med dagens 
utslippsfaktorer for transport blir reduksjon i klimagassutslipp fra transport 57% sammenlignet med 


referansen.  


Det er forutsatt totalt 4 reiser per arbeidsdag per antall ansatte, som er noe under kontorbygg, 
publikumsattraktivt. Dette skyldes at Spaces er et ukonvensjonelt kontorbygg som leier ut 


kontorplasser, og det kan derfor forventes flere reisende enn for et vanlig kontorbygg. Det bør 
gjennomføres en reisevaneundersøkelse i drift, basert på antall besøkende per dag for å justere 
betydningen av denne antagelsen.   
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VEDLEGG  


Vedlegg 1: Underlag beregninger for energi 


Her presenteres sentrale inndata for energiberegningene «Som bygget».  


Eksisterende bygg+kjeller 
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Nybygg 
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Vedlegg 2: Underlag beregninger for materialer  


Referansebygg 


Referansebyggene er laget i Carbon Designer i OneClick LCA og det er gjort tilpasninger som 
beskrevet i tabellene nedenfor, for kontor og oppvarmet kjeller.  


Kontor 


Løsningsvalg, One Click LCA og valgte 
løsninger Kommentar til 


løsningsvalg for 
referansenivå Element 


One Click 
LCA 


Valgte 
løsninger 


Bære-
systemer 


Søyler 


Stålsøyler 


(hulprofil)  
80 % 37 % Betongsøyler og -bjelker i 


1 etg, resten stålsøyler og 
-bjelker. Betongbjelker i 1 


etg pga. betongsøyler. Blir 
33%/67% betong og stål, 
siden bygget har tre 


etasjer 


Betongsøyler 20 % 33 % 


Bjelker 


Stålbjelker 
(valseprofil)  


100 % 67 % 


Betongbjelker  0 % 33 % 


Ytter-
vegger 


Bærende 
yttervegg 


Betongvegg 
200mm, 
mineralull, 


utvendig 
vindsperre (GU-
X), utlekting, 
maling på innside 


250 mm 
glassull 
12% av 
YOM 


250 mm 
steinull 
12% av 
YOM 


Beholdt størrelse på 
betongvegg konstant selv 


om glassfasade er lagt inn, 
så glassfasaden spiser kun 
av stenderverksvegg 


Lettklinker 200 
mm, mineralull, 


utvendig 
vindsperre (GU-
X), utlekting, 
dampsperre, 
mørtel mellom 


lettklinker, mørtel 
og maling på 


innside 


250 mm 
glassull 
6 % av 
YOM 


250 mm 
steinull 
6 % av 
YOM 


Beholdt størrelse på 
lettklinkervegg konstant 
selv om glassfasade er lagt 


inn, så glassfasaden spiser 
kun av stenderverksvegg 


Ikke-bærende 


yttervegg 


Klimavegg 
m/utvendig 
vindsperre (GU-
X), bindingsverk 


med trestender og 
mineralull, 
dampsperre, 1 lag 
innvendig gips 


250 mm 
glassull 


43 % av 
YOM 


250 mm 
steinull 


33 % av 
YOM 


Litt mindre areal i vår 
referanse, fordi vi har 


glassfasader. Byttet 
glassull til steinull. 


Glassfasader/
vinduer 


Glassfasade 0 % 6% av YOM 
Glassfasade benyttes ved 
inngangsparti/1. etg. 


Trevinduer med 


alukledning, 3 lag 


39% av 


YOM 


42% av 


YOM 


25% av BRA = 42 % av 


YOM 


Utvendig 
kledning 


Tegl, inkl mørtel 
43 % av 
YOM (70% 
av tettfelt) 


35 % av 
YOM (70% 
av tettfelt) 


Tegl, inkl. mørtel mellom 
murstein. 0,02 m3 tørr 
mørtel / m2 murvegg. 
Isolasjon er ikke med her, 
dette er med i klimavegg 


Fibersementplate 
18 % av 
YOM (30% 
av tettfelt) 


15 % av 
YOM (30% 
av tettfelt) 


  


Dører Ytterdører i stål 1% av YOM 1% av YOM   
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Inner-
vegger 


Bærende 
innervegger 


Betongvegg 
150mm 


15% av 
INV 


13% av 
INV 


  


Betongvegg 
250mm 


0% av INV 2% av INV Betongvegg heissjakt 


Lettklinker 0% av INV 0% av INV   


Ikke-bærende 
innervegger 


100mm 


bindingsverksvegg
, mineralull, 1 lag 
gips hver side, 
stålstender 


100 mm 
glassull 
60% av 
INV 


100 mm 
steinull 
60% av 
INV 


Steinull mer vanlig enn 
glassull. 


Systemvegger
, glassfelt 


Glass front 
systemvegg 


20% av 
INV 


20% av 
INV 


Som i Isy Calcus. Har lagt 
inn glass front 


systemvegg. 


Kledning og 
overflate 


Maling på gips 
100% av 


gipsvegg 


100 % av 


gipsvegg 


Sparkel på gipsvegg er 


ikke inkludert 


Murpuss + maling 


på betong og 
lettklinker 


100% av 
betongvegg 


100% av 
betongvegg 


  


Kermaisk flis, 
flislim og 
membran 


8,5% av 
INV 


8,5% av 
INV 


Keramisk flis på toaletter. 


Dører Tredører 5% av INV 5% av INV Tredører 


Dekker 


Frittbærende 
dekker 


265mm betong 
hulldekke 


100% av 
(BTA-BYA) 


100% av 
(BTA-BYA) 


Ekstra lag 20 mm glassull 
lå inne i One Click, dette er 
fjernet 


Gulv på grunn 
Betong, 
dampsperre/radon


sperre 


300mm 
betong + 
250mm 


EPS 
100% av 
BYA 


100mm 
betong + 
200mm 


EPS 
100% av 
BYA 


Benyttet 100 mm 
bunnplate og 200 mm EPS 


når det ikke er behov for 
ekstra fundamentering. 


Påstøp 
50 mm armert 
påstøp + 20 mm 
avrettingsmasse 


100% av 
BTA 


100% av 
(BTA-BYA) 


Endret til å ikke inkluderer 
avretting og påstøp på 
gulv på grunn. 


Gulv-overflate 


Teppe 
70 % av 
BRA 


70 % av 
BRA 


Uendret 


Parkett 
15 % av 
BRA 


15 % av 
BRA 


Uendret 


Vinyl 
10 % av 
BRA 


10% av 
BRA 


  


Kermaisk fli, 
flislim og 
membran 


5 % av 
BRA 


5 % av 
BRA 


  


Faste 
himlinger og 


overflate-
behandling 


Fast gipshimling, 


malt 


50 % av 


BRA 


50 % av 


BRA 
Fast gipshimling, malt 


System-
himlinger 


Systemhimling + 
stålprofiler 


20 mm 
mineralullpl
ater 
50% av 


BRA 


20 mm 
mineralullpl
ater 
50% av 


BRA 
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Yttertak 


Primær-
konstruksjon 


265 mm betong 


hulldekke, 
dampsperre 


300 mm 
EPS 
100% av 
BYA 


250 mm 
EPS, 50 
mm 


trykkfast 
steinull 
100% av 
BYA 


Endret til 250 mm EPS, 50 
mm trykkfast steinull 


Taktekking 
Asfalttekking, to 


lag  


100% av 


BYA 


100% av 


BYA 
Asfalttekking, to lag  


Trapper 
og 
balkonge
r 


Trapper Betongtrapp     Uendret mengde 


Heissjakt Betongsjakt 
Betong, 
250mm 


0 
Heissjakt er inkludert i 
innervegger. 


 


Kjeller 


Løsningsvalg, One Click LCA og valgte løsninger 


Element 
One Click 
LCA 


Valgte løsninger 
oppvarmet 


Bære-
system
er 


Søyler 


Stålsøyler 
(hulprofil)  


80 % 100 % 


Betongsøyler 20 % 0 % 


Bjelker 


Stålbjelker 
(valseprofil)  


100 % 100 % 


Betongbjelker  0 % 0 % 


Ytter-
vegger 


Bærende yttervegg 


Betongvegg, 
sandwich, 
90mm+80mm, 
vanntett 
bitumenplate, 190 


mm EPS 


100% av 
YUM 


100% av YUM 


Inner-


vegger 


Innervegger 
Betongvegg 
150mm 


0 % 1750 m2 INV 


Kledning og overflate 


Maling på gips 
100% av 
gipsvegg 


100 % av gipsvegg 


Murpuss + maling 
på betongvegg 


100% av 
betongvegg 


100% av betongvegg 


Dekker 


Frittbærende dekker 
265mm betong 
hulldekke  


100% av 
(BTA-BYA) 


100% av (BTA-BYA) 


Gulv på grunn 
Betong, 
dampsperre/radons
perre 


ikke 
inkludert 


ikke inkludert 


Påstøp 


50 mm armert 


påstøp + 20 mm 
avrettingsmasse 


100% av 


dekker 
100% av dekker 


Gulv-overflate 


Teppe 
70 % av 
BRA 


70 % av BRA 


Parkett 
15 % av 
BRA 


15 % av BRA 


Vinyl 
10 % av 
BRA 


10% av BRA 
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Kermaisk fli, flislim 
og membran 


5 % av BRA 5 % av BRA 


Ubehandlet betong 0 % 0 % 


Faste himlinger og overflate-
behandling 


Fast gipshimling, 
malt 


50 % av 
BRA 


50 % av BRA 


System-himlinger 
Systemhimling + 
stålprofiler 


20 mm 


mineralullpl
ater 
50% av 
BRA 


20 mm mineralullplater 
50% av BRA 


Utslippsfaktorer benyttet i beregninger for modellbygg 


Materiale Referanse Enhet Kommentar 


Armering, spenn 2,68 kg CO2 ekv/kg   


Armeringsstål 0,62 kg CO2 ekv/kg   


Avrettingsmasse 0,47 kg CO2 e/kg   


Betong, B35 330 kg CO2 


ekv/m3 


Bransjereferanse 


Betong, B45 360 kg CO2 


ekv/m3 


Bransjereferanse 


Betong, hulldekke, B35 330 kg CO2 


ekv/m3 


Bransjereferanse 


EPS, 80, 16 kg/m3 71,0 kg CO2 e/m3 EPS 80, 16 kg/m3 


Flislim 0,47 kg CO2 e/kg   


Gipsplate, gulv, 13 mm 2,89 kg CO2 


ekv/m2 


  


Gipsplate, standard 2,89 kg CO2 


ekv/m2 


  


Hulldekke 63,7 kg CO2 


ekv/m2  


Bransjeref, standard 


spennarm 


Innerdør 30,0 kg CO2 e/m2   


Kjeramisk flis 16,9 kg CO2 e/m2   


Konstruksjonsstål, hulprofil 3,62 kg CO2 ekv/kg   


Konstruksjonsstål, valseprofil 2,08 kg CO2 ekv/kg   


Limtre 43,4 kg CO2 e/m3   


Linoleum 2,89 kg CO2 e/m2   


Massivtre 172 kg CO2 e/m3   


Mineralull, innervegg 35,0 kg CO2 


ekv/m3 


Snitt av Paroc og Rockwool 


Mineralull, trykkfast tak 222 kg CO2 


ekv/m3 


Steinull, 80 kg/m3 
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Mineralull, yttervegg 50,0 kg CO2 


ekv/m3 


Stenull, 50 kg/m3 


Mørtel, tegl 17,3 kg CO2 e/m2   


OSB plate 5,04 kg CO2 e/m2   


Parkett 9,18 kg CO2 e/m2   


Pukk 3,13E-03 kg CO2 e/kg   


Sponplater, 667 kg/m3 4,31 kg CO2 e/m3 Antar 22 mm tykkelse 


Takstein 11,1 kg CO2 e/m2   


Tegl 31,1 kg CO2 e/m2   


Teppe 9,08 kg CO2 e/m2   


Trinnlydsplate, glassull, 20 


mm 


1,76 kg CO2 e/m2   


Utvendig GU-X 1,71 kg CO2 


ekv/m2 


  


Utvendig kledning, maling 0,61 kg CO2 e/m2    


Utvendig kledning, tre 5,42 kg CO2 e/m2 Antar 21 mm tykkelse 


Vindu 1,99 kg CO2 e/kg   


Vinyl 6,75 kg CO2 e/m2   
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Følgende levetider er benyttet for referansebygget. Tilsvarende levetider er brukt for beregning av 
klimagassutslipp fra utskifting.  


 Levetid (år) 


Bygningskomponent Teknisk Kommersiell 


Brukt i 


beregninger 


Asfaltpapp på tak 20 10 20 


Fasadeplater  60 35 60 


Keramisk flis 30 25 25 


Innerdør (klimadør) 40 25 40 


Dampsperre i plast 30 20 60 


Murpuss 60 45 60 


Gipsplater i vegg og himling, generisk  60 40 40 


Høvellast, tre 60 40 60 


Mørtel 60 45 60 


Tregulv/parkett 60 40 40 


Ytterdør (ståldør) 30 25 30 


Vinduer inkl rammer, karm og beslag 35 12 35 


Avrettingsmasse over dekker 60 45 60 


Terrassebord og utvendig kledning av 


trevirke,  60 40 40 


Flislim 60 45 25 


Vindsperre av gips, (GU-X) 60 40 60 


Vinyl gulvbelegg 25 20 20 


Vinylbelegg, vegg, bad 25 20 20 


Linoleum gulvbelegg 25 20 20 


Innvendig maling 15 15 12 


Utvendig maling 15 6 10 


Membran, plast 20 15 25 


Gulvteppe 15 8 8 


Glassfasade 30 30 30 
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Resultater per materiale, Eksisterende bygg+kjeller  


Bygnings-
del 


Materiale Mengde Enhet A1-A3, kg 
CO2 ekv 


B4-B5, kg CO2 
ekv.  


Sum 


Bære-
systemer 


Stålbjelke, L, U og I 
profil 


819,00 kg 1 012,12 0,00 1 012,12 


Stålbjelke, L, U og I 
profil, ombruk 


9 368,00 kg 347,31 0,00 347,31 


Stålbjelke hulprofil 3 462,00 kg 8 931,96 0,00 8 931,96 


Stålbjelke, hulprofil 
ombruk 


2 945,00 kg 235,89 0,00 235,89 


Betongsøyle 0,31 m³ 89,06 0,00 89,06 


Armeringsstål til 
søyle 


31,40 kg 16,30 0,00 16,30 


Ytter-
vegger 


Betongvegg, 
bærende 


96,24 m³ 27 297,00 0,00 27 297,00 


Armeringsstål, til 
betongvegg 


9 624,00 kg 3 464,64 0,00 3 464,64 


13 mm gips 173,89 m² 295,61 201,97 497,59 


15 mm branngips 10,24 m² 26,62 17,38 44,00 


48 mm isolasjon 5,22 m³ 112,20 0,00 112,20 


148 mm isolasjon 28,27 m³ 1 636,57 0,00 1 636,57 


98 mm isolasjon 10,65 m³ 351,60 0,00 351,60 


9 mm GU plate 108,72 m² 184,82 0,00 184,82 


23+48 mm lekt 10,87 m³ 576,22 0,00 576,22 


118 mm Lecavegg 0,63 m³ 73,95 0,00 73,95 


70 mm 
stenderverk 


18,38 kg 16,92 0,00 16,92 


70 mm isolasjon 0,04 m³ 1,45 0,00 1,45 


Dampsperre 108,72 m² 46,21 148,40 194,61 


250mm isoblokk 16,51 m² 835,56 0,00 835,56 


Glassfasade, 
ombruk 


11,00 m² 113,87 175,59 289,46 


Glassfasade 15,00 m² 1 725,34 1 966,51 3 691,85 


Vinduer 231,83 m² 14 914,09 15 465,72 30 379,81 


Ytterdør, 
aluminium med 
glass 


10,00 stk 1 830,00 0,00 1 830,00 


Ytterdør, tre 1,00 stk 96,20 70,26 166,46 
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Fasadeplater, 
ombruk 


223,78 m² 354,59 6 070,19 6 424,77 


Inner-
vegger 


13mm gips 2 099,20 m² 3 568,64 0,00 3 568,64 


70 mm 
stenderverk 


1 662,78 kg 1 530,47 0,00 1 530,47 


70mm isolasjon 11,32 m³ 373,50 0,00 373,50 


100 mm isolasjon 18,67 m³ 616,21 0,00 616,21 


200 mm TEWO 88,67 m² 3 449,13 0,00 3 449,13 


innerdør, tre 32,00 stk 2 137,60 1 337,92 3 475,52 


innerdør, tre med 
glass 


8,00 stk 448,00 377,34 825,34 


innerdør,metall 14,00 stk 296,80 771,19 1 067,99 


maling, 
innervegger med 
gips  


1 292,32 m² 563,70 2 255,79 2 819,49 


15 mm branngips 485,71 m² 1 262,85 0,00 1 262,85 


118 mm Lecablokk 0,02 m³ 1,93 0,00 1,93 


100 mm Lecablokk 2,68 m³ 312,76 0,00 312,76 


150 mm Lecablokk 14,02 m³ 1 638,93 0,00 1 638,93 


100mm stender 329,56 kg 303,34 0,00 303,34 


Flis 80,00 m² 840,00 1 597,62 2 437,62 


Flislim 288,00 m² 721,46 1 158,30 1 879,76 


Membran 80,00 m² 85,60 0,00 85,60 


50 mm slisset 
stålstender 


477,30 kg 439,32 0,00 439,32 


15 mm finer 450,00 m² 1 036,80 0,00 1 036,80 


13 mm gips, 
ombruk 


750,88 m² 255,30 0,00 255,30 


15 mm branngips, 
ombruk 


62,04 m² 32,26 0,00 32,26 


70 mm isolasjon, 
ombruk 


7,56 m³ 49,90 0,00 49,90 


100 mm isolasjon, 
ombruk 


2,00 m³ 13,20 0,00 13,20 


70 mm stender, 
ombruk 


400,96 kg 73,81 0,00 73,81 


100 mm stender, 
ombruk 


61,60 kg 11,34 0,00 11,34 
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15 mm finer, 
ombruk 


275,54 m² 126,97 0,00 126,97 


Flis, ombruk 106,00 m² 222,60 870,29 1 092,89 


Flislim 381,60 m² 955,93 1 534,75 2 490,68 


Membran 106,00 m² 113,42 0,00 113,42 


Glassfelt 255,00 m² 23 151,45 24 356,58 47 508,03 


Dekker Avrettingsmasse 0,06 m³ 17,40 0,00 17,40 


Betong, påstøp på 
hulldekker 


8,31 m³ 1 924,44 0,00 1 924,44 


Plasstøpt dekke 91,42 m³ 25 930,45 0,00 25 930,45 


Tregulv 41,69 m² 9,01 779,72 788,72 


Teppeflis 1 622,00 m² 21 086,00 130 327,70 151 
413,70 


Flis, 5mm 87,50 m² 918,75 249,63 1 168,38 


Flislim 87,50 m² 219,19 0,00 219,19 


Membran 87,50 m² 93,63 0,00 93,63 


Akustiske 
himlingsplater, 25 
mm 


4,75 m³ 338,97 111,92 450,89 


Glassull 
himlingsplater, 50 
mm 


9,51 m³ 845,21 0,00 845,21 


Akustiske 
himlingsplater, 25 
mm, ombruk 


36,57 m³ 443,37 384,86 828,23 


Glassull 
himlingsplater, 50 
mm, ombruk 


73,14 m³ 1 105,51 0,00 1 105,51 


SonaSpray 392,34 m² 1 059,32 1 904,97 2 964,29 


Armeringsstål, 
plasstøpt dekke 


5,50 kg 1,98 0,00 1,98 


Yttertak 30 mm 
brannisolasjon 


4,15 m³ 805,28 226,71 1 031,98 


225 mm isolasjon 31,11 m³ 1 801,28 0,00 1 801,28 


30 mm 
brannisolasjon 


4,15 m³ 805,28 226,71 1 031,98 


Isolasjon 100 mm 131,67 m³ 7 623,00 0,00 7 623,00 


Isolasjon TR 100 
mm  


131,67 m³ 7 623,00 0,00 7 623,00 
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Korrugerte 
stålplater 10kg/m2 


1 380,00 kg 3 513,20 0,00 3 513,20 


Dampsperre 131,67 m² 55,96 0,00 55,96 


Sedumtak plan 10  172,00 m² 732,72 0,00 732,72 


Taktekking 400,25 m² 2 037,27 12 177,53 14 214,80 


Terassegulv, 28 
mm 


192,01 m² 1 411,82 0,00 1 411,82 


Overlys 13,51 m² 942,52 0,00 942,52 


Beslag, parapet 7,81 m² 421,54 453,88 875,41 


Trapper 
og 
balkonge
r 


betongtrapp 0,98 m³ 342,21 0,00 342,21 
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Resultater per materiale, Nybygg 


Bygnings-del Materiale Mengde Enhet A1-A3, kg 
CO2 ekv 


B4-B5, kg CO2 
ekv.  


Sum 


Grunn og 
fundamenter 


Stålkjernepeler 75 600,00 kg 93 744,00 0,00 93 744,00 


Betong, 
gysemasse 


9,00 m³ 2 552,71 0,00 2 552,71 


Bære-
systemer 


Stålbjelke, L, U 
og I profil 


7 480,00 kg 9 243,78 0,00 9 243,78 


Stålbjelke, L, U 
og I profil, 
ombruk 


2 371,00 kg 87,90 0,00 87,90 


Stålbjelke 
hulprofil 


2 061,00 kg 5 317,38 0,00 5 317,38 


Stålbjelke, 
hulprofil 
ombruk 


21 458,00 kg 1 718,79 0,00 1 718,79 


Yttervegger standard gips 
yttervegger 


130,00 m² 221,00 151,00 372,00 


branngips, 
yttervegger 


143,00 m² 371,80 242,67 614,47 


48 mm isolasjon 13,06 m³ 280,70 0,00 280,70 


148 mm 
isolasjon 


13,06 m³ 755,87 0,00 755,87 


98 mm isolasjon 26,66 m³ 879,65 0,00 879,65 


9 mm GU plate 2,45 m² 4,16 0,00 4,16 


23+48 mm lekt 2,72 m³ 144,16 0,00 144,16 


250 mm 
Lecavegg 


36,25 m³ 4 238,35 0,00 4 238,35 


250 mm 
isoblokk 


10,71 m² 542,10 0,00 542,10 


250mm tegl 
ombruk 


34,00 m³ 2 652,00 0,00 2 652,00 


250mm 
murplate 
ombruk 


34,00 m³ 306,00 0,00 306,00 


250mm 
murplate 


36,25 m³ 1 631,25 0,00 1 631,25 


dampsperre 272,00 m² 115,60 371,28 486,88 


300mm isoblokk 36,00 m² 1 821,46 0,00 1 821,46 


200mm 
isolasjon 


7,80 m³ 451,58 0,00 451,58 


430mm 
betongvegg 


16,77 m³ 4 756,55 0,00 4 756,55 


Armeringsstål, 
200 kg/m3  


3 354,00 kg 1 740,73 0,00 1 740,73 


Innside 
yttervegger med 
gips 


272,00 m² 118,64 474,78 593,43 
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Vindu, to fags, 
ombruk 


87,00 m² 628,12 0,00 628,12 


Vindu, to fags 104,00 m² 8 342,86 0,00 8 342,86 


Ytterdør 
aluminium 


6,00 stk 127,20 330,51 457,71 


Fasadeplater, 
ombruk 


472,22 m² 1 723,00 12 140,37 13 863,37 


Inner-vegger 13mm gips 102,04 m² 173,47 118,52 291,99 


70 mm 
stenderverk 


56,63 kg 52,13 0,00 52,13 


70mm isolasjon 1,82 m³ 60,06 0,00 60,06 


100 mm 
isolasjon 


1,20 m³ 39,60 0,00 39,60 


200mm i stedet 
for 300mm 


8,19 m² 318,72 0,00 318,72 


innerdør, tre 4,00 stk 267,20 0,00 267,20 


innerdør, tre 
med glass 


2,00 stk 112,00 94,34 206,34 


innerdør, 
aluminum, med 
glass 


6,00 stk 1 247,76 0,00 1 247,76 


Innervegger 
med gips  


37,80 m² 16,49 65,98 82,47 


Dekker Hulldekker 
ombruk 


127,83 m² 1 200,27 0,00 1 200,27 


Hulldekker 254,43 m² 21 717,88 0,00 21 717,88 


Avrettingsmasse 1,58 m³ 499,83 0,00 499,83 


Betong, påstøp 
på hulldekker 


12,92 m³ 2 990,36 0,00 2 990,36 


Plasstøpt dekke 4,57 m³ 1 295,08 0,00 1 295,08 


Tregulv 45,42 m² 9,81 424,74 434,55 


Tregulv, eik 42,92 m² 9,27 401,36 410,63 


Teppeflis 541,00 m² 7 033,00 43 469,35 50 502,35 


Teglstein, 
gårdsrom 


8,84 m³ 3 447,34 0,00 3 447,34 


Membran, 
gårdsrom 


142,57 m² 152,55 0,00 152,55 


Isolasjon 90mm, 
trykkfast 


12,83 m³ 742,86 0,00 742,86 


Isolasjon 40mm, 
trykkfast 


5,70 m³ 330,16 0,00 330,16 


Akustiske 
himlingsplater, 
25 mm 


8,36 m³ 596,17 196,84 793,01 


Glassull 
himlingsplater, 
50 mm 


16,72 m³ 1 486,51 0,00 1 486,51 
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Akustiske 
himlingsplater, 
25 mm, ombruk 


1,36 m³ 16,47 14,30 30,77 


Glassull 
himlingsplater, 
50 mm, ombruk 


2,72 m³ 48,32 0,00 48,32 


SonaSpray 113,32 m² 305,96 0,00 305,96 


Armeringsstål, 
plasstøpt dekke 


883,93 kg 318,22 0,00 318,22 


Yttertak 30 mm 
brannisolasjon 


1,47 m³ 285,47 80,37 365,84 


225 mm 
isolasjon 


11,03 m³ 638,55 0,00 638,55 


30 mm 
brannisolasjon 


1,47 m³ 285,47 80,37 365,84 


Hulldekke 
B45/H40 


80,22 m² 6 847,49 0,00 6 847,49 


Isolasjon 90 mm 12,83 m³ 742,86 0,00 742,86 


Isolasjon 40 mm  5,70 m³ 330,16 0,00 330,16 


Stein, 
skiferheller, 
ombruk 


1,70 m³ 53,46 0,00 53,46 


Sedumtak plan 
10  


49,02 m² 208,83 0,00 208,83 


Trapper og 
balkonger 


ståltrapp 2 922,00 kg 7 830,96 0,00 7 830,96 


betongtrapp 2,11 m³ 736,80 0,00 736,80 
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INNLEDNING 


 
FutureBuilts prosjekter dokumenteres på FutureBuilts nettside. Her får man en samlerapport som 
redegjør for prosjektets miljøtiltak og resultater. Denne klimagassrapporten er et vedlegg til øvrig 
dokumentasjon på nettsiden og går i mer detalj om forutsetninger, datagrunnlag, tiltaksvurderinger, 


valg av tiltak, mv. som ligger til grunn for klimagassberegningene og oppnådde klimagassreduksjoner.  


Kristian Augusts gate 23 er et FutureBuilt-prosjekt og foreliggende rapport er dokumentasjon av 
klimagassberegninger, oppnådde klimagassreduksjoner og foreslåtte og gjennomførte tiltak. 
Rapporten utarbeides og revideres tre ganger gjennom planlegging/prosjektering, etter bygging og 
etter 2 års drift.  


I versjon 1 av rapporten presenteres: 
• et referansebygg av samme byggkategori og størrelse, bygget etter minimumskrav i 


Forskrift om tekniske krav til byggverk, materialvalg uten spesiell tanke på miljø og med 
gjennomsnittlig lokalisering uten transporttiltak.   


• den prosjekterte bygningen, med beregnet energibruk (netto iht. NS 3031), planlagt 


energiforsyning, planlagt materialbruk og faktisk beliggenhet med gjennomsnittlige reisevaner 
for denne beliggenheten. 


Versjon 2 av rapporten suppleres med beregningen for: 


• bygningen «Som bygget», fortsatt med beregnet energibruk (netto iht. NS 3031), men med 
faktiske utslippsdata for valgte bygningsprodukter (fra EPD’er) og med transportutslipp iht. 
mobilitetsplan for prosjektet. 


Versjon 3 av rapporten suppleres ytterligere med beregningen for: 


• bygningen etter 2 års drift «I drift», med målt energi fordelt på ulike energiposter og med 
transportutslipp iht. gjennomført reisevaneundersøkelse for brukerne i bygget.  


 


Beregningene for Kristian Augusts gate 23 er utarbeidet av Multiconsult. 
 
Versjon 1, datert 06.05.21 og revidert 08.06.21, inneholder resultatene av klimagassberegninger for 
referansebygg og den prosjekterte bygningen. 


 
Versjon 2, datert 27.01.2022 og revidert 04.03.22, inneholder i tillegg resultatene av 
klimagassberegninger for bygning «som bygget». 
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1. PROSJEKTBESKRIVELSE 


Kristian Augusts gate 23 er et kontorbygg som er rehabilitert av Höegh Eiendom. Prosjektperioden går 
fra 2020 til 2022. Prosjektet har som mål å bli et sirkulært bygg iht. FutureBuilts kriterier.  


Bygget består av over 50 % ombrukte og ombrukbare materialer og komponenter. Fasaden til bygget 
er vernet, og eksisterende fundamenter, bærekonstruksjoner, yttervegger, karmer, dekker, 


bæresystem, trapperom, heiser, deler av innervegger og noe teknisk utstyr er beholdt. Det er også 
bygget et påbygg i nye materialer.  


Bygget er sykkelvennlig med 120 innendørs sykkelparkeringsplasser og har ingen egne 
parkeringsplasser, kun en bildelingsordning med 2-4 tilhørende parkeringsplasser (FutureBuilt, 2021). 
Energiklassen er løftet fra D til C vha. energieffektiviseringstiltak. 


Bygget inkludert påbygget har et bruttoareal (BTA) på 8 962 m2, hvorav påbygget utgjør 226 m2, og 
et oppvarmet bruksareal (oppvarmet BRA) på 8 721 m2. Det er planlagt 413 ansatte som faste 


brukere av kontorbygget. 


Kristian Augusts gate 23 ligger 13 moh. På Tullinløkka i Oslo med postnummer 0164 og 20 m til 


sentrum. Oslo har en middeltemperatur på 5,7 °C for året som helhet og 16,4 °C for juli (Dannevig, 
2019).  


Formålet med klimagassberegningen er å belyse miljøeffekten av ombruk av materialer, valg av nye 
materialer med lave klimagassutslipp, mobilitetsløsninger med lave klimagassutslipp og 


energieffektivisering, og å beregne klimagassreduksjon for prosjektet sammenlignet med 
referansebygg. Beregningen er iht. NS 3720:2018 (Standard Norge, 2018) og inkluderer 
klimagassutslipp fra materialbruk, transport og stasjonær energibruk.  


 


1.1. Beregningsprogram for klimagassberegninger 


Det nettbaserte programmet One Click LCA (Bionova Ltd, 2021) er benyttet for klimagassberegninger. 


Eget regneark er benyttet for mellomberegninger som ikke kan utføres i One Click LCA. Disse 
mellomberegningene omfatter omgjøring mellom enheter i datagrunnlag og enheter som skulle 
benyttes i One Click LCA, eksempelvis for materialmengder i innervegger, og beregning av antall 
besøkende basert på antall ansatte. 
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2. HOVEDRESULTATER OG SAMMENLIGNING AV 
ALTERNATIVER  


 
Prosjektets totale klimagassutslipp er sammenlignet med referanseberegningen redusert med 54 % 
for prosjektert bygg og 55 % for «som bygget». 
 


Klimagassutslippet for prosjektet «som bygget» er beregnet til 34 kg CO2-ekv./m2 BRA*år , og 
420 kg CO2-ekv./person*år. Totalt for bygget utgjør dette 295 125 kg CO2-ekv./år. 


 


I tabell 2.1 er reduksjonene for alternativene vist for henholdsvis materialbruk, stasjonær energibruk 
til drift av bygget og person- og varetransport i driftsfasen. Transport i driftsfasen er ikke endret fra 
prosjektert bygg til «som bygget». 
 


 
Figur 2.1: Fordeling av beregnede klimagassutslipp [kg CO2-ekv./ m2* år] for Kristian Augusts gate 23 


 
 
Tabell 2.1: Fordeling av beregnede klimagassutslipp pr. år for Kristian Augusts gate 23 


 Referansebygg Prosjektert bygg «Som bygget» «i drift» 


 [kg CO2 / år] [kg CO2 / år] [kg CO2 / år] [kg CO2 / år] 


Materialbruk 
37 476 5 453 6 323   


Stasjonær energi 
104 960 77 622 76 337   


Transport 
506 645 212 465 212 465   


Total 
649 081 295 541 295 125  


Reduksjon ifht. 
Referansebygg 
[%]  54 % 55 %  
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Tabell 2.2: Fordeling av beregnede klimagassutslipp pr. person1 pr. år for Kristian Augusts gate 23 
 


 Referansebygg Prosjektert bygg «Som bygget» «i drift» 


 
[kg CO2-


ekv./person*år] 
[kg CO2-


ekv./person*år] 
[kg CO2- 


ekv./person*år] 
[kg CO2-


ekv./person*år] 


Materialbruk 
53 8 9   


Stasjonær energi 
150 111 109   


Transport 
722 303 303   


Total 
925 421 420  


Reduksjon ifht. 
Referansebygg 
[%]  54 % 55 %  


 
Tabell 2.3: Fordeling av beregnede klimagassutslipp pr. areal pr. år for Kristian Augusts gate 23 
 


 Referansebygg Prosjektert bygg «Som bygget» «i drift» 


 
[kg CO2-ekv./m2 


BTA*år] 
[kg CO2-ekv./m2 


BTA*år] 
[kg CO2-ekv./m2 BTA*år] 


[kg CO2-ekv./m2 
BTA*år] 


Materialbruk 
4 1 1  


Stasjonær 
energi 12 9 9  


Transport 
57 24 24  


Total 
72 33 33  


Reduksjon ifht. 
Referansebygg 
[%]  54 % 55 %  


 
Kristian Augusts gate 23 oppnår en klimagassreduksjon på 55 % sammenlignet med referansebygg. 
Ombruk av materialer, bruk av materialer med lave klimagassutslipp, redusert energibruk, bruk av 
fjernvarme, sentral beliggenhet og ingen parkering bidrar til å redusere klimagassutslippene i 


prosjektet. 


  


 


1 Antall personer er alle som er oppgitt som brukere av bygget, dvs. ansatte/bosatte, 


elever/studenter og andre brukere samt besøkende. 
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3. STASJONÆR ENERGIBRUK 


I dette kapitlet er det først redegjort for forutsetninger, grunnlag og resultater av de ulike 
beregningsalternativene, deretter sammenlignes alternativene og det gis en kort forklaring av 
årsakene til forskjellen mellom alternativene. 


Utslippsfaktor for elektrisitet i One Click LCA er 0,12 kg CO2-ekv./kWh levert elektrisitet, og denne 


representerer forventet gjennomsnitt for EU23 og Norge over de neste 60 årene. Utslippsfaktor for 
fjernvarme i One Click LCA er 0,0138 kg CO2-ekv./kWh levert varme, og denne er spesifikk for Oslo. 


3.1. Prosjektfaser – forutsetninger og delresultater 


3.1.1. Referansebygg 


Som referansebygg er det lagt til grunn et bygg med samme oppvarmede BRA som det faktiske 
bygget, og som har et netto energibehov iht. minimumskrav i Forskrift om tekniske krav til byggverk. 


Levert energi beregnes automatisk i One Click LCA basert på oppvarmet BRA, rammekrav i TEK17 og 
en normalfordeling av energikilder i verktøyet. 


 


Forutsetninger energibruk i drift – referanseberegning: 


• Spesifikt netto energibehov [kWh/m² *år] tilsvarende rammekravet i teknisk forskrift 
• 65 % av varmebehovet dekkes av elkjel (systemvirkningsgrad 0,86) og 35 % av 


varmebehovet dekkes av varmepumpe 


• Dersom kjølebehov: Kjølebehovet dekkes av lokale kjølemaskiner med en 
systemvirkningsgrad på 2,45. 


 
Tabell 3.1: Oversikt over energibehov (ulike formål), energiforsyning og tilhørende klimagassutslipp 
for referansebygg 


Referansebygg Netto energibehov* 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-ekv/m2*år] 


Elspesifikk energi 70 100 % el fra nett 8,6 


Varme 30 65 % elkjel** 


35 % varmepumpe** 


2,6 


Kjøling 15 100 % lokal kjøling 0,8 


Sum  115 - 12,0 


* Netto energibehov er hentet fra Vedlegg 2 i FutureBuilts regneregler, disse er standardverdier 
benyttet i One Click LCA. 


** Prosentandelene av varmebehovet som dekkes av elkjel og varmepumpe er beregnet basert på 
levert energi og ikke energibehov. 


 


3.1.2. Prosjektert bygg 


Det prosjekterte bygget er planlagt oppført med energiklasse C. 


Byggets netto energibehov er beregnet ved hjelp av beregningsprogrammet SIMIEN, se 


energibudsjett i tabell 3.2. Beregningene viser at byggets netto energibehov er 2,7 % høyere enn 
rammekravet i teknisk forskrift.  


De viktigste tiltakene for å redusere byggets energibehov omfatter totalrehabilitering av 


ventilasjonsaggregat og varme- og kjølesystem, romregulering med sekvensstyring, utbytting av 
vindusglass og tetting rundt karmer for å redusere varmetap samt etterisolering av tak. Til tross for 
disse tiltakene er likevel byggets energibehov noe høyere enn rammekravet fordi den vernede fasaden 
medførte at tiltak ikke kunne gjøres på vegger eller fasade. 


Prosjekter skal beskrive to mulige alternative elektrisitetsscenarier. Scenariene skal være ”Scenario 1 
Norsk forbruksmiks” og ”Scenario 2 Europeisk (EU28+NO), 60 years forecasted average”. 
Hovedscenario for FutureBuilt-prosjekter skal være Scenario 2. 
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Tabell 3.2: Energibudsjett. Beregnet netto energibehov i henhold til NS 3031 


 


Hele byggets varmebehov dekkes av fjernvarme. Eksisterende fjernvarmesentral beholdes, og 
varmeanlegget bygges om til et mengderegulert system for energioptimalisering (FutureBuilt, 2021). 


Kjølebehovet dekkes av lokal kjøling i form av eksisterende kjølemaskiner ombygget til et 
mengderegulert anlegg. Temperaturvirkningsgrad for varmegjenvinner er 82 %, estimert 
virkningsgrad for gjenvinner justert for frostsikring er 81,5 %, og systemvirkningsgrad for 
oppvarmingsanlegg er 0,89. Det er ingen eksport av energi. 
 
Byggets beregnede klimagassutslipp fra stasjonær energi som prosjektert er 9 kg CO2-ekv/m2*år, se 
tabell 3.3. Dette utgjør en reduksjon på 26 % i forhold til referansebygget. Med elektrisitetsscenario 1 


blir byggets beregnede klimagassutslipp fra stasjonær energi 2 kg CO2-ekv./m2*år. 
 
 
Tabell 3.3: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektert 
bygg. 


Prosjektert bygg Netto energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[kg CO2-ekv/m2*år] 


Elspesifikk energi 31 100 % el fra nett 6,2 


Varme 77 100 % fjernvarme 0,9 


Kjøling 9 100 % lokal kjøling 1,8 


Sum  118 - 8,9 


 
 
 


3.1.3. «Som bygget» 


 


Bygget har oppnådd energimerke C.  


Byggets netto energibehov er beregnet ved hjelp av beregningsprogrammet SIMIEN, se 
energibudsjett i tabell 3.4. Beregningene viser at byggets netto energibehov er 11 % høyere enn 


rammekravet i teknisk forskrift, og 8 % høyere enn beregnet energibehov til prosjektert bygg. Dette 
skyldes at den vernede fasaden begrenset hvilke tiltak som kunne gjennomføres for 
energieffektivisering. 


Se vedlegg 1c for energiberegninger inkludert tetthetsmålinger. 
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Tabell 3.4: Energibudsjett. Beregnet netto energibehov i henhold til NS 3031 


 
 


Tabell 3.5: Oversikt over energibehov, energiforsyning og tilhørende klimagassutslipp for prosjektet 
«som bygget». 


 


Som bygget Netto energibehov 


[kWh/m²*år] 


Energiforsyning 


[% av posten] 


Klimagassutslipp 


[Kg CO2-ekv/m2*år] 


Elspesifikk energi 58 100 % el 6,4 


Varme 55 100 % fjernvarme 0,9 


Kjøling 14 100 % lokal kjøling 1,5 


Sum  128 - 8,8 


 
 


3.2. Sammenligning av alternativene – klimagassutslipp fra stasjonær energibruk 


 


 
Figur 3.1: Beregnede klimagassutslipp for energi, fordelt på formål; varme, kjøling og elspesifikt. 
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Tabell 3.4: Fordeling av klimagassutslipp pr. energikategori for ulike prosjektfaser: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget I drift 


 kg CO2-ekv. 
/år 


kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./år 


% red 
saml. med 


ref 


Elspesifikk 
energi 75 151 53 970 28 %   55 721 26 % 


  


Varme  23 100 7 617 67 % 7 544 67 %   


Kjøling 6 710 16 036 -139 % 13 072 -95 %   


Total 104 960 77 622 26 % 76 337 27 %   


 


 
Tabell 3.5: Fordeling av klimagassutslipp pr. person pr. energikategori for ulike prosjektfaser: 


 
Referanse- 


bygg 
Prosjektert bygg Som bygget I drift 


 
kg CO2-
ekv./ 


person /år 


kg CO2-
ekv./perso


n/år 


% red 
saml. med 


ref 


kg CO2-
ekv./ 


person/år 


% red 
saml. med 


ref 


kg CO2-
ekv./ 


person/år 


% red 
saml. med 


ref 


Elspesifikk 
energi 107 77 28 % 79 26 % 


  


Varme  33 11 67 % 11 67 %   


Kjøling 10 23 -139 % 19 -95 %   


Total 150 111 26 % 109 27 %   


 
 


Klimagassreduksjonen for stasjonær energi er 27 % fra referansebygget til «som bygget», hvorav 
hovedårsakene til nedgang i klimagassutslipp er bruk av fjernvarme til å dekke varmebehovet 
istedenfor elektrisitet samt redusert energiforbruk. 


Utslippsreduksjon på 50 % er ikke oppnådd. Byggets vernestatus har gjort det vanskelig å 


optimalisere energiforbruket nok til å oppnå dette målet. Tiltak kunne ikke gjøres på vegg eller fasade 
pga. vernestatusen. I tillegg ble U-verdier i vinduer noe dårligere pga. ombruk av vinduskarmer. 
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4. MATERIALER 
I dette kapitlet er det først redegjort for forutsetninger, grunnlag og resultater av de ulike 
beregningsalternativene, deretter sammenlignes alternativene og det gis en kort forklaring av 
årsakene til forskjellen mellom alternativene. 


4.1. Beregningsalternativer – forutsetninger og delresultater 


4.1.1. Referansebygg 


Referansebygget er generert fra Carbon designer i One Click LCA. Følgende opplysninger er lagt til 
grunn: 


• Byggtype: 31 - Kontorbygning 
• Antall etasjer totalt: 9 
• Antall oppvarmede etasjer under bakken: 1 


• Antall etasjer over bakken: 8 
• Oppvarmet bruksareal (BRA): 8 721 m2 
• Totalt bruttoareal (BTA): 8 961,5 m2 


 
Tilpasset referansebygg ble utarbeidet i april 2020, basert på IFC-modell lastet ned 16.03.20. På dette 
tidspunktet var ikke påbygg prosjektert. Tilpasset referansebygg er derfor oppdatert med å inkludere 
påbygg, og modellen for eksisterende referansebygg er justert slik at det passer med påbygget. 


Påbygg-delen av referansebygget er basert på IFC-modell lastet ned 07.04.21. Tilpasset 
referansebygg er også justert ved at eksisterende fundament er lagt til, da dette ikke var inkludert i 
IFC-modell. Dette medførte en økning i utslippene for referansebygget på 26 %. Fundament i tilpasset 
referansebygg er estimert basert på byggets BTA, og er modellert som stålkjernepeler med 20 m 
dybde. 
 


Klimagassutslipp er rapportert kun for livsløpsfaser A1-A3 og B4 for å sikre sammenlignbarhet mellom 
FutureBuilt-prosjekter. 
 
Tabell 4.1: Beskrivelse av bygningsdeler med tilhørende klimagassutslipp for referansebygg. 


Bygningsdel Oppbygging (hovedelementer) Klimagassutslipp 


[kg CO2-ekv/m2/år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 


Stålpeler, 20 m dybde. 0,93 22 % 


Bæresystemer Søyler og bjelker er av betong og stål. 0,21 5 % 


Yttervegger  Yttervegger er isolerte bindingsverksvegger 
av tre, betongvegger og LECA-vegger med 
naturstein som fasade og gips og fliser som 
innvendig kledning. Det er i tillegg noen 
glassfasader.  


1,07 25 % 


Innervegg  Innervegger er glassull-isolerte 
bindingsverksvegger av stål med gips og 
fliser som kledning. Noen gipsvegger har 
kryssfiner. 


0,30 7 % 


Dekker Dekker består av hulldekker og plasstøpt 
betong. Gulvoverflate er kebony, vinyl, 
gulvteppe, terrazzoflis, parkett, murpuss og 
linoleum. Himling er treull og gips. 


1,63 38 % 


Yttertak Yttertaket består av komptakttak av betong, 
glass, stålplater, aluminium, isolasjon og 
bitumenpolymer membrantekking. 


0,11 3 % 


Trapper og 
balkonger 


Trapper og balkonger er av betong.  0,05 1 % 
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Dekker, yttervegger og grunn og fundamenter er de bygningsdelene som fører til de høyeste 
klimagassutslippene for tilpasset referansebygg. Betong, stål og glassvegger er de mest medvirkende 
materialene. 


4.1.2. Prosjektert bygg 


Prosjekterte mengder av materialer for dette prosjektet er benyttet i beregningene. Kun nye 
materialer bidrar betydelig til prosjektets klimagassutslipp, ombrukte materialer har ingen 
klimagassutslipp i beregningen iht. FutureBuilts regneregler. Det er hovedsakelig internt ombruk i 
prosjektet, dvs. at materialene som allerede var i bygget ble beholdt. Mange ble værende der de var, 
og det som ble gjort av behandling skjedde på stedet. Kun noen små materialmengder ble ombrukt 


fra andre bygg, og disse byggene ligger innenfor 1 km fra prosjektet. Transport ifm. ombruk blir 
derfor neglisjerbart i det totale klimagassregnskapet. 


I tidlig fase av prosjektet ble det gjennomført både ombrukskartlegging og materialvurderinger mht. 
klimagassutslipp for å legge til rette for klimagassreduksjon for materialer i prosjektet. Det 
prosjekterte bygget har mange ombrukte bygningsdeler og materialer og avviker derfor betydelig fra 
referansebygget. I beregningen for prosjektert bygg er det også benyttet prosjektspesifikke EPDer der 


disse er hentet inn, mens i referansebygget er generiske data/proxy-data benyttet. Beregningen for 


prosjektert bygg er basert på IFC-modell nedlastet 07.04.21 og materialdata mottatt i perioden 
19.04.21-26.05.21, mens referansebygget i hovedsak er basert på data fra et tidligere tidspunkt i 
prosjekteringen (med unntak av påbygget). 


Tiltak som er vurdert og forkastet omfatter påbygg i massivtre, påbygg i ombrukte materialer og 
påbygg med pusset fasade istedenfor glassfasade. Disse måtte forkastes pga. stramt tidsskjema i 
prosjektet. 


Tiltak som er gjennomført for å redusere klimagassutslipp fra materialer omfatter bruk av ombrukte 


materialer istedenfor nye, gulvtepper av resirkulert materiale, lavkarbonbetong av klasse B, fibergips 
istedenfor standardgips og stålsøyler med lavere klimagassutslipp fra produksjon enn referansen. I 
tillegg er det høyt fokus på ombrukbarhet og fleksible løsninger samt forsvarlig avhending. 


Programvaren One Click LCA er benyttet for klimagassberegningene. 


Utslippsdataene for materialer er generiske eller proxy-data fra programvaren der spesifikke 
produkter ikke er valgt, og produktspesifikke EPDer for de materialene der det er samlet inn gyldig 


EPD. Produktspesifikke EPDer er benyttet for stålsøyler, betong, fibergips, glassvegger, steinull og 


gulvteppe. Disse ligger vedlagt denne rapporten. 
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Tabell 4.2: Beskrivelse av bygningsdeler med tilhørende klimagassutslipp for prosjektert bygg. 


Bygningsdel Oppbygging Klimagassutslipp 


[kg CO2-ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 


Ombrukt fra eksisterende bygg. 0,00 0 % 


Bæresystemer Noe ombrukt fra eksisterende bygg, noe 
nytt av stål. 


0,05 8 % 


Yttervegger  Hovedsakelig ombrukt fra eksisterende 
bygg, vindusglass er nye. 


0,06 10 % 


Innervegg  Nye gipsvegger, glassfronter og innerdører. 
Gipsveggene har stålstendere og 
steinullisolasjon, og enten fibergips eller 
standardgips. Noen gipsvegger har OSB eller 
kryssfiner. Noen nye fliser. Ellers ombruk. 


0,28 45 % 


Dekker Hovedsakelig ombrukt fra eksisterende 
bygg. Nytt betongdekke i påbygg, noe 


himling (treull) og gulvbelegg (teppe, 
terrazzoflis, linoleum og parkett) er nytt. 


0,16 26 % 


Yttertak Hovedsakelig ombrukt fra eksisterende 
bygg. Nytt galvanisert ståltak, grønt tak og 
kebony. 


0,02 3 % 


Trapper og 
balkonger 


Hovedsakelig ombrukt fra eksisterende 
bygg, ny ståltrapp under veksthus og nytt 
spilerekkverk av stål på påbygg. 


0,05 8 % 


 
Innervegger er den bygningsdelen som fører til høyest klimagassutslipp for prosjektert bygg. Dette 
kan forklares med at det er en relativt stor mengde nye innervegger, da alle de innvendige 


gipsveggene i prosjektet er nye og det også er nye innvendige glassfronter. Gulvoverflate utgjør også 
en stor andel av de nye materialene i prosjektet, og dekker er den nest største bidragsyteren til 


klimagassutslipp. Glassveggene er materialet som bidrar mest til klimagassutslipp fra 
produksjonsfasen, etterfulgt av galvanisert stål og stålbjelker.  


4.1.3. «Som bygget» 


Kristian Augusts gate 23 ble ferdigstilt i desember 2021. Det er benyttet faktiske materialmengder fra 


prosjektet. Det er utført noen justeringer i materialer sammenlignet med prosjektert bygg, disse 
inkluderer i all hovedsak økte mengder himlingsplater, parkett, LECA-vegger, betong, isolasjon, 
epoxybelegg og glassfasade og reduserte mengder gulvteppe og innervegger. De samme 
prosjektspesifikke EPDene som ble samlet inn for prosjektert bygg er fortsatt gjeldende. 45 % av 
klimagassutslippene fra materialer er knyttet til materialene som er dokumentert med EPD. Endringer 
i materialtyper omfatter at terrassoflis er endret til terrassostøp, og MøreRoyal er benyttet istedenfor 
kebony. Se vedlegg 2l for fullstendig oversikt over materialmengder. 


Det er beregnet at 66 909 kg CO2-ekv biogent karbon er lagret i materialene, noe som tilsvarer 
1 115 kg CO2-ekv./m2*år.  
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Tabell 4.3: Beskrivelse av bygningsdeler med tilhørende klimagassutslipp for bygget slik det ble 
oppført. 


Bygningsdel Oppbygging Klimagassutslipp 


[kg CO2-ekv/m2*år] 


Klimagassutslipp 


[% av tot.] 


Grunn og 
fundamenter 


Ombrukt fra eksisterende bygg. 0,00 0 % 


Bæresystemer Noe ombrukt fra eksisterende bygg, noe 
nytt av stål. 


0,05 7 % 


Yttervegger  Hovedsakelig ombrukt fra eksisterende 
bygg, vindusglass, noen glassfasader og 
noen LECA-vegger er nye. 


0,10 14 % 


Innervegg  Nye gipsvegger, glassfronter og innerdører. 
Gipsveggene har stålstendere og 
steinullisolasjon, og enten fibergips eller 
standardgips. Noen gipsvegger har OSB eller 
kryssfiner. Noen nye fliser. Ellers ombruk. 


0,27 38 % 


Dekker Hovedsakelig ombrukt fra eksisterende 
bygg. Nytt betongdekke i påbygg, noe 
himling (treull) og gulvbelegg (teppe, 
terrazzostøp, linoleum, parkett og epoxy) er 
nytt. 


0,21 28 % 


Yttertak Hovedsakelig ombrukt fra eksisterende 
bygg. Nytt galvanisert ståltak, grønt tak og 
møre royal. Etterisolering av eksisterende 
tak og nytt tak i påbygg. 


0,05 7 % 


Trapper og 
balkonger 


Hovedsakelig ombrukt fra eksisterende 
bygg, ny ståltrapp under veksthus og nytt 
spilerekkverk av stål på påbygg. 


0,05 7 % 
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4.2. Sammenligning av alternativene – klimagassutslipp fra materialbruk 


Beregningene viser at for prosjektet sammenlignet med referanseberegningen oppnås 


utslippsreduksjon på 85 % for prosjektert og 83 % for «som bygget». 


 


 
Figur 4.1: Fordeling av klimagassutslipp pr konstruksjon for de enkelte prosjektfasene 


 
 
Tabell 4.3: Fordeling av klimagassutslipp pr. bygningsdel for ulike prosjektfaser: 


 Referansebygg Prosjektert bygg "Som bygget" 


 


kg CO2-ekv./år kg CO2-ekv./år 
% red saml. 


med ref kg CO2 ekv./år 
% red saml. 


med ref 


Grunn og 
fundamenter 8 118 0 100 % 0 100 % 


Bæresystemer 1 795 413 77 % 413 77 % 


Yttervegger  9 319 543 94 % 892 90 % 


Innervegg  2 610 2 463 6 % 2 382 9 % 


Dekker 14 230 1 438 90 % 1 796 87 % 


Yttertak 997 177 82 % 421 58 % 


Trapper og 
balkonger 407 419 -3 % 419 -3 % 


Total 37 476 5 453 85 % 6 323 83 % 


Total inkl. 
biogent karbon 42 113 6 420 85 % 7 438 82 % 
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Tabell 4.4: Fordeling av klimagassutslipp pr. bygningsdel pr. person for ulike prosjektfaser: 


 Referansebygg Prosjektert bygg "Som bygget" 


 
kg CO2-ekv./ 


person*år 
kg CO2-ekv./ 


person*år 
% red saml. 


med ref 
kg CO2-ekv./ 


person*år 
% red saml. 


med ref 


Grunn og 
fundamenter 12 0 100 % 0 100 % 


Bæresystemer 3 1 77 % 1 77 % 


Yttervegger  13 1 94 % 1 90 % 


Innervegg  4 4 6 % 3 9 % 


Dekker 20 2 90 % 3 87 % 


Yttertak 1 0 82 % 1 58 % 


Trapper og 
balkonger 1 1 -3 % 1 -3 % 


Total 53 8 85 % 9 83 % 


Total inkl. 
biogent karbon 60 9 85 % 11 82 % 


 
Klimagassutslippene fra materialer er redusert fra referansebygg til prosjektert bygg og «som bygget» 


grunnet stor grad av ombruk og bevaring av materialer samt bruk av materialer med lavere 
klimagassutslipp enn referanseverdiene. De største reduksjonene oppnås for grunn og fundamenter, 
yttervegger, dekker og bæresystemer, og for disse bygningsdelene er det høy grad av ombruk i 
prosjektet. For innervegger er ikke reduksjonen i klimagassutslipp så stor pga. den betydelige 
mengden nye innervegger i prosjektet. Klimagassutslipp er noe økt for trapper og balkonger 
hovedsakelig grunnet ståltrappen under veksthuset, som i referansebygget er modellert som betong. 
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5. TRANSPORT  


5.1. Beregningsalternativer – forutsetninger og delresultater 


Forutsetninger for hvert av beregningsalternativene er gitt i de påfølgende avsnittene. 


5.1.1. Referansebygg 


Hvis det er flere bygg, eller flere formål lokalisert i ett bygg, må hvert bygg beskrives for seg da de vil 
ha ulike forutsetninger om antall ansatte, bosatte, andre brukere samt resulterende 
transportmiddelfordeling (for prosjektert, som bygget og i drift) 
 
Forutsetninger: 


• 413 ansatte (tilsvarende prosjektert bygg) 
• 289 besøkende/kunder (tilsvarende prosjektert bygg) 


• 260 åpningsdager og reisedager for besøkende 
• Oslo og Akershus fylke er benyttet som geografisk område 
• Standard turproduksjon og transportmiddelfordeling, hastigheter og andel 


skinnegående kollektivtransport for valgte kommune 
• Ingen påvirkning av reisemiddelfordeling ved parkeringstilgang 
• Varetransport for kontor og andre arbeidsplasser 


 


Tabell 5.1: Transportmiddelfordeling for referansebygg. 


Transportmiddelfordeling 
[% av alle reiser per dag] 


Gang/sykkel Kollektiv Bil 


Arbeid  15,0 39,0 46,0 


Tjeneste 12,0 23,0 65,0 


Private turer 34,0 17,5 48,5 


Besøkende og andre brukere 34,0 17,5 48,5 


 


 


Tabell 5.2: Klimagassutslipp fra transport, fordelt på transportmidler, for referansebygg. 


Klimagassutslipp kg CO2-ekv/m²/år 


Bil 41 


Kollektiv – buss 1 


Kollektiv – skinnegående 0 


Varetransport 16 


Sum 58 


 


5.1.2. Prosjektert bygg 


Forutsetninger (de som skiller seg fra referansebygg er markert med fet skrift): 


• 413 ansatte 


• 289 besøkende/kunder (beregnet basert på antall ansatte og FutureBuilts regneregler 
for ikke-publikumsattraktive kontorbygg) 


• 260 åpningsdager og reisedager for besøkende 
• Oslo sentrum er benyttet som geografisk område 
• Standard turproduksjon og transportmiddelfordeling, hastigheter og andel 


skinnegående kollektivtransport for valgte kommune 
• Parkeringstilgjengelighet: Ingen P-mulighet / Maksimumsnorm 3 P-plasser 


per 1000 m2 (0.1) 
• Varetransport for kontor og andre arbeidsplasser 
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Tabell 5.3: Transportmiddelfordeling når begrensninger i parkeringsmuligheter er hensyntatt. 


Transportmiddelfordeling [% 
av alle reiser per dag] 


Gang/sykkel Kollektiv Bil 


Arbeid  18,7 79,67 1,6 


Tjeneste 30,1 38,2 31,8 


Private turer 57,6 26,9 15,5 


Besøkende og andre brukere 57,6 26,9 15,5 


Fra tabellen kommer det fram at endringene fra referansen omfatter høyere andel gang/sykkel og 
kollektiv, og lavere andel bil.  


 


Tabell 5.4: Klimagassutslipp «som prosjektert» når begrensninger i parkeringsmuligheter er 
hensyntatt. 


Klimagassutslipp 
Arealspesifikt utslipp 


[kg CO2-ekv/m2*år] 


Bil 9 


Kollektiv – buss 1 


Kollektiv – skinnegående 0 


Varetransport 14 


Sum 24 


 


Materialtransport (livsløpsfase A4) er ikke inkludert i systemgrensene iht. FutureBuilts regneregler. På 
Kristian Augusts gate 23 ble det gjort tiltak for å redusere materialtransporten. Transport ble nesten 


halvert pga. optimalisering av last og begrensning mtp. trikkelinjer og ring 1. Effekten av dette 


kommer imidlertid ikke frem i klimagassregnskapet pga. systemgrensene. 


5.1.3. «Som bygget» 


Det er ingen endring i forhold til prosjektert løsning. Se transportmiddelfordeling i tabell 5.3 og 
klimagassutslipp i tabell 5.4 for transport i drift. 


 


5.2. Sammenligning av alternativene – klimagassutslipp fra transport 


Beregningen viser at man oppnår en reduksjon av klimagassutslipp på 58 % ved de tiltak som er 
gjennomført for transport. 
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Figur 5.1: Fordeling av beregnede klimagassutslipp for transport for Kristian Augusts gate 23. 


 
Tabell 5.5: Fordeling av beregnede klimagassutslipp for transport for Kristian Augusts gate 23. 


 Referansebygg Prosjektert bygg "Som bygget" "i drift" 


 kg CO2-ekv./år 
kg CO2-
ekv./år 


% red 
saml. med 


ref 


kg CO2-
ekv./år 


% red 
saml. 


med ref 


kg CO2-
ekv./år 


% red 
saml. med 


ref 


Bil 360 009 78 712 78 % 78 712 78 %   


Kollektiv – 
buss 8 686 9 666 -11 % 9 666 -11 % 


 
 


Kollektiv – 
skinnegående 3 072 4 196 -37 % 4 196 -37 % 


 
 


Varetransport 134 878 119 892 11 % 119 892 11 %   


Sum 506 645 212 465 58 % 212 465 58 %   


 
Tabell 5.6: Fordeling av beregnede klimagassutslipp for transport for Kristian Augusts gate 23. 


 
Referanse-


bygg 
Prosjektert bygg "Som bygget" "i drift" 


 
kg CO2-


ekv./person*å


r 


kg CO2-


ekv./person*


år 


% red 


saml. med 


ref 


kg CO2- 


ekv./person


*år 


% red 


saml. med 


ref 


kg CO2-  


ekv./ 


person*år 


% red saml. 


med ref 


Bil 513 112 78 % 112 78 %   


Kollektiv – 
buss 12 14 -11 % 14 -11 % 


 
 


Kollektiv – 
skinnegående 4 6 -37 % 6 -37 % 


 
 


Varetransport 192 171 11 % 171 11 %   


Sum 722 303 58 % 303 58 %   


 


Klimagassutslipp er redusert fra referansebygg til prosjektert bygg grunnet en mer sentral lokalisering 
og ingen vanlige parkeringsplasser (kun 2-4 bildelingsplasser). Mer sentral lokalisering reduserer 
klimagassutslipp fordi det i urbane områder er kortere avstander, som er gunstig for gange og sykkel, 
og bedre kollektivtilbud, og dermed en større andel av byggets brukere som reiser kollektivt. Det at 
prosjektert bygg ikke har noen vanlige parkeringsplasser «tvinger» byggets brukere til å gå, sykle 
eller reise kollektivt istedenfor å kjøre bil, hvilket bidrar til å redusere klimagassutslipp.  
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VEDLEGG  


Vedlegg 1: Underlag beregninger for energi 


Vedlegg 1a: Beregning for energimerke 


Vedlegg 1b: Energiberegninger inkl. energibudsjett 


Vedlegg 1c: Energiberegninger inkl. tetthetsmålinger 
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Vedlegg 2: Underlag beregninger for materialer  


Vedlegg 2a: EPD fibergips 


Vedlegg 2b: EPD glassvegger 


Vedlegg 2c: EPD gulvteppe 


Vedlegg 2d: EPD isolasjon 


Vedlegg 2e: EPD betong 


Vedlegg 2f: EPD stålsøyler 


Vedlegg 2g: Byggematerialer prosjektert bygg 


Vedlegg 2h: Byggematerialer referansebygg påbygg 


Vedlegg 2i: Byggematerialer referansebygg eksisterende bygg 


Vedlegg 2j: Utfyllende resultater for prosjektert bygg 


Vedlegg 2k: Utfyllende resultater for referansebygg 


Vedlegg 2l: Byggematerialer som bygget 
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Vedlegg 3: Underlag beregninger for transport 


Vedlegg 3a: Transport referansebygg 


Vedlegg 3b: Transport som bygget  
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fase 2-vurdering 
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SAMMENDRAG 


I forbindelse med rehabilitering av Kristian Augusts gate 23 i Oslo kommune, har Multiconsult Norge AS blitt engasjert 
til å vurdere ombrukspotensialet av komponentene i bygget for Höegh Eiendom AS. En oppsummering av 
komponentene som er besluttet at skal forsøkes å ombrukes er gitt i Tabell 2 etter innspill fra oppdragsgiver. 
Rapporten er en fase 2-vurdering som også inkluderer estimerte mengder av komponentene.  


1 Ombruksvurdering Kristian Augusts gate 23 – fase 2 
Kristian Augusts gate 23 skal rehabiliteres og ombrukspotensiale av bygningsmaterialer skal 
vurderes. Prosjektet skal bli et FutureBuilt forbildeprosjekt med ønske om å bli et sirkulært bygg. 
FutureBuilt definerer et sirkulært bygg som et bygg som «legger til rette for ressursutnyttelse på 
høyest mulig nivå, og består av minst 50 prosent ombrukte og ombrukbare materialer og 
komponenter». Avfallspyramiden i Figur 1 viser prioriteringene i avfallsbehandling, hvor det er 
ønskelig å holde seg så høyt oppe som mulig. Vurdering av ombrukspotensialet i eksisterende 
bygningsmasse er derfor et viktig grep for å redusere avfallsmengdene produsert i 
rehabiliteringsprosjektet.  


 


Figur 1: Avfallspyramiden illustrerer prioriteringene for avfallsbehandling i Norge og EU, hvor avfallsreduksjon 
er førsteprioritet og deponering er siste utvei. 


De bygningskomponentene som er mest aktuelle for ombruk vil være komponentene med en høy 
råvarepris og med lang levetid både teknisk og miljømessig. Bygningskomponenter som har krevd 
mye energi ved framstillingen har et høyt klimagass-bidrag, og det kan derfor være interessant å 
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vurdere ombruk av slike komponenter, selv om det ikke er direkte lønnsomt. I en bygning vil de 
ulike delene ha ulike levetider. Bærekonstruksjoner har lengst levetid mens tekniske komponenter 
og innredning gjerne er utdatert etter 5-10 år.1 


En rekke bygningsmaterialer og -komponenter inneholder helse- og miljøskadelige stoffer, og 
kan/bør derfor ikke ombrukes. Disse bygningskomponentene må håndteres på en måte som sikrer 
helse og miljø, se separat miljøkartleggingsrapport (10213558-01-RIM-RAP-001). 


Denne rapporten identifiserer komponenter og deres ombrukspotensiale. Rivningsprosessen har 
stor betydning for bygningskomponentenes og materialenes ombrukspotensial. Rivningsprosessen 
gjør det mulig å ta ut komponenter som kan ombrukes og kildesortere det som vil bli 
bygningsavfall.  


Elementer i bygningen som skal rives eller fjernes, må demonteres, kildesorteres og avhendes i 
henhold til en demonteringsplan og en avfallsplan.  


Denne rapporten er en fase 2-vurdering som bygger på en tidligere fase 1-vurdering av 
ombrukspotensialet i bygningen (se dokument 10213558-01-RIM-NOT-001). I fase 1-vurderingen 
ble kun type bygningskomponent som var mulig for ombruk identifisert ved en befaring i bygget. 
Resultatene fra fase 1-rapporten ble diskutert i en workshop mellom byggherre, arkitekt, 
miljørådgiver, RIV og RIE, hvor det ble besluttet hvilke komponenter som skulle inngå i fase 2-
vurderingen. Det ble gått en ny befaring hvor de prioriterte bygningskomponentene ble kvantifisert 
og det ble videre besluttet hvilke komponenter som skulle inngå som mulig ombrukskomponenter i 
rive-/demonteringsbeskrivelsen.  


Det er i denne rapporten kun inkludert de komponentene som er besluttet forsøkt ombrukt. Det er 
ikke inkludert komponenter som går til materialgjenvinning, energigjenvinning eller deponi. Det er 
heller ikke inkludert alle bygningskomponenter som skal bli stående der de er i dag i eksisterende 
bygg, som f.eks. bærekonstruksjon, trapper, fasade mot gateplan o.l. 


Det vil bli gjennomført en befaring i januar 2020 med 3.partsaktører (som f.eks. Resirqel) for å se 
om de er interessert i noen av ombrukskomponentene som ikke skal brukes internt i prosjektet. 
3.partsaktørene kan da plukke med seg det de vil ha. De ombrukskomponentene som står igjen på 
slutten av januar vil bli avhendet. 


2 Orientering om tiltaket 
Kristian Augusts gate 23 i Oslo kommune skal rehabiliteres og i den forbindelse er det vurdert 
ombruk av eksisterende bygningskomponenter. Fasaden til bygningen er på Byantikvarens gule liste 
og dette medfører noen restriksjoner til hva tiltaket kan berøre. Se Figur 2 for plasseringen av 
bygningen. Ombruksbefaringen for fase 2-vurderingen ble utført 09.12.19 av Multiconsult Norge AS 
ved Stine Marie Hoggen og Eirik Wærner. Opplysninger om bygningen og kontaktinformasjon til 
involverte parter er gitt i Tabell 1. Det var ikke adgang til 7. etasje og deler av kjelleren under 
befaringen. 


Kristian Augusts gate 23 er oppført i 1951 og ombygd rundt år 2004. Bygningen består av 8 etasjer 
samt en kjeller med et fotavtrykk på ca. 1200 m2. Bygget er oppført med betong i fundament og 
dekker, og vegger av tegl og noe Leca. Fasaden mot gateplan består av plater i naturstein. 


 


1 Prosjektering for ombruk og gjenvinning. RIF. Byggemiljø.  
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Figur 2: Oversiktskart hvor Kristian Augusts gate 23 er markert med rød pil (kilde: norgeskart.no). 


Tabell 1 Eiendoms- og kontaktinformasjon. 


Tiltaket gjelder: 


Rehabilitering av 
bygget 


Ombruksvurdering av materialer og komponenter i bygningen i forbindelse med rehabilitering av 
bygget. Fasade i front er oppført på byantikvarens gule liste. Fasade mot bakgård er ikke omfattet 
på listen.  


Eiendom/byggested: 


Gnr. Bnr. Postadresse Postnr. Poststed 


209 165 Kristian Augusts gate 23 0164 Oslo 


Objekter Etasjer Byggeår 
Kjente 
rehab. år 


Ca. omfang Konstruksjon 


Kontorbygg 8 etasjer samt kjeller 1950/51 Løpende 


1200 m2 
fotavtrykk, 


Ca. 8700 
m2 totalt 


Dekker og bærevegger av betong. 
Innervegger av tegl, samt noe Leca 
og ellers nyere gipsvegger for 
romdeling. Fasadevegger består av 
plater i naturstein. 


Oppdragsgiver/tiltakshaver 


Foretak Postadresse Postnr. Poststed Organisasjonsnummer 


Höegh Eiendom AS Parkveien 55  0265  OSLO   


Kontaktperson Telefon E-post 


Stig Atle Nilsson 994 61 233 stig.atle.nilsson@hoegheiendom.no   


Ombruksvurderingen er utført av: 


Firma Postadresse Postnr. Poststed Organisasjonsnummer 


Multiconsult Norge AS Pb. 265 0213 Oslo 918 836 519 


Medarbeidere Telefon E-post Dato for befaring 


Stine Marie Hoggen  95 07 38 85 stine.hoggen@multiconsult.no 
09. desember 2019 


Eirik R. Wærner 95 86 52 72 EirikRudi.Waerner@multiconsult.no  



file:///C:/Users/stmh/AppData/Roaming/OpenText/OTEdit/EC_ec10livelink/c48652490/stig.atle.nilsson@hoegheiendom.no
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3 Dokumentasjonskrav 
Det er ulike regelverk som gjelder for ombruk av byggevarer og hvilken dokumentasjon som må 
foreligge avhengig av om bygningskomponenten skal ombrukes internt i egen organisasjon eller 
eksternt. Ved både intern og ekstern ombruk av byggevare som byggevare (til det formålet som 
byggevaren opprinnelig var tiltenkt), må det dokumenteres at byggevaren tilfredsstiller krav til 
ytelse i nåværende TEK. Ved ekstern ombruk (når en byggevare selges eller gis bort) må i tillegg 
produksjonskontroll tilfredsstilles. Byggverk satt opp før 1989 må tilfredsstille dokumentasjonskrav 
som gjaldt på sitt tidspunkt. Mellom 1989 – 2013 må Byggevaredirektivet følges, og fra 2013 til i 
dag må dokumentasjonen følge Byggevareforordningen.  


En byggevare er definert i Byggevareforordningen som «enhver vare og ethvert byggesett som er 
produsert og bragt i omsetning med sikte på å inngå permanent i byggverk eller deler av byggverk, 
og hvis ytelse påvirker byggverkets ytelse når det gjelder grunnleggende krav til byggverket». Når 
en byggevare avhendes (selges/gis bort) og skal brukes som en byggevare får byggeieren av det 
eksisterende bygget produsentansvar og må dokumentere ytelsen til produktet og at byggevaren 
fortsatt tilfredsstiller opprinnelig ytelseskriterier etter å ha vært brukt i bygget. 
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4 Plan for bevaring og ombruk 
Tabell 2 viser en oppsummeringstabell med komponentene som skal forsøkes å ombrukes.  


Tabell 2: Oppsummeringstabell med komponentene som skal forsøkes å ombrukes. 


Bygningsdel Plassering i 


bygget 


Beskrivelse Ombrukes? Estimert mengde Vurdering av ombruk/nedstrømsløsninger 


Parkettgulv Møterom Parkett Ja (8.etg.) 


Vurderes 


ellers 


8. etg.: 182 m2  


6.etg.: 56 m2 


Original parkett på gulv i 8. etasje skal bli værende der den 
er. Parketten i 6. etasje vurderes ombrukt. Eller tas det en 
vurdering på om resterende parketten er i god nok stand til 
å ombrukes. 3-stavsparkett fjernes. 


Veggpanel Møterom Originalt trepanel Ja 8.etg: ca. 90 lm.  


6.etg.: ca. 60 lm. 


Alt originalt veggpanel bevares. 


Inner- og 


ytterdører 


Hele bygningen Kontordører, 


ytterdører, 


korridordører, dører 


til trappeoppgang 


Delvis 2 originale 


1 inngang 


7 fra hovedtrapp 


28 i kjeller 


8. etg.: Originale dører inn til møterom bevares. 


Inngangsdøren fra gateplan i messing bevares. 


Alle dører i messing fra hovedtrapp bevares. 


Dører i baktrapp skal vurderes om kan beholdes. 


Dører i kjeller beholdes dersom de oppfyller brannkrav. 


Innvendige kontordører skal byttes. Kan forsøkes ombrukes 
dersom de er hele og pene og en eventuell interessent 
kommer og henter de.  


Vinduer Hele bygningen Originale vinduer i 


trerammer hvor 


glasset stedvis er 


byttet ut. 


Ja 290 vinduer Karmer rundt vinduer skal beholdes, alle ruter byttes pga. 
lyd og energikrav. Vinduskitt skal asbestsaneres. Det er ca. 
30-40 vinduer i 8. etasje som kanskje skal bevares som de er 
uten å skifte rutene.  
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Bygningsdel Plassering i 


bygget 


Beskrivelse Ombrukes? Estimert mengde Vurdering av ombruk/nedstrømsløsninger 


Teglstein Bærende 


konstruksjon og 


innervegger 


Teglstein murt dels 


med kalkmørtel og 


dels med 


sementmørtel. 


Vurderes Ca. 370 m3 


teglstein som 


skal rives 


Teglsteinen fra innervegger som skal rives skal legges til side 
for ombruk dersom de enkle å rengjøre for mørtel. Dette er 
særlig aktuelt for teglstein murt med kalkmørtel og ikke 
sementmørtel. 


Teglsteinen skal kun ombrukes til ikke-konstruktive formål 
pga. manglende dokumentasjon på ytelse. 


Teglstein som skal ombrukes eksternt må hentes av den 
interesserte så snart som mulig.  


Det er lite sannsynlig at det blir store mengder teglstein 
som er egnet for ombruk. 


Steinmaterialer Inngangsparti, 8. 


etasje, stedvis i 


hele bygget 


Naturstein, 


terrakotta-fliser 


Delvis Rosa stein: Ca. 17 


m2 


Fremfor heis: Ca. 


18 m2 


Inngangsparti: 


Ca. 95 m2 


Alle steinmaterialer i 8. etasje bevares. 
Rosa stein i 1. etg. Blir i utgangspunktet stående. Dersom 
veggen skal fjernes, blir den rosa steinen avhendet.  
Gulv fremfor heisene i 1. etg. skal bevares. 
Ca. halvparten av den sorte steinen i gulvet ved 
inngangspartiet/resepsjonen skal fjernes og skjæres bort 
dersom de er enkle å skjære i.  
Terracotta-fliser på takterrasse fjernes.  


Sorte vindusbrett må undersøkes for asbest. 


Heiser Hovedtrappegang Nyere heiser Ja 2 stk. De nyere heisene skal bli værende i bygget. 


Solskjerming Fasade Hvite og grønne 


markiser 


Nei  Solskjermingen skal i utgangspunkter byttes ut, men det 
ventes på endelig avklaring bra byantikvaren.  


Lysarmaturer Hele bygget Mange ulike typer 


lysarmaturer 


Delvis  


 


 


Lysarmaturer i det nordvendte møterommet 8. etasje kan 
ombrukes der de er pga. arkitektonisk verdi. De kan bygges 
om til LED-lamper. De andre armaturene i 8. etasje byttes. 


Lysarmaturer på toalettene med runde glasskupler skal 







Ombruksvurdering Kristian Augusts gate 23 – fase 2  multiconsult.no 


Ombruk 


 


10213558-01-RIM-NOT-002 16. desember 2019 / Revisjon 00 Side 7 av 9 


Bygningsdel Plassering i 


bygget 


Beskrivelse Ombrukes? Estimert mengde Vurdering av ombruk/nedstrømsløsninger 


Ca. 28 stk. 


 


Ca. 330 stk. 


 


 


Ca. 10 stk. 


demonteres og ombrukes internt i prosjektet. Ca. 4 i hver 
etasje. 


Hengende lysarmaturer kan ombrukes eksternt dersom 
noen er interesserte. De må hentes av interessent iløpet av 
januar 2020. Ca. 55 i hver kontoretasje. 


Store glasskupler hengende fra himling i bibliotek kan 
ombrukes eksternt. 


Innfelte lysarmaturer i himling kan også ombrukes eksternt 
dersom noen er interessert.  


Det er ofte vanskelig å finne noen som er interesserte i 
eldre lysarmaturer, så de kan være vanskelig å få ombrukt.  


De armaturene som ikke er hentet innen utgangen av 
januar 2020 avhendes som EE-avfall. 


Armaturskinne Kjeller Armaturskinne i 


metall 


Ja 2 stk. Armaturskinner i kjeller kan beholdes der de står. Selve 
armaturene byttes. 


Grenstaver Kontorlokalene + 


kjeller 


Rehau, vertikale 


grenstaver, ca. 2,5 m 


høye 


Ja Ca. 45 stk. Grenstavene kan ombrukes eksternt dersom datapunktet 
byttes (for å få systemgaranti). Det ligger også 3 uåpnede 
grenstaver i kjeller i sprinklerrommet. Interessenter må 
hente de innen utgangen av januar 2020. 


Inngangsrondell Inngangsparti 1. 


etg. 


Inngangsrondell med 


kortleser 


Ja 1 stk. Inngangsrondellen kan ombrukes eksternt. Interessenter 
må hente den innen utgangen av januar 2020. 


Løfteplattform 8. etg. Kantine Løfteplattform  Ja 1 stk. Løfterampen kan ombrukes internt der den står. 


El-tavler Tekniske rom  Delvis Ca. 10 stk. Noen få nyere sikringer i underfordelinger kan ombrukes 
eksternt i nye el-tavler. Resten sorteres som EE-avfall. 
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Kabelkanaler Alle kontorareal Kabelkanaler i PVC Ja Ca. 130 lm. Kabelkanaler kan ombrukes eksternt med mindre de 
inneholder bly over grenseverdien for farlig avfall. Dette kan 
undersøkes med miljøpistol (XRF). Interessenter må hente 
de innen utgangen av januar 2020. 


Kabelbroer Himlinger Kabelbroer i metall Ja Ca. 600 lm. Kabelbroer i metall kan ombrukes eksternt. Det er viktig at 
festene og alle delene blir demontert riktig og tatt vare på. 
Interessenter må hente de innen utgangen av januar 2020. 


Kortlesere I tilknytning til 


dører 


Elektroniske 


kortlesere 


Ja Ca. 40 stk. Kortlesere kan ombrukes eksternt.  


Stikkontakter Kjeller Store stikkontakter til 


f.eks. billading 


Ja Ca. 4 stk. Store stikkontakter kan ombrukes internt.  


Effektbrytere Kjeller, tavlerom 230 V effektbryter Ja Ca. 25 230 V effektbrytere kan ombrukes eksternt. 


Sanitærporselen Hele bygget Gulvstående HC-


toaletter 


Ja 5 stk. Gulvstående HC-toaletter ombrukes internt i bygget og skal 
demonteres og tas vare på. 


Alle andre gulvstående toaletter kastes. Alle håndvasker 
kastes da leietaker skal ha en annen design.  


Sanitæranlegg Hele bygget    Se separat notat fra RIV (Bright rådgivende ingeniører vvs 
AS, datert 05.12.19 «Notat 02: Ombruk vvs»). 


Varme Hele bygget Fjernvarmeveksler, 


gatevarme 


  Se separat notat fra RIV (Bright rådgivende ingeniører vvs 
AS, datert 05.12.19 «Notat 02: Ombruk vvs»). Eksisterende 
fjernvarmeveksler videreføres og eksisterende gatevarme 
videreføres. 


Varme/ 


Radiatorer 


Hele bygget Alle radiatorer   Se separat notat fra RIV (Bright rådgivende ingeniører vvs 
AS, datert 05.12.19 «Notat 02: Ombruk vvs»). 
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Sprinkleranlegg Hele bygget    Se separat notat fra RIV (Bright rådgivende ingeniører vvs 
AS, datert 05.12.19 «Notat 02: Ombruk vvs»). 


Luftbehandling Hele bygget    Se separat notat fra RIV (Bright rådgivende ingeniører vvs 
AS, datert 05.12.19 «Notat 02: Ombruk vvs»). 
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