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I could contribute: Sollihøgda Plussby. This project will house 30,000 people and provide 
workspaces for another 15,000 if the new Ringerik railway opens a station in the area, otherwise 
the city will not be built. COWI developed the concept of this new city and my supervisor at this 
consultancy company, Kathrine Strøm, commissioned me with the task of finding solutions to 
implement a circular economy during the pre-construction phase of the project. More specifically, 
Kathrine asked me to find possible uses, based on circular economy principles, for the materials 
that will be removed during the site’s land clearance.  

With this task in mind, I set on a journey to first find out what was the current state of circular 
economy and which were its principles, and how could they be adapted to a land clearance case. 
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supervisor at KTH, for his guidance, input and constructive critique during the execution of this 
work. I would also like to thank Kathrine Strøm and the Transport and Urban Development 
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Isabel Segura 

September 2018 

 

 

 

 

 

 

 

 

 

 

 

 



I. Segura / Circular resource management in a land clearance scenario: Sollihøgda Plussby case 

2 
 

Abstract 

The construction of cities involves the use of land for new spaces and infrastructure. Construction 
on undeveloped land poses a dilemma on how to deal with the natural resources found on the 
construction site. Circular economy could provide guidelines on how to harness these resources, 
so they become products that circulate through as many cycles as possible, therefore decreasing 
resource consumption and waste. This research aims to explore alternatives to harness the natural 
materials extracted during the land clearance process of a new urban district: Sollihøgda plussby. 
Additionally, a new method to examine the circularity of the suggested products will be tested: the 
longevity indicator. The method of this thesis consists of three parts: (1) an inventory to define 
which natural materials are found in the construction site and their main characteristics, (2) 
interviews with industry experts to gain a technical insight on the possible uses for the materials, 
and (3) a longevity indicator to measure the circularity of the proposed uses.  

This research found that the forest in Avtjerna consists of Norway spruce, Scots pine and birch. 
The sediments are mostly humus with a turf sheet cover, while most of Avtjerna’s bedrock is 
categorized as rhomb porphyry lava. Norway spruce and rhomb porphyry lava have the required 
quality to become high-quality products for the construction industry, and they could be used 
directly in the project. High-quality products have longer lifetimes and more possibilities of 
recycling and reuse, therefore they scored higher when calculating the longevity indicator, which 
means a higher material retention. The other materials (Scots pine, birch, other sediments and 
rocks) have also possibilities of becoming products that could be used in Sollihøgda Plussby, but 
the longevity indicator for these materials was lower than those of Norway spruce and rhomb 
porphyry. 

Despite the usefulness of the longevity indicator to provide a preliminary assessment, this method 
needs to be upgraded so it incorporates other CE parameters. There should be a distinction on how 
many times the material is recycled, the lifetime of the recycled products, and the quality of the 
products obtained from the recycling process. 

Inventorying the natural resources on a construction site is a practice that should become common, 
since it allows to determine how materials can be harnessed, but also which areas should be 
preserved due to their ecological value. Additionally, the longevity indicator should not be used in 
isolation, but the environmental impacts of each suggested product should be assessed too. 
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Sammanfattning  

Konstruktion i outvecklade områden utgör ett dilemma om hur man hanterar naturresurserna på 
byggarbetsplatsen. Cirkulär ekonomi kan ge vägledning för hur man utnyttjar dessa resurser, så de 
cirkulerar genom så många cykler som möjligt, vilket minskar resursförbrukningen och avfallet. 
En inventering av byggarbetsplatsen är nödvändig för att bestämma vilka resurser som finns, och 
vilka är deras huvudsakliga egenskaper. Enligt dessa egenskaper, kan flera användningsområden 
föreslås, och deras cirkularitet kan undersökas med en ny metodik: livslängdsindikatorn.  

Forskningen visade att skogen i Avtjerna består av Gran, Fura och Björk. Sedimenten är för det 
mesta humus med torv, medan större delen av Avtjernas berggrund kategoriseras som rombporfyr 
lava. Gran och rombporfyr lava har den kvalitet som krävs för att bli högkvalitativa produkter för 
byggindustrin, och de kan användas direkt i projektet. Högkvalitativa produkter har längre 
livslängd och fler möjligheter att återvinna och återanvända. Därför gjorde de högre poäng vid 
beräkningen av livslängdsindikatorn, vilket betyder att materialet hålls i bruk under en längre 
period. De övriga materialen (Fura, björk, andra sediment och bergarter) har också möjligheter att 
bli produkter som kan användas i Sollihøgda Plussby, men livslängdsindikatorn för dessa material 
var lägre än hos Gran och rombporfyr.  

Trots användbarheten av livslängdsindikatorn för att ge en preliminär bedömning, måste denna 
metod uppgraderas så att den innehåller också andra CE-parametrar. Det borde finnas en skillnad i 
hur många gånger materialet återvinns, livstid för de återvunna produkterna, och kvaliteten på de 
produkter som erhålls från återvinningsprocessen.  

En inventering av naturresurserna på en byggarbetsplats är en övning som bör bli vanligt, eftersom 
det tillåter att bestämma hur material kan utnyttjas, men även vilka områden som bör bevaras på 
grund av deras ekologiska värde. Dessutom bör livslängdindikatorn inte användas isolerat, men 
miljökonsekvenserna av varje föreslagen produkt bör också bedömas. 
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1. Introduction 

In the coming decades global population will grow, and for the first time in history, most of this 
population will live in urban areas. Urbanization is considered as a sign of progress, but this process 
also involves the irreversible transformation of the environment. Cities, and especially high-income 
cities, are the main consumers of resources and producers of waste, the land and water required to 
produce the resources they consume and to assimilate the waste they produce equals to two or three 
times the geographical areas they occupy (Rees, 1999).  

The expansion of urban areas involves the use of land to build on and the construction of new urban 
spaces and infrastructure to satisfy the needs of the growing population. The Ellen Macarthur 
Foundation (EMF and SYSTEMIQ, 2017) found that the sectors of mobility, food, and built 
environment together represent 80% of resource consumption in the European Union, with the 
construction industry being the largest consumer of raw materials globally (Pomponi and 
Moncaster, 2017). The extraction of natural resources for building materials, such as wood and 
sand and gravel for concrete, has an impact on the environment by altering the landscape and, in 
some cases, releasing pollutants to the water and atmosphere. In addition to this, building materials 
are often transported long distances to the construction site, which means a significant energy use 
and release of CO2 emissions (Gangolells et al., 2009). 

Besides the extraction of raw materials, construction activities impact the environment throughout 
all its stages: from the preliminary works carried on-site, to the construction phase, the operational 
period and lastly, during the end-of-life, when buildings are demolished. Some of the 
environmental impacts due to construction activities are soil and water pollution, noise, dust, 
emissions, impacts on wildlife, soil alteration, resource consumption, and generation of waste 
(Gangolells et al., 2009). In fact, construction and demolition operations generate one-third of the 
total waste in the European Union, and this comprises materials such as concrete, bricks, gypsum, 
wood, excavated soil, among others (European Commission, 2016).  

The high rates of resource consumption and waste generation in the construction industry are in 
tune with the current linear or ‘take-make-dispose’ model. If the natural capital and the 
environment are to be preserved, we must change the current consumption pattern. Circular 
economy (CE) is a school of thought that has gained popularity in the last years as a sustainable 
alternative to the linear model. Circular economy is a “system built on renewables, it transforms 
materials into useful goods and services, and in this system, resource input and waste, emissions 
and energy use are minimized by closing material and energy loops through long-lasting design, 
repair, reuse, remanufacturing, refurbishing and recycling” (Geissdoerfer et al., 2017; Webster 
2013). CE aims to preserve natural capital by keeping resources circulating for as long as possible 
and avoiding the extraction of virgin materials and decreasing waste. So far there are no 
documented case studies proving that CE leads to reduced environmental impacts. However, this 
study relies on the assumption that CE is a more desirable and beneficial model. 

If we are to sustain current lifestyles and expand the built environment to accommodate new 
population, we must find a strategy to satisfy these needs without further degrading the 
environment and reducing material and energy consumption. The implementation of CE in the built 
environment has been explored, and most of the research centers on building materials and 
components. Extending the lifetime of products, remanufacturing and exchanging building 
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components, designing and producing circular buildings, and increasing materials recycling and 
reuse are among the CE strategies related to the built environment that authors (Rizos, Tuokko and 
Behrens, 2017; EMF and SYSTEMIQ, 2017; Leising, Quist and Bocken; 2018; ARUP, 2016) 
promote the most. For Pomponi and Moncaster (2017), current CE research focuses mostly on 
cities and construction materials but not on buildings, so they propose a research framework with 
the key elements to achieve more circular buildings. Except for Esa, Halog, and Rigamonti (2017) 
who developed a theoretical framework based on circular economy principles to manage 
construction and demolition (C&D) waste, current CE research does not cover construction 
activities and neither activities before construction, more specifically, land clearance. CE research 
does not focus on materials that arise from clearing undeveloped sites, such as trees, soils and rocks. 
If CE is to be implemented in the construction industry, research covering the whole life cycle of 
a project, including waste that arises before the actual construction process has started, should be 
carried out. Raw wood from a construction site is not defined as waste, but excavated masses are 
(Akershus County Council, 2016). Excavated materials should be treated as potential resources that 
could replace material extraction for construction products, therefore reducing the use of natural 
resources, and subsequently decreasing waste on the construction site. 

To further the research on the utilization of material extracted on undeveloped land before 
construction activities begin, a specific case in the Oslo region will be looked at. Avtjerna, which 
can be seen in Figure 1, is currently a forested area in Bærum municipality, in Akershus county. 
On this site the construction of a new urban district is devised: Sollihøgda plussby (plus city, since 
buildings will produce more energy, from renewable sources, than they consume).  

 
Figure 1 Oslo County and Akershus County, including its municipalities and population in 2014. Source: Akershus 
County Council and Oslo County (2015). 

Before the construction activities begin, harvesting trees and earthwork will be necessary; hence 
the focus of this research is on the material extracted during the land clearance process: wood and 
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excavated soil and rock. Raw wood is a resource that can have multifold purposes. Excavated 
material is classified as waste if it is transported out of the project site. Therefore, finding uses for 
excavated masses can decrease waste and mitigate the environmental impacts of landfilling said 
material. Since the extension of Avtjerna is 350 hectares, the amount of materials that may be 
removed is significant.  

This research will expand on a subject that is not considered in current CE literature, since it focuses 
on an activity that is not discussed frequently: land clearance. Additionally, a new method to 
evaluate the circularity of products will be tested: the longevity indicator developed by Figge et al. 
(2018). This method is relatively new and it has not been applied to many cases and materials, 
therefore it will be introduced to a new sector: a land clearance case. The longevity indicator 
determines for how long the materials are maintained in a productive use. If CE is adopted in 
Sollihøgda plussby, it could aid to determine optimal uses for the trees and excavated material on 
site, consequently decreasing waste, landfilling, emissions due to transport and extraction of raw 
materials for construction purposes. Sollihøgda plussby could partially gain local self-reliance by 
producing the materials the new city will require. Additionally, these uses will be tracked over 
several cycles to determine which ones are circular, something that has not been done in previous 
research. The results of this work could shed light on how to reduce the environmental impacts of 
construction on previously undeveloped land by enhancing the utilization of materials found on-
site.  

1.1 Purpose 

The purpose of this research is to explore the alternatives, to manage, harness, and use the natural 
materials extracted during the land clearance process of the new urban district Sollihøgda plussby, 
in order to maintain their status as resources and decrease construction waste. A new method to 
examine the circularity of the suggested uses will be tested: the longevity indicator. This method 
will be assessed to determine how suitable it is for land clearance cases. 

1.2 Research question 

This master thesis focuses on the following question: 

What purposes can the natural material extracted on the construction site of Sollihøgda plussby be 
given to keep them circulating for as long as possible or to safely return them to the biosphere? 

To find a solution to this issue, other questions must be answered:  

 What type of natural materials are found on the construction site of Sollihøgda plussby?  

 What are the suitable uses these materials can be given to enhance their circularity? 

 Is the longevity indicator a suitable method to measure circularity in land clearance cases? 

1.3 Limitations and scope 

The context of this research is set to a forested area located in the municipality of Bærum, in 
Akershus county, southeast of Norway, hence most of the information is expected to be found in 
Norwegian. Despite an intermediate knowledge of the language, there are difficulties in performing 
searches for information and comprehending documents in Norwegian, therefore valuable 
information might be difficult to find. To further the understanding of the situation, a wide number 
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of experts (from Bærum municipality, research institutes, and private companies) were 
interviewed.  

As stated before, the scope of this study is set to a specific plot of land in Bærum: Avtjerna, which 
is mostly forested with few built areas. The topography, landscape, and nature are typical of a forest 
located southeast of Norway. Even though some of the excavated materials, and especially blasted 
rock obtained from tunnel boring machines, of other infrastructure projects are expected to be 
treated and recycled in Avtjerna, this research will focus only on the natural resources that can be 
found on site (within the limits of Avtjerna), meaning mostly excavated soils and rocks and trees 
that will be felled during the land clearance process. However, the results of this research can be 
replicated to the excavated material coming from other infrastructure projects if they have the same 
characteristics as the ones excavated in Avtjerna. 
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2. Background 

2.1 Origins of circular economy 

Circular economy (CE) is a school of thought that has become increasingly popular since the late 
1970’s as an alternative to the traditional linear economic model, in which resources are extracted, 
then manufactured into products to be consumed and disposed of at the end of their life cycle. This 
model, also known as ‘take-make-dispose’, is identified by most authors as the driver for the 
depletion of natural resources and the substantial amounts of waste generated (Taranic, Behrens 
and Topi, 2016). CE proponents assert that this new economic system is more beneficial since it 
results in resource efficiency, substantial waste reduction, reduction of environmental impacts, it 
decouples resources consumption from economic growth, and it could create jobs (EMF, 2015). 

CE development is based on various approaches, such as eco-efficiency and Industrial ecology, 
that suggest the Earth is a closed system with a limited capacity to provide resources and assimilate 
waste, which is in discordance with the present economic system that does not consider the 
finiteness of resources (Rizos, Tuokko and Behrens, 2017). The influence and inputs from different 
disciplines in CE has led to a variety of definitions and interpretations of the concept, but despite 
this, circular economy has gained broad acceptance, and this can be seen in the efforts of companies 
and countries such as Germany, Netherlands, Finland and China, to adopt this system.  

The origins of the circular economy concept can be tracked back to the mid 1960’s. In 1966, 
Kenneth E. Boulding presented CE as an application of an economic model. He portrayed the Earth 
as a closed system with limited stocks and a limited capacity to absorb waste, where the traditional 
economic model was based on overconsumption. To counteract that traditional model, Boulding 
envisioned a closed economy that should coexist in balance with the environment (Lehmann, de 
Leeuw and Fehr, 2014; Geissdoerfer et al., 2017; Rizos, Tuokko and Behrens, 2017). In the 1970’s, 
as energy costs increased along with unemployment rates, Walter R. Stahel envisioned an economy 
in loops that would increase labor, reduce resource consumption, prevent waste, and dematerialize 
industrial economy (Geissdoerfer et al., 2017; Stahel, 2016). Boulding’s research influenced David 
Pearce and R. Kerry Turner’s work, and in 1989, they introduced the idea that nature influences 
economy by supplying natural resources for production, and by being the sink that absorbs the 
outputs originated from production processes and consumption (Pearce and Turner, 1990).   

The development of circular economy is influenced by various disciplines, such as industrial 
ecology which considers that natural ecosystems and industrial systems can operate in analogous 
ways, through the flows of materials, energy and information (Rizos, Tuokko and Behrens, 2017). 
Other relevant collaborations are William McDonough and Michael Braungart’s cradle-to-cradle 
design philosophy, Walter Stahel’s looped and performance economy1, Lyle’s regenerative design, 

                                                 
1 Performance economy concept is based on paying fees to make use of a product, while producers keep ownership of 
it, and therefore invest more on maintenance rather than producing new products for sale (Prins, Mohammadi and Slob, 
2015). 
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Janine Benyus’ biomimicry2, and Gunter Pauli’s blue economy3 (Geissdoerfer et al., 2017; EMF, 
2015).  

From the 1990’s on the interest in CE has increased. Circular economy was deemed as a solution 
to resource scarcity, volatility and increase of commodities prices, and the environmental impacts 
of the traditional economy model. CE became a subject of interest in policy discussions worldwide. 
Germany for example implemented the Circular Economy and Waste Law in the 1990s, China 
enacted an entire CE law in 2006, and the EU released the Circular Economy Action Plan in 2015 
(Taranic, Behrens and Topi, 2016; Lehmann, de Leeuw and Fehr, 2014). 

2.2 Definitions and principles of circular economy 

Circular economy has its basis on concepts from various disciplines, and it represents an effort to 
decrease consumption of natural resources and ensure a high-quality lifestyle despite population 
growth. Currently there is not a unified definition of circular economy, and multiple authors have 
provided their own interpretation according to the disciplines that influence their work. Most 
authors define CE as an innovative approach to the current economic model. However, Reike, 
Vermeulen and Witjes (2017) point to a lack of clarity in the concept of CE, and how the theoretical 
foundations of CE have been used long before, therefore this approach is not new, but ‘refurbished’.  

Despite this diversity on CE’s definitions, all academics agree on these two principles: keep 
resources circulating and close material loops (EMF, 2015; Lehmann, de Leeuw and Fehr, 2014; 
Stahel, 2016; Geissdoerfer et al., 2017; Webster, 2013). Being a low-resource society, making an 
efficient use of resources, eliminating or decreasing waste are other popular ideas among CE 
scholars (Pitt & Heinemeyer, 2015; Anthony, 2017; Stahel, 2016; EMF, 2015). Extend products 
lifetime, design for reuse, recycle, repair, refurbish, and remanufacture are other terms or strategies 
that constantly appear in CE definitions. In fact, Reike, Vermeulen and Witjes (2017) identified up 
to 10 R-imperatives (reuse, reduce, refurbish, remanufacture, recycle, etc.) in the CE literature, 
depending on the discipline on which the literature is based. The use of renewable resources and 
renewable energy and systems thinking is less frequent but is also present in some of the CE 
concepts (EMF, 2015; Webster, 2013). The integration of systems thinking into CE theory by 
Webster (2013) aids to understand how systems interact: technology available to extract and 
transform resources, economic interests, the environmental impacts of products, techniques to 
recycle products, etc. It is by understanding how these systems work, how they are connected to 
larger systems, and how they can be improved, that a net benefit effect will be achieved, instead of 
creating temporary solutions with a reduced scope. 

According to the European Commission (2015:2), in a circular economy “the value of products, 
materials and resources is maintained in the economy for as long as possible, and the generation of 
waste minimized”.  The European Environment Agency, EEA (2016) states that CE represents an 
alternative to the predominant current linear economic model, by eliminating waste generation and 
material inputs through eco-design and reusing materials. Nevertheless, the definition that these 
and other institutions recur to the most, is the one by The Ellen MacArthur Foundation (EMF, 

                                                 
2 Design inspired by nature (Pomponi and Moncaster, 2017). 
3 Design philosophy that promotes cascading materials in a way that waste from a process becomes the input in a new 
flow (Prins, Mohammadi and Slob, 2015). 
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2015:2), which states that “a circular economy is one that is restorative and regenerative by design 
and aims to keep products, components, and materials at their highest utility and value at all times, 
distinguishing between technical and biological cycles”. The terms “restorative” and 
“regenerative” themselves do not clarify what it is that is being restored or regenerated, making the 
definition vague, therefore this research will consider the following definition: Circular economy 
is a system built on renewables, it transforms materials into high-quality goods, and in this system, 
resource input and waste, emissions, and energy use are minimized by closing material and energy 
loops through long-lasting design, repair, reuse, remanufacturing, refurbishing, recycling, and 
differentiating between technical and biological nutrients (Geissdoerfer et al., 2017; Webster 2013; 
EMF, 2015). 

The notion of technical and biological cycles was adopted by The Ellen MacArthur Foundation 
(EMF, 2015) from Braungart and McDonough’s (2009) cradle-to-cradle philosophy. The 
separation of materials in technical and biological cycles is an idea that the authors introduced, and 
these cycles are outlined in the butterfly diagram seen in Figure 2. This diagram portrays the loops 
in which materials should circulate. The loops on the left represent biological materials, and the 
blue ones on the right represent technical materials. The inner, tighter loops are the most desirable 
ones, and the outer loops are the less preferred since materials might require more inputs to keep 
them circulating (EMF, 2015; Pomponi and Moncaster, 2017).  

 
Figure 2 Illustration of technical and biological cycles (EMF, 2015) 

Braungart and McDonough (2009) defined the biological metabolism as products and materials 
that should go back to the biological cycle as nutrients, i.e. become food for the soil and other 
organisms. Biological materials are the ones that can be decomposed by bacteria and other living 
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organisms. Technical nutrients are materials that are created in the biosphere and regenerate at a 
very slow rate (McDonough and Braungart, 2013), such as minerals and rocks. In the technical 
metabolism, products and materials are designed to maintain their high quality so they can return 
to the technical (industrial) cycle after each use, instead of just being discarded (Braungart and 
McDonough, 2009). 

In addition to the technical and biological cycles, Braungart and McDonough (2009) coined the 
terms “upcycling” and “downcycling”, which have also been incorporated to CE ideology. 
However, CE proponents do not provide specific guidelines on what constitutes an upcycle or 
downcycle of products. According to McDonough and Braungart (2013:43), downcycling means 
that materials are “degraded in quality through the recycling process” i.e. recycled into products of 
lower quality4 or that can be detrimental to people’s health, or that need to be mixed with high 
quality virgin materials to transform them into other useful products again, counteracting the 
benefits of recycling (Braungart and McDonough, 2009). For materials to be upcycled, it is not 
enough to reprocess them into a new product, but these materials must be free of toxic substances 
and must not release toxic particles into the air, soil, or water (McDonough and Braungart, 2013).  

This classification as biological or technical nutrients is of great utility to define how the materials 
in this research, wood and excavated soil and rock, shall be transformed. Wood, being a renewable 
resource that can be composted, is a biological material, and it is supposed to go back to the 
biosphere, therefore it should not contain harmful substances, so it can decompose and feed the soil 
without polluting it. If not composted, then wood should be suitable for energy recovery, according 
to the butterfly diagram above. Excavated material, on the other hand, is a technical nutrient, since 
rocks and soils regenerate at a very slow rate. The qualities of this material must be looked at and 
determine if there are high-quality uses that will allow this resource to circulate in the industrial 
cycles for as long as possible. If the wood and excavated soil and rock at Avtjerna are manufactured 
into products that do not pollute and do not contain toxic components, then they can be upcycled 
into other uses after the first life cycle. However, while these are ideals to strive for, it is important 
not to lose sight on the possibility that the technology to create such products may not exist yet.  

2.3 Circular economy in the built environment 

The construction sector is one of the largest consumer of raw materials, energy and a main 
contributor to waste and emissions (Pomponi and Moncaster, 2017), therefore its involvement 
towards a circular economy is considered of foremost importance. However, usually innovations 
in the construction sector occur at a slow pace, delaying the implementation of CE (Pomponi and 
Moncaster, 2017; Leising, Quist and Bocken, 2018). Currently the efforts to incorporate CE in the 
built environment are focused around cities and building components or construction materials 
(Pompony and Moncaster, 2017; Leising, Quist and Bocken, 2018; ARUP, 2016; EMF and 
SYSTEMIQ, 2017). 

Incorporating circular economy in construction and demolition processes is a relatively new subject 
that few authors have discussed. EMF and SYSTEMIQ (2017) suggest that C&D waste, such as 

                                                 
4 One of the processes mentioned to illustrate downcycling is recycling steel used in cars by melting it down with other 
metals and car paint. The product from this recycling process is a lower quality steel which can’t be used in car bodies 
again. (Braungart & McDonough, 2009). 
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wood, glass and metals, have the potential to become valuable secondary raw materials, especially 
untreated wood since it maintains its material features and the technical barriers to recycle it are 
low. Besides, untreated wood may be used for energy recovery without releasing toxic substances 
when being incinerated, unlike wood treated with metal salts (ibid). 

The independent multidisciplinary consultancy firm ARUP (2016) points at a critical issue, which 
is the lack of guidance on how to apply the frameworks and principles of CE to design, construct, 
operate and maintain the built environment. To solve this issue, ARUP (2016) illustrates how the 
ReSOLVE framework can be applied to the built environment by presenting various case studies. 
ReSOLVE stands for Regenerate (shift to renewables, restore ecosystem, and return biological 
materials to the biosphere), Share (share assets and extend life-time of products), Optimize 
(increase efficiency and remove waste), Loop (remanufacture products and recycle materials to 
keep them in closed loops), Virtualize (deliver services virtually/remotely), and Exchange (look 
for newer choices that have less detrimental impacts) (EMF, 2015). However, the authors 
acknowledge that the cases portrayed in their report are not entirely circular (ARUP, 2016). As 
mentioned above, systems thinking is a relevant approach to CE, and complete circularity is not 
possible to achieve unless all the systems are circular, and this can be demonstrated through 
ARUP’s case studies. One of the case studies presented in the ARUP report stand out for their 
relevance to the subject of this master thesis: the Olympic Stadium in London. The implementation 
of CE principles at the Olympic Stadium occurred from the earliest stages during land clearance 
activities, when instead of landfilling the excavated material, 700,000 m3 of soil were 
decontaminated for later reuse (ARUP, 2016).  

Esa, Halog and Rigamonti (2017) developed strategies to decrease construction and demolition 
waste based on CE principles. In their work they define C&D waste as all the materials that have 
to be transported offsite during the construction process, including materials such as rock and soil. 
The authors’ waste management hierarchy starts by reimagining traditional construction processes 
to update them, redesigning buildings to reduce waste, avoiding waste by using new materials and 
technologies, reducing the amount of materials through design, reusing materials for the same or 
other purposes, recycling materials by processing them into new products, and finally, treat waste 
and dispose of it. The goal is to implement these strategies from planning and designing stages, so 
during the construction phase the waste is minimized (Esa, Halog and Rigamonti, 2017).   

Netherlands is one of the countries where the implementation of CE in the construction sector is 
more advanced. The scarcity of quarried material (crushed rocks) has enhanced the reuse of 
demolition waste as aggregate for roads and buildings foundations. Despite of already having a 
recycling rate of 95% of construction and demolition waste, the country sees the importance of 
applying CE in all phases of the lifecycle of a structure since circular economy offers multiple 
opportunities, such as decreasing the extraction of raw material and waste processing costs. 
Moreover, the authors acknowledge the importance of earthworks in a CE, since excavated material 
represents the largest material flow in the construction sector. (Schut, Crielaard and Mesman, 2015) 

Scholars (Pomponi and Moncaster, 2017; Leising, Quist and Bocken, 2018; EMF and SYSTEMIQ, 
2017; ARUP, 2016; Esa, Halog and Rigamonti, 2017; Schut, Crielaard and Mesman, 2015) that 
researched on the application of CE in the built environment emphasize the environmental impacts 
of construction, since this industry is a main consumer of natural resources and source of pollution. 
While buildings probably might pose the largest environmental impacts in terms of energy and raw 
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material consumption, no construction activity should be neglected. Depending on the uses they 
can be given later, felled trees and excavated soil and rock can have a high value and, in the case 
of excavated materials, displace the use of other virgin materials. The value of resources should be 
maximized, even if they seem abundant. 

Despite that the issue of land clearance is not covered directly in the reviewed literature, there are 
valuable ideas that have direct application on this research work. Keep materials circulating for as 
long as possible, using renewable energy to process materials, phasing out hazardous substances, 
designing products to have a long lifetime and to be easily reused, repaired or remanufactured, and 
upcycling products are all ideas that can be incorporated when deciding which uses, over several 
life cycles, to give to the trees and excavated masses (rock and soil) in Avtjerna. 

2.4 Circular economy indicators 

Despite the increasing interest on adopting a Circular Economy model and a growing scientific 
literature on the subject, there are few studies on how to measure the circularity of products or 
materials. To expand the research on the subject, Elia, Gnoni and Tornese (2017) reviewed the 
existing environmental index methods to determine if they can be used to measure the circularity 
of companies, products or services. The authors introduced a four-levels framework to support the 
measurement of the level of adoption of CE. These four levels are portrayed in Figure 3, and they 
are the requirements to be measured, the processes to monitor, the actions involved, and the 
implementation levels.  

 
Figure 3 Circular Economy framework (Elia, Gnoni and Tornese, 2017) 

Some of the environmental index methods that Elia, Gnoni and Tornese (2017) chose to evaluate 
measure material flows, others energy flows, others land use and consumption, and some of the 
methods analyze life cycle impacts. None of the fourteen analyzed methods measured the 
requirement of increasing the durability of products, and some of the methods have a narrow scope 
(i.e., they only measure one aspect, such as energy use or material input). According to the authors, 
of the fourteen methodologies assessed, life cycle assessment (LCA) is the most complete one, 
since it measures resource input, emissions, and energy use, but its application has some barriers, 
such as gathering accurate data and communicating results to non-practitioners (Elia, Gnoni and 
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Tornese, 2017). Besides, LCA is one of the most time-consuming methodologies (ibid) and it 
currently exists an allocation problem: which system obtains the benefits for recycling, the one that 
recycles material, or the one that uses the recycled material for a new product. LCA can help finding 
hotspots in a product life cycle to improve its environmental performance, but it can’t measure 
circularity. These methodologies were not designed to measure circularity per se, and even though 
they provide valuable information on the environmental impacts of the CE strategies adopted, they 
do not measure how long a material or product is circulating, which is one of the most important 
aspects in a circular economy, to keep materials circulating for as long as possible. 

In 2010, William McDonough and Michael Braungart launched their own certification system, the 
Cradle to Cradle CertifiedTM. This system evaluates the performance of materials and finished 
products in five categories: material health, material reutilization, renewable energy, water 
stewardship, and social fairness. Material health category requires that the evaluated material does 
not contain any chemicals that accumulate in the biosphere and pose a threat to human health, while 
material reutilization category provides a measure on the recyclability or the capacity of a material 
to be composted. The share of renewable energy used during the process must provided as well as 
the embodied energy of the product, the water stewardship category evaluates if manufacturers are 
responsibly managing this resource, and the social fairness category aims to qualitatively measure 
the social impact of the product’s manufacturing process. (Cradle to Cradle Products Innovation 
Institute, 2016) 

Cradle to Cradle certification system works as design guidelines for products, besides assessing 
them in the aforementioned categories, and its measure on the feasibility of recycling or composting 
a material or product makes it a good indicator for circularity since these are basic requirements 
for a product to be circular. However, this assessment is performed by an accredited assessment 
body, and companies must disclose detailed information on their product’s contents. Additionally, 
knowing the precise chemical composition of a product or material is a challenging task, due to the 
number of components in a product and because some of these components are supplied by third-
parties (Bakker et al., 2010). 

The aim of this thesis, by adopting a CE approach, is to keep materials circulating, therefore an 
indicator that measures how long a material is kept circulating through all its life cycles is preferred. 
Franklin-Johnson, Figge and Canning (2016) state the importance of an indicator that measures 
material or product longevity to describe the value of maintaining materials in a productive use, 
especially considering that circular economy strives to keep materials in closed loops, and a 
complete circularity implies that materials are kept in the system perpetually. The authors propose 
longevity as an indicator of circularity, with time being the unit to measure it.  

Based on the work of Franklin-Johnson, Figge and Canning (2016), Figge et al. (2018) calculate 
longevity through three temporal calculations relative to the initial lifetime of a product, the added 
lifetime due to recycling, and the added lifetime due to refurbishment. In this case, the term 
refurbishment includes reuse and reparation as well, while recycling means reprocessing the 
material for other uses. The longevity indicator developed by the authors provides a measure on 
how long materials are kept in a system, and it can be applied to a broad set of materials and 
comprising as many cycles of recycling and refurbishment as desired. Besides, time is a measure 
easy to understand even by non-experts. However, the longevity indicator might be oversimplified, 
and it doesn’t portray the environmental consequences of the system, neither it accounts for 
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resource use, downcycles nor composting biological nutrients, which are also important parts of 
the CE. Despite these drawbacks, the longevity indicator will be used in this research work to 
determine for how long the materials extracted in Avtjerna will be kept circulating, since it is the 
only indicator designed specifically to measure circularity, and its simplicity will facilitate the 
communication of results. In Section 4.3 it will be detailed how the longevity indicator will be 
applied in this work. 

2.5 Institutional setting of land clearance 

As stated above, Sollihøgda Plussby will be in Avtjerna, which is a plot of undeveloped land. Land 
clearance activities before construction include the removal of trees and the excavation of masses. 
Raw wood extracted on a construction site is not considered as waste, but the residues from 
construction of buildings and infrastructure are defined as industrial waste according to the 
Pollution Act § 27 (in Norwegian: forurensingsloven § 27), and Akershus County Council (in 
Norwegian: fylkeskommune) (2016) further classifies construction waste in two types: excavated 
masses (soil and rock that is excavated in a property) and construction waste (material and objects 
from construction, rehabilitation or renovation of buildings and infrastructure). 

In 2016 Akershus county released a regional plan for managing excavated material which aims to 
secure building raw materials for future needs in Akershus, to  secure areas for reception, recycling 
and legal disposal of surplus excavated material, to ensure that recycling of excavated material will 
occur at the highest possible rate, and to reduce environmental and social impacts from soil and 
rock extraction, management and transport (Akershus County Council, 2017). In addition to 
Akershus county regional plan for the handling of masses, the Norwegian Government set in 
motion a strategy for green competitiveness (Ministry of Climate and Environment, 2017). In this 
report, Circular Economy is one of the priority areas, and some of the Government strategies to 
facilitate the transition to a CE are (own translation) “to further develop and clarify regulations to 
increase the environmentally sound use of waste and slightly polluted masses” and “to strengthen 
demand for circular solutions” (ibid:45).  

The European Union also aims to shift to a CE, and, on December 2, 2015, launched a Circular 
Economy Package to lead the transition. This Package consists of an Action Plan that establishes 
the strategies to shift to a CE, and an Annex to the Action Plan. The Action Plan offers guidance 
on resource efficiency and waste management. Construction and demolition are among the priority 
areas in the Plan, since these activities produce a large quantity of waste. Legislative proposals, 
such as the Waste Framework Directive (WFD), were adopted along with the Plan, and they 
establish targets related to reduce landfilling and increase recycling and reuse. The article 11.2 in 
the WFD establishes that by 2020, “non-hazardous waste from construction and demolition 
operations should be reused, recycled or recovered to a minimum of 70% by weight” (European 
Commission, 2008:13). Norway is bound to comply with EU’s Waste Framework Directive under 
the EEA5 agreement. The WFD does not include uncontaminated excavated soil and rock as 

                                                 

5 The Agreement on the European Economic Area, EEA, assembles the EU Member States and the EEA EFTA States: 
Iceland, Liechtenstein and Norway in a single market. The EEA Agreement grants equal rights and obligations for 
individuals and economic operators within EEA space, and “it provides for the inclusion of EU legislation covering 
the four freedoms - the free movement of goods, services, persons and capital — throughout the 31 EEA States” 
(EFTA, n.d.) 
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construction waste if it is to be reused on the site where it was extracted, but if the uncontaminated 
excavated material is to be taken to a site other than where it was excavated, it is defined as waste 
and the by-products or end of waste status may apply (European Commission, 2008).  

Current pollution legislation sets some limits to the reuse of surplus material. Polluted excavated 
material cannot be reused directly outside the project’s site due to the risk of pollution (Pollution 
Regulations chapter 2) and littering (Pollution Act § 28). If excavated material is to be used outside 
the project, the waste producer must ensure that the usage is not in conflict with the pollution ban 
(Pollution Act § 7 and § 28), and that surplus materials are suitable for the purpose. If there is risk 
of pollution, a permit for reuse from the County Governor is required (Pollution Act § 11) and 
eventually from the Environmental Agency (Pollution Act § 32). Polluted materials that are taken 
out of the project site, and which are not allowed to be reused by the Pollution Act, must be 
delivered to an authorized landfill or management facility (Akershus County Council, 2017). 

The Regulations on Technical Requirements for Construction (Building Technology Regulations, 
in Norwegian: Byggteknisk forskrift) § 9 establish that “Construction works shall be designed, 
constructed, operated and demolished in such a way as to minimize the impact on natural resources 
and the external environment”. Depositing soils on lands that have different purposes to those of 
the deposited soil could lead to pollution and decrease the quality of the soil (Akershus County 
Council, 2016). To fulfill the requirements of the Building Technology Regulations alternatives to 
handling materials that are product from clearance of construction sites must be found. 
Additionally, the need for raw materials will intensify as the oncoming construction and 
infrastructure projects are executed in Oslo and its surroundings. Therefore, it is important to look 
for ways to supply this need for raw material with residues originated from construction activities. 

2.6 Inventory of materials 

2.6.1 Forest inventory 

There are different indicators that provide information on the status of a forest. Important data to 
obtain when performing a forest inventory are the tree species, standing volume, site quality, age, 
and diameter of the trees. These data provide information on the state of a forest and the possibility 
of sourcing raw wood from them. The end-use of wood depends on these parameters, since each 
tree species has different properties (durability, strength, density, etc.) and therefore they have 
different capabilities to become different products. Standing volumes are used for various purposes, 
such as the assessment of the potential for utilization of wood resources (Tomter and Dalen, 2014), 
and this volume indicates the quantity of material (in m3) that is available for utilization (Granhus, 
Hylen and Nilsen, 2012). 

Site quality gives information on a forest’s capacity to produce wood and it is measured in cubic 
meters per year per hectare (Nibio, 2017a). Site quality is an indicator for the extraction of raw 
wood, since it is in productive forests where by principle timber utilization can take place (Tomter 
and Dalen, 2014). In high quality sites, trees may reach earlier the age to be logged (Granhus, 
2016). The trees’ age to be logged is normally between 80 and 150 years but depending on the 
growing conditions and the tree species this could be earlier (ibid). For construction purposes, 
spruce is usually logged when it is between 50 and 120 years old, while scots pine is logged when 
it is between 120 and 150 years old (Bastien, 1998). The diameter and length of the tree is another 
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important parameter to define end uses of a tree. For sawn timber the usual required diameter is 
between 12 to 55 cm and a length between 370 and 580 cm (Jonsen, 2017). For pulpwood purposes 
the diameter usually is between 4 and 70 cm while length is between 300 and 520 cm (ibid). 

Construction-grade timber is one of the most valuable forest products, it has economic benefits and 
it’s generally a sustainable material. The process of manufacturing timber starts when trees are 
harvested. Branches are removed from felled trees and these are cut to lengths suitable for 
transportation. To protect the logs from fungal degradation, they must be dried. Kiln drying is the 
most common method used in the sawn softwood6 industry. This stage of the process is the most 
energy intensive, but often wood residues from the sawing process are used as biofuel for this 
activity. Once dried, the logs are debarked and cut into standardized dimensions and lengths. 
Besides sawn timber, wood can be processed into engineered timber, such as glulam and cross-
laminated timber (CLT). Even though these products have better structural capacities, the use of 
adhesives increases their embodied energy. (Ramage et al., 2017) 

To improve timber’s durability and protect it against biodegradation and fungi, the material 
receives a physical or chemical treatment after being dried and sawn. There are several methods to 
treat wood, such as thermal and chemical modification, impregnation, and coating. Preservatives 
used for wood impregnation, such as alkaline copper quaternary, are potentially hazardous, which 
represents an environmental issue when recycling or disposing of the wood, since it can release 
toxic substances into the environment. Coating is the last stage in wood modification, it is a surface 
treatment and it provides a layer of protection on the wood’s surface, therefore making the material 
suitable for external uses such as cladding. (Ramage et al., 2017) 

2.6.2 Geology inventory 

The potential of reusing the excavated material depends on the properties of the soils and rocks. 
The geological profiles can provide information on the characteristics of these materials and their 
suitability for reuse, which can be later confirmed through physical and mechanical tests. The reuse 
of excavated materials requires a rigorous examination of their physical and mechanical properties, 
to determine if they fulfill the geotechnical requirements specified for each purpose. Due to the 
early stage of the project, tests to determine the mechanical quality of rocks have not been 
performed, therefore the geological characteristics of each material will be used instead to 
determine to which purposes the materials will be destined to. Additionally, it is these geological 
parameters that determine the mechanical and physical properties of the aggregates (Erichsen et 
al., 2008).   

According to how they are formed, rocks can be classified as igneous, sedimentary or metamorphic. 
Igneous rocks are further classified as plutonic and extrusive/hypabyssal, while sedimentary can 
be clastic or chemical and biogenic. Erichsen et al. (2008) found that extrusive/hypabyssal rocks 
have the ‘best quality’ as per strength and wearing tests when the grain size ranges from fine to 
medium, compared to sedimentary rocks such as breccia, conglomerate and sandstone, which 
perform poorly on wearing tests. Best quality refers to aggregates that comply with the 
requirements to be used in concrete or the surface of roads with high traffic volumes. Aggregates 
of poorer quality can be used as filling compound. Sedimentary rocks, which do not perform well 

                                                 
6 Wood obtained from gymnosperms such as pine and spruce (Ramage et al., 2017).   
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on wearing tests, are assumed to be unsuitable as aggregates for concrete or for road purposes. 
However, these low-quality aggregates can still be used in the form of backfilling and bedding of 
pipe and cable trenches, as well as buildings and houses foundations, since high-quality is only 
required for concrete and road construction. (Erichsen et al., 2008). 

In addition to bedrock, the ground also holds sediments. Sediments originate from the 
disintegration of bedrock by weathering processes, which can be mechanical (e.g., frost wedging) 
and chemical (e.g., minerals subjected to elevated temperatures and acid water). In addition to these 
processes, erosion removes weathered materials and transports them. Depending on the sediment 
quality, weathered material can be used as filling material or possibly as gravel for roads. In areas 
where there is little or no access to natural gravel, weathered material can be suitable as building 
raw material (Wolden, 2001). Clays are difficult to use for construction purposes, since this 
material tends to settle and compress after certain time, however, if properly treated, they might be 
used as backfill for trenches (Israelsson, 2014). Marine deposits are fine particles, smaller than 
0.002mm, that have a high content of clay, therefore they have plastic properties (Jørgensen, 
Sørensen and Prestvik, 2013). Shore material is well rounded, and particle size has great variations, 
but mostly can be found as gravel (2-64 mm) and sand (0.06-2 mm). A medium grain size of 
approximately 0.3 mm is the lower limit for what is considered useful for construction purposes, 
such as pavement for roads and use in concrete (Wolden, 2001). 
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3. Case Study: Avtjerna 

Currently over 80 per cent of Norway’s inhabitants live in urban settlements7 (Statistics Norway, 
2017a), and it is here where the most significant population growth will occur. According to 
Tønnessen, Leknes and Syse (2016), Norway’s population today is around 5.2 million, and by 2030 
it will surpass the 6 million inhabitants mark, with most of the growth occurring in Norway’s urban 
areas and the regions around them. Figure 4 shows the counties that will have the most significant 
growth rate in Norway, which are Oslo and Akershus at 30 and 29 per cent respectively (Tønnessen, 
Leknes and Syse, 2016). In the next ten years Oslo’s population will surpass the 700,000 
inhabitants, while population in Ullensaker municipality in Akershus county will grow about 50 
per cent by 2040 (ibid). This population increase means that new houses, schools, and infrastructure 
will have to be built in Oslo and its neighboring counties. 

 
Figure 4 Population growth in Oslo and Akershus (Tønnessen, Leknes and Syse, 2016) 

To partially relief the need for housing in Oslo and its surrounding areas, Bærum municipality, 
located in Akershus county, has selected five priority areas for development: Fornebu, 
Bekkestua/Høvik, Sandvika, Fossum, and Avtjerna (Bærum Municipality, 2016). In this last parcel 
of land, a new urban development is devised: Sollihøgda Plussby (plus city, since it is expected 
that the city district will produce more energy than it consumes), which will accommodate 30,000 
inhabitants and 15,000 workspaces. If built, Sollihøgda Plussby will be in what it is today a forested 
area of 350 hectares, located between Sandvika and Sundvollen, southeast of Sollihøgda (COWI, 
n.d.) and surrounded by the marka8 as shown in figure 5. The construction of this urban district 
depends on whether a train station will be built in Avtjerna in the proximity of the development, 

                                                 
7 Statistics Norway (2017a) defines urban settlements as communities where at least 200 people live, and the distance 
between houses is less than 50 meters. 
8 Marka (literally translated as “the forest”) is a Norwegian term for a protected forest that stretches over 19 
municipalities, including Oslo and Bærum, in five counties. The ACT 2009-06-05 number 35 on natural areas in Oslo 
and neighboring municipalities (marka Act) came into force on 1st September 2009. The marka Act sets aside a forested 
area or woodland for outdoor recreation, to experience nature, and for sports. There is a construction ban within the 
marka, but farming projects are exempted from this ban (County Governor in Oslo and Akershus, 2017). 
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since Bærum municipality requires that all increase in traffic is managed through public transport 
(Bærum Municipality, 2016). Currently there are plans to build a railroad (in Norwegian: 
Ringeriksbanen) from Fornebu to Honefoss, along the E16 highway. However, the construction of 
a train station in Avtjerna is uncertain, and for Sollihøgda Plussby to be built, the train station is a 
must, otherwise the area will be reserved for housing development after 2040 (Municipal Council, 
2016). 

 
Figure 5 Avtjerna, the plot where Sollihøgda plussby will be located 

Aiming to be a sustainable city in the forest, which could serve as a pilot to test innovative 
technology and to be a new model of urban development, Danish consultancy company COWI 
(n.d.) created the concept of Sollihøgda Plussby with four principles in mind: 

 Smart city and transport: Smart buildings and self-driving, fossil fuel-free transportation. 
 Plus energy: the city will produce more energy, from renewable sources, than it uses. 
 The gate to the forest: access to the forest in a 200 meters radius from wherever you are 

within the city. 
 Circular economy: Applying principles of circular economy for efficient use of resources. 

The fourth city principle, circular economy during the pre-construction activities in Sollihøgda 
plussby, is the subject of this master thesis. The other three principles, smart city and transport, 
plus energy, and the gate to the forest, will be dealt with in later stages of the project. Additionally, 
due to the early stage of the project, there is not a detailed layout that specifies how the plot will be 
developed, i.e. the amount of land within Avtjerna that will be cleared for construction is not 
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specified, therefore there is no quantification of the material that will be removed, and instead the 
most abundant materials on site will be the ones considered for this research. 

Bærum municipality has already projected several places where excavated material can be 
processed and temporarily stored. These places are located within Avtjerna limits as can be seen in 
Figure 6. The owner of the Brenna farm has proposed that this area becomes a station for processing 
the excavated material product of the infrastructure projects that will be carried out in the region. 
The Brenna farm has an extension of approximately 25 hectares, with possibilities of expansion. 
Lorangmyr is the other area that has been deemed suitable for processing excavated material for 
further reuse. This 15.5-hectares property used to be a site for disposal of excavated masses, but it 
is no longer operating, and it is already covered with some vegetation. Lorangmyr is reserved in 
the municipal master plan as a future development area after 2030. (Ardila, 2018) 

 
Figure 6 Possible sites for recycling excavated materials 
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4. Methodology 

To define which uses can the materials in Avtjerna be given and evaluate their circularity, the 
method of this thesis consists of three parts: (1) an inventory to define which natural materials are 
found in Avtjerna and their main characteristics, (2) interviews with industry experts to gain a 
technical insight on how these materials could be used and to fill in information gaps, and (3) a 
longevity indicator to measure the circularity of the proposed uses for each material. Both the 
inventory and the interviews will provide data for the longevity indicator. 

4.1 Inventory of natural resources 

To find out which products can be obtained from each material (trees species, rocks and soils) in 
Avtjerna, it must be known first what type of materials exist, therefore an inventory of resources 
was carried out. This inventory was based on the information provided by publicly available digital 
maps. All maps were processed in ArcMap 10.6 software to only preserve the information of 
resources found within Avtjerna limits and remove the surrounding areas. To define the limits of 
Avtjerna, a map of the marka’s borders was used, since these limits determine where it is allowed 
to build. The information is presented in polygons, and each polygon represents different 
information, such as tree species, tree volumes, type of sediments and bedrocks, among others.  

4.1.1 Forest inventory 

The information regarding forest, land use, and landscape was obtained from the Norwegian 
Institute of Bioeconomy Research (in Norwegian: Norsk Institutt for Bioøkonomi9, NIBIO). The 
maps were requested through NIBIO’s website (Nibio, 2018) and .shp files were obtained. Each 
file contains different categories of information, such as land cover and forest productivity. First, 
the land cover type was presented to provide an overview of the different land uses in Avtjerna and 
to know which one is predominant. Land cover type was obtained from the areal resource map 
(AR50), which is a comprehensive data set showing the country’s land resources at the municipal 
level. AR50 provides an overview of the land use and land status.  

Information about the forest was obtained from the SAT-SKOG map. This map provides an 
overview of the forest resources and displays information about tree species, their volume, and age 
at an overall level. The information on the digital map is obtained from field data, printed maps 
and satellite images. SAT-SKOG map is suitable for overall planning and as a supplementary data 
set in forestry planning. Both AR50 and SAT-SKOG datasets are scaled at 1:50,000. In the Avtjerna 
SAT-SKOG map there are 121 polygons in total, therefore the information is presented 
summarized rather than per polygon. In Appendix A it is possible to find a table with the 
information per polygon. 

4.1.2 Geology inventory: Sediments and bedrock 

Digital maps (in .lyr format) of the Norwegian bedrock, gravel and crushed stone deposits and 
quarries, and sediments were obtained from the Geological Survey of Norway (in Norwegian: 

                                                 
9 NIBIO is a research institute owned by the Ministry of Agriculture and Food and its aim is “to contribute to food 
security, sustainable resource management, innovation and value creation through research and knowledge production 
within food, forestry and other biobased industries” (Nibio, n.d.) 
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Norges Geologiske Undersøkelse10, NGU) database (NGU, 2018). The bedrock map shows the 
distribution of the different rock types on the earth’s surface. The data is based on the printed 
bedrock geological map series. Mapping is based on field observations, analyzes of collected 
samples and interpretation of geophysical data. The sediments map shows the extent of the different 
type of sediments that cover the mountain surface, and it only shows which soil type dominates the 
top meters of the terrain surface, but thick and thin layers of other soils may appear further down 
in the soil profile. The map is based on the content of quaternary geological maps. Bedrock and 
sediments maps are scaled at 1:50,000. Due to the early stage of the project, mechanical and 
physical tests of the materials are not available, and neither the volumes of excavation, therefore it 
is not possible to quantify the total amount of rock and soil that will be extracted, hence only the 
total surface that each type of bedrock and soil covers will be provided.  

4.2 Interviews 

To gain in-depth data on possible uses for excavated masses and raw wood, several one-to-one 
interviews were conducted. Researchers, a civil servant from Bærum municipality, industry 
experts, and one of the landowners of Avtjerna were contacted through email to request an 
interview. The interviewees were chosen based on their field of expertise or relationship to the 
Sollihøgda Plussby project. Since circular economy is still a novel concept in Norway, interviewees 
were not directly related to CE, however their work is highly relevant to this research due to its 
application: recycling of excavated masses, elaboration of plans and strategies for handling 
excavated material before construction operations, and research on wood products. 

Before the interviews, a questionnaire was drafted, which varied according to the field of expertise 
of each interviewee. The outline and aim of the project were explained to the interviewees, and the 
interviews were held in formal settings. Despite having a defined questioning plan, the interviews 
had a flexible structure, therefore if interesting tangents were presented, these were pursued, and 
sometimes unexpected data was found. During the interviews, notes of the most relevant and useful 
findings were taken, and these provided valuable insight to explore the possibilities to use these 
materials tailored to a Norwegian context. Most of the questions were related to the application of 
circular economy principles in the interviewees’ field of expertise, the manufacture of circular 
products, alternatives for recovering, reusing, and recycling materials, the status of circular 
economy in Norway, barriers to the implementation of CE in the country, and potential future 
scenarios. The questionnaires can be found in Appendix B. 

Existent literature along with the interviewees’ insights were an aid to determine which products 
could be obtained from the natural materials found in Avtjerna, since these experts have a broad 
knowledge on properties of materials and their products. Interviewees’ knowledge was also 
valuable in creating recycling, reuse and end-of-life scenarios required for modelling a product 
lifecycle flow, which is the first step to determine the longevity of materials. The lifecycle flow of 
materials and longevity indicator will be explained in the next section. 

 

                                                 
10 NGU is a government institution responsible of studying bedrock geology, mineral resources, surficial deposits and 
groundwater 
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4.3 Longevity indicator 

Figge et al. (2016) longevity indicator provides information on how long a material is kept 
circulating through a product system. Since circular economy aims to retain materials, the amount 
of time that these circulate is a relevant measure. Longevity aids to determine the degree of 
circularity in a system (Franklin-Johnson, Figge and Canning, 2016). To calculate the longevity 
indicator for each material, a product for each must be chosen first. 

As stated above, the inventory was of use to establish the type of materials found in Avtjerna. Based 
on the inventory results and information from the interviews, it was suggested into which products 
the materials would be transformed, and then the lifecycle flow of each product was modelled. A 
lifecycle flow comprises the initial lifetime of a product plus an infinite number of recycling an/or 
reuse cycles that can be added, depending on how many times the product is returned for reuse 
and/or recycling.  

For this research, only two additional cycles were modelled, firstly because no studies with data 
for more than one cycle of reuse or recycling were found (for any of the products), and secondly, 
not to increase the uncertainty of the results, since with each additional cycle more assumptions 
would be needed due to the lack of data. An example of a product’s lifecycle flow is shown in 
figure 7 to present the equations used to calculate the longevity indicator. However, a lifecycle 
flow for each product will be modelled in Section 5.2. 

 
Figure 7 Potential lifecycle flows. The life cycle starts when the material is manufactured into products, which have a first service 
life (LA) measured in months. After this initial lifetime (LA), a fraction of these products will be returned (a1) to be refurbished (b1) 
or recycled (c1). Due to the efficiency in the recycling process, only a fraction of the materials (d1) will be recovered and recycled 
into a new product. The refurbished products will have a reuse lifetime (L1

B, in months), whereupon a fraction of the products will 
be returned (a2) to be recycled (c2) or refurbished (b2). L2

B, measured in months, represents the reuse lifetime of a product that is 
refurbished for the second time. Adapted from Franklin-Johnson, Figge and Canning (2016) 

As stated earlier, the lifecycle flows in this research will have only two additional cycles of reuse 
and/or recycling. First, the material will be used to manufacture a product, and the service lifetime 
of the product will be measured in months. This is the initial lifetime of the product, LA, which is 
the beginning of the lifecycle flow. After this initial lifetime, a certain fraction of the products is 
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lost, which means that they are either landfilled or sent to energy recovery. A fraction of the 
products account as returned (a1) when they are collected after the first use (or initial lifetime, LA) 
to continue in the lifecycle flow either through recycling or refurbishment. The term refurbishment 
means renovating or restoring the product, but in this case, it also includes reuse and reparation, so 
the product can perform the same service as in its initial lifetime. The term recycling means 
reprocessing the material into a new product.  

From the returned products (a1), a fraction will be refurbished, b1, and the rest will be recycled, c1. 
During the recycling process, only a fraction of the material, from 1 to 100%, might be recovered 
due to the efficiency in the recycling processes, and this is the percentage of recovered materials, 
d1. After the first refurbishment or reuse lifetime, L1

B measured in months, a percentage of the 
products will be returned (a2) for its refurbishment (b2) or recycling (c2). Once again, during the 
recycling process it might be possible to recover only a percentage of the materials in a product, 
d2. (Figge et al., 2018) 

Before calculating the longevity indicator, the contributions to lifetime due to refurbishment, LB 
measured in months, and recycling, LC in months, were calculated. The refurbishment contribution 
(LB) depends on the percentage of products that are returned (a1 and a2), then refurbished (b1 and 
b2), and the amount of time that the product is reused (reuse lifetime, L1

B and L2
B, in months). This 

is seen in equation (1). 

Eq. (1)  𝐿 = 𝑎 𝑏 𝐿 + 𝑎 𝑏 𝑎 𝑏 𝐿  

The recycled lifetime contribution, calculated through equation (2), comprises the lifetime that is 
created by returning products (a1) and recycling them (c1). Franklin-Johnson, Figge and Canning 
(2016) consider that the recycling process creates a new initial lifetime (LA) when new products 
are created, whereupon they will be refurbished or recycled. This process creates new 
refurbishment and recycling lifetimes (LB and LC, respectively). To address this infinite cycle, the 

authors used an iterative process 
/

 based on the fraction of materials recovered through the 

recycling process: p in equation (2.1)  

Eq. (2)  𝐿 = 𝑝(𝐿 + 𝐿 + 𝐿 )⇔ 𝐿 = (𝐿 + 𝐿 ) 

Eq. (2.1) 𝑝 = 𝑎 𝑐 𝑑 + 𝑎 𝑏 𝑎 𝑐 𝑑  

After obtaining LB and LC, longevity is calculated with equation (3). 

Eq. (3)  𝐿𝑜𝑛𝑔𝑒𝑣𝑖𝑡𝑦 = 𝐿 + 𝐿 + 𝐿  

To simplify this process, calculations were performed using Microsoft Excel and figure 8 in the 
next page shows the spreadsheets used to obtain the longevity of each material. 
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Figure 8 Spreadsheets used for the calculation of refurbished lifetime contribution, recycled lifetime contribution and longevity 
indicator (from left to right). 

4.3.1 Calculation of wood longevity indicator 

To calculate the longevity indicator, a product lifecycle flow as the one shown in figure 7 must be 
modelled. For this model, it was suggested into which product the material could be 
manufactured,based on the information found through the inventory (tree species, forest 
productivity and age). Once the product was chosen, the possibilities of reuse and recycling were 
explored. For this purpose, a baseline scenario was modelled. This baseline scenario was based on 
Norwegian statistics that account for present practice. Currently, 99% of wood waste is sent to 
energy recovery (Statistics Norway 2017b), rendering the material unavailable for other purposes. 

From a CE perspective, it is better to keep materials circulating. Therefore, an alternative scenario 
where a fraction of the products are recovered for reuse and recycling was created. For this purpose, 
studies and projections on reuse and recycling recovered wood products were searched for. 
Norwegian statistics and studies were used whenever possible, but if these were not available, 
studies in a European context were used instead. In Section 5.2.1 the specific information for each 
product will be detailed. 

4.3.2 Calculation of sediments and bedrock indicator 

The geological materials were classified according to its origin in sedimentary or igneous. 
Sedimentary and igneous materials can be used as aggregates for different purposes, and according 
to these geological characteristics, it was decided how the material should be handled and 
transformed into products. After the product was chosen, the lifecycle was modelled. Life cycle 
inventories (LCI) and durability reports were consulted in order to suggest the initial lifetime of 
the products.  

As with the wood products, two scenarios were created. A baseline scenario considering current 
practices, and an alternative scenario where circular practices (i.e. recovery, reuse and recycling of 
products) occur. Waste statistics of the chosen products were looked for in order to obtain the 
landfill, reuse and recycling rates. In order to perform projections for the alternative scenario, 
studies were looked at. Whenever possible Norwegian statistics and studies were used, but if data 
in a Norwegian context was not found, the search was broadened to a European context. The data 
used for each lifecycle will be detailed in section 5.2.2. When products only have an initial lifetime 
and they are not recovered for reuse or recycling, the lifetime contributions due to recycling or 
refurbishment are equal to zero, therefore the longevity indicator is equal to the initial lifetime. 
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5. Results 

5.1 Inventory of Avtjerna 

Avtjerna is a plot of land of 353 hectares, and most of it is covered by forest. The built-up and 
agricultural areas are similar in size and together they cover nearly 12% of Avtjerna’s surface. 
Peatland covers nearly 2 hectares in Avtjerna. In figure 9 a map of Avtjerna and its different land 
cover types can be seen. In this map, each color represents one type of land cover and the surface 
covered by each land cover type is given. 

 
Figure 9 Different land cover types found in Avtjerna 

5.1.1 Forest inventory 

Over 200 hectares in Avtjerna are categorized as a high or very high productivity forest, which 
means there are coniferous, mixed and broad-leaved forests with an expected yield for wood larger 
than 5m3 per hectare per year. A quarter of Avtjerna’s surface is covered by a medium productivity 
forest, i.e. coniferous, mixed and broadleaf forest with an expected yield between 3 to 5m3 per 
hectare per year. Over 1% of the surface is categorized as a low productivity forest where 
coniferous forest and mixed forest have an expected production capacity for coniferous wood 
between 1m3 to 3m3 per hectare per year, and broadleaf forest occurs to a small extent. The rest of 
the forested area is coniferous forest and mixed forest with an expected yield for coniferous wood 
of less than 1m3 per hectare per year, and broadleaf forest with an expected wood production 
capacity of 3m3 per hectare per year. Approximately 12% of Avtjerna region is built up, arable 
land, pastures, peat bogs, and moderately fresh vegetated mountainous terrain. Site quality 
distribution can be seen in Figure 10. 
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Figure 10 Site quality in Avtjerna 

The age of the forest is another important parameter to determine when trees can be harvested for 
various purposes, and figure 11 presents the age distribution of the forest in Avtjerna. In the figure, 
it can be seen that most of the forest is between 41 and 80 years old, followed by a young forest of 
less than 40 years old. The forest that is older than 80 years old is almost non-existent.  

 
Figure 11 Distribution of the forest age 
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Scots pine (Pinus sylvestris), Norway spruce (Picea abies), and broad-leaved (silver birch, common 
birch, and dwarf birch) trees can be found in Avtjerna’s forests. Most of the forest in Avtjerna is 
spruce dominated, i.e. the volume of Norway spruce is over 50% the total tree volume (Nibio, 
2017b). Next in size is the mixed forest, which covers 44 hectares. In this type of forest, the volumes 
of spruce, pine, and broad-leaved are each less than 50% of the total volume of trees in the area, 
and the overall volume of spruce and pine are together less than 75% (ibid). The broad-leaved 
dominated forest covers nearly 35 hectares of Avtjerna. Here, birch and broad-leaved species 
represent 50% of the total tree volume. Mixed coniferous forest, i.e. a forest where the overall 
volume of spruce and pine represents over 75% of the total volume of trees in a hectare of land 
(Nibio, 2017b), covers about 28 hectares. The area where pine makes up over 50% of the total 
volume (pine dominated) equals to 9.1 hectares. This distribution of dominant tree species can be 
seen in figure 12, where each color represents a different dominant species. 

 
Figure 12 Distribution of forest species in Avtjerna 

In figure 13 the standing volume of spruce trees can be seen. In this figure it is noticeable that most 
of Avjterna has a spruce volume of less than 75m3 per hectare. The standing volume between 76 
to 150 m3 per hectare covers nearly half of the forested area in Avtjerna, while only 10 hectares 
present over 150 m3 per hectare of standing volume.  
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Figure 13 Standing volume of spruce trees in Avtjerna 

The standing volume of pine trees in Avtjerna is shown in figure 14. Here, it is noticeable how the 
light-yellow color covers most of the forested area in Avtjerna. This color represents a standing 
volume of pine of less than 30 m3 per hectare. Next in magnitude is the standing volume of 31 to 
70 m3 per hectare, covering less than one third of the forested area. A small portion in dark-green 
can be seen, which represents a standing volume of more than 70 m3 per hectare. 

 
Figure 14 Standing volume of pine trees in Avtjerna 
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Birch and pine are less abundant species. In Figure 15, birch’s standing volume per hectare can be 
seen. Nearly two-thirds of the forested area have less than 30 m3 of birch per hectare, while almost 
one-third has between a standing volume of 31 to 70 m3 per hectare. 

 
Figure 15 Standing volume of birch in Avtjerna 

As mentioned in Section 4, the information on the map is provided per polygon, and the forest map 
has 121 polygons. The precise standing volume per species per hectare is provided for each 
polygon, as well as the area of each polygon. By multiplying these two numbers, it is possible to 
obtain the overall standing volume of each tree species in Avtjerna. A summary of the inventory 
results is provided in Table 1. Age of trees is not provided per tree species; therefore, the 
information is summarized according to the dominant tree species. 

Table 1. Summary of forest inventory 
   Standing volume (m3) 

Dominant species Age (years) Surface (hec) Spruce   Birch Pine 

Spruce  11 – 80 185 17,803 4,424 5,298 
Mixed forest 12 – 53  44 1,527 1,404 517 
Broad-leaved 8 - 46 34.9 1,002 2,118 148 
Mixed coniferous 33 – 94  27.7 1,684 453 1,344 
Pine 23 – 77  9.1 377 148 598 

Sum 8 – 94 300.7 22,393 8,547 7,905 
 
5.1.2 Geology inventory 

The most abundant soil type in Avtjerna area is humus, which is a layer between 20 and 50 cm 
thick, and possibly thicker in some areas, however, exposed rock frequently appears in these areas. 
Some other areas are mountainous and lack sediments. Weathered or residual material is also 
present. There are several turf and bog areas in Avtjerna. Unsorted marine deposits and shore 
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deposits are present in areas with shallow grounds or with exposed rock. The particle sizes vary 
between clay to boulder. Marine shore sediments are also present in a layer thicker than 50 cm. The 
material is often round and well graded, and particle size varies from sand to boulder, but sand and 
gravel are common. Shore deposits lay as a relatively thin sheet over bedrock or other sediments.  

Other materials that can be found in smaller proportions are marine deposits, without shore 
deposits, in a continuous cover that also comprehends slide materials from quick clay slide; glacial 
deposit material (till) in a discontinuous, thin cover of maximum 50 cm, and badly sorted with sizes 
from clay to stone and boulder; marine and fjord fine-grained deposits in a continuous cover. 
Lastly, fluvial deposits and landslide materials are present in small proportions. The described 
sediments can be seen in Figure 16, where each color represents a different sediment type. 

 

 
Figure 16 Type of sediments found in Avtjerna with corresponding color code 
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Rhomb porphyry lava is the predominant bedrock in Avtjerna, covering over 90% of the total 
surface. In Avtjerna, there are about ten separate lava flows (from RP1 to RP10), and they vary in 
thickness from four to 130 meters. After rhomb porphyry lava, porphyritic basalt and breccia and 
conglomerate are the most abundant sediments, however, together they are only about 6% of 
Avtjerna’s surface. Basalt is a dark, fine-grained type of lava rock that is composed mostly by 
calcium-rich field patches (plagioclase) and pyroxene (augite), but also minor amounts of olivine 
or quartz may be present. Porphyritic basalt contains large crystals (phenocrysts) in a fine-grained 
matrix (Selbekk, 2018). Breccia is a rock type made of easily visible angular fragments. It is formed 
by the petrification of taluses or the binding of coarse sediments. There are several types of breccia 
and the one found in Avtjerna is a sedimentary rock that resembles a conglomerate, but it has more 
angular fragments (Bryhni, 2018). Conglomerate is a sedimentary rock type that is composed by 
rounded material (shingle and gravel) cemented by clay, lime, silica or rust. It is formed by littoral 
or alluvial deposits, in some cases of moraine gravel (Henriksen, 2018). Figure 17 shows these 
bedrock formations. 

 
Figure 17 Bedrock types in Avtjerna 

A summary of the sediments and bedrock types found in Avtjerna is presented in Table 2 and 3 in 
the next page. In table 2 the type of sediments is provided, along with the particle size in which 
they are found in Avtjerna, according to NGU’s database. Bedrock types are presented in Table 3, 
and they are classified in igneous and sedimentary according to the process that formed the 
materials. This is the classification that will be used when providing suggestions for use of these 
materials once they are excavated. 
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Table 2. Summary of geology inventory: sediments 

Sediments Particle size 
Surface covered 

(hectares) 

Humus sheet, thick turf cover - 268.4 
Weathered material No distinction 15.7 
Turf and bog (organic material) - 12.6 
Marine deposits Clay (<0.002 mm) to boulder (>200 mm) 11.5 

Marine shore deposits 
Sand (0.06 mm to 2 mm) to boulder 
(>200 mm) 

9.5 

Marine deposits, shore deposits 
not included 

Clay (<0.002 mm) to boulder (>200 
mm) 

4.3 

Till Clay (<0.002 mm) to boulder (>200 mm) 2.1 
Landslide material  1.4 

Fluvial deposits 
Predominantly sand (0.06 mm to 2 mm) 
and gravel (2 mm to 63 mm) 

0.8 

 
Table 3. Summary of geology inventory: bedrock 

Bedrock classification 
Surface covered 

(hectares) 

Igneous Extrusive/hypabyssal 

Rhomb porphyry lava 328.3 
Basalt 10.9 
Syenite porphyry  1.8 
Hypabyssal rock 0.7 

Sedimentary Clastic Breccia, conglomerate, sandstone 10.6 

5.2 Interviews 

Some of the information obtained from the interviews was used as input data for the calculation for 
the longevity indicator, and this can be found in the corresponding tables of input data to model 
scenarios for each product and in the References section. 

5.3 Longevity indicator 

In this section, the longevity indicator for each material will be calculated. To obtain the longevity 
indicator, a lifecycle flow has to be modelled. This lifecycle flow includes these stages: the initial 
lifetime, a first cycle of reuse and/or recycling, and, in some cases, a second cycle of reuse and/or 
recycling. The lifecycle flow starts by manufacturing a product with the material found in Avtjerna. 
Once the product is manufactured, it has a first service life, or initial lifetime. After this initial 
period, the product will be either landfilled, sent to energy recovery, or returned for recycling and/or 
refurbishment. Equations 1, 2, 2.1, and 3 (described in Section 4.3) will be used to calculate the 
longevity indicator. The complete calculations, performed in Excel spreadsheets, can be found in 
Appendix C. 

5.3.1 Forest 

Most of the forest in Avtjerna has a high or medium productivity, therefore it is expected to produce 
raw material. The uses that could be given to the wood are very diverse, since the quality of wood 
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specimens can vary even within the same species, and not all might fulfill the requirements for 
high-value products, such as engineered forestry products. The logs are sorted per diameter and 
length at the sawmills and processed into different products. A fraction of the pulpwood is exported 
to Sweden and Germany after the shutdown of the pulp and paper industry in Southern Norway 
through 2011 to 2013 (Gobakken, 2018;Norwegian Ministry of Agriculture and Food, 2016). In 
this section, one product per material will be suggested, according to the characteristics that the 
materials have. 

Norway spruce 

Since some of the spruce specimens found in Avtjerna are older than 50 years, which is the age 
when spruce is logged for construction purposes (Bastien, 1998), the suggested use is as products 
for the construction industry. Norway spruce is one of the most used tree species for wood 
claddings in Norway (Green Building Alliance and Context, 2017). Therefore, this is the suggested 
use for these trees. Once installed in the building, exterior claddings will have a service lifetime of 
50 years, whereupon they will be disassembled and returned for its recycling or reuse. Currently, 
99% of the wood waste product of construction and demolition operations is incinerated for energy 
recovery, while 1% is recycled, composted or landfilled (Statistics Norway, 2017b). This data will 
be used to model the baseline scenario lifecycle flow, which is presented in Table 4. 

Table 4. Input data to model baseline scenario for Norway spruce 
Baseline scenario 

Aspect Data Key Source of data 

Initial lifetime 50 years LA (Wærp et al., 2009) 
Returned products 1 % a1 (Statistics Norway, 2017b) 
Refurbished products 0 % b1 – 
Reuse lifetime – L1

B – 
Recycled products 100 % c1 (Statistics Norway, 2017b) 
Recovered materials from 
recycling process 

90 % d1 (Pingoud et al., 2003) 

 

Figure 18 shows the lifecycle flow for the baseline scenario, where the exterior claddings have an 
initial lifetime of 50 years, and after this time, claddings are disassembled and 99% of the products 
are sent to an incineration facility, while 1% are returned for recycling.  

 
Figure 18 Lifecycle flow for baseline scenario 
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After inputting the data from Table 4 in the Excel spreadsheet, the refurbishment lifetime, LB, and 
the recycling lifetime, LC, contributions are calculated, and the results are added to the initial 
lifetime, LA. The results of this procedure are shown on the next page: 

LA = 50 years = 600 months LB = 0 LC = 5.449 months 

Longevity = LA + LB + LC = 605.4 months 

In a circular economy, materials must be kept circulating for as long as possible, therefore an 
alternative scenario where reuse and recycling occurred was created. For this scenario, studies on 
potential reuse of wood products were sought. However, studies focused on the Norwegian context 
do not provide potential recycling or reuse rates, therefore the search was broadened to a European 
context. Höglmeier, Weber-Blaschke and Richter (2017) performed a study on the potential of 
cascading11 recovered wood in South Germany, and they found that 25% of the recovered wood 
has the potential to be reused, 21% could be used for engineered wood products, while 44% is 
suitable as raw material for particleboard production. Since the indicator does not provide a 
distinction between remanufacture, refurbishment and reuse, the percentage of materials with 
potential of reuse and the percentage of materials with potential of being remanufactured into 
engineered products were summed and comprised in the “Refurbished products” aspect. Based on 
the numbers of this study, 90% of the wood would account for the returned products (a1), from 
which 51% are refurbished (b1) and 49% are recycled (c1). It is assumed that the remaining 10% 
will be sent to energy recovery, since Norwegian legislation forbids to landfill organic materials 
(Bohne and Wærner, 2014). The reuse lifetime is assumed to be the same as the initial lifetime. 

Table 5. Input data to model alternative scenario for Norway spruce 
Alternative scenario 

Aspect Data Key Source of data 

Initial lifetime 50 years LA (Wærp et al., 2009) 

Returned products 90 % a1 
(Höglmeier, Weber-Blaschke and 
Richter, 2017) 

Refurbished products 51 % b1 
Höglmeier, Weber-Blaschke and Richter 
(2017), 

Reuse lifetime 50 years L1
B (Wærp et al., 2009) 

Recycled products 49 % c1 
Höglmeier, Weber-Blaschke and Richter 
(2017), 

Recovered materials from 
recycling process 

90 % d1 (Pingoud et al., 2003) 

Returned products after 
first additional cycle 

90 % a2 
(Höglmeier, Weber-Blaschke and 
Richter, 2017) 

Refurbished products 0 b2 Assumption due to aging of wood 
Recycled products 100 % c2 Assumption due to aging of wood 
Recovered materials from 
recycling process 

90 % d2 (Pingoud et al., 2003) 

 

                                                 
11 According to Vis et al. (2016:10), cascading use is defined as “the efficient utilization of resources by using residues 
and recycled materials for material use to extend total biomass availability within a given system”. 
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Figure 19 shows the lifecycle flow of Norway spruce when it is assumed that 90% of the claddings 
are returned after the initial lifetime, then they are refurbished/reused and recycled for a first 
additional cycle, and after the first reuse lifetime, 90% of the products are returned. However, it is 
assumed that the claddings will not be in good condition to be reused again, therefore in the second 
additional cycle all the returned products are recycled as particleboards.  

 
Figure 19 Norway spruce lifecycle flow for alternative scenario 

After inputting the data from Table 5 in the Excel spreadsheet, the longevity indicator is obtained 
as follows: 

LA = 50 years = 600 months LB = 275.4 months LC = 2909.1 months 

Longevity = LA + LB + LC = 3784.5 months 

Scots pine 

Due to the young age of the pines found in Avtjerna, it is assumed that they do not fulfill the quality 
requirements to become construction products such as beams, floors, walls, claddings, etc., 
therefore they will be manufactured into MDF panels, which are usually manufactured with wood 
from thinning operations and these panels can be reused or recycled (Green Building Alliance and 
Context, 2017). Since MDF panels are used in the construction industry, the same baseline scenario 
used for Norway spruce apply. Table 6 shows the input data for the baseline scenario. 

Table 6. Input data for baseline scenario for Scots pine 
Baseline scenario 

Aspect Data Key Source of data 

Initial lifetime 25 years LA 
(Brunet-Navarro, Jochheim and Muys, 
2016) 

Returned products 1 % a1 (Statistics Norway, 2017b) 
Refurbished products 0  b1 – 
Reuse lifetime – L1

B – 
Recycled products 100 % c1 (Statistics Norway, 2017b) 
Recovered materials from 
recycling process 

90 % d1 (Pingoud et al., 2003) 
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Figure 20 shows the lifecycle flow for the baseline scenario, where Scots pine is transformed into 
MDF panels, which are installed and then used for 25 years, and after this period 99% of the 
products are disassembled and sent to an incineration facility for energy recovery, while the 
remaining 1% is recycled. 

 
Figure 20 Lifecycle flow of Scots pine, baseline scenario 

The input data is entered into the Excel spreadsheet, and these are the results: 

LA = 25 years = 300 months LB = 0 LC = 2.725 months 

Longevity = LA + LB + LC = 302.725 months 

For the alternative scenario, input data was obtained from the study “LCA-based optimization of 
wood utilization under special consideration of a cascading use of wood” (Höglmeier et al., 2015), 
where rates of returned products and material losses are suggested. According to this study, wood 
panels can be recycled up to three times, and reuse is not suggested (ibid). Table 7 shows the input 
data used to calculate longevity for the alternative scenario. 

Table 7. Input data for alternative scenario for Scots pine 
Alternative scenario 

Aspect Data Key Source of data 

Initial lifetime 
25 years LA 

(Brunet-Navarro, Jochheim and Muys, 
2016) 

Returned products 72 % a1 (Höglmeier et al., 2015) 
Refurbished products 0 b1 – 
Reuse lifetime – L1

B –  
Recycled products 100 % c1 (Höglmeier et al., 2015) 
Recovered materials from 
recycling process 

90 % d1 (Pingoud et al., 2003) 
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Figure 21 shows the alternative scenario where Scots pine is manufactured into MDF panels, which 
have a 25 year-lifespan, whereupon they are disassembled, and 72% of the products are returned 
for recycling. Based on Höglmeier et al. (2015) study, reuse/refurbish is not comprised in this 
scenario. 

 
Figure 21 Lifecycle flow of MDF panels for the alternative scenario 

The longevity indicator for the alternative scenario is calculated as follows: 

LA = 25 years = 300 months LB = 0 LC = 552.27 months 

Longevity = LA + LB + LC = 852.27 months 

Birch 

Despite that birch is highly sought as biofuel (Lauritszen, 2018), cascading its use is in accordance 
to CE principles, therefore other uses should be explored to implement a circular economy. To 
increase circularity of birch, it is proposed that this tree species is turned into furniture, as per Ralph 
(2018) suggestion. Since statistics on furniture resale or reuse in Norway could not be found, the 
baseline and alternative scenarios will be based on the scenarios created in the “Report on the 
Circular Economy in the Furniture Sector” (Forrest et al., 2017). The baseline scenario is based on 
the current performance of the European furniture sector, with data from Eurostat12 and 
PRODCOM13 (ibid). The input data for the baseline scenario is presented on the next page on Table 
8. 

 

 

 

 

                                                 
12 Eurostat is the official statistical office for the European Union (Eurostat, 2018a). 
13 PRODCOM (in French: PRODuction COMmunautaire, Community Production) provides statistics on manufactured 
goods within the mining, quarry, and manufacturing industry (Eurostat, 2018b). 
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Table 8. Input data for baseline scenario for birch 
Baseline scenario 

Aspect Data Key Source of data 

Initial lifetime 12 years LA (Besch, 2005) 
Returned products 20 % a1 (Forrest et al., 2017) 
Refurbished products 50 % b1 (Forrest et al., 2017) 
Reuse lifetime 12 years L1

B (Besch, 2005) 
Recycled products 50 % c1 (Forrest et al., 2017) 
Recovered materials from 
recycling process 

90 % d1 (Pingoud et al., 2003) 

Returned products after 
first additional cycle 

20 % a2 (Forrest et al., 2017) 

Refurbished products 0 b2 Assumption due to lack of data 
Recycled products 100 % c2 Assumption due to lack of data 
Recovered materials from 
recycling process 

90 % d2 (Pingoud et al., 2003) 

 
Figure 22 shows the lifecycle flow of birch, which is manufactured into furniture and after 12 years 
20% of the furniture is recovered to be recycled and reused for 12 years, whereupon 20% is 
recovered and recycled into particleboard. 

  
Figure 22 Lifecycle flow of birch furniture, baseline scenario 

The longevity indicator for the baseline scenario is calculated as follows:  

LA = 12 years = 144 months LB = 14.4 months LC = 19.18 months 

Longevity = LA + LB + LC = 177.58 months 

For an alternative scenario where circularity occurs, it is planned that the furniture is reused at least 
once, and then recycled into particleboard. Input data for this scenario is based on a scenario where 
recycling furniture is fully mandatory (Forrest et al., 2017). This data is shown on Table 9. 
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Table 9. Input data for alternative scenario for birch 
Alternative scenario 

Aspect Data Key Source of data 

Initial lifetime 12 years LA (Besch, 2005) 
Returned products 70 % a1 (Forrest et al., 2017) 
Refurbished products 35.7 % b1 (Forrest et al., 2017) 
Reuse lifetime 6 years L1

B Half of initial lifetime 
Recycled products 64.3 % c1 (Forrest et al., 2017) 
Recovered materials from 
recycling process 

90 % d1 (Pingoud et al., 2003) 

Returned products after 
first additional cycle 

70 % a2 (Forrest et al., 2017) 

Refurbished products 0 b2 Assumption due to lack of data 
Recycled products 100 % c2 Assumption due to lack of data 
Recovered materials from 
recycling process 

90 % d2 (Pingoud et al., 2003) 

 
Figure 23 shows the lifecycle flow of the alternative scenario, where birch is manufactured into 
furniture and higher rates of products are returned to be refurbished/reused/remanufactured and 
recycled. A third cycle is not included since statistics on a second reuse were not found, therefore 
it is assumed that all furniture will be recycled after the first reuse. 

 
Figure 23 Lifecycle flow of birch furniture for the alternative scenario 

After entering the data into the Excel spreadsheet, the lifetime contributions and longevity indicator 
are obtained, and they can be seen below: 

LA = 12 years = 144 months LB = 35.99 months LC = 231.43 months 

Longevity = LA + LB + LC = 411.42 months 
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5.3.2 Sediments and bedrock 

Humus sheet, thick turf cover 

The geological survey presented in Section 5.1.2 indicates that the most abundant sediment in 
Avtjerna is humus soil, covering three quarters of the total surface. Once removed, the material can 
be stored for up to a year in a pile that does not exceed one-meter height. This material, high in 
organic content, has multifold uses. Humus can be mixed with mineral soil to increase its water 
retention and organic content, and then be used to cover newly exposed areas, such as the slopes 
of new highways, where it can be placed on top of a layer of gravel in layers of 10 to 15 centimeters, 
as shown in figure 24. There, new vegetation can grow and mix with the existing landscape. 
(Nilsen, 2018) 

 
Figure 24 Soil reused to cover the slope of a road in Oslo (Sidselrud, 2014) 

Humus can also be mixed with sand and silty material for its use in urban greening (parks, 
recreational areas, green roofs, etc.). However, it is expected that this material may contain seeds 
that will grow into undesirable herbs. To prevent this, a 5 cm layer of wood chips can be placed on 
top of the soil mix. This solution is suitable when tall plants are planted in the area. If the soil mix 
is used for grass areas, then it is advised to cut the undesirable herbs twice on the first season, so 
they will not compete with the grass. (Haraldsen, 2018) 

If the reuse of soil on-site is not possible, a site where soil has low quality or is eroded should be 
chosen, such as a previous landfill. Humus topsoil material excavated on the construction site can 
be applied on that low-quality soil to enhance their functions. After applying this humus topsoil 
material, these poor-quality soils improve their ability to retain water, their production ability, and 
their function as buffering for pollutants. In some cases, they can be used as agricultural land 
(Haraldsen, 2018) 

Once the humus is mixed with mineral soils and placed elsewhere, it will decompose and become 
nutrient for plants, therefore, additional cycles of reuse and/or recycling are not foreseen. Hence, 
no longevity indicator will be calculated for this material since the indicator is equal to the initial 
lifetime, and this will be approached in the Discussion section.  



I. Segura / Circular resource management in a land clearance scenario: Sollihøgda Plussby case 

47 
 

Peat and bog (organic material) 

Peatlands are the soils that contain the highest concentration of organic matter in all soils. Their 
significance lays on their capacity to store vast amounts of carbon. Peatlands conversion and use 
are particularly troubling because of the amount of greenhouse gas emissions that could be released 
into the atmosphere. Peatlands are currently threatened by climate change, drainage, extraction, 
among other unsustainable practices. Furthermore, if peatlands dry out, they could be affected by 
wildfires during dry summers season. (FAO and ITPS, 2015) 

Due to their ecological importance, the use of this soil is unadvised, peatlands should be protected 
with a buffering area around them. Since the proposal is for these soils to remain untouched, the 
longevity indicator will not be calculated. 

Sedimentary material: Weathered material, marine deposits, marine shore deposits, 
breccia, conglomerate and sandstone 

As stated in Section 2.6.2, sedimentary materials typically do not fulfill the requirements to be 
aggregates for pavements or concrete. However, they can be used as backfill for trenches or for 
buildings foundations. In this case, the use as backfill for trenches will be looked at. It is assumed 
that the excavated material will be crushed into appropriate sizes and used as backfill for the trench, 
where it will remain until the pipeline has to be changed. Venkatesh, Hammervold and Brattebø 
(2011) situate the economic lifetime of a pipeline in 40 years, and the physical lifetime between 60 
and 120 years, depending on the pipeline material. This is the period that will be considered as the 
initial lifetime for the backfill (sedimentary) material. After the initial lifetime (from 40 to 120 
years), the pipeline is decommissioned and the material is not recovered, i.e. it is left underground 
(Venkatesh, Hammervold and Brattebø, 2011). Therefore, it is assumed that the longevity of this 
material is equal to the initial lifetime, from 40 to 120 years. 

Igneous material: Rhomb porphyry lava and basalt 

Volcanic rocks, i.e. rhomb porphyry and basalt, are deemed high-quality aggregates (Erichsen et 
al., 2008), and according to Wolden (2014), volcanic rocks found in the Oslo area are among the 
rocks with the best mechanical properties in the country, especially rhomb porphyry, basalt, and 
some sandstones, therefore the suggested used for this excavated material is as aggregates for 
concrete and road construction.  Once excavated, the material can be crushed into appropriate sizes 
to be used as aggregates. 

In the first scenario, the crushed excavated material (volcanic rocks) is used as aggregates for 
concrete, and a way to use the concrete directly in Sollihøgda Plussby is to use this concrete for the 
construction of new buildings. As stated earlier, the average time in which buildings are demolished 
is 60 years (Bohne and Wærner, 2014), therefore this will be the initial lifetime of the aggregates 
for concrete. In order to recycle concrete, this has to be free of pollutants, and statistics show that 
currently there is a recycling rate of 74% in Norway (Rønning, Engelsen and Brekke, 2016). 
However, 66% of concrete waste is crushed and reused as backfill, while only 8% have other uses 
(ibid). According to Engelsen (2018), the crushed concrete is washed and separated by particle 
sizes and all the material (every fraction) has a use, either in bound or unbound applications, 
therefore it is considered that 100% of the recycled crushed concrete is used, either as subbase or 
base for roads, surface pavements, backfill, aggregate for concrete, etc. Table 10 shows the input 
data used to calculate the longevity indicator. 
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Table 10. Input data for the scenario where excavated material is used as aggregate for concrete 
Aggregate for concrete scenario 

Aspect Data Key Source of data 

Initial lifetime 60 years LA (Bohne and Wærner, 2014) 
Returned products 74 % a1 (Rønning, Engelsen and Brekke, 2016) 
Refurbished products 0 b1 – 
Reuse lifetime – L1

B –  
Recycled products 100 % c1 (Rønning, Engelsen and Brekke, 2016) 
Recovered materials from 
recycling process 

100 % d1 (Engelsen, 2018) 

 
Figure 25 shows the lifecycle flow of the volcanic rocks, which are excavated or blasted and then 
crushed to suitable sizes to become aggregate for concrete. This concrete will be used in a 
conventional building, which will be demolished after 60 years. The demolished concrete will be 
crushed and then used in a variety of bound and unbound applications. 

 
Figure 25 Lifecycle flow for scenario where crushed excavated material is used as aggregate for concrete in a conventional building 

Under this scenario, the longevity indicator and the lifetime contributions are the following: 

LA = 60 years = 720 months LB = 0 LC = 2049.2 months 

Longevity = LA + LB + LC = 2769.2 months 

The possibility of reusing concrete can be explored through the manufacture of prefabricated 
concrete elements. These elements could be disassembled and installed elsewhere to fulfill their 
original purpose or a different one, for example, wall panels and concrete slabs reused as fences or 
sound barriers in a highway (Salama, 2017). An outer concrete wall could reach 100 to 120 years 
of lifetime (ibid). Considering that the average lifetime of a building is 60 years (Bohne and 
Wærner, 2014), then it is possible to assume that the concrete wall could be reused once after the 
initial lifetime. The quantity of products that will be returned for reuse depends on several factors, 
such as the condition in which the elements are after the initial lifetime and the simplicity of the 
deconstruction process (Salama, 2017). Norwegian studies regarding the reusability of concrete 
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elements were not found, therefore it is suggested that at least 70% of the products will be returned, 
this in accordance with the target set by the Waste Framework Directive (European Commission, 
2008). Once returned, the concrete elements will be reused for 40 years, according to the total 
lifetime suggested by Salama (2017), whereupon the elements will be returned for recycling, as 
illustrated in the previous scenario. Table 11 shows the input data for a scenario where the 
aggregates will be used to manufacture prefabricated outer concrete walls. 

Table 11. Input data for the scenario where excavated material is used as aggregate for modular concrete 
Modular concrete scenario 

Aspect Data Key Source of data 

Initial lifetime 60 years LA (Bohne and Wærner, 2014) 
Returned products 70% a1 (European Commission, 2008) 
Refurbished products 100% b1 Assumption 
Reuse lifetime 40 years L1

B (Salama, 2017) 
Recycled products 0 c1 Assumption 
Recovered materials from 
recycling process 

- d1 - 

Returned products after 
first additional cycle 

74% a2 (Rønning, Engelsen and Brekke, 2016) 

Refurbished products 0 b2  
Recycled products 100% c2 (Rønning, Engelsen and Brekke, 2016) 
Recovered materials from 
recycling process 

100% d2 (Engelsen, 2018) 

 
Figure 26 shows the lifecycle scenario where the volcanic rocks are excavated, crushed to suitable 
sizes to become aggregates for precast concrete that will be installed as outer walls in a building. 
Once the building reaches its end of life, the walls will be disassembled and reinstalled as barriers 
for noise in a highway, where they can remain for 40 years, whereupon they will be returned to be 
crushed and used as aggregates for bound and unbound applications, such as in the previous 
scenario. 

 
Figure 26 Lifecycle flow of scenario where excavated rocks are used as aggregate for precast concrete 
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The lifetime contributions and longevity indicator for precast concrete are detailed below: 

LA = 60 years = 720 months LB = 480 months LC = 3415.4 months 

Longevity = LA + LB + LC = 4615.4 months 

5.3.3 Summary of results of longevity indicator 

In the previous section, the longevity indicator was calculated for each material in Avtjerna. Table 
12 below presents an overview of the longevity indicator obtained for each material. 

Table 12. Summary of results 

Material Product (first service life) 

Longevity indicator (months) 

Baseline scenario 
Alternative 
scenario 

Norway spruce Exterior claddings 605.45 3,784.5 

Scots pine MDF panels 302.73 852.27 

Birch Furniture 177.58 411.42 

Humus/turf cover  Urban greening 
 Improving poor quality soils 
 Green roofs 

Not calculated since material 
decomposes 

Peat and bog Use not recommended due to 
ecological importance 

Not applicable 

Sedimentary Backfill for trenches 480 to 1,440 

Igneous Aggregate for concrete 2,769.2 4,615.4 
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6. Discussion 

The construction of a new urban district in a previously undeveloped land presents challenges as 
well as opportunities. Most of Avtjerna is a forested area, with a few developed areas and 
agricultural land. Forests are renewable resources that can yield large benefits, they are carbon 
sinks and they provide raw material that can fulfill a wide variety of purposes. Excavated material 
has the potential to become raw material for different purposes within the construction industry or 
for landscaping. Even if excavated material is defined as waste (Akershus County Council, 2016), 
this material should be regarded as a resource that could be harnessed to contribute to implement a 
circular economy in Sollihøgda Plussby. Therefore, acknowledging the limitedness of Earth to 
provide resources and absorb waste is of utmost importance, and it is here where circular thinking 
can play a part in, since CE aims to keep resources circulating and close material loops, besides 
making an efficient use of resources and decreasing waste. Sollihøgda Plussby could provide an 
opportunity to test how these CE principles should be applied in the development of a new city, 
where a variety of resources are found, and the products obtained from these natural materials could 
be used directly in the new urban district. 

6.1 Inventory of materials 

Mapping the existing natural resources in Avtjerna during the design stages, previous to 
construction activities, is a helpful tool to define how to harness the natural resources found on site. 
Besides Israelsson’s (2014) work on excavated material and Erichsen et al. (2008) research on 
igneous and sedimentary rocks, the consulted literature does not emphasize the importance of 
obtaining geological information of an area previous to construction activities. Obtaining this 
information is a crucial step to decide on how to deal with these resources. 

The inventory of resources provided an overview of the site, the availability of materials, and their 
main characteristics. The inventory can also help to determine which areas are to be preserved due 
to their ecological value or because of the ecosystem services they provide. An example of this 
occurred with the peat and bog soils, which were recommended to remain undisturbed due to their 
function as carbon sinks. The age of the trees was another figure found through the inventory, and 
since nearly all the trees are less than 80 years old, it can be said that the area has had former land 
uses through time, even if Avtjerna has never been urbanized before. As expected, the spot where 
Lorangmyr (the previous landfill) is located is recently vegetated and it is not defined as productive 
land. 

6.2 Longevity indicator 

6.2.1 Forest 

Examples on how construction projects are dealing with trees, mostly in the UK but also in Norway, 
during land clearance processes were found through interviews (Lauritszen, 2018; Ralph, 2018). 
The information from these interviews, along with the inventory results, were the tools to define 
which products could be obtained from the trees. Avtjerna is a relatively young forest, since most 
of the trees are under 80 years of age, and depending on the tree species, because of the harvesting 
age and properties of the wood, different products could be obtained. When modeling the lifecycle 
flows, uses related to the construction industry were preferred over others, since these products 
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could be used directly in Sollihøgda Plussby. However, there is still an uncertainty on which 
products will be obtained from the raw material, since it is the sawmills who classify the specimens 
and decide on their final purposes. A summary of the results of the longevity indicator is presented 
on Table 13 below. 

Table 13. Longevity indicator results for forest materials 

Material Product (first service life) 
Longevity indicator (months) 

Baseline scenario Alternative scenario 

Norway spruce Exterior claddings 605.45 3,784.5 
Scots pine MDF panels 302.73 852.27 
Birch Furniture 177.58 411.42 

 

For Norway spruce, an exterior cladding was chosen, but the results of the longevity indicator could 
be applied to other wood products, such as untreated exterior claddings, decking, window frames, 
and railings, since according to Wærp et al. (2009), all these wood elements have the same initial 
lifetime (50 years), and the percentages for returned products, recycling and reuse belong to wood 
waste from buildings in general, not to a specific product. Additionally, if the Norway spruce 
specimens do not fulfill the quality requirements to become those products, other possibilities 
would be to manufacture them into MDF panels or furniture, such as the Scots pine and birch, 
respectively. 

As expected, the longevity indicator is larger as more cycles of reuse and recycling are added. 
However, by modeling the baseline and the alternative scenarios, it is possible to compare for how 
much longer the materials would circulate if current practice is replaced by more circular practices. 
From the longevity indicator results for the three wood species, it can be seen that longevity can 
increase from 2.2 to 5.3 times if current practice (baseline scenario) is replaced by more circular 
practices (alternative scenario with higher rates of returned products). The largest difference is 
presented in the product with the highest initial lifetime (50 years), the external claddings. This 
result was also expected, since longer lifetimes mean a higher material retention, moreover, circular 
economy scholars argue in favor of extended lifetimes as a requirement to increase products 
circularity. 

According to cradle to cradle philosophy by Braungart and McDonough (2009), materials are 
divided in biological and technical nutrients. Biological nutrients, such as wood, are expected to be 
composted at the end of their lifetime (Braungart and McDonough, 2009). However, even though 
current chemical treatments do not contain chemicals from the REACH list (Green Building 
Alliance and Context, 2017), they do preclude the composting of the material due to the risk of 
leaching to the soil, therefore energy recovery in specialized facilities is the only end-of-life 
alternative. On the other hand, untreated wood is compostable since it does not contain hazardous 
substances (for the environment or human health) (ibid), however, its utilization requires high 
quality craftmanship, so the material is installed correctly to grant it constructive protection and 
ensure a long lifetime (Gobakken, 2018). It is considered that untreated wood is reusable and 
recyclable (Green Building Alliance and Context, 2017). However, case studies related to the reuse 
and/or recycling of untreated wood were not found, so it was not possible to create scenarios where 
reuse and/or recycling of untreated wood occurred. Additionally, composting wood waste is not a 
common practice since incinerating the material for energy recovery is regarded as a more 
profitable practice (Bohne and Wærner, 2014; Husgafvel et al., 2018). 
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6.2.2 Sediments and bedrock 

Akershus authorities are aiming for the recovery and reuse of excavated material, in an effort to 
reduce environmental and social impacts from earthworks and handling and transport of materials 
(Akershus County Council, 2017). Sediments and bedrock found in Avtjerna can have uses directly 
related to the construction of the new city: urban greening, backfill for trenches and foundations, 
and aggregate for concrete and roads. Table 14 presents an overview of the possible uses and the 
longevity indicator for the excavated material. 

Table 14. Longevity indicator results for excavated materials (sediments and bedrock) 

Material Product (first service life) 
Longevity indicator 

(months) 

Humus/turf cover  Urban greening (parks, recreational areas, 
cover newly exposed areas) 

 Improving poor-quality soils 
 Green roofs 

Material decomposes; 
therefore, reuse is not 

possible 

Peat and bog Use not recommended due to ecological 
importance 

Not applicable 

Sedimentary material Backfill for trenches 480 to 1,440 

Igneous material 

Aggregate for concrete in a conventional 
building 

2,769.2 

Aggregate for modular concrete (walls) that 
will be installed in a building 

4,615.4 

 
Excavated materials belong to the technical cycle, since they renovate at an extremely slow rate. 
However, soils with a high organic content could also be classified as biological nutrients, since 
after being removed (excavated) they can be placed elsewhere, as detailed in Section 5.2.2, and 
become nutrients for plants. This, according to Braungart and McDonough (2009), is a perfect 
example of circularity: decompose and become nutrients for other organisms. Conversely, the 
longevity indicator does not contemplate these cases where materials return to the biosphere as 
nutrients for a new biological cycle. According to this methodology, the material would only have 
an initial lifetime, without further cycles of reuse, since the material decomposes, becoming 
impossible to recover. Preservation and use of these soils will enhance urban resilience, since they 
represent quality materials for green roofs and other green spaces which can store and filter water 
runoff and decrease temperatures, since vegetated spaces have lower temperatures (Breure, Lijzen 
and Maring, 2018).  

The suggestion of protecting the peat and bog material, even if it could be used for urban greening, 
comes merely from the ecological value this material has, since it stores large amounts of carbon. 
The terms “upcycling” and “downcycling” appear through various of the examined articles, and in 
their book “The upcycle”, McDonough and Braungart (2013) exemplify a perfect upcycle by not 
releasing particles of carbon to the atmosphere. Following this principle and acknowledging the 
ecological importance of peat and bog, it was deemed that the best outcome is to protect these areas 
from future exploitation. 

Compared to igneous materials, sedimentary materials had a shorter longevity. Even if the initial 
lifetime of the sedimentary material was longer than the one of the igneous materials, its longevity 
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indicator was between one-tenth to half of the longevity indicator of igneous materials. This is due 
to the lifetime contributions for reusing and recycling concrete, while sedimentary materials will 
remain underground after the initial lifetime. CE encourages to design products that can be easily 
reused or recycled at the end of their service life, so materials keep circulating. In the case of the 
sedimentary material used for backfilling, further reuse or recycling is complex, since there is an 
uncertainty on the lifetime of soils. Moreover, recovering the sediments from the trenches might 
be economically and technically unfeasible.  

Igneous materials as aggregates for concrete reached longevities between 230 and 385 years. 
Concrete is a durable material, and currently there is plenty of research on the possibilities of 
recycling this material. Modular construction is a relatively novel concept and through the 
longevity indicator it is possible to see that the material can circulate for a longer time compared 
to conventional concrete. However, to reuse the precast modular walls, the dimensions of the new 
building would have to be the same as the one where the walls were originally installed, and the 
process to disassemble the walls has to be economically and technically feasible, otherwise reuse 
of these elements might not be pursued (Salaman, 2017). This could occur as well with the wood 
claddings installed in the building, they have to be designed to be easily disassembled to facilitate 
its recovery and reuse.  

6.2.3 Method 

Performing inventories on construction sites, during design stages, is a practice that can be 
replicated in other projects. However, the uses that materials may have depend on their 
characteristics, since different products have different quality requirements. Applying circular 
economy principles to define what to do with these materials, can (and should) also be done in 
other projects, and the longevity indicator is a tool that can be applied in a wide variety of settings. 
Methodologies to measure circularity are quite recent, and the indicator used in this work was not 
developed for products for the construction industry, but for mobile phones. However, the 
longevity indicator input data (percentages of returned products, reuse/refurbishment, recycling, 
and disposal) can be gathered for a wide variety of products.  

By calculating the longevity indicator for each material, several difficulties were encountered, such 
as the lack of data to forecast scenarios with higher rates of recycling and reuse, and also downsides 
of these methodology were found. As stated earlier, there is not a standard methodology to measure 
circularity, and the longevity indicator is one of the efforts in this direction. The method is relatively 
simple and easy to understand by non-experts, since time is a universal measure and it 
communicates for how long the materials are kept circulating. However, this indicator is designed 
for technical materials, it does not credit materials for being composted and becoming nutrients, as 
it could be seen with the organic soils. The indicator only acknowledges circularity when longevity 
is equal to infinity, but not when the materials are safely returned to the biosphere, as Braungart 
and McDonough (2009) posit.  

According to the calculated longevity indicators, the recycled lifetime contribution is larger than 
the refurbishment lifetime contribution. This is due to the construction of the formula to calculate 

recycled lifetime contribution, where  represents an infinite number of recycling cycles (Figge 

et al., 2018). This infinite number of cycles would only be possible if the recycling processes did 
not degrade the quality of the material, however, this is not the current reality, and this could be 
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seen with wood waste, which can only be recycled as particleboards up to three times (Höglmeier 
et al., 2015).  

The indicator only credits for longer extended lifetimes and higher recycling and refurbishing rates. 
However, these are not the only principles of circular economy. The use of renewable energy to 
process materials, phasing out hazardous substances, efficient resource use, upcycling and 
downcycling are other concepts relevant to the design of circular products. The indicator does not 
differentiate between upcycles and downcycles, and it does not track the material through the 
accurate amount of times it is recycled, but it assumes the material is recycled perpetually, which 
significantly increases the value of the longevity indicator. Additional material inputs are also not 
considered in this indicator. 

Despite these shortcomings, the longevity indicator could be used as a preliminary tool to identify 
product-uses that involve the materials being kept in the system for a longer time. However, this 
indicator should not be the only assessment tool when defining the uses of a material. Besides 
circularity, the environmental impacts of every process should be assessed, and this could be 
addressed with a life cycle assessment (LCA), for example. Cradle-to-cradle methodology 
developed by William McDonough and Michael Braungart also provides useful guidelines on how 
designing circular products, however, this methodology is not peer-reviewed and neither a 
standardized methodology. The longevity indicator could be improved by adding other parameters 
related to resource efficiency and distinguishing between upcycles and downcycles, besides 
accurately follow the number of times the material is recycled, instead of just assuming it is an 
infinite cycle.  

6.3 Circular economy in Sollihøgda Plussby 

To implement a circular economy during the land clearance process of Sollihøgda Plussby, the 
natural resources found on the construction site were mapped and purposes for the materials were 
suggested. Besides the uncertainty in the quality of the raw wood, it is unknown if the excavated 
material is unpolluted. The presence of pollutants in excavated masses can limit or prevent the 
possibilities of reuse. For the execution of this research, it was assumed that these materials were 
not polluted and that they fulfill the requirements to become aggregates.  

Furthermore, there is uncertainty in the future scenarios. It is difficult to forecast how the 
construction industry will look like in fifty years, and how likely it is that the materials are 
recovered and recycled or reused. To ensure that the materials are manufactured into circular 
products, project owners must enter into partnerships with sawmills and facilities that recycle 
excavated material. This last option is feasible, since there are already plans to establish facilities 
to store and treat excavated masses in Avtjerna. Additionally, Akershus County and Bærum 
municipality are steering towards a future where recycling excavated soils and rocks is a common 
practice (Akershus County Council, 2017; Ardila, 2018).  

Recovering building components from buildings is not a common practice in Norway, and if 
products are not easy to disassemble, it is unlikely that contractors will be interested in recovering 
these materials, since this could increase their costs. Therefore, building components must be 
designed in such a way that they can be easily recovered and reused or manufactured into different 
products. Project owners can have a major influence on how the materials are handled during the 
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initial lifetime, however, this might not be the case when the time to decommission the buildings 
comes. Ownership schemes that are different from the traditional ones must be implemented if 
project owners desire to determine how the products will be handled after the first service life.   

Ultimately, it is up to Bærum’s Municipal Council (in Norwegian: kommunestyret) to adopt a 
zoning plan for Avtjerna, and they will decide which areas and resources are to be protected. In 
addition to this, policy makers can steer the construction industry to a more circular one by enacting 
laws that stimulate the recovery and reuse of materials. This could be done through tax breaks for 
buildings that reuse materials, or higher taxes for purchasing virgin materials if reused or recycled 
materials are available. Furthermore, the building codes could be updated to include circularity 
targets but also to define the minimum requirements that materials should comply with to be reused. 
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7. Conclusions 

This research found, through the inventory, that there are materials available in Avtjerna that can 
be used to obtain products for the construction industry: external claddings, MDF panels, furniture, 
backfill for trenches and foundations, and aggregates for concrete; in addition to material that could 
be used for urban greening (humus sheet and turf cover). The characteristics of some of these 
materials are good enough to obtain high-quality products that can be installed in Sollihøgda’s new 
buildings, such as the external claddings and aggregates for concrete. These high-quality products 
have longer lifetimes and more possibilities for reuse and/or recycling.  

Inventorying the natural materials, including vegetation, of an undeveloped land is a crucial step 
to determine how these resources should be harnessed because of the valuable information the 
inventory may provide. Soil quality should be mapped to determine which areas are the ones with 
the highest ecological values and preserve them, since they might have more value as ecosystem 
services than as products. Additionally, this could also have economical and energy savings (less 
excavation means less use of machines, which in turn means less transportation of materials).  

The circularity of materials for each suggested use was measured with the longevity indicator. The 
tool was useful since it quantifies, in months or years, the increase of material retention in scenarios 
where recycling and reuse occur. However, this new method must be improved before it is 
implemented in construction projects. The indicator should measure more accurately the lifetime 

contribution due to recycling. Currently this contribution is calculated as 𝐿 = (𝐿 + 𝐿 ) 

(Equation 2). However, this measure would be more accurate if in addition to considering the initial 
lifetime (LA) and the lifetime contribution due to refurbishment/reuse (LB), it considered for how 
long the recycled product is in use. Additionally, this equation should be modified so it does not 
portray the material as being recycled endlessly. 

Moreover, for the calculation of the longevity indicator for alternative scenarios some assumptions 
were made. However, if the fraction of returned products is smaller, or the lifetime of the 
reused/refurbished products is shorter than the one used in the calculations, the longevity indicators 
reported in this work would be lower. Therefore, these calculated indicators can only be true for 
the conditions described in the scenarios. If other parameters exist, then the longevity indicator 
must be calculated again. This work considered “ideal” scenarios where rates of returned products 
are high, as well as the lifetime contributions due to reuse and recycling. If these scenarios do not 
become true and current practice continues in the future, then the longevity indicator will be much 
lower. 

Along with the longevity indicator, other parameters should be considered when defining and 
comparing uses for the materials. In accordance with CE principles, the suggested additional 
parameters are energy use (from extraction to end-of-life, including remanufacturing or recycling 
processes), establishing limits for the content of chemical substances in the products, and 
minimizing emissions and waste. This means that the longevity indicator is a method that should 
not be used in isolation, since it does not assess environmental impacts. Currently there are a wide 
variety of index methods that could serve for this purpose, such as an LCA or a carbon footprint 
analysis. 
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The excavation of materials and subsequent construction of Sollihøgda plussby will permanently 
alter the landscape, and land itself is a finite resource, therefore adopting a circular economy to 
sustainably manage the excavated material is a critical action. Quality of the excavated material 
should be preserved so it can be used for other purposes, firstly in Sollihøgda itself or locally to 
avoid long transportation distances. Besides the peat and bog soils, the areas where Scots pine trees 
are older should be preserved, until the trees reach an age to be harvested and manufactured into 
higher quality products, such as floors, claddings, decks or even load-bearing elements. These 
products have longer lifetimes and therefore the material remains in productive use longer than 
particle boards. 

Project owners should explore local partnerships with sawmills, so they manufacture the raw wood 
found in the construction site. Additionally, non-traditional schemes of ownership should be 
explored, so it is ensured that materials will be recovered and reused or recycled after buildings are 
decommissioned. This could occur by establishing binding clauses that compel final users to look 
for end-of-life alternatives, other than landfilling (in the case of concrete) or using materials for 
energy recovery (in the case of wood products).  

Additional testing of the material will be required. If the excavated masses are polluted, 
remediation measures will be necessary, and perhaps reuse will not be possible, depending on the 
concentrations of pollutants in the soils. Mechanical and physical tests for the aggregates will also 
be necessary to ensure the excavated material can be used as aggregates for concrete or for roads. 
If these materials do not fulfill the quality requirements for aggregates, they can be destined for 
lower-quality uses, such as backfilling. 
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APPENDIX A 

Polygon information for areal resource map AR-50 

Polygon ID Areal type Description Area m2 
0 10 

Built area: residential, urban area, city, infrastructure, 
industrial area 

16,343.81 
1 10 17,741.22 
2 10 113,117.64 
3 20 

Fully cultivated land, superficially cultivated land, and 
grazing land 

17,615.82 
4 20 1,941.37 
5 20 87,529.27 
6 20 29.62 
7 20 14,356.58 
8 20 19,747.55 
9 30 

Forest: area with at least 60 trees per hectare which are or 
may become 5 meters tall, and which should be evenly 
distributed over the area 

3,109.46 
10 30 34,057.25 
11 30 818.87 
12 30 31,440.92 
13 30 2,540.24 
14 30 1,192.04 
15 30 42,703.89 
16 30 47.95 
17 30 11,863.67 
18 30 23,338.86 
19 30 54,383.93 
20 30 141,505.51 
21 30 42,484.21 
22 30 337,580.35 
23 30 70,875.09 
24 30 27,910.85 
25 30 56,301.06 
26 30 41.27 
27 30 22,218.07 
28 30 27,762.16 
29 30 23,928.71 
30 30 1,918,375.90 
31 30 29,998.57 
32 30 3,570.66 
33 30 20,048.11 
34 30 3,264.19 
35 30 3,199.54 
36 30 22,085.06 
37 30 10,740.43 
38 30 19,046.10 
39 30 2,096.92 
40 30 4,999.31 
41 30 54.68 
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Polygon ID Areal type Description Area m2 
42 30 

Forest: area with at least 60 trees per hectare which are or 
may become 5 metres tall, and which should be evenly 
distributed over the area 

6,480.79 
43 30 18,317.09 
44 30 17,525.22 
45 30 1,001.78 
46 30 38,728.96 
47 30 2,254.75 
48 30 4,332.35 
49 30 11,607.83 
50 30 1,992.44 
51 50 Firm ground which is not farmland, forest, developed or 

used for communications purposes 
114,979.18 

52 50 15,958.10 

53 60 
Area with marsh vegetation and a peat layer at least 30 cm 
thick 17,672.55 

 

Polygon information for SAT-SKOG map 

    Volume (m3) per hectare 
ID Age Area m2 Tree species Scots pine Spruce Birch 

0 40 13,500.00 Mixed coniferous forest  40 41 20.25 
1 77 7,200.00 Pine dominated  92 73 7.20 
2 25 11,700.00 Spruce dominated  19 67 26.91 
3 45 10,800.00 Spruce dominated 35 88 32.40 
4 30 4,136.00 Spruce dominated 19 60 14.06 

5 27 18,000.00 
Broad-leaved/deciduous 
tree  

4 37 142.20 

6 39 16,475.00 Spruce dominated 4 108 57.66 

7 23 389.00 
Mixed forest = mixed 
forest 

1 30 1.17 

8 27 20,593.00 Mixed forest 6 39 90.61 
9 21 129.00 Mixed forest 2 11 0.13 
10 21 18,000.00 Spruce dominated 2 34 43.20 

11 20 9,032.00 
Broad-leaved/deciduous 
tree 

1 22 44.26 

12 26 21,600.00 Mixed forest 11 53 101.52 
13 11 28,800.00 Spruce dominated 1 27 51.84 
14 38 2,803.00 Mixed forest 13 21 9.53 
15 24 3,777.00 Spruce dominated 7 56 16.24 
16 40 22,500.00 Spruce dominated 18 77 56.25 

17 22 17,149.00 
Broad-leaved/deciduous 
tree 

4 19 180.06 

18 52 3,995.00 Spruce dominated 45 121 10.39 
19 41 302.00 Pine dominated 38 18 0.18 
20 45 24,300.00 Spruce dominated 25 123 63.18 
21 12 7,525.00 Mixed forest 1 8 6.77 
22 94 125.00 Mixed coniferous forest 75 83 0.15 
23 54 29,775.00 Spruce dominated 29 183 44.66 
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    Volume (m3) per hectare 
ID Age Area m2 Tree species Scots pine Spruce Birch 

24 69 23,566.00 Spruce dominated 50 199 30.64 
25 39 5,277.00 Spruce dominated 18 93 23.75 
26 42 37,371.00 Spruce dominated 14 66 112.11 
27 65 20,700.00 Spruce dominated 43 161 22.77 
28 18 39,000.00 Mixed forest 3 29 120.90 
29 19 38,700.00 Mixed forest 7 24 58.05 
30 41 1,921.00 Spruce dominated 19 100 8.45 
31 75 31,549.00 Spruce dominated 82 106 47.32 
32 30 37,355.00 Spruce dominated 4 68 112.07 
33 27 26,100.00 Spruce dominated 12 49 62.64 
34 40 7,486.00 Spruce dominated 22 97 15.72 
35 35 38,066.00 Spruce dominated 19 82 102.78 
36 33 530.00 Mixed coniferous forest 28 46 0.95 
37 43 50,400.00 Spruce dominated 17 113 151.20 

38 23 3,964.00 
Broad-leaved/deciduous 
tree 

1 31 33.30 

39 80 35,100.00 Spruce dominated 58 107 35.10 

40 33 35.00 
Broad-leaved/deciduous 
tree 

3 47 0.20 

41 41 9,490.00 Spruce dominated 19 61 16.13 

42 23 90.00 
Broad-leaved/deciduous 
tree 

7 27 0.71 

43 29 63,900.00 Spruce dominated 5 53 204.48 
44 53 24,212.00 Mixed forest 62 33 116.22 
45 68 47,700.00 Spruce dominated 80 101 42.93 
46 32 75,600.00 Mixed forest 8 47 309.96 
47 48 34,520.00 Spruce dominated 26 69 69.04 
48 64 1,198.00 Mixed coniferous forest 88 97 1.32 
49 46 103.00 Mixed coniferous forest 56 71 0.16 
50 46 417.00 Spruce dominated 16 138 0.88 
51 31 7,075.00 Spruce dominated 4 38 18.40 
52 34 59,013.00 Spruce dominated 12 72 230.15 
53 25 24,308.00 Mixed forest 12 22 36.46 
54 54 2,741.00 Spruce dominated 52 102 3.84 
55 45 27,900.00 Spruce dominated 36 72 47.43 

56 30 9,349.00 
Broad-leaved/deciduous 
tree 

13 49 76.66 

57 34 4,732.00 Mixed forest 10 26 9.94 
58 30 58,109.00 Mixed forest 3 31 168.52 
59 40 2,154.00 Spruce dominated 15 40 4.52 
60 49 32,040.00 Spruce dominated 17 143 76.90 
61 37 23,400.00 Spruce dominated 21 90 65.52 
62 38 24,300.00 Mixed forest 34 30 53.46 
63 30 20,911.00 Mixed forest 4 39 75.28 
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    Volume (m3) per hectare 
ID Age Area m2 Tree species Scots pine Spruce Birch 

64 32 44,923.00 
Broad-leaved/deciduous 
tree 

2 29 170.71 

65 67 78,558.00 Spruce dominated 44 91 227.82 
66 49 91,800.00 Spruce dominated 26 92 156.06 
67 29 761.00 Spruce dominated 4 28 1.67 
68 59 1,074.00 Spruce dominated 41 147 1.72 
69 37 47,257.00 Spruce dominated 24 56 94.51 
70 44 54,247.00 Spruce dominated 26 104 135.62 
71 32 1,492.00 Spruce dominated 12 71 4.77 
72 23 900.00 Pine dominated 15 9 0.27 
73 27 1,702.00 Mixed forest 6 30 6.13 
74 20 900.00 Spruce dominated 0 36 2.79 
75 77 68,400.00 Spruce dominated 56 125 68.40 
76 42 7,827.00 Spruce dominated 28 75 18.78 
77 39 20,538.00 Spruce dominated 22 81 65.72 
78 28 7,378.00 Spruce dominated 7 28 14.02 
79 39 62,100.00 Mixed forest 12 39 211.14 
80 52 900.00 Mixed forest 20 100 8.73 

81 33 5,283.00 
Broad-leaved/deciduous 
tree 

8 52 33.28 

82 33 899.00 
Broad-leaved/deciduous 
tree 

0 10 9.08 

83 49 29,003.00 Spruce dominated 28 97 81.21 

84 29 900.00 
Broad-leaved/deciduous 
tree 

9 5 9.63 

85 51 59,071.00 Spruce dominated 24 145 106.33 
86 21 900.00 Spruce dominated 0 20 1.26 
87 55 365.00 Mixed coniferous forest 94 76 0.66 
88 62 5,089.00 Mixed coniferous forest 36 51 6.11 
89 33 61,142.00 Spruce dominated 5 85 177.31 
90 42 83,171.00 Spruce dominated 15 93 232.88 
91 57 86,400.00 Spruce dominated 34 100 345.60 
92 63 67,426.00 Spruce dominated 65 118 94.40 
93 46 32,481.00 Spruce dominated 27 109 94.19 

94 31 39,600.00 
Broad-leaved/deciduous 
tree 

2 50 237.60 

95 74 123,300.00 Mixed coniferous forest 65 77 147.96 

96 25 72,900.00 
Broad-leaved/deciduous 
tree 

6 18 393.66 

97 23 62,100.00 
Broad-leaved/deciduous 
tree 

5 26 341.55 

98 25 1,162.00 
Broad-leaved/deciduous 
tree 

0 18 11.27 

99 46 5,400.00 
Broad-leaved/deciduous 
tree 

11 82 66.96 
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    Volume (m3) per hectare 
ID Age Area m2 Tree species Scots pine Spruce Birch 

100 67 27,089.00 Spruce dominated 44 172 35.22 
101 49 72,900.00 Mixed coniferous forest 32 43 138.51 
102 41 22,115.00 Spruce dominated 14 103 68.56 

103 19 34,893.00 
Broad-leaved/deciduous 
tree 

4 14 223.32 

104 9 1,800.00 
Broad-leaved/deciduous 
tree 

0 4 1.80 

105 31 88.00 
Broad-leaved/deciduous 
tree 

6 19 0.87 

106 42 5,734.00 Spruce dominated 13 98 16.06 
107 56 5,663.00 Spruce dominated 32 49 7.93 
108 58 235.00 Spruce dominated 36 77 0.80 
109 58 82,737.00 Pine dominated 64 39 140.65 
110 26 7,200.00 Mixed forest 8 16 11.52 

111 26 16,200.00 
Broad-leaved/deciduous 
tree 

2 47 136.08 

112 27 4,500.00 Spruce dominated 9 81 16.65 

113 8 5,400.00 
Broad-leaved/deciduous 
tree 

0 4 3.24 

114 24 5,364.00 Mixed forest 3 18 8.05 

115 14 286.00 
Broad-leaved/deciduous 
tree 

1 6 1.29 

116 19 10,800.00 Spruce dominated 3 35 27.00 
117 60 49,500.00 Spruce dominated 58 79 74.25 
118 52 47,700.00 Spruce dominated 43 118 90.63 
119 42 59,400.00 Mixed coniferous forest 37 54 136.62 
120 38 77,582.00 Spruce dominated 8 101 240.50 
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APPENDIX B 

Questionnaire 1 

Has the municipality contemplated the idea of demanding contractors to have a control of the 
excavated materials they manage? (how much is excavated, brought on site for filling, landfilled, 
reused, where it is landfilled, what type of materials they excavate at the construction site, etc.). 
This in order to have an idea of the material flows. Should contractors have an excavated material 
management plan?  

What are the measures to prevent sea water pollution and damaging ecosystem in the area where 
sea disposition will be allowed? 

Have you evaluated the creation of digital tools or a digital platform for contractors to coordinate 
(sell/buy excavated material)? Or how do you see this coordination happening?  

Is there an inventory of which types of materials will be excavated/obtained from tunneling? 

What was the process for deciding on seafill in Fornebu and Sandvika? What are the characteristics 
of these places that makes them a good place for seafilling? 

Private sector complains that the regulation for reuse of excavated material is complicated, since 
it’s different authorities who oversee this, does the municipality agree? How could this be solved? 
How will the current legislation be updated to face current challenges? 

Questionnaire 2 

What are the regulations concerning excavated material and its reuse? 

Is excavated material considered waste or a by-product? 

Does the regulation strive for reuse of excavated material even if it is considered waste? 

What are the energy and environmental impacts of treating excavated materials to make them 
suitable for aggregates/road components? 

Is it possible to treat the aggregates in situ and use them for concrete? 

Depositing the material to restore sites where previous quarries were located? And what type of 
material could be deposited? 

Could the rock dust be used as sand for shotcrete? 

What happens with materials that are not appropriate to be aggregates? 

Are aggregates for concrete and roads higher quality reuses? How to recover/reuse these materials 
after the structures' end of life? Particularly concrete, as far as I know it can be blasted and turned 
into aggregates again, but the process generates dust, and perhaps there are other undesirable 
environmental impacts? 

What happens to the materials that don't have the characteristics to become aggregates for concrete 
and roads? What uses they could have? 

Costs regarding transport and treating materials 

Do you consider that there a vision on several life cycles when deciding the use for excavated 
materials? 
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Questionnaire 3 

Is it possible to find trees diameters and what species can be found on site? 

How to define which uses the trees can have? 

Minimum diameter for timber for construction materials? What is the best/worst values in 
diameters? Which diameters are optimal for which uses?  

Have you explored the possibilities of using roundwood? Why? 

Which products are you focusing on? What are the strategies to extend lifetime of wood products? 

Are there any considerations for recovery and reuse elsewhere in the designed products? 

Do you see any possibility for cradle-to-cradle products in Norwegian market? 

What advantages/disadvantages you see between energy recovery vs cascading wood into other 
uses? 

How do you classify these uses as circular economy? Is there a hierarchy of strategies (reuse, 
recycle, energy recovery, etc.)? 

Different scenarios for wood products: optimistic, most common, worst 

How to define high-quality vs low quality uses in the first cycle? 

Is there a legislation regarding cutting trees on a construction site? 

What is the current status of wood industry in Norway? 

Which are the most promising areas of innovation? Innovative products? 
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APPENDIX C 

Norway spruce 
Calculation of longevity indicator, baseline scenario 

 

Calculation of longevity indicator, alternative scenario 

 

 
Scots pine 
Calculation of longevity indicator, baseline 

 

 

 

LB 0.000 months

LB Eq. (1)

% of returned products a1 0.01

% of refurbished products b1 0

Lifetime of refurbished product L1
B months

% of returned products a2 0

% of refurbished products b2

Lifetime of refurbished product L2
B months

Second refurbished lifetime

First refurbished lifetime

Refurbished lifetime contribution 

= 𝑎 𝑏 𝐿 + 𝑎 𝑏 𝑎 𝑏 𝐿

LC 5.449 months

LC Eq. (2)

Where p Eq. (2.1)

p 0.00900

% of returned products a1 0.01

% of recycled products c1 1

% of recycled materials d1 0.9

% of returned products a2 0

% of recycled products c2

% of recycled materials d2

First recycled lifetime

Recycled lifetime contribution 

Second recycled lifetime

= 𝑎 𝑐 𝑑 + 𝑎 𝑏 𝑎 𝑐 𝑑

=
𝑝

1 − 𝑝
𝐿 + 𝐿

Longevity months

Eq. (3)

Initial lifetime LA
600 months

Refurbished lifetime LB
0.000 months

Recycled lifetime LC
5.449 months

605.449

Longevity = LA + LB + LC

Longevity indicator
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Calculation of longevity indicator, alternative scenario 

 

Birch 
Calculation of longevity indicator for baseline scenario 

 

Calculation of longevity indicator for alternative scenario 
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Igneous material 
Calculation of longevity indicator for conventional concrete 

 

Calculation of longevity indicator for precast concrete walls 

 

 

 

 

 

 

 

 


