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ABSTRACT: Digital technologies for the diagnosis of underused timber construction and the reclamation and reuse of
wood in timber construction have not been widely deployed. One of the reasons is the need for diagnosis processes with 
large amounts of data. This paper is a product of the learning process in the Norwegian project SirkTRE, and specifically,
the sub-project SirkLåve (Circular Barns), which aims to address the problem of underused and vacant barns and other 
agricultural buildings in Norway. Moreover, this multiple-case project aims at understanding the feasibility, costs, and 
benefits of circularity strategies, such as deconstruction and reuse of wood in new projects or renovations. The learning 
processes draw upon explorative desktop-based research, interviews with key informants, and our own experiments and 
experiences with various cases of barns. The scope of this paper is the reuse of wood from barns that is deemed ineligible 
for renovation. This paper describes low- and high-tech methods for surveying redundant buildings to applying 
extracted components in new designs. This multiple-case study reflects on the preconditions of the context in which 
these best practices may succeed, as well as on the benefits and the challenges. 
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1 INTRODUCTION 678

Globally, millions of tonnes of wood waste is generated
in different phases of the value chain and incinerated after 
being applied only in one building. The EU-27 produced 
60 million tons of wood waste in 2014 (1). There are 
several categories of wood waste treatment across
countries, the most common being energy recovery 
(incineration) and recycling (panel board industry) (1).
European policymakers are adopting circular economy
policies and digitalisation strategies that are changing the 
way we produce and consume timber as well as handle 
wood waste. The European forests are under stress, and 
circularity and the cascading use of wood will 
significantly contribute to reducing the pressure on 
forests. The cascading use of wood refers to reuse over 
multiple use cycles, that is, using wood materials more 
than once, first for the originally intended purpose and 
then reusing for other purposes, finally recycling it into 
other wood products before its energy is recovered. Wood 
cascading delays emitting carbon into the atmosphere by 
several decades and allows natural resources to be used 
for a long time in different products instead of mining 
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virgin forests. In countries like Norway, Switzerland, and 
Belgium, constellations of different actors (e.g. architects, 
deconstruction companies, local governments, and 
building owners) are investigating and implementing the 
reuse of timber in new constructions and renovations. A 
trend that can foster circularity transitions is digital 
technologies, such as laser scanning, blockchain, material 
passports, and artificial intelligence (2,3).  

However, digital technologies have not been widely 
deployed for sustainability goals due to legislative and 
economic reasons, and investment lock-ins (3, 4). The 
renewal of new European and national laws and digital 
transformation strategies are opening new opportunities 
for circularity (5).  

This paper is a product of the learning process in the 
Norwegian project SirkTRE (6), and specifically, the sub-
project SirkLåve (Circular Barns), and aims to address the 
problem of underused and vacant barns and other 
agricultural buildings in Norway. This multiple-case
project aims at understanding the feasibility, costs and 
benefits of circularity strategies such as deconstruction
and reuse of wood in new projects or renovations. In 2022, 
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around 10 barns were selected within the SirkTRE 
project. The scope of this manuscript is the reuse of wood 
from barns deemed ineligible for renovation. Reuse of 
elements and components is one of the circularity 
strategies in the built environment, which can create value 
in different ways: “1) coherent financial structure and 
viability of the case company, 2) employment and value 
creation for partners in the value chain network, 3) 
customer value, 4) environmental impact reductions” (7). 
However, the reuse of timber is not widely deployed. One 
reason is that the environmental benefits of reusing timber 
are not adequately measured under the current carbon 
metrics (8).  Notwithstanding, a low deployment of reuse 
has not always been the case in the Norwegian AEC 
sector. Before the Second World War, Norwegian society 
used to reuse building elements, but after the introduction 
of new materials and widespread education, accompanied 
by a new consumption culture, it adopted a linear and 
throw-away model (9), hence, missing opportunities in 
creating environmental, financial and social value.  

One of the principles behind the SirkTre consortium is 
supporting the Norwegian industry to become a pioneer in 
wood reuse while leveraging new digital technologies not 
available in pre-war times. Back in 2021, the first 
questions we asked were what are the best practices of 
reusing wood, and what are the lessons that pilot projects 
and the growing ecosystems of actors in European 
countries can provide us for the Norwegian wood industry 
to leapfrog to a pioneering position in timber engineering 
for the circular built environment.  

Different scholars investigated the barriers (10, 11, 
35), as well as the factors that could enable the reuse of 
building components (12). Lack of data, as well as the 
fragmented coordination and exchange of information 
between key actors in an urban or regional ecosystem or 
a seamless data pipeline management, where circular 
systemic solutions could operate, is often pinpointed as 
one of the big obstacles in digital transformations for 
circularity (e.g. 14, 15, 16). Digital technologies can help 
address this perceived barrier of information asymmetry 
(16). Nordby (9) investigated the barriers and 
opportunities for reuse in Norway, pointing out technical 
and organisational, legal restrictions, and information 
needs. Nordby advocates for an information system that 
allows the transfer of the right information and data to the 
right stakeholders at the right moment (9). In literature 
and practice, there is evidence of an emergence in 
research, development, and implementation of digital 
technologies, and in particular information and 
communication technologies (ICT) enabling circular 
economy in the architecture, engineering, construction, 
and demolition sector (17,18). Bellini and Bang (18) did 
interviews in Norway on data management and also 
highlighted the lack of data availability and 
interoperability, lack of competencies, and unwillingness 
to share data as barriers.  

Another concern that we encountered in the first 
phases of SirkLåve is the lack of a (perceived) fair 
distribution of costs, benefits, and risks in all the 
organisations involved in the phase of deconstruction, 

logistics, relocating, and environmental and economic 
valuation and reselling. One of the distributional aspects 
is related to data sharing and trust. Research on the 
success of Industrial symbiosis projects in the United 
Kingdom, (19) demonstrated that “the economic benefits 
should fulfil the desired economic expectation of any 
actor, and a fair benefit-sharing mechanism is essential to 
motivate the collaborative behaviours”. Different 
stakeholders can benefit from these inventories, but this 
requires information facilitation and stakeholder 
collaboration. There are different stakeholders (users and 
suppliers of materials and information) who have their 
different information, personal, collaboration needs and 
requirements, but also want distributional justice and a 
perceived fair distribution of risks, costs and added 
value/benefits. Hence, we followed the process from the 
stage of reuse surveys to the actual reuse and map out 
which actors were involved and why.  
 
2 ACTION RESEARCH 
This multiple-case study is action research in engineering 
and management in the construction sector, addressing 
practical problems, and creating and extending existing 
theoretical frameworks (13). This paper should be 
regarded as an intermediate report of a still ongoing action 
research within SirkTRE tackling practical problems 
related to information requirements for reclamation and 
reuse of wood elements in construction.  
 
2.1 Authors’ roles and perspectives 
SirkLåve is an applied research project in which learning 
and innovation are iterative processes. We wish to 
understand the challenges, costs, and benefits of new 
digital technologies with the objective of increasing the 
wider uptake of reclaimed wood. The authors involved in 
circWOOD and SirkTRE projects (6) had roles ranging 
from project managers or work package leaders to 
researchers and solution designers. We had access to 
internal documents and participated in meetings to 
discuss, for example, data collection. In 2022, the first 
author assumed the role of critical researcher, and in early 
2023, joined the start-up leading this sub-project in 
SirkTRE. Thus, this manuscript reflects and describes the 
learning processes and decisions from a practitioners’ 
perspective. The remainder of this paper includes 
reflections about mistakes and failures that hindered the 
authors in calculating the precise impacts at each stage in 
the life cycle of the different wood elements, as even 
failures and mistakes can provide valuable insights for the 
future phases of SirkTRE and SirkLåve, planned for 
2023-2024). Consequently, the learning by doing was an 
organic but messy process, which constitutes the 
foreground in our discussion. 
 
2.2 Desktop-based research and consulting key 

informants  
The first phase involved desktop-based research during 
2022. We sought insights on wood reuse workflows and 
their dataflows on Google Scholar and Scopus. We 
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reached out to our European networks of circular 
economy and construction to learn about processes in 
different life cycle phases and digital solutions which 
(can) support these practices. We held conversations with 
key informants and attended international networking 
events on digital technologies for the built environment 
and wood reuse. We had talks with key informants and 
partners in the SirkTRE consortium and read their reports 
and blogs. We drew from previous research and reflected 
on circularity in the (timber) construction sector in 
Norway, Japan, and Belgium. In this sense, we did not do 
a systematic but rather a critical literature review, relying 
on academic and industrial circles (20). The risk of this 
approach is cherry picking potentially missing relevant 
solutions. On the other hand, as we consider this as an 
interactive learning process in which we keep our options 
open, we acknowledge the risk of this approach. The 
exploratory desktop-based research led to the adoption of 
an existing framework which helped us to frame and 
structure the different solutions and information needs we 
encountered in reclaiming wood from barns to integrate 
them in new applications. 
  
 

 
Fig. 1. Reference building, a traditional Norwegian barn, 
dismantled in spring 2021. Source: Omtre AS. 
 
2.3 ‘Follow the Thing’ 
For transparency, we were not present in every stage in 
every barn case in SirkLåve. The first author was not often 
on-site and embraced the role of critical investigator in 
this case study. On the other hand, as we were also 
interested in tracing and tracking wood elements, the first 
author applied the ‘Follow the Thing’ approach to 
comprehend the relations between the wood elements and 
the stakeholders and how digital solutions did or did not 
help. The ‘Follow the Thing’ approach is inspired by the 
work of Appudarai, and developed by Cooke and his 
colleagues as some sort of ‘geographical detective work’ 
(21). In this approach, you start with a product and 
investigate which people were involved in the creation of 
this product. Thus, we followed both the material and the 
data.  In some cases, we started with the wood elements 
in a storage place and asked where it came from and where 
it might end up. In other barn cases, we started with the 
barn itself and traced what happened afterwards with the 
wood elements, which data was created and collected, and 
used afterwards. This detective-style process became our 
modus operandi. 
 

3 THE FIVE “D”s FRAMEWORK  
This conference paper focuses on digital technologies that 
can assist in the identification of material stock 
hibernating in vacant constructions that will not serve 
society anymore (otherwise, it would be more circular to 
sustain the structure and repurpose them, see (22)) to the 
relocation of these materials for a new purpose. The 
structure of this paper follows the 5”D”s-framework by 
Catherine De Wolf: Data, Detection, Disassembly, 
Distribution, and Design  (23).   
 
3.1 Data (for sourcing) 
Data stands for the collection of macro-level data to track 
which material stocks are or will be available soon which 
helps planners to prioritise which stocks to reclaim (24). 
Stock tracking can be done with geographical information 
systems (GIS) and estimation models of vacancy (see e.g. 
25, 26). However, this macro-level data -or estimations- 
is often not detailed enough for reclaimed wood scouting 
professionals. Other data that should be collected is which 
organisations own how much wood waste and in which 
fractions they are sorted and stacked, for example. 
 
3.2 Detection 
Detection refers to the collection of micro-level data and 
the creation of material, building passports, or building 
information models. Scholars have investigated designs 
of digital tools or proposed design criteria for tools to 
enable reuse of building materials and components. For 
instance, Durmisevic et al. (48) designed reversible 
Building Information Model (BIM) to estimate reuse 
potential, however not with enough data on which 
function these building components could be reused. 
Other scholars investigated digital technologies 
surrounding material banks and platforms where materials 
get stored and exchanged for value, foregrounding BIM 
objects as a key intermediary product (27-29). All these 
technologies need data inputs, and therefore wood reuse 
surveys or diagnostic tools are required. Starting from 
available material stocks which can be reclaimed, we can 
distinguish between different material sources for reuse, 
which implies several stakeholders. The first group of key 
actors are the owners of the materials that can sell or 
donate their timber. In the case of timber in buildings, 
urban miners, specialised demolition companies, or 
deconstruction companies, can harvest the materials, 
often after a reuse survey. In the current state-of-art, these 
reuse surveys are often done by visual inspection, but 
sometimes digital scans are also used as a basis for BIM 
models. Some researchers suggest transcribing such 
information into Material Passports, which is a tool for 
value tracking (3). 
 
3.3 Disassembly 
Disassembly is a type of non-destructive deconstruction 
where the objective is to harvest components or materials 
which are needed for later design. Unlike demolition, 
where the final product is pure waste, disassembly aims at 
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waste reduction and mining as many useful elements as 
possible. In addition, other information that is needed 
concerns how to disassemble and evaluate safety and
feasibility. These reuse surveys can reduce health and 
safety risk for the deconstruction staff in later phases. 
OPALIS (30) calls to consider the health and safety risks 
to be included in the reuse surveys, such as the presence 
of hazardous substances or if dismantling and subsequent 
operations would present a safety risk. 

3.4 Distribution
Distribution encompasses the logistics: transport and 
storage. As materials are often not reused directly after 
mining, the workflow requires a physical circular hub, 
material banks, and other spaces where the material is 
collected and pre-treated. They are often at the periphery 
of cities unless the public authorities provide a space (e.g.
Material bank in Trondheim, Norway, RotorDc in 
Brussels). There, the reclaimed material is often separated 
according to quality, and which functions they can serve 
as well as pre-treated. The pre-treatment is a time-intense 
process, because each reclaimed material is different. For 
example, in reclaimed wood, nails and hazards have to be 
removed, while metals (e.g. steel) could be melted. Some 
of these materials must be treated locally. For example, 
concrete that has to be recycled locally, not only for 
environmental reasons, but technical feasibility too (31), 
while reclaimed wood can be sold to manufacturing 
companies who integrate them into building components
(32).

3.5 Design
Following the above, these building components can 
return to the supply chain and be sold to those who build 
new or renovate existing buildings. However, consecutive 
design requires knowledge, processes, and competencies 
that are scarce in the current market.  Standardisation can 
help reduce the need for all these “knowledge search 
costs”. A potential enabler is the parametric design 
approach, where multiple alternatives can be compared in 
a short time, but it requires proper preparation of the input 
information, both geometrical and alphanumeric, as well 
as computational engineering competencies. 

4 DIGITAL SOLUTIONS USE CASES 
We read the SirkLåve experiments through distributional 
justice goggles. It is pivotal to ask who benefits, who 
pays, and who will be accounted for the risk. Some 
benefits can be perceived as valuable for society, but not 
for certain stakeholders. For example, interviews on 
platforms for industrial symbiosis in Norway indicated
that managers see sustainability often as a profit-losing 
business, with benefits for society, but not for the 
company itself (15). Implicitly, each task requires 
specialised labour with the associated costs for the 
business itself. In the next section, we focus on costs, 
benefits, and risks for the specialised labour force, using 
the chosen method, and drawing from live experiences 
and participatory and marginal observations in SirkLåve. 

By winter 2022, we traced wood elements from 6 barns.
Table 1 provides an overview of the barns and who got 
involved in which phases.

Table 1: Experiments and learning experiences on 1. data stage, 
2. detection, 3. disassembly, 4. distribution, 5. design, with 
experimentations done by : NTNU students; ▲: NTNU staff; 

: Omtre AS, other SirkTRE demolition and reuse survey 
organisations, : architects and structural engineers, ֍:
destructive testing facilities

Barn cases 1 2 3 4 5

C1. Kviteseid, Telemark 
(Fig. 2)

▲ ֍

C2. Nes 1, Ådal ▲ ֍

C3. Nes 2, Ådal ▲ ֍

C4. Brøttum barn (Fig. 1), 
with part reused in 
Slettelokka

C5. Nedre Sem barn, Asker

C6. Hønefoss

4.1 Data
This stage of collecting data on where and how much 
reclaimable wood was available, was skipped in the first 
phase of SirkLåve. Firstly, because the problem of 
obsolete barns is known, and secondly because the empty 
barns offered free by their owners were located far, 
implying a high demolition and waste management costs 
making it necessary to look into alternatives. The only 
information that was required for deciding to take this 
project was the distance costs between the location of the 
barn and the involved actors of the next D-stages. 
Noteworthy, barns are widely spread over the countryside 
which implies longer travel time and transport costs for 
labour, equipment, and tools; hence, reclaiming the wood
might not be economically viable.  

4.2 Detection
Different reuse survey methods or diagnostic tools were 
explored in the Sirklåve project in 2022. Table 2 lists the
diagnostic tools and the data analysed by the different 
stakeholders.  In case (6), we observed an expert (with
material and building knowledge and surveyance 
experience), who judged by visual inspection and verified
with a crowbar that there was not enough suitable wood 
for reuse, although no laser scanning was performed. The 
C6 project ended there; it got demolished in the traditional 
way. In cooperation with students, partners who are 
certified to grade materials did destructive testing on 
elements of cases C2-3. The timber elements were graded 
as C30 and above (47). 
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In cases C1-3, a LEICA scanner was used for on-site 
diagnosis. The scanning took a full day. The 2 students 
involved in transferring the scans to BIM-objects needed 
2-3 weeks, partly because they struggled with material 
identification and the lack of data of the interior (Fig 2).
Please refer to (33) for the technical details. The process 
was slow, implying high specialised labour costs (i.e. 
BIM). This issue with scanners has been reported in 
previous research (4). 

Fig. 2. Before and after processing the scan by the two NTNU 
students. Source (33).

In all these six cases, different basic tools and methods 
were used to make a data inventory. The reclaimers took 
mostly photographs and short notes, and made lists of 
photographs, inserted in templates or cost-benefit reports 
and invoices. In research projects, the focus is mostly on 
high-technologies, like scan-to-BIM, and often coupled 
with automation detection or artificial intelligence (i.e. 
deep learning methods), which requires large training 
datasets. We tried different methods, including the use of 
LEICA scanners, but there was no data availability 
downstream in the value chain.

Table 2: Overview of diagnostic methods

Data collection 
method

Technology Data stored Barn 
cases

Destructive quality 
test

Press test Reports C2-3

Non-destructive X-ray Compressed 
images 

None.

Scan (of barn 
onsite) 

Laser 
scanning

Point cloud , 
processed into 
BIM object

C1-3

Scan of elements (in 
sorting centre) 

Photogram
metry

Mesh, texture C4

Modelling / 
estimating

GIS Graph data, 
tabular data

None

Visiting the site and 
measuring with 
analogue tools

based on 
hindsight 
experiences

Photographs 
(JPEG, PNG); 
Excel

All

Archive work PDFs, plans, 
etc.

C1-C3

4.3 Disassembly
The footprint of one barn (C4; Fig. 1) was ca. 600 m2 and 
12–15 m height. There were 158 timber framing elements 
that ended up in the material bank of Omtre AS, where
they were measured and assessed. Then, 66 were selected 

and further integrated in the new construction, 
substituting 144 elements from the design of Slettelokka
project in Oslo (34). This was made possible by cutting 
out some elements and assigning them to multiple 
locations in the model. An important step was labelling 
(i.e. tagging, adding unique identifiers) for later tracking 
and tracing wood elements. In most cases, the tagging was 
performed in the storage places. Numbers, added
manually, corresponded with the excel lists that include 
the inventory, and data about dimensions of these wood 
elements, next to the descriptions of the faults, such as 
potholes and carvings. This included those elements that 
we know are of lower quality (8%) (visual test). Different 
people measured in two different days (one day in August, 
and a second day in November 2022) 158 elements with
a total volume of 18,4 cubic metres (8,2 cubic metres and 
10,2 cubic metres in November). We took photographs of 
all the elements, including special features, like pockets 
and carvings. Some scans were captured with a handheld 
scanner and the Leica scanner, but the process was slow 
and inefficient. 

4.4 Distribution
The distribution and relocation of the wood emits CO2, 
depending on the means of transport, which is again 
dependent on the existing logistic infrastructures and 
systems. There are questions on how much CO2 would be 
emitted in the deconstruction, manufacture, and transport, 
especially from the wood products used in the new 
construction. Most barns are in the periphery of cities like 
Oslo and Trondheim where they will be integrated, and 
long travel distances are unavoidable. We needed to 
critically examine if the CO2 that is avoided and/or 
captured compensates enough the CO2 emitted in the 
process.

In case of barn 1, we estimated that the travel distance 
of one wood element from source (empty barn) to the new 
construction was 270 km. This is still low compared with 
the travel distances that virgin wood often travels in the 
global timber markets. However, we are not certain, as we 
did not have advanced tags with geolocation data. 

Barn C5 was an ideal project from an economic and 
environmental cost-benefit perspective; the barn and the 
new project both were and will be located in the same 
municipality, reducing transport costs in a significant 
way.  Barn C6 was close to the storage space. However, 
the quality of the reclaimable wood was not deemed as 
high value.

Additionally, the materials are stored somewhere and 
for a period. Storage space and time have a cost, which 
was covered by the SirkTRE project’s funding. In the case 
of these barns, it took at least a year before some building 
elements were reintegrated. More research is needed on 
governance and business models to reduce the cost of the 
storage requirements enabling reuse. 

4.5 Design
A fraction of the reclaimed wood from C4 would be 
integrated in the Sletteloka construction project in Oslo in 
spring 2023 (34). The designers will use the spreadsheet 
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list, made after Disassembly and the few images to select 
the elements for the integration in the Slettelokka design. 
This led to reflections if scan-to-BIM are needed, and if 
useful information for design can be used in a more 
controlled environment, with fast scanners that can label, 
process, and separate wood elements. 

5 DISCUSSION
5.1 Information requirements
In all the D-stages, there are different data requirements, 
for the different possible users of this information (see e.g. 
35). These follow the information requirements in any 
construction project (see 36); however, there are some 
new roles and stages that need an expansion in these lists. 
Sustainability consultants and researchers need data 
inventories that help them calculate environmental life 
cycle costs in their Life Cycle Assessment (LCA), and 
specialised demolition companies need lists with 
geographic coordinates to harvest reusable components
before demolition, etc. We observed indeed the need and 
emergence of new actors with their own information 
requirements, as echoed in Table 2. The actors involved 
in collecting the data and making decisions in the 
experimentation stages, were the urban miners and 
specialised demolition companies ( ;  ) , environmental 
impact researchers and consultants for the economic and 
environmental validation ( ; ▲), and designers ( ). 
They have their own information requirements and this D-
framework helps mapping the information flows and 
requirements, which in turn helps collecting data on 
environmental and economic risks and benefits and assess 
if this circular economy practice is really sustainable. 
Figure 3 outlines the workflow for 2022.

Noteworthy, the data collection for diagnosis and data 
flows are partly subsidised by education institutes 
(employing students) and research and innovation funds. 
Not many high-tech digital solutions were used, and this 
was a (specialised) labour-intensive action research 
project. On the other hand, this organic and messy 
learning process and experimentation has led to insights 
about requirements and specifications for digital solutions 
(e.g. scanner specifications), which will inform the 
purchase of equipment in the next phase of SirkTRE. One 
of the specifications is a result of learning about 
unintended negative impacts. While learning about all 
these different tools, we became aware of the growing 
evidence on the environmental costs of data spaces, 
programming languages, data formats and their 
consumption of resources (e.g. 37 about the energy 
consumption of more than 20 software programming 
languages). 

5.2 Limit in tracking and tracing the wood elements 
in the case study 

We applied the ‘Follow-the-Thing’ approach to 
investigate who used which digital solutions during all 
these phases. However, we did not apply advanced tags to 

enable tracking and tracing of different wood elements 
reclaimed from all these six barns, which presented a
severe limitation for understanding and collecting data 
about environmental and economic impacts. Additionally, 
it was a challenge for the first author to have an overview 
of the different material and data flows for the different 
barns: identifying who did what, what did not happen, and 
the logics behind the different decisions in the material 
and data flows. In the next phase of SirkTRE, we will 
investigate different tagging tools to improve traceability 
and tracking, from QR-codes, bar codes to even wood 
print solutions (i.e. the constellations of knots can serve 
as unique identifiers). This would also include deeper 
studies on data formats, interoperability protocols, and 
data pipeline management. Currently, our reflections on 
what happened in 2022 are informing the design of a more 
standardised workflow for the barns-to-construction 
projects to be implemented in the following years. 

5.3 Tensions with social impact
Barns are part of the cultural heritage of rural landscapes 
in Norway.  There is an observation in the literature (e.g. 
38) that cultural heritage and rural circularity practices 
such as renovation and reuse are interlinked. However, 
there might also be tensions. In SirkLåve, the barns were 
offered by the barn owners until now. As long as empty 
constructions are offered, the circular business model 
should work, while reducing costs. In Japan, the problem 
of empty houses is in some cases transformed in 
opportunities for new purposes creating positive social 
impacts (39). However, there can also be negative 
impacts. Altering the rural landscapes in this way might 
create tensions with sustainability goals of heritage and 
identity (40). Besides the legal owners, there are 
neighbours who are culturally the inheritors of these rural 
landscapes, where barns are considered as inherent 
landscape scenery, and might feel distressed by changes 
in the landscape and features that make them feel at home
(41). In some places, the constructions will be restored to 
preserve the identity, but mostly deconstruction, or worse 
demolition, takes place. By deconstructing the barn, there 
is the risk that we erode the Norwegian rural identity of 
that landscape. On the other hand, in interviews with 
urban miners active in rural southern Norway, we heard 
about the supporting communication and branding 
practice for preserving the story of the reclaimed 
materials. Thus, they can sell the materials if it comes 
from a building with a historical value. The idea is to 
collect these stories in the Detection stage (or relabel these 
steps as part of the Documentation stage). This would 
contribute to tracing the source of these materials too. 
However, it was out of the scope to document complaints 
of neighbours and look into renovation and rural 
revitalisation strategies. This is one of the potential social 
value creations—or destructions which can occur in a 
project such as SirkLåve. Social value creation (or 
destruction) through circular economy is still under-
researched (42).
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5.4 Reflecting on the Ds-framework and diverse 
value creation 

The Ds-framework helped us to structure fragmented 
actions and knowledge creation in different life cycle 
phases but is focused on data collection and processing 
for the technical aspects surrounding reuse, namely 
enabling logistics, design and calculations.  

The Detection stage can encompass different 
diagnoses or detections. One important stage, especially 
for a material such as wood, is the quality testing and 
grading. Destructive testing was done by certified 
stakeholders for elements of barns C2-3. The elements 
were graded as C30 or above (see 48). However, not all 
elements can be destructively tested, if we want to reuse 
them. Then there is also the critique on the current ‘virgin 
wood’ grading system. Thus. there is a new standard 
being developed for reclaimed material. That 
standardisation work is part of SirkTre consortium (in 
another work package). The current grading system does 
hinder a wider uptake because of the uncertainty about 
ownership of the risks that cannot be covered by the 
current grading system. The legal research on 
accountability is outside the scope of this paper, but we 
mention the legal research to stress out that there is a need 
for a D-stage of (legal) documentation.  
Documentation is the negotiation process where risks are 
documented through experts or digital technologies. One 
of the reasons behind documentation and data storage is 
risk reduction for stakeholders in the construction projects 
itself, especially in the case of larger projects using 
reclaimed matters in structures and load-bearing 
functions. Documentation should include data and 
information (which implies qualitative data) about social 
and other values for the different stakeholders, including 
neighbours and even full landscapes.  
Dissemination is the ongoing process that attracts the 
required suppliers, users of information, and materials. 
This includes materials for public authorities that want to 
monitor circularity and the diverse value creations but 
also materials for training. Universities and other 
educational institutions are essential for training and 
educating the required workforce, as well as for 
monitoring the life cycle costs and advising other key 
actors about the potential for value creation of the various 
circularity strategies such as reuse.  
 
5.5 Preconditions for scalability 
Early 2023, the reclaiming of wood from abandoned barns 
is still a small-scale endeavour within the SirkTRE 
project. One reason is that barns are small-scale sources 
of materials and require time and effort. Another 
bottlenecks is the diagnostic tool in reuse surveys. Both 
high- and low-tech reuse survey methods are time 
consuming, not only for collecting but also the processing 
of the complex data (4). Additionally, high-tech methods 
require large investment and operation costs because of 
equipment like laser scanning (4). On the other hand, this 
is a rapidly changing market and we have become more 
knowledgeable about new diagnostic tools (e.g. 43) which 

addresses these problems. However, we have noted two 
concerns. 
First, those reuse methods are often tested and applied in 
high-density areas like cities, while barns are located in 
remote settings, deep in land and far away from cost 
effective infrastructure such as river and maritime ways. 
Therefore, space matters. In the past 1-2 years of the 
SirkTre experimentations, we have applied a critical lens 
to the contexts or territories in which these pilot cases and 
constellations emerge, as different studies already 
demonstrated how spatial aspects are important for 
sustainability transitions (44), including for circularity 
(39). We have to note that actors behind these innovations 
are situated in economic regions in the periphery with 
high to moderate levels of cooperation and innovation 
(e.g. Gjøvik, Asker), but also in less cooperative and 
innovative regions (e.g. Hønefoss) (45). A more territorial 
approach on the economic geography of innovations can 
bring better insights on where urban mining businesses, 
using diagnostic methods, can thrive.  
Second, in other projects in Belgian, Swiss, and Dutch 
constellations, such as the BAMB project (3), the reuse 
survey included visits to the building to make a diagnosis 
of how many and which elements can be reclaimed. This 
would include tagging and giving all reclaimable 
elements an unique identifier on-site. However, the 
tagging of every wood element is only possible after 
deconstruction. In our experiments, the tagging (and start 
of tracing) happened in the first temporary storage space, 
which is often a more controlled and more comfortable 
environment than a ‘chaotic’ deconstruction site. In the 
Nordic timber construction sector, off-site prefab 
manufacturing is encouraged, and off-site diagnosing, 
integrated in other off-site processes such as sorting, 
might be safer and more efficient than on-site diagnosis.   
 
5.6. The risk of linearity at industrial scale 
One of the remaining important questions in the iterative 
learning process is how to scale up to an industrial scale. 
This activity at industrial scale should compete with the 
forestry sector and linear waste management practices in 
a country like Norway. Early 2023, we evaluated the 
fractions of barns as a possible input for an industrial 
processing plant. However, the fractions arrive in small 
volumes, are heterogeneous and not secure, while 
industrial processing prefers the opposite. This can lead to 
the risk that reclaimed wood from barns might not be 
selected for a reuse economy at the industrial scale in the 
next phase of the consortium. The reuse economy, like the 
recycling economy, can fall into the profit-oriented logic 
trap of capitalism. There is considerable critical literature 
on reuse centres, e.g. in the clothing sector, highlighting 
how such centres do not address the roots of high 
consumption, and might even lead to more guilt-free 
consumption and waste creation of often low-quality 
items (e.g. 46). Ironically, while the barns in five of these 
six cases contain enough amounts of high-quality wood, 
our observations and reflections suggest that the barns 
might not be considered in a portfolio of industrialised 
processes. Even more ironically, if this decision of 
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exclusion would happen, this would render the need for 
high-cost digital solutions obsolete, instead allowing 
human creativity and cooperative work, or pushing more 
circular activities such as repurposing the building and 
extending the service and lifetime of this construction, or 
even better, addressing the reasons why such buildings 
become obsolete in the first place.  
 
 
6 CONCLUSION 
In early 2023, the SirkTRE consortium is still in the first 
stage of the process of innovation, learning, and 
unlearning about what circularity means for the wood and 
timber construction sector, citizens, and public 
authorities.  A fair distribution of costs, benefits, and risks 
is important, but as long the costs are higher than that in 
these other industries, and the benefits and other diverse 
value creations by such activities (e.g. safety, 
environmental health/toxicity, community cohesion, 
climate change mitigation and adaptation) do not get 
monetised or rewarded and valued by policy makers and 
other decision makers, the problems that circular 
economy intends to solve will only increase.   

Different stakeholders require different data and 
information, which leads to additional costs. However, in 
a project like SirkLåve, these data flows are partly 
subsidised by education institutes (by employing 
students) and research and innovation funds. Not much 
high-tech was used, like fast wood scanners, and this was 

a (specialised) labour intensive action research project. 
Our final observation is that this model is not competitive 
on its own. These insights can help formulating the 
research design for future studies diving into where to 
draw the line between the cost of collecting and storing 
the data and information and the benefits of the actors, for 
different regulatory and economic scenarios. This can be 
part of a larger systems engineering framework, where 
this can be integrated in especial technical (e.g. 
requirement analysis) and agreement processes (e.g. 
which stakeholder takes responsibility and accountability 
for which risk and cost). Although the technology 
readiness level for the proposed methods is high, the 
market readiness and integration level of these circular 
systemic solutions in the timber Architecture, 
engineering, construction and demolition sector is low. 
Future research should focus more on the actual costs and 
the identification of sustainable business models and 
project governance for the required data and information 
management enabling reuse of materials in new 
constructions, as well as evaluating the phases in which 
data is collected and processed and where (e.g. onsite 
versus offsite) and when to integrate which digital 
solution.  

 
 

 
 
 

Fig. 3. Workflow SirkLåve 2022 
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