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Weaving sustainability: Asset modification and green path development in
Norway’s outdoor textile industry
Benjamin Hans Firlus1, Roman Martin2 & Jan Ole Rypestøl1

1Department of Working Life and Innovation, University of Agder, Grimstad, Norway; 2Department of Business Administration, School of
Business, Economics and Law, University of Gothenburg, Sweden

ABSTRACT
The article contributes to the literature on industrial path development through its focus on asset
modification for green path development in the Norwegian outdoor textile industry. The authors
drew on the concepts of green path development and asset modification to develop a theoretical
framework that describes green industrial restructuring as a process by which firms build on
various firm-level and system-level assets that are altered through different asset modification
modes, which in turn leads to different green path development outcomes. The framework was
applied in a study of the greening of the Norwegian outdoor textile industry. A case study was
based on data from interviews with firm leaders and industry experts. The findings show that all
modes of asset modification are at play in the ongoing greening process. However, asset
upgrading and asset creation play a central role. Furthermore, firm-level assets in combination
with system-level assets at national and supranational scales are particularly important inputs to
the greening of the industry. The authors conclude that in contrast to findings from previous
research on industrial path development, regional-level assets play a minor role, which can be
explained by the lack of geographical clustering and local embeddedness of the industry.
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Introduction

An increasing need for more sustainable production and
reduced environmental footprints has inspired academic
researchers, business owners, policymakers, and decision
makers worldwide to search for greener and more sus-
tainable alternatives to existing economic structures
and production processes. This need for more sustain-
able economic development has elevated green indus-
trial restructuring to a core topic in economic
geography (EG) and related fields (Trippl et al. 2020).

An overreaching argument in EG research is that the
future development of industries is heavily influenced
by historical and contextual settings ([Ronald] Martin
& Sunley 2006; [Ron] Martin 2010; Henning 2019).
The strong influence of history and context breeds
industrial path dependency, and a change from existing
historically embedded trajectories calls for a

modification of assets in firms and systems. Such
modification is essential because existing resources are
tailored to support present solutions but are less rel-
evant for supporting economic diversification and new
industry emergence (Isaksen et al. 2020; Rypestøl
2020; Trippl et al. 2020).

An industry consists of a critical mass of related firms
founded upon a variety of knowledge, competences,
resources, and technologies (Porter 1980). Research on
regional industry development demonstrates that
industries are heavily influenced and formed by regional
settings (Asheim et al. 2019). Trippl et al. (2020) high-
light that regional settings can offer both enabling and
constraining conditions for the green restructuring of
industries. The authors (Tripple et al.) identify regional
industry structure, the regional organisational support
structure, and the regional institutional setup as
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elements particularly relevant in enabling and hindering
the green path development of industries.

While existing research on green industrial restruc-
turing and path development typically focuses on the
central role of regional context conditions, the degree
to which industries cluster geographically can differ sig-
nificantly. While many industries tend to cluster in cer-
tain regions, others are dispersed over wider
geographical areas ([Roman] Martin & Moodysson
2013; Henning 2019; Nilsen & Njøs 2022). Due to a
lack of a critical mass of related firms and support
organisations at the regional level, some industries can
only be identified at the national level. These varied geo-
graphies render the role of local context different for
different industries. Nonetheless, even firms in geo-
graphically dispersed and nationally configured indus-
tries rely on assets accumulated at firm and system
levels. How firms in nationally configured industries
draw from firm-level and system-level assets for green
restructuring remains unexplored in the literature.

This article aims at addressing the gap in the literature
by studying asset modification for green industrial
restructuring in the Norwegian outdoor textile industry.
Empirically, we investigate how asset modification at
the firm and system levels push green restructuring in
this nationally configured industry. Our research relies
on a case study design where information was collected
from in-depth interviewswithNorwegian textilefirm lea-
ders and experts with first-hand knowledge of the indus-
try. The article raises three empirical research questions:

1. Which modes of asset modification at the firm level
unfold in the greening of the Norwegian outdoor
textile industry?

2. Which modes of asset modification at the system
level unfold in the greening of the Norwegian out-
door textile industry?

3. Which future path development outcomes can be
expected from the greening of the Norwegian out-
door textile industry?

The remaining part of this article proceeds as follows:
The next section presents a short literature review on
path development and types of assets and asset modifi-
cation modes for green path development. Thereafter,
we describe the research context and method used to
explore green restructuring in the outdoor textile indus-
try in Norway. In the section ‘Findings and discussion’
we present the empirical findings and discuss how the
identified modes of asset modification can potentially
modify and restructure the industry in a greener direc-
tion. The final section presents our conclusions and
suggests topics for further research.

Theoretical underpinnings

In this section we review the literature on how asset
modification influences and drives the processes of
green industrial restructuring. The section starts by
reviewing the literature on green industrial path develop-
ment, and then explores the literature on assets and how
asset modification processes can initiate and facilitate
green industry restructuring in regional and national
industries, respectively. The section is summarized with
a suggestion for an analytical framework for researching
green industry restructuring through asset modification.

Green industrial path development

Complementing the canonical version of path depen-
dency introduced by David (1985) and Arthur (1989),
Ron Martin (Martin 2010) proposed a ‘path as a process’
model. Focusing on the development of new industries,
this model suggests that industrial paths can emerge
and be renewed from the dynamic processes anchored
in place-specific conditions and history. Following the
understanding that industries followdynamic trajectories
and that new industries emerge from existing structures,
several authors have added to Ron Martin’s work.

One of the early contributions in this line of research
stems from a book chapter by Tödtling & Trippl (2013),
who suggest three outcomes from evolutionary path devel-
opment processes. The first outcome is path renewal,
which describes the outcome following incremental inno-
vation in existing industries. The second is path formation
in established industries, which results from radical inno-
vations and the combinationof existing andnewresources.
The third outcome is path creation in new industries,
which arises from branching processes or radical inno-
vations that attract additional players and investors.

Boschma et al. (2017) and Boschma et al. (2017) focus
on the importance of diversification processes for indus-
trial restructuring. Their line of research suggests that
industries can advance from processes where existing
knowledge and capabilities are put to alternative use in
related or unrelated sectors. Additional modes of path
development have been suggested by, for example, Isak-
sen & Trippl (2016), who highlight that a pathway can
also be upgraded through the implementation of new
technologies or organisational innovations, and that
new industries can emerge from the importation and
commercialisation of scientific discoveries and radically
new technologies or business models.

In this article, green industry restructuring is under-
stood as green industrial path development. However,
to make the different path development alternatives easier
to describe and identify, we follow Trippl et al. (2020),
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who distinguish between four main types of green path
development: (1) the renewal of existing industries into
a greener direction following the introduction of green
technology or from an upgrade of business models or
organisational structures that promote more eco-
friendly solutions; (2) green path diversification, which
refers to the birth of new green industries that follow
from the implementation of green assets into emerging
related or unrelated green industries; (3) green path
importation, which covers a process in which a new
green industry settles in a new region; and (4) green
path creation, which implies the creation of a new
industry based on scientific discoveries and radical
green innovations.

Assets and asset modification for green
restructuring

The literature has shown that green restructuring
requires asset modification (Trippl et al. 2020; Isaksen
et al. 2022). This argument follows from path depen-
dency theory and the regional innovation systems litera-
ture, which argues that existing firm and regional assets
have been formed throughout history through the prin-
ciples of increasing returns and network externalities
([Ron] Martin 2010). Thus, existing assets and capabili-
ties are tailored to support existing industrial structures
(Asheim et al. 2019), but they are less relevant for sup-
porting sizeable modifications and the creation of new
pathways (Isaksen et al. 2019; Kyllingstad et al. 2021).

In this article, we follow the classification of assets
suggested by Trippl et al. (2020) and distinguish
between the following: (1) natural assets, such as land,
climate, and coastlines, (2) infrastructural and material
assets, including buildings, machines, knowledge infra-
structure, and physical infrastructure, (3) industrial
assets, embracing, for example, technology, financial
leverage, and organisational methods, (4) human assets,
such as knowledge and skills, and (5) institutional assets,
such as formal laws and regulations, and informal ‘rules
of the game’. According to Rypestøl (2020), these cat-
egories of assets can all be found at both the firm level
and the system level, where firm-level assets are
restricted by ownership and system-level assets are
available for several actors, often without restrictions.

Trippl et al. (2020)maintain that assetmodification can
unfold through threemodes, namely asset reuse, creation,
and destruction. Kyllingstad et al. (2021) supplement this
range of asset modification modes by suggesting asset
upgradeas a fourthmode. In this context, asset reuse refers
to processes in which existing assets are remixed and
reused for new purposes. Asset upgrades include modifi-
cations in which existing assets are combined with new

ones for significant refinement and improvements. Asset
creation covers the processes in which new assets emerge
from importation or scientific discovery. Finally, asset
destruction embraces techniques in which existing ham-
pering assets are demolished or unlearned either inten-
tionally or because they have become insignificant.

Green industrial path development in regional
industries

Recent research on asset modification for the restructur-
ing of industries has highlighted that a region can form
both enabling and constraining conditions for green
path development. When discussing how the regional
level influences green restructuring, Trippl et al.
(2020) suggest that the existing regional industry struc-
ture, both the organisational support structure and the
regional institutional set-up influence the amount and
quality of available assets, along with the actors’ ability
to modify these assets for green restructuring. When
referring to industry structure, a diverse portfolio of
local firms can promote regional knowledge spillovers
and close access to related and unrelated knowledge,
technology, and material assets, while a cemented
industry structure of a few strong industries may ham-
per green restructuring because of a lack of alternative
assets. Furthermore, regions hosting a wide set of organ-
isational supports, such as financial organisations, uni-
versities, and proactive policy actors, provide enabling
conditions based on their rich support of system assets
that are relevant for regional industries, while regions
short on the same are less supportive of green industry
restructuring. Lastly, regions that provide formal and
informal institutional assets that are favourable to
green restructuring, such as environment-friendly law,
regulations, values, visions, and culture, offer enabling
regional conditions, while regions that are more prone
to support existing industries and existing solutions
may hinder green path development in local industries.

Finally, because assets relevant to supporting or ham-
pering industry development exist at both firm and sys-
tem levels, the literature has highlighted the importance
of aligning the two groups of assets. Such alignment
occurs when regional firms can benefit from regional sys-
tem-level assets and when actors at the system level can
learn from regionally located firms (Isaksen et al. 2020).

Theoretical framework: green industrial path
development through asset modification in
national industries

From the preceding theory subsections, we have shown
that industries tend to emerge and develop in an
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evolutionary manner ([Ronald] Martin & Sunley 2006;
[Ron] Martin 2010) from processes of asset modification
(Isaksen et al. 2019; Rypestøl 2020; Trippl et al. 2020;
Kyllingstad et al. 2021). The literature defines assets as
a wide concept that embraces resources at both firm
and system levels (Rypestøl 2020; Trippl et al. 2020). Fur-
thermore, it highlights that existing assets need to be
modified to support green restructuring. In this respect,
Trippl et al. (2020) and Kyllingstad et al. (2021) distin-
guished reuse, upgrade, creation, and destruction as poss-
ible mechanisms that may promote green restructuring.

Literature focusing on the greening of regional
industries stresses that the regional context can offer
both enabling and constraining conditions for green
restructuring (Tripp et al. 2020). Examples of par-
ameters that may push or hamper sustainability in
regional industries are the existing industry and organ-
isational support structures, and the existing insti-
tutional set-up. The literature largely focuses on
regionally configured industries. Examples include the
article by Kyllingstad et al. (2021), who explore regional
industry development in the culture and experience
industry and the healthcare sector in the Agder region
of southern Norway; the article by Gao et al. (2022),
who explore industry development from asset modifi-
cation in the Gengche township in Sucheng District,
Jiangsu Province, China, and the article by Chen
(2022), which exemplifies the suggested theoretical
framework through Chen’s research on how asset
modification for green restructuring has unfolding in
both Shenzhen in Guangdong Province and Suzhou in
Jiangsou Province, China, and in the north-eastern
part of the United States. However, not all industries
can be identified at the regional level, as some industries
are dispersed over a wider geographical area. In this
article, we label such industries ‘national industries’.
We expect that regional system-level assets will be of
less relevance to the green industrial restructuring of
these national industries.

From the presented concepts and theories, we
suggest the analytical framework presented in Fig. 1 is
relevant to research on green asset modification for
green industrial restructuring. We also suggest that
green industry restructuring is a path-dependent pro-
cess that starts from various assets at firm and system
levels, including regional, national, and supranational
ones. These assets are modified through different
modes, including green asset creation, asset upgrade,
asset reuse, and asset destruction. The asset modifi-
cation process can lead to different outcomes when it
comes to green path development, including green
path creation, path importation, path diversification,
and path renewal. As we examine green industry
restructuring in a nationally configured industry, we
expect that firm-level in combination with national sys-
tem-level assets are particularly important inputs to the
greening of the industry.

In the following sections, we refer to the framework
provided in Fig. 1 when empirically exploring the
ongoing process of greening in the Norwegian outdoor
textile industry. In line with the research questions, we
focus the analysis on (1) modes of asset modification
at the firm level, (2) modes of asset modification on
the system level, and (3) future path development
outcomes.

Context and method

We start this section with a brief presentation of the
Norwegian textile industry. Thereafter, we discuss the
methodological considerations and methods used for
our data collection and analysis.

The Norwegian textile industry

The textile industry has a long history in Norway, dating
back to the Middle Ages when wool production
and weaving were important economic activities.

Fig. 1. A model of green industrial path development
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The industrialisation of the textile industry began
during the 19th century, when British engineers brought
technology and know-how relating to large-scale textile
manufacturing to Norway (Hebrok et al. 2016; Klepp &
Laitala 2018). The industry grew rapidly, particularly in
the cities of Oslo, Bergen, and Trondheim, and by the
early 20th century, Norway was a major exporter of tex-
tiles. However, the industry faced challenges in the latter
half of the 20th century, including competition from
lower-cost producers in Asia and a shift towards more
service-based industries in Norway’s economy. Many
textile factories closed, and the industry decreased in
importance. Only few specialised textile manufacturers
have remained, many of which are family-owned
businesses (Klepp & Laitala 2018).

Today, the Norwegian textile industry is much smal-
ler than formerly, but it still exists, primarily in the form
of small businesses producing high-quality, innovative
textiles. The industry is focused on niche markets,
such as outdoor clothing, sportswear, and technical tex-
tiles. Norwegian textile firms are known for using sus-
tainable materials and production methods, and for
emphasising quality and design. The industry is still
dependent on wool-based materials, mainly imported
merino and alpaca, and either cultural or natural heri-
tage is often emphasised in designs and marketing
(Hebrok et al. 2016). Norwegian fashion is clearly
influenced by country-specific attributes, such as the
specific climate, wildlife, and nature. These influences
have mainly centred on durable, warm, and weather-
protective clothes. In addition, sustainability has been
an important issue for the industry, a trend that has
intensified in recent years. Furthermore, Norwegian
brands benefit from their association with sociocultural
values such as egalitarianism, gender equality, tolerance,
and openness. These country-specific features are also
reflected in the design and marketing of Norwegian
fashion (Klepp & Laitala 2018).

Method for data collection and analysis

We draw on a qualitative case study (Yin 2013) of green
restructuring in the Norwegian outdoor textile industry.
To focus the study, we limit the textile industry to firms
adhering to the sports and outdoor part of the industry.
To identify the population of firms, we searched in local
and national business registries and combined this with
snowball sampling techniques. We identified 15 Norwe-
gian outdoor textile producing firms. We approached all
of them, and our request for an interview was rejected
by four firms. Thus, we interviewed representatives of
11 firms (c.75% of the total number of Norwegian out-
door textile producing firms). Due to COVID-19

pandemic restrictions, all interviews were conducted
digitally via Zoom. The interviews lasted an average of
60 minutes, and the conversations were recorded and
transcribed according to recommendations for quali-
tative research practices provided by Gioia et al.
(2013). The main themes discussed were green restruc-
turing in general and whether or not and how firms
activated and drew from various modes of asset
modification to restructure in a greener direction.
We conducted all interviews between March and
June 2021 and complemented the interview data with
extensive document studies, including firms’ websites,
sustainability reports, firms’ mission and vision state-
ments, and firms’ annual reports. In addition to the
11 interviews with representatives from the top man-
agement teams, we interviewed two industry experts.
One was the development manager of a textile, fashion,
and sportswear branch organisation, and the other was
an author, editor, journalist, and board member with
significant industry knowledge. These additional inter-
views provided us with a broader perspective on the
green restructuring of the industry. All 13 interviews
were transcribed and analysed.

Due to the small size of the industry (identified 15
Norwegian outdoor textile producing firms) and to
secure the promised level of anonymity, we provide little
information about the firms’ interviewees. However,
some data of a broad nature are provided in Table 1.

Findings and discussion

As noted in the theory section (‘Theoretical underpin-
nings’), green restructuring requires asset modification
in firms and systems (Trippl et al. 2020; Kyllingstad
et al. 2021; Chen 2022; Isaksen et al. 2022) because exist-
ing assets support mainly developments along existing
trajectories (Asheim et al. 2019; Isaksen et al. 2019;
Kyllingstad et al. 2021). In the following, three subsec-
tions we analyze how the interviewed firms modified
assets for green restructuring and what outcome is
most likely to follow from these modifications. We dis-
cuss the three research questions one by one.

Firm-level asset modification for green industrial
restructuring

In general, the interviewed firms’ representatives high-
lighted that the outdoor textile industry has been reor-
ienting itself in a green direction. Although some
firms have claimed to be at the forefront of this trans-
formation by seeking to influence customers’ prefer-
ences in a green direction, others have identified
themselves as being followers who responded to
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customers’ changing demand preferences. Regardless of
the firm’s degree of proactivity in greening, all firms
highlighted that the ongoing processes in the greening
of the industry have required significant modification
of their firm assets.

Previous research has shown that, in being the least
radical form of modification, asset reuse is an important
mode of modification, especially in the early phase of
change (Rypestøl et al. 2022b). Our interviewees
confirmed the importance of firm-level asset reuse for
stimulating green restructuring. Examples include
Firm 9, which developed a textile printing technology.
The firm’s representative highlighted that the firm
would be using the technology in the future, and stated
that the technology and the knowledge of textile print-
ing can be a potential future resource for the firm
once requirements for more environmentally friendly
cloth printing is possible. Firm 2 stated that it was pur-
suing a new rental business model and had continued to
reuse their existing machines to construct and make its
clothing products more robust. Firm 8 highlighted that
the textile industry possessed the technology needed to
become more sustainable but that human assets, such
knowledge and skills relating to sustainability, were
scarce.

Even if human asset reuse is far more cost-effective
than creating new knowledge, only a few firms’ repre-
sentatives highlighted knowledge and skill reuse as a
well-enforced mechanism. However, Firm 2 was reusing
its existing products, and how they were developed and
made in a new way represented a reuse of knowledge.
After the change to a service-oriented rental business
model, the firm stated that it would reuse the products
it already had in its portfolio.

If the existing internal assets of a firm are not
sufficient to follow a greening strategy, theory suggests
that new external assets can be combined with existing
knowledge to upgrade the asset base (Kyllingstad et al.
2021). Our interviewees pointed to asset upgrade as
the most important mode of asset modification for

greener solutions. In our case, suppliers were significant
partners for asset upgrade, and examples included the
fuelling of human assets such as knowledge of how to
use machines effectively. Jensen et al. (2007) suggest
that this type of synthetic knowledge is best shared in
close interactions, and in the studied firms, both knowl-
edge and skills were upgraded through courses and on-
the-job training sessions facilitated by producers. It was
mentioned by the representative of Firm 7 that this type
of upgrade process can lead to an intended chain reac-
tion of getting the ‘right’ people and with them, the
‘right’ knowledge, which will result in the ‘right’ vision.
Another example was Firm 4, which cooperated with
suppliers on how to produce alternatives to plastic
bags, and to modify and extend existing knowledge of
how to reuse yarn that had not been perfectly produced.
This circular process of reusing yarn for new products,
another example of producer-supplier initiatives to
increase sustainability, focused on how to make Norwe-
gian wool softer. Currently, imported merino wool is a
key raw material, as garments made with it are more
comfortable to wear than garments made with Norwe-
gian wool. To address this challenge, Firm 4 had colla-
borated with machine suppliers on how to upgrade
how they spin and knit the yarn so that the final product
would be less rough. If this producer-supplier collabor-
ation succeeded, locally produced Norwegian wool
would be more appealing, thus decreasing the need for
imported merino wool, which in turn would shorten
transport times and reduce CO2 emissions. Also, Firm
6 highlighted its strong effort in teaching and training
suppliers in all tiers of the supply chain to implement
a mindset of sustainability.

Other examples of asset upgrading for green restruc-
turing in firms either went beyond human assets or
combined human assets with other assets. Firm 11 eval-
uated the possibility of adding renting as an alternative
business model. Firm 11 highlighted, however, that for
such a change to be successful, the firm would need to
pair existing knowledge with new knowledge from

Table 1. Overview of studied firms
Firm No. Size (*) Age Interviewee Geographical context Market focus

1 Medium > 25 years Textile engineer Innland County Home market only
2 Medium > 25 years Sustainability manager Viken County Home and export market
3 Medium > 25 years Head of sourcing Innland County Export dominant
4 Medium > 25 years Chief executive officer Vestland County Home and export market
5 Large > 25 years Sustainability manager Oslo County Home and export market (export dominant)
6 Medium > 25 years Chief sustainability officer & director of innovation Viken County Home and export market
7 Micro 5–10 years Chief executive officer Oslo County Home market dominant
8 Micro > 10 years Chief executive officer & creative director Vestland County Home and export market
9 Medium > 25 years Managing director Agder County Home and export market
10 Small > 25 years Product development manager Innland County Home market dominant
11 Medium > 25 years Head of sustainability/Chief executive officer Oslo County Home and export market

*Firm size measured based on the European Commission’s recommendation 203/361 (European Commission 2003) regarding number of employees, where 1–
10 employees are categorized as in a ‘micro firm’, 11–50 employees as in ‘small firm’, 51–250 as in a ‘medium firm’, and more than 250 as in a ‘large firm’

274 Benjamin Hans Firlus et al.



software providers and retailers to overcome logistics
and cleaning issues.

The empirical investigation revealed an important
asset modification for greening the Norwegian textile
industry that might occur unintentionally, which is
the upgrade of mindsets, from supporting continuation
of current practice to fostering an open, innovative
business culture. Some firms argued that collaboration
for innovation with other firms was vital in building
and maintaining an innovative culture. For example
Firm 11’s representative said: ‘you really find it hard
to set aside time to innovate, and that’s why you need
inspiration and expertise from the outside’.

In the case where the greening strategy of a firm can-
not be sufficiently followed by activating reuse or
upgrades of assets alone, theory has pointed to asset cre-
ation as an alternative strategy. This approach is con-
sidered essential for radical changes in firms and
systems. Sometimes, firms need radical changes to dis-
tance themselves from established practices. This need
for radical change was highlighted by one of the firms
that aimed to increase circular economy principles
through recycling. The firm highlighted that it was
entirely dependent on other industries when trying to
integrate recycling. To gain more independence, it
initiated research activities to develop its own technol-
ogies. That process was both cost-demanding and
time-demanding because new assets needed to be cre-
ated from scratch and, according to the firm’s intervie-
wee, no relation with existing ones could be established.
An alternative way to gain new knowledge is by hiring
new personnel who could implement new knowledge
and introduce a change in existing skill sets. This mech-
anism was key to the greening process reported by many
of the interviewed firms. An example was provided by
one of the interviewed experts, who noted the need
for the industry to import new knowledge about quality
and innovative sustainable fibres. According to the
expert, the outdoor textile industry currently uses syn-
thetic material mainly derived from fossil fuels. This
synthetic material is cheap, but it also has significant
negative footprints in the environment. However, even
if the need for knowledge and skills relating to sustain-
able materials was seen as urgent, textile engineers can
be hard to find. Skilled personnel are found mainly in
Asian countries because Asia represents the geographi-
cal centre of the textile industry. To compensate for this
lack of possibilities for importing knowledge and skills,
several firms highlighted collaboration as an alternative
mechanism. Firm 3 was an example in this regard, as it
was actively searching for collaborators who could fuel
the firm with new knowledge and technology. An
example of knowledge sourcing for asset creation was

the initiative taken towards a competitor to join an
ongoing project for making synthetic silk that could
be blended into wool for an entirely new yarn.

Another shortcoming mentioned by the firms was
digital knowledge and skills (Firm 4). Despite modern
technological adaptions in Industry 4.0, such as big
data and robotisation, our interviewees highlighted
that the Norwegian outdoor textile industry still lacked
the technology for automated sewing. More critical,
however, was the need for knowledge, skills, and tech-
nology in 3D printing, which stem from experiments
involving new business models that prioritise tailored
production on demand. If Norwegian outdoor textile
firms were to become successful in this green shift to
alternative business models, the firms would need access
to new knowledge (Firm 8).

In some cases, green restructuring requires asset
destruction (Trippl et al. 2020), and examples have
often indicated that old technology and industry culture
are possible hinderances to innovation (Trippl et al.
2020; Kyllingstad et al. 2021). We find that this is also
the case for the Norwegian outdoor textile industry.

As demonstrated above, greening processes require
updated and new tangible and intangible assets, and a
forward-leaning mindset. As new technology was
implemented and knowledge on effective use was
updated, old, related tangible and intangible assets
were destroyed. Most often, the destruction of assets fol-
lowed from a lack of relevance of machinery, technol-
ogy, or knowledge. The examples mentioned were the
unlearning of irrelevant knowledge, the changing of
existing routines, and the demolition of old machines
and technologies. In some cases, changing intangible
assets such as knowledge and routines may lead to the
formation of a new firm and industry culture. In our
case, some of the firms indicated that such a change in
culture was emerging. They indicated that young people
are more committed to sustainability than members of
the older generations. Some firms highlighted that this
push from young people influenced the culture of the
firm because the young, new employees pushed for sus-
tainability, thereby contributing to changing the mind-
sets of senior employees gradually.

In sum, green restructuring through firm-level asset
modification in the outdoor textile industry has fol-
lowed a combination of pressures from all modes of
modification. However, the upgrade and creation
modes were highlighted as the most influential. This
indicates that the fuelling of new assets has been essen-
tial for green restructuring in the industry. Geographi-
cally, our interviewees pointed to the national and, to
some extent, the supranational level as the most relevant
sources for asset importation and collaboration. This was
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the case because there were few relevant assets available
regionally.

System-level asset modification for green
industrial restructuring

System-level assets include assets for which distribution
is not restricted by private ownership. Instead, system-
level assets are available for large groups of firms. In
general, the interviewees did not consider system-level
asset reuse as a significant mechanism within the
ongoing greening process of the outdoor textile indus-
try. However, one firm stated that, to an extent, the
principles behind standard-setting procedures were a
reuse of what had been experienced as being useful in
other relevant industries. Thus, institutional settings,
such as procedures and structures, were to some degree
reused at the system level. The source of this reuse of
procedures and structures was mainly found at the
national and supranational levels because regional stan-
dards and procedures did not exist.

Another aspect highlighted as system-level asset
reuse was the general access to financial support from
private investors and the support of public organisations
such as Innovation Norway and the Research Council of
Norway. If public investment budgets remain constant,
increasing public support for green restructuring pro-
jects will result in less support for other investments.
Firm 2 highlighted the importance of having access to
funding for green innovations as very important. To
Firm 2, actors such as Innovation Norway were particu-
larly important, while Firm 6 noted private investor
funds as being one of the most significant change agents
within the outdoor textile industry. By financing some
innovations and ignoring others, such investor funds
can have a significant impact on the future development
of the industry.

Apart from the reuse mechanism, the firms high-
lighted system-level asset upgrade as a significant mech-
anism to support the green restructuring of the industry.
The firms highlighted that both firm-level and system-
level actors pushed upgrade mechanisms at the system
level. This need to develop the system level is mentioned
by Isaksen et al. (2019), who claim that entrepreneurs
and firms could provide system-level assets. In our
case, one example of a system-level initiative was men-
tioned by Firm 4, who described an initiative suggested
by firms in order to create a discussion group among
competitors. Firm 4 highlighted that, because of the
lack of regionally located competitors, the participants
in this discussion group were geographically dispersed
throughout Norway. The main purpose was to exchange
ideas and experiences of sustainability issues because

‘this is something we should share, right?’ (Firm 4
representative).

Like Firm 4, Firm 7 also focused on an open access
approach to sustainability. It practised an open access
strategy because they believed it was important to
grant access to important information and knowledge
to other firms in order to change the industry both on
a large scale and from within. Because transparency
may provide new insights into sustainability issues to
competitors and other industry-related actors, Firm 7
can be seen as contributing to the system-level asset
base. An open-source strategy was considered the only
alternative because the firm had a vision of changing
the world and expected the same transparency from
other serious outdoor textile producers: ‘Changing the
industry is part of our vision, so if we really mean it,
we should hope that others are willing to change as
well’ (Firm 7 representative).

When analysing how asset creation played out at the
system level, we found that the interviewees placed a
strong focus on institutional assets at the national
level. The implementation of new laws and regulations
was mentioned as a significant factor behind green
restructuring in the industry. As was highlighted by
our stud participants, such initiatives can, however, be
both enabling and constraining in green restructuring.
One example of a negative impact on green restructur-
ing through the implementation of a new law was men-
tioned by Firm 2, which referred to a national law,
Brukhandellova (Nærings- og fiskeridepartementet
2015), stating that the selling of used products must
be registered with the police to prevent an active market
of stolen goods. The firm added that in a setting where
firms want to repurpose worn garments, this law
becomes a burden that hinders sustainable development
through the reuse of garments.

However, even if some laws may hinder green
restructuring, such as the one mentioned above, most
new legislation succeeds in supporting sustainability in
the outdoor textile industry. When addressing this
issue, several of the interviewees drew parallels to the
success of electric cars in Norway, which has been
backed by significant tax reductions and other policy
instruments: ‘You saw electric cars as well, ‘no market
penetration’. We change the legislation, and we change
the incentives, and… boom!’ (Firm 11 representative).

Laws and regulations are set at the national level, and
none of the firms’ interviewees referred to local regu-
lations as important for their firm’s ongoing green tran-
sitions. Instead, they pointed to the national level and,
even more importantly, the supranational level when
reflecting on system-level asset creation that was impor-
tant to support green industrial restructuring in textiles.
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At the national level, International Organization for
Standardization (ISO) certification was mentioned as
important, and at the supranational level the European
Union (EU) was raised as one of the important actors of
change. Other international actors that perform asset
creation at the system level are international coalitions
holding key positions in the industry, such as the Sus-
tainable Apparel Coalition (SAC), which has developed
the Higg Index (a suite of tools for the standardized
measurement of value chain sustainability). The Higg
Index enables owners of brands, retailors, and other
facilities to measure their environmental and social
impacts across the life cycle of their product. Despite
the importance of such international coalitions, Firm
6 had found that only a few Norwegian outdoor textile
firms were members. The firm’s representative argued
that even fewer firms aimed for board positions in
such supranational coalitions. Thus, Norway has limited
influence in setting the standards for the industry.

The fourth and final mode of asset modification that
actors could activate at the system level is asset destruc-
tion. Asset destruction includes the demolition of tangi-
ble assets, and unlearning and relearning of intangible
ones. The asset destruction mechanism most often
referred to by our study participants was the ongoing
change in mindsets concerning increased sustainability
by all humankind. The notion of the increased impor-
tance of sustainable production and consumption has
placed increased pressure on the outdoor textile indus-
try. However, most of the firms’ interviewees high-
lighted that the industry itself was the main player in
this ongoing green restructuring process. Thus, neither
the Norwegian government nor customers were taking
the lead. Instead, several firms highlighted that the gov-
ernment lagged behind and that customers did not pos-
sess knowledge relevant to guiding sustainable choices.
Firm 6’s representative reflected on the role of the cus-
tomers and stated: ‘Consumers do not catch up, because
they do not know what is sustainable and what is not.’

Finally, some of the interviewees mentioned that also
the Internet had been a game changer, as online stores
made it possible for producers to sell directly to custo-
mers. In this way, digitalisation has changed the distri-
bution model and network structure of all firms to a
systemic extent.

In an article on regional industrial path development,
Trippl et al. (2020) highlight the regional industry struc-
ture, regional organisational support structure, and
regional institutional settings as elements that have a sig-
nificant influence on green restructuring processes. In
our case, these regional system-level assets were not
highlighted as important by the study participants.
Instead, the firms’ representatives referred mainly to

national levels and partly to supranational levels when
reflecting on which system-level assets had influenced
greening of the restructuring processes in the outdoor
textile industry.

Green path development outcomes and the
greening of the Norwegian outdoor textile
industry

Our analysis of asset modification in the Norwegian out-
door textile industry has revealed asset upgrade and cre-
ation as the main modes that have pushed green
restructuring in this industry. Rypestøl (2020) argues
that there is a link between variousmodes of assetmodifi-
cation and various forms of path development outcome.
He claims that the most radical forms of path outcome
require themost radical forms of assetmodification. Fur-
thermore, according to Rypestøl (2020) asset reuse sup-
ports mainly the extension of existing pathways,
whereas asset upgrade supports significant upgrades of
an existing industry in new directions. Finally, more rad-
ical changes in terms of the birth of new industries typi-
cally require asset creation (Rypestøl 2020).

In this article, we understand industrial restructuring
as industrial path development and have identified four
future path development outcomes: green path renewal,
green path diversification, green path importation, and
green path creation. Before elaborating on the possible
path development outcomes, we note, however, that
industrial path development is considered a meso-level
and macro-level dynamic. We follow the procedure
suggested by Rypestøl et al. (2022a) and analyse indus-
trial path development as the aggregated result of firm-
level dynamics. Thus, we rely on asset modification pro-
cesses reported by firms’ representatives when discussing
the green path development outcomes in the industry.

The interviewees did not highlight firm-level asset
reuse as a main mechanism to become more sustainable.
Instead, they highlighted asset upgrade and asset cre-
ation as the most evident modes of modification at
both the firm level and system level. We researched
asset upgrade as a process whereby existing assets are
modified by new assets from outside, and asset creation
as a process whereby new assets are developed from
importation or radical new innovations.

Following argumentation in the literature (Rypestøl
2020), we would expect that future development will
manifest primarily as path renewal, with some possibili-
ties for related path diversification. Although green path
renewal in the outdoor textile industry in Norway may
follow from the aggregated level of asset upgrades evi-
denced at the firm and system levels, diversification
may follow from the implementation of new business
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models that hold the potential to change the industry’s
future structure radically. One example of such a radical
change may follow if renting textiles, instead of buying
them, becomes successful.

Finally, the literature has shown the importance of
alignment between firm-level and system-level asset
modification processes when it comes to green restruc-
turing (Isaksen et al. 2020). The most effective restruc-
turing unfolds when firms can draw from system-level
assets and when system-level actors can benefit from
firm-level assets. For such an alignment to emerge,
assets at the firm and system levels must be related
and relevant. In our case, the interviewees indicated
that regional system-level assets were less relevant,
while national and supranational assets were more rel-
evant. The extraregional level was significant in provid-
ing new assets to ongoing modification processes and in
guiding further development from formal and informal
institutional settings. Thus, extraregional assets were
used to support green path renewal, and possibly
green path diversification. The key findings from the
analysis are summarised in Table 2.

Conclusions

While previous research on asset modification has typi-
cally focused on path development in regions (Trippl
et al. 2020; Kyllingstad et al. 2021; Gao et al. 2022), in
this article we focus on asset modification and path
development in a nationally configured industry. We
define a nationally configured industry as an industry
where firms are not clustered in a region but geographi-
cally dispersed. As industry representatives do not clus-
ter in one region, path dependency theory indicates that
they have a lower influence on the development of

structural and institutional settings in the region.
Thus, over time, the region will not prioritise building
strong system assets to support nationally configured
industries. Hence, we expect that asset modification
for green restructuring will mainly rely on the modifi-
cation of assets at the firm, national, and supranational
levels, while assets at the regional level will be less
relevant.

Empirically, we have investigated the ongoing pro-
cess of asset modification for green restructuring in
the Norwegian outdoor textile industry. From the inter-
views with firm leaders and industry experts, we found
that a further greening of the industry is high on the
agenda at firm and system levels.

The empirical analysis has shown that asset upgrade
and asset creation are important modification modes
that fuel the greening process in the outdoor textile
industry. The assets most exposed to modification are
human assets such as knowledge and skills, industry
assets such as technology, and institutional assets such
as laws and regulations, habits, and ways of thinking.
Both asset upgrading and creation require fuelling by
new assets not previously available to the firms. When
researching the geographical origin of these new assets,
the national and supranational levels were found pre-
vailing. These findings differ from previous research
findings relating to asset modification and regional
industrial restructuring (e.g. Trippl et al. 2020). The
explanation for this is that firms in regionally configured
industries are, to a larger extent, locally embedded than
are firms in nationally configured industries. The latter
have related firms, knowledge creators, and support
organisations in close geographical proximity, which
creates a critical mass of actors that can create deeper
footprints in the region. Path dependency theory

Table 2. Summary of key findings from the analysis of asset modification in the Norwegian outdoor textile industry
Level Asset Key findings, summarized

Firm Creation Asset creation is a pivotal mode of assets modification. Some firms import knowledge and skills to implement new sustainable
practices, while others hire new personnel with expertise in sustainability.

Upgrade Asset upgrade is essential for green restructuring. Firms collaborate with suppliers to upgrade their knowledge and skills,
focusing on sustainability.

Reuse Asset reuse is done especially in the early phase of change. Firms reuse existing technologies and products to make their
processes more environmentally friendly.

Destruction Asset destruction occurs when existing assets such as machines, technology, or knowledge become obsolete. Firms ‘unlearn’
knowledge, alter established routines, and sell obsolete machinery to become more sustainable.

Regional Modification Regional-level assets are less relevant in the context of green industrial restructuring in the Norwegian outdoor textile industry.
The emphasis is mainly on national and supranational assets, as relevant assets are not readily available regionally.

National Modification National-level asset modification includes the implementation of new national laws and regulations that support green
restructuring. While some laws may prove hindering, most new laws contribute to sustainability within the textile industry.
National-level assets also include financial support from organizations such as Innovation Norway and the Research Council
of Norway, which are important for financing green innovations.

Alignment Alignment between firm-level and national-level asset modification processes is critical for effective restructuring.
Supranational Modification The supranational level, particularly the EU and international coalitions such as the Sustainable Apparel Coalition, plays a

significant role. The EU and the coalitions develop standards, regulations, and initiatives that influence green restructuring in
the textile industry.

Alignment Similar to the national level, alignment between firm-level and supranational-level asset modification processes is important.
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suggests that some industrial growth paths are discrimi-
nated against and that more significant groups of actors
are favoured over less significant ones. Therefore, in our
case, firms adhering to a national industry are only
weakly represented in each region and will have less
ability to form and influence beneficial regional settings.
Instead, firms in national industries will search for new
assets outside their region. One consequence of this
focus on the extraregional could be that firms in
national industries become more prone to transplanting
new assets, and hence more prepared for radical change.

The analytical framework in Fig. 1 shows that green
path development can be understood as the result of
asset modification processes, which can be situated at
firm, regional, national, and supranational levels. The
framework also presents alternative modes of asset
modification, as well as alternative path development
outcomes, which have been investigated empirically.
Regarding the relationship between asset modification
and path development, we found that the most likely
path development outcomes in the Norwegian outdoor
textile industry are green path renewal and green path
diversification. Following the logic that national indus-
tries are less locally embedded and therefore more
open to new assets, it can be argued that national indus-
tries hold more potential than regional industries to
renew through asset upgrade and asset creation.

These findings have relevance for theory develop-
ment. First, the study offers insights into the dynamics
of asset modification and path development in nation-
ally configured industries, contrasting with previous
research that has primarily focused on regionally confi-
gured industries. This emphasises the significance of
considering multiple spatial levels when analysing
industrial path development. Second, the findings high-
light that national industries, due to their limited
regional embedding, tend to rely more on extraregional
assets and relations. This underscores the importance of
broadening the scope of theoretical frameworks to
accommodate the varying influences of regional and
extraregional factors. Third, the identification of green
path renewal and diversification as the likely outcomes
in the Norwegian outdoor textile industry also contrib-
utes to enriching theoretical discussions on industrial
transitions. The findings suggest that national industries
and their distinct characteristics require tailored
approaches in industrial path development theories. In
sum, the study challenges conventional assumptions
about the role of regional context conditions and under-
scores the need for more comprehensive theoretical fra-
meworks that account for the diverse pathways to
industrial sustainability in both nationally and region-
ally configured industries.

With regard to its practical implications, the study
shows that some industries are less influenced by regional
context conditions and rely more on extraregional
relations, structures, and institutions compared with
other industries. Consequently, policies intended to sup-
port sustainable transitions, and the greening of industries
should focus not only on building system-level assent at
the regional level but also on aligning and bridging firm-
level assets with extraregional assets. This recommen-
dation is in linewith recent research on regional industrial
path development stressing how factors exogenous to a
region (e.g. national regulations, global commodity mar-
kets) can stimulate innovation and alter industrial path
development in regions (Trippl et al. 2018).

Finally, this study provides some avenues for future
research. First, the empirical analysis is grounded within
the Norwegian outdoor textile industry, which is associ-
ated with specific national characteristics. However, the
textile industry is embedded in global value chains and
global production networks. Because textile businesses
operate worldwide, more research is needed in other
geographical areas, including the Global South. Second,
we investigated outdoor textiles as a subsector of the
textile industry. Hence, future research should focus
on other areas of the textile and apparel industry,
which might undergo different path development pro-
cesses. Third, to date, asset modification and path devel-
opment have been discussed with a focus on structures
but without a deeper consideration of agency, which is
another important avenue for research on green path
development (Fløysand et al. 2022; Miörner 2022;
Blažek & Květoň 2023). Future research should be con-
ducted on antecedent factors and agency to understand
their interaction or applicability.
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