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Abstract: NorDan AB in Sweden has over the last years actively used the UN Sustainable Develop-
ment Goals (SDGs) as part of its strategy for sustainable development. The company has focused
on selected SDGs and carried out a high number of improvements and innovations, amongst others
within additive manufacturing. Also, it has actively applied the Swedish business excellence model,
the SIQ Management Model, to assess current status in sustainability, identify areas for improve-
ments and develop in a systematic and sustainable way. Today, the company and its product offer-
ing have a clear sustainability profile, recognised by many customers and stakeholders within the
industry.
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1. Introduction

NorDan AB in Sweden is one of the leading windows and doors manufacturers in
the Swedish building industry. The company has 350 employees, with 3 factories and 5
sales offices. It is a subsidiary of the NorDan Group, a family-owned company based in
Norway with operations in 10 countries.

From 2018, NorDan AB in Sweden (hereinafter NorDan) has worked on a holistic
strategy focusing on sustainability, quality management and profitable growth. On the
sustainability agenda the company committed itself to working on the UN Sustainable
Development Goals (hereinafter SDGs). It selected 7 of the 17 goals, based on relevance to
NorDan. Goal 8 and Goal 11 to address local values, Goal 3 and Goal 5 to focus on people,
Goal 9 and Goal 12 to reduce consumption of resources as well as Goal 17 to involve cus-
tomers and stakeholders in this important work. Throughout, NorDan has maintained a
very practical and pragmatic approach towards sustainable development, focusing on im-
provements, innovations and working methods that make a positive contribution to a
more sustainable company and product offering. It has also been driven by the wish to be
at the forefront of sustainability developments within the Scandinavian building industry,
and in many ways to be a leading company within this area.

This paper discusses the strategic and operational approach that NorDan has taken
to sustainability and how this, in a genuine and credible way, has given NorDan a clear
sustainability profile. First, this paper presents how the strategic approach, including the
SDGs, has helped NorDan become more sustainable. Second, NorDan's approach to busi-
ness excellence is described and how the SIQ Management Model has provided a useful
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framework the company’s sustainability journey. Third, NorDan’s innovations in addi-
tive manufacturing and its connections to the SDGs are presented. The paper ends with
some general takeaways from the NorDan'’s sustainability journey so far, and reflections
on future developments.

2. Strategic approach to sustainability

NorDan was first introduced to the concept of “Sustainability” by the company’s
largest customer, NCC Construction Sweden AB (hereinafter NCC), at NCC’s sustaina-
bility supplier conference in April 2015. Here, NCC'’s approach to sustainability was ex-
plained, together with a set of expectations on its supplier. As part of the presentation,
sustainability was defined and presented to the participating suppliers, with reference to
the Our Common Future report from 1987 by the World Commission on Environment
and Development [1] and the three pillars of sustainability; social, economic and environ-
mental [2], [3]. NCC was very clear on its strategic approach to sustainability and how it
relied on suppliers to establish transparent supply chains and contribute to NCC’s goals
for more sustainable buildings and cities. As a strategic supplier to NCC, NorDan started
exploring theories, models and approaches to sustainability, and how it was different and
broader than the company’s current focus on environment and its current systems for
health, safety and environment (HSE).

In September 2015, the 17 Sustainable Development Goals (SDGs) were set by the
international community as part of the UN 2030 Agenda for Sustainable Development [4].
The Swedish government with PM Stefan Lofven, took an active approach to embrace and
support the SDGs [5] and showed a clear determination to get companies involved and
accountable [6]. In 2016, the Swedish Government enacted a new law that made it man-
datory for companies with more than 250 employees, from the fiscal year 2017, to publish
a sustainability and equality report, either separately or as part of the annual financial
report [7]. This development was also related to the global reporting initiative (hereinafter
GRI) that in 2016 provided the first global standards for sustainability reporting, the GRI
Standards [8].

NorDan was inspired by the clear trend among customers to focus on sustainability
as well as the strong political agenda for sustainability in Sweden. During the autumn of
2016 the management team started preparing NorDan's first sustainability and equality
report in accordance with the new regulations. In many areas of sustainability, NorDan
already had good practices and well working routines and systems, due to the company’s
historical development and product offering, as well as clearly documented quality man-
agement system based on ISO 9001 [9] and environmental management system based on
ISO 14001 [10]. Furthermore, the company had worked for more than 5 years with lean
production [11] through the company’s “NorDan Production System”. The analysis and
documentation of the first sustainability and equality report made it clear to the manage-
ment team of NorDan that whereas the environmental and economic pillars of sustaina-
bility were covered in a good way, the social pillar was rather weak.

In 2017, NorDan became a member of The Swedish Institute for Quality (hereinafter
SIQ), the leading national centre for business excellence in Sweden [12]. At that time, SIQ
had done a major update and revision of its excellence model, the SIQ Management
Model, and NorDan accepted the invitation to be one out of five pilot companies to test
the new model [13]. The most significant update to the model was that sustainability, with
its three pillars, was fully incorporated. The self-assessment by the NorDan management
team towards the criteria of the SIQ Management Model, as well as feedback from SIQ’s
auditing team, revealed that the main improvement areas for NorDan were social sustain-
ability, digitalization and innovation.

During the autumn of 2017, NorDan decided to build on the valuable input from
customers, government and SIQ about the main improvement areas. Hence, NorDan em-
barked on a journey to become excellent in all three pillars of sustainability and be one of
the leading companies in the Scandinavian building industry in sustainability and digi-
talization. In 2018, NorDan introduced a new company strategy with three main elements;
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(1) sustainability, (2) quality management and (3) profitable growth. It also launched the
ecoDigital ready™ initiative at Nordbygg 2018, the bi-annual trade show in the Swedish
building industry. ecoDigital ready™ highlighted the company’s commitment to sustaina-
bility and digitalization, with a clear outline of activities and customer promises.

The focus of NorDan was to change the way the company worked to truly become
more sustainable and digital mature, and to be at the forefront of these developments
within the Scandinavian building industry. The management team also realized that the
changes needed to be visible both internally to employees and externally to customers,
suppliers and other stakeholders. A lot of planning work was done to map current
strengths in order to capitalize on these moving forward, and to identify additional im-
provements, innovations and changes necessary. Out of this strategic planning process a
range of development areas were identified and initiated, including:

*  Organise with a clear focus on sustainability and digitalisation;

*  Explore opportunities within additive manufacturing and modern materials;

*  Look at sponsorship opportunities with a clear social responsibility profile;

*  Evaluate potential of new business models in a circular economy;

»  Deliver digital solutions to the customers and the market;

* Increase digital maturity level in all key processes;

*  Communicate the strategy and achievements to the market;

*  Reduce CO2 footprint of operations.

NorDan did not set a specific goal for CO2 reduction at this early stage in the strategy.
Instead, it realised that it was important to link the strategy and the many initiatives to
the SDGs. The management team selected 7 out of the 17 goals that were most relevant to
the business idea of NorDan: Goal 8 (Decent Work and Economic Growth) and Goal 11
(Sustainable Cities and Communities) under the heading “Local values”, Goal 3 (Good
Health and Well-Being) and Goal 5 (Gender Equality) under the heading “People” and
Goal 9 (Industry, Innovation and Infrastructure) and Goal 12 (Responsible Consumption
and Production) under the heading “Reduce consumption of resources”. The company
also decided on Goal 17 (Partnerships for the Goals) to actively involve suppliers, custom-
ers, universities, and industry networks to enhance developments and innovations. The
company posted the commitment to work on the SDGs on its homepage [14] and made
reference to the SDGs in internal and external communication.

Over the years, NorDan has been committed to this practical and pragmatic approach
towards sustainable development, focusing on projects that make a positive contribution
to a more sustainable company and product offering. Examples of successful projects and
initiatives are:

*  Introducing 3D printed windows in bio-composite materials;

*  Launching advanced environmental product declarations;

*  Becoming a sustainability partner to Save the Children, Sweden;

*  Developing a solution for recycling of used windows and doors;

*  Publishing numerous Building Information Modelling (BIM) models of prod-

ucts and developing a solution for digital generation of quotations;

*  Sourcing of green electricity;

*  Launching a digital showroom including presentation of the SDGs;

* Installing solar-PV plants at all three factories in Sweden.

As the company prepares for the strategic period 2022-2024, it continues the focus on
sustainability and the SDGs. Social, economic and environmental sustainability can al-
ways be improved and further developed. Three main work areas that the management
team has identified for the next years are: (1) achieve carbon neutrality by 2025, (2) main-
tain strong sustainability profile within the Scandinavian building industry and (3) con-
tinue to embrace, learn from and adopt new developments within sustainability and dig-
italization in an agile way.
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3. Business excellence models

Interestingly, both the Our Common Future report by the World Commission on En-
vironment and Development [1] and the Malcolm Baldrige National Quality Award [15]
were introduced in 1987. The Baldrige Award, based on the Baldrige Excellence Frame-
work, was the first business excellence model and national quality award in the Western
world, and it was inspired by the Japanese Deming Price [16]. In Europe, the EFQM Ex-
cellence Award, based on the EFQM Excellence Model, and the Swedish Quality Award,
based on the SIQ Management Model, were both introduced in 1992 and from then on,
many other countries have launched their own business excellence models and quality
awards [17].

Business excellence models are commonly regarded, in both industry and academia,
as holistic and advanced management models that develops in accordance with leading
management theory and can be applied by organisations across all industries and sectors
[18], [19], [20]. The purpose of these excellence models and the quality awards are twofold:
(1) to provide a framework and model for business excellence that companies can use for
self-assessment and (2) to recognize excellent organisations at a national level and share
best practices [21]. Analysing these business excellence models in the mid 1990s, the au-
thor of this paper found that it was possible to extract 8§ common criteria across the differ-
ent national quality award models at that time: (1) Leadership, (2) Impact on Society, (3)
Information & Analysis, (4) Strategic Planning, (5) Human Resource Management, (6) Pro-
cesses, (7) Customer Focus and (8) Business Results [22]. From a sustainability point of
view, it can be interpreted that social and environmental sustainability are parts of “Im-
pact on Society” whereas economic sustainability is covered in “Business Results”. How-
ever, no clear reference was made in these excellence models to sustainability as defined
in Our Common Future report from 1987 nor the three pillars of sustainability.

From 2015 to 2017, SIQ worked on a major revision of the Swedish business excel-
lence model. One of the most notable changes was the integration of all three pillars of
sustainability; social, economic and environmental. With the publication of the updated
SIQ Management Model in 2018 sustainability is clearly visible in the results criteria and
also in the working methods [13], Figure 1. The SIQ Management Model gives a detailed
description of each criteria and sub-criteria in the model, including what is expected of
excellent organisations. Organisations applying the model must do a self-assessment with
regards to current approach in all criteria and also describe how it continuously improves,
learns and develops within these criteria. This means that companies working with the
SIQ Management Model actively address all three pillars of sustainability and develop
these through continuous improvements and innovations. As part of the revised SIQ Man-
agement Model, the Swedish Quality Award logotype was also updated with a new head-
line, namely “Sustainable Success”.
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1 CUSTOMERS AND STAKEHOLDERS 150
1.1. Understand the needs and expectations of customers and stakeholders 50
1.2 Create value with customers and stakeholders 50
1.3. Create promises to customers and stakeholders 20
1.4. Follow up the level of satisfaction among customers and stakeholders 30
WORKING METHODS RESULTS 2 MANAGEMENT 125
2.1 Plan for a sustainable organisation 30
2.2 Lead the organisation for sustainability 40
S 2.3 Lead coworkers 30
ocial esses
Employees Employees sustalnability 2.4 Lead processes 25
3 _COWORKERS 125
3.1 Develop coworker skills 40
Customers . Customers 3.2 Promote creativity and participation 45
Operational - . 7 3
and processes and 3.3 Follow up coworker satisfaction and develop a good work environment 40
stakeholders stakeholders
4 OPERATIONAL PROCESSES 100
4.1 Establish processes 30
4.2 Improve processes 70
Environmental Economic
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5.1 Results - Customers and stakeholders 100
5.2 Results - Coworkers 100
5.3 Results - Social sustainability 100
5.4 Results - Environmental sustainability 100
5.5 Results - Financial sustainability 100
TOTAL POINTS 1000
(a) (b)

Figure 1. The SIQ Management Model for sustainable success [13]: (a) The structure of the model, with four main areas
for working methods and five result dimensions; (b) The five criteria each holds sub-criteria, each with a weighting in
terms of how many points that are possible to score.

For the management team at NorDan it has been very important to use the SIQ Man-
agement Model as a framework on how to assess current status in sustainability, to iden-
tify areas for improvements and to develop in systematic and sustainable way. The SIQ
Management Model has directed NorDan to the areas within sustainability where it al-
ready has systematic working methods and achieves good results, but also to areas where
it needs to improve and develop. It has also been important to understand that in order
to become better in the result criteria of the SIQ Management Model the company needs
to focus more on the working methods, by carrying out improvement projects and inno-
vations.

4. Innovations in additive manufacturing

NorDan has gained significant international attention and recognition for its pioneer-
ing efforts in 3D printing, in which the company in good cooperation with key suppliers
developed a production technique, material solution, product documentation and mar-
keting concept for commercial sales of 3D printed windows in bio-composite material.
The product was launched in the Scandinavian market in October 2019, as the world’s
first 3D printed window for commercial sales [23].

The 3D printer project was one of the first large projects that NorDan initiated in the
autumn of 2017 when it decided to become one of the leading companies in the Scandina-
vian building industry in the areas of sustainability and digitalization. From the very start
the 3D printer project was driven by a clear overall goal, i.e. to be the first company in the
world to start sales of 3D printed windows.

When searching for manufacturers of 3D printers, large enough to print full-sized
windows and doors for NorDan, the options were very few in 2017. After some months,
NorDan got in touch with a Swedish start-up company with interesting prototype tech-
nology for large 3D printers. The company, BLB Industries AB, designed a unique large-
scale 3D printer for NorDan which could print windows and doors up to 1.5 m in width
and 2.5 m in height. NorDan decided to make the investment and the 3D printer was
delivered in 2018 (Figure 2). The 3D printer uses granular materials for printing, which is
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much more affordable and industrial viable for large scale commercial 3D printing com-
pared to expensive filament material.

Additive B!

manufactuing -
[NorDari Large scle
30 printing # 8

(a) (b)

Figure 2. The unique large-scale 3D printer at NorDan: (a) The printer is placed in the main assembly area of NorDan's
factory for entrance doors in Bor, Sweden; (b) The 3D printer is operated by qualified employees.

ST

Image courtesy of Stora Enso

During the innovation project, NorDan explored many options for printing materi-
als, which included the likes of acrylonitrile butadiene styrene (ABS) and polypropylene
(PP). If NorDan had decided to continue with those readily available materials in the mar-
ket, the project would have been completed much earlier than it did. However, NorDan’s
focus on sustainability directed the innovation project to focus on finding the most sus-
tainable material possible so that the 3D printed windows would contribute to the SDGs
(in particular Goal 9 and Goal 12) and remain in alighment with the other products in
NorDan'’s timber range. Because of this, the company decided to work with Stora Enso
for material testing and development of a bio-composite granular material (Figure 3), aim-
ing to achieve a high-wood content and excellent recycling properties. Stora Enso’s com-
petence centre and factory for bio-composites is located in Smaaland, Sweden, in the same
region as NorDan’s factory for entrance doors and BLB Industries. A unique innovation
project cooperation between NorDan, BLB Industries and Stora Enso was established, and
Goal 17 (Partnerships for the Goals) clearly evident throughout the project.

(@) (b)

Figure 3. Printing material, i.e. granular bio-composite material, and commercial window product: (a) Granular material
in bio-composites are used as raw material in the 3D printing process of NorDan. Bio-composite consist of wood fibres
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and polymers [24]; (b) An example of a 3D-printed window from NorDan, circular window where the frame has been
manufactured in NorDan’s 3D printer.

To ensure that the performance of the 3D printed windows in a building facade was
maintained, product tests were performed at the Research Institutes of Sweden (RISE),
using the same testing parameters as practiced with traditionally manufactured windows
in timber. The test results were very good, and the 3D printed windows was granted ap-
proval. The first products to be 3D printed were shaped windows (e.g. circular and half
circular) as these are amongst the most expensive and difficult to produce within the win-
dow industry. NorDan’s innovation in 3D printing was a very visible success in terms of
digitalisation (additive manufacturing), sustainability (material and recycling properties)
and effectiveness (reduced lead times, cycle times and costs).

NorDan has received much media attention and been awarded international prices
for 3D printed windows in bio-composites, including the Quality Innovation Award 2019
[25], the Quality Sustainability Award 2020 [26] and the Most Sustainable Product 2020
on BIMobject. The company continues to explore the possibilities within additive manu-
facturing and application of bio-composites materials. It is currently working on high-
volume production of profiles for windows and doors in bio-composites, including the
use of recycled plastics in the composite fraction. In addition, additive manufacturing has
the potential to enable flexible production, closer to the end-market and construction sites.
Also, given that the technology is based on additive manufacturing using bio-composite
material, it opens for sustainable production of many kinds of products within the build-
ing industry and beyond. Recently NorDan has been invited to deliver 3D printed win-
dows and doors to the first 3D printed house in Sweden [27].

5. Lead by example and dare to share

Very often it is the large enterprises within an industry that have the resources, initi-
atives and strategies in place to credibly claim they are working with sustainability in a
strategic way and make a positive impact. NorDan is a small and medium-sized enter-
prise (SME) with 350 employees, which normally should not have a big impact nor get
any attention. However, NorDan decided early to “lead by example” and to “dare to
share” in the area of sustainability. It is also how the management of NorDan has under-
stood UN’s work on the SDGs, Agenda 2030 and carbon neutrality by 2050, namely that
everyone can and must contribute at a national, regional and local level for the joint efforts
of nations, governments, businesses and individuals to be successful [28].

The strategic focus on sustainability by NorDan has made the company better and
more mindful. With the many successfully completed projects within sustainability, Nor-
Dan has for some time been able to communicate its work on sustainability and the SDGs
in a credible way to the market. Some examples are 3D printed products in modern bio-
material, solar PV-plants at factories, sustainability partner for Save the Children Sweden,
reduced CO2 footprint. This credibility is very important and works in a self-enforcing
loop as more projects are added and new levels of development within sustainability
reached. It also gives NorDan a competitive advantage in the market, as the company is
regarded to be working very well with sustainability. NorDan applies both standard pro-
ject methods and more agile ways of working to achieve improvements and innovations,
depending on the nature of the project and the complexity.

Customers, suppliers and other stakeholders frequently give positive feedback to
NorDan about its progress in and focus on sustainability. The company views this as good
recognition of the work done so far, and also as inspiration to continue on the sustainabil-
ity journey. In May 2021, the Swedish Federation of Wood and Furniture Industry - Tra-
och Mobelforetagen (TMF), put sustainable development on the agenda when it pub-
lished a guideline document for all members [29]. TMF is the national trade and employ-
ers' association of the wood processing and furniture industry in Sweden, representing
some 700 member companies and more than 30.000 employees. This development is much
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welcomed by NorDan and shows that the Swedish building industry is starting to join
forces to make progress towards a circular and sustainable building industry.

Management representatives from NorDan have also actively taken board member
positions in industry networks which focus on one or more sustainability aspects both
within the building industry and across industries. In this way, the company is involved
in development trends and can directly enhance sustainability topics and put them on the
agenda. NorDan is also working actively with academia and research institutions. In 2021
the company is involved in two large applications for funding for research projects on
sustainable development together with leading Swedish universities. The progress of
NorDan within sustainability has also inspired other NorDan subsidiaries to work on the
SDGs, and the ecoDigital ready™ initiative has been adopted by all subsidiaries [30].

Overall, the development within NorDan described above is very much in line with
the reasoning and developments described within “Quality 5.0” [31], where the purpose
of organisations is firstly to focus customers and stakeholders but also at the same time
support a development and a societal satisfaction and contribution.

6. Conclusions

Over the last five years NorDan has worked actively with sustainability at a strategic
and operational level. The company has focused on the UN SDGs and on running im-
provement projects to enhance sustainable development, in a pragmatic, collaborative
and project driven way. It discovered the advantages of linking sustainability and digital-
isation in some areas and how these two mega trends complement each other well. Fur-
thermore, in order to change quickly enough and to make breakthrough improvements,
it is necessary to also focus on innovations and work in agile ways.

The SDGs and the SIQ Management Model have been very helpful for NorDan in its
sustainable development journey so far. The SIQ Management Model fully incorporates
all three pillars of sustainability and offers organizations a strong and practical framework
to assess current status in sustainability, to identify areas for improvements and to de-
velop in a systematic and sustainable way. More research and work should be directed
into how business excellence models around the world can more clearly encompass sus-
tainability and the three pillars of sustainability, and hereby support more organisations
on their sustainable development journey.

The work on sustainability by NorDan has already changed the company for the bet-
ter and reduced its CO2 footprint. Furthermore, it has formed the basis and inspiration
for continued work on sustainability and the SDGs in the years to come.
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