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Abstract

Mining with Nature is Sweden’s first industry-wide roadmap for biodiversity, inspired by the Towards
Sustainable Mining protocol, the work of the International Council on Mining and Metals (ICMM), and
Sweden’s industry roadmaps for fossil-free competitiveness. Tailored to Swedish conditions, it identifies a
common goal to contribute to Biodiversity Net Gain by 2030, concrete actions towards this goal, innovation
gaps and calls to politicians and authorities. The roadmap operates within a pre-competitive space, providing
a shared direction for the mining sector.

The development of Mining with Nature was a learning process for the industry, bringing companies together
to build a common understanding of biodiversity challenges and opportunities. This collective learning
continues as companies work toward the roadmap’s commitments, which emphasise continuous learning,
knowledge sharing, and collaboration.

Anchored in the mitigation hierarchy — avoid, minimise, restore, and compensate — this roadmap has enabled
the industry to collectively build and share knowledge, foster innovation, and develop best practices under
Swedish conditions. It serves as a platform for testing new methods, advancing restoration efforts, and
strengthening biodiversity management.

Concrete examples include:

e Jong-term vision for the area after mine closure (e.qg. Luossavaara-Kiirunavaara Aktiebolag [LKAB]
Kiruna)

e garctic mining restoration, such as revegetation of former mine sites in mountain environments
(e.g. test plots in Stekenjokk and LKAB Kiruna)

e vegetation establishment on waste rock, exemplified by the Waste2Place initiative
e limestone quarry rehabilitation in southern Sweden, with learnings from Degerhamn.

A long-term vision is key — integrating biodiversity management plans that enable progressive restoration
where possible. The roadmap’s commitments include not only setting targets but also actively monitoring
progress. The Changing Land use Impact on Biodiversity (CLIMB) metric plays a crucial role in both monitoring
progress towards the 2030 goal and guiding the industry towards the first steps of the mitigation hierarchy,
emphasising restoration.

While Mining with Nature focuses on ecosystems, it ultimately addresses a societal challenge. Nature forms the
foundation of our communities and human well-being. Long-term sustainability is not only about technical
stability, safety, and preventing environmental harm but also restoring functional ecosystems that support other
industries (e.g. reindeer herding, tourism) and local communities. It is about giving back a functional landscape.

* Corresponding author.
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The Mining with Nature roadmap is available in four languages and will continue to evolve to better support
the industry's journey toward its goals. A dedicated website provides a space where the sector shares best
practices, offering inspiration and learning opportunities for others.
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1 Introduction

Mining with Nature is a collaborative innovation initiative that has been developed over the past five years
through a series of projects. While not traditional academic research, the initiative serves as a platform for
knowledge sharing, co-creation, and the formulation of new innovation projects related to biodiversity in the
mining sector.

Launched in 2020, Mining with Nature is Sweden’s first industry-wide roadmap for biodiversity. Its purpose
is to strengthen the Swedish mining and minerals sector’s capacity to address biodiversity challenges,
enhance international competitiveness, and increase societal acceptance. Inspired by the Mining Association
of Canada’s Towards Sustainable Mining protocol (2020a, 2020b), the work of the International Council on
Mining and Metals (ICMM 2006), and Sweden’s national industry roadmaps for fossil-free competitiveness,
the roadmap is tailored to the conditions of the Swedish mining and minerals sector. It outlines a common
goal, concrete actions, innovation needs, and targeted recommendations to policymakers and authorities.

The roadmap is built around a common goal: to contribute to Biodiversity Net Gain by 2030. It is firmly
anchored in the mitigation hierarchy — avoid, minimise, restore, and compensate — and provides guidance
for applying this principle across all levels of the industry.

Functioning within a pre-competitive space, the roadmap offers a common direction for the entire industry.
Since the roadmap’s launch in 2020, the Swedish mining sector has been working actively to implement its
content, engaging at multiple levels.

At the company level, this has included adopting biodiversity targets aligned with the roadmap, applying the
mitigation hierarchy in operational decisions, educating key staff, and compiling strategies and data in
comprehensive biodiversity management plans.

At the industry level, the focus has been on developing guidance documents, templates, and a shared
methodology for tracking collective progress. A particular emphasis has been placed on initiating and
conducting research and development projects — especially in relation to ecological restoration in mining
environments.

On a cross-sectoral level, the industry has taken a leading role in the development of a standardised method
for quantifying biodiversity, and in communicating the roadmap’s approach to inspire others and promote
collaboration beyond the mining sector.

2 Mining with Nature in practice: with a focus on closure and
rehabilitation

While the roadmap provides a shared direction and ambitions, the most important work happens within the
individual member companies. Across the Swedish mining and minerals industry, a wide range of activities
are underway, translating the shared goals into practical actions on the ground. A key area of innovation and
development is mine closure and ecological restoration. This section presents concrete examples of how the
Mining with Nature roadmap is being implemented, with a focus on post-mining landscapes.

2.1 Long-term vision after mine closure

Luossavaara-Kiirunavaara Aktiebolag (LKAB), a government-owned Swedish mining company, has been
operating the Kiruna mine since approximately 1900. The Kiruna mine is an active underground iron ore mine
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with ore processing plants in the arctic region of northern Sweden. The mine is located within the territory
of two indigenous Sami villages that hold reindeer husbandry rights.

Although the mine is still operational, leaving limited opportunities for restoration at present, advanced
planning and pilot projects are being carried out to prepare for large-scale ecological restoration once areas
become available. LKAB has developed a long-term vision for the closure and post-mining restoration of the
Kiruna mine, aiming to transform the area into an ecologically valuable landscape that supports biodiversity,
reindeer herding, and other ecosystem services (Ecogain 2020a).

This vision is grounded in the principles of the mitigation hierarchy: avoid, minimise, restore, and
compensate. After the technical remediation phase — ensuring the area is safe for both people and the
environment — the focus will shift toward ecological landscape design. By creating habitats that mimic the
surrounding natural landscape, LKAB strives to enhance conditions for biodiversity. The restoration project
aims to re-establish ecosystems that once covered the area, including mountain heath, mountain birch
forests, pine heath forests, peat wetlands, cliffs, and scree slopes —thereby creating grazing land for reindeer
herding and restoring habitats valuable for biodiversity.

Consultation and engagement with the Sami villages were included throughout the restoration design
process. Initial meetings introduced the project’s goals and timeline. Subsequent steps included review and
co-design of landscape proposals, followed by field visits to assess preferred landforms and species
composition for reindeer grazing. Input from the Sami communities was integrated throughout the process,
and engagement will continue during implementation and monitoring.

The project has attracted international attention as a leading example of how the mining sector can
contribute to nature-positive outcomes through mine closure and ecological restoration (Young et al. 2022).

LKAB is now working to develop similar long-term visions for the closure and rehabilitation of its other mining
sites in Svappavaara and Malmberget, while also implementing biodiversity management plans that support
progressive restoration wherever possible.

2.2 Revegetation of mine sites in arctic environments

Establishing vegetation in arctic and alpine environments poses particular challenges due to short growing
seasons, nutrient-poor and dry soils, and harsh climatic conditions. Nevertheless, mining companies
operating in northern Sweden are building knowledge and developing methods for ecological restoration
under these demanding conditions. Two such companies are Boliden and LKAB.

Boliden owns the former Stekenjokk mine, an underground mine that was operational from 1976 to 1988.
The site was closed and technically remediated in 1988, but natural vegetation recovery has been slow.
Located on a high plateau approximately 820 m above sea level, the area lies within the year-round reindeer
herding territories of the Vilhelmina South and Voernese Sami villages. The mine is situated in Sweden’s
alpine zone, above the tree line and surrounded by mountains reaching up to 1,200 m. The plateau is exposed
to high winds (often exceeding 40 m/s), with an annual average temperature of 0°C (5.4°C during the growing
season, May to September).

In 2013, Boliden initiated a long-term revegetation project to build knowledge about how to re-establish
alpine vegetation at the site and restore grazing land for reindeer herding. The project explores a variety of
approaches, including the use of cuttings, seedlings, seeds, and different soil substrates such as till and
organic soil amendments. The project is ongoing and aims to accelerate the establishment of resilient tundra
vegetation adapted to the local conditions (Enetjarn Natur 2014, 2018; Ecogain 2020b).

To support the implementation of the long-term vision for the closure and post-mining restoration of the
Kiruna mine, LKAB has been working to build knowledge on how to best revegetate the industrial area.
LKAB has established a series of test plots within the industrial area of the Kiruna mine to develop methods
for successful vegetation establishment under arctic conditions (Ecogain 2020c, 2021). The surface of the
Kiruna mine is situated approximately 500—-700 m above sea level and has an annual average temperature of
-1.0°C (8.6°C during the growing season, May to September).
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The project focuses on four key areas:

e developing methods for establishing three target habitat types: mountain heath, mountain birch
forest, and pine heath forest

e identifying strategies for establishing key species within these habitat types
e determining which substrates are best suited to serve as growth media for each habitat type
e establishing baseline conditions for long-term monitoring and evaluation of restoration outcomes.

The test plots were installed during the summer of 2020 in two different areas within the Kiruna mine site.
The monitoring of vegetation development will be conducted over a 10 year period. In parallel, LKAB has
developed a vegetation strategy focused on preserving topsoil and existing vegetation as much as possible
during operations, and — where necessary — storing this material under conditions that retain ecosystem
viability for future restoration use (Ecogain 2020d).

2.3 Natural landforms and enhanced vegetation establishment on waste rock

The extractive industry in Sweden currently has ~177 km? of mining-disturbed land, which is associated with
habitat destruction, biodiversity loss, visual impact and loss of livelihood and culture. A considerable
percentage is dedicated to waste rock storage. Sweden’s currently accepted industry solution for waste rock
storage, which is referred to as a conventional approach, prioritises efficient deposition over environmental
performance. Over the long-term, such waste rock storage facilities, due to fluvial processes of wind and
water, will erode and become unstable. Ultimately, these anthropogenic landforms create a long-term
liability risk and, in many cases, lead to costly ongoing maintenance, making it difficult for a company to
achieve their remediation goals and successful site relinquishment. All this negatively impacts a company’s
social licence to operate, which could impact its ability to gain future mining permits.

Today, environmentally and socially responsible mining companies are adopting a geomorphic rehabilitation
approach. The fundamental concept for a geomorphic approach is to create a long-term, stable landform in
dynamic equilibrium (where there is no net erosion or sedimentation), by routing water through a designed
natural channel network. Achieving a long-term stable landform minimises or eliminates the risks outlined
above, provides the foundation for ecological recovery including increased biodiversity, and creates a
landscape usable for future generations.

An ongoing innovation project focused on geomorphic landform design, Waste2Place, is running between
2023 and 2026 (waste2place.com). The aim of the Waste2Place project is to create long-term stable
landforms to help to deliver mining-disturbed land back to nature and people. Landform design sets the
foundation for successful revegetation, which is fundamental in stabilising soils, reducing erosion and to
enable post-mining land uses. Part of the project is therefore focused on methods for vegetation
establishment and to test a new approach that explores varying depths of till and growth medium across the
landform. This is more reflective of how a natural landscape is composed. Vegetation monitoring will be used
to assess the success of this approach.

2.4 Limestone quarry rehabilitation in southern Sweden

Limestone quarries offer unique opportunities to become biodiversity hotspots after closure. In 2019,
Heidelberg Materials, which operates the largest limestone quarries in Sweden, was one of the first
companies in the country to adopt guidelines for responsible land use with a focus on biodiversity,
(Heidelberg Materials 2019). These guidelines commit the company to minimising ecological impact,
optimising post-mining rehabilitation for biodiversity, and —where possible — creating added value for nature.

When Heidelberg Materials phased out limestone extraction at Degerhamn in southern Oland in 2019, an
ecological rehabilitation plan was implemented for the quarry and its surroundings. The goal was to create
conditions that support long-term biodiversity and the development of high conservation values.
The rehabilitation measures aimed to establish alvar grasslands, a calcareous lake, and a mosaic of habitats
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that are rare on Oland and important for biodiversity — such as scree slopes, deciduous forests, and wetlands.
The intention is to create a coherent landscape that complements and enhances the ecological value of the
nearby Stora Alvaret, a United Nations Educational, Scientific and Cultural Organization World Heritage site
(Enetjarn Natur 2019).

The effects of these measures are monitored every five years over a 30 year period. The monitoring program
(Ecogain 2020e) enables systematic follow-up of natural habitats in the area. Through this long-term
monitoring, Heidelberg Materials can ensure that:

e Natural habitats are developing in the intended direction according to the rehabilitation plan.
e Existing conservation values are maintained or improved.

e Anyneed for adjustments or supplementary actions for rehabilitation and management is identified
in time.

e The results of Heidelberg’s efforts for biodiversity can be communicated both internally and
externally.

The program is based on a continuous process of survey, evaluation, and method development. For each
habitat target, key indicators have been identified to measure how well nature is progressing toward the
desired outcome. Through periodic field assessments, development trends or deviations are evaluated, and
the management plan is adjusted as needed.

The first follow-up, conducted in 2021, showed that several areas with alvar grassland as the target habitat
demonstrated promising signs of developing a typical alvar flora over time. In areas aiming to restore
calcareous grasslands, a clear need for grazing was identified to prevent overgrowth. In sections targeting
deciduous woodland, the monitoring highlighted a need for thinning to promote light-demanding tree
species. The next follow-up is scheduled for 2026.

2.5 Measuring progress with the Changing Land use Impact on Biodiversity metric

The Mining with Nature roadmap commits the industry not only to setting ambitious goals for biodiversity
but also to actively monitoring progress toward them. When the roadmap was developed, however, there
were no tools available for measuring and tracking biodiversity outcomes in a Swedish context.

To address this gap, the mining and minerals sector has taken a leading role in the development of a
cross-sector biodiversity metric adapted to Swedish conditions. The result is Changing Land use Impact on
Biodiversity (CLIMB), launched as an open source tool in September 2023 (climb.ecogain.se). CLIMB is based
on two well-established foundations: the UK’s Defra biodiversity metric, which has been in use since 2014,
and the Swedish standard for nature value assessments (Naturvardesinventering), also widely applied since
2014.

CLIMB is now being implemented both in environmental permitting processes for new mining projects and
in companies’ internal work to establish baselines and track progress toward biodiversity targets. The metric
enables companies to quantify how much restoration efforts contribute to biodiversity gains and how those
benefits develop over time. Importantly, CLIMB generates standardised data that can be aggregated at the
sector level, providing a clear picture of the mining industry’s overall impact and contribution to biodiversity.

By supporting monitoring and transparency, the CLIMB metric plays a crucial role in guiding the sector’s
progress toward its 2030 goals and in operationalizing the early steps of the mitigation hierarchy as well as
restoration.

3 Broader impacts beyond the Swedish mining and minerals sector

Communication, both within and beyond the mining and minerals sector, and the sharing of lessons learned
have been central throughout the development of Mining with Nature. From the outset, the roadmap
sparked strong interest from industry organisations in other countries. In response to this interest, it is now
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available in four languages: Swedish, English, Spanish, and Mandarin. International attention has followed,
with the roadmap being presented as Sweden’s contribution to the program at COP16 in Cali in autumn 2024
and showcased during a Swedish industry delegation focused on sustainable mining in Colombia and Peru in
early 2025. The Swedish mining sector is proud to inspire peer industries in other countries to collaborate on
identifying needs and shared solutions for halting biodiversity loss and promoting its recovery more rapidly
and effectively in their respective regions. A dedicated website has been launched where the Swedish mining
and minerals sector shares knowledge and best practices, offering a platform for learning and inspiration.

The roadmap has also resonated far beyond the mining and minerals industry in Sweden. The Swedish
Aggregates Producers Association (Sveriges Bergmaterialindustri, SBMI) is now developing its own
biodiversity roadmap, following the same collaborative approach (SBMI 2024, 2025). Other industries
—including the Swedish wind power and real estate sectors — have initiated cross-sector knowledge forums
and joint initiatives focused on biodiversity. This momentum has reached the policy level as well: in SOU
2025:21, Sweden’s Environmental Objectives Committee (Miljémalsberedningen 2025) highlights the value
of cross-sector collaboration and proposes the appointment of a national coordinator for business
engagement in biodiversity. Among the coordinator’s proposed tasks is supporting the development of
sector-specific biodiversity roadmaps, with the committee noting that “more sectors need roadmaps similar
to the one developed by the mining and minerals industry.”

4 Lessons learned and next steps

The development of Mining with Nature has been a continuous learning journey for the Swedish mining and
minerals industry, uniting companies around a shared understanding of both the challenges and
opportunities related to biodiversity. This collective process did not end with the launch of the roadmap;
it continues as companies implement its commitments, grounded in principles of continuous improvement,
collaboration, and knowledge sharing.

The roadmap has created a foundation for joint innovation and the development of best practices tailored
to Swedish ecological and regulatory conditions. It functions as a common platform for testing new
approaches, improving restoration techniques, and strengthening biodiversity management across the
sector. It has also helped to align the industry around a common language and direction, which is critical for
progress and transparency.

Although Mining with Nature is centred on ecosystemes, it ultimately speaks to a broader societal imperative.
Nature underpins human well-being, economic resilience, and community life. Long-term sustainability in
the mining sector is no longer only about technical performance, safety, or pollution prevention. It is also
about restoring functioning ecosystems that support other industries, such as reindeer herding and tourism,
and other land uses. It’s about giving back a living, resilient landscape after mining activity has ceased.

In 2025, the Swedish mining and minerals sector will carry out a comprehensive gap analysis to assess its
current position relative to the 2030 biodiversity goal. The analysis will identify remaining gaps, as well as
any new needs that have emerged since the roadmap’s release in 2020. This assessment will inform an
update of the roadmap, ensuring that it continues to effectively support the industry on its path toward a
nature-positive future.

5 Conclusion

Mining with Nature has shown the power of industry-wide collaboration in addressing complex sustainability
challenges. By joining forces in the pre-competitive space, companies within the Swedish mining and minerals
sector have been able to build shared knowledge, create momentum, and align around a common direction.
This collective effort has not only strengthened individual company initiatives but has also amplified the
industry’s ability to contribute to national and global biodiversity goals.

Working together has provided both clarity and motivation. The roadmap has helped companies learn from
one another, develop effective practices, and communicate more clearly — both within the sector and to the
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outside world. It has also inspired action beyond the mining sector, demonstrating that a unified approach
can serve as a catalyst for broader change.

The Swedish mining and minerals sector’s experience underscores that sustainability leadership is not a
solitary journey. It is through collaboration, transparency, and a willingness to learn that meaningful progress
is made. Mining with Nature represents a model of how industries can take responsibility for nature and
work toward long-term ecological and societal resilience.
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