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Abstract

The mining industry has a central but ambivalent role in the sustainability transition, as it
both supplies critical raw materials for low-carbon technologies and needs to reduce its own
emissions. Electrification of mobile machinery is a important step, but it requires more than
replacing diesel equipment with electric alternatives. It also involves changes in infrastructure,
mine planning, supplier relations, routines and decision-making, while several technologies remain
under development. Therefore, electrification in mining can be understood as a socio-technical
transition rather than a purely technical change.

Combining transition studies with perspectives from organizational change, this thesis analyzes
how perceived organizational barriers and technological uncertainty shape how an incumbent
mining organization handles electrification. While transition studies provide a lens for under-
standing electrification as part of a broader socio-technical transition, organizational change per-
spectives are used to examine how this transition is interpreted, negotiated and enacted inside
the organization. Previous transitions research has often treated incumbent firms as relatively
coherent regime actors, leaving limited understanding of how internal organizational conditions
shape transition processes. Empirically, the study is based on a qualitative embedded single-
case study, including semi-structured interviews with internal and external actors, as well as
observations from two mine sites.

The findings show that electrification is widely perceived as a necessary and desirable long-term
direction within the organization, driven by environmental goals, improved work environment,
long-term competitiveness and potential cost efficiency. At the same time, uncertainty regard-
ing technology maturity, supplier capacity, infrastructure requirements, geopolitics, future costs
and operational consequences makes the organization hesitant to test, invest in and commit to
specific electrification path. These uncertainties are interpreted through existing responsibili-
ties, priorities and routines, meaning that support for electrification remains conditional and
varies across organizational roles. The study identifies this as an uncertainty paradox: because
uncertainty limits experimentation and commitment, opportunities for learning are reduced,
which in turn reproduces the uncertainty that slows the transition. As a result, electrification
remains exploratory and fragmented. Pilot projects and supplier collaborations generate valu-
able knowledge, but this learning is not always sufficiently shared or translated into coordinated
organizational action.

The study further conceptualizes the incumbent firm as a micro-regime, where internal routines,
production-oriented priorities, decentralized decision-making, local autonomy and role-specific
interpretations reproduce stabilizing mechanisms usually associated with broader socio-technical
regimes. This shows that electrification is constrained not only by external technology and market
conditions, but also by internal organizational structures that shape how new technologies are
evaluated and acted upon.

By opening the incumbent “black box”, this thesis contributes to a more nuanced understand-
ing of how established industrial firms handle sustainability transitions. The findings show that
incumbent firms are neither simply resisting nor straightforwardly driving change. Instead, they
navigate transitions through internal negotiations between long-term sustainability ambitions,
technological uncertainty and established operational logics. The study therefore highlights the
importance of shared learning, clearer strategic translation and stronger coordination across orga-
nizational levels in order to move from fragmented exploration toward more deliberate transition
management.
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1 Introduction

The mining industry is a well-established sector long characterized by tradition and culture
(Cano Sanchiz, 2014). With the emergence of battery technology for heavy vehicles, mining
companies are now conducting a transition by electrifying their operations. This transition is
strongly motivated by both social and environmental goals, as well as by long-term profitability.
The first chapter of this thesis will therefore describe the background and motivation for this
study, while also outlining its purpose, research questions and delimitations.

1.1 Background

The mining industry faces a substantial challenge in aligning its operations with increasing de-
mands for sustainability while maintaining productivity and competitiveness (Amegboleza &
Ülkü, 2024). As one of the most energy-intensive and emission-heavy sectors, it has traditionally
relied on diesel-powered machinery and fossil-fuel-based electricity, making decarbonization par-
ticularly complex (Liu et al., 2021). Diesel fuel alone can account for between 30–50 percent of
a mine’s total energy use, underlining the significant potential for both cost and efficiency gains
when switching to electric machinery (Ertuğrul, 2024).

Sweden is one of Europe’s most important mining nations, responsible for approximately 92 per-
cent of the European Union’s iron-ore production and a significant share of copper, zinc and gold
(Kungl. Ingenjörsvetenskapsakademien (IVA), 2024). The Swedish mining cluster, comprising
mines, smelters, equipment manufacturers and research organizations, forms a key part of the
country’s industrial landscape and export economy. Sweden’s nearly fossil-free electricity sys-
tem and long tradition of technological innovation provide favorable conditions for sustainable
mining.

Metals and minerals are essential for renewable-energy systems, electric mobility and digital
infrastructure, which has led to rapidly increasing demand for critical raw materials such as
copper, nickel, lithium and graphite (Farla et al., 2012). The mining sector thus occupies a dual
role, both as an enabler of and participant in the global sustainability transition.

Furthermore, technological development within the mining industry is advancing rapidly. Im-
provements in battery performance, charging systems and automation are making electric mining
operations more efficient and better integrated with digital tools (Ertuğrul, 2024). However, the
fast pace of change also creates organizational challenges. As Luther et al. (2023) emphasize,
traditional change-management models often assume stable conditions and clearly defined goals,
which makes them less effective when technologies and work practices are evolving continuously.

These circumstances suggest that electrification can be understood as an ongoing socio-technical
transition, or more specifically, a sustainability transition, rather than a discrete technical change,
involving interacting technological, social and organizational dimensions (Farla et al., 2012). Ac-
cording to Geels (2004), a transition is a long-term shift from an established socio-technical
system to an emerging and often more sustainable one, as technology and society co-evolve in
how a societal function is provided. In this study, the focal system concerns the provision of
mobile machinery for mining operations and its transition from diesel-based to electrified solu-
tions. This includes emerging niche innovations such as battery-electric machinery, fast charging
systems, battery swapping solutions and trolley-assisted systems, which can be understood as
different niche innovations. The system further involves key institutional and organizational
actors, including a mining company as system integrator, along with external actors such as a
vehicle and machinery supplier and an energy provider, representing different parts of the broader
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industrial network. Geels, 2004 further states that transitions involve a system reconfiguration
across technology, actor constellations and institutions, where institutions are the “rules of the
game”, meaning the formal regulations, informal norms and shared routines that coordinate and
stabilize how the existing system works.

Research on complex socio-technical systems highlights that leadership approaches, organiza-
tional structures and decision-making cultures shape how organizations make sense of and re-
spond to technological change under conditions of uncertainty, rather than allowing for linear
control or prediction (Luther et al., 2023). From this perspective, organizational responses to
electrification are shaped by existing ways of working, path-dependencies and lock-ins which
helps explain why change processes often develop unevenly and in non-linear ways.

1.2 Problem analysis

The mining industry plays a central role in the global transition toward a low-carbon and
resource-efficient economy. Metals and minerals are critical for building renewable energy sys-
tems, electric vehicles and the digital infrastructure needed for sustainable development (Kungl.
Ingenjörsvetenskapsakademien (IVA), 2024). At the same time, the mining sector itself is under
strong pressure to reduce its own environmental footprint and to operate in line with national
and international climate goals. Achieving these objectives therefore involves ongoing changes
in both technology and organizational practices, shaped by uncertainty, interdependencies and
evolving conditions (Turnheim & Sovacool, 2020).

Luther et al. (2023) emphasize that rapid technological development itself creates a moving
target for organizations, making it difficult to establish stable routines or long-term strategies.
In such dynamic contexts, change unfolds through the co-existence of established technologies
and multiple emerging alternatives, with technologies and organizational practices co-evolving
rather than following a predefined development path (Geels, 2025).

The shift toward sustainable mining can be understood as a socio-technical process in which
technological change is closely intertwined with existing organizational structures, routines and
practices. In established industries, such structures often create path dependencies that shape
how new technologies are interpreted, tested and integrated over time (Onufrey & Bergek, 2021).
As technological development accelerates and remains uncertain, established approaches to man-
aging change, risk becoming misaligned with the conditions under which electrification unfolds
(Luther et al., 2023).

While existing transition research has provided important insights into the technical and envi-
ronmental aspects of electrification, previous transition studies have tended to treat incumbent
organizations largely as coherent regime actors, further described in section 2.1, paying limited
attention to the internal organizational processes through which transitions are interpreted, ne-
gotiated and enacted (Apajalahti & Kungl, 2022; Turnheim & Sovacool, 2020). In this sense,
incumbent firms risk being treated as a “black box”, meaning that something enters and some-
thing emerges, while the internal processes in between remain insufficiently visible or explained.
As Turnheim and Sovacool (2020) argue, this “black box” treatment from previous transition
studies has portrayed incumbents as homogeneous and static, a framing that can shift ana-
lytical focus toward external pressures and system-level dynamics while downplaying internal
agency, leadership practices and organizational culture (Goggins & Rau, 2021). This framing
casts incumbents as a uniform group primarily resisting change, thereby obscuring the diver-
sity of strategies and resources that exist within them (Turnheim & Sovacool, 2020). Moreover,
such a perspective risks overlooking that perceptions of the transition and its associated chal-
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lenges may vary across organizational roles and functions. What constitutes a barrieris therefore
not necessarily given, but may be interpreted differently depending on position, experience and
responsibilities within the organization.

As a result, there is still limited understanding of how organizational structures, routines and
actor interpretations shape and constrain the handling of electrification under conditions of
ongoing technological uncertainty. An organization-level perspective is therefore essential because
it reveals how transition-relevant capabilities and constraints are constituted inside firms, shaping
which strategic options become feasible, legitimate and actionable in practice (Magnusson &
Werner, 2023).

Against this background, focusing on perceived organizational barriers allows for an analysis
of how such challenges are understood, negotiated and acted upon within the organization,
rather than assuming them to be uniform or objectively defined. This study therefore focuses
on identifying perceived organizational barriers associated with electrification in an established
industrial context.

1.3 Purpose and Research questions

Electrification of mining operations can be understood as a key step within the sustainability
transition, with potential to deliver both environmental improvements and operational gains
(Liu et al., 2021; Rezaeian et al., 2024). At the same time, the transition cannot be reduced to
simply a matter of technological substitution (Rezaeian et al., 2024). Because electric vehicle
technologies for mining are evolving rapidly, near-term strategic choices and capital investments
may create path dependencies and lock-in effects that constrain future options. Decision-making
therefore takes place under conditions of uncertainty, where firms must account for technological
and market risks as well as the long-term implications of early commitments. However, focusing
solely on external uncertainty risks overlooking how transition outcomes are shaped by internal
organizational dynamics. Organizational culture, managerial practices and structural arrange-
ments influence how new technologies are evaluated, legitimized and implemented and may either
enable adaptation or reinforce established routines that slow down change (Moilanen & Alasoini,
2023).

Against this background, the purpose of this thesis is to analyze how perceived organizational
barriers and technological uncertainty shape how an incumbent mining organization handles elec-
trification as part of a socio-technical transition. While transition studies provide the overarching
theoretical framework, the study draws on concepts from change management and organizational
theory as analytical lenses to examine how internal structures, routines and practices influence
how electrification is interpreted and acted upon within the organization. By focusing on how
barriers are experienced and articulated by organizational actors, the study seeks to open the
organizational “black box” of incumbents, which remains underexplored in much of the sustain-
ability transitions literature.

Based on the empirical analysis, the study examines electrification in mining operations as an
ongoing sustainability transition and to analyze how internal organizational conditions shape
how this transition is handled within an incumbent mining organization.

The research is guided by the following question:

RQ: How do perceived organizational barriers and technological uncertainty shape how an in-
cumbent mining organization handles electrification?

7



1.4 Delimitations

Methodologically, the study adopts a qualitative research design based on interviews and doc-
ument analysis. The focus on perceived organizational barriers reflects the study’s interest in
how electrification is understood, interpreted and acted upon by organizational actors under
conditions of technological uncertainty. In this study, organizational barriers are not treated as
fixed or objective obstacles, but as barriers that emerge through established structures, routines,
decision-making practices and prior experiences within the organization. Rather than identify-
ing technical or performance-related constraints, the analysis examines how such organizational
arrangements shape responses to electrification as it unfolds.

Furthermore, the research was conducted within a single organization. While this allows for an in-
depth exploration of organizational dynamics, it also means that the findings are context-specific
and should not be interpreted as representative of the mining industry as a whole. Interviews with
selected external actors, such as technology suppliers, are included only so far as they contribute
to understanding how electrification is perceived and handled within the focal organization,
rather than to provide a comprehensive analysis of external stakeholder perspectives.

Technological uncertainty refers here to the evolving and unsettled nature of electrification tech-
nologies in mining, characterized by the coexistence of multiple technological pathways and the
absence of stable standards. This uncertainty complicates planning and decision-making, as
the long-term implications of early organizational commitments remain unclear. In this sense,
the concept of “perceived barriers” captures how organizational actors experience and articu-
late challenges related to electrification, which is consistent with transition studies’ emphasis on
opening the organizational “black box” of incumbent actors.

In line with the research question, the term “shape” is used to denote how perceived barriers and
uncertainty influence how an organization handles electrification, including how initiatives are
prioritized, coordinated and adapted over time. The study does not seek to evaluate outcomes,
determine success or assess the effectiveness of specific technological solutions. Broader societal,
regulatory and market-level pressures are included in the analysis insofar as they are reflected in
the empirical material through the organization’s own perceptions, interpretations and responses.
This means that landscape-level conditions are considered indirectly, through the ways in which
they are made sense of and acted upon within the organization, rather than being analyzed as
independent system-level drivers. In line with prior sustainability transition research emphasizing
the actor-centered nature of transition processes, the study focuses on how such external pressures
become meaningful in organizational practice rather than on how they emerge or operate at the
system level (Kump, 2022).

This study is geographically limited to Sweden, which constrains the contextual scope of the find-
ings. Regional characteristics such as infrastructure, climate conditions and access to renewable
energy may differ significantly in other mining regions, potentially limiting the transferability of
the results.

Finally, the empirical scope is limited to the electrification of vehicles directly linked to mining
operations at the site level. Other aspects of electrification, such as long-distance transportation
outside the mine site or supporting organizational functions, are not included. As a result, the
study provides a focused analysis of how an incumbent mining organization handles electrification
within a specific operational and organizational context.
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2 Theoretical framework

This section explains key ideas about sustainability transitions and how they can be understood
as broader socio-technical change processes. It introduces concepts such as socio-technical sys-
tems and the Multi-Level Perspective (MLP), as well as the role that incumbents play in both
maintaining and transforming existing systems. Path dependency and lock-in are then presented
to explain how established technologies and ways of working become reinforced over time and
make transitions more difficult. Next, the focus shifts to change management, including how
change is interpreted, communicated and managed within organizations, as well as factors such
as culture and resistance to change. Finally, the section presents the analytical foundation for
how the theoretical concepts are applied in the analysis. Together, this provides a basis for
understanding both the structural dynamics of transitions and how they unfold within organi-
zations.

2.1 Sustainability transitions

The sustainability transitions perspective examines far-reaching and structural shifts in sys-
tems of provision through which societies organize production and consumption (Geels, 2024).
These systems are understood as complex configurations that integrate material infrastructures,
technologies, market structures, user practices, institutional arrangements and cultural interpre-
tations. Rather than isolating technological change from social dynamics, the approach concep-
tualizes these configurations as socio-technical systems in which technical artifacts and social
structures are mutually constitutive (Geels, 2024).

Geels (2024) further characterizes sustainability transitions as multidimensional and co-evolutionary
processes that involve profound changes in socio-technical systems. Such systems are structured
configurations that align technologies with user practices, markets, cultural meanings, policy
frameworks and scientific knowledge in the provision of societal functions. Drawing on the socio-
technical systems perspective, stability emerges from the alignment of heterogeneous elements
coordinated through regulative, normative and cognitive rule structures, which makes transitions
long-term and difficult to achieve (Geels, 2004). At the same time, transitions unfold through
the actions and interactions of multiple actors with different interests, visions and beliefs, which
makes them political, contested and full of struggle. Although sustainability transitions are ex-
plicitly goal oriented in that they seek major improvements in environmental performance while
remaining socially and economically viable, agreement on overarching ambitions does not re-
move conflicts over preferred pathways and technological options. Because multiple innovation
trajectories may co-exist and because developments may accelerate, stall or generate unintended
consequences, transition processes are non-linear, uncertain and open-ended rather than pre-
dictable. Sustainability transitions research often takes specific innovations as an analytical
entry point and then examines how their emergence, diffusion and societal embedding depend on
interactions with these wider socio-technical structures and actor constellations (Geels, 2024).

To analytically structure these complex and contested processes, sustainability transitions re-
search frequently draws on the Multi-Level Perspective (MLP) (Geels, 2004, 2024). The MLP
conceptualizes socio-technical transitions as emerging from interactions between three analytical
levels: niches, socio-technical regimes and the socio-technical landscape (Geels, 2004).

• Niches: Radical innovations typically originate in peripheral niches, where entrepreneurs,
start-ups, activists or other outsiders experiment with alternative technologies and prac-
tices. These niches function as protected spaces that shield emerging innovations from

9



mainstream market selection pressures while enabling learning processes, network forma-
tion and gradual improvement (Geels, 2004, 2024).

• Regime: In contrast, existing socio-technical systems are reproduced and incrementally
adapted by incumbent actors. Their activities are guided by socio-technical regimes, un-
derstood as relatively stable rule structures that shape perceptions, strategies and routines
(Geels, 2004). Regimes are further stabilized by multiple lock-in mechanisms, includ-
ing techno-economic investments, cognitive routines and institutional arrangements, which
make established systems resistant to radical change (Geels, 2024).

• Landscape: Both niche innovations and regimes are influenced by broader exogenous
developments at the landscape level, which includes long-term macro-trends as well as
sudden shocks beyond the direct control of system actors (Geels, 2004, 2024). Transitions
occur when landscape pressures and internal regime tensions create windows of opportunity
that enable niche innovations to diffuse more widely and challenge incumbent structures
(Geels, 2004).

The MLP further suggests that transition processes can be understood as unfolding through
broader phases marked by different dominant dynamics (Geels, 2024). In a more explorative
phase, developments are characterized by experimentation, learning and the testing of alterna-
tive solutions, while networks and expectations are still emerging. In a more stabilizing phase,
certain solutions begin to gain wider acceptance, become more coordinated and are increasingly
embedded in routines, practices and broader socio-technical structures.

2.1.1 The role of incumbents

Within the MLP framework, firms occupy a central position in the reproduction and transfor-
mation of socio-technical systems. Early transition literature often conceptualized the field in
terms of a dichotomy between new entrants and incumbents (Geels, 2024). Radical innovations
were typically associated with entrepreneurial newcomers operating in protected niches, while
incumbent firms were portrayed as actors with vested interests in existing regimes and there-
fore inclined to defend and incrementally improve established systems. Due to techno-economic
investments, cognitive routines and institutional commitments, incumbents were frequently de-
scribed as locked into predictable trajectories and reluctant to engage in disruptive change,
particularly in the early phases of transitions (Geels, 2024). Early sustainability transitions
research more broadly reinforced this image of incumbents as regime defenders who resist radi-
cal change (Turnheim & Sovacool, 2020). They were often depicted as reinforcing institutional
structures through lobbying, incremental innovation and strategic delay, thereby contributing to
technological lock-in and the persistence of unsustainable systems (Turnheim & Sovacool, 2020).

More recent scholarship, however, challenges this simplified dichotomy and argues for a plural-
ized understanding of incumbency (Turnheim & Sovacool, 2020). Incumbency is not limited to
large firms but may characterize a range of actors embedded in dominant socio-technical config-
urations. Moreover, incumbent firms within the same industry may pursue divergent strategies,
ranging from defensive maintenance of regime structures to proactive engagement in innovation
and system reconfiguration. An incumbent’s strategic orientation may also shift over time as op-
portunity structures, regulatory pressures and market conditions evolve (Turnheim & Sovacool,
2020).

Magnusson and Werner (2023) further refine this perspective by conceptualizing incumbent
behavior along two analytical dimensions: innovating versus defending and collaborating ver-
sus competing. Their framework distinguishes between capable compounds, networked change
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agents, institutional constituents and path-dependent specialists, thereby illustrating that in-
cumbents may either reinforce regime stability or actively contribute to transformative processes
depending on their strategic positioning. Whether incumbents are interpreted as barriers or
drivers of sustainability transitions thus depends not only on structural lock-in mechanisms but
also on the analytical level and perspective adopted (Magnusson & Werner, 2023).

2.1.2 Path dependency in the industrial context

Path dependence provides a key lens for understanding why socio-technical regimes remain stable
even under conditions of uncertainty. Within sustainability transitions research, such stability is
understood as the result of historically developed configurations of technologies, infrastructures,
institutions and routines that reinforce existing trajectories over time (Geels, 2004). As described
by Apajalahti and Kungl (2022), path dependence refers to a process in which early choices and
existing arrangements become progressively reinforced, giving the incumbent trajectory cumula-
tive advantages and making alternatives increasingly difficult to pursue.

This process is sustained by a set of five self-reinforcing mechanisms (Apajalahti & Kungl, 2022):

• High set-up costs and economies of scale, making established options more cost-efficient as
they expand.

• Network effects and coordination advantages, increasing the value of a technology or rule
system as more actors adopt it.

• Complementarities, strengthening dominant configurations when technologies, infrastruc-
tures and business areas fit well together.

• Learning effects, building up skills and practical knowledge within the existing socio-
technical configurations and make switching more difficult.

• Adaptive expectations, leading actors to follow dominant trends because they expect the
existing socio-technical configuration to remain advantageous.

Path dependence operates across multiple levels. At the system level, it is reproduced through
infrastructures, market rules and sector-wide coordination, while at the organizational level it is
enacted through firm-specific routines, capabilities and decision processes (Apajalahti & Kungl,
2022). These reinforcing mechanisms are closely tied to material arrangements such as production
facilities, supply chains and energy systems, which develop technological momentum and make
existing configurations difficult to abandon (Geels, 2004). At the same time, sunk investments
and specialized capabilities further strengthen incentives to remain within the existing socio-
technical configurations (Geels, 2004).

Lock-in refers to the resulting condition in which a socio-technical system becomes sufficiently
rigid that switching to alternative trajectories is highly difficult or prohibitively costly, even when
such alternatives may be superior (Apajalahti & Kungl, 2022). While path dependence describes
the reinforcing process that narrows the range of available options, lock-in denotes the outcome
of this process, where technological, institutional and cognitive structures stabilize the existing
system across technological, institutional and cognitive dimensions (Apajalahti & Kungl, 2022;
Geels, 2004). This stability is further reinforced through cognitive and normative routines that
shape what is perceived as feasible and legitimate within the system (Geels, 2004).
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To explain how such stability may be disrupted, Apajalahti and Kungl (2022) introduce the
concept of path break-out, defined as a process in which the range of plausible alternatives
expands as self-reinforcing mechanisms weaken. They distinguish between two modes:

• Path dissolution refers to unintended break-out driven by external pressures such as shocks,
crises or technological disruptions.

• Path breaking refers to deliberate and strategic efforts by actors to challenge and reconfigure
the existing trajectory.

Such efforts may involve developing new business solutions, shifting towards exploratory learning
and experimenting with alternative technologies and typically require recognition of the lock-in
situation and reflexive organizational processes.

As a result, transitions in industrial systems tend to unfold gradually, with old and new config-
urations often co-existing over extended periods. Rather than abrupt substitution, transitions
typically involve processes of incremental reconfiguration, where emerging technologies initially
function as complements before potentially replacing dominant regimes (Farla et al., 2012; Geels,
2004).

2.2 Organizational change

Transition studies has traditionally approached sustainability transitions from a system-level per-
spective, focusing on how technologies and institutions co-evolve within socio-technical regimes
and how broader landscape pressures shape regime stability and change (Fuenfschilling & Truffer,
2015). Radical shifts have often been explained through external shocks that destabilize existing
regimes, while the internal processes through which organizations and actors enact change tend
to be described less explicitly. Delmas et al. (2019) likewise note that assessing firms’ roles in
these processes is challenging partly because it requires micro-level data that is not always avail-
able in conventional transition analyses. Against this, Fuenfschilling and Truffer (2015) argue
that integrating organizational theories helps explain why technically viable innovations may
still be blocked when they lack institutional fit or encounter active resistance. In this sense,
what transition studies tends to underexpose is not only the role of firms as actors in transitions,
but also the internal organizational processes through which transition pressures are interpreted,
negotiated and translated into action. Organizational theory can help address this by direct-
ing attention to how organizations respond to such pressures through their structures, routines,
capabilities and change processes.

In order to understand the internal processes that transition studies tends to underexpose, it is
relevant to turn to the literature on organizational change, which concerns how organizations
renew or modify their direction, structures and capabilities in response to shifting demands from
both external and internal stakeholders (Todnem By, 2005). In this sense, change is not an
exceptional event but an ongoing feature of organizational life that may involve both operational
adjustments and broader strategic reorientation (Todnem By, 2005). The drivers of change are
often multi-sourced and can stem from environmental turbulence, such as technological innova-
tion, competitive dynamics and broader socio-demographic shifts, as well as internal pressures
such as performance problems, accumulated inefficiencies or misalignment between strategy and
capabilities. These can trigger change initiatives, sometimes abruptly through crises rather than
through deliberate planning (Nahavandi, 2015; Todnem By, 2005).

How organizational change unfolds is shaped by the interaction between organizational arrange-
ments and human agency. Change may take the form of planned initiatives, but it can also
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develop more incrementally through the reconfiguration of everyday practices, as organizational
members interpret new demands and translate them into operational decisions (Nahavandi, 2015;
Todnem By, 2005). From this perspective, change is not only something that is “implemented”
from the top, but something that is enacted across different organizational roles and levels, where
structures, decision rights and routines condition whether new ways of working can be tested,
stabilized and scaled (Todnem By, 2005). This also helps explain why organizations experience
different tempos and trajectories of change, ranging from continuous adjustment to more discon-
tinuous shifts, depending on both environmental pressures and internal capacity to absorb and
institutionalize change (Todnem By, 2005).

Change is often difficult because it disrupts established expectations and introduces uncertainty
for organizational members (Nahavandi, 2015). Such disruption frequently manifests as resis-
tance to change, since change processes can generate stress and ambiguity even when the intended
outcomes are positive (Nahavandi, 2015). Resistance tends to emerge when individuals do not
feel prepared, lack clarity about goals or perceive that the change threatens valued competences,
roles or established working practices (Nahavandi, 2015). It can also be reinforced by organiza-
tional conditions, including entrenched routines and structural inertia that keep everyday work
anchored in the status quo, as well as misaligned systems for incentives, performance evaluation
and resource allocation that fail to support the behaviors required for the new direction (Naha-
vandi, 2015). Moreover, resistance may intensify when organizations initiate successive changes
without allowing earlier initiatives to consolidate, creating fatigue and undermining confidence
in the change process (Nahavandi, 2015).

Resistance becomes problematic because it can slow implementation, weaken commitment and
reduce the likelihood that new practices become embedded over time (Nahavandi, 2015). To re-
duce resistance, Nahavandi (2015) emphasizes the importance of clarifying the purpose of change
and its implications for employees, involving organizational members to build commitment and
readiness and providing support through communication, training and leadership behaviors that
reinforce the desired direction. Aligning rewards and managerial practices with the new expecta-
tions is also critical, as it signals which behaviors are valued and helps translate change objectives
into everyday action (Nahavandi, 2015).

2.2.1 Organizational culture

Organizational culture refers to the shared system of values, norms, beliefs and often implicit
assumptions that organizational members hold in common (Azeem et al., 2021). These shared
meanings shape how individuals interpret their organization and its environment and they pro-
vide a behavioral reference point for what is considered appropriate and effective in everyday
work (Azeem et al., 2021; Nahavandi, 2015). In this sense, organizational culture is not sim-
ply a collection of visible practices, it also includes underlying, taken-for-granted assumptions
that influence how problems are framed, how decisions are justified and which behaviors are so-
cially reinforced (Nahavandi, 2015). Organizational culture therefore functions as an interpretive
and normative infrastructure that both enables coordination and constrains what organizational
members perceive as legitimate or feasible.

Organizational culture is typically understood as something that emerges over time rather than
being designed in a fully deliberate way. As organizational members face recurring tasks and
challenges, shared experiences produce patterns of learning about “what works” and “what
does not,” which gradually become stabilized as norms, routines and assumptions (Nahavandi,
2015). Through repeated interaction, these patterns are transmitted to newcomers through
socialization and become part of the organization’s distinct character, differentiating it from other
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organizations even within the same industry (Azeem et al., 2021; Nahavandi, 2015). Because
culture is shaped by collective learning, it becomes embedded not only in official statements,
but also in informal expectations about how people communicate, collaborate and respond to
uncertainty.

Several forces influence how culture takes shape and how it is maintained. A central mechanism
is leadership, particularly the imprinting role of founders and senior leaders (Azeem et al., 2021;
Nahavandi, 2015). Leaders influence culture by articulating vision and mission, by role modeling
what is valued in practice and by reinforcing cultural expectations through concrete decisions
such as who is hired and promoted, which behaviors are rewarded and what is sanctioned or
discouraged (Nahavandi, 2015). Over time, these signals accumulate into stable shared under-
standings of what the organization prioritizes and how work should be carried out. Culture also
operates as an informal control system. By defining what is acceptable or unacceptable, it shapes
members’ behavior even in the absence of formal rules, thereby coordinating action and reducing
uncertainty in daily operations (Azeem et al., 2021; Nahavandi, 2015).

Culture is often difficult to change since it provides the organizational stability. Once cultural
assumptions become taken for granted, they are reproduced through routines, habitual decision
practices and social expectations, making them resistant to challenge (Nahavandi, 2015). Cul-
tural patterns are reinforced by multiple mutually supporting elements such as informal norms,
reward systems, leadership signals and shared histories. This means that attempts at change
frequently confront inertia when new practices conflict with established understandings of what
is legitimate, appropriate, or “how we do things” (Azeem et al., 2021). As a result, organizational
culture can function as a significant barrier to organizational change since it stabilizes behav-
ior and supports coordination, yet it can also inhibit adaptation when environmental demands
require new interpretations, capabilities or ways of working (Nahavandi, 2015). In this way,
organizational culture is both a source of continuity and a potential constraint on transitions,
making it a critical concept for understanding why organizations differ in their capacity to adjust
under conditions of uncertainty and change.

2.2.2 Communication for learning

Communication within organizations can be understood as the ongoing transactions between in-
dividuals and groups at different levels that make it possible to coordinate day-to-day activities
and shape organizational work over time (Dolphin, 2005). From this perspective, communication
is not simply the transfer of information from sender to receiver, but a central organizational
process through which meaning, priorities and direction are created, negotiated and sustained.
Internal communication is therefore closely tied to how employees understand the organization,
their role within it and the broader purpose of their work. Dolphin (2005) emphasizes that inter-
nal communication is strategically important because it contributes to employee relations, trust,
motivation and the provision of timely and reliable information, particularly during periods
of change and stress (Dolphin, 2005). Bingham and Jeary (2007) similarly argue that com-
munication should be regarded as a strategic asset and describe it as the “glue” that holds the
organization’s value chain together (Bingham & Jeary, 2007). In this sense, good communication
is not merely frequent communication, but communication that is clear, purposeful, continuous
and aligned with organizational strategy and objectives. Messages need to be understandable to
employees and consistent across channels, since communication that is vague, overly abstract,
or filled with business jargon risks creating what Bingham and Jeary (2007) describe as a kind
of verbal fog (Bingham & Jeary, 2007). When this happens, formal statements of strategy may
exist on paper, but their practical meaning becomes unclear for employees. Strategic goals may
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then appear distant, hollow or disconnected from everyday work, making it more difficult for
employees to understand what is expected of them and how their actions contribute to organi-
zational objectives. For this reason, effective communication also requires integration across the
organization, so that employees are not confronted with fragmented or conflicting messages from
different functions, but can instead relate their own work to a coherent and shared organizational
direction (Bingham & Jeary, 2007; Dolphin, 2005).

Updated information and feedback are especially important because they shape how employees
interpret their work situation, engage with organizational priorities and respond to change. Re-
search shows that employees tend to work more effectively when they are fully informed and that
timely and reliable information about goals, developments, activities and achievements helps fos-
ter involvement, organizational identification and a shared vision of the future (Dolphin, 2005).
At the same time, successful communication in this regard depends not only on top-down infor-
mation flows, but also on opportunities for employees to speak, be listened to and participate
actively in organizational processes (Dolphin, 2005). Feedback is therefore important not only as
a corrective mechanism, but also as a means of creating mutual understanding and reducing the
distance between strategic intent and everyday practice. This becomes particularly important
during periods of change, when employees are often required to move away from established
routines and familiar systems toward a more uncertain future. In such situations, communi-
cation has a crucial role in explaining why change is taking place, clarifying expectations and
helping employees make sense of new conditions (Dolphin, 2005). When organizations fail to
provide sufficiently clear, timely and consistent information, the consequences can be significant.
Bingham and Jeary (2007) show that inaccuracies, misunderstandings and unclear messages can
spread and intensify through what they describe as a multiplier effect (Bingham & Jeary, 2007).
In practice, this means that relatively small points of confusion may expand into larger organi-
zational problems as messages are repeated, interpreted differently, or acted upon inconsistently
across units and levels. Employees may act on incomplete or incorrect information, which can
lead to duplicated work, delays, wasted effort and the need to redo tasks. At the same time,
poorly communicated strategies or initiatives may create low morale, cynicism and distrust to-
ward management, especially when employees cannot see the connection between organizational
ambitions and their own day-to-day responsibilities (Bingham & Jeary, 2007). Dolphin (2005)
further notes that when reliable information is absent, rumors and speculation often fill the gap,
thereby intensifying uncertainty and resistance rather than supporting coordination and learning
(Dolphin, 2005). Taken together, this suggests that insufficient communication is not merely an
information problem, but an organizational problem that affects motivation, trust, learning and
the capacity to implement strategy in practice.

2.2.3 Lewins Force Field model for change

Lewin’s Force Field Model conceptualizes organizational change as the result of a balance between
driving forces and restraining forces. Organizations are seen as existing in a state of relative
equilibrium, in which some forces push toward change while others maintain the status quo
(Lewin, 1951 as cited in Nahavandi, 2015). Driving forces are those that create momentum for
change, such as technological development, market pressure, sustainability demands or strategic
ambitions. Restraining forces, by contrast, are those that hinder movement by reinforcing existing
ways of operating. These may include established routines, group norms, uncertainty, fear of loss
or lack of resources. When driving and restraining forces are of equal strength, the organization
remains in a state of static equilibrium, meaning that no movement toward change occurs (Lewin,
1951 as cited in Nahavandi, 2015).
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The model is particularly relevant for understanding resistance to change because it treats resis-
tance as an inherent and expected part of organizational life rather than as a purely individual
problem. In a sustainability transitions context, this is especially useful for understanding how
incumbent actors handle tensions between established regime-aligned practices and emerging
pressures for change (Kump, 2022). As emphasized by Kump (2022), Lewin’s field theory is
useful in this regard because it bridges different levels of analysis. It captures the psychological
field at the individual level, the social field constituted by interdependent group relations and
the broader external environment shaped by forces such as policy, market conditions and institu-
tional arrangements. Resistance can therefore not be reduced to individual unwillingness alone,
but must also be understood in relation to the social forces, shared norms and interdependencies
that shape action within groups, as well as the wider external pressures that influence what
forms of change are seen as possible or necessary. From this perspective, failed change efforts do
not necessarily reflect weak ideas or poor strategic intent, but may instead indicate that the re-
straining forces supporting the current state remain too strong (Kump, 2022; Nahavandi, 2015).
Kump (2022) further suggests that resistance may be understood as a way for actors to navigate
force conflicts, particularly when proposed change intensifies tensions between internal values,
established norms and new external demands (Kump, 2022).

Although change can in principle be achieved either by strengthening driving forces or by weak-
ening restraining forces, Lewin’s framework suggests that reducing resistance may often be the
easier approach. Simply increasing pressure for change can intensify opposition, especially when
employees experience change as imposed or threatening. The model therefore highlights that
successful change is not only about creating stronger drivers, but also about identifying and
addressing the factors that generate resistance (Nahavandi, 2015). In this respect, Kump (2022)
notes that interventions based on collective group decisions are often more effective than at-
tempts to change attitudes one individual at a time, since social fields are shaped by members’
interdependence and shared standards. This further supports the view that restraining forces
often need to be addressed at the group level rather than only at the level of individual attitudes
(Kump, 2022).

The Force Field Model is thus useful as an analytical tool for examining both what promotes and
what constrains organizational change. In particular, it draws attention to the importance of
reducing the forces that uphold the status quo, rather than assuming that change can be achieved
solely by intensifying the forces pushing for it (Nahavandi, 2015). This makes the model useful
not only for conceptualizing resistance, but also for analyzing more specifically where change
becomes blocked in practice.

16



Figure 1: Force Field Model for Change, replicated from Nahavandi, 2015.

2.3 Analytical framework

In order to answer the research question, this study uses the analytical framework described in
this section. The framework is designed to connect the empirical material with the theoretical
framework and to support an integrated analysis of electrification in mining operations. More
specifically, it combines insights from sustainability transitions and organizational change in
order to examine electrification as an ongoing sustainability transition and to analyze how the
organization responds to this transition internally.

The analytical framework takes as its point of departure the perceived barriers and drivers re-
lated to electrification. Sustainability transitions theory is used to situate electrification within
a broader socio-technical transition, highlighting how it is embedded in existing systems of tech-
nologies, infrastructures and organizational practices. Building on this, the empirical material is
used to assess the current stage of the transition and whether it is characterized by a more explo-
rative or a more stabilizing phase. The framework then draws on concepts of path dependency
and lock-in to identify how existing socio-technical structures and self-reinforcing mechanisms
shape and constrain the transition. However, broader system-level conditions are only included
in the analysis insofar as they are expressed in the empirical material through how they are
perceived, interpreted and described within the organization. Organizational change theory is
used to analyze how change is understood, communicated and managed within the organization,
and how culture, routines, communication and learning may support or hinder adaptation in
relation to electrification.

Together, these two fields make it possible to open the incumbent black box. Rather than
treating the incumbent firm as a passive actor responding automatically to external pressures,
the framework enables an analysis of how sustainability transition challenges are interpreted,
managed and acted upon internally within the organization. This makes it possible to examine
how broader transition dynamics, such as technological uncertainty, path dependence, transition
phases and pressures for regime change, become relevant in the analysis when they are reflected
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in the organization’s own accounts and are translated into organizational practices and responses.
In this way, the empirical material can be interpreted in relation to organizational concepts that
help explain how and why certain organizational tools or approaches may be more or less suitable
for managing an ongoing transition.

The framework thus enables an analysis of how the electrification transition, in its current phase,
creates particular organizational challenges as perceived and articulated within the case orga-
nization. This makes it possible to discuss how internal organizational conditions influence the
organization’s ability to respond to these challenges and why certain organizational approaches
may be more or less suitable in an ongoing transition.

The output of the framework is therefore an integrated analysis of how the organization navigates
electrification in the context of an ongoing sustainability transition and how internal organiza-
tional dynamics may facilitate or constrain the organization’s transition toward electrification.
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3 Method

The Methodology chapter outlines the processes and methods applied in this master’s thesis.
This is followed by a description of the case study design and the qualitative methods that were
used, including the literature review, semi-structured interviews and observations.

Furthermore, the chapter explains how the collected data is going to be analyzed through the-
matic coding.

3.1 Research Process

The research process describes the overall plan for how the study was conducted, from for-
mulating the research question to collecting and analyzing data. The study aims to examine
electrification in mining operations as an ongoing sustainability transition and to analyze how
internal organizational conditions shape how this transition is handled within an incumbent min-
ing organization. To address this aim, a qualitative approach was chosen, as qualitative research
allows for an in-depth understanding of human experiences, behaviors and social processes in
their natural context (Hennink et al., 2020). Rather than focusing on numerical measurement,
the study seeks to capture how people within the organization perceive, interpret and handle the
transition toward electrification.

The research process began with defining the study’s purpose and outlining the main questions
that guided the investigation. To place the research in context, an overview of the organization
was developed, describing its operations, structure and ongoing efforts toward electrification.
This helped create a deeper understanding of the setting in which the case study was carried
out. Next, a literature study was conducted to build the theoretical foundation for the study.
The literature study focused on sustainability transitions, organizational change, culture and
communication, which are central themes for understanding how electrification can be managed
within industrial contexts.

Given the complexity of electrification in the mining sector and its combination of technical
and organizational dimensions, this study adopts an embedded single-case study. Boliden’s
electrification process is examined as one bounded case, while different internal organizational
perspectives serve as embedded units of analysis. Embedded case studies allow one case to include
several subunits of analysis (Scholz & Tietje, 2002). This was considered appropriate since the
study does not examine electrification as one uniform process, but as something interpreted
and handled differently across the organization. The case is therefore treated as an instance of
organizational change that can generate broader insights into how large industrial firms handle
sustainability-driven transitions.

Several qualitative methods were combined to build a rich and nuanced empirical foundation.
Semi-structured interviews were used to gather detailed insights from employees and managers
involved in or affected by electrification projects. These were complemented by observations
of mining operations at Garpenberg and Aitik, which provided additional context and made it
possible to cross-check information from different sources. Using multiple methods in this way
supports triangulation, which can strengthen the trustworthiness of qualitative findings (Noble
& Smith, 2015).

The collected interview data were analyzed through thematic coding, following the approach of
Braun and Clarke (2006), as outlined in Section 3.5. This enabled the researchers to identify
central themes related to the socio-technical aspects of the electrification process and to link
these themes to the theoretical concepts discussed in the conceptual framework.
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Overall, the research process was iterative and interpretive, meaning that insights from the
empirical material continuously informed the understanding of the case and its theoretical im-
plications. This alignment between research question, methods and analysis provides a coherent
basis for examining how socio-technical uncertainty, together with perceived organizational bar-
riers, shapes the way electrification is interpreted, coordinated and managed within Boliden’s
mining operations.

3.2 Case study

A case study approach is appropriate when the research seeks to answer how or why questions
about a contemporary phenomenon that the researcher cannot manipulate and that must be
examined within its real-life context (Yin, 2014). Case studies make it possible to understand
complex social, organizational and technological processes as they unfold in practice. In this
thesis, an embedded single-case study design was adopted, where the overall case consists of
Boliden’s electrification process and different roles in the organization are analyzed as subunits.
An embedded design was considered suitable because the study does not examine electrification
as a uniform process only, but also captures how it is perceived and handled in different parts of
the organization (Scholz & Tietje, 2002).

This approach aligns closely with the exploratory nature of the thesis and supports analytic
generalization rather than statistical generalization. Insights derived from the case contribute to a
broader understanding of how established industrial firms can manage complex transitions toward
sustainability. Furthermore, the embedded single-case design supports theory building by linking
observed empirical patterns to existing perspectives on change management and sustainable
transitions (Eisenhardt & Graebner, 2007).

The empirical work included observations at two mine sites, Aitik and Garpenberg, as these
provided access to different operational contexts within the same company. In addition, in-
terviews were conducted with respondents from several parts of the organization, rather than
being limited to the two sites alone. This made it possible to combine site-specific insights with
broader organizational perspectives, while still treating Boliden’s electrification as one coher-
ent case (Scholz & Tietje, 2002). Combining these sources enables triangulation, which is a key
strategy in qualitative research to enhance the trustworthiness of findings (Noble & Smith, 2015).

3.3 Literature studies

The review was conducted to build a deep theoretical understanding of the organizational, cul-
tural and managerial aspects connected to sustainability transitions within the mining industry.
The purpose of this review is to identify how previous research has addressed large-scale tech-
nological transitions in established industrial contexts and to position this study within that
field.

A well-conducted literature review is essential for any empirical study, as it links the research to
existing theories and helps define why the study is needed (Rocco & Plakhotnik, 2009). Reviewing
earlier research also contributes to advancing the field by identifying both similarities and gaps
in previous studies (Paul & Criado, 2020). In this study, the review provided a theoretical
foundation for understanding how internal aspects such as leadership, culture and organizational
structure influence the success of electrification initiatives in traditional industries.

When performing the literature review, particular attention was given to selecting credible and
relevant sources. Finding appropriate academic literature can be challenging, especially in in-
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terdisciplinary areas such as technological transformation and sustainability. Therefore, a sys-
tematic approach was applied when identifying and evaluating potential sources. The main
databases that will be used is Web of Science, Scopus as well as targeted searches in the journal
Environmental Innovation and Societal Transitions.

To ensure relevance, two complementary methods was used when screening articles. The first
method involved analyzing keywords provided by the authors which is commonly found in the
title, abstract or keyword section, in order to assess their connection to the study’s topic. The
second method involves searching for the same keywords throughout the full text, to identify
additional relevant publications that might not explicitly list them as keywords (Paul & Criado,
2020).

In addition, course literature and previous research from areas such as transition studies and
organizational behavior were included to support the interdisciplinary nature of the study. The
chosen literature provides a broad perspective on both the technical and human aspects of this
transition, which is crucial when analyzing barriers, lock-ins and path-dependencies.

The literature review builds the theoretical foundation for this thesis, with a focus on sustain-
ability transitions and complementary perspectives from organizational change. These bodies of
literature were used not only to position the study within previous research, but also to develop
the analytical framework used in the empirical analysis.

The analytical framework was developed by combining concepts from transition studies, such
as socio-technical transitions, incumbents, path dependency and lock-in, with concepts from or-
ganizational change, such as organizational culture, communication, learning and resistance to
change. Together, these concepts provided analytical lenses for interpreting the empirical mate-
rial and for understanding how technological uncertainty and perceived organizational barriers
shape the handling of electrification within the case organization.

In this way, the literature review functioned as a bridge between theory and empirical analysis.
The framework was therefore used as an analytical tool to examine how broader transition
dynamics are translated into internal organizational interpretations, decisions and practices.

3.4 Qualitative research

Qualitative research aims to explore and understand human experiences, behaviors and social
processes by examining them in their natural contexts. Unlike quantitative approaches that focus
on numerical data, qualitative research seeks depth, meaning and interpretation. It involves
a cyclical process of designing, collecting and analyzing data, where each stage informs the
next. This iterative nature allows researchers to adapt their methods as new insights emerge
(Hennink et al., 2020). A qualitative research design is chosen to capture the depth, meaning
and interpretation of human experiences, behaviors and social processes as they unfold in their
natural organizational context.

3.4.1 Interview study

Conducting interviews is a qualitative method for collecting data, where the researcher seeks to
understand the interviewee’s perspective through verbal exchange. The interviewees are asked
to share their beliefs, attitudes and experiences related to the studied phenomenon (Rowley,
2012). This method is particularly valuable in research that aims to explore human behavior,
organizational practices and perceptions connected to change processes such as the electrification
of mining operations.
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There are three commonly used interview types: structured, unstructured and semi-structured
interviews. Structured interviews follow a predetermined set of questions asked in the same order
to all participants, while unstructured interviews are more open and focus on free discussion
around broad themes. The semi-structured interview method combines the two, including a
set of guiding questions but allowing flexibility for deeper exploration of relevant topics as they
emerge (Rowley, 2012).

For this study, semi-structured interviews were used to balance structure and flexibility, combin-
ing guiding questions with the opportunity to follow up and explore emerging themes in depth
(Rowley, 2012). Interviews were conducted in multiple settings depending on participants’ loca-
tion and availability, including on-site at Aitik and Garpenberg, at Boliden’s office in Stockholm
and online with participants from these and other company sites. Internal interviews were com-
plemented by a smaller number of external interviews with key suppliers, such as Scania and
the electricity supplier Vattenfall, to add relevant perspectives on the electrification transition.
However, preference was given to in-person interviews, as they tend to create richer discussions
and enable the researcher to capture non-verbal cues. All interviews were recorded and tran-
scribed verbatim using Word transcriber. After the thematic coding was conducted, described
in 3.5, relevant citations from the interviews were manually translated from Swedish to English.

The interview questions were designed to address the key theoretical areas of this study: or-
ganizational change and sustainability transitions and to explore how these interact during the
transition process. To reduce the risk of bias, particular care was taken to avoid leading ques-
tions and instead allow respondents to reflect on both opportunities and challenges related to the
transition. The interviews focused on mapping barriers across different organizational levels and
examining how uncertainty is perceived and handled by employees in various roles. Particular
attention was given to how structural and cultural factors, as well as internal communication and
organizational arrangements, shape openness or resistance to technological change and influence
how sustainability ambitions are interpreted and operationalized in practice. In addition, the
interviews explored practical challenges related to technology, infrastructure and implementa-
tion in the specific context of mining operations, as well as how previous decisions create path
dependencies that affect current choices. To better understand how barriers emerge and who is
affected by them, background factors such as education, prior work experience, tenure within
the company and professional role were also included. Examples of the main interview questions
can be found in A.

The interview study aims for depth rather than breadth, focusing on capturing nuanced in-
sights from key individuals within the organization. Open-ended questions were used to explore
one topic at a time, while yes/no questions were avoided to stimulate rich, descriptive answers
(Hennink et al., 2020). During the interviews, probes (short follow-up prompts) were used to
encourage elaboration and clarify responses. These were applied flexibly by the interviewer to
maintain structure while allowing for an open and conversational dialogue (Hennink et al., 2020).

When selecting interview participants, it is essential to identify individuals who can provide valu-
able insights connected to the research questions (Rowley, 2012). Therefore, purposive sampling
is used to include both internal and external stakeholders relevant to the electrification process.
Internal participants include employees and managers from various levels within Boliden, rang-
ing from strategic and project-oriented roles to operational staff working close to daily mining
activities. This enables the study to capture how electrification is perceived and handled across
different parts of the organization, including variations in interpretation, communication and
practical implementation of the transition. To complement the internal views, a smaller num-
ber of external experts in industrial change management and sustainable energy systems were
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interviewed. These include academic researchers and professionals with experience in manag-
ing large-scale technological transitions. Their input can provide comparative insights and help
identify broader organizational patterns.

By combining perspectives from different roles and contexts, the interview study provides a
comprehensive understanding of the organizational challenges and differing perceptions influenc-
ing Boliden’s electrification journey, as well as how these are shaped by structural conditions,
technological uncertainty and practical implementation issues.

3.4.2 Observations

Observation is a qualitative research method used to study behavior and interactions in their
natural setting. It enables the researcher to gain insight into everyday work practices, coordina-
tion and organizational dynamics as they unfold in context (Hennink et al., 2020). In this study,
observations are conducted to understand how mining operations are carried out in a context
where conventional fuel-based solutions co-exist with emerging electrified technologies.

The researchers visited active mine sites in Garpenberg and Aitik and observed daily operations
involving both established fuel-based vehicles and electrified or partially electrified solutions
where applicable. The purpose is not to compare technologies in terms of performance, but to
identify work routines, coordination practices and patterns of energy use that shape how different
technologies are integrated and handled in parallel.

Particular attention was given to how operators, supervisors and technical staff coordinate work
across different systems, as well as to informal interactions and communication related to plan-
ning, maintenance and problem-solving. The observations also enable cross-referencing from
information provided in interviews. Such observations provide insight into how organizational
structures, routines and roles influence how electrification is engaged with in practice. Field notes
are written after each observation to document activities, interactions and contextual impressions
relevant to the ongoing transition.

3.5 Thematic coding

This study used thematic coding to analyze the qualitative data, following the approach devel-
oped by Braun and Clarke (2006). The process began by reading the interview material several
times to become familiar with the content. Next, meaningful parts of the text were labeled with
initial codes that captured important ideas. These codes were then included into broader themes
that represent shared meanings or experiences. The themes were refined and named to ensure
they clearly reflect the data and the purpose of the study. The themes were named Economics,
Politics, Organization, Work environment and Infrastructure. The themes and codes
are visible in appendix C.

Thematic coding suits this study well since it allows both data-driven and theory-driven analysis,
making it possible to explore participants’ experiences while linking findings to the study’s con-
ceptual framework. During the process, the coding and theme structure were reviewed several
times to maintain consistency and clarity

3.6 Methodology critique

Since this thesis is based on a qualitative research approach, the chosen methods have been se-
lected according to common practices within qualitative case study research. The methodological
components are reviewed in relation to the study’s credibility and overall quality. Evaluating the
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soundness of a qualitative study involves considering aspects such as trustworthiness, consistency
and transparency (Noble & Smith, 2015). According to Eisenhardt and Graebner (2007), care-
ful documentation and the use of clear analytical procedures are essential to ensure the quality
and reliability of case-based research. These aspects are further discussed in terms of validity,
reliability, generalization and ethical considerations in the following sections.

3.6.1 Validity

In this study, validity has been addressed by ensuring that the collected data directly supports the
purpose and research questions. Semi-structured interviews were conducted with individuals from
different levels within Boliden who have been directly involved in the company’s electrification
projects. This selection enabled the researchers to capture multiple perspectives and gain a
nuanced understanding of how organizational factors influence the implementation process.

To strengthen the study’s credibility, information was gathered from several sources, including
internal project documentation and reports, allowing for data triangulation and cross-checking of
findings. This approach helps ensure that the analysis is grounded in factual experiences rather
than individual interpretations. Clear and consistent documentation of the data collection and
analysis process further enhances the transparency of the study.

A potential limitation lies in the fact that all interview participants are employed within the same
organization, which may increase the risk of shared assumptions or overly positive views toward
the electrification initiatives. In addition, the study may be affected by the fact that individuals
who agreed to participate may differ from those who declined or were not included. However,
this risk was mitigated by including respondents with different roles, departments and project
experiences to ensure that diverse perspectives were represented. Overall, by combining multiple
data sources, careful participant selection and systematic analysis, the study aims to maintain
high validity and provide results that accurately reflect Boliden’s organizational realities.

3.6.2 Reliability

In this thesis, reliability has been ensured by following a transparent and structured research
process. All interviews were conducted using a common interview guide, which guaranteed that
participants were asked the same core questions while still allowing for individual elaboration.
The collected data were transcribed and analyzed systematically through thematic coding to
reduce the risk of subjective interpretation. Internal project documentation was also reviewed
to confirm and complement the interview data, increasing the consistency of the findings across
sources. Throughout the research process, detailed notes were kept to maintain a clear record
of methodological decisions and analytical steps. This documentation supports the coherence
between data collection and analysis and allows others to follow the same logic if the study were
to be replicated.

A potential risk when summarizing and coding interview material is that parts of the partici-
pants’ answers may lose their original meaning when extracted from context. To address this,
the researchers continuously revisited the transcripts during the analysis phase to verify that in-
terpretations remained faithful to the participants’ intended message. While qualitative research
always involves a degree of interpretation, these procedures were applied to minimize bias and
enhance the overall reliability of the results.

A further limitation relates to the interview setting, as some interviews were conducted with
two participants present at the same time. This may have influenced how individuals expressed
their views, as participants could consciously or unconsciously adapt their responses in relation
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to each other. Such dynamics may reduce the independence of responses and limit the extent to
which individual perspectives are fully captured. To mitigate this, follow-up questions were used
to encourage clarification and ensure that different viewpoints could be expressed. However, the
potential influence of group dynamics should be considered when interpreting the results.

3.6.3 Generalization

Generalization has been considered in the design of this study. The results are based on several
sites within the same company, which gives the study a deeper understanding of the organization
but also limits how widely the findings can be applied. Since all data comes from the same
company, the results mainly reflect Boliden’s specific context and culture. However, many of
the challenges identified, such as resistance to change, coordination between departments and
the need for managerial support, are likely relevant to other industrial companies going through
similar transitions.

To strengthen the generalizability of the results, the study included participants from different
departments and organizational levels. This helped ensure that the findings were not based on
a single viewpoint but reflected a range of experiences across the company. The use of both
interviews and observations also provided more perspectives and helped identify patterns that
might apply beyond a single project.

Future research could include more companies in similar industries or combine qualitative inter-
views with quantitative surveys to increase the external validity of the results. This would make
it easier to see if the patterns found in Boliden’s case are common in other organizations facing
sustainability-driven transitions.

3.6.4 Ethical considerations

Ethical considerations have been an important part of this study to ensure that participants were
treated with respect and that the research was conducted responsibly. According to Christians
(2005), qualitative research must follow fundamental ethical principles such as informed consent,
privacy and accuracy. All participants in this study were informed about the purpose of the
thesis, their right to withdraw at any time and how the collected information would be used.
Participation was completely voluntary and consent was obtained before each interview.

Confidentiality has been maintained by anonymizing both the respondents and the specific
projects discussed during the interviews. No sensitive company information has been shared
and all data has been stored securely to protect the participants’ integrity. The researchers have
also been careful to represent the participants’ views accurately and avoid misinterpretation of
their statements.

As Christians (2005) highlights, ethics in qualitative research goes beyond formal guidelines and
includes the researcher’s responsibility to contribute to a fair and respectful process. The study
therefore strives to reflect the perspectives of the participants in an honest and transparent
manner, while also acknowledging the power relations that can exist in organizational settings.
These principles guided the entire research process to ensure that the study was carried out with
integrity and respect for everyone involved.
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4 Electrification at Boliden

This section presents the material collected through interviews with employees across different
organizational levels within Boliden, as well as external actors such as suppliers and energy
providers. In addition, observations from site visits and meetings have been incorporated to
provide a deeper understanding of how electrification of mobile machinery is experienced and
discussed in practice. The aim is to capture a range of perspectives on the ongoing transition,
including how it is interpreted, managed and challenged within the organization. An overview
of all conducted interviews, including roles and duration, is provided in Appendix B. All qoutes
are referenced in accordance to Appendix B.

4.1 Internal interviews

Internal interviews were conducted within the company, comprising a total of 22 interviews.
The respondents represent a range of roles across the organization and have been grouped into
seven levels based on their primary area of responsibility: operational staff, technical operations
and maintenance, site management, strategic procurement, communication, central technical
development and corporate management.

The interview data has been initially coded using a thematic approach, forming the basis for
the subsections presented below. This grouping enables a structured presentation of the empir-
ical material, where similarities and differences between roles can be described based on their
perspectives and involvement in electrification initiatives.

4.1.1 Vision, goals and ambitions

Electrification is generally framed in relation to broader environmental and climate ambitions
within the organization, particularly linked to goals of reducing CO2 emissions and moving
towards more sustainable operations. Across several roles, these ambitions are described as
relatively well communicated and, in some cases, continuously followed up, for instance through
ongoing monitoring of emission reduction targets (interview 10, 13, 16, 19, 22). At the same
time, the interviews indicate that these ambitions are not primarily articulated in terms of
electrification itself, but rather through broader sustainability goals. Electrification is therefore
not described as a clearly defined objective with specific targets, but rather as one of several
possible pathways towards achieving CO2 neutrality (interview 10, 12, 16, 19, 22).

The communication and interpretation of these ambitions vary significantly across organizational
levels and roles. Among operational staff, several respondents express limited awareness of how
electrification initiatives are being pursued at the organizational level (interview 1, 2). One
operator explains:”No, I haven’t heard anything about how they work with it. . . unless we ask,
we don’t really get any information” (interview 2). While electrification is occasionally discussed
in projects or through testing activities, it is not consistently perceived as a clearly communicated
or ongoing initiative.

A similar pattern can be observed among technical roles, where environmental goals are ac-
knowledged but not always experienced as clearly prioritized or operationalized (interview 6, 7,
8, 15). One respondent from technical operations and maintenance notes that there have been
environmental targets towards 2030 or 2031, but adds that ”there hasn’t been much focus on
them lately” (interview 6). Another describes how earlier discussions around electrification have
”faded somewhat over time” (interview 7), indicating a perceived decline in emphasis.
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In contrast, site management and procurement roles tend to describe the overall direction as more
clearly defined, particularly in relation to CO2 reduction (interview 10, 13, 14). At the same time,
even these roles highlight uncertainties regarding how ambitions are translated into practice. One
respondent notes that while goals are communicated,”there are no direct electrification targets”
(interview 10), and another questions how well these visions are anchored in realistic plans,
describing them as ”good visions. . . but the question is how well they are aligned with the actual
conditions” (interview 11).

Across several groups, a recurring theme is the perceived gap between high-level ambitions and
practical implementation. Electrification is often described as a long-term direction rather than
a concrete and actionable roadmap (interview 4, 11-13, 15, 22). A respondent from central
technical development highlights this by stating that at higher levels, the ambition is to be
”the most climate-friendly mine in the world” (interview 15), but that further down in the
organization, ”it is just a vision. . . not something that is really pushed to be implemented”
(interview 15). Similarly, respondents point to a tendency for ambitions to appear clearer before
implementation begins, while becoming more uncertain as practical challenges emerge (interview
10-12, 15, 22). This is particularly emphasized at the executive level, where one respondent
notes: ”It’s easy to say what should be done ten years ahead, but when you actually start doing
it, that’s when you discover what the problems are” (interview 22). The respondent further
discusses that from a top management perspective, this can create a misleading impression that
ambition has decreased, when in fact it reflects the increased visibility of challenges during
implementation. The respondent also explains, ”sometimes you think you have come further in
the implementation, but when problems start to appear, it can look like the level of ambition is
reduced” (interview 22).

4.1.2 Decision-making and Strategies

Decision-making on electrification is described as a process that begins with the development of
technical alternatives and site-level exploration. Central technical roles are described as identi-
fying and developing different options for electrification, while individual sites may also explore
alternatives of their own. These alternatives are then incorporated into the Life of Mine Plan
(LoMP), where future investments and operational needs are structured over time. Ideas that are
included in the LoMP are described as needing to be grounded in realism and a high likelihood
of implementation (interview 21, 22). As one respondent from executive management explained,
initiatives included in the plan should be considered highly likely to be implemented, stating that
”We usually say that if you’re going to put it in the plan, it should feel very likely that we’ll do
it. It can’t be wishful thinking. That we think we’ll have a great thing that will be very profitable,
so productivity goes up and costs go down and then we throw it in the plan and then it turns
out that it’s not realistic. We try to avoid that” (interview 22). The material further describes
that the level of formal decision-making depends on the size of the investment. Depending on
the investment level, decisions are made by the site specific General Manager, Head of Mines,
the CEO, or the entire executive management team (interview 21, 22). In this way, both central
and site-level roles are involved in shaping proposals before final decisions are made.

As described in 4.1.1, there are no formal electrification targets at the individual site level; rather,
decisions regarding such projects are largely left to the GM. Several respondents describes Boliden
as highly decentralized, with individual sites operating with a high degree of autonomy (interview
9, 12-14, 18-22). Several respondents also portray the company less as one unified corporation
and more as a group of separate business units (interview 9, 12, 13, 17, 18). For example, one
person from the communication level stated that ”But we are really just a collection of many
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small companies, not one big one. Each mine operates as a separate company. And we who work
on the staff function are just a support function, and their operational jobs are always prioritized
before our questions. If they decide that this is the way we want to do things, then they have the
right to do it” (interview 17). Within this structure, the GM is described as having a role similar
to that of a CEO. One respondent from executive management stated that ”Take the Garpenberg
mine, it could be a fairly large listed company if they were independent. Their [GM’s] job is to
run a business that is profitable, environmentally friendly and, above all, safe. Whether the path
to that is electrification or something else, that will have to be decided by the manager, because
it comes with a lot of operational aspects” (interview 22). This structure is described as giving
site management substantial influence over procurement and investment decisions. Although
procurement roles are involved in identifying alternatives and supporting negotiations, the final
decision is described as resting with the operational business, which controls the budget and
carries the operational responsibility. Respondents describe this as giving the sites, in practice,
veto power over purchases (interview 4, 12-14, 18). One respondent from technical operations
and maintenance said that ”I think it’s a bit too free for those in the GM position to choose”
(interview 4), when discussing decisions about which brands and systems should be purchased
at the Aitik site.

It is also described by several respondents that production requirements and operational reli-
ability are central decision criteria regarding electrification initiatives. Machines need to meet
production targets and function without causing unplanned stoppages (interview 4, 8, 10-16, 21,
22). One respondent from technical operations and maintenance stated that the Aitik mine is
struggling to meet production goals and goes on to say ”We are really on the limit there, so
a breakdown on any machine will directly risk our production target” (interview 4). The bal-
ance between production rate and electrification initiatives is brought up many times by several
respondents. Another respondent from technical operations and maintenance also states that
”Everything revolves around production. These improvement proposals and these slightly softer,
lull-lull developments, it has been cancelled again. But now it’s like: we know what works, we’ll
continue with that. The thing with quick fixes is that its not so sustainable in the long run. But
we see problems now, we solve them now. This thing about the long-term perspective, it always
disappears in such more stressed, production-focused times” (interview 8). Several respondents
also connect this to concerns about charging time in comparison with diesel refueling. Charging
is described as taking a larger share of production time and if a machine has to stand still in
order to charge, this is described as lost production time (interview 2, 7, 10, 11, 14, 15). In this
sense, machine availability is discussed not only in relation to breakdowns, but also in relation to
how long equipment can remain in operation before requiring charging. One operator stated that
”Because right now we’ve already talked about how when we stop for fuel, it takes too long. If we
were to lose even more time because we have to charge the battery, that’s not so good” (interview
2). When discussing production goals a respondent from technical operations and maintenance
explained that the Aitik site has problems with the operators running over the cables attached
to the machines, stating that ”We had [Number not revealed at the request of Boliden] outages
last year, meaning that power went out in one way or another depending on whether someone
had run over the cable or something similar. That’s almost every other day” (interview 4). The
respondent further continues ”We calculate an average power outage to be two hours. It may be
that you have to get a new cable, roll out the cable, connect them to the one then. Two hours. An
ore machine in production: one million per hour. The cable costs... now it costs about [Number
not revealed at the request of Boliden] kronor per meter. So I did a quick calculation of what
the deviations cost last year. We ended up with [Number not revealed at the request of Boliden]
MSEK. That’s no small amount of money” (interview 4).
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Respondents further describe that electric technology is not always regarded as comparable to
diesel equipment in terms of availability and functionality (interview 7, 8, 11-13, 22). In Garpen-
berg, for example, a test of a battery-electric loader was described as having been discontinued
in part because the machine was considered too weak and equipped with too small a bucket to
handle full production requirements (interview 2, 3, 11, 16). In the test of the battery electric
loader, the first problem was that the machine had problem with the remote system which caused
the implementation to be delayed. There were also problems regarding the battery and one re-
spondent from site management stated that ”The machine had simple errors, major errors and
so on, so you could say it wasn’t a finished product at the time” (interview 11). The respondent
further states that the test of this machine made Garpenberg ”less naive” and continues saying
that the requirement specification was not detailed enough ”Because that’s also where we’ve
missed the mark in the purchase agreement. It’s not very clear. It’s been a bit quick and wrong,
and we’re a bit gullible” (interview 11). Capacity and sizing are also described as important in
machine selection. At Aitik, for example, truck choice is said to be linked to the size of the exca-
vators and the bench height in the open pit, since a truck should be filled in two to three bucket
loads in order to be considered efficient (interview 16). Several respondents also describe that
battery-electric alternatives have at times been viewed as too small or too weak in comparison
with existing diesel equipment, which has affected how they are assessed in procurement and
testing processes (interview 3, 7, 10, 11, 13, 16).

Initial investment costs are repeatedly described as a key issue in electrification decisions (in-
terview 12, 13, 15, 16, 21, 22). Battery-electric machines are significantly more expensive to
purchase than diesel-powered equivalents. One example provided is that a battery-electric truck
costs roughly twice as much as a diesel truck in Aitik (interview 21). One respondent from the
strategic procurement level said that ”As it is now, you almost always get a no if you propose
a battery truck or something else fossil-free” (interview 12). Several respondents describe that
decisions on electrification require a business case or at least break-even in comparison with
diesel-based alternatives. Larger investments are described as depending on whether the tech-
nology can demonstrate sufficient efficiency and financial viability, and climate benefits alone are
not presented as sufficient grounds for major investment decisions (interview 10, 12, 15, 16, 21,
22). As one respondent from central technical development stated, ”in the end, it will be more
of a business decision, meaning that we must be able to make the numbers add up in order to
carry out a larger implementation” (interview 16). Several respondents also describe Total Cost
of Ownership (TCO) as central to these calculations, including not only the purchase price but
also maintenance, spare parts, service and energy/fuel consumption over the machine’s lifetime
(interview 9, 12, 13, 15, 16, 21, 22). Although electric vehicles are described as significantly
more expensive to purchase, some respondents state that their operating costs are lower over
time (interview 12, 13, 15, 16, 22). At the same time, battery leasing and service agreements
are described as major cost components, with some respondents instead emphasizing battery
ownership as a way of improving the calculation (interview 6, 13). Despite the significantly
higher upfront purchase cost of electric machinery, respondents describe several factors that may
improve the long-term economic case for electrification. One person from central technical de-
velopment stated that ”Cost is also an issue. But from what we see, many of the cases we
calculate would actually be cheaper to do electrically. Even if the vehicles are twice as expensive,
the operating cost is so much lower in the end” (interview 16). One respondent from executive
management stated that ”An electrically powered vehicle also travels faster than a diesel-powered
one, which means that there is a productivity gain there” (interview 22).

Respondents also state that, as an early buyer, Boliden may bear part of the supplier’s devel-
opment costs, which makes early purchases more expensive (interview 12, 21, 22). At the same
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time, early participation is also described as a strategic choice. Some respondents state that
by entering development projects early, collaborating with suppliers and ordering test machines,
Boliden may be better positioned when suppliers begin full-scale production of battery-electric
equipment (interview 10, 12, 15, 16, 21). One respondent described this in terms of securing
future production capacity and access, stating that early involvement could help Boliden obtain
production slots once suppliers shift to larger-scale manufacturing of battery trucks (interview
10). In contrast, other respondent state that many parts of the organization are not as happy
about implementing technology that is still in a testing phase. A respondent from central tech-
nical development says that ”If I talk to a mining manager, it’s a cost. They don’t really want
to push something expensive, untested, unsafe, that affects their operations” (interview 15).

4.1.3 Culture, attitude and communication

The interviews describe attitudes toward electrification as varying across organizational levels and
roles. Several respondents in managerial positions state that attitudes are more positive higher up
in the organization, while more skeptical views are described closer to daily operations (interview
4, 11, 12, 15, 16). One person from central technical development said that ”The further away
from operations you get, the more positive it probably sounds” (interview 16), referring to the
attitude towards electrification. Another respondent from technical operation and maintenance
stated that attitudes were generally more positive among higher-level officials and managers than
on the shop floor, and further stating ”And it’s probably because the knowledge isn’t really there
among operators and mechanics... They perceive it as... well, crappy battery” (interview 8).

At the same time, interviews with the operators shows their view are not only negative. Sev-
eral respondents who had tested electric machines described the driving experience positively,
referring to the machines as quiet, comfortable and pleasant to operate (interview 2, 3). Electric
machines were also described as providing full power and constant torque, faster uphill driving
and a better work environment through reduced heat, exhaust fumes and NOx emissions, partic-
ularly in underground operations (interview 1-11, 15, 16, 21, 22). The issues raised were mostly
focusing on function, comfort and reliability rather than on the fuel type itself (interview 1-3).
Some state that it does not matter to them what powers the machine as long as it performs
well in practice and one respondent from operating level expressed this by saying that operators
”couldn’t care less” (interview 1) about what the truck runs on, as long as the machine works
and is safe to drive. However, several respondents at operating and technical maintenance level
refer to what they call a ”gruvgubbe-mentality”, described as a preference for established rou-
tines and a reluctance toward change (interview 1, 2, 4, 5, 8, 9). One respondent from technical
operations and maintenance said that ”those who have worked here for 20 years want it to be the
same as it has always been. That jargon is still there” (interview 8). An operator also explained
that this mentality can be found in everyday routines by describing how even a parking space
could trigger a strong reaction if someone else used it stating that ”If you take someone’s parking
space, they’ll stand and watch. I said it the other day, I’d been here a month and I had my little
spot, and then one day some bastard took my spot. Then the old man’s behavior came right away:
damn, he’s in my spot. Then I thought that tomorrow I have to get to work faster so that no
one takes my spot” (interview 1). Another example of this mentality mentioned by operators
concerned an older worker who had not charged their work phone for a week, yet still stated that
they did not receive enough information (interview 1).

The interviews further describe uncertainty related to electric machinery among some operators.
One respondent refer to uncertainty about what would happen if an electric machine stopped
unexpectedly, particularly in a ramp and diesel-related failures are described as more familiar
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and visible, while electrical faults are described as less known (interview 1). One operator said
that ”If I have an electrical problem and the truck stops and I’m loaded on the ramp, and nothing
happens in my little bubble then, I just think: but God, what happens then? Will it just die? Do
I want to die here if I have a breakdown like that?” (interview 1). Another operator stated
that ”a breakdown on a diesel truck is not perceived in the same way. But an electric vehicle
or something. . . if it goes out, it feels like it is dead” (interview 1). This concern regarding
electrified machinery is brought up in more detail when operators at the Aitik mine talks about
the trolley that was installed. The interviews describe that trolley technology was tested in Aitik
and that the initial test results were considered highly successful (interview 1, 9, 10, 16, 22). The
first test track, built around 2018 on a waste rock dump, is described as having performed well
enough for the company to decide to implement the system on a larger scale further down in the
pit, it is further stated that ”it worked quite well, or very well I would say. Its efficiency was high.
So step two was to build a trolley line down in the mine” (interview 10). A respondent at the
technical operation and maintenance level described that the trolley system was not always used
as intended, since ”truck drivers were free to choose whether or not to use the line” (interview
4). The respondent stated that some operators avoided connecting to the overhead line because
they found it uncomfortable and that ”if you thought it felt unpleasant when connecting to the
overhead line or if it sparked a little... then you could drive beside it instead” (interview 4). A
person from site management noted that trucks equipped for trolley operation carried a heavy
pantograph even when operating outside the trolley section. This is described as unnecessary
ballast that reduced payload capacity and increased diesel consumption, continuing ”then you are
driving around with ballast that is unnecessary, that costs money and increases diesel consumption
instead... So it turned out not to be the way forward for us” (interview 10).

The interviews describe interrupted training efforts related to the trolley system. One operator
stated, ”I started the trolley training three times and had to stop because there was a breakdown.
Then you felt that it was unnecessary. That it maybe just cost money” (interview 1). Operators
at the Aitik mine further describe that they did not receive any clear follow-up on what the
organization had learned from the trolley project after it was ended. For employees at the oper-
ational level, the project is described as something that was introduced, encountered problems
and was then removed without any clear communication about the conclusions drawn from it.
This was expressed by saying, ”we only see that it turned into shit, it worked for a week and then
it disappeared. But it may have given a lot to the organization. So maybe in the future you also
need to become better at communicating” (interview 1).

The interviews further describe that project communication and follow-up take place through
formal processes at the management and specialist levels, while information about ongoing tests
and their outcomes does not always reach employees in operational roles (interview 1, 3, 5, 8,
13, 15, 18, 22). Several respondents refer to a structured process for larger projects consisting
of preview, analysis and decision, and describe that completed projects are followed by ex-
post calculations and discussions about what could have been done differently (interview 15,
16, 22). Respondents also describe strategy work at group and business-area level as being
updated through an annual cycle, which is consistent with Boliden’s broader long-term planning
and strategy processes (interview 21, 22). At the same time, the interviews show that access
to information differs across roles. Respondents in technical staff roles, strategic procurement
and management describe having access to strategic plans, project discussions and economic
calculations (13, 15, 16, 21, 22), while operators and mechanics describe receiving less information
and often lacking the background to why electrification tests are being carried out (interview
1-3, 8). One respondent from technical operations and maintenance stated that ”I don’t think
they really receive that... they lack the background, like why we are investing in electric and
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why we should dare to test things” (interview 8), while another person from the same level said
that communication ”to all employees” was low (interview 4). This is also mentioned by a
third respondent from technical operations and maintenance that stated that the information
given to them is low but because of his interest in new technology, they are good at seeking the
information and asking around (interview 5).

When asked about the possibility to ask questions the operators stated that they do have forums
for reaching out as well as the pulse meetings before each shift (interview 1-3), however, some
also stated that it often feels useless because their opinions are often ignored or not followed up
(interview 1). One operator stated that all truck drivers feel unsafe while driving a certain truck
model and they brought it up with the management, yet, the organization chose to purchase
more of the same model (interview 1). However, they also explained that there had been issues
raised regarding the safety of a certain chair model in a truck and that the management therefore
chose to switch the chair model in some of the trucks. Questions regarding how the organization
handles operators opinion regarding equipment was brought up again during an interview with a
person from central technical development where they stated that they try to take into account
what the operators say but that their ”views often differ too much and that it is impossible to
please all” (interview 15).

One person from strategic procurement also told a story about when they were supposed to put
in an order for two trucks with a supplier. They had contact with them for several months and
they had created a technical specification and the supplier had given them an offer for two trucks.
When it was time for the last meeting with the supplier they were notified by a colleague in the
corridor that the executive management had decided to only buy one truck. This meant that
they were supposed to go into the final meeting and tell the suppliers who had developed two
trucks that they only want to buy one (interview 12). Communication regarding pilot projects
are also brought up several times. The interviews show that unsuccessful tests are discussed
differently across organizational levels. Within central technical development and management
levels, tests that do not work as intended are described as part of learning, with one respondent
from central technical development stating that ”if something does not work in our role, that is
not negative. It is actually good, because then we know that it does not work” (interview 15).

The interviews also describe a strong production-oriented culture in the operational parts of the
organization. Several respondents state that new technologies such as electrification are discussed
in relation to how they affect daily production and delivered volumes (interview 4, 8, 10-16, 21,
22). One respondent from technical operations and maintenance described this environment by
saying that ”it is very difficult in such an environment where people come to work and there
is pressure. It is all about the tonnage, get out and start driving” (interview 4). This type of
culture is noted again by an operator that stated that ”it is quite easy to sideline us in the mine,
because we keep running anyway” (interview 1), and connected this to the fact that managers and
supervisors had many other tasks, including new shift schedule changes, which meant that they
did not always have time to go out into the mine and inform the shift teams as intended. The
same driver also described how employees can be forgotten when they are temporarily assigned to
other projects, giving an example of having been removed from distribution lists for production
papers.

4.1.4 Mine environment and planning

Several respondent discuss that the mine environment and planning conditions constitute a
fundamental constraint for electrification of mobile machinery, not only due to physical factors,
but because they are deeply embedded in how production is organized and executed (interview
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5, 6, 9, 11, 12, 16, 17, 22). Across the organization, there is a shared understanding that mining
operations are inherently dynamic. While this is a normal and expected condition in mining,
respondents discuss that it becomes a challenge in the context of electrification, as existing
systems, routines and planning practices are not designed for the additional constraints that
electrified solutions introduce (interview 5, 6, 10, 11, 15, 21, 22).

At the operational level, this tension is expressed through practical concerns related to distance,
terrain and daily workflows (interview 1, 2, 5, 6, 8, 11). Electrification is perceived as adding
new layers of coordination to already demanding routines, particularly regarding charging and
battery handling, where respondents emphasize that it is ”not just the machines. . . it’s the
whole logistics around charging” (interview 11). These concerns are closely aligned with those
raised by technical staff, who similarly highlight how continuously shifting work areas complicate
infrastructure decisions (interview 5, 6, 10, 11, 15, 21, 22). While operators focus on how this
affects their immediate work, technical roles frame it as a system-level issue, where infrastructure
must balance proximity to production with the need to remain adaptable, as ”the workplace
moves all the time. . . so the infrastructure needs to be mobile” (interview 6). This challenge is
further illustrated by experiences from the trolley project in the open pit, where infrastructure
proved sensitive to the dynamic mine environment. Respondents describe how blasting and rock
movement affected the installation, including situations where the trolley line was located within
the blasting radius, leading to rocks damaging or tearing down overhead lines during operations
and the rockfall altered part of the road, which forced the trolley installation to be dismantled
(interview 10, 16).

This is further reflected in how respondents describe planning and coordination challenges. Re-
spondents across multiple roles highlight that electrification introduces new constraints into an
already complex planning process, but the implications are articulated differently. From a site
management perspective, the challenge lies in coordinating activities and defining responsibili-
ties, as reflected in questions such as ”should you go down and charge during the shift. . . who
decides that?” (interview 11). In contrast, technical and operational respondents point to the
practical consequences of these uncertainties, where unclear processes risk disrupting produc-
tion flows and increasing downtime (interview 1, 2, 4, 5, 8). Site-level management and central
technical roles emphasize that existing production systems are tightly configured around current
machinery, where equipment, processes and capacities are dimensioned in relation to one another
(interview 11, 16). This creates high requirements for new technologies to fit seamlessly into ex-
isting operations, for example in terms of matching loading and hauling cycles, where a truck is
expected to be filled within a specific number of scoops (interview 10, 11, 16).

Respondents also highlight spatial constraints as a related challenge. Across all levels, there is
recognition that electrification requires additional infrastructure, equipment and space, which is
difficult to accommodate in already constrained mine environments (interview 3, 6, 10, 11, 16,
21, 22). Operational and technical roles emphasize immediate limitations, such as the lack of
suitable surfaces for charging or the difficulty of integrating additional equipment into narrow
ramps and work areas (interview 3, 6, 7). At the same time, higher-level roles frame this as a
structural issue, where existing mine design and logistics systems are not aligned with the re-
quirements of electrified technologies (interview 10, 15, 16, 21, 22). This includes inefficiencies in
current haulage patterns, as one respondent notes: ”trucks go up fully loaded and down empty. . .
you would ideally want the opposite” (interview 16). A related theme across several roles is that
electrification cannot be approached through standardized solutions. Instead, respondents con-
sistently describe how differences in layout, climate and infrastructure across sites shape what
is feasible (interview 1, 7, 12-16). As one respondent explains, ”all sites are very different. . .
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you cannot say that because we started this at one site, we now know how to do it everywhere”
(interview 14), highlighting that electrification must be tailored to each individual site, rather
than implemented through a one-size-fits-all approach. At the same time, this lack of transfer-
ability is perceived as a challenge, as experiences and solutions from one site cannot easily be
replicated elsewhere, limiting opportunities for standardization and increasing the complexity of
implementation (interview 7, 9, 13-16).

Differences between roles are also visible in how production planning is described. While op-
erational and technical respondents focus on how electrification may interfere with established
routines and machine utilization (interview 1-3, 6, 8), site management and higher-level roles
highlight how it increases the overall complexity of planning (interview 10, 11, 15, 16, 22). Elec-
trification is described as introducing additional variables, such as charging cycles, infrastructure
placement and energy availability, that must be integrated with existing considerations like blast-
ing schedules and material availability (interview 5, 6, 9, 11, 12, 15, 16, 21, 22). As a result,
planning is expected to become more demanding: ”planning will become much more difficult. . .
there are more limitations to take into account” (interview 6).

Respondents at the corporate and technical development levels emphasize that these challenges
are not only operational but structural. Many existing mines are described as being built around
legacy systems, meaning that electrification requires significant changes to infrastructure and
production logic: ”the entire production system is not designed for this” (interview 21). This is
described as creating a situation where electrification both depends on and reshapes mine plan-
ning, as new technological requirements must be integrated into an already established system
(interview 5, 6, 10, 16, 21).

4.1.5 Supplier and market dependency

Across the organization, respondents describe how electrification is strongly dependent on suppli-
ers and the maturity of the market (interview 6, 10-12, 15, 16, 21, 22). A recurring theme is that
many of the required machines are not yet available as fully developed products, which limits the
ability to move forward. As one respondent expresses, ”the problem is that the products do not
exist. We need more to happen in the market for us to take more aggressive steps” (interview
15).

This dependence is particularly emphasized by central technical and procurement roles, where
electrification is described as closely tied to supplier roadmaps and product availability (interview
11, 12, 15, 16). Several respondents highlight that development is largely driven by manufacturers
rather than mining companies, meaning that Boliden must adapt to what is offered rather than
fully control the direction (interview 12, 15, 16, 21, 22). As one respondent notes, ”we are
very small globally. . . we do not set the rules, the manufacturers do” (interview 12). At the
same time, respondents describe ongoing collaboration with suppliers, where companies engage
in joint development and testing of new technologies (interview 6, 12, 15, 16). In some cases,
this involves acting as part of the development process, where ”we hired the machine directly,
and for one and a half years we were product developers for [the supplier]” (interview 11).

At site level, similar dependencies are described, but with a stronger focus on how available
technologies fit operational needs. Respondents highlight that many of the machines tested
are not yet suited for full production, often due to limitations in size, capacity or reliability
(interview 2, 6, 11, 12, 16, 21). For example, one respondent explains that ”when we put it
into full production, it did not perform as well. . . it was too small” (interview 2). At the same
time, some test cases are described as successful, particularly when technologies align with local
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conditions, illustrating variation in how supplier offerings perform across sites (interview 10,
14-16, 22).

Procurement-related roles further describe how timing and strategic positioning influence access
to new technologies. Being early in engaging with suppliers is seen as important in order to
secure production capacity and influence development (interview 10, 21). As one respondent
explains, ”if we are early and collaborate with suppliers. . . we will get production slots when they
start producing battery trucks” (interview 10). Conversely, it is also discussed that waiting may
result in delayed access due to limited production capacity when demand increases (interview
10, 12, 15).

Several respondents also describe how supplier structures and system choices can create lock-in
effects and selecting a specific supplier or system may limit future flexibility, as solutions are often
not interoperable (interview 4, 9, 13). As one respondent notes, ”you lock yourself in. . . only
that supplier can deliver machines to that system” (interview 12). This is discussed as creating
a trade-off between flexibility and stability, where long-term partnerships may provide reliability
but reduce the ability to switch technologies or suppliers (interview 4, 9, 12, 13).

Across roles, respondents also highlight uncertainties related to technology maturity and future
development. Many of the available solutions are described as being in early stages, involving
testing rather than ready-to-deploy systems (interview 2, 6, 9, 11, 12, 16, 21). This is reflected in
statements such as ”it is not something you can just buy. . . it is something we have to develop
together with a supplier” (interview 9), as well as in concerns about performance, reliability and
long-term functionality. At the same time, respondents express expectations that more mature
products will emerge over time, particularly as more actors move in the same direction and
market demand increases (interview 14-16, 21, 22).

4.1.6 Power grid and distribution

In the interviews, respondents describe a technical issue regarding the large power peaks created
when heavy vehicles need to be charged. A person from central technical development stated that
charging the largest trucks in Aitik could require ”perhaps up to 6 MW per truck” (interview 16),
and another respondent from strategic procurement stated that ”I think we will never fully elec-
trify the operation. It will never work. We will never be able to get that supply of electricity and
charge our vehicles. The peaks will be so damn high” (interview 13). Charging power is further
described as determining both where charging can take place and what type of infrastructure
is needed (interview 6, 12, 15, 16, 21). Respondents also describe that full electrification would
require a major increase in grid capacity and site subscriptions (interview 6, 12, 14, 16, 21). In
Garpenberg, one respondent from technical operations and maintenance estimated that the site’s
electricity subscription with Vattenfall would need to increase from around 36 MW to more than
100 MW (interview 6). At the same time, several respondents question whether the external grid
can deliver the required volumes (interview 6, 12, 21). One respondent from technical operation
and maintenance stated that ”it is not really there in the feeding line to this site, so it needs to
be expanded or rebuilt” and further described that the existing 130-kV line would either need
denser support structures or full replacement to handle the load (interview 6). Respondents also
refer to wider regional and national uncertainty regarding electricity production and distribution
capacity, particularly in relation to other industrial transition projects (interview 6, 12, 21, 22).
One respondent from executive management referred to the stated electricity needs of another
mine in northern Sweden and questioned whether the distribution grid and capacity would be
sufficient to meet such growing demand (interview 21).
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Internal distribution is also described as requiring substantial changes. Underground, respon-
dents state that electricity infrastructure today is mainly designed for stationary equipment or
drilling rigs rather than high-power vehicle charging. Introducing charging underground is de-
scribed as requiring additional cables, new charging locations or some form of battery balancing
(interview 6, 15, 21). Several respondents also describe concerns related to electricity quality
and grid stability. Fast and large power withdrawals are said to create harmonics or ”dirt” in
the grid, which can affect the Swedish national grid operator’s network and it is further stated
that technical studies and compensating measures, such as PFC filters, would be needed in order
to meet grid requirements (interview 9).

Electricity availability and electricity price are also described as closely connected. Respondents
state that electrification depends on access to relatively low-cost electricity and that increased
competition for power from other industrial projects may affect both access and price (interview
6, 9, 12, 21, 22). In Garpenberg, Google’s establishment is mentioned as one local factor that
may complicate future access to higher power levels since they also need a substantial amount
of energy. One respondent from executive management also stated that if grid and generation
capacity are not expanded in time, electricity prices in northern Sweden could rise substantially,
which would affect the business case for electrification (interview 6).

To manage these constraints, respondents describe several possible solutions. One is the use of
stationary battery banks to absorb the highest peaks and then fast-charge vehicles without plac-
ing the full load directly on the grid (interview 6, 7, 15). Another is more detailed operational
planning so that machines are not charged simultaneously, although respondents state that this
would make planning work more difficult (interview 5-7, 14, 15). Standardization of charging in-
terfaces is also mentioned as important in order to avoid dependence on supplier-specific charging
systems (interview 4, 6, 9).

4.1.7 Geopolitics and regulatory policies

Geopolitical conditions and regulatory uncertainty are primarily highlighted by respondents in
strategic procurement and corporate management, while such aspects are largely absent in ac-
counts from operational and technical staff.

Respondents within strategic procurement emphasize that electrification of mobile machinery
is not only a technical or organizational issue, but also connected to global supply chains and
geopolitical dynamics (interview 12-14). As one respondent explains, ”all of these large machines
we buy are not mainly manufactured in Europe, but in the US, China and Japan. That means
both freight and geopolitics. It is a game we cannot control” (interview 12). Differences in reg-
ulatory environments across regions are also highlighted, where ”other continents have different
geopolitics. . . different regulations, different electricity costs” (interview 12).

This is described as creating uncertainty affecting both suppliers and investment decisions, as
”that uncertainty means that neither our suppliers manufacture the machines, nor does the sur-
rounding environment move in that direction and invest” (interview 12). Procurement respon-
dents also describe challenges in purchasing decisions, where electrified alternatives are often
more expensive and where there are limited mechanisms to reward CO2 reductions (interview
12-14).

At the corporate level, similar aspects are raised, but with a broader focus on market conditions
and competitiveness. One respondent states that ”we almost don’t get paid more for green metal
than for regular metal” (interview 22), describing how electrification is not necessarily reflected in
customer willingness to pay. At the same time, differences in regulatory frameworks across regions
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are described as affecting competitiveness, where ”if one continent sets very tough regulations, the
risk is that you don’t electrify but instead shut down, because you are not competitive” (interview
22).

In addition, respondents describe how broader geopolitical developments influence the conditions
for electrification, where changes in political priorities and global conditions are mentioned in
relation to shifts within the industry (interview 7, 12, 15, 16, 18, 21, 22).

Energy prices are also described as relevant, where higher electricity prices in Europe compared
to other regions are perceived as affecting electrification efforts (interview 9, 12, 21, 22). At the
same time, respondents highlight the importance of long-term and stable policy conditions where
the current situation is described as uncertain, ”as long as there is no clear picture of how things
will look in ten years. . . there is uncertainty about how a company should act” (interview 12).

4.1.8 Key perceived drivers and barriers for electrified mobile machinery within
mining operations

All interviewees within the organization were asked two additional, more direct questions re-
garding what they perceive as the main driving forces and challenges related to electrified mobile
machinery in mining operations. The purpose of these questions was to capture how different
organizational roles frame electrification in a more condensed and comparable way.

The responses have been summarized and grouped based on the respondents’ primary organi-
zational role. Table 1 presents an overview of the main driving forces and challenges identified
across these groups. The table does not aim to provide an exhaustive list, but rather to highlight
recurring patterns in how electrification is perceived within different parts of the organization.

As shown, both similarities and differences can be observed across roles. While environmental
goals, cost considerations and work environment are frequently mentioned as driving forces, the
perceived challenges vary more significantly depending on role and responsibility.
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Group Driving forces Main challenges
Operational
Staff

Environmental impact, work envi-
ronment, diesel cost savings, im-
age

Range, cold climate, battery
logistics, charging/logistics con-
straints, mine design

Technical Opera-
tions & Mainte-
nance

Work environment, environmental
goals, image

Battery capacity, electricity con-
sumption, dynamic operating con-
ditions, production constraints

Site Manage-
ment (Mine
Level)

Environmental goals, diesel cost
savings, work environment

Production rate, logistics, battery
capacity

Strategic Pro-
curement

Environmental goals, image Decision-making processes, flex-
ibility, requirements setting, in-
vestment costs, site-specific condi-
tions

Technical Devel-
opment (Central
Function)

Environmental/climate goals,
diesel cost savings, work environ-
ment

Technology availability (supply),
mine design constraints, grid ca-
pacity

Communication
& Marketing

Image, sustainability, diesel cost
savings

High investments, competence,
external conditions (e.g. cold cli-
mate)

Corporate Man-
agement

Environmental goals, productiv-
ity, diesel cost savings

Infrastructure, technology avail-
ability, cost of new solutions,
system-level constraints

Table 1: Summary of perceived driving forces and challenges across organizational groups

4.2 External interviews

In addition to the internal interviews, two external interviews have been conducted with actors
connected to the electrification of mining operations. These include an actor within the energy
sector (interview 24), as well as a supplier and developer of heavy machinery (interview 23).

The purpose of these interviews is to provide complementary perspectives on the conditions
for electrification, particularly regarding infrastructure, technology development and external
constraints influencing the transition.

4.2.1 Power supply and grid access

The respondent emphasizes that the availability of electricity itself is not perceived as the main
constraint in the transition. Sweden is described as having a surplus of electricity production,
reflected in the statement that ”the energy supply is what I am least concerned about” (interview
24). Instead, the main challenge is related to the electricity grid and the ability to deliver power
to the required locations. In particular, access to grid capacity and the timing of connections
are described as limiting factors, where ”what is currently slowing things down is rather access
to the grid, and especially when you can expect to get the cable to the site” (interview 24).

The process of expanding grid infrastructure was described as complex and time-consuming,
involving multiple stakeholders, regulatory requirements and coordination across different levels
of the electricity system. This includes local, regional and national grid networks, each with
their own responsibilities and constraints. As a result, electrification projects may be affected by
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long lead times and uncertainties related to grid access and connection capacity. The respondent
also emphasized that electrification initiatives are influenced by broader structural uncertain-
ties, particularly related to policy and regulatory stability. Large-scale industrial investments
were described as requiring long time horizons, while political decision-making was perceived as
comparatively short-term and subject to change. This was described as creating uncertainty for
actors planning long-term electrification projects, as stable conditions over time are required to
support investment decisions (interview 24).

In addition, increasing demand from multiple sectors, such as data centers and industrial projects,
was described as adding further complexity to planning and prioritization within the grid. This
creates situations where different actors compete for available capacity and where access to
electricity depends not only on technical feasibility but also on timing and position in connection
queues (interview 24).

4.2.2 Heavy-duty vehicle electrification

The respondent highlights that costs related to components specific to electrified machinery
remain a key challenge for scaling up electrified product portfolios. At present, electrified trucks
account for a relatively small share of total sales, representing approximately two percent of
the company’s sales in the European market, where road transport constitutes the primary
application (interview 23).

Electricity-related costs were also described as a limiting factor, particularly in relation to fast
charging. Compared to slower overnight charging, fast charging was noted to be significantly
more expensive, which negatively affects the overall business case for electrified trucks. Combined
with higher initial investment costs, this contributes to a total cost of ownership that is currently
less competitive compared to diesel alternatives for transport operators.

The respondent further emphasized a strategic focus on fast-charging solutions rather than alter-
natives such as battery swapping or hybrid configurations, which were described as less relevant.
Charging systems such as MCS and CCS were mentioned, alongside a broader lack of standard-
ized charging solutions for heavy-duty machinery. In contrast, smaller vehicles were described as
having reached a higher degree of standardization, reinforcing the need for continued development
of charging standards for larger applications.

Looking ahead, the respondent indicated expectations of a significant increase in the share of
electrified trucks, projecting growth from approximately two percent to around forty percent
of total sales by 2030. Such an increase was described as likely to reduce component costs
through economies of scale, thereby enabling further development of electrified solutions in more
specialized applications, including mining. It was also noted that similar requirements exist in
other industries operating in demanding environments, suggesting that development is not driven
solely by mining, but by a broader set of use cases.

4.3 Observations

During the site visit to Aitik, several observations were made regarding the operational environ-
ment and ongoing development activities. The mine had implemented an automation system
that enables specific trucks to operate autonomously. At the time of the visit, all autonomous
trucks were lined up and waiting for the operator driving the loader to return, meaning that none
of the trucks were moving at that moment. Workers at the site also stated that Aitik accounts
for approximately 1.5 percent of Sweden’s total diesel consumption. According to information
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shared during the visit, calculations had shown that replacing all diesel-powered operations with
electricity would require an increase in electricity capacity of around 70 percent. It was further
observed that operators in Aitik hold pulse meetings lasting approximately three to five min-
utes, during which important events and daily conditions are reviewed. During the visit, the
researchers could also observe the presence of the union, as brochures and other union-related
material were displayed in several locations and in different buildings across the site. The visit
also included participation in the Gruvflex project, a collaboration involving, among others,
Boliden, ABB, Volvo and Epiroc. As part of this, ABB was observed testing a machine designed
to connect charging cables to trucks positioned for charging. The machine was being trained to
identify the correct position of the charging inlet and was also being tested for operation in cold
climate conditions.

During the visit to Garpenberg mine, the researchers were present in the remote-control room,
where operators can control loaders remotely. At the time of the visit, two operators were without
work due to a fault in the loaders or the system. As a result, only one out of eight machines was
operating during the observation period. During the visit the researchers spoke with a person
from central technical development and it was brought up whether it would be a good idea to
have a requirement at each site to purchase a certain amount of electrified vehicles. The person
discussed that it would be a good idea but that the problem is that there is never anyone to
follow up on such goals.

Another observation relates to the so-called ”gruvgubbar”, previously described in 4.1.3, a term
that was brought up in several informal conversations during the site visits. However, no such
attitudes were expressed by the individuals encountered during the visits, or alternatively, no
individuals holding such views chose to speak with the researchers.
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5 Case analysis

This chapter analyzes and discusses the data from Section 4 in relation to the theoretical frame-
work. The analysis is structured around the research question and follows the order of the
theoretical framework, with each section addressing relevant findings to provide a clear and
coherent answer.

5.1 Electrification as an ongoing sustainability transition

Before analyzing how electrification of mobile machinery is handled within the organization, it
is necessary to establish how electrification can be understood as a sustainability transition.
This provides an analytical foundation for interpreting the empirical data, as the nature of the
transition influences how organizational challenges emerge and are managed.

This section therefore analyzes electrification of mobile machinery based on the empirical ma-
terial, including interviews with participants from different parts of the organization as well as
external actors, in addition to observations from the mining operations. The analysis is conducted
in relation to key concepts from sustainability transitions literature, including the socio-technical
perspective, transition phases and path dependency. By doing so, it becomes possible to clarify
how electrification is understood and experienced across different organizational roles and ex-
ternal stakeholders, as well as to identify the current stage and characteristics of the transition.
This in turn provides a basis for analyzing how the organization handles electrification under
conditions of uncertainty.

5.1.1 Electrification as a socio-technical transition

The empirical data show that electrification of mobile machinery cannot be understood as a
simple technological substitution, but rather as part of a broader socio-technical transition. In
line with sustainability transitions research, this involves changes across technologies, infrastruc-
tures organizational practices and institutional conditions that evolve in interaction rather than
independently. This is reflected in the empirical material, where electrification is consistently
described as dependent on a range of interconnected factors beyond the machinery itself. Re-
spondents emphasize that ”it’s not just the machines. . . it’s the whole logistics around charging”,
illustrating how new technologies require changes in infrastructure, planning and daily opera-
tions. Electrification is therefore not introduced into an empty system, but into an already
established production context with existing routines, constraints and ways of working.

From a multi-level perspective, as described by Geels (2004), these findings can be understood as
interactions between niche innovations, regime structures and landscape conditions. Within the
organization, the current mining system functions as a socio-technical regime, where production
systems, infrastructure, planning practices and competencies are aligned around diesel-based
machinery. At the same time, electrification is explored through pilot projects, testing and col-
laboration with suppliers, reflecting niche-level experimentation with alternative technologies.
This indicates that the organization does not act solely as a regime actor reproducing existing
structures, but also engages in the development and evaluation of emerging technologies together
with external partners. Such a role aligns with more recent perspectives on incumbents, where
firms may both stabilize existing systems and actively contribute to innovation processes de-
pending on their strategic positioning and interactions with other actors. These developments
are further shaped by conditions within the existing socio-technical regime, including regulation,
electricity infrastructure and supplier capabilities. For example, an external electricity provider
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describes how ”the energy supply is what I am least concerned about” (interview 24), while re-
spondents within the organization instead emphasize challenges related to access and distribution
at specific sites. Similarly, while one respondent within procurement describes that electrified
solutions are already available on the market, others emphasize that suitable technologies are
not yet sufficiently developed or adapted to the mining context.

The empirical material also points to the influence of broader landscape-level conditions, partic-
ularly in relation to geopolitical dynamics, global industry developments and high-level policy
frameworks. These aspects are described as shaping the overall direction and conditions for elec-
trification, while remaining largely beyond the direct control of the organization. In particular,
respondents highlight how global supply chains and geopolitical relations influence access to tech-
nologies and investment conditions, as well as how differences in regulatory approaches across
regions affect competitiveness within the industry. This is further reflected in how developments
are driven by larger mining actors globally, where respondents describe that decisions and invest-
ments made by major players, influence the pace and direction of technological development. As
a result, the organization is to some extent dependent on how these actors shape supplier offer-
ings and market conditions. At the same time, broader policy developments and climate-related
ambitions, such as international agreements and long-term sustainability targets, are described as
creating an overarching pressure towards electrification. In line with the multi-level perspective,
such landscape-level developments can create both constraints and opportunities by influencing
the stability of the existing regime and shaping the conditions under which niche innovations can
develop and diffuse.

5.1.2 An explorative rather than stabilized transition

The empirical data suggest that the transition towards electrification of mobile machinery is
currently situated in an explorative rather than a stabilized phase. Early phases of sustainabil-
ity transitions are characterized by experimentation, learning processes and the development of
networks and expectations, whereas more stabilized phases involve increasing coordination, stan-
dardization and alignment across actors and system elements. Several aspects of the empirical
material reflect characteristics associated with an explorative phase. Electrification of mobile
machinery within mining operations is primarily approached through pilot projects, testing and
incremental implementation, where technologies are evaluated in practice rather than deployed
at scale. Respondents describe how multiple technological options, including battery-electric so-
lutions, trolley systems and other alternatives, are explored in parallel, without a clear dominant
design emerging (see 4.1.5). At the same time, uncertainty regarding charging infrastructure,
supplier capabilities and future technological development is frequently highlighted, indicating
that key system components are not yet fully established. This lack of stabilization is further
reflected in the absence of standardized solutions and established routines, where electrified ma-
chinery often requires site-specific adaptations and where differences between mines limit the
transferability of solutions (see 4.1.4). In addition, dependence on future supplier offerings and
ongoing technological development makes it difficult to commit to specific solutions, reinforcing
a cautious and iterative approach to implementation.

As a result, electrification of mobile machinery is characterized by ongoing experimentation and
learning rather than coordinated large-scale diffusion. This has implications for decision-making
within the organization, as long-term investments are made under conditions of uncertainty.
Several respondents describe hesitation in committing to specific technologies or infrastructure, as
it remains unclear which solutions will become viable and economically attractive. In this sense,
the explorative nature of the transition constrains the organization’s ability to move towards
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more stabilized and coordinated implementation.

5.1.3 Path dependency and lock-in in the mining context

The empirical data indicate that the transition towards electrification of mobile machinery is
strongly shaped by existing system configurations within the mining context. Infrastructure,
planning practices, operational routines and investment structures are closely aligned with diesel-
based technologies, reflecting a path-dependent development where historical choices continue to
shape present possibilities. Such stability is further linked to how socio-technical systems are
reproduced through aligned infrastructures, routines and institutional arrangements. Electrifi-
cation of mobile machinery is therefore not perceived as a simple technological substitution, but
as something that interacts with and challenges an already tightly integrated production system.

This path dependency can be further understood through a set of self-reinforcing mechanisms,
which are reflected in the empirical data and contribute to lock-in effects within the current
system:

• High set-up costs and economies of scale: Respondents across several roles em-
phasize that existing diesel-based systems are cost-efficient due to long-term investments,
established infrastructure and proven reliability. Electrification of mobile machinery, in
contrast, is associated with high initial investments and uncertain business cases. Several
respondents describe how new technologies require significant upfront investments in both
machinery and supporting infrastructure, while the current system is already in place and
optimized over time, making it difficult to economically justify rapid change. This reflects
how increasing returns and sunk investments reinforce incumbent trajectories, while also
aligning with cost-related self-reinforcing mechanisms.

• Network effects and coordination advantages: Electrification of mobile machinery is
described as requiring coordination across multiple parts of the organization, particularly
regarding charging logistics, infrastructure placement and operational planning. These in-
terdependencies within production make it difficult to integrate electrified solutions into
existing production flows without disruption, reinforcing reliance on established systems,
as described in 4.1.4. At the same time, respondents emphasize that the transition is
dependent on broader market developments, where the availability and viability of elec-
trified machinery are shaped by supplier offerings and adoption by larger actors globally.
As discussed in 4.1.5, several respondents highlight that progress is tied to decisions made
outside the organization, where the value of electrified solutions increases as more actors,
especially larger ones, adopt and invest in similar technologies. Together, this illustrates
how network effects and coordination advantages operate across the wider socio-technical
system, contributing to the stabilization of existing configurations.

• Complementarities: The empirical material shows that current technologies, mine design
and planning practices are mutually aligned around diesel-based operations. Respondents
describe how production systems, haulage patterns and machine capacities are dimensioned
to fit existing equipment, meaning that electrified alternatives often do not match these
conditions (see 4.1.4). As a result, electrification of mobile machinery is not perceived as
a plug-in replacement, but as requiring broader system changes, which strengthens the
stability of the current configuration. This is further reinforced by dependencies between
technologies and supplier systems (see 4.1.5), reflecting complementarities between tech-
nologies, infrastructures and practices that reinforce dominant systems.
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• Learning effects: Across operational and technical roles, respondents describe how com-
petencies, routines and daily practices are closely tied to existing machinery. Established
ways of working are adapted to diesel-based systems and several respondents highlight that
electrification of mobile machinery requires new skills, routines and training. Experiences
from pilot projects further indicate that immature technologies can disrupt operations
and require significant effort without generating expected output (see 4.1.4), reinforcing
preferences for familiar and well-understood systems. This illustrates how accumulated
knowledge and capabilities within the existing socio-technical configurations make switch-
ing more difficult.

• Adaptive expectations: Uncertainty regarding future technologies, policy developments
and market conditions influences how respondents perceive electrification of mobile machin-
ery. Several roles describe hesitation in committing to specific solutions, as it is unclear
which technologies will become dominant or economically viable. This creates a tendency to
wait for more mature solutions or clearer external conditions, reinforcing existing practices
rather than accelerating change. Such expectations shape decision-making by reinforcing
beliefs in the continued viability of the socio-technical configuration.

Together, these self-reinforcing mechanisms stabilize the incumbent diesel-based system and
make alternative solutions for electrification of mobile machinery difficult to implement. In the
empirical material, this lock-in is reflected in how mine planning, haulage systems and production
logic are dimensioned around diesel-based machinery, aligning technologies, infrastructures and
routines in ways that are not easily compatible with electrified mobile alternatives. Respondents
describe how charging infrastructure, battery logistics and spatial requirements are difficult to
integrate into existing operations, indicating that current system configurations constrain the
adoption of new technologies. Lock-in is further reinforced through dependencies on established
supplier systems and non-interoperable technologies, where choices of equipment and automation
systems limit future flexibility. At the same time, these constraints are shaped by both material
and organizational conditions. The dynamic nature of mining operations, with continuously
shifting work environments and mobile production systems, makes it difficult to establish fixed
infrastructure, while limitations related to grid capacity and the ability to deliver electricity to
specific sites further restrict feasible solutions.

In addition, respondents express differing views on electricity availability. While an external
electricity provider emphasizes that overall supply is not a limiting factor, several respondents
within the organization describe access to electricity as a practical constraint at site level. This
highlights how lock-in is not only embedded in physical and technical systems, but also in how
system conditions are experienced and interpreted across different actor groups.

The empirical material does not indicate a clear path-breaking process in which actors deliberately
and strategically reconfigure the existing system. Rather, electrification of mobile machinery is
primarily approached through pilot projects, testing and incremental adjustments within current
structures, reflecting a situation where the existing trajectory is increasingly challenged while
alternative paths remain uncertain and not yet clearly defined, resembling what has been de-
scribed as path dissolution. Respondents describe how technologies are still under development,
how multiple alternatives are explored in parallel and how larger investments are postponed un-
der conditions of uncertainty. This lack of convergence is further reflected in differences between
actor perspectives. While an external supplier emphasizes a strategic focus on fast-charging bat-
tery solutions as the primary alternative, respondents within the organization do not describe
such a solution as self-evident. Instead, multiple technological options, including different charg-
ing strategies and system configurations, are considered in parallel, without a clear dominant
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direction emerging. The empirical material also indicates that technological development is not
primarily driven by the mining context itself. One supplier describes how developments in electri-
fied road transport are expected to function as a lever for future mining applications, suggesting
that progress in electrification of mobile machinery is closely linked to developments in adjacent
industries. This further reinforces the uncertainty regarding which technological solutions will
become viable and when they will be available for implementation.

5.2 Organizational interpretations of electrification

This chapter analyzes how different roles and levels within the organization interpret and perceive
the electrification of mobile machinery as well as analyzing their attitudes toward change. The
section also explores culture and learning within the organization.

5.2.1 Role-specific meanings and competing logics

Across the organization respondents often appear to say similar things about electrification but
this agreement is more superficial than it first seems. Three themes recur across almost all levels.
First, electrification is widely linked to sustainability and long term legitimacy and reduced CO2

emissions are seen as necessary for Boliden’s future survival competitiveness and image. Second,
there is broad agreement that electrification can improve the work environment through less
noise, less heat and the removal of exhaust fumes, especially in underground settings. Third and
perhaps most importantly all levels recognize the primacy of production. No group argues that
electrification should be pursued if it creates a lasting threat to tonnage, operational continuity
or delivered volumes. In that sense the organization shares a common surface vocabulary around
climate productivity and future readiness. However these shared terms do not imply a shared
understanding of what electrification actually means in practice.

Instead the case description shows that electrification is interpreted through different organiza-
tional filters. For operators, electrification is primarily a question of everyday comfort, safety
and whether a machine can be trusted in production. Their concerns center on sudden shut-
downs, charging logistics and the fear that a machine might simply ”die” on a ramp. Technical
operations and maintenance interpret electrification more as an infrastructural and system level
challenge, with a focus on grid capacity, charging peaks, maintenance complexity and the need
for standardization and new competences. Site management filters electrification through lo-
cal autonomy, production pressure and budget responsibility which means that the key issue is
whether new technology can be integrated without disrupting short term operational stability.
Central technical development, by contrast tends to interpret electrification through a learning
logic where failed pilots are treated as valuable organizational learning that makes the company
understand the technology and less unsure about future implementation. Strategic procurement
frames electrification through supplier dependence, market power, geopolitical risk and total cost
of ownership, emphasizing that Boliden is too small to set the rules for global manufacturers.
Executive management interprets electrification as a strategic positioning issue linked to climate
commitments and long term legitimacy while still filtering it through profitability and the lack
of a current market premium for “green metal.” Communication roles add yet another layer by
treating electrification as part of Boliden’s external legitimacy and brand building, while also
pointing to the difficulty of making such narratives meaningful to employees who work far from
management.

Several broader patterns run through these differences. One is the communication gap. Man-
agement and communication roles often describe the overall direction as clear while operators
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and some technical staff describe silence, lack of follow up and a situation where skepticism and
speculation fill the gap. Another is the dominance of “production first”. Even respondents who
support electrification in principle repeatedly indicate that long term ambitions tend to lose
priority when production is under pressure. A third pattern is supplier dependence. From pro-
curement to central technical development and executive management there is a clear awareness
that Boliden remains highly dependent on the roadmaps, standards and production capacity of
large external suppliers. In this sense electrification is not only shaped internally but also by the
company’s limited ability to influence the market on which it depends.

At the same time the organization is not only differentiated across levels. It is also internally
divided on several important questions. Time horizons are one clear example. Respondents in
central technical development and parts of executive management are generally more optimistic
and refer to substantial breakthroughs around 2030 to 2033 while operators and some procure-
ment respondents describe full electrification as something much further away perhaps 2040, 2060
or even ”never”. However, there is no clear pattern between roles and levels regarding when the
organization would reach 50 respectively 100 percent mobile electric machines. Standardization
is another point of tension where the levels have different perspectives. Technical operations
and maintenance express frustration over the lack of common procurement and technical so-
lutions, since multiple brands and systems make maintenance and spare parts handling more
difficult. By contrast, site management and executive management defend the decentralized
model arguing that local freedom is necessary to preserve engagement, fit local conditions and
maintain profitability. The capacity of the electricity grid is also interpreted very differently.
Some respondents at higher levels suggest that capacity can be solved or that Sweden has the
basic conditions to expand electricity use, while others, especially in technical roles and parts of
management remain much more skeptical and openly question whether the grid infrastructure
and electricity production will actually be in place when needed. Technology maturity is perhaps
the sharpest dividing line. Central technical development tends to present current pilots as tests
of relatively developed technologies while site management and maintenance staff sometimes de-
scribe themselves instead as “free product developers” for suppliers, expected to absorb the risks
and inefficiencies of machines that are not ready for real production.

Taken together this suggests that the organization is neither fully aligned nor simply divided.
What exists is a shared recognition of the broad drivers behind electrification combined with
deep differences in how the main problem is defined, which risks are considered acceptable and
how quickly change is seen as feasible.

5.2.2 Culture, communication and the social shaping of change

The interviews point to a culture shaped mainly by three connected features: a strong focus
on production, a high degree of local autonomy and a pragmatic view of change. In the case
description, it is clear that the culture is shaped by the structure of the organization, since Boliden
is repeatedly described as highly decentralized and as ”many small companies”, with considerable
decision-making power placed at site level and the GM occupying a role similar to that of a CEO.
This means that leadership from the General Manager shapes how electrification is understood
at each site. Depending on the GM and the local context, electrification may be seen more as a
strategic opportunity, more as a costly risk or more as something that must wait until production
pressure has eased. In the case description, it is also clear that the decentralization and size of
the company make it difficult to establish a common direction. As emphasized by a person
in central technical development, there was a clear difference between the General Managers at
Garpenberg, where a previous manager was highly involved in electrification of mobile machinery
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and even told all employees that ”Garpenberg had purchased their last diesel machine” (interview
17). However, when the new manager took over, the initiatives stagnated and Garpenberg now
has no mobile electric machines and has since purchased new diesel machinery. Since there are
no common goals for electrification at the company level, and since managers at each site have
high autonomy, the material points to variation between sites in how electrification is understood
and prioritized.

A further cultural dimension, particularly visible in Aitik, concerns the role of the union. The
material suggests that the union shapes mine culture by influencing how change, discipline and
managerial authority are handled in practice. In one interview, a person from technical operations
and maintenance contrasts internal employees with an external contractor to illustrate how much
more often internal employees destroy or run over the cables to the machines. The respondent
argues that the unionized setting reduces the scope for direct corrective action, while also making
reorganizations slower and more negotiated. They further state that the company has become
reluctant to take disciplinary action against employees who do not behave or work correctly. This
can be supported by observations that union material was visibly present across the site, which
can indicate that the union forms part of the everyday culture rather than being a peripheral
actor. The material therefore suggests a culture in which change is more procedural, more
collectively mediated and less unilaterally imposed.

When speaking to operators, however, they express large faith in the union and argue that
without the union the company would want them to ”work for free” (interview 1). This shows
that there are difficulties regarding trust between employees from different levels. Internal com-
munication is important not only for sharing information, but also for building trust and good
relations between employees and management. When employees do not see how management
goals relate to their own everyday work or when communication is unclear, this can create cyn-
icism and distrust toward management. The operators’ statement reflects this kind of distrust.
It suggests that management initiatives are not always interpreted as legitimate or beneficial
from the operators’ perspective, but may instead be understood through a more conflict-based
view of the relationship between workers and the company. This lack of trust in management is
also visible regarding follow up on requirements for each site where one person expressed that it
would be a good idea with a common electrification goal but there is never anyone to follow up
on goals that are not directly linked to production and CO2. Another example of lack of internal
communication from the case description is when the electric loader in Garpenberg was removed
from production and the operators all speculated about what happened and why it was removed
but no one seemed to know exactly why. When reliable communication is missing, rumors and
speculation may fill the gap, which can further strengthen uncertainty and resistance. Trust
therefore becomes an important condition for how change is received and weak trust may make
it harder to anchor electrification as a shared organizational project.

At the Aitik site, unsafe work practices also appear to create friction both within and between
groups. According to several respondents, some operators, particularly younger and older men,
do not always fasten their helmets or seatbelts properly, despite the obvious safety risks this
creates. This can be understood in relation to organizational culture as an informal control
system, where shared norms and everyday practices define what is seen as acceptable behavior.
In this case, the informal norms among operators do not always support formal safety ambitions.
Instead, they may normalize risky behavior, which creates tension not only between operators
and technical or maintenance staff, but also among operators themselves, when some follow the
rules and others do not. A similar pattern regarding this type of culture can be seen in the
failed attempt to introduce a monthly ”B-safe” award for employees who had done an especially
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good job from a safety perspective. Rather than creating motivation, the initiative seems to
have caused irritation among the operators, since some felt that others were being rewarded
for ”simply doing their job” (interview 1), while the rest were indirectly told that they were
not good enough. This can be linked to the idea that resistance is reinforced when systems of
incentives and performance evaluation are poorly aligned with existing norms and expectations.
Such reactions should not be understood as isolated individual responses, but as expressions of
a wider social field shaped by group norms and shared standards. The problem was therefore
not the award itself, but the way it clashed with the group’s own understanding of what should
count as normal, fair and legitimate recognition. Instead of strengthening the desired behavior,
the initiative seems to have produced the opposite effect by creating frustration and reinforcing
distance between management and operators.

Several operators describe that they do have forums where they can ask questions and express
opinions, but some state that they do not feel listened to because no visible action follows. One
example from the case description is that all operators at Aitik agreed that a certain model of
truck felt unsafe, yet the company still decided to purchase new trucks of the same model. This
reflects a common problem in internal communication: when employees are formally invited to
give feedback but do not see any response, communication risks becoming empty or disconnected
from daily work. In such cases, strategic messages may turn into verbal fog, where goals and
initiatives are present, but not experienced as meaningful or relevant in practice. At the same
time, the material also shows that some feedback does lead to action, such as the case where a
truck chair was changed after operators described it as unsafe. However, the response from central
technical development, where one respondent stated that operator views differ too much to satisfy
everyone, shows the difficulty of coordinating partly competing expectations. Similar friction
can be seen between strategic procurement and executive management, where one respondent
describes a lack of strategy and vision from the board and where a procurement process changed
from two trucks to one without clear communication to the responsible buyer. This can be
understood as a multiplier effect, where relatively small points of confusion expand into larger
organizational problems as messages are repeated, interpreted differently or fail to reach relevant
actors across levels. As stated in the theory regarding communication, this often leads to low
morale, cynicism and distrust toward management, which is also clearly visible in this example,
where the procurer felt irritation toward executive management.

5.2.3 Learning, resistance and force conflicts in the transition

Besides there being different cultures between sites as seen by how local authority impacts atti-
tudes towards electrification and change, there is also evidence that there are differences between
departments. Change develops across different roles and levels and whether new practices can be
tested and stabilized depends on structures, routines and decision rights rather than on top-down
ambition alone. In central technical development and parts of management, there is a stronger
willingness to experiment. Unsuccessful tests may still be seen as useful because they show what
does not work. In the operational parts of the organization, however, tests are judged much
more in terms of downtime, extra work and production risk. This reflects the production-centred
logic that is found among most employees, where new technology is supported up to the point
where it does not threaten operational continuity. Even though several respondents from differ-
ent levels point to the importance of production, observations made suggests that production is
not optimized. For example the AS trucks in Aitik were all standing still because the loader was
on break, only one out of eight loaders were working in Garpenberg and the problems with cable
breakage that disrupts production several times a week. However, the culture nonetheless seems
to support experimentation most clearly where the cost of failure is lower and the interest in new
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technology is higher, while it reinforces caution where testing risks disrupting daily production.
This helps explain why Boliden is able to initiate pilot projects, but still finds it difficult to make
experimentation a normal part of everyday work.

Whether experimentation leads to learning or instead to caution depends not only on where in
the organization a test takes place, but also on how it is communicated and made meaningful
afterwards. Updated and reliable information helps employees interpret their work situation,
understand organizational priorities and relate their own work to a shared direction. In the
same way, feedback and two-way communication can reduce the distance between management
intentions and everyday practice, while a lack of clear communication may instead leave room
for uncertainty, speculation and resistance. According to respondents at central technical devel-
opment, they work with evaluating all pilot projects carefully to understand why or why not a
product succeeded or failed. As mentioned above, this creates a shared direction and interest in
projects. However, this information is not shared with everyone. One communicator stated that
they would be surprised if employees would want to hear about failed projects, but as seen in
interviews with operators they are very curious about what happened with future trolleys and
new electric loaders. If tests are not followed by clear explanations of what was learned, why
they were carried out and what they mean for future work, they risk being remembered not as
part of a broader learning process, but as isolated disruptions to production which will further
create rumours, speculation, distrust as well as resistance to change. It is in this sense that
communication becomes central to how earlier projects are later understood and discussed.

Because production continuity is so central, previous tests have become important reference
points for what electrification means in practice, especially at the operational level. The battery-
electric loader in Garpenberg is described as having made the site ”less naive”, while the trolley
project in Aitik is remembered by operators less as a learning process and more as something that
was introduced, malfunctioned and then disappeared. This shows that openness or resistance
is not mainly rooted in abstract attitudes toward sustainability or change, but in shared inter-
pretations of past experience. The ”gruvgubbe mentality” mentioned in the interviews should
therefore not be read simply as conservative stubbornness. Rather, it reflects a culture in which
credibility is built through proven functionality and where technologies that appear immature,
under-communicated or poorly adapted to production quickly become associated with disrup-
tion. This culture is also reproduced through processes of socialization, where newcomers are
gradually introduced to existing norms, routines and assumptions about what counts as safe,
effective and realistic work. In that sense, attitudes favoring diesel-based reliability and produc-
tion stability are not sustained only by long-serving employees, but are continually passed on and
normalized in everyday practice. Resistance to change can thus be understood as emerging not
only from individual unwillingness, but from shared norms, socialized expectations, uncertainty,
interdependencies and restraining forces that uphold the existing equilibrium. Electrification
becomes difficult, then, not because the culture is simply anti-change, but because established
routines, past experiences and collectively reproduced expectations make some forms of change
appear credible and others disruptive.

As emphasized by Lewin’s force field model, change depends not only on the presence of driving
forces, but on whether these are strong enough to outweigh the restraining forces that maintain
the existing equilibrium. This helps explain a central pattern in the empirical material. Across
the organization, respondents are broadly aligned in their view that electrification is the right
long-term direction and they often refer to similar driving forces, such as climate goals, future
competitiveness, improved work environment and the need to reduce emissions. This can be seen
in 1 where the same drivers are seen among all levels while barriers seem to differ. However,
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this shared support is clearly conditional. Each group appears to have a nonnegotiable priority
that electrification must not threaten. For operators, electrification should not come at the
expense of safety, comfort or reliability. For technical operations and maintenance, it should not
undermine infrastructural stability, standardization or maintainability. For site management,
it should not jeopardize local budgets, production targets, logistics or operational continuity.
For strategic procurement, it should not force Boliden to absorb the cost of immature supplier
development. For executive management, it should not weaken profitability or threaten the firm’s
overall financial position.
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6 Discussion

This chapter discusses the findings of the analysis in relation to the theoretical framework. The
discussion develops two main contributions. First, it argues that uncertainty does not only
surround the electrification transition, but may become self-reinforcing when the organization
avoids binding decisions in order to remain flexible. Second, it argues that an incumbent firm
in a sustainability transition can be understood as a micro-regime, since it internally reproduces
many of the stabilizing mechanisms that transition studies usually associate with broader socio-
technical regimes.

The findings from the analysis point to electrification as a transition that is difficult to understand
as a firm-level implementation process alone. Electrification of mobile machinery unfolds in rela-
tion to wider socio-technical structures that the case organization can influence only to a limited
extent. This is consistent with the multi-level perspective described by Geels (2004), which con-
ceptualizes transitions as shaped by interactions between niche innovations, regime structures
and landscape-level developments. In the present case, this is reflected in the dependence on
suppliers, the coexistence of multiple technological solutions, the absence of a dominant design,
infrastructural constraints and the importance of broader market developments and geopolitical
conditions. Electrification is therefore not simply a replacement of diesel machinery with electric
machinery, but a broader system reconfiguration involving charging infrastructure, grid capacity,
mine planning, supplier capabilities and operational routines. Furthermore, the findings indicate
that broader geopolitical dynamics and global market dependencies, located at the landscape
level, shape the transition in ambivalent ways. In line with Geels (2004, 2024), the landscape
consists of exogenous developments, such as macro-trends and geopolitical shocks, that lie beyond
the direct control of individual actors but influence both niche innovations and existing regimes.
In the present case, these landscape-level conditions do not translate into a unidirectional push
towards electrification. Electrification is framed as a way to reduce dependence on volatile global
fuel markets and increase reliance on more stable and locally available energy sources, yet global
supply chains, trade conditions and geopolitical tensions simultaneously introduce new depen-
dencies and uncertainties that constrain the pace and direction of the transition. This illustrates
how landscape developments may simultaneously open up windows of opportunity for niche
innovations while reinforcing uncertainties that delay their broader diffusion into the regime.

This broader system character makes uncertainty a structural feature of the transition. Yet,
the findings from the case also suggest that uncertainty has a more active role in shaping or-
ganizational action. It is not only something the organization experiences while waiting for the
transition to stabilize. It also affects how strongly electrification is internally prioritized, how
clearly it is translated into operational requirements and how much learning can be accumulated
across the case organization.

The first contribution of the findings is therefore what can be understood as an uncertainty
paradox. The findings show that electrification is widely described as the right long-term direc-
tion, yet precisely because the technological and market trajectory remains unsettled, the case
organization hesitates to prioritize it in a firm and binding way. Uncertainty thus simultaneously
motivates the need for change and justifies delay. On the one hand, uncertainty about future
diesel costs, climate demands, market expectations and technological development strengthens
the argument for electrification. On the other hand, uncertainty about technology maturity,
supplier capacity, charging standards, infrastructure needs and future costs makes it difficult to
translate this long-term direction into clear operational targets, binding requirements or a strong
mandate to phase out diesel-based machinery at site level. This paradox nuances how the ex-
plorative phase of a transition can be understood. In the multi-level perspective, an explorative
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phase is characterized by experimentation, learning and the testing of alternative solutions, while
networks and expectations are still emerging (Geels, 2024). The findings support this description,
since the case organization engages in pilot projects, collaborations with multiple OEMs and the
development of different technological alternatives adapted to specific mining conditions. How-
ever, the findings also suggest that exploration is not automatically productive. Keeping many
technological pathways open may be valuable when the future direction is unclear, but only if
exploration generates learning that is shared, accumulated and translated into further action. In
the present case, exploration often remains local, fragmented and conditional. The explorative
phase is therefore not only a period of innovation and learning, but also a period of strategic
hesitation.

The collaboration with OEMs further shows that the case organization consequently combines
active participation in niche-level experimentation with continued dependence on the existing
diesel-based regime. This aligns with Magnusson and Werner (2023) and Turnheim and Sova-
cool (2020), who challenge the view of incumbents as homogeneous and primarily resistant to
change in sustainability transitions research, and instead highlight how incumbents may engage
proactively in innovation and system reconfiguration depending on their strategic positioning.
However, proactive engagement does not necessarily mean decisive transition. The organization
can simultaneously collaborate with suppliers, test new machinery and articulate climate ambi-
tions, while still avoiding binding decisions that would make electrification a stronger organizing
principle across the company.

This has important implications for path dependency. Drawing on Apajalahti and Kungl’s (2022)
understanding of path dependence and lock-in as mutually reinforcing mechanisms, diesel-based
systems can be understood as remaining strongly reinforced through existing infrastructure,
planning logic, competencies, supplier relations and cost structures.The findings add to this by
showing that uncertainty itself may become part of the path-dependent dynamic. Because the
technology is perceived as uncertain, the case organization avoids fully prioritizing it. Because
it is not fully prioritized, learning remains local, implementation remains fragmented and un-
certainty persists for longer. What appears to be caution toward one uncertain path therefore
also reproduces dependence on another. From this perspective, the transition resembles what
Apajalahti and Kungl (2022) describe as path dissolution rather than path breaking. External
pressures, technological development and parallel emerging alternatives begin to destabilize the
established trajectory, but without a clearly defined and intentionally pursued alternative path
replacing it. This interpretation is also consistent with the gradual and uncertain character of
transitions described by Geels (2004) and Farla et al. (2012), where old and new configurations
often coexist over long periods and where new technologies initially function as partial comple-
ments rather than direct substitutes. In the present case, electrification is not absent, but neither
is it stabilized. It remains suspended between strategic necessity and practical uncertainty.

The uncertainty paradox also has implications for organizational change when viewed from
Lewin’s Force Field model. In this case, climate goals, future competitiveness, work environ-
ment improvements and long-term cost efficiency function as important driving forces. However,
these drivers are counterbalanced by uncertainty, production risks, infrastructure limitations,
cost exposure and concerns about loss of local control. The findings therefore support Lewin’s
central idea, as described by Nahavandi (2015), that change depends not only on creating stronger
pressure for change, but also on reducing the restraining forces that make change appear risky or
undesirable. At the same time, the case also nuances Lewin’s model by showing that restraining
forces are not located in one single place. They are distributed across different organizational
levels, roles and local contexts.
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This means that shared support for electrification at the level of principle does not seem to
automatically translate into shared support in practice. As stated by Nahavandi (2015), orga-
nizational culture shapes how members interpret what is appropriate, effective and legitimate.
The findings suggests that the main tension is not whether electrification is desirable as a long-
term direction, but how its costs, risks and disruptions are handled in practice. Electrification
may therefore be judged differently depending on role-specific priorities, practical concerns and
assumptions about what is feasible or worth protecting. The case thus indicates that such tran-
sitions involve trade-offs between production stability and long-term sustainability, as well as
between experimentation and operational continuity. These trade-offs are not neutral, because
they influence which priorities are protected, which uncertainties are accepted and which forms
of change are considered legitimate in practice. A shared driver may therefore become a barrier
when it is perceived to threaten what actors regard as necessary to protect. In this sense, re-
sistance to electrification should not be reduced to conservatism or unwillingness to change, but
understood in relation to responsibilities, experiences, professional identities and accountability
structures.

The second contribution follows from this internal differentiation. Sustainability transitions re-
search has increasingly challenged the view of incumbents as homogeneous actors (Magnusson &
Werner, 2023; Turnheim & Sovacool, 2020). The present case supports this line of argument, but
also suggests that such heterogeneity may be even more deeply embedded within organizations
than is sometimes made explicit. What appears externally as one organization pursuing one
strategic transition may internally be a fragmented arena in which the same transition is inter-
preted through different professional responsibilities, risk perceptions, local conditions and time
horizons. To capture this internal complexity, this study proposes the concept of the incumbent
firm as a micro-regime. This concept refers to how an incumbent organization may internally
reproduce many of the stabilizing mechanisms that transition theory usually associates with
broader socio-technical regimes. As stated by Geels (2004), regulative, normative and cognitive
rules shape how actors perceive electrification, what kinds of decisions are regarded as legiti-
mate and what forms of change are seen as realistic. In the case organization, this is visible
in the decentralized governance structure, the strong production orientation, the emphasis on
proven functionality, the importance of local budgets and the persistence of role-specific expec-
tations. Rather than simply delaying implementation, these internal structures appear to shape
the conditions under which electrification can become a reasonable and legitimate organizational
priority.

Understanding the firm as a micro-regime can also help explain why electrified alternatives
are not judged in isolation. They are evaluated against the standards of a system already
optimized around diesel. Diesel-based mining operations are stabilized not only through sector-
wide infrastructures and markets, but also through local complementarities between mine design,
planning practices, machinery, competencies and routines. As a result, technologies that do not
fit seamlessly into this existing configuration may be more likely to be interpreted as immature,
inefficient or unrealistic. The case therefore indicates that lock-in is not only shaped by external
infrastructures, markets or supplier systems, but may also be reproduced within the organization
through local practices, expectations and evaluation criteria.

At the same time, the case organization is not merely a passive recipient of technologies devel-
oped elsewhere. By engaging directly in product development together with suppliers, it also
participates in shaping emerging solutions. This is analytically important because it indicates
that niche innovations are not simply entering the organization from the outside. They are partly
drawn into the firm’s own internal regime environment and adapted to its production logic, tech-
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nical standards and operational priorities. In this sense, the firm not only reproduces lock-in,
but also seeks to manage innovation on terms that remain compatible with the existing system.

This perspective helps open the incumbent ”black box” that earlier transitions research has of-
ten left underexplored. It suggests that understanding how incumbents handle sustainability
transitions requires not only attention to external pressures and system dynamics, but also to
the internal structures through which such pressures are interpreted, negotiated and acted upon.
The case organization is not simply a regime actor that either resists or supports transition. It
is itself a site of regime-like stabilization, where different internal logics, priorities and decision
patterns shape the pace and direction of change. Communication and learning become particu-
larly important in such a micro-regime. Dolphin (2005) emphasizes that internal communication
is important for reducing uncertainty, building trust and providing timely information during
periods of change. In this sense, communication can help connect strategic intent to everyday
work. Similarly, Bingham and Jeary (2007) show that fragmented or unclear communication
may leave room for speculation, distrust and conflicting local interpretations. In the present
case, communication gaps suggest that lessons from pilot projects do not always become shared
organizational learning. As a result, experiments appear to retain different meanings in differ-
ent parts of the organization, being interpreted as learning in some contexts and as disruption
or wasted resources in others. This suggests that fragmented communication weakens the or-
ganization’s ability to move from exploration to more coordinated implementation. The two
contributions are therefore closely connected. As long as learning remains fragmented, uncer-
tainty is likely to persist. As long as uncertainty persists, binding decisions become easier to
postpone. And as long as decisions are postponed, the existing diesel-based system remains the
default. In this way, not making a decision also becomes a decision, because it allows existing
routines, priorities and evaluation criteria to continue structuring organizational action. The
attempt to avoid premature lock-in may therefore reproduce another form of lock-in, namely
continued reliance on the existing socio-technical configuration.

This interpretation shifts attention from whether incumbent firms explore new technologies to
how exploration is organized internally. In the present case, technical testing alone does not
appear sufficient to reduce uncertainty, since learning depends on how experiments are translated
into operational priorities, shared across sites and connected to existing decision structures.
Exploration may therefore preserve flexibility, but it may also reproduce existing regime-like
patterns if learning remains local and commitments are continuously postponed. In this sense,
uncertainty becomes more than a contextual condition of the transition, it becomes part of the
organizational dynamics through which the incumbent firm maintains the existing trajectory.
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7 Conclusion, Practical Implications and Future Research

This thesis set out to analyze how perceived organizational barriers and technological uncertainty
shape how an incumbent mining organization handles electrification as part of a socio-technical
transition. This chapter presents the conclusions of the study in relation to the research question.
It also discusses practical implications by outlining more direct suggestions for how organizations
can mitigate some of the barriers identified in the analysis. Finally, it identifies directions for
future research that could further advance the understanding of incumbent firms in sustainability
transitions.

7.1 Conclusion

This section will answer and conclude the research question of the report.

RQ: How do perceived organizational barriers and technological uncertainty shape how an incum-
bent mining organization handles electrification?

This study shows that, in incumbent firms, electrification is not shaped by technical feasibil-
ity alone, but by how perceived organizational barriers and technological uncertainty structure
decision-making and action.

Perceived organizational barriers shape how electrification is handled by embedding it within
existing structures, routines and performance logics. Rather than being evaluated in isolation,
new technologies are interpreted through established priorities such as operational reliability,
productivity, cost efficiency and safety. These priorities differ across organizational roles, but
share a common feature in that electrification must not compromise core activities. As a result,
electrification is approached conditionally, where support depends on its perceived compatibility
with existing operations. This leads to selective adoption, where initiatives are adapted, limited
or postponed when they conflict with dominant organizational priorities.

Technological uncertainty reinforces these barriers by making future outcomes difficult to predict
and evaluate within existing decision-making frameworks. Uncertainty regarding performance,
costs, infrastructure and long-term viability increases the perceived risk of adopting new tech-
nologies, particularly in capital-intensive environments. In response, organizations tend to rely
on established and proven solutions, as these are seen as more predictable and easier to justify.
In this context, incumbent firms can be understood as operating as micro-regimes, where shared
interpretations of uncertainty, combined with existing evaluation practices, stabilize current tech-
nologies and make alternative solutions appear less legitimate or feasible.

Together, perceived organizational barriers and technological uncertainty shape how incumbent
firms act by promoting risk-averse and path-dependent behavior. Rather than enabling rapid
large-scale change, these conditions lead to incremental and exploratory approaches, where new
technologies are introduced through limited trials, pilot projects and gradual scaling. Larger
commitments are typically delayed until uncertainty is reduced and the technology can be inte-
grated without disrupting existing operations. In this way, electrification in incumbent firms is
handled as a negotiated process, where organizational conditions determine which technological
pathways are perceived as feasible and legitimate. The pace and direction of the transition are
therefore not only influenced by external technological developments, but by internal dynam-
ics that filter, reinterpret and selectively enable change. By doing so, this study contributes
to opening the “incumbent black box”, showing how internal organizational processes actively
shape how sustainability transitions are understood and enacted in practice.
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7.2 Practical implications

The findings indicate that the transition from diesel-driven to electrified mobile machinery cannot
be managed by the case organization in isolation. Instead, it is strongly shaped by external con-
ditions such as geopolitical developments, global market dynamics and dependencies on suppliers
and other large mining actors. The absence of dominant technological designs and internationally
established standards further contributes to uncertainty regarding which technological solutions
to pursue. In this sense, the organization is required to navigate a transition that is only par-
tially within its control. However, several barriers identified in the study are internal and can be
addressed in order to reduce resistance to change and facilitate implementation.

Clarifying strategic direction and operational translation: Although sustainability ambi-
tions are clearly articulated at the corporate level, they are interpreted and implemented locally
across sites. This results in a lack of concrete guidance on how to act in practice. The findings fur-
ther suggest that while there is general awareness that current targets may not be achieved, they
are not consistently revised or translated into actionable plans. Strengthening the link between
strategic ambitions and operational decision-making could therefore support more coordinated
implementation.

Managing decentralization and aligning priorities: The decentralized structure of the or-
ganization gives significant autonomy to site-level management, which leads to variation in how
electrification is prioritized. In practice, local priorities such as production rate and operational
continuity tend to outweigh long-term sustainability goals. While decentralization enables adap-
tation to site-specific conditions, it also contributes to fragmentation. Developing clearer shared
priorities and decision criteria across sites may reduce this variation and support a more unified
direction.

Bridging the gap between strategic and operational levels: The findings indicate a gap
between top management and operational functions in how electrification is understood and
evaluated. While technical departments may interpret pilot projects as valuable learning oppor-
tunities, other roles, such as purchasing, may perceive them as costly failures. In addition, lessons
learned from pilot projects do not always appear to be effectively communicated across the or-
ganization, but instead remain local. Improving internal communication and knowledge-sharing
mechanisms may therefore enhance organizational learning and reduce repeated inefficiencies.

Standardizing systems and enabling learning across sites: The lack of standardized ap-
proaches to suppliers, spare parts and machine solutions across sites further slows down the
transition. When each site operates with different systems and configurations, learning becomes
difficult to transfer and scale. Establishing more coherent structures for procurement, technical
solutions and supplier collaboration could support cumulative learning and accelerate implemen-
tation.

Adopting a more proactive approach to infrastructure development: The findings
suggest that electrification is not simply a matter of purchasing new machinery, but requires
significant changes to infrastructure and logistics. However, uncertainty regarding technological
development appears to delay such investments. Given that electrification is widely perceived
as inevitable in the longer term, a more proactive approach may be beneficial. This could
involve, for example, assessing future electricity demand at each site and gradually developing
infrastructure that can support electrified operations when technologies become more mature.
Such an approach may strengthen organizational resilience and reduce the need for reactive
responses to future shocks.
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7.3 Future research

This study has provided an in-depth understanding of how perceived organizational barriers and
technological uncertainty shape how an incumbent mining organization handles electrification
as part of an ongoing sustainability transition. At the same time, the findings point to several
relevant directions for future research.

First, future studies could broaden the empirical scope by examining multiple incumbent firms
rather than a single case. Since this thesis is based on one organizational context, further com-
parative research would be valuable in order to assess whether the patterns identified here are
specific to this case or more broadly characteristic of incumbent firms in sustainability transitions.
In particular, such studies could explore whether similar forms of fragmentation, conditional sup-
port and internal stabilizing mechanisms can be found across firms with different organizational
structures, governance models and industrial conditions.

Second, future research could extend this perspective beyond electrification and examine other
types of sustainability transitions in incumbent firms. While this study focuses on electrifica-
tion of mining operations, the concept of the firm as a micro-regime may also be relevant in
other transition contexts where established organizations are required to adapt to new socio-
technical conditions. Studies of other transitions, such as circular production systems, fossil-free
process technologies, alternative fuels or digital sustainability transformations, could therefore
contribute to a broader understanding of how internal organizational dynamics shape the han-
dling of sustainability-oriented change across sectors and technologies.

Third, longitudinal research would be particularly valuable. Since this study captures the transi-
tion during an ongoing and predominantly explorative phase, future studies following firms over
a longer period of time could provide deeper insight into how transition processes evolve between
phases. More specifically, such research could examine how behaviors, strategies and decision-
making patterns established during an explorative phase influence later phases of the transition,
including whether they facilitate broader coordination and implementation or instead reinforce
prolonged uncertainty and fragmentation. A longer time perspective would also make it possible
to study whether the tension between keeping options open and making binding decisions is
gradually resolved, and how such developments shape the transition trajectory over time.
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A Interview questions

Context and background information

1. Can you describe your role and your main work tasks?

2. What does a typical workday or shift look like?

3. How long have you worked here and in this role?

(a) Has your role changed over time?

4. In what way are you affected by electrification in your work?

(a) Is your involvement direct (operations/maintenance/planning) or more indirect?

5. What type of equipment, system, or machine do you mainly work with?

6. Have you been involved in pilots, tests, or implementation processes? If so, in what way?

Change management
Interpretation, legitimacy, everyday practices

1. How would you describe the current stage of electrification in your operations?

2. What are the main drivers behind the decision to electrify mining equipment according to
you?

3. How has goals and visions for electrification been communicated to employees?

4. How would you describe the general attitude among employees toward electrification?

Transition dynamics within the organization
Path dependency, coexistence, uncertainty

1. From your perspective, what makes electrification in mining particularly challenging?

(a) What potential benefits or opportunities do you see with electrification?

2. What kind of support or guidance do employees receive from their supervisors during the
transition?

3. Have there been situations where earlier decisions or established ways of working have
influenced how electrification has developed over time?

4. How are different technological solutions handled when several alternatives are used or
explored in parallel?

5. Which established routines or practices influence how new technologies are introduced?
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B Interview overview

ID Level Role Duration Notes

1 Operational Staff Truck Drivers (2 partici-
pants)

1:01:13

2 Operational Staff Machine Operator 0:19:06
3 Operational Staff Machine Operator 0:14:15
4 Technical Operations and Maintenance Mechanical Maintenance

Manager
0:58:37

5 Technical Operations and Maintenance Automation Systems Opera-
tions Manager

0:25:41

6 Technical Operations and Maintenance Electrical Technician 0:25:22
7 Technical Operations and Maintenance Logistics, Transport and

Loading Technician
0:21:21

8 Technical Operations and Maintenance Mobile Equipment Mainte-
nance Technician

0:26:21

9 Technical Operations and Maintenance Electrical Manager Interviews 4 and 13
10 Site Management Area Manager 0:22:50
11 Site Management Section Manager (Logistics,

Transport and Loading)
0:20:58

12 Strategic Procurement Strategic Procurement Spe-
cialist

0:46:54

13 Strategic Procurement Strategic Procurement Spe-
cialist

0:51:07

14 Strategic Procurement Strategic Procurement Spe-
cialist (Logistics)

0:38:34

15 Central Technical Development Electrification Development
Engineer

0:34:06

16 Central Technical Development Electrification Project Man-
ager

0:23:17

17 Communication Communications Specialist 0:29:38
18 Communication Communications Specialist 0:19:49
19 Communication Communications and Mar-

keting Manager
0:18:00

20 Communication Communications Specialist 0:14:44
21 Corporate Management Senior manager 0:24:26
22 Corporate Management Senior manager 0:39:13
23 External OEM Supplier Not recorded
24 External Energy Provider 0:38:40
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C Thematic codes

Figure 2: Thematic code and theme for economy
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Figure 3: Thematic code and theme for organization
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Figure 4: Thematic code and theme for infrastructure

Figure 5: Thematic code and theme for politics
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Figure 6: Thematic code and theme for work environment
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