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Exercicio - Como a Industria 4.0 afetara no trabalho?

Aula Especial _ Industria 4.0 _ Aline Culchesk

Contextos para o exercicio

Cada grupo fara a leitura de um trecho extraido do artigo “Mining 4.0—the Impact of New Technology from a Work
Place Perspective (2019)” de Joel L66w, Lena Abrahamsson e Jan Johansson.

e Osgrupos 1a4fardo aleitura do “A visdo distopica _ Minerag¢do 4.0”
e Osgrupos 5 a9 fardo aleitura do “A visdo utépica _ Mineragdo 4.0”
Posteriormente faremos uma discussao sobre o texto lido.

Para isto, é solicitado que listem ao menos 3 aspectos importantes relatados nos trechos e apresentem uma breve

discussdo sobre eles.

Anexar no AVA no campo especifico _ Até 03/11/2020.
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A visao distépica_ Minera¢dao 4.0 _Grupos1a4

Vocé tem que ser grato por ter um emprego, agora que tudo estd automatizado. A maioria dos empregos
desapareceu, e todo o municipio estd despovoado, sem servico social aceitavel. Hd uma pequena col6nia com mao
de obra barata, principalmente pessoal de limpeza, mas raramente os encontramos. Eles ndo fazem parte do
sindicato e geralmente se mantém sozinhos. Tenho vergonha que a empresa nao tenha maior responsabilidade pela
comunidade. Afinal, somos nds que construimos o patriménio da empresa.

Existem alguns trabalhos qualificados localizados no centro de controle acima do solo, mas a maioria desses
trabalhos foi transferida para a cidade e é realizada remotamente pela rede. Algum trabalho é feito da india - eles
dizem que é mais barato assim. Nao é mais apenas uma equipe A e B; agora também temos uma equipe C.

O que nos resta é principalmente um trabalho de manutencdo, mas ndo é mais um trabalho qualificado. A maior
parte é usando éculos de realidade aumentada e realizando tarefas de acordo com as instru¢des que recebemos da
central de manutencdo ou de um fornecedor de maquinas, de longe. As vezes, temos que colocar um exoesqueleto
se houver trabalho pesado. Costumava haver algumas mulheres em nosso grupo, mas elas nao ficaram por muito
tempo. Eles disseram que os exoesqueletos tornariam as coisas mais faceis, mas eles dificilmente alcancam os
controles.

Agora também existem esses rob0s colaborativos que deveriam nos ajudar em tarefas pesadas. Mas eles e todos os
outros sistemas exigem muitas cameras e sensores, entdao a empresa vé tudo o que fazemos. Vocé facilmente tem a
sensacdo de que o Big Brother o vé.

Assim que vocé tiver uma nova ideia sobre como algo pode ser feito de uma maneira melhor, ele deve ser
adicionado diretamente ao computador de producdo para que possa ser padronizado. E ndo vale a pena tentar
guardar a ideia para vocé - o sistema nota imediatamente se vocé se desvia do esperado.

Mas nem tudo estd mal. O trabalho n3do é tdo perigoso quanto antes, porque hoje nao trabalhamos na frente e nao
ha mais veiculos a diesel. No subsolo tudo é automatizado, mas é claro que temos que instalar a eletricidade e os
pontos de acesso, ai vocé percebe que a empresa reduziu a ventilagdo.

O que mais sinto falta sdo meus colegas de trabalho; temos nossos celulares e tablets para nos mantermos em
contato, mas ndo é a mesma coisa de quando trabalhamos com os meninos.

Neste novo contexto industrial global, torna-se dificil para os sindicatos encontrar uma base para negociagées. Isso
pode corroer as relacdes entre empresas e sindicatos e, eventualmente, criar um mercado de trabalho instdvel com
mais greves e conflitos.
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A visdo utdpica da Mineragao 4.0 _ Grupos5a9

A maior parte do trabalho subterraneo é automatizado e ninguém mais trabalha perto da frente. O controle da
producao ocorre a partir de uma sala de controle iluminada e agradavel acima do solo, ou salas de visualizacdo
colaborativa como sao chamadas hoje em dia.

O trabalho de monitoramento de rotina foi automatizado; com IA, vocé obtém uma estabilidade melhor na
producao - pelo menos até que algo completamente inesperado aconteca, entdao nossas habilidades sdo necessarias.

Nosso papel profissional foi estendido para incluir todo o fluxo de valor, do trabalho ao cliente. Claro, nao
controlamos o fluxo, mas é um sistema transparente onde podemos ver como nosso trabalho contribui para o
quadro geral.

Se virmos uma oportunidade de melhoria, podemos mudar para nosso gémeo digital para experimentar e testar o
resultado; entdo temos acesso a uma grande quantidade de dados de producdo registrados que podemos explorar
(“minerac¢do de dados”, como eles chamam).

Temos uma organizacdo plana e aprendi muito no trabalho com isso; programacao, planejamento de producao, até
mesmo estive envolvido no desenvolvimento das novas maquinas de mineracao!

E sempre divertido se vocé pode melhorar a producido; e, entdo, ndo sé as medidas financeiras se aplicam, mas
também as chamadas medidas verdes, como economizar dgua ou reduzir as emissdes de gases de efeito estufa.

Temos muito orgulho de nossa empresa assumir uma grande responsabilidade social, ndo s6 pelo meio ambiente,
mas por uma sociedade prdéspera que pode oferecer um ambiente social e cultural rico.

Quando algo da errado na producdo, isso é indicado em nossos telefones celulares e geralmente podemos resolver
com algumas teclas. Mas as vezes temos que entrar em um modelo Realidade Virtual e talvez direcionar um robd a
um triturador para quebrar uma pedra.

Se o erro ndo ocorreu antes, as vezes temos que descer na mina para entender o que aconteceu. Entdo podemos
trazer todo o controle de producdao em nossos tablets méveis para que possamos reiniciar rapidamente o fluxo de
producao. Quando somos obrigados a descer para a mina, sempre usamos um colete de seguranca com sensores
para que possamos acompanhar onde estamos e avisar se aparecer algum fator ambiental perigoso, ou se algo
parecer estranho a nossa saude.

E um ambiente agraddvel em nossos locais de trabalho. Para muitos de nés um pouco mais velhos, foi dificil
aprender os novos sistemas, mas a empresa percebeu com sabedoria o valor de nossas experiéncias, especialmente
guando o novo sistema deveria ser inicializado.

Hoje, o nivel de escolaridade é alto entre todos os funcionarios. Ganhamos novas impressdes valiosas porque muitos
funciondrios vém de outras culturas, e o equilibrio uniforme de género teve um impacto positivo em nosso bem-
estar. Costumava ter s6 homens aqui, mas agora estamos quase 50-50. No més passado, minha filha até comecou a
trabalhar na empresa. Ela é formada em ciéncia da computacdo, mas trabalha tanto com meus colegas quanto com
computador. Por muito tempo, pensei que seria o Ultimo mineiro da familia. E bom saber que haverd uma nova
geragdo, e que os jovens pararam de se mudar. Parece que os investimentos da empresa na comunidade e a
insisténcia em treinar e usar os moradores locais valeram a pena.
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Abstract

Industry 4.0 offers new possibilities to combine increased productivity with stimulating workplaces in a good work environment.
Used correctly, digitalization can create attractive jobs in safe control room environments, which provide space for the em-
ployee’s full expertise and creativity. This is true also for the mining industry. But, to succeed, it is important to analyze the
development from a worker’s perspective. What will happen to their work? What skills will be needed in the mine of tomorrow?
We must also consider the risks, such as privacy issues, increased stress, and work-life boundaries. These questions must be
understood if we are to create workplaces that can attract a young and diverse workforce to tomorrow’s mining industry. In this
article, we try to illustrate what the new technology can mean for the individual miners. We formulate the notion of Mining 4.0
(Industry 4.0 in the mining industry), where we try to create an image of how the future might look from a miner’s perspective and
how mining companies may navigate their way to a future that works for all miners. To illustrate the range of possible outcomes,
we formulate two scenarios: one utopian and one dystopic. At the end of our article, we bring forward six recommendations that

can be considered a beginning of a road map for the human side of Mining 4.0.

Keywords Industry 4.0 - Mining 4.0 - Attractive jobs - Safety - Utopia - Dystopia

1 Introduction

Future mining will be shaped in a context where it is necessary
to produce at costs that are determined by international com-
petition [1]. The mining industry has overcome many chal-
lenges with the help of technology [2], but technology alone
will not be enough in the future. So, while having a technical
production process that is at the forefront is one the most
important conditions for the future, having a competent work-
force that can handle the technology is another but equally
important condition—here, generational issues are a big chal-
lenge to overcome. Digitalization is a recurring buzzword that
is often claimed to be able to combine these two requirements.
But how do we build such a production system?

The emerging digitalization in the mining industry offers
new possibilities for increased productivity and at the same
time could create stimulating workplaces in a good work en-
vironment. Inspiration often comes from the positive images
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of the German industrial concept, Industrie 4.0. Used correct-
ly, digitalization can indeed create attractive jobs in safe con-
trol room environments, which provide space for the em-
ployee’s full expertise and creativity: the control room re-
ceives online processed information from the “rock”, from
personnel, and from machinery, and control room equipment
makes it possible to control and fine tune the complete oper-
ation, from resource characterization to the final product.
Sensors and the extensive use of cameras and image tech-
niques even permit “live performances” in the control room
[2].

But, in many countries, there is a lack of skilled
personnel—both miners and mining engineers. The present
workforce is aging and companies have difficulties recruiting
young talented people that in general are not very interested in
working in the mining industry [3-5]. To be able to handle
these problems wisely, it is important to analyze the develop-
ment from a worker’s perspective. What will happen to their
work? What skills will be needed in the mine of tomorrow?
We must also consider the risks, such as privacy issues, in-
creased stress and work-life boundaries. Work, no matter how
attractive, may not be so attractive if it follows one home. If
safety is achieved through constant supervision, this might be
too high a price to pay. These questions must be considered if
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we are to create attractive workplaces that can attract young
people to tomorrow’s mining industry—a workforce that le-
verage its future high-tech environment.

Thus, in this article, we try to illustrate what the new tech-
nology can mean for the individual miners. We will try to
create an image of how the future might look from a miner’s
perspective and how mining companies may navigate their
way to a future that works for all miners.

1.1 Industry 4.0—the Engineering Industry Is
Showing the Way

Industrie 4.0 is a strategy that was shaped by the German
government in 2013. Industry 4.0 (to use its English name)
is described as the fourth industrial revolution. After the steam
engine, electricity, and electronics, the revolution consists of
an implementation of “Internet of Things, Humans, and
Services” where the entire production process is included in
internet-based networks that transform ordinary factories to
smart factories. The German concept as a whole is formulated
in the report “Recommendations for implementing the strate-
gic initiative Industrie 4.0 — Final report of the Industrie 4.0
Working Group” [6]. Similar concepts have appeared all over
the world. The Chinese government promotes a similar idea
under the name Made in China 2025 [7] and the Japanese
government has launched Society 5.0 [8].

Meanwhile, the German vision paints a bright picture
of the future industry in which virtual and physical
worlds will be linked into a powerful “whole” through
the integration of software—from product development
and production, machines will not just do “physical
work” but also perform calculations [9, 10]. This is
described as cyber-physical systems, or even socio-
cyber-physical systems: smart ventilation, smart logis-
tics, smart maintenance, smart machines, and other
smart systems continuously exchange information with
themselves and with human workers. The German strat-
egy highlights the potential for skill expansion and an
enriching working life with more challenging work
tasks.

Kagerman et al. [6] noted that it is necessary for companies
to have a sociotechnical approach where the participation of
employees in job design is central. Without participation, the
desired effects may not be achieved at all. Several commen-
tators have argued that Industry 4.0 requires a flat organization
with more organizational innovations, learning, enhanced
human-machine interaction, and a more human-focused view
on the new technology [cf. 11-13]. The German strategy also
underlines that these developments will reduce the need for
employees; functions such as remote controls and preventive
maintenance will reduce labor costs but increase the employ-
ment security of the remaining factory staft [6, 13].

@ Springer

1.2 Mining 4.0—an Upcoming Concept

Industry 4.0 will also come to affect the mining industry. In
fact, some mines have taken important steps towards the dig-
italized mine of the future. Gradually, the mining industry gets
closer to the visions of Industry 4.0 and fully automated mines
as well as more technologically sophisticated ore-processing
facilities. Analogous to the application of Industry 4.0 in a
mining context, we conceptualize Mining 4.0 as a mining
operation where the miner is an expert who ensures that pro-
duction runs smoothly. A Mining 4.0 operator is not confined
to a control room. Instead, real-time process data and the sta-
tus of machines follow the miner as they move around the
mine. The miner solves problems directly at the source by
remotely interacting with other operators, experts, suppliers,
and customers in multi-competent teams. Production control
could even be done in a “digital twin” far away from the
factory. In short, Mining 4.0 envisions an augmented miner
with senses and memory extended through technology. This
technology takes advantage of and supports human skills and
increases situational awareness through sensors embedded in
the clothes of operator, for example, while keeping an unin-
terrupted operational vigilance. This could be essential in dif-
ficult mine environments, to manage the effects of heat and
long shifts.

Romero et al. [14] formed a typology of the future Industry
4.0 operator: Operator 4.0. It built on eight stereotypes that
can be seen as the core of the new technology; we have mod-
ified them to relate to the future miner:

*  The super-strength miner uses biomechanical support for
increased limb movement and increased strength and
endurance.

*  The augmented miner uses augmented reality (AR) for
integrating information from the digital to the physical
world. Examples include maintainers receiving direct as-
sistance from equipment manufacturers. Through special
glasses that send and receive live video, both parties
would be able to see the problem—which can then be
solved through instructions from the equipment
manufacturer.

»  The virtual miner uses virtual reality (VR) for simulation
and training of risky real-life situations. In fact, VR train-
ing is already relatively common in mining [15] and is
probably one of the industries where it sees the most ap-
plication. This includes training for high-risk scenarios,
such as fire events and simulating new equipment (how
will the new machine look, if it will fit in drifts etc.). In
principle, it is possible to place the entire control room and
production control in a VR environment and thus make it
independent of location.

e The healthy miner uses wearable sensors for monitoring
health-related metrics as well as GPS location. These



Escola Politécnica da Universidade de Sao Paulo
Departamento de Engenharia de Producao

PRO

Mining, Metallurgy & Exploration (2019) 36:701-707

703

developments have also already taken place in the indus-
try, to a certain extent. For example, there are advanced
positioning systems in use and there have been projects on
the application of sensors for monitoring miner’s health
[cf. 16].

*  The smarter miner uses intelligent personal assistants for
interfacing with machines, computers, databases, and oth-
er information systems. Currently, there are examples
where RFID tag systems are used together with a
smartphone app to rapidly and easily report
malfunctioning equipment.

* The collaborative miner uses collaborative robots for
performing repetitive and strenuous tasks. In mining, there
are semi-autonomous machines, such as loaders where the
operator first “teaches” the machine a path—which it then
follows automatically—while the operator controls it re-
motely during the actual loading. Here, the repetitive and
strenuous task of driving to and from the muck pile is
taken over by the machine.

* The social miner uses enterprise social networking ser-
vices for interaction between operators and between oper-
ators and the Internet of Things. The introduction of un-
derground Wi-Fi and 5G has made this possible. While
most mines do not have special enterprise social networks,
the access to Internet in mines also means an access to
social media. Already, there are mines where the imple-
mentation of mine-spanning Wi-Fi has meant under-
ground operators use group chats to exchange
information.

» The analytical miner uses big data analytics to discover
useful information and predict relevant events.

This classification points to a number of technical possibil-
ities; all will affect human labor—some good and some bad.
But this development is not about creating new kinds of jobs.
Rather, it is a development that means that most current jobs
will be influenced by these characteristics and developments.
Miners will not disappear, but they will be different in the
future. We have chosen to call them Miner 4.0.

1.3 Miner 4.0—Working Life in a Digital Mine

Mining 4.0 will not only change the technological landscape
of mining workplaces and organizations. It also means a
knowledge transformation. Here, skills and knowledge go
from bodily and tacit to abstract and theoretical [see 17]. In
an optimal scenario, Mining 4.0 develops mining companies
into learning organizations that require workplace learning
and continuous education. Kern and Schumann [18] put this
in terms of a transformation from craftsman-like qualifications
into technical qualifications. New demands for team work,
responsibility, and comprehensive understanding of produc-
tion flow can be understood as a movement from process-

dependent qualifications to process independent qualifications
[cf. 18-22]. What was earlier the tacit knowledge [23] of the
worker formalizes into theoretical knowledge, digitalized, and
used in computers and smartphones. But in this transition,
there is also a negative potential. Early, Bainbridge [24] iden-
tified problems in automating new processes. When a manual
task is automated, usually, the former manual operators be-
come the operators of the new system. These operators might
perform well within the system because, having previously
worked with it, they have a fundamental understanding of
the technology they control. The next generation of operators
might not have this understanding. This also raises the ques-
tion of how a miner’s practical skills can be passed along to
the smart mining system programmer. Many machine opera-
tors can tell if there is a maintenance problem or feel a more
efficient operation method to increase productivity that a pro-
grammer does not know. Still, we know that some of these
“seat of the pants” methods are counter-productive. Examples
include directly emulating the control design of LHDs when
designing their remote control. The initial thought was that
this would improve productivity, but it was later realized that
more specialized controls were required [17].

While workers may experience upskilling that asks of em-
ployees more theoretical, comprehensive, and communication
tasks, there may also be deskilling characterized by fragmen-
tation of craft knowledge and work tasks [17]. This also im-
plies possible polarization: parts of the workforce are
upskilled, while parts are left the same or deskilled. Maybe,
we come back to the old debate about “high-tech winners and
losers” [25], or even the worker A and B team [18, 26]?

Regardless, the transformation implied in Mining 4.0 has
effects on workplace cultures and identities [cf. 27, 28].
Qualifications, identity, and gender will be created and recre-
ated when faced with new technology and a changing context.
Several of the work tasks previously performed by teams may
come to be performed by solitary workers equipped with dif-
ferent types of equipment for digital assistance. This loss of
workmates may feel bitter, but at the same time, new types of
multifunctional teams are created, whose main work takes
place in centralized control rooms [1, 17]; teamwork does
not disappear completely, but takes new forms. Mining work
has traditionally been seen as physically demanding, requiring
a certain type of worker: a brave and strong man. The new
context will require knowledge and skill that is more abstract
and theoretical. A common optimistic scenario is that this
opens up for women and other previously underrepresented
categories to enter and master different types of industrial
work, e.g., in mining and process industries. Even if this sce-
nario is realized, it does not ensure an unproblematic imple-
mentation process. Existing structures and culture are hard to
change—and trying to change them will provoke resistance.
Losing one’s identity and symbolic aspects of work, such as
the view of the miner as a strong and brave man, can be
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painful. These views can lag behind the new technology, new
qualification demands and (formal) organizational changes.
This conflict, between the view of mining as physical de-
manding and the technology that turns the work almost into
a desk job, can create “restoring forces” [29]. Moreover, the
workers’ collective [cf. 30, 31] is built and sustained by iden-
tification and on norms of likeness between the workers. New
technology that threatens to disrupt this can be controversial.

In the optimistic visions of Mining 4.0, smart systems,
automation, and remote control will take over dangerous as
well as routine work so that operators can focus on learning,
creating, and valuing work tasks in a safe environment [9].
Even if the mining industry will not reach this positive vision,
there will be new types of mining work and new types of work
environments. Thus, there will also be new types of work
environmental problems. For example, with remote control,
operators can get the freedom to decide where she or he should
work. But freedom might also mean higher demands of avail-
ability, perhaps 24 h a day, 7 days a week, 365 days a year.
This may erase boundaries between work and private life.
Furthermore, the increased ability to control and monitor the
individual might create risk for anxiety and job strain [32].

Mining 4.0 also represents an opportunity to empower peo-
ple; there are opportunities for wider communication that pro-
vides information that builds knowledge and understanding
and gives the miners “super powers” [33]. One example is
sensors integrated into work clothes that can be connected to
a preventive safety system for miners in dangerous environ-
ments [34]. When introducing such systems, one must be
aware that these systems can be perceived as a threat to per-
sonal integrity and must be handled carefully. The technology
could be used to control workers rather than the production
process [35]. In a safety critical situation, knowledge of posi-
tioning and well-being may be welcomed, but the information
should not be misused.

In view of this pessimistic perspective, robots and technology
could take over not only the dangerous jobs but also all the jobs.
This is denied by the system’s advocates. They argue that in
contrast to previous automation initiatives, the focus within
Industry 4.0 is not primarily to replace the human; instead, the
human is integrated into Industry 4.0 [36]. But a reduced need for
traditional labor can certainly be expected, where low-skilled
professions are hit hardest [37]. At the same time, new jobs will
be created, primarily in computer technology, IT, and mathemat-
ics [38]. With increased complexity, traditional operator work is
also expected to shift to more mental work [36]. In the Swedish
conception of Industry 4.0, problems of unemployment are
discussed. The argument is that employment in the industry will
decrease, but on the other hand, prosperity increases. This leads
to increased consumption, which means increased growth in the
service sector—this can compensate for the loss of industrial jobs
[39]. This points towards the fact that some issues cannot be
solved by the mining industry alone. To manage the shift to
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digitalized industry requires that there are social systems in place
to reeducate displaced workers. But the mining industry will not
stand alone; as the digitalization wave passes through every in-
dustry, this need will arise in many other places. Cooperation
between industries, and between industry and government, is
likely to be required. However, as the mining industry is strug-
gling to recruit people in the first place, a decreased dependence
on labor might be a desirable development. Here, competence
development is crucial. For the unions, it is an insurance that
workers can change work tasks rather than being made redun-
dant. For mining companies, it means the current workforce can
be employed in new tasks. Thus, a new workforce does not
necessarily need to be recruited.

Another critical perspective is that parts of production control
will take place remotely, perhaps from low-wage countries.
Workers and contractors can be located all over the world, but
can be active in the same physical or virtual workplaces. In
combination with new forms of employment, such as crowd
sourcing [40], this creates what can be described as liquidized
employment [41]. This can lead to an entirely new type of labor
relations [42]. In this new global industrial context, it becomes
difficult for trade unions to find a basis for negotiations. This can
erode the relationships between companies and trade unions and
eventually create an unstable labor market with more strikes and
conflicts. The German union IG Metall is trying to address the
problem by opening itself to self-employed members; in 2015,
they promoted the launch of the platform “Fair Crowd Work”
[43], intended to gather crowd workers from all over the world
and allow them to exchange their views and rate working con-
ditions on on-line labor platforms.

This shows that the effect a (revolutionary) technology change
in the mining industry or in individual mining companies will not
be limited to the industry or company—it will have significant
bearing on society as well. A mine can have a significant eco-
nomic impact on its surrounding society. If a mine is mostly
remote controlled, few benefits may end up in the local commu-
nity. If the notion of an A and B team is taken to its edge, with the
A team being located in cozy offices far from the mine, the local
community might be stuck with bearing the costs of injuries and
ill-health of the B team. Even if this is not the case, small mining
communities may be hard pressed to provide the advanced skills
and competencies required by the future mine. This usually
means using fly-in/fly-out solutions and contractors. Extensive
use of contractors introduces a risk of an “us and them” culture
emerging [44], which can make work environment management
more difficult. Additionally, some mining companies that have
relied extensively on contractors have found that they have lost
control over competence; they no longer possess core competen-
cies and, in some cases, are entirely dependent on contractors to
provide it for them [2]. This can impair technological develop-
ment and introduce risks to mine production. Moreover, even
future mining activities must secure its social license to operate.
In this discussion, companies are expected to construct a strong
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technical and social infrastructure that ensures the survival of a
society after the mining has ceased [45]. Extensive FIFO prac-
tices decrease opportunities to meet this expectation.

These issues are important to address and keep in mind
during the technological development towards Mining 4.0.
Otherwise, there is a risk that the new technology will not
receive social acceptance. And if technology is not accepted,
or indeed if the mine is not accepted, it does not matter how
good the technology is; it simply will not be used, or the mine
will be allowed to be established.

1.4 Utopia or Dystopia?

How will these trends and driving forces affect tomorrow’s
mining work? There is, of course, no clear answer to that
question. There is no inherent technological determinism in
the development; it will depend on a number of choices that
we make. But that also means that we can shape the mining
industry of the future. To illustrate the range of possible out-
comes, we formulate two scenarios below, one utopian and
one dystopic. Let us start with the dystopia:

You have to be grateful that you even have a job, now
that everything is automated. Most of the jobs have dis-
appeared, and the entire municipality is depopulated,
without acceptable social service. There is a small colo-
ny with cheap labor that the company flies in, mostly
cleaning staff, but we rarely meet them. They are not
part of the trade union and usually stick to themselves. I
am ashamed that company does not take greater respon-
sibility for the community. After all, we are the ones
who have built the company's wealth.

There are some qualified jobs located in the control cen-
ter above ground, but most of these jobs have moved to
town and are carried out remotely via the net. Some
work is even done from India — they say it’s cheaper
that way. It's not just an A and B team anymore; we
now also have a C team.

‘What remains for us is mostly maintenance work, but it
is no longer qualified work. Most of it is wearing
augmented-reality glasses and carrying out tasks accord-
ing to the instructions that we get from central mainte-
nance or a machine supplier, far away. Sometimes we
have to put on an exo-skeleton if there is heavy lifting.
There used to be a few women in our group, but they
didn’t stick around for long. They said the exo-skeletons
would make it easier for them, but they could hardly
reach the controls. But then again, we insisted that they
be bulky, so that they would look like real mining robot.
Now there’s also these collaborative robots that are sup-
posed to help us with heavy tasks. But they and every
other system require so many cameras and sensors, so
the company sees everything we do. You easily get the

feeling that Big Brother sees you. As soon as you get a
new idea about how something can be done in a better
way, it should be added directly to the production com-
puter so that it can be standardized. And it is not worth
trying to keep the idea for yourself - the system at once
notices if you deviate from the expected.

But everything is not bad. The work is not as dangerous
as before, because we do not work at the front nowa-
days, and there are no diesel vehicles anymore.
Underground everything is automated, but of course
we must install the electricity and access points, and
then you notice that the company has reduced the ven-
tilation. The blasting gases still remain far into the shift
and you can feel your heading getting heavier as the day
drags on. What I miss most is my workmates; we have
our mobile phones and tablets so that we can keep in
touch with each other, but it is not the same as when
working with the boys.

Most of the underground work is automated and no one
works near the front anymore. The production control
takes place from a bright and pleasant control room
above ground, or collaborative visualization rooms as
they are called nowadays. The routine monitoring work
has been automated; with Al you get a better stability in
production - at least until something completely unex-
pected happens, then our skills are needed. Our profes-
sional role has been extended to include the entire value
flow, from mountain to customer. Of course, we do not
control the flow, but it is a transparent system where we
can see how our work contributes to the bigger picture.
If we see an opportunity for improvement, we can
switch over to our digital twin to experiment and test
the outcome; then we have access to a large amount of
logged production data that we can dig into (“data min-
ing”, they call it). We have a flat organization and I have
learned a lot at work through this; programming, pro-
duction planning, I have even been involved in the de-
velopment of the new mining machines! It is always fun
if you can trim the production; and then not only finan-
cial measures apply, but also so-called green measures,
such as saving water or reducing greenhouse gas emis-
sions. We are quite proud that our company takes a great
social responsibility, not only for the environment but
for a prosperous society that can offer a rich social and
cultural environment.

When something goes wrong in the production, it is
indicated in our mobile phones and usually we can solve
it with a few keystrokes. But sometimes we have to go
into a VR model and maybe direct a robot to a crusher to
break apart a boulder. If the error has not occurred

The utopian vision becomes much more pleasant to accept:
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before, we sometimes have to go down into the mine to
understand what has happened. Then we can bring the
entire production control in our mobile tablets so we
quickly can restart the production flow. When we are
forced to go down into the mine, we always wear a
safety vest with sensors so that one can follow where
we are and warn if any dangerous environmental factors
appears, or if something seems strange to our health.

It is a pleasant atmosphere at our workplaces. For many
of us who are a little older, it was difficult to learn the
new systems, but the company wisely realized the value
of our experiences, especially when the new system
should be started up. Nowadays, the level of education
is high among all employees. We have gained many new
valuable impressions because many employees come
from other cultures, and the even gender balance has
had a positive impact on our well-being. It used to be
that there were only men here, but now we’re almost
50-50. Last month my daughter even started working
for the company. She is a computer science major but
works as much with my colleagues as she does with a
computer. For a long time, I thought I would be the last
miner in the family. It feels good to know that there will
be a new generation, and that young people have
stopped moving away. It seems the company’s invest-
ments in the community, and insistence on training and
using locals, really payed off.

2 Conclusions

While we have exaggerated some of our descriptions above to
drive the point home, we do believe both scenarios are probable.
Mining 4.0 can definitely represent a positive development, but
there are many questions that must be cleared. The development
is necessary to keep a competitive mining industry, but it requires
reflection and consideration so that more problems are not creat-
ed than are solved. In this, there will be some critical junctions.
Based on our experiences and the discussion we conducted
above, we want to bring forward a number of recommendations
that can be considered a beginning of a road map for the human
side of Mining 4.0:

e First, there is the economic bottom line. A mine must turn
a profit if it is to survive. It must thus be able to produce at
costs that are determined by international competition. But
it cannot do this at the expense of everything else, and the
economic bottom line must be weighed against other fac-
tors. More ways measuring success may be required, ways
that capture, e.g., social factors.

*  Mining 4.0 will cause a reduced need for traditional labor.
Any reduction in the workforce must be managed with
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great transparency and in close cooperation with the trade
unions. While letting go of redundancies might be benefi-
cial in the short term, this also means letting go of lots of
knowledge and experience. Retraining the workforce may
be a more favorable option.

*  New competencies will be needed. All employees must be
included in this competence development; leave nobody
behind. As noted, there is probably a lot of potential in the
old workforce.

* Create a flat organization based on a sociotechnology that
empowers employees and encourages their creativity. To
ensure that the new technology works on everyone’s
terms, the surrounding community may also have to be
involved. This might be especially important in securing a
license to operate.

e Handle privacy and integrity issues in close cooperation
with the trade unions. This data collection can play impor-
tant roles in safety and organizational learning, but there
are also many pitfalls. Most concerns are legitimate and
can be used to form more effective technology.

*  Embed all changes in a context of great social responsi-
bility. The mine is not limited to the mine. Changes in the
mine may very well affect larger parts of society, especial-
ly due to the increased interconnectedness that digitaliza-
tion offers. Conscious management of these issues may be
even more important in the future.

It is important that the mining industry is active in creating
Mining 4.0, but we also know that it will take time and there will
be much traditional work environment work needed before this
becomes reality. We must be vigilant and attentive to all aspect of
modern mining—future as well as past.
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