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/Abstract /Sponsor

Very much like the great navigations in the 14th century 
or the space programs, exploring remote parts of 
our planet is a dangerous, challenging, and unknown 
endeavor that drives human beings. We not only do it to 
find resources but also for the sake of science, looking 
for shreds of evidence of a past that we only speculate. 
Our civilization has been driven by courageous and 
visionary explorers and now the challenges are 
different, and they need to be investigated.

The Unexplored Earth is a design project that aims 
to provide a vision of the future of mineral exploration 
in such an unknown planet, the Earth. Hopefully, the 
result presented in this paper will serve its purpose of 
inspiring both the mining industry and geological survey 
organizations throughout the world in developing new 
technologies and methods of exploration increasing 
the rate of discoveries with reduced expenditure in 
comparison with current scenarios.

Pilgrim is an underground drone capable of exploring 
where humans are not able to go, performing 
geological, geophysical, and geochemical surveys 
within the Underground.

Epiroc is a leading productivity partner for the mining 
and infrastructure industries. With cutting-edge 
technology, the company develops and produces 
innovative equipment, consumables, and service for 
use in surface and underground mining, infrastructure, 
civil works, well drilling, and geotechnical applications. 

I chose the company as my main partner based on the 
history of close collaboration with UID and previous 
degree students as well as the affinity between the 
chosen topic and the company’s focal area.

Image 01. Photo by Alexis Antoine on Unsplash. Available at: https://unsplash.com/photos/lbIgR6AwLfw [Accessed 12 March 2020]
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Image 02. Photo by NASA. Available at: https://iwa-network.org/water-quality-from-space-a-giant-leap-for-public-and-environmental-health/ [Accessed 05 April 2020]
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We have a vast knowledge of our planet. Satellites, radars, 
research expeditions, and so many other initiatives have 
been taken throughout the years to expand our learning 
frontiers. For instance, we know its complete anatomy, 
measurements, how deep, and how many layers it has. 
However, Earth is very little explored by humans.

Looking at the anatomy of our planet, we discover that 
its first layer, the Crust, is 30 to 70 km deep. What is the 
deepest point that we have ever reached? 12 km, this is 
the size of the longest hole ever drilled in human history, a 
fraction of the entire Crust1.

Other numbers will help us understand the planet’s 
potential. Our oceans, which cover 70% of Earth’s Crust, 
are 80% unmapped, unobserved, and unexplored2. Also, 
the deepest mine in the world, the Bingham Canyon, 
located in the state of Utah, US, is 1.2 km deep3.

It is fair to conclude that Earth still has a lot to offer for 
thousands of years, both from economic and scientific 
perspectives. It is important, however, to improve our 
prospecting processes and tools as well as sustainable 
and efficient extraction strategies.

1 Ault, A. (2015, February 19). Ask Smithsonian: What’s the Deepest Hole Ever Dug? Retrieved February 15, 2020, from https://www.smithsonianmag.com/smithsonian-institution/ask-
smithsonian-whats-deepest-hole-ever-dug-180954349/

2 US Department of Commerce, & National Oceanic and Atmospheric Administration. (2009, January 01). How much of the ocean have we explored? Retrieved February 26, 2020, from 
https://oceanservice.noaa.gov/facts/exploration.html

3 Top 10 deep open-pit mines. (2020, February 21). Retrieved March 04, 2020, from https://www.mining-technology.com/features/feature-top-ten-deepest-open-pit-mines-world/
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An investigation into the deep geological 
potential of our planet.

Image 04. Photo by Staselnik. Available at https://commons.wikimedia.org/wiki/File:Mirny_in_Yakutia.jpg [Accessed 12 February 2020]

Image 03. Figure by Alexandre de Bastiani. The Earth’s anatomy. (2020)
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    Image 05. Photo by NICO BHLR on Unsplash. Available at: https://unsplash.com/photos/CtK61qhBfyw
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The lenses through
which the answers are found

Investigate different aspects of the Exploration World, 
Translate findings into Drivers that will be Transformed 

into a Future Vision of Earth Exploration
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    Image 06. The Lenses Wheel by Alexandre de Bastiani
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Starting 
point...

CHALLENGES THAT WE FACE

Natural resources are extremely important for the future 
of mankind as they were to build civilizations since ancient 
times. Minerals, for instance, are a finite resource extracted 
from Earth’s Crust and, although future perspectives show 
a reduction in the use of fossil fuels such as coal, an 
electrified future will demand more minerals and metals 
like iron, aluminum, magnesium, niobium, and others. 

Humans explore the planet’s underground not 
only for economic reasons but also for knowledge. 
Geologists are professionals specialized in studying 
Earth’s properties, reliefs, and ground composition. 
Explorational Geology is a branch responsible for 
surveying land for economic and scientific purposes 
and is the starting point of every mining operation. 
Therefore, the prospecting process can be considered the 
most strategic moment of the entire mining operation. 

It is important to highlight how necessary these 
professionals are from the scientific perspective as well. A 
future when our planet will be explored more smartly and 
efficiently will only be possible with their help, supported 
by better tools.

CAN WE SEE DEEPER WITHOUT
THE SAME IMPACT?

Drilling a hole in the ground to speculate the existence of a 
specific mineral or metal is considerably damaging for the 
landscape, and the result will not always be satisfactory. 
There are also different methods of prospecting. However, 
the lower the impact, the higher the error margin6. 

The assumption defining the scope of the investigation 
is that within a medium to long term it is going to be 
possible to explore our planet in deeper layers with less 
impact helping us to assess the bedrock and design better 
exploration strategies.

So, can we see deeper without the same impact? 

To answer this question I will investigate who are the 
professionals currently involved within the mining business 
as well as in academia, the role of Geology and Geophysics, 
its importance, and what is the future perspective of them. 
Also, current and future technologies, competitors, and 
innovations will be mapped aiming the definition of a future 
vision where “inner Earth” exploration will make sense. 

What will be Epiroc’s role in this scenario? What products, 
machines will be used? Will humans be sent to deeper 
places? Or remote operations will evolve to a more realistic 
experience?

Assumptions, challenges, 
background, scenarios

investigationinvestigation

Image 07. Geologist using a XRF scanner. Available at: https://www.
mdpi.com/2075-163X/9/8/499

    Image 08. Photo by NASA. Available at: https://photojournal.jpl.nasa.gov/jpeg/PIA11164.jpg

4 Castillo, E., & Eggert, R. (2020). Reconciling Diverging Views on Mineral Depletion: A Modified Cumulative Availability Curve Applied to Copper Resources. Resources, Conservation and 
Recycling, 161, 104896. doi:10.1016/j.resconrec.2020.104896 

5 What Is Geology? - What Does a Geologist Do? (n.d.). Retrieved February 13, 2020, from https://geology.com/articles/what-is-geology.shtml

6 Buchanan, R. A., Cook, J. A., &amp; Mathieu, A. (2003). Environmental effects monitoring for exploration drilling. Environmental Studies Research Fund.



Investigation Research process 
until ideation

WHAT AM I LOOKING FOR?

Looking ahead to the end of the project, my vision is to 
present a vision of how will Geologists work in the future. 
How can Epiroc be part of not only the extraction of 
resources but providing tools and systems that will allow 
explorers, engineers, governments, and companies to look 
inside our planet and grasp more in comparison with the 
current practices?

To achieve my goals it is important to define wisely what 
will my steps be in the Investigation part of the project. As 
the very title of this project says, I will focus the efforts 
during the research into learning more about current 
processes of exploration, who are the professionals 

involved (Geologists, Geophysicists, Engineers, etc), 
companies, and organizations. Also, look for inspiration 
within other fields such as Archaeology, Cartography, 
Extreme Sports (trekking, mountaineering, scuba diving), 
which can provide valuable insights.

After investigating all the current scenarios, the next 
step will be the visualization of future scenarios of Earth 
Exploration. To achieve this goal, both field and desk 
research activities will happen to aim at the learning of 
new technologies, technical challenges, levels of difficulty 
of accessing specific kinds of reliefs, and also prospects in 
terms of legislation and governance.

THE APPROACH

DESK RESEARCH
Papers + Articles
Technologies
Projects + Inspirations

EXPLORATION DRILLING
• Research trip to an Explorational Drilling site 

aiming to grasp as much as possible of the 
activity, its pain points, challenges and prospects.

GEOLOGY PROSPECTING
• Follow a Explorational Geology process in order 

to learn more about the field, the professionals 
involved, tools, and technologies

INTERVIEWS WITH EXPERTS
• Search for professional in different fields from the industry 

and academia with the goal of broadening the spcope of the 
project, learn from different perspectives, and subsequently 
narrow it down to the Project’s Goals & Wishes

EPIROC
• One of my goald is to involve Epiroc’s professionals as much 

as possible in interviews and workshops.
• As one of the seconday goals of this project is to explore 

Human/Machine interactions, the Control Room concept 
present at Epiroc’s headquarters will be studied and mapped.

PAPERS + ARTICLES
• Geology articles on new methods, technolgies, 

and discoveries
• Mining studies, explorational drilling literature
• Future prospects of mining, energy sources and 

demand
• Other scientific fields’ studies that may provide 

inspiration and information

TECHNOLOGIES + PROJECTS/INSPIRATIONS
• Desk research focused on learning more about technological 

prospects withing mining, geology, and other fields
• What are the existing visions from the industry, academia, 

and design community

FIELD RESEARCH
Explorational Drilling
Geology Prospecting
Interviews with Experts
Epiroc

17.The Unexplored Earth16. The Unexplored Earth16. The Unexplored Earth investigationinvestigation

    Image 09. Photogrammetric Survey Work. Available at: https://anglostep2013.wordpress.com/tag/los-bronces/
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/ 
/Who are the 
professionals 
exploring the 

Earth?
Earth exploration is an activity 
performed by many professionals in 
different fields of study, both from 
academia and the industry.

Geologists, Archaeologists, 
Biologists, Agronomers, Engineers, 
Oceanographists, etc. These are 
some examples of professionals 
who use the planet’s surface as their 
workplace.

Despite the drastic differences in 
goals, study subjects, and tools 
used, these professionals have to 
look and analyze a variety of data 
provided by the planet. 

The goal with this section is to 
understand what are they looking for, 
what tools do they use, and what are 
the connections among them. 

investigationinvestigation

    Image 10. Digitalization in the Mining Industry. Available at: https://www.ey.com/es_pe/news/2019/05/caer-en-la-realidades/



Livestock

Mining

Geology

ArchaeologyBiology Earth Exploration

Agronomy

Expeditions Oceanography

Oil & Gas

History

Mapping

Water Resources

Archaeology

History

Geology

Oil & Gas

Marine Life

Seismic Activity

Agriculture

Soil

Animals

Geology

Biomining

Artic

Antartica

Humans have been exploring the planet ever since 
our first ancestors felt the need for food and shelter. 
Once they were no longer nomads, exploration did 
not end. They saw an opportunity for expanding 
their horizons and started growing their food, raising 
animals, building their homes, and eventually mining. 

The Earth has been our canvas of development. 
Civilizations were built because of the courage and 
willingness of people who were not satisfied with 
their limits and borders. This is why so many scientific 
fields and professions were born throughout the 
ages having our planet as their office and laboratory. 

Within the broad term of Earth Exploration, it is possible 
to point several fields that, with their particularities, 
observe and study various aspects of the planet. 

Geology and Oceanography, for instance, are 
primary Earth sciences since it is the main subject 
of research. Other sciences, such as Archaeology, 
Agronomy, and Biology can consider the planet 
as the environment where their subjects live on. 

The outcomes are considerably different from 
field to field. However, in the course of reaching 
specific goals, the assumption is that some 
processes and tools can be shared between them.  

This was investigated.

/ 
/Fields of study 

and their 
outcomes from 

Earth Exploration

21.The Unexplored Earth20. The Unexplored Earth investigationinvestigation

    Image 11. Earth Exploration fields by Alexandre de Bastiani
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/ 
/The World is 

changing...7
Industry 4.0;
The Digital Age;
Smartness;
A connected 
world;
Digitalisation;
Energy Shift.

Words and phrases that are entering the lexicon everywhere.

But what do they actually mean?

Specifically, what do they mean for the Energy
and Natural Resource (E&NR) sectors?

And what do they mean for the Mining sector?

 What is Digitalisation?

 What are companies in these sectors doing now?

And what will the future look like?

    Image 12. Photo by Jason Blackeye on Unsplash. Available at: https://unsplash.com/photos/nyL-rzwP-Mk

7 Clean Energy Transition Will Increase Demand for Minerals, says new World Bank report. (n.d.). Retrieved from https://www.worldbank.org/en/news/press-release/2017/07/18/clean-energy-
transition-will-increase-demand-for-minerals-says-new-world-bank-report

investigationinvestigation
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/
/Clean 
Energy 

Transition 
will increase 
Demand for 

Minerals8 And this will dramatically affect the 
mining industry in ways it has never 
seen before.

Mining, and subsequently the 
Exploration Geology field will 
have to adapt to these new needs 
and develop new strategies and 
technology to meet the expectations 
for the rising demand of “Technology 
Minerals”.

investigationinvestigation

    Image 13. Photo by Mariana Proença on Unsplash. Available at: https://unsplash.com/photos/_h0xG4s6NFg

8 Arrobas, Daniele La Porta; Hund, Kirsten Lori; Mccormick, Michael Stephen; Ningthoujam, Jagabanta; Drexhage, John Richard. 2017. The Growing Role of Minerals and Metals for a 
Low Carbon Future (English). Washington, D.C. : World Bank Group. http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-
Carbon-Future
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“ By 2040, we predict 
that passenger EVs will 

consume more than 
3.7Mt of copper every 
year. In comparison, 

passenger internal 
combustion engine (ICE) 

vehicles will need just 
over 1Mt.

Can metals 
supply keep 

up with 
electric vehicle 

demand?9
Battery raw materials 
could face supply crunch 
by mid-2020s

Copper: 
Powering up 

the electric 
vehicle10

Copper is intrincically 
linked to the EV Story 
and its future

In every electric vehicle battery, there’s a complex chemistry of metals – cobalt, lithium, nickel, and more. The 
electrification of transport is transforming the demand and supply of those battery raw materials.

We expect to see double-digit growth for battery raw materials over the next decade. And our latest research 
suggests they could face a supply crunch by the mid-2020s, increasing the pressure on the battery raw materials 
supply chain.

What does the long-term outlook for battery raw materials mean for electric vehicle penetration, the metals supply 
chain, and those who invest in it?

Copper is a cornerstone of the EV revolution.

At the heart of the electric vehicle, copper is used throughout because of its high electrical conductivity, durability, and 
malleability. And even more, it is used in charging stations and in supporting electrical grid infrastructure.

There are no viable alternatives to copper, which means that its mining will be increasingly more valuable in the coming future. 
By 2030, over 20 million EV charging points will be deployed globally, consuming over 250% more copper than in 2019. But 
to get there, we need to see much more private and public investment.

What is driving the demand?
• Total passenger electric vehicle (EV) car sales, 

including hybrid electric vehicles (HEV), were 
up by over 24% last year

• Global electric car sales (with a plug) will 
account for 7% of all passenger car sales by 
2025, 14% by 2030 and 38% by 2040

• Battery pack sizes continue to trend larger 
through the medium term

• Increased nickel demand at the expense of 
cobalt and lithium

• Most automotive manufacturers plan to go 
completely electric by 2050

investigationinvestigation

Henry Salisbury, Copper Demand 
Analyst at Wood Mackezie

Image 14. Global battery sector demand by metal. Available at: 
https://www.woodmac.com/news/opinion/can-metals-supply-

keep-up-with-electric-vehicle-demand/

Image 15. Copper Consumptionin EVs and ICEs. Available at: https://
www.woodmac.com/news/opinion/copper-powering-up-the-elec-

tric-vehicle/

9 Montgomery, G. (2019, August 19). Can metals supply keep up with electric vehicle demand? Retrieved from https://www.woodmac.com/news/opinion/can-metals-supply-keep-up-with-
electric-vehicle-demand/

10 Mackenzie, W. (2019, August 13). Copper: Powering Up The Electric Vehicle. Retrieved from https://www.woodmac.com/news/opinion/copper-powering-up-the-electric-vehicle/



/ 
/Stages and 

activities 
of mineral 
deposit life 

cycle11

The earliest stages from the 
conceptual planning until the 
end of a mines life cycle are 
the ones embedded with the 
highest risks and costs, and 
therefore, are important to 
be understood and studied 
aiming improvements. Between “Conceptual Planning” and the “Assessment 

Drilling” there may be design opportunities within 
Exploration Geology. These activities and theis processes 

will be investigated, observed, and mapped looking for 
improvement opportunities.

Conceptual 
Planning

Detailed 
Planning

First 
Exploration

High Risk

Design 
opportunities

Regional 
Selection

Area 
Selection

Prefeasibility 
Study

Feasibility Study

Ex
pe

nd
itu

re

Decreasing 
Risk

Targeting Exploration 
Drilling

Assessment  
Drilling

Mine 
Development

Mining Decommissioning and 
Rehab
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    Image 16. Moon, C.J., Whateley, M.E.G., Evans, A.M., 2006. Stages and activities of mineral deposit life cycle. Blackwell Publishing, Oxford, p. 481. [Modified by Alexandre de Bastiani]

11 Moon, C. J., Whateley, M. K., &amp; Evans, A. M. (1999). Stages and activities of mineral deposit life cycle. In Introduction to Mineral Exploration (2006 ed., p. 481). Oxford: Blackwell 
Science.
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/ 
/the types of 

Geological 
Exploration12

Geological exploration for natural 
resources is expensive with high risk. 
However, it opens new challenges 
and opportunities. Governments 
and multinational companies are key 
players. Geological exploration follows 
a sequence of multidisciplinary 
activities: reconnaissance, discovery, 
prospecting, and economic mining. 
The exploration concept looks for a 
package of unique stratigraphic age, 
promising favorable rocks, and type 
structure to host certain groups of 
minerals.

In simple terms there are two main 
types of Geological Exploration:

- Greenfield Exploration
- Brownfield Exploration

The understanding of these two 
concepts is important to define the 
design opportunities and problems 
that will be tackled.

investigationinvestigation

    Image 17. Photo by Reuters/Jim Urquhart. Available at: https://www.theatlantic.com/photo/2013/03/the-mars-desert-research-station/100472/

12 Mineral Exploration Companies - Greenfield Exploration vs. Brownfield Exploration. (2018, May 24). Retrieved from https://undervaluedequity.com/mineral-exploration-companies-
greenfield-exploration-vs-brownfield-exploration/



Greenfield  
Exploration

Greenfield exploration relies 
on the predictive power of 
ore genesis models to find 
mineral deposits in previously 
unexplored areas or in areas 
where they are not already 
known to exist.

Brownfield 
Exploration

Brownfield exploration 
happens in an existing 
mining structure and, 
therefore is much cheaper 
and low risk.

Grassroots Exploration Project
When a geologist has a conceptual idea about where a mineral deposit might be and spends money to see if 
the mineralization is really there, this is referred to as grassroot exploration. Common activities include: airborne 
satellite surveys, ground based geological and geophysical prospecting and surveying as well as determining drill 
target areas. Grassroot exploration projects are the riskiest projects in the mining business. Some statistics 
indicate that only 1 in 5,000 to 1 in 10,000 grassroot exploration projects ever reach the production stage.

Advanced Exploration Project
Advanced exploration projects have clearly defined mineral resources with reasonable prospects for being 
developed into standalone mines or satellite mines. In the mine life cycle, these projects are generally positioned 
between the near pre-feasibility stage and the near bankable feasibility stage.

Exploring in an existing Mining Structure
In brownfield exploration, geologists look for deposits near or adjacent to an already operating mine. As geologists 
are able to use existing data, the risk in brownfield exploration is considerably lower than in greenfield exploration. 
Because the facilities for mining and processing the ore have already been built and paid for, the additional capital 
cost for processing the new found ore is very low.

    Image 18. Photo by U.S. Geological Survey. Available at: https://www.usgs.gov/media/images/geologist-and-helicopter     Image 19. Photo by Pedro Henrique Santos on Unsplash. Available at: https://unsplash.com/photos/u-O2n41d_ps

32. 33.The Unexplored Earth The Unexplored Earthinvestigationinvestigation
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/ 
/what 

are the 
exploration 

methods?
Geological information is complex and 
full of details. Every aspect has to be 
studied, from physical characteristics 
of the bedrock, to geochemical 
samples, and multi-layered maps. 
Each piece of data comes from 
a different method and sources. 

Geologists access to national 
databases of maps and information 
about that particular country where 
they are exploring only to start a 
conceptual plan.

Later, several on-site activities have 
to be carried on until, finally, if there 
is discovery of an economically 
viable ore, start the proceeding for 
stablishing a mine.

In this chapter some methods will be 
covered.

investigationinvestigation

    Image 20. Photo by Epiroc. Available at: https://miningandconstruction.com/mining/undergroundmining/automation-undergroundmining/looking-for-a-revolution-4725/
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Investigates the bedrock’s physical 
properties. Surveys can be performed from 

the air, manually on the ground or using 
probes lowered into bore holes.

The method has limited or no 
environmental impact.

Physically searching on site for geologically 
interesting boulders that have been 

separated from the bedrock in connection 
with inland ice sheet movements and are 
now a part of a till layer. The discovery of 

e.g. copper or zinc indicates the possibility of 
deposits in nearby bedrock.

The method has limited or no 
environmental impact.

Documents the geological properties of 
outcrops, including metallic minerals, and 
gathers the information in databases for 

interpretation and analysis.

The method has limited or no 
environmental impact.

Analyses till and drill cuttings to trace 
mineralization.

Limited impact on the environment in the 
form of minor ground damage may occur.

Enables the mapping of the bedrock 
at depth, its geology and possible 

mineralization. Core drilling can take place to 
depths as great as 2,000 meters.

This method has some impact on the 
environment as the bore hole entails an 

intervention in the bedrock.

Geophysical 
Survey

Boulder 
Hunting

Bedrock 
Mapping

Geochemical 
Sampling

Diamong 
Drilling

The 
methods

The five methods performed by the 
Swedish mining company BOLIDEN 
in their Exploration Portfolio.

“ “These methods have almost no 
environmental impact, however, they 

are costly and represent high risks.

I can tell you that boulder hunting will play a very 
small role in the future. Drilling will always be there 

and other techniques of collecting and integrating, 
and modelling data are being developed as we speak.Geologist at BOLIDEN Mines

Geologist at BOLIDEN Mines

investigationinvestigation

    Image 21. Methods of Exploration by BOLIDEN. Available at: https://www.boliden.com/operations/exploration/methods-of-exploration



/ 
/The 

outcomes of 
Exploration 

Geology13 14
The earliest stages from the conceptual 
planning until the end of a mines life 
cycle are the ones embbeded with the 
highest risks and costs, and, therefore 
are important to be understood and 
studied aiming improvements.

Geologic 
Maps

Mineral 
Resource 

Maps

Mineral 
Resource 

Assessment 
Reports

Database of 
Chemical and 
Mineralogical 

Analyses

Mining 
Plans

Digital Twin 
of the Ore 

Body

Drone aided 
imaging

Laboratory 
on-site, 

right away
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13 Haldar, S. K. (2018). Exploration Geology. Mineral Exploration, 69-84. doi:10.1016/b978-0-12-814022-2.00004-6

14 Geological information for mineral exploration. (n.d.). Retrieved from https://www.sgu.se/en/mineral-resources/geological-information-for-mineral-exploration/
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/ 
/Project 

Generators. 
New business 

models to 
reduce risk in 
exploration15

As the mining business is extremely 
competitive among junior mining 
companies while the big players in 
the market can afford the high-risk, 
high-reward exploration projects, new 
business models have been arising to 
aid junior companies in joint ventures to 
take the risks of exploration. 

Junior mining companies have a 
spectacularly low discovery rate. 
The odds of success are already stacked 
against individual resource investors. 

Because of this, project generators, 
or incubators help JV companies to 
invest in multiple exploration projects 
at the same time, increasing the odds 
for discoveries.

41.The Unexplored Earth40. The Unexplored Earth investigationinvestigation

15 Business model. (n.d.). Retrieved from https://www.gexpl.com/businessmodel
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/ 
/Pre-

conclusions

01

03

05 06

02

04

After the desk research process has 
been unrolled and there is still a lot 
to be learned, assumptions to be 
proved, and drivers to be set-up.

Althought, a few conclusions are 
now possible to be taken.

Mining will play a bigger 
role in a more sustainable 
future than we think.

Many scientific and 
professional fields may 
benefit from better 
exploration processes.

Earth is very unexplored, 
and the success rate of 
discoveries is extremely low.

There are plenty of 
design opportunities 
within the “high risk” 
side of Mining, which is 
the Exploration Part.

Exploration is an 
extremely costly and 
risky business, where 
design and business 
opportunities lie over.

Design opportunities 
within Exploration areas 
are various. From better 
interaction interfaces, 
to better tools, and 
equipment.

investigationinvestigation



/ 
/Interviews

After desk research, several 
interviews were conducted with 
Geologists and Mining Experts to ask 
specific questions and learn directly 
from experienced professionals 
instead of relying 100% on 
information from indirect sources. 

A total of seven interviews were set 
up with an average duration of one 
hour each conversation.

    Image 22. Interviewed Experts by Alexandre de Bastiani
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The 
questionnaire

The script showed below was the 
base for all interviews and adapted 
in a case-by-case  basis.

01 07

03 09

05 11

04 10

06 12

02 08
Who are you and what do 
you do professionally? What 
is your role?

The Energy Transition, from 
Fossil Fuels to Cleaner 
Sources is affecting the 
mining industry. How is it 
affecting your work in the 
Exploration department?

How do you define 
Exploration? Why?

Are there, currently, 
technological breakthroughs 
in the field? How is the 
Exploration applying new 
tech?

What are the methods, 
processes, and techniques 
used by Geologists 
to explore for Mineral 
Deposits? Do different 
companies use different 
techniques? Do you know 
the differences?

Do you know the differences 
between Academic/
Scientific Exploration 
Geology and Economic/
Industrial Exploration? Does 
it affect the methods, tools, 
equipment?

Do the kind of Metals/
Minerals that we are 
trying to find define the 
methods and strategies of 
exploration?

Some companies, like Nike 
and Adidas, are allegedly 
investing in collecting 
our trash and producing 
sneakers out of it. This is 
considered a trend among 
environmentalists. Do you 
see “landfill/trash mining” 
as a viable future? Why?

How do Explorers know 
where to look in the first 
place? What is the first 
input of information/
knowledge that drives you 
into Exploring a determined 
area?

Did it ever happen in your 
career (or anybody else that 
you have heard of) to be 
looking for a specific thing and 
finding another? For example, 
exploring for Iron and finding 
Archaeological evidence, and 
suddenly having to involve 
other professionals.

What are the current 
concerns of geologists 
and mining industry 
professionals? 
Environmental? 
Technological? Human 
Resources? Risk 
management?

Can you envision how 
Exploration will look like in 
30 years? Any thoughts?

investigationinvestigation



“We are still mining in 
the same way we have 
always done. We need 

a paradigm shift!
Rock Engineer at Epiroc

49.The Unexplored Earth48. The Unexplored Earth48. The Unexplored Earth

    Image 23. Photo by Liebherr. Available at: https://www.liebherr.com/fr/che/produits/engins-de-construction/fondations-speciales/foreuses/details/lb24.html

investigationinvestigation



50. 51.The Unexplored Earth The Unexplored Earth

/ 
/Field 

research

As part of the research process, a 
field research trip happened when 
a visit to one of Epiroc’s factories 
was possible as well as a technical 
training on the exploration drill rigs 
was attended.

The goal was to interview 
professionals in the company, learn 
more about the machines, and their 
pain points.

    Image 24. Drill Rigs Workshop. Photo by Alexandre de Bastiani.

investigationinvestigation



52. 53.The Unexplored Earth The Unexplored Earth

/ 
/Visit to 
Epiroc’s 
factory

Opportunity to learn the 
technology, mechanisms, 
dimensions, and controls.

/ 
/Technical 

training on 
drill rigs

The training aims to give an 
understanding of the methods of 
exploration drilling, the reasons for 
choosing a particular technique, and 
the pain points from experienced 
professionals.

    Image 25. Epiroc’s factory in Örebro. Photo by Alexandre de Bastiani.
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03/ 
/Translation

55.The Unexplored Earthtranslation54. The Unexplored Earth translation

    Image 26. Translation board. Photo by Alexandre de Bastiani.
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/ 
/Findings 

and insights

The heavy load of information added 
on top of the previous research 
helped me evaluate pre-ideas and 
assumptions leading to a better 
conclusion of the research phase.

    Image 27. Findings and insights board. Photo by Alexandre de Bastiani.
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/ 
/Exploration 

and 
mining are 
innovation 

focal points
Several governmental initatives are 
being deployed in order to incentivize 
innovations in both areas since 
they are crucial for the Sustainable 
Development Goals (SDGs).

The SIMS project was a successful EU project within the 
research and innovation program Horizon2020, SIMS spanned 
from May 2nd 2017 to April 30th 2020.

The vision was: To create a long lasting impact on the way 
we test and demonstrate new technology andsolutions for 
the mining industry. With a selected consortium ranging from 
mining companies, equipment and system suppliers to top-
class universities, the SIMS project will boost development and 
innovation through joint activities aiming at creating Sustainable 
Intelligent Mining Systems.

The Innovative, Non-invasive and Fully Acceptable Exploration 
Technologies (INFACT) project unites stakeholders of Europe’s 
future raw materials security in its consortium and activities. 
Via effective engagement of civil society, state, research and 
industry, the project will focus on each of these obstacles.

It will co-develop improved systems and innovative technologies 
that are more acceptable to society and invigorate and equip 
the exploration industry, unlocking unrealised potential in 
new and mature areas. The project will develop innovative 
geophysical and remote sensing technologies (less-invasive 
than classical exploration methods) that promise to penetrate 
new depths, reach new sensitivities and resolve new 
parameters.

Australia’s resilient economy is supported through exploitation 
of its enormous natural resource wealth, most of it discovered 
in the last century. For over a decade resource discovery 
has not kept pace with extraction, despite significant 
exploration effort. It is evident that we have exhausted our 
easily discoverable near-surface resources and our share of 
international exploration expenditure has been in decline for 
over two decades.

The purpose of the UNCOVER initiative is to focus Australia’s 
relevant geoscience effort on providing the knowledge base 
and technology that will substantially increase the success 
rate of mineral exploration beneath post-mineralisation cover in 
Australia.

    Image 28. SIMS Mining logo. Available at: 
https://www.simsmining.eu/

    Image 29. INFACT Project Logo. Available at: https://www.infactproject.eu/

    Image 30. UNCOVER Initiative Logo. Available at: https://www.uncoveraustralia.org.au/
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/ 
/Exploration 

is all 
about area 
reduction

From the start, an exploration project 
must always aim for the smallest 
area as possible.

    Image 31. Exploration Scenario Illustration by Alexandre de Bastiani.
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“

“

the problem is that now 
we have to discover 
deposits that don’t present 
themselves on the surface

basically all the ‘easy’ 
deposits that occur on the 
surface have been mostly 
discovered

“In Australia, for example, 70% 
of the terrutory is covered by 
‘top soil’, like sand, which is 
not very useful for Geology. We 
need to see deposits that are 
helt in hard rock 

translationtranslation



“we have been avoiding the 
undercover exploration because all 
of our current methods don’t work

/The 
undercover a 10 - 15 meters deep layer 

where the chances of finding 
evidences of deposits are higher

65.The Unexplored Earth64. The Unexplored Earth

    Image 32. The Undercover by Alexandre de Bastiani.
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/2

/1 airbourne 
survey

surface 
drilling/3

surface 
observations

/ 
/The current 

scenario
A simplified view of the current exploration scenario 

divided in three parts.

Airbourne surveys, surface observations, and surface 
drillings have been the steps of exploration for decades.

    Image 33. Exploration Scenario Illustration 02 by Alexandre de Bastiani.
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Airplanes, helicopters, 
and drones are used 
in this phase

Sattelite images 
are crucial for 
initial search

Gathering and translating 
all the data is complex and 
time consuming

/ 
/The current 

scenario
A simplified view of the current exploration scenario 

divided in three parts.

Airbourne surveys, surface observations, and surface 
drillings have been the steps of exploration for decades.

01 the first steps in exploration 
comes from multiple 
sources. From sattelites to 
helicopters and drones as 
well as national geological 
survey organizations.

translationtranslation
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Several drillings 
are needed

Being precise 
is tough

Assessing the size and 
volume of an ore is a 
big challenge

/ 
/The current 

scenario
A simplified view of the current exploration scenario 

divided in three parts.

Airbourne surveys, surface observations, and surface 
drillings have been the steps of exploration for decades.

02
03 Ground exploration 

phase involves surface 
observations and 
exploration drillings.

translationtranslation
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Drilling...a big 
pain point

72. 73.The Unexplored Earth The Unexplored Earthtranslationtranslation
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More information 
with less 

expenditure

Big data of 
exploration

Empower geologists 
in greenfield 
exploration

Undercover 
exploration is a 

new frontier

Proactive 
scouting

Air vs 
Land aid?

/
/The future of 
exploration in 

6 drivers
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04/ 
/Ideation

    Image 34. Ideation Workshop at Umeå Institute of Design. Photo by Alexandre de Bastiani.
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underground searching 
vehicle that scans 
for mineral deposits 
undercover

when it finds the 
deposit, it searches for 
the ore body, analyses 
and assess it

/ 
/Concept 01

This concept envisions an automated 
robot capable of traveling freely 
within the Undercover layer analysing 
samples and performing geophysical 
surveys without putting humans at a 
risky operation.

Concerns + Constraints
/Energy Source
/Depth capability
/Way & Return way time 
consumption
/Autonomous or Remote Controled?

Technology
/Machine Learning
/Ultrasonic scanner (read through 
“walls”)

The 
Undercover 

Drone

ideationideation
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/ 
/Concept 02

The 
Surface 

Rover
This concept envisions the next 
generation of drill rigs capable of 
rovering the surface looking for 
the best spot to send within the 
undercover a probe capable of 
traveling freely throughout this 
layer always connected to a cable 
connected to the rover.

Concerns + Constraints
/Energy Source
/Impact on nature
/lenght of the wire and size of role
/search area
/autonomous or not

Technology
/soft robotics
/machine learning

surface drone sweeps 
the previously 
reduced area

drills a short hole 
with a smaller 
foot print until the 
undercover

sends a robotic 
probe that will 
complete the 
jouney to the ore 
body

ideationideation
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/ 
/Concept 03

The Area 
Reduction 

Drone

This concept is a blend of 80% 
informational design and 20% 
product design.

The goal is to design a drone and 
a system that allow geologists to 
understand better the enormous 
amount of data needed to be 
analysed before the field exploration 
starts

Concerns + Constraints
/Energy Source
/Impact on nature
/lenght of the wire and size of role
/search area
/autonomous or not

Technology
/soft robotics
/machine learning

equiped with the 
best sensors and 
camera technology 
to read the terrain

simplify geophysics 
available data building 
up with own survey

not only helps mining 
companies, but might also 
be used on research projects 
from universities and 
national surveys

ideationideation
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/ 
/Concept 04

Micro 
Scale 

Mining 
Setup

Based on the research taht showed 
the great number of discoveries 
every year of small non-profitable 
mineral deposits, this concept aims 
to provide a small scale setup for 
exploring and extracting Rare Earth 
Minerals in a less invasive mobile 
way without the need of great 
investments.

This has the potential of transforming 
the entire mining industry.

Concerns + Constraints
/Energy Source
/Impact on nature
/lenght of the wire and size of role
/search area
/autonomous or not

Technology
/soft robotics
/machine learning

“

an exploration + 
mining mobile 
module 

focus on small “low-
value” deposits that 
would never be mined 
with traditional 
methods

last year, there was a significant 
rate of discoveries of small 
deposits, but nobody will invest 
into mining them

explore the area, finds 
the deposit, deploys the 
mining unit, and pack 
the minerals in one 
single operation

Dr. Richard Lilly, PhD in Geology and Programme 
leader at NExUS in Australia

ideationideation



05/ 
/Evaluation

03 Sessions with Epiroc 
and Boliden’s experts.

    Image 35. Evaluation session. Photo by Alexandre de Bastiani.
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01/
/Undercover 

Drone

02/
/Surface 

Rover

+

-

“ “

““

“ “

It tackles a big 
problem that we 

have in a bold way!

This concept 
direction clearly is an 
improvement to the 

current drilling system

Reduces the amount of 
holes that have to be 

drilled

It can potentially 
increase the rate of 
discoveries reducing 

time and risks

There are several 
technical challenges 

with this concept

Almost the same 
technical issues of 

the first direction will 
show up in this one

03/
/Area Reduction 

Drone

04/
/Micro Scale 
Mining Setup

“

“
“

“
“

“

I can see this as a 
very nice case of 

“democratizing mining”

This is worth years of 
work and several projects

An exploration/mining 
machine seems too 

complex. You should keep 
working with Exploration

Mining smaller deposits in 
a mobile way is a great idea 
and there is definitely a lot 

of potential

The idea of 
redesigning 

the entire data 
visualization is very 

promissing and 
wanted

Drones are already being 
heavily used in mining. 
It seems unnecessary to 

design one

    Image 36. Concept Directions Icons by Alexandre de Bastiani.
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/
/What is the 

expected 
data?

Magnetic and 
electromagnetic 

Survey

More samples from 
different layers of the 

moraine

Overlayed Geological 
Maps

3D Model of the 
searched area

Seismic Profiles

Induced
Polarization
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06/ 
/Concept 

Development
    Image 37. Sketches on the Board by Alexandre de Bastiani.



/
/Defining the 
scenario and 

where this 
project touches

    Image 38. Rough sketch of the final Scenario by Alexandre de Bastiani.

95.The Unexplored Earthconcept development94. The Unexplored Earth concept development



Satellite images 
are the first step of 
exploration

Geologists analyse 
multiple date from 
different sources

The analysis generate 
a reduced area for the 
field exploration

01/
/Macro view

02/
/Geologist analysis

    Image 40. Scenario - Geologist in the office  by Alexandre de Bastiani.    Image 39. Scenario - Satellite Survey by Alexandre de Bastiani.
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The Exploration 
Package is sent to the 
area in order to start 
the expedition

03/
/Search grid 
defined

    Image 41. Scenario - Search Grid by Alexandre de Bastiani.
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Drone starts an 
autonomous air survey

04/
/Flying 

drone survey

The entrance location 
is defined through 
this process

    Image 42. Scenario - Flying Drone Survey 01 by Alexandre de Bastiani.
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05/
/Flying 

drone survey
After the entrance location 
is defined, the “launching 
station” is brought

    Image 44. Scenario - Flying Drone Survey 03  by Alexandre de Bastiani.    Image 43. Scenario - Flying drone survey 02 by Alexandre de Bastiani.
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Once the launching station is 
deployed, the searching drone 
Pilgrim can start the drilling

    Image 45. Scenario - Flying drone survey 04 by Alexandre de Bastiani.
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The Pilgrim starts the 
search in the Undercover 
(10-15m) analysing 
samples, executing 
electromagnetic surveys, 
scanning the progress, 
and feeding the system

The search sweep is 
optimized based on the 
grid`s topography and 
machine learning

    Image 47. Scenario - Search Sweep by Alexandre de Bastiani.    Image 46. Scenario - Pilgrim Underground Deployment by Alexandre de Bastiani.
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/The 
concept

108. The Unexplored Earth concept development

/In a future when small deposits of Rare 
Earth minerals are mined, Epiroc’s solution 
is a Small Scale Mining Mobile Setup which 
consists of an Exploration and Extraction 
Packages.

The Pilgrim, part of the Exploration Package, is an 
underground drone that explores the undercover 
layer analysing Geochemical and Geophysical aspects 
of the search grid sending real time information 
helping geologists in making discoveries reducing 
time and risks.
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/Initial 
ideal 
specs

inlet and outlet of 
soil and gravel

steering 
propulsion 

system 

Geothermal 
charged battery

Geochemical and 
Geophysical Sensors

Drill bit

Camera aid for 
Geologist analysis
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    Image 48. Initial Product Specs by Alexandre de Bastiani.



archetype 01/
/First 

archetype 
studies

    Image 49. Archetype studies by Alexandre de Bastiani.

archetype 02

archetype 03

After the definition of the basic 
spec of the drone, three first 
archetype studies were created in 
order to understand the technical 
challenges of having a robot moving 
underground. 
 
The Archetype 01 is a “bullet-
shaped” drone with a front drill 
bit and an air propulsion system 
responsible for expelling dirt and 
gravel backward to move and steer 
the robot. 
 
The Archetype 02 uses a rubber track 
steering system on each face of a 
Hexagonal profile. 
 
The Archetype 03 is a purely 
mechanical movement system with 
articulated arms and a drill bit that 
moves in a segway fashion as the 
arms push material backward. 
 
These archetypes were subject 
to several iterations with Epiroc 
Designers and the target group 
(geologists) resulting in a new round 
of ideas with the pertinent changes.

113.The Unexplored Earthconcept development112. The Unexplored Earth concept development



/
/Preliminary 

result

The iterations after the archetype 
studies resulted in a more detailed 
version of the drone.

This result was subject to the final 
exam and received suggestions for 
changes and improvements.

Two post-presentation iterations 
happened with Epiroc designers 
resulting in a 2.0 Version that will be 
presented after the considerations 
on this preliminary result.

Three-parted track

flat body

Centralized 
rotor

Two digging 
disks

XRF + 
Macro cam

    Image 50. Preliminary Result Overview by Alexandre de Bastiani.
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/
/Track 
system

One of the problems presented 
in this preliminary result was 
the fact that its monolithic body 
and articulated track system, 
instead of giving the drone flexible 
maneuverability, reduced its ability to 
move underground. 
 
The articulated track presents a 
potential problem with mud and 
gravel being stuck between the 
gears, resulting, eventually in the 
impossibility of movement.

    Image 51. Articulated Track System by Alexandre de Bastiani.
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/
/Digging 

disks
Another issue identified in the 
preliminary result was the limited 
area covered by the digging disks. 
Epiroc highlighted the need to cover 
an area as big as the width and 
height of the drone.

The idea initially was to use the 
rubber tracks to perform the digging 
in combination with the disks. The 
decision after feedback was to take 
away this responsibility from the 
tracks and leave them only with their 
main purpose, traction.

    Image 52. Digging Disks by Alexandre de Bastiani.
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/
/How to 

launch the 
drone?

The preliminary result did not cover 
all the needs that such product 
needs. 
 
For instance, how would it be 
launched to the underground? Would 
it have a platform? A ramp? Would it 
be able to position itself or should a 
person start the process? 
 
This problem needed to be solved, 
otherwise the concept would not be 
believable.

It was pointed out by the examining committee 
that one solution could be having a separate 
launching ramp. However, after considering this 
and other options, we decided to redesign the 
drone’s body to accommodate a specific 
launching mode, not needing an 
external part.

    Image 54. Launching ramp by Alexandre de Bastiani.

    Image 53. Launching overview by Alexandre de Bastiani.
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07/ 
/Final Result

    Image 55. The Pilgrim Underground by Alexandre de Bastiani.
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/pilgrim

125.The Unexplored Earthfinal result124. The Unexplored Earth final result

    Image 56. The Pilgrim - Top Closeup by Alexandre de Bastiani.
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/
/The final 

scenario
The Pilgrim is part of a bigger ecosystem. 
 
The scenario where will be inserted is a microscale mining 
setup service divided into two distinct modules produced 
by Epiroc. This is important since many small deposits are 
discovered, never reaching the production phase due to the 
investment/profit ratio.

The first module is the Exploration Package sent to the 
search area containing a flying drone that feeds the system 
with relevant data of the local Geology, and the Pilgrim, an 
underground drone responsible for analyzing Geophysical 
and Geochemical aspects of the undercover layer looking for 
shreds of evidence of mineral deposits.

The second module, the Extraction Package, would be 
sent to the area once the deposit is found, assessed, and 
diagnosed as a small one. It comes in the format of a shipping 
container with a mining robot capable of extracting minerals 
and filling the container for transportation without on-site 
processing, speeding up the process.

/microscale 
mining setup

/extraction 
package

/exploration 
package

    Image 57. Microscale Mining Setup Scenario by Alexandre de Bastiani.



750 mm

450 mm

/
/Product 

specs
The drone has a small flat body that allows it to move 
underground with minimal impact to the nature around 
it. The traction system is composed of four independent 
rubber tracks, which is one of the changes from the 
preliminary version. 
 
The body is divided into two parts to facilitate 
maneuverability and allow a better position for the digging 
operation. In the previous version, the digging wheels were 
not effective. Therefore the new version is articulated to 
cover an area as big as the drone’s body.

Independent 
Traction

Central 
articulated 
collumn

Flying drone 
connector

Articulated 
Digging Wheel

XRF + 
Macro 

cam

Four tracks 
for improved 

maneuverability

    Image 59. The Pilgrim Final Specs by Alexandre de Bastiani.    Image 58. The Pilgrim Dimensions by Alexandre de Bastiani.
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Sleek, flat body for 
easy maneuverability.

    Image 60. The Pilgrim Flat body with Digging Disk on vertical position by Alexandre de Bastiani.
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Track system and 
central articulation help 

maneuverability .

    Image 61. The Pilgrim Folding Movement by Alexandre de Bastiani.
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Transported 
anywhere.

    Image 62. The Pilgrim Transportation by Drone by Alexandre de Bastiani.
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Autonomously from 
start to finish.

    Image 63. The Pilgrim Drilling by Alexandre de Bastiani.
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Mobile 
Geochemistry & 
Geophysics Lab.

    Image 64. The Pilgrim Material Flow by Alexandre de Bastiani.
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Fully articulated 
robotic arm.

    Image 65. The Pilgrim Articulated Arm by Alexandre de Bastiani.
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Full coverage 
of the area.

    Image 66. The Pilgrim Coverage Area of the Digging Disk by Alexandre de Bastiani.
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08/ 
/Conclusions

    Image 67. Photo by Bruno van der Kraan on Unsplash. Available at: https://unsplash.com/photos/v2HgNzRDfII



/
/Goals & 

Wishes 
fullfillment

/
/Reflections 

on the 
concept

At the beginning of the project, I had clear Goals & 
Wishes for each phase of the design process. The 
fulfillment was not complete. 

The unexpected circumstances of the policies 
deployed to combat COVID-19 changed the 
workflow, sacrificing some of the original goals. 

The research process worked as planned and I 
believe that I managed to collect the necessary 
data to proceed with the project. Although some 
outdoor research activities could not happen due 
to third parties’ availability, the information that 
was gathered was enough to perform as expected 
in the translation and ideation phases. 

When the ideation phase started, I managed to 
have workshops with classmates and Epiroc’s 
experts, which helped me to define potential 
scenarios. Unfortunately, during this phase, the 
school premises were closed, which affected 
negatively my workflow since I could not quickly 
prototype mechanically complex ideas, which 
slowed down the work pace, influencing the 
deliverables defined on the Goals & Wishes 
document. 

In conclusion, the lack of infrastructure to keep 
the good work had hindered my ability to fulfill 
my time plan. Therefore, some materials, such 
as visual examples of the Digital Platform for 
Geologists could not be designed as well as a full 
explanatory video of the final solution. 

In my opinion, the final design of the Pilgrim met 
90% of my expectations. The product design, 
technologies, and solutions proposed are fairly 
realistic, even though the project aims to provide 
a future vision and not a manufacturing-ready 
product. 

The Microscale Mining Scenario is, on the other 
hand, the most speculative part of the concept, 
which is acceptable from Epiroc’s point of view as 
well as mine. 

In sum, I am satisfied with the result although 
some of my learning expectations were not met 
during the project.

The microscale mining scenario proposed in this project 
aimed to present an alternative of a future where 
mining will be more demanded, and the discovery rate 
of deposits reduced. Traditional methods of exploration 
and extraction will most likely have to be substituted by 
new approaches, and the goal of this project is to inspire 
Epiroc and the mining industry in how to tackle such 
challenges. 

Looking through the lens of the market and how it will 
need more mining to produce the means of an electrified 
world, the entire concept tackles problems that will exist 
- and currently do. Therefore it has a value from different 
players of the industry. 

Mining experts have given positive feedback on both the 
future vision and the Pilgrim. They believe that this could 
become a real project soon since exploration is currently 
the most challenging step of the mining process. They 
also agree that the industry must renovate its modus 
operandi to give more value to small deposits, especially 
those containing rare earth minerals. 

Geologists, who are the main users of the Pilgrim as a tool, also provided me good feedback and showed their enthusiasm for the 
improvements that it can bring to the exploration process. For instance, Dr. Richard Lilly, a professor at the University of Adelaide and 
program leader of the NExUS school, whom I interviewed in the research phase posted on his LinkedIn account the following: 

I believe that this and other opinions from the target group are a valuable meter of how relevant the topic is and how much the result 
presented inspires them into thinking about the future from a different perspective. 

I also see this project as a good moment to highlight how important sustainable development is. By tackling the problems identified in my 
research with a minimalistic approach, reducing the number of drilling operations, reducing the footprint, and yet not discarding an entire 
industry just for the sake of environmentalism, I acted professionally considering all the upsides and downsides, making decisions based on 
facts and the best of my abilities. 

The choices made on the design of the Pilgrim could have happened earlier in the process, although the circumstances were not ideal 
due to the lack of infrastructure for more iterations. Thus, fast-thinking solutions did not happen when they should, affecting my abilities to 
develop further the design. 

Looking back to the development phase, I would say that the product could have more details of how it would perform the Geophysical 
and Geochemical surveys, where the sensors and electronics should be positioned, and further exploration of CMF (color, materials, and 
finishes).  The software solution was, unfortunately, never explored, although it was one of my goals in the beginning.
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“Inspiration and innovation can come from many sources, and forward-looking companies often use non-
traditional disciplines to visualise possible future pathways.

A few months ago I had a chat about mineral exploration with an industrial product design student Alexandre 
de Bastiani, (who had no background in geoscience), while he was completing a MFA project at Umeå Institute 
of Design in partnership with Epiroc. The project has resulted in the design of a concept sub-surface exploration 
drone: the Pilgrim.

There are obviously many technical difficulties to overcome if this type of technology was ever to become a 
reality. However, I just love the concept’s originality and design and think it is a great example of out-of-the-box 
thinking. Well done Alexandre and Epiroc!
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