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In January 2021, the 51st International Hydraulic Engineering Symposium Aachen, (IWASA) on the ’Adaptation of Water Management to Climate Change: 
Challenges, Opportunities and Goals’ was held online for the first time and was greeted with an astonishingly good response.
Geotechnics • Hydraulic engineering • Event • Online •  Climate change

Geotechnics

Modelling geotechnical Components for Use in BIM Models 13
Siniša Lovrić, Jürgen Schmitt and Dill Khan
This paper describes the parametrisation of selected geotechnical components for accelerated implementation in BIM models and concludes by high-
lighting the importance of the interface between the conventional and the digital method of working.
Geotechnics • BIM • Digitisation • Modelling • Shoring systems

Geotechnics/tunnellinG/MininG

Pilot Project for Remote Comissioning of a Plant for the Production of Construction  Materials with digital 
Look over the Shoulder 17
Beumer Group
Thanks to digitalisation, it is no longer unusual to parametise and commission single components remotely. Beumer Group thinks ahead and, for the first 
time, commissions a complete packaging line including palletiser – from a distance of over 4,000 kilometres.
Digitization• Construction material • Conveying • Remote comissioning • Azerbaijan

Geotechnics/tunnelinG/MininG/Product news

Safe Management of Hose Lines for modern HP Air Compressors 19
Christian Wieczorek and Roland Herr
The problem of connecting hose lines to modern HP air compressors is nothing new. Following a number of hazardous events and fatal accidents the 
industry has now developed a high-pressure layflat hose system with dedicated coupling connectors.
Geotechnics • Tunnelling • Mining • HSE • Compressed-air equipment • Product development
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The Digital Work Platform for Special 
Foundation Construction 
Evaluate the data of a mixed fleet, automate 
production data reports, call up status reports 
on general site and machine efficiency, save and 
distribute files related to sites – this is just a selec-
tion of the possibilities that fielddata.io offers you. 
Read also the interview with the Managing Direc-
tor Jochen Maurer in the next German and the 
next English issue of GeoResources. Would you 
like to learn more about our Construction Data 
Management Platform (CDMP)? No problem. 

https://www.fielddata.io/en/applications/
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A word on ...
Special Topic ‘Digitisation and Monitoring for Process Optimisation 
and Efficiency’ 5
GeoResources Team and statements from various specialists
Read all about key inter-branch themes for 2021 in GeoResources Journal, with digitisation being 
the chosen topic for this latest issue. Digitisation is not only vital for tackling the huge challenges 
that confront today’s society – it can also provide the answer to many of the problems arising in 
areas such as geotechnics, tunnelling, mining and equipment.
Special topic • Digitisation • Monitoring • Efficiency • Geotechnics • Tunnelling • Mining
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Remote Monitoring of flexible protective Structures against natural  
Hazards – Increasing Safety and Reducing Costs 8
Hélène Hofmann 
Geobrugg AG in Romanshorn, Switzerland, has developed a remote monitoring system for flexible 
protective structures against natural hazards. It can be used for protection systems of different 
manufacturers. Monitoring is simplified and maintenance can be better planned.
Geotechnics • Slope stabilisation • Monitoring • Automation • Safety • Cost efficiency
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Continental Conveyor Belts for Flood Protection Project in Tokyo 10
Jochen Vennemann
Pouch conveyor belts made by technology company Continental are being used in a flood preven-
tion project in Japan’s capital Tokyo. The conveyor belt reduces noise pollution, dust emissions 
and traffic volumes in the construction of an underground catch basin for 150,000 m³ of water in 
Machida, Tokyo. 
Geotechnics • Logistics • Hydraulic engineering • Bulk material • Conveying • Environment • 
Japan
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Virtual 51st IWASA – Adaptation of Water  Management to Climate 
Change: Challenges, Opportunities and Goals 12
Wenjia Xu

https://www.fielddata.io/en/applications/


4 

GeoResources Journal 1 | 2021  
Contentwww.georesources.net

tunnellinG

DAUB Recommendations on BIM in Tunnelling 22
GeoResources Team
The German Tunnelling Committee (DAUB) has in recent years been intensively involved with digitisation and the use of BIM for underground structure 
projects and has published recommendations for use in this area.
Tunnelling • Underground structures • BIM • Digitisation • Recommendations
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Rohtang Tunnel in the Indian Himalayas 23
Roland Herr
The Rohtang Tunnel in the Indian Himalayas at a high altitude greatly reduces the road distance and the journey time between Leh and Manali. Consid-
erable difficulties emerged during the construction phase.
Tunnelling • NATM • Drill + Blast • Construction operation • India
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Automatic Train Operation on conventional Rail Tracks 25
Hans-Peter Vetsch and André Schweizer
The Swiss authors of this article have used their professional know-how to develop a concept for automatic train travel on existing rail tracks present-
ing simple operating conditions. The Auto-FerriviA initiative group has been set up to help with the practical implementation of their idea. They wish to 
demonstrate the feasibility of the technology and with this in mind are seeking project partners for further trials.
Ideas workshop • Mobility • Railway • Automation • Innovation • Efficiency
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South Africa hosted international Online  Conference on Mine impacted Water 28
Bastian Reker
An international online conference organised in South Africa in November 2020 considered how mine impacted water can be transformed from waste 
to resource.
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Data-driven Performance Metrics are improving the Efficiency of Mining Machines 29
Andreas Merchiers, Henrik Blunck, Arne Köller and Christian Gierga
The ongoing development of sensor and actuator technology opens up huge opportunities for manufacturers and users of underground mining ma-
chines. The acquisition and analysis of sensor data contributes to the process optimisation of mining operations and also helps improve machine pro-
duction methods, which in turn offers a significant potential for cutting costs. This paper explains the possibilities and particular challenges arising in a 
number of areas, including data mining processes, manual rule-based modelling, data architecture, data visualisation, statistical analysis and machine 
learning (ML). Case studies of drum shearer loaders and continuous miners produced by the Eickhoff Group are used to illustrate the knowledge gain 
and the opportunities now arising in this context.
Mining • Digitisation • Data science • Machines • Process optimisation • Cost saving
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Digital Transformation Opportunities in Australia’s Mining Industry 42
Hatch Ltd.
In November 2020 Hatch published a study on the state of digital maturity in Australia’s mining and mineral processing industry (M&M) dealing with 
digital transformation opportunities.
Mining • Study • Digitization • Opportunities • Growth • Sustainability • Australia
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Using CO2 for Hydrocarbon Production with ‘green’ Hydrogen Fuel for Mining Vehicles  operating in 
Remote Locations 43
Torsten Buddenberg and Christian Bergins
Based on the example of a technology initiative being proposed in Chile this article uses schematic information to explain how carbon dioxide obtained 
from copper production can be processed using electricity from renewable energy sources, such as solar power, to produce liquid fuels that can be used 
to drive heavy trucks operating in open-pit mines.
Mining • Energy • Environmental protection • Chile • Hydrogen • CO2 reduction • Cost
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Synertrex® – Weir Minerals’ digital  Contribution to the future Mine 48
Tobias Vraetz
Weir Minerals’ Synertrex platform contributes to the mine of the future. All Weir Minerals products can optionally be equipped with the required hardware 
and integrated into the digital Synertrex platform.
Mining • Equipment • Digitization • Pumping • Grinding • Mineral processing
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Read all about key inter-branch themes for 2021 in GeoResources Jour-
nal, with digitisation being the chosen topic for this latest issue. Digitisa-
tion is not only vital for tackling the huge challenges that confront to-
day’s society — it can also provide the answer to many of the problems 
arising in areas such as geotechnics, tunnelling, mining and equipment.

Special topic • Digitisation • Monitoring • Efficiency • Geotechnics • 
Tunnelling • Mining

Special Topic ‘Digitisation and Monitoring  
for Process Optimisation and Efficiency’
A message from the GeoResources Team and statements from various specialists

Digitisation, monitoring, process optimisation 
and efficiency improvement have all been key 
talking points for many years. Is this edition’s 

special topic beginning to sound a bit stale? Why have 
we decided to run a special theme anyway and why this 
particular one? 

Attended events and trade shows are simply not 
possible as things stand at present and it is still too early 
to predict exactly when we can begin travelling again 
and have face-to-face visits and meetings. However de-
spite the coronavirus, or maybe because of it, there is a 
real need for action and an exchange of ideas in many 
areas that have become critically important for our soci-
ety and for everyone involved in our particular special-
ist sector. Four of these inter-branch subject areas have 
been selected for this year’s series of GeoResources Jour-
nal publications:

 ▶ Digitisation and monitoring for process optimisa-
tion and efficiency

 ▶ Safe, resource-friendly and efficient construction 
methods, products and materials

 ▶ Sustainability and environmental and climate 
protection

 ▶ Innovative plant, machines and vehicles for the 
mining and construction industries

We want to demonstrate how diverse these themes are, 
we want to stimulate an exchange of views and encour-
age thought and reflection and, more particularly, we 
want to promote the practical application of measures 
and policies. Our regular feature ‘A Word on ...’ will 
therefore be addressing some of the aspects relating to 
the first of these special themes, though we will also 
be letting stakeholders from the professional world of 
geotechnics, mining and tunnelling air their views too. 
We hope that this will arouse our readers’ interest in this 
special subject area and in the range of technical articles 
associated with it.

While digitisation is certainly nothing new, the cor-
onavirus pandemic has been a new experience for us and 
has broadened our perspective – and we can all draw 
lessons from this for the future. The events of recent 
months have affected practically every aspect of modern 
life – private and professional interpersonal contact and 
relationships, political decision making and implemen-
tation at administrative level, international cooperation 
and fairness, education, culture, climate and environ-
mental protection and of course our own business com-
munity and working environment. Digitisation was also 

one of the topics addressed by the German Chancellor, 
Angela Merkel, during a virtual meeting with the Execu-
tive Chairman of the World Economic Forum (WEF) 
Klaus Schwab in Davos, Switzerland on 26th January 
this year. While Germany had set itself the right targets, 
she said, it was being too slow in implementing them. 
And this deficiency had become all too evident during 
the recent months of the crisis. Too much red tape and 
an insufficient use of digitisation by health authorities, 
administrative departments and educational establish-
ments created weaknesses in the system. These had to 
be overcome in order to maintain global connectivity, 
strengthen the resilience of modern societies and ensure 
global sustainability.

The unexpected restrictions placed on travel and 
personal contact, and the constraints this has imposed 
on our daily lives, have set a number of things in motion. 
We have entered uncharted territory, voluntarily or oth-
erwise. Here are just a few examples of what this means:

 
 ▶ Digitisation and automation are no longer seen as sim-

ply a threat to jobs but as developments that can for 
the first time enable contactless working and keep busi-
nesses running, so in fact they are safeguarding jobs. 

 ▶ Video conferences allow meetings to take place and en-
sure that training and education can continue without 
the need to travel. They also generally save time and 
money and promote environment and climate protec-
tion.
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Corinna Both-Kreiser, M. Sc., 
Executive Vice President, CFT GmbH Compact Filter Technic, Gladbeck:

‘As a make-to-order manufacturer with constantly changing 
customer requirements it is really important for us to make 
full use of the digital potential in order to maintain access 
to a steadily improving database while at the same time pre-
serving our individuality and capacity for innovation. The 
coronavirus pandemic has shown us that coping with the 
unexpected also calls for competent and capable employees 

and that it is not that easy to replace human beings as the essential decision-makers.’ 

Prof. Dr.-Ing. 
 Elisabeth Clausen, 
Director at the Institute of Advanced 
Mining Technologies, RWTH Aachen 
University, Aachen:

‘The success of digitalisation 
stems from the efforts that have 
been made to collect and pro-
vide high-quality data. This was 
also the case before the corona- 

 virus pandemic.’ 

Dipl.-Ing. MBA Dennis Edelhoff, 
Senior Management Team BUNG-PEB Tunnelbau-Ingenieure GmbH, 
Dortmund:

‘The long-term motivation of our workforce for frequently 
changing digital structures and processes and the provision 
of ongoing support for the latter’s deployment and appli-
cation are in my view vital for the future competitiveness 
of our organisation. In recent months the increasing use of 
communication platforms for contactless working in pro-
ject teams, while but a small element in the digital world, 

shows just how important it is for each one of us to move with the times. And here a 
high-performance network infrastructure is crucial for the success of distance working.’ 

Fries-Henrich Friedrich,
Founder and CEO of Circulania, the online marketplace for alternative 
raw materials in Europe, Dusseldorf:

‘We are digitising our core processes so that the actual val-
ue-adding activity can be performed faster, better and more 
frequently than before and also to create a digital link to our 
customers and suppliers. During the corona crisis ‘digital  
now’ became an imperative for the business community. 
This even surprised us as an online marketplace and it has 
greatly accelerated our development. 

Dipl.-Ing.  
Jörn Lehmann, 
Manager Standardisation, VDMA 
Mining, Frankfurt :

‘The demand for interoper-
ability in the mining industry is 
becoming ever louder and more 
urgent. Here a key element as 
far as digitisation is concerned 
is the development of the OPC 

UA common language for intercommunication between 
different systems in the mining sector. Recent months have 
shown me that the exchange of information and ideas is essen-
tial for the development of new approaches and the smarter 
automatic structuring of processes.’ 

 ▶ If technicians are not able to come out in person re-
mote commissioning and maintenance can be used 
to maintain our infrastructure and supply chains.

 ▶ A lack of digital aids at administrative level can hin-
der or prevent the implementation of policy deci-
sions, including vaccination programmes and infra-
structure measures forming part of the government 

Dipl.-Ing. Claus Pels-Leusden, 
is a partner at De Causmaecker & Partner GmbH, Frankfurt a. M., 
and specialises in the recruitment of professional and managerial 
personnel:

‘For years we have been using a mix of digital and analog 
methods in our search for potential candidates. The selection 
process itself, however, has almost always involved a face-to-
face interaction. While we have obviously been using even 
more digital technology for the search process, we have also 

been forced to focus much more on online interviews, especially for the selection stage. Our 
experience of this has been quite positive and we now intend to step-up our use of online 
interviews, at least as far as the pre-selection process is concerned.’ 

Prof. Dr. jur.  
Walter Frenz, 
Teaching and Research Group for 
Mining and Environmental and 
European Legislation, RWTH Aachen 
University, Aachen:

‘Digitisation is in need of 
greater legal standardisation so 
that practical questions such as 

‘Who does the data belong to and who is allowed to use it’ can 
be more easily answered and the concerns of all those involved 
can be adequately addressed. The coronavirus has shown how 
important digitisation is but it does not help with unresolved 
legal issues. It does strengthen the need for digitisation to be 
promoted and deployed on a more secure legal basis going 
forward. Digitisation is set to be the business tool of the fu-
ture and it still remains to be seen what kind of legal problems 
will be created as a result.’ 
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support package. This will delay the return to nor-
mality and set back economic and financial recovery.

 ▶ Online schooling and online studies, if applied 
properly, can be of enormous help, though are often 
let down by the available resources and the compe-
tences of the teachers and/or students.

 ▶ Digital communication by video link can be used to 
combat loneliness and separation and can even help 
restore lost contacts and build new friendships.

This article has given us an opportunity not only to 
present papers on our special theme but also to sample 
some views on the subject from professionals in our 
geotechnics, tunnelling and mining branches. The ques-
tions we put were as follows: 

 ▶ What kind of special action is required by you, 
your institution or your company when it  comes 
to digitisation? 

 ▶ Has your response been influenced by your experi-
ences during the coronavirus pandemic? 

The responses and personal statements that we received 
have been compiled for you in this article. We hope 

Karl-Heinz Rieser, 
CEO of Eickhoff Bergbautechnik 
GmbH, Bochum:

‘The ongoing digitisation and 
automation of winning systems 
are absolutely fundamental if 
the industry is to meet the in-
creasingly high international 
demands being placed on the 
production performance, safety 
and efficiency of mining equipment. My statement has not 
been influenced by the experiences of recent months. We 
have been working on the digitisation of our production ma-
chines for a very long time and our research efforts in this area 
and the deployment of our equipment on automatic longwall 
coal faces dates back more than 15 years. This development 
work was carried out with a number of partners, including 
RWTH Aachen University, RAG, research institutes and 
customers based in Australia and China.’ 

Götz Tintelnot, 
Managing director, TPH Bau systeme GmbH, Norderstedt: 

‘Digitisation simplifies processes and makes them more 
transparent for all those involved. This is particularly use-
ful for the tracking of quality assurance, building mainte-
nance and damage management procedures. The pathway to 
achieving a seamless digital storyline, however, is generally a 
laborious and expensive one and this applies as much to the 
in-house production processes of a construction chemicals 
manufacturer as it does to BIM-based worksite digitisation. 
The transition is certainly as far-reaching as the path that leads from the drawing board 
to the CAD program. Complete visualisation is then only achieved when the contractual 
conditions of the ‘integrated storyline’ are also in place under the VOB and HOAI (Rules 
for the Contracting of Public Works and German Ordinance on Architects’ and Engineers’ 
Fees). Being obliged to engage in global trade without being able to travel has given digiti-
sation a massive boost. The way our company works now is in some respects quite different 
from the pre-corona days. Most importantly, communications with fellow staff members 
and customers, the imparting of knowledge and even site consultations can all now be un-
dertaken from the office.’ 

Prof. Dr.-Ing.  
Markus Thewes, 
Resident Professor at the Institute for Tunnelling and Construction  
Management, Ruhr University Bochum: 

‘Notwithstanding the urge and the need that universities feel 
to go on digitising, all roads in the tunnelling industry now 
lead to digital technology, especially for mechanised drivage 
operations – from the analysis and interpretation of machine 
data using machine-learning algorithms and the use of BIM 
in planning and execution through to digital construction 
files and BIM-supported maintenance management, digitisation has become the guid-
ing star that is leading our research institute forward. While it has had no impact when 
it comes to the actual research topics, the coronavirus has in fact confronted universities 
with a completely new set of challenges – especially for digital teaching and the holding 
of examinations.’ 

that these viewpoints, along with the various papers 
on this issue’s special topic, will provide the motivation 
you may need to confront the challenges of digitisation 
rollout. 

With our best regards 
Katrin Brummermann and Manfred König
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allel with these flexible rockfall barriers, flexible debris-
flow barriers were developed and installed worldwide.

Protective structures are mainly built in the moun-
tains, or on sea coasts. The systems are usually located in 
rough terrain. They are therefore often difficult to reach 
and cannot be visually monitored. In recent decades, 
the inspection and maintenance of such facilities has in 
many places been neglected. The Swiss company Geo-
brugg AG has therefore developed a new type of sensor 
device, the Geobrugg Guard: It simplifies monitoring 
and makes maintenance plannable (Fig. 1).

Maintenance of Barriers depending on 
Event and Location

In practice, those responsible usually define intervals for 
the on-site inspection of the barriers. This can take place 
once to several times a year. But even with frequent in-
spections, an event can remain undetected for a long 
time. If an event, for example a major rockfall, then re-
duces the protective capacity, there will be a safety risk 
until the next inspection.

Apart from gravitational natural events, corrosion is 
the most important factor for a reduced service life of 
installations. Nowadays, the corrosiveness of the envi-

Service-life Prediction of Wire Zinc  Coatings according to EN ISO 12944-2 [3]
The predicted service life of a protective structure, for example, can be between 30 and 90 years depending on the defined climate and standard. 
Without ongoing measurements, the lowest value must be assumed, and this can cause unnecessary costs; it is also not convincing in terms of 
sustainability. With ongoing measurement, the infrastructure operator knows the real corrosion situation and can act accordingly.

The melting of permafrost and frequent heavy rainfall 
events are leading to a requirement for protection against 
rockfall and debris-flow in more and more places. In the 
last 30 years, rockfall barriers made of steel wire nets have 
established themselves worldwide as a protective solu-
tion. During this time, the maximum energy-absorption 
capacity of these flexible barriers has multiplied [1]: from 
about 1,500 kJ in the mid-1990s to 10,000 kJ in 2018. 
Since 2008, thanks to a standardised test method (ETAG 
027, now EAD 340059-00-0106 [2]), rockfall barriers 
can be certified according to their performance. In par-

Geobrugg AG in Romanshorn, Switzerland, has 
developed a remote monitoring system for flex-
ible protective structures against natural hazards. 
It can be used for protection systems of different 
manufacturers. Monitoring is simplified and main-
tenance can be better planned.

Geotechnics • Slope stabilisation • Monitoring • 
Automation • Safety • Cost efficiency

Remote Monitoring of flexible protective 
Structures against natural Hazards –  
Increasing Safety and Reducing Costs
Hélène Hofmann, M Sc. Geol, Geobrugg AG, Romanshorn, Schweiz

Fig. 1: Rockfall 
barrier 
with sensor 
device

Fig. 2: Sensors on different components of rockfall barriers
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ronment is defined according to ISO 12944-2 [3]. This 
environment definition leaves a great deal of scope for 
interpretation. According to ISO 12944-2 [3], the ser-
vice-life prediction of, for example, wire zinc coatings 
according to DIN EN 10244-2 [4] is always inaccurate 
by a factor of at least two (see Box).

In corrosive environments, for example near the sea 
or when salt is spread on roads in winter, the service life 
of barriers decreases. Other factors, such as salt ingress, 
wind, north or south exposure, have a significant influ-
ence on corrosion. It is therefore important to have ex-
act information on the microclimate in which the bar-
rier is located. 

Measure and Report – independently 
and continuously

To document events and corrosion in-situ at the barrier, 
the Geobrugg Guard sensor device monitors protective 
structures around the clock. The sensor devices can be 
installed in a short time on different components of 
barrier systems from different manufacturers (Fig.  2). 
Thanks to their independent energy supply, they oper-
ate for up to ten years without on-site checks. 

Acceleration sensors, position sensors and force sen-
sors measure events. Environmental and physical data 
are transmitted via GSM network and the message ap-
pears on the online dashboard (Fig. 3 and Box on the 
rockfall report from Heiligenberg). Those responsible 
thus know the condition of their barrier not only direct-
ly after an on-site inspection, but on an ongoing basis.

In addition to the sensors mentioned above, a corro-
sion sensor permanently determines corrosion-relevant 
environmental influences. The measurements allow an 
accurate prediction of the service life of the installed 
components at the respective location and a safer, more 
efficient operation and maintenance of the installations.

Conclusion and Outlook

Geobrugg Gard is now in operation in more than ten 
countries, using automated monitoring to increase the 
operating safety of barriers against natural hazards and 

Hélène Hofmann,  
M. Sc.
is Project Manager for 
Research and Development 
at the headquarters of  
Geobrugg AG,  
Romanshorn, Switzerland.

Contact: 
helene.hofmann@geobrugg.com

Rockfall Report from Heiligenberg
On 16 June 2020, a rockfall 
occurred above state road 
201 near Heiligenberg in the 
state of Baden-Württem-
berg, Germany. It was a 

boulder with a size of 100 cm x 100 cm x 40 cm and a mass of around 1,000 kg. The boulder was 
successfully restrained by a ring net rockfall protection system after a deflection of about 2.5 m. 

A Geobrugg Guard installed in the field adjacent to the impact recorded the rockfall event: 
Acceleration 14.7 g, date 16.06.2020, time 18:00:32. The event triggered a report of this data via 
Dashboard. This enabled those responsible for maintenance to take appropriate action.

Fig. 3: Automated transmission of external monitor-
ing results via GSM network to a dashboard

to reduce the cost of their maintenance. Further devel-
opments in sensor technology and increasing digitalisa-
tion are making positive contributions to these effects. 
Automated monitoring offers considerable potential 
for reducing the impact of natural hazards in future. 
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ings on steel wire - Part 2: Zinc or zinc alloy coatings)
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Pouch conveyor belts made by technology com-
pany Continental are being used in a flood pre-
vention project in Japan’s capital Tokyo. The con-
veyor belt reduces noise pollution, dust emissions 
and traffic volumes in the construction of an un-
derground catch basin for 150,000 m³ of water in 
Machida, Tokyo. 

Geotechnics • Logistics • Hydraulic engineering • 
Bulk material • Conveying • Environment • Japan

Continental Conveyor Belts for Flood  
Protection Project in Tokyo
Jochen Vennemann, ContiTech, Hannover, Germany

Fig. 1: Flood Protection Project Tokyo – the conveyor 
belt removes the excavated material

Fig. 2: Very flexible closed conveyor belt system from the  
feeding point to the discharging point

Fig. 3: Discharging point – significant reduction of truck trips  
in tight residential areas

the city is building an underground catch basin that can 
hold up to 150,000  m³ of water. Without it, this vol-
ume of water could flood residential areas, shut down 
public life and threaten the existence of many people. 
Continental is contributing to this project and supply-
ing a special conveyor belt that can be used to transport 
the material from the excavation of the collecting basin 
safely, cleanly and quietly from the construction site in 
the middle of a residential area.

Torrential Rain and Flooding everywhere

Tokyo has long since grown into one of the largest 
metropolitan areas in the world – with almost 10 mil-
lion inhabitants in the city and another 30 million in 
the surrounding area. Space for living and working is 
scarce. This is also the case in Machida, a suburb south-
west of Tokyo. Situated approximately 50 km from the 
city center, it is home to around 450,000 people. Huge 
residential areas stretch across the hilly area of the Tama 
Hills with the nearby River Tama. For many years, the 
city has been regularly affected by torrential rain, high 
waters and flooding – with power outages, damage to 
infrastructure and potential risks for the people living 
there. The underground catch basin on the Sakai River 
is intended to protect residents from flooding in the fu-
ture. Completion is planned for 2024.

Curve-negotiable in the tightest of Spaces

To build the basin – 20 m deep, 190 m long and 90 m 
wide – thousands of tons of earth and bulk material 
must first be excavated and transported out of the huge 

Over the years, numerous rivers in Tokyo have been built 
over or regulated to create space to live. The risk of high 
waters and flooding is increasing as a result. In order to 
mitigate this risk and protect inhabitants’ living space, 
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pit. In December 2020, the installation of Sicon pouch 
conveyor belt with a length of more than 1,500 m into 
the steel structure of the plant was finished. The instal-
lation is more than 750  m long. The 280  t of mate-
rial excavated every hour are transported on the con-
veyor belt at a speed of 1.4 seconds per metre across 
the residential area to a nearby main street, where it 
is discharged onto trucks. ‘The Sicon conveyor belt 
is a closed system from the feeding point to the dis-
charging point. It can negotiate curves of up to 180 °, 
making it extremely flexible when routing the line 
and adaptable to any environment. Corners and edges 
can therefore be bypassed without additional trans-
fer points – curve radii of less than one meter can be 
achieved,’ explains Gabriele Hennig-Juman from Con-
tinental Sales for Conveying Solutions in the Asia-Pa-
cific region. By using a snaking route, the belt conveyor 
is also able to overcome large differences in height in a 
very tight space. 

A low-noise, no-dust and low-emission 
Transport Solution

The belt was manufactured in Northeim (Germany) 
and shipped from there to Japan. The contractors on 
site are the local Japanese-German joint venture of 
Continental ‘Bando-Scholtz’ and Furukawa Indus-
trial Machinery Systems, a specialist in Japan in steel 
construction and industrial equipment, which jointly 
coordinated and carried out all work for the end cus-
tomer – the Tokyo Metropolitan. An international 
service team from Continental and Bando Chemicals 
provided on-site support for the assembly and splicing 
of the belt and the commissioning of the system. ‘The 
pouch conveyor belt meets particularly demanding re-
quirements in terms of cost-effectiveness and environ-
mental compatibility. This reliable and clean transport 
solution takes into account both ecological aspects 
and preservation of the quality of life for local people,’ 
says Masaaki Ogino, CEO of the Bando-Scholtz Cor-
poration.

Without the conveyor system, countless trucks 
would have to drive through the residential area to 
the construction site over a period of months, result-
ing in a greater CO2 footprint and more noise pollu-
tion, as well as potentially increasing the risk of traffic 
accidents – particularly in the very restricted infra-
structure of the residential area. The no-noise and low-
dust transportation of the excavation material using a 
pouch belt is therefore an effective alternative method 
of transport.

Jochen Vennemann
External Communications, ContiTech, Hannover, 
Germany
Contact: jochen.vennemann@contitech.de

Continental sharpens Conveying  Solutions Portfolio  
and extends Belts and Digital Products and Services

Continental strategically sharpens its profile as a provider of service and 
complete conveying solutions and unifies its portfolio under the Continen-
tal brand. All products, technologies and services, know-how and expertise 
are combined under one global brand. ‘Decisive drivers are our customers. 
In this way, our customers and partners will benefit from a stronger and 
trusted global product portfolio from a single source,’ explained Hannes 
Friederichsen, heading the business unit Conveying Solutions at Continen-
tal. Starting January 2021, all products from company-owned brands are 
integrated into the broad Continental product and service portfolio.

Focus on Digital and Service Innovations for Conveying Solutions

The bundling of assets goes along with an optimisation and extension 
of the portfolio in both belts and digital products. Continental is further 
extending its offer with an increasing number of value adding digital in-
novations and services. ‘We see fast changing requirements in our mar-
kets. A few years ago, our customers asked for high-quality, long-life 
belts. Now, construction, industry and mining companies are looking 
for safety, quality, efficiency and productivity gains. Our customers are 
requiring integrated solutions covering the entire value chain around 
a belt from commissioning, consulting and training to digital monitor-
ing and on-site maintenance. Additionally, energy-optimised belts, new 
business models and sustainability aspects will play a crucial role in the 
future,’ said Andreas Bakenhus, at Continental responsible for the newly 
created conveying solutions service segment. ‘Basically, it is our job to 
offer service levels that allows our customers to fully concentrate on their 
core business.’ Beyond that, Continental will extend its support to their re-
gional distributors with an extended offering of service-related products 
and digital tools. The new drone-based monitoring solution for conveyor 
systems that will be launched to the market in 2021. Globally Continental 
offers both an international network of 1,300 experienced service techni-
cians and partners as well as a broad scope of digital solutions, e. g. its in-
telligent integrated condition monitoring system Conti MultiProtect that 
detects potential problems early on and minimises downtime.

Customer-Centricity as main Driver for unified Branding

‘We deliver innovative products and services that contribute to the busi-
ness of our partners worldwide,’ added Dr. Michael Hofmann, responsible 
for key account management for conveying solutions. ‘In the past, we had 
a line-up of different brands and product lines. We are now simplifying 
our portfolio to provide our global markets easier and faster access to our 
entire product line-up. This includes know-how, technology, innovation 
and R & D resources, global production and service network.’ Continen-
tal offers customers complete and advanced product, technology, and 
service portfolio for all construction, mining and bulk material handling 
applications. Continental builds on an experience of almost 150 years.

As global technology company, Continental is well equipped to serve 
its customer needs, no matter where in the world they operate: In 2019, 
for example, Continental installed the world’s strongest conveyor belt 
ST 10 000 In the world’s largest copper mine in Chuquicamata, Chile. Eu-
rope’s longest conveyor belt for a cement factory has been built by Con-
tinental and Techmi in Montalieu, France. The endless belt is about 13 km 
long and does a twist and turn on the head and tail of the system to run 
parallel to the loaded belt on the return.



12 Geotechnics

GeoResources Journal 1 | 2021 Xu:
Virtual 51st IWASA – Adaptation of Water  Management to Climate Change:  Challenges, Opportunities and Goalswww.georesources.net

In January 2021, the 51st International Hydraulic 
Engineering Symposium Aachen, (IWASA) on the 
’Adaptation of Water Management to Climate 
Change: Challenges, Opportunities and Goals’ was 
held online for the first time and was greeted with 
an astonishingly good response.

Geotechnics • Hydraulic engineering • Event • 
Online •  Climate change

Virtual 51st IWASA – Adaptation of Water 
 Management to Climate Change:  
Challenges, Opportunities and Goals
Wenjia Xu, M.  Sc., IWW, RWTH Aachen University, Aachen, Germany

Wenjia Xu, M. Sc.,
is a research associate at the IWW of RWTH Aachen 
University, Aachen, Germany.
Contact: 
xu@iww.rwth-aachen.de

Interesting, varied, and communicative

On 7 January 2021, the 51st International Hydraulic 
Engineering Symposium Aachen (IWASA) with the 
title ‘Adaptation of Water Management to Climate 
Change: Challenges, Opportunities and Goals’ was held 
– because of the Corona pandemic for the first time on-
line (Fig. 1). Prof. Dr.-Ing. Holger Schüttrumpf, Head 
of the Institute of Hydraulic Engineering and Water 
Management (IWW) at RWTH Aachen University, 
welcomed a total of 500 participants. 

Four topical main papers  on the subjects of ‘Corona 
viruses in wastewater’, ‘Climate change and waterways’, 
‘Climate change and dams’, and ‘Climate change and 
coasts’ were presented to an interested audience. Be-
tween these main topics, the event was livened up by 
short presentations of ongoing research projects at the 
IWW. The symposium was accompanied by a total of 

Fig. 1: Virtual 51st IWASA as an online symposium

32 exhibitors, who gave information on their compa-
nies in short video presentations.

Wastewater, Inland Waterways, Dams 
and Coasts

On the first topic, ‘Corona viruses in wastewater’, a 
presentation was given on monitoring the incidence 
of infection in the population on the basis of detected 
SARS-CoV-2 viruses in wastewater. The second main 
topic ‘Climate change and waterways’ dealt with con-
crete impacts of climate change on inland waterways 
as well as with river-engineering measures as alignment  
options. The third topic, ‘Climate change and dams’, 
dealt with the alarming decrease in water quantities 
stored in the reservoirs of many German dams as a 
result of climate change. The strategies of authorities, 
dam operators, professional associations, and the pub-
lic in dealing with the problem were also considered 
here. In the face of rising sea levels, the final topic ‘Cli-
mate change and coasts’, examined developments and 
modes of action of adapted coastal-protection meas-
ures including classical coastal-protection structures 
and interdisciplinary approaches such as grass cover 
layers.

Résumé and Date of next Symposium

In his closing address, Prof. Holger Schüttrumpf indi-
cated how pleased he was with the smooth running of 
the online symposium. He thanked all the speakers for 
their interesting contributions and the exhibitors for 
enriching the event. He also thanked the staff of the In-
stitute for their support in organizing this first virtual 
IWASA. In conclusion, Prof. Schüttrumpf extended an 
invitation to the 52nd IWASA on 13 and 14 January 
2022. The symposium type and the topics of the 52nd 
IWASA will be announced at a later date.
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This paper describes the parametrisation of se-
lected geotechnical components for accelerated 
implementation in BIM models and concludes by 
highlighting the importance of the interface be-
tween the conventional and the digital method of 
working.

Geotechnics • BIM • Digitisation • Modelling • 
Shoring systems

Modelling geotechnical Components  
for Use in BIM Models
Siniša Lovrić, B. Eng., Prof. Dr.-Ing. Jürgen Schmitt and Dill Khan, M. Eng.,  
Darmstadt University of Applied Sciences, Darmstadt, Germany

1 Introduction

Digitisation has been gaining momentum in the con-
struction industry in recent years, with aspects of digiti-
sation technology increasingly being used in projects in 
order to enable forward and efficient planning over the 
entire life cycle of a component. At a practical level the 
interface between conventional planning and digitisa-
tion is created by way of Building Information Modelling 
(BIM). Introducing the concept of accompanying and 
supporting a structure or component by digital means at 
each stage of its life means fewer errors in the transmis-
sion of individual pieces of information within the pro-
cess landscape. By this means it is possible to achieve a 
certain quality standard and production flow [1].

While the structural engineering sector already has 
extensive experience in the application of BIM, its use in 
the field of geotechnics is still at an early stage. A study 
carried out at Darmstadt University of Applied Sciences 
investigated the kind of opportunities available for the 
parametrisation of components for geotechnical tasks 
and their implementation in BIM models. 

2  Modelling of geotechnical 
 Components for Excavation Pit Lining

The study used the Revit software programme from 
Autodesk. Revit software generates ‘families’ for the 
planning and design of structural engineering solutions. 
A ‘family’ is a group of elements with common attrib-
utes, called ‘parameters’, and corresponding graphical 
features. Here the individual elements in a family can 
exhibit different values for some or all of the parameters.

The study used different parameter types (type and 
sample parameters) to create a user-friendly element. 
This involved modelling the following constituent ele-
ments of shoring systems:

 ▶ Soldier pile walls with Essen shoring (double U pro-
file)

 ▶ Bored pile walls (secant pile walls)
 ▶ Anchoring with tiebacks

2.1 Soldier Pile Walls

The outline drawing at Fig.  1 serves to illustrate the 
basic principle that underlies the modelling process. In 
this case the U profile can, for example, be divided up 
into two modelling zones: the outer dimension and the 

Fig. 1: Drawing – U profile with basic parameters

Fig. 2: Plan view of double U profile incl. timber infill
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project and adapted to meet the user’s specific condi-
tions on the basis of the provided or selected parameters 
(Fig. 7).

2.3 Tiebacks

The Revit software allows parametrisation to be pre-
sented from different perspectives. This option is useful 
for creating elements that exhibit interconnections with 
certain dimensions and angles in different sections and 
aspects. One example of this is the design of a grouted 
ground anchor or tieback. A grid system built from ref-
erence planes constitutes the basic framework for the 
parametrisation and modelling process (Fig.  8). This 
creates the ideal opportunity for defining parameter 
values by using formulas in order to generate trigono-
metric connections for the parameter relationships. It 
is also possible to use suitable parameters to reproduce 
constructional design rules. When designing tiebacks, 
for example, this helps avoid interference between the 
force application zones. The example shown in Fig.  9 
depicts the minimum distance to be maintained be-
tween adjacent grout bodies.

2.4 Sheet Piling

Individual family elements can be assembled together in 
the project in a goal-oriented way in order ultimately to 
create a complete unit. Building on the developed ele-
ments it is then eventually possible to depict the model 
of a complete sheet piling structure using, for example, 
a combination of a soldier pile wall and a bored pile 
wall, together with an anchoring system of tiebacks, as 
shown in Figs. 10 and 11. Comparing this model with 
an actual sheet piling wall constructed for a real-life pro-
ject (Fig. 12) shows that the digital concept is the ideal 
planning and design tool.

3 Conclusions

The study showed that the geotechnical components of 
a sheet piling wall can be modelled and parametrised 
in such a way that they can be applied to real-life con-

Fig. 4: Soldier pile wall (actual build)Fig. 3: Model of soldier pile wall

Fig. 5: Layout drawing of secant pile 
wall

Fig. 6: Construction of the 
bored piles

Fig. 7: Graphic depiction of secant bored pile wall for 
construction project

inner dimension. This conceptual outline is used as a 
basis for the modelling process undertaken by the soft-
ware. After undergoing parametrisation the assigned 
parameters are in such a  relationship to each other that 
the model can behave in a flexible manner in accordance 
with the user’s requirements (Fig.  2). In practical ap-
plication this facilitates the construction of a complete 
soldier pile wall that can be adapted to the specific cir-
cumstances as required (Figs. 3 and 4).

2.2 Bored Pile Wall

In practice, a secant bored pile wall is constructed us-
ing the ‘step-back’ method. The diagram at Fig. 5 shows 
the sequence used for the fabrication process. This also 
serves to determine which geometric shapes have to be 
transferred to the software so that a secant bored pile 
wall can be modelled. A breakdown of the required geo-
metric shapes helps provide a starting point for the mod-
elling process. This breakdown allows the selected bored 
pile wall to be parametrised and modelled (Fig. 6). Us-
ing the entered parameters, e. g. the pile diameter, and 
their relationship to each other it is possible, for exam-
ple, to determine the spacing between the pile axes and/
or the amount of application-specific overlap. A secant 
bored pile wall can then ultimately be created for the 
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struction projects. Moreover, the special parametrisa-
tion process allows  the elements to be flexibly deployed 
and adapted in planning and technical terms while fully 
complying with standards and constructional design 
rules.

The variety of tools and options that the software 
provides for presenting and depicting a physical body is 
likely to tempt users to contemplate launching a project 
without any pre-planning, even though sound prepara-
tions are essential for such a task. The basic prerequisites 
for such an operation include a fundamental examina-
tion of the subject matter, a transfer of the acquired spe-
cialist knowledge to one’s own needs and requirements 
and, having regard to the relevant information available, 
the translation of preliminary ideas into a potential con-
cept plan. Then, finally, the original idea can be trans-
ferred into a digital conceptual drawing.

From a user’s point of view a structured preparation 
and planning process is therefore very much recom-
mended. The transition from own concept to the ap-
plication of the design software is made much easier by 
having properly structured preparations in place and ex-
perience shows that the turnaround time is significantly 
reduced as a result. A step-by-step working method ex-
cludes any overlapping of systematically important pro-

Fig. 8 Revit depiction of tieback in the reference 
plane system

Fig. 9: 3D image of tieback incl. distance parameters

Fig. 12: Sheet piling wall (actual build)

Fig. 11: Front face of sheet piling wallFig. 10: Rear face of sheet piling wall

cesses, such as familiarisation with the software and the 
processing of the models. Such unnecessary duplication 
of processes or work stages can have a negative impact 
on overall efficiency.

In the construction sector the interface between 
conventional and digital working methods is an impor-
tant element and one that is set to be a crucial factor in 
the ongoing digitisation process. BIM-supported digiti-
sation certainly requires a certain affinity with the digi-
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tal processing of data, however this does not imply that 
independent input in the form of sound preparation 
and planning has to take a back seat. There is in fact a 
risk that the promotion and take-up of digitisation will 
lead to a schematised working behaviour on the part of 
the user. The ongoing development of digitisation in 
the construction industry is both important and desir-
able, though it should also be treated with caution in a 
number of respects. Human beings have a tendency to 
choose the path of least resistance. If ‘the path of least 
resistance’, in the figurative sense, is equated with the 
unimaginative entry of random values into an input 
mask then digitisation in this case will not be progres-
sive in nature but rather will have a degressive effect on 
the user. In reality we therefore have to look at this de-
velopment – metaphorically speaking – as something 
of a double-edged sword. On one hand the flow of in-
formation within a project can be optimised in such a 
way that there is clear added value in terms of techni-
cal execution and efficiency, on the other there is also a 
risk that the user who is dealing with macro details, in 
other words who is in a non-managerial position, will 
lose touch with the actual hands-on skills required for 
the application. We therefore appeal to those working 
in this sector to keep the ‘traditional’ tools and instru-
ments in mind and to avoid relying blindly on digital 
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workflows. Only then can the benefits of digitisation 
with BIM be exploited to the full.
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Thanks to digitalisation, it is no longer unusual to 
parametise and commission single components 
remotely. Beumer Group thinks ahead and, for the 
first time, commissions a complete packaging line 
including palletiser – from a distance of over 4,000 
kilometres.

Digitization• Construction material • 
Conveying • Remote comissioning • Azerbaijan

Pilot Project for Remote Comissioning of 
a Plant for the Production of Construction 
 Materials with digital Look over the Shoulder
Beumer Group, Beckum, Germany

Helping customers in the event of faults or shutdowns of 
existing systems is no problem for Beumer Group with 
its head office in Beckum, Germany – even from a dis-
tance. The system provider was confronted with a com-
pletely new situation when a planned commissioning, 
which involves the dispatch of service personnel to the 
site in Azerbaijan, could not be carried out due to travel 
restrictions caused by the Covid-19 pandemic. Beumer 
Group was flexible and set the course for “remote com-
missioning” – commissioning from a distance.

‘The trigger was clearly the pandemic,’ explains Pe-
ter Teichrib, a department manager in Engineering at 
Beumer Group. However, this is not the only scenario 
that requires Beumer’s new service remote commission-
ing. Everything that makes personal access to systems 
and users difficult or impossible requires new solutions.

As a concrete example, Teichrib mentions the pack-
aging line of the cement manufacturer Norm LLC in 
Azerbaijan, which was almost completely erected on 
site. This line consists of two bag transport systems, the 
layer palletiser and a packaging line. ‘All components 
were already completely installed. Only some electrical 
installations (Fig. 1) and commissioning still had to be 
carried out when our experts had to leave the country 
due to the worldwide travel warning’. A delicate situa-
tion for the customer who had already included the ca-
pacity of the new packaging line in his calculations. If 
the line did not start up, the customer faced the thread 
of delivery bottlenecks and loss of market share.

Test Run required

Beumer Group decided to launch remote commission-
ing as a pilot project. ‘The conditions were exception-
ally good, which certainly cannot be taken for granted,’ 
emphasises Teichrib. In general, a number of conditions 
must be met before the ‘remote commissioning’ pro-
ject can even be considered. The system must be tested 
in-house in advance. ‘With this system, we had indeed 
carried out an extended in-house commissioning, as the 
Beumer paletpac 5000 was running with the new PLC 
S7-1500 for the first time,” says the department man-
ager. ‘We wanted to make sure that everything would 
work perfectly later. Finally, it was this circumstance 
that made remote commissioning possible in the first 

Fig. 1: Some electrical installation by the cement 
manufacturer Norm LLC with remote support 
by Beumer Group
Photos: BEUMER Group GmbH & Co. KG

place.’ Beumer Group also recommends to supply the  
stretch hood with the film tested in advance. This way, 
possible differences in film quality can be excluded as a 
source of problems during commissioning (Fig. 2).

Know-how meets Technology

In general the customer needs qualified maintenance 
and operating personnel who is preferably familiar 
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Support sees the same thing as the wearer on site and 
can directly specify the correct actions to be taken. In 
this way, the user is guided step by step through the 
commissioning process.

The cameras and the special smart glasses are part 
of the plug-and-play set for remote commissioning. This 
also includes a WLAN router for the Beumer Smart 
glasses and a VPN client installed on an mGuard router. 
The IP cameras must be connected via LAN cable to 
ensure sufficient image quality and stable transmission. 
‘First, we installed the hardware and software compo-
nents in our factory and tested the configuration. The 
complete package has been shipped to Norm LLC,’ says 
Teichrib. This procedure has proven itself and is also 
planned for future remote commissioning projects.

Keeping the Overview

Beumer Group set up a separate back office for this pro-
ject at short notice: Using four monitors and a laptop, 
the service staff always had an overview of the images 
from the IP cameras, the field of view of the smart glass-
es and the data of the system sent via the VPN client 
(Fig. 4).

‘Broadband Internet access, technology and know-
how – at Norm LLC we encountered ideal conditions, 
which we made the best possible use of,’ explains the de-
partment manager. ‘Within a very short time we were 
able to develop a concept that will guide us safely and 
reliably through future remote commissioning projects. 
Standardised processes enable us to eliminate sources of 
error and offer our customers a reliable service – quickly 
and flexibly.’

Regardless of external circumstances: If Beumer 
Group digitally takes the users by the hand via ‘remote 
commissioning’, the understanding and know-how of 
the systems grow. This motivates the customer’s person-
nel on site, a fact from which the user benefits as much 
as Beumer Group – a better understanding of the sys-
tem will significantly simplify future remote mainte-
nance and services.

The remote commissioning of the packaging line at 
Norm LLC has shown that with adequate framework 
conditions, such as well-trained maintenance person-
nel and technically high-quality IT equipment, new 
ground can be broken. Beumer Group’s technology and 
competence have impressively confirmed this.

BEUMER Group
Contact: 
beumer@beumergroup.com
www.beumergroup.com

Fig. 3: Staff member in Azerbeijan 
with an audiovisual  
connection to Beumer Group 
using smart glasses,  
smartphone and laptop

Fig. 4: Remote comissioning with support from the back office in Germany

Fig. 2: Never change a running 
system: remote   
comissioning with the 
previously tested film

with Beumer systems. This is another prerequisite for 
successful remote commissioning. On the hardware 
side, several IP cameras provide the necessary overview 
of the complete system, while Beumer Smart Glasses, 
specially developed data glasses, connect the Beumer 
experts audiovisually to the user on site (Fig.  3). A 
broadband Internet connection is required. The data 
glasses allow a detailed view: The Beumer Customer 



Geotechnics/tunnelinG/MininG/Product neWs 19

GeoResources Journal 1 | 2021Wieczorek and Herr:
Safe Management of Hose Lines for modern HP Air Compressors www.georesources.net

The problem of connecting hose lines to modern HP air compressors 
is nothing new. Following a number of hazardous events and fatal ac-
cidents the industry has now developed a high-pressure layflat hose sys-
tem with dedicated coupling connectors.

Geotechnics • Tunnelling • Mining • HSE •  
Compressed-air equipment • Product development

Safe Management of Hose Lines  
for modern HP Air Compressors
Christian Wieczorek, Managing Director of A.S.T. Bochum GmbH, Bochum, Germany
Dipl.-Ing. Roland Herr, International Freelance Journalist, Wetzlar/Germany and Bangkok/Thailand

Compressed air is part of everyday life on many con-
struction sites both above and below ground. Modern 
air compressors are now capable of delivering working 
pressures that would simply not have been available just 
a few years ago. The use of air-powered plant and equip-
ment has become routine in many places, though this has 
also meant that dangerous situations, and even accidents 
involving personal injury, have become much more com-
monplace (Figs. 1 and 2). This issue has already been 
discussed in [1]. While some of the problems arising in 
this area can only be tackled by introducing appropriate 
on-site measures, the firms A.S.T. Bochum, Gollmer & 
Hummel and Lüdecke have come together to develop 
layflat hoses with coupling systems that can safely be 
connected to the latest types of HP air compressor.

Handling the high Temperatures  
associated with HP Compressors

Problems often arise when connecting 2-inch hoses to 
modern compressors that are designed to operate at 
pressures of up to 40 bar. In such cases the traditional 
band clamps that used to provide troublefree service 
at operating pressures of up to 25  bar are no longer 
suitable for the purpose. The high pressures involved 
generate extremely high temperature levels, especially 
at the compressor exit points. Even well-proven hose 
lines, and especially layflat hoses that are generally suit-
able for such pressure levels, can fail under these con-
ditions. The fittings, which are designed to be pressure 
and heat resistant, can be forced out of the hoses as the 
hose material is softened by the effect of the heat. Com-
pression connectors are suitable for applications of this 
kind, though the fitting must be exactly matched to the 
hose in question – especially when a layflat hose is being 

Fig. 1: Near perfect routing of the 
hose lines at a construction 
site
Source: A.S.T. Bochum GmbH

Fig. 2: Hose routing leaves significant room for improvement: there is 
inadequate clamping, the hose radii are too small and the hoses 
are not restrained
Source: A.S.T. Bochum GmbH

used. Moreover, the contours of the hosetail connector 
must be an exact fit for the hose so that the connection 
is at all times able to withstand the high pressures and 
temperatures involved. 

Development of a new Hose and  
Coupling System 

Three companies operating in this field, namely A.S.T. 
Bochum (suppliers of hoses, fittings, and tunnelling 
equipment), hose manufacturers Gollmer & Hummel 
and hose coupling makers Lüdecke, recognised the 
problem early on and pooled their expertise to develop 
a safer hose system. As it was not the pressure and heat 
resistant fittings that were the problem but rather the 
actual hose line, which tended to become softer when 
exposed to heat, the development team had to focus 
their efforts on producing a new type of hose system. 
It was decided that pressing the hose on to the fitting 
by force was still the most reliable and effective solution 
and therefore the team set about identifying a better 
type of hose material. 

Silicon hoses exhibit excellent heat resistance, how-
ever they have a very low pressure rating and this latter 
quality cannot easily be improved. Metal hoses (such 
as exhaust gas hoses) could be made pressure resistant, 
though these would inevitably become very heavy and 
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New integral Couplings  
with layflat Hose System

The new system is suitable for both compressed air and 
fluids and has been designed for maximum operating 
pressures of up to 40 bar and temperatures of between 
−30 and +80 °C. The integral couplings are made from 
steel and malleable iron and the high-pressure lay-
flat hose system comes fully-fitted with hosetails and 
sleeves.

Initial applications in the field have confirmed 
that the new hose system is robust and durable and 
has a high safety factor. The hose itself is very light 
and compact to handle, yet at the same time has 
shown itself to be extremely resistant to abrasion 
and quite capable of withstanding the toughest of 
site conditions. The hoses have now been put under 
pressure in numerous operations and have performed 
flawlessly and the entire system promises to deliver a 
high operating life.

Safe Fitting and Application

When the pressed sleeves are being fitted during the 
assembly process it is important not to exceed the 
maximum operating pressures specified for the sleeves, 
couplings and hose. The process of fitting the sleeves 
to the hose and spigot must always be performed by 
qualified personnel using a suitable hydraulic press 
(Fig. 5 and Box). The entire hose assembly must be in-
spected for signs of damage before each use. It is rec-
ommended that a protective hose stocking or cable be 
employed as an additional safety measure.

Conclusions

A clear distinction has to be made when using com-
pressed-air equipment on site. When working at op-
erating pressures of up to 25  bar it is quite acceptable 
to continue to use tried-and-tested systems with hose 
clamp fittings. When working at pressures of up to 
40 bar, however, it is advisable to fit the hoses with hy-
draulically pressed steel sleeves and matching hosetails, 
while at the same time respecting the specified operat-
ing temperatures (Fig. 6). Hoses with a certain plastic 
content can be especially prone to significant changes in 
their material properties at high working temperatures 
and may begin to ‘flow’. This is something that must be 
avoided at all costs.

 This is a situation that does not require the drafting 
of new standards or guidelines. What is important, how-
ever, is that users have a basic awareness of the fact that 
flexible hoses must be used carefully and competently 
when operating compressed-air equipment. This means 
that only experienced personnel should be employed 
on work of this kind and also that compressed-air lines 
should always be fitted with parts from established sup-
pliers who can provide safety data sheets, assembly in-
structions and manufacturer’s warranties.

Fig. 3: Pressure test at 190 bar with potential for hose 
improvement 
Source: Lüdecke GmbH

Fig. 4: Pressure test on improved hose at 160 bar is 
problem-free
Source: Lüdecke GmbH

Fig. 5: Fixing the hose onto the pressed sleeve is a 
job for specialists or trained personnel
Source: Lüdecke GmbH

stiff. Add to this the fact that each length of hose would 
have to be braided, i. e. manufactured, individually. The 
time expended on this operation and the high cost of 
such an individualised production process would be 
quite unacceptable.

The work of developing a lightweight and heat and 
pressure resistant layflat hose initially focused on the 
composition of the hose material, the aim here being to 
ensure a good interaction between the fitting, the hose 
and the pressed sleeve. The experienced design team 
also paid increasing attention to developing a practica-
ble press-fitting process that would save both time and 
money. After several trial runs with different hose mate-
rials and coupling connectors they came up with a hose 
system that met the requirements for pressure and heat 
resistance (Figs. 3 and 4).
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Essential Site Rules for the Handling and Use of Com-
pressed-air Hose Lines
The following safety instructions are to be followed during all routine opera-
tions involving the handling and use of compressed-air hoses. These rules 
should be prominently displayed in appropriate locations:

1. Operating personnel must be familiar with the basic functions of the 
screw fittings and with the correct method of connecting the hose. 

2. The assembled hose line must only be used for its designated pur-
pose.

3. The assembled hose line must only be used when it is in a sound and 
fully-functional condition.

4. The assembled hose line is to be inspected on a regular basis for cracks 
and other signs of damage. Damaged hoses are to be withdrawn from 
service immediately.

5. Hose lines must only be connected to the system by qualified person-
nel.

6. Always ensure that the system has been de-pressurised before attempt-
ing to disconnect the coupling.

7. Always comply with the storage and service life recommendations for 
the particular type of hose being used, as specified in DIN 20 066. 

8. Always comply with the minimum bend radius requirements.
9. Hose lines should be installed as close as possible to their natural posi-

tion.
10. Avoid twisting the hose when it is being connected to moving parts.
11. In areas where high external temperatures are present route the hoses 

at a sufficient distance from any heat-emitting components or take 
other appropriate protection measures.

12. Loosely laid hoses are to be suitably routed to prevent kinking.

Christian Wieczorek
is Managing Director of 
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Bochum, Germany

Contact: 
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Fig. 6: Using the newly developed HP layflat hose
Source: A.S.T. Bochum GmbH
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The German Tunnelling Committee (DAUB) has 
in recent years been intensively involved with 
digitisation and the use of BIM for underground 
structure projects and has published recommen-
dations for use in this area.

Tunnelling • Underground structures • BIM • 
Digitisation • Recommendations

DAUB Recommendations on BIM in Tunnelling
GeoResources Team

GeoResources Team
Contact: 
kb@georesources.net / mk@georesources.net

Digitisation came rather late to the construction sec-
tor in general, and to infrastructure works in particular, 
when compared with other branches of industry. There 
are still no best-practice solutions for the use of Building 
Information Modelling (BIM) in the extremely complex 
world of underground construction. For its recommen-
dations on ‘BIM in Tunnelling’ [1], which were pub-
lished in 2019, the DAUB could therefore only draw on 
isolated applications taken from pilot projects, as stand-
ardised procedures had still to be developed in this field. 
The recommendations consequently reflect the interim 
status as it was in 2019 on the basis of projects known 
to the DAUB community at the time. Their aim is to 
provide the expert bodies and policy makers with guid-
ance on the next phase of the standardisation process. 

The DAUB recommendation ‘Digital Design, 
Building and Operation of Underground Structures, 
Model Requirements - Part 1’ and Annexes [2], which 
was published in November 2020, therefore supple-

Fig. 1: New DAUB recommendations on BIM in  Tunnelling [1, 2]

ments the recommendations on ‘BIM in Tunnelling’. 
The aim of the recommendation is to apply a degree of 
standardisation and homogenisation to the concepts 
used in the pilot projects. It explains the basic thinking 
behind the model structure, whose purpose is to unify 
and harmonise the designations applied to tunnel struc-
tural elements and associated object information. The 
recommendation also presents the basic structure of an 
object coding system that is designed to provide clear 
identification of individual objects.

The work of the DAUB shows that digitisation in 
conjunction with BIM in tunnel building can only suc-
ceed when IT specialists are able to develop the software 
systems needed and, perhaps more importantly, when 
the expertise and project management experience of 
public sector clients and public authorities, along with 
that of scientific partners, planning bodies and the con-
struction sector – in other words all the parties repre-
sented on the DAUB – is incorporated into the general 
effort. The importance of contractual and legal issues is 
also something that should not be underestimated. En-
gaging with the DAUB recommendations is therefore 
useful and most worthwhile.
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The Rohtang Tunnel in the Indian Himalayas at a high altitude greatly re-
duces the road distance and the journey time between Leh and Manali. 
Considerable difficulties emerged during the construction phase.
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Rohtang Tunnel in the Indian Himalayas
Dipl.-Ing. Roland Herr, International Freelance Journalist, Wetzlar/Germany, Bangkok/Thailand

The 8.9 km Rohtang Tunnel connects the North with 
the South of the Indian Himalayas and avoids the dan-
gerous route over the Rohtang Pass at an altitude of 
4,000 m (Fig. 1). The new tunnel shortens the Manali-
Leh Highway by approx. 50 km and enables to access the 
northern regions of the state of Himachal Pradesh and 
onto Jammu and Kashmir even during wintertime. One 
of the main challenges of this project was the construc-
tion site located at a high altitude with a low oxygen 
content affecting the personal (health aspects) as well 
as the equipment (loss of performance). Additionally, 
logistic challenges like reaching the job site, load restric-
tions on bridges, landslides, falling rocks and extreme 
weather conditions occurred regularly, not only in win-
ter. Under these conditions, construction work on the 
north side was only possible for about six months a year.

The tunnel was planned to be built from two sides by 
drilling and blasting. The horseshoe-shaped cross section 
with an excavation diameter of more than 13 m carries 
two lanes of vehicle traffic, two footpaths and an emer-
gency egress beneath the carriageway (Fig. 2). In addition 
to the extreme conditions with the portals at an altitude 
of over 3,000 m, the NATM was also driven to its lim-
its. Friable soils instead of blast rock, water ingress above 
250  l/s, high rock pressure with extreme deformations 
and rapid changes in rock formations all presented major 
challenges. Tunnelling operations were completed and 
the road tunnel opened to traffic at the end of 2020.

The twin-track cross section with one lane in each di-
rection has a gradient of 1.5 % and a vertical intersection 
point. Entry points connecting to the emergency egress 
running underneath the carriageway are provided every 
500  m. The unreinforced cast-in-situ concrete lining 
without a waterproofing system is 50 cm thick. An in-
termediate slab provides ventilation and smoke control. 

Fig. 1: Overview of the Rohtang Tunnel situated in 
the Indian Himalayas

Fig. 2: 3D (left) and cross section (right) of the two-lane Rohtang Tunnel

The excavation of the 8.9 km long tunnel started with 
drilling and blasting in two logistically independent drives 
(South and North). The cross section was excavated con-
ventionally in three stages: heading, bench and invert. 
The total excavated cross-section area ranged from 140 to 
205 m2, depending on the excavation class. The maximum 
overburden above the crown extended to around 1,900 m.

Due to the existing excavation classes, a change to 
NATM was incorporated into the design of the system 
plans in subsequent revisions and the behaviour was 
stipulated as an additional criterion. This meant that 
the monitoring method was implemented as an essen-
tial part of the NATM.

Drive from the southern Side

Starting from the south drive, the excavation reached a 
first fault zone after 1.9 km and the NATM was adapted 
by modifying the length, spacing and diameter of the 
pipe roofs, adding anchors, altering drive sequences, ap-
plying reinforcement mesh, adapting the drainage sys-
tem, inserting a waterproofing system and reducing the 
vertical gradient of the tunnel axis. At around 1.93 km 
the entire working face consisted of loose material with 
strongly fractured, shattered rock and ground material. 
Horizontal deformations on the side of the tunnel com-
bined with severe cracking resulted in the initial failure 
of the drive. Water ingress increased, with up to 150 l/s 
recorded in the heading alone. A major collapse occurred 
at 2.05  km causing around 400  m3 of water-saturated 
loose material to flow into the tunnel cross section. At 
this point the transition zone moved into the main fault 
zone. Several further collapses occurred as the drive pro-
gressed. The largest influx of loose material in terms of 
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After various trials with pilot drifts and side gal-
leries, the crown was eventually advanced segmentally 
with additional stabilisation measures. Depending on 
the situation, shotcreted and reinforced anchors were 
used in the face or longer system anchors with microfine 
cement grouting, micropiles in the area of the heading 
as well as consolidation and sealing grouting. The area 
where the pipe roof had collapsed at 2.40 km was provi-
sionally supported with shotcreted timbers.

North Drive with squeezing Rock Mass

In some areas of the north drive, the steel-fibre-reinforced 
shotcrete at the back of the tunnel flaked off. This was 
caused by the biotite schist encountered there and largely 
mitigated by switching to steel mesh reinforcement.

As a result of the squeezing rock, shotcrete cracked and 
spalled off, anchor plates and lattice girders buckled, already 
cleared face loosened and stress release bursts occurred in 
areas with more than 1,500 m overburden (Fig. 5). 

On account of these deformations, numerous ad-
justments and measures were undertaken relating to the 
support strength, round lengths and the construction 
process (even within an individual advance cycle) in the 
north drive. In most cases, these were not consistent with 
the design or the determination of the excavation classes 
but were nonetheless essential due to the rock mass con-
ditions encountered. Depending on the situation, quick 
implementation also played an important role.

In addition to conventional reinforcement meas-
ures, the largest deformations were checked by provid-
ing deformation slots along the tunnel axis and inserting 
lining stress controllers.

Conclusion

With the opening of the Rohtang tunnel at the end of 
2020 by Prime Minister Narendra Modi, the project 
is one of the milestones connecting both sides of the 
Himalayan Mountains in India. 
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Fig. 5: Collapse in the north drive 70 m behind the 
face, starting from West to East and as a chain 
reaction in direction to the face

Fig. 4: Lengthened, double-row pipe roof with larger 
pipe diameters in the fault zone

volume was approx. 1,000 m3 (Fig. 3). Due to the high 
level of water ingress, cavities formed primarily in the 
crown area. At 2.40 km the pipe collapsed and deforma-
tions in excess of 800 mm were recorded in the crown. 
This was subsequently shown to be directly linked to a 
watercourse at the surface. Finally, at 2.46 km the entire 
working face was once again mapped as a rock.

Driving through the Fault Zone

As the tunnel approached the main fault zone, the ex-
cavation classes were re-defined to increase the support 
resistance. Additional anchors were installed following 
localised rockfalls and drainage holes and drainage pipes 
were inserted to collect water ingress. Pipe roofs were in-
stalled at the start of the main fault zone to support the 
roof. As the geotechnical and geological conditions dete-
riorated with the advance, the pipe roofs were gradually 
lengthened, the pipe diameter was increased from 76 to 
114 mm and the pipe rows were doubled and arranged 
‘skin-to-skin’ with internal reinforcement (Fig. 4).

Fig. 3: The largest influx of material with 1,000 m3 at 
2.08 km
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The Swiss authors of this article have used their 
professional know-how to develop a concept for 
automatic train travel on existing rail tracks pre-
senting simple operating conditions. The Auto-
FerriviA initiative group has been set up to help 
with the practical implementation of their idea. 
They wish to demonstrate the feasibility of the 
technology and with this in mind are seeking pro-
ject partners for further trials.

Ideas workshop • Mobility • Railway • 
Automation • Innovation • Efficiency

Automatic Train Operation  
on conventional Rail Tracks
Hans-Peter Vetsch, Vetsch Rail Consulting GmbH, Bützberg, Switzerland
André Schweizer, Railtool GmbH, Bern, Switzerland

Introduction

The railway, as a track-bound system, seems predestined 
for ATO (automatic train operation). Unlike road, ship 
and air traffic, rail-borne systems, with their two-di-
mensional movement (in terms of both route and time), 
are relatively easy to monitor and control. And yet lit-
tle or no effort has been made to date to run automatic 
trains on conventional railway tracks. The first ATO 
operations with LZB (Continuous Automatic Train 
Control System) did in fact take place during the 1980s 
and 1990s on the Gotthard south ramp in Switzerland. 
However this development was discontinued because of 
the cost involved and also following the introduction of 
the ETCS (European Train Control System).

Railway experts and industrial companies too have 
repeatedly asserted that ATO can only be introduced 
in conjunction with modern infrastructure technolo-
gies and rolling stock. However, because of the different 
life cycles involved few rail operators are in a position to 
replace their infrastructure and rolling stock all at the 
same time.

The Auto-Ferrivia initiative group [1] has opted 
for an ATO solution that can be implemented using 
existing infrastructure and rolling stock and is particu-
larly suitable for rail tracks presenting simple operating 
conditions. At the end of 2019 a prototype setup on 
the Oensingen-Balsthal line, which used a conventional 
train supplied by dsf (Depot and Rail Vehicles Kob-
lenz), provided the proof of concept that the proposed 
solution actually worked in practice and had potential 
for further development (Fig. 1).

An Understanding of ATO

The parties involved in Auto-Ferrivia see ATO as 
a system for assisting locomotive drivers in their train 
operating duties. ATO  GoA2 is an automation-based 
driver assistance system that enables the train driver to 
hand over control of routine actions such as maintain-
ing a certain speed using cruise control, accelerating and 
braking based on speed thresholds and travel to station 
stops. ATO is designed to provide operationally opti-
mised train movements. However, the train driver can 
take over control of the train and disable the ATO func-
tion at any time.

The train is monitored by the existing Train Con-
trol System (TCS), which operates in the background 
and automatically applies the brakes if the maximum 
permissible speed is exceeded. The existing TCSs are 

Fig. 1: Pilot trial with ATO on the Oensingen-Balsthal 
line (OeBB) in Switzerland, December 2019
Source of the figures: Auto-FerriviA

extremely reliable setups. They ensure that during rail 
operations the train is not able to travel faster than the 
permitted speed or go beyond the geographical end of 
the specified travel zone.

The proposed ATO system with GoA2, in which 
the locomotive driver has responsibility for train op-
erations, does not have to be a fail-safe setup like an 
interlocking control system or a modern TCS (e. g. 
ETCS  L2), but can be perceived as an automation or 
telematics application. This simplifies the approval pro-
cess, increases flexibility and reduces costs.

Another possible approach would be to merge ATO 
with TCS. However, this would have a marked impact 
on the complexity of the system and would adversely af-
fect flexibility in terms of the time and cost associated 
with safety certification.

ATO Structure and Functionality

If ATO is to assist the locomotive driver it has to pro-
vide him/her with all the information needed to oper-
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ed by the on-board ATO computer ((2) in Fig. 2) using 
a web service with a 3G/4G connection. The ATO com-
puter uses this information to calculate the static speed 
profile (SSP) and the dynamic speed profile (DSP) 
(Fig. 3), the latter being based on specifics such as train 
length and braking ratio. Localisation is achieved using 
GPS. One of the challenges posed by employing GPS 
is the lack of reception in covered sections of track. 
Thanks to the track-bound structure of the railway net-
work it is relatively easy to determine the distance trav-
elled since the loss of the GPS signal simply by using the  
existing distance measuring system. The on-board ATO 
computer continuously calculates the distance between 
its position and the reference point and uses this to de-
rive the current permitted speed from the DSP.

The target speed is relayed to the vehicle control sys-
tem via a special interface ((3) in Fig. 2). This interface 
is dependent on the type of vehicle in question and is 
more elaborate and costly for older-technology systems.

Trial Runs on the OeBB

In December 2019 trials were carried out with the ATO 
system on the Oensingen-Balsthal line (OeBB) in Swit-
zerland. The infrastructure of the OeBB line provided 
the ideal conditions for the ATO tests in a number of 
respects: 

 ▶ Simple operating conditions (no conflict with other 
train operations)

 ▶ Existing TCS with train protection system type 
ZUB 121/ETM P44/ETCS Level 1 LS

 ▶ The relay-based interlocking control system is wide-
ly used in Switzerland

 ▶ Large time window for testing (after 8 p. m.)

The OeBB interlocking control system is based on 
Domino relay technology. This was supplemented by 
a trackside ATO computer with a simple pickup of 
the type used in a guidance and control system. The 
latter processes the non-interactive signal states (stop 
or move) into train route information messages and 
assigns train numbers to these on the basis of a train 
schedule (Fig. 4).

Using this principle all the relay interlocking sys-
tems can be connected to the ATO. Most of the safety 
installations currently operating in Switzerland are still 
fitted with this technology. Depending on availability 
the data required by the ATO can alternatively be ob-
tained from an electronic signalling centre or guidance 
system, provided the corresponding interface is known.

The vehicle unit used for the trial runs (supplied by 
dsf (Depot and Rail Vehicles Koblenz) and Rail Systems 
Engineering) was built in 1985 and retrofitting with 
ATO proved to be more complex than on a modern 
train system. A special interface had to be developed so 
that the commands from the ATO could be converted 
into digital and analog signals that could be understood 
by the vehicle (Fig. 5).

Fig. 2: Architecture of the ATO test setup

Fig. 4: Route information derived from the signal states

Fig. 3: Operating principle of the travel-profile calculation system

ate the train in a proper and orderly manner. Dynamic 
information on all train movements (status of the sig-
nals and train position) is collected by non-interactive 
tapping into interlocking control or guidance system 
data and this is continually updated in a database ((1) 
in Fig.  2). The database also contains a rail atlas with 
static track data, e. g. stopping points and fixed speeds 
for rail sections, stations and curves, these being stored 
in one-dimensional form as the (horizontal) distance to 
the target signal (reference point).

All the status conditions and pieces of information 
that are relevant for the train are periodically interrogat-
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On the train itself the test runs were carried out 
with a laptop serving as the ATO on-board comput-
er. This was fitted with ATO test software that con-
tained all the necessary functional features (Fig. 6). 
The laptop was also connected to a GPS sensor and 
webcam.

The first integral test runs between Oensingen and 
Balsthal took place on 17th December 2019. The trans-
mission of data from the signalling centre to the vehicle 
functioned flawlessly and the GPS tracking system also 
proved to be very stable and reliable. The instructions 
provided by the ATO computer for the vehicle controls 
were correctly transposed by the interface and on the 
whole this resulted in a satisfactory journey, though 
one that still left some room for improvement. Pinpoint 
stopping proved to be a particular challenge and numer-
ous adjustments had to be made to achieve correct para-
metrisation in this area.

After some fine tuning autonomous travel was 
achieved in both directions without any intervention by 
the train driver – apart from various radio communica-
tions along the route. The system was even able to as-
sume control of the train doors. These could be released 
for a selectable period of time at each station stop and 
after confirmation from the door locking circuit the 
train was then able to move off again automatically un-
der an open signal.

Fig. 5: Vehicle interface translates the commands from 
the ATO

Fig. 6: On-board laptop provides visual data during test runs

Conclusion and Outlook

The pilot trials conducted on the OeBB line showed 
that automatic train travel on conventional railway 
tracks can be achieved by relatively simple means. The 
proposed ATO solution can be superimposed on to ex-
isting systems in a way that is compatible with the track 
infrastructure and train technology. This provides max-
imum investment protection and enables rapid system 
migration  even in the case of the older interlocking con-
trol and vehicle technologies that still tend to dominate 
this sector.

The ATO solution developed by Auto-Ferrivia 
represents a cost-effective approach to automatic train 
travel. Extensive practical experience in the application 
of this technology will first be needed in order to high-
light the advantages and/or drawbacks of automatic 
train operation and these findings may provide a basis 
for rolling out the system. The authors are therefore 
seeking project partners for further practical trials.
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An international online conference organised in 
South Africa in November 2020 considered how 
mine impacted water can be transformed from 
waste to resource.
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 Conference on Mine impacted Water
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Environmental awareness is a growing phenomenon not 
just in Germany but around the world. Concepts for the 
sustainable management of our environment have to be 
developed and implemented at a personal level and for 
the industrial and business community too. For com-
panies operating in the mining sector the treatment of 
mine impacted water is a major factor to be taken into 
account – with industrial process water, acidic mine 
drainage and general mine water and general pit water 
all included here. It was against this background that the 
Southern African Institute of Mining and Metallurgy 
(SAIMM), the University of the Witwatersrand Johan-
nesburg and the Johannesburg-based Mintek organisa-
tion got together to organise an online conference in 
November 2020 that attracted participants from all over 
the world. The conference theme was ‘Mine impacted 
water: from waste to resource’ (Fig. 1), with main topic 
areas that included sustainable treatment technologies, 
value recovery, mine closure practices and legislation. A 
number of case studies were presented and the event was 
rounded off with a student session.

The five morning sessions, which were held on 11th, 
12th, 17th, 19th and 24th November 2020, comprised 
a mix of presentations and digital discussion panels that 
not only focused on old and new water treatment tech-
nologies but also introduced potential new ways of using 
former waste products from the mining industry, nota-
bly mine water and spoil material. The topics in question 
ranged from using alkaline power-station fly ash as shaft 
backfill, applying ultrasonic spray pyrolysis for the recov-
ery of rare-earth metals from mine drainage solutions 
and carrying out investigations aimed at the enrichment 
of rare earth elements in the processing residues of pas-
sive water treatment systems through to the possibilities 
of using mine impacted water for irrigating agricultural 
land, the groundwater impact of underground coal gasi-

Fig. 1: Conference banner

fication geo-reactors, new tools for the chemical prog-
nosis of spoil-tip runoff and the potential of metal recov-
ery by bioleaching from high-sulphur coal discards. The 
presentations were followed by a detailed examination of 
the themes based on case studies taken from around the 
world, with the final morning of the conference then be-
ing set aside for the student session that saw the submis-
sion of a number of final thesis.

While many of the technologies being presented 
cannot yet be employed on an industrial scale, neverthe-
less they do show that creative thinking, international 
knowledge sharing and global cooperation can all help 
to ensure that environmental protection no longer has to 
be considered as incompatible with economic efficiency. 
In the interest of sustainability we need to recognise the 
opportunities and develop the synergies that will create a 
win-win situation for everyone involved.
Given the broad range of issues on show the conference 
provided a valuable opportunity for those taking part to 
see the bigger picture and gain a broader overview of the 
latest scientific, economic and legal developments in this 
key area.
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The ongoing development of sensor and actuator technology opens up 
huge opportunities for manufacturers and users of underground mining 
machines. The acquisition and analysis of sensor data contributes to the 
process optimisation of mining operations and also helps improve ma-
chine production methods, which in turn offers a significant potential for 
cutting costs. This paper explains the possibilities and particular challenges 
arising in a number of areas, including data mining processes, manual rule-
based modelling, data architecture, data visualisation, statistical analysis 
and machine learning (ML). Case studies of drum shearer loaders and con-
tinuous miners produced by the Eickhoff Group are used to illustrate the 
knowledge gain and the opportunities now arising in this context.

Mining • Digitisation • Data science • Machines • Process 
optimisation • Cost saving

Data-driven Performance Metrics are 
 improving the Efficiency of Mining Machines
Prof. Dr.-Ing. Andreas Merchiers, Bochum University of Applied Sciences, Bochum, Germany
Prof. Dr. rer. nat. Henrik Blunck, Bochum University of Applied Sciences, Bochum, Germany
Arne Köller, M. Sc., Institute for Advanced Mining Technologies (AMT), RWTH Aachen University, Aachen, Germany
Dr.-Ing. Christian Gierga, Eickhoff Bergbautechnik GmbH, Bochum, Germany

1  Data Science in an industrial 
 Environment

Companies in almost every branch of industry have for 
quite a few years now been coming under growing pres-
sure to ‘do their homework’ in matters relating to digiti-
sation. The growth in automation and the increased use 
of on-board sensor and actuator technology, combined 
with ever more extensive system integration, means that 
manufacturers and users alike are now holding huge 
quantities of machine and process data. 

The machinery manufacturers have seized on this 
development as an opportunity to strengthen their 
competitive position by offering a range of additional 
digital services. The primary objectives here are to op-
timise process control on the user side and, at the same 
time, to leverage savings potential through condition-
based maintenance strategies by means of condition 
monitoring. Moreover, an analysis of the field data also 
holds enormous potential for the manufacturers’ own 
operations. This provides the R&D and design depart-
ments with a much better understanding of the actual 
operating conditions and usage behaviour of their prod-
ucts (Fig. 1) – yielding complete and objectively ana-
lysable data time series instead of merely snapshots of 
data paired with proprietary heuristic knowledge of 
the personell. On this basis the machine’s performance 
characteristics and functionalities can be adapted and 
optimised in a much more targeted way and stockhold-
ing and maintenance strategies can be designed along 
customer- and machine-specific lines. 

The industry has come to realise that the sustain-
able consolidation of its own competitive standing – 
both at the point of production and at the equipment 
manufacturers – now lies in the application of data 
analysis and that this technology transcends its own op-
erational boundaries  and has interfaces into peripheral 
systems. Yet the actual spectrum of requirements is still 
extremely diffuse: For some, the mere visualisation of 
sensor data with a focus on the reliability and validity 
of the data is sufficient, while others see data analytics 
as the key to achieving process stability and reproduc-
ibility, regardless of what is actually known about the 
cause-effect relationship in complex systems. Common 
to all intentions, however, is the goal of going beyond 
the heuristic approaches of the lean world and arriving 
at evidence-based proposals based on statistical models 
and evaluations.

Fig. 1: Continuous Miner machine manufactured by Eickhoff Bergbautechnik
Photo: Godehardt

Success will therefore essentially and always depend 
on the ability to control and manage the typical stages 
and aspects of the data pipeline – from sensor data ex-
traction, data buffering, storage and processing to visu-
alisation. 

2  Data Science in the Coal Mining 
 Industry

For the underground mining sector focused in this tech-
nical paper – using two example scenarios, namely long-
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on the other. In this context Section 3 (below) uses the 
example of a system for identifying the extraction cy-
cles of continuous miner machines, and the associated 
process of calculating the excavated volume, in order to 
show algorithmic data treatment in action, i. e. the Data 
Mining Process with modelling of a manual rule-based 
system. Section 4 then presents an infrastructure-based 
data architecture that provides for the efficient calcu-
lation of arbitrary algorithms based on arbitrary data. 
Following on from this Section 5 then provides further 
examples of application scenarios for data science algo-
rithms and methods. Finally, Section 6 contains a gen-
eral summing-up and looks ahead to ongoing develop-
ments in this field.

3  Handling of Sensor Data using the Ex-
ample of Extraction Cycles and Mining 
Volumes for Continuous Miners

This section starts by presenting the algorithmic treat-
ment of sensor data from a continuous miner machine 
for the purpose of identifying the extraction cycles and 
calculating the extracted volume of material, this serv-
ing as an example of how data science algorithms and 
methods can be implemented in the field. The cutting 
and/or extraction cycle, in idealised form, comprises the 
following individual stages that are abstracted for the 
purpose of cycle identification (Fig. 3): 

1 Approach run to the coal face
2 Sumping into the roof of the heading
3 Lowering the cutting boom/downward cut
4 Cutting into the floor and backing out with lowered 

cutting boom to clear the floor material

The individual stages that make up this extraction cy-
cle may vary according to the colliery and geological 
conditions [3, pp. 22f, 56f ]. However, the idealised 
sequence of the individual steps of the extraction cycle 

Fig. 2: Data science algorithms and methods for underground mining equipment manufactured by the  
Eickhoff Group

wall face extraction by shearer loader and room and pil-
lar working with continuous miners – the developments 
under way are similar to those taking place in other in-
dustrial sectors. The potential for expanding the perfor-
mance spectrum and existing range of business models 
is enormous. Most of the machines now being deployed 
below ground are fitted with sensors that are designed 
to provide the information base for machine guidance 
and control. The data collected by the sensors can also 
be stored for further analysis at some point in the future. 
The acquired sensor data are accessible via the increas-
ingly well developed IIoT infrastructure of the superor-
dinated mine information systems and in this way can 
be used for machine-to-machine communication [1], 
SCADA (‘supervisory control and data acquisition’) 
visualisation and mine-external storage and process-
ing [2]. Channelling the data from several machines 
of similar or different type into an information system 
for machine-overarching storage and processing also 
enables existing hypotheses and data-analytical models 
to be cross-checked against entire fleets of machines 
and quantitative assessments of mining subsystems and 
overall systems. This latter option can have a significant 
impact on the operational and strategic optimisation 
decisions taken by mine operators and machine manu-
facturers. 

Real-case examples that have been applied by the 
Eickhoff Group are presented below in order to illus-
trate the opportunities now provided by using data sci-
ence algorithms and methods on mining machines and 
to set out the infrastructure requirements needed for 
their implementation (Fig. 2).

The operational deployment of data science algo-
rithms and methods can be divided into the algorithmic 
treatment of data for the purpose of information and 
knowledge acquisition, on one hand, and the creation of 
infrastructure-related conditions for the systematic and 
continuous integration of these algorithms into a min-
ing machinery manufacturer’s products and processes, 
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cannot generally be identified in the actual positional 
data generated by the cutter boom, which is why the 
statistical threshold value and control systems have to 
be supplemented by methodologies borrowed from the 
world of data science. As will be seen later, this includes, 
for example, explorative-visual data analysis techniques. 
When the extraction cycle is identified and defined this 
information can then be used to calculate performance 
metrics for the cycle duration and extracted volume.

The operational-algorithmic procedure for detect-
ing extraction cycles and calculating the volume of min-
eral extracted typically corresponds to the flow diagram 
depicted in Fig. 4, where the following stages apply:

 ▶ Selection
 ▶ Date pre-processing
 ▶ Transformation
 ▶ Data mining
 ▶ Interpretation/evaluation

In the following, the steps depicted in the flow diagram 
in Fig. 3 are worked through in the real-case example. 
The data source is a relational database into which the 
sensor data from the continuous miner is channelled via 
a realtime protocol as a communications interface. The 
selection of the data required for the particular appli-
cation can therefore be made using SQL retrieval lan-
guage. Sensor data relating to the motor currents and 
the cylinder position of the boom are especially useful 
for identifying the cycle and calculating the volume of 
mineral excavated. Moreover, in the data pre-process-
ing stage threshold values for the motor current can be 
established for motor start-up and switch-off in order to 
be able to identify such data outliers and deal with them 
appropriately. In this particular case there is no need to 
carry out a data transformation process. 

In the present context data mining can be defined 
as a specific operation aimed at acquiring information 
and knowledge from pre-processed data. The data min-
ing process uses data science algorithms and methods 
to generate knowledge from the data sets [5, p. 24]. 
The following specific process options are available to 
choose from: 

Fig. 4: Flow chart for the algorithmic processing of data for knowledge acquisition [4]

Fig. 3: Simplified continuous miner extraction cycle 
focused on cycle identification

 ▶ Classification: a process for predicting a categorical 
variable based on sensor data

 ▶ Regression: a process for predicting a numerical 
variable based on sensor data

 ▶ Clustering: a process for dividing the consolidated 
data into groups presenting similar characteristic 
feature

In the context of learning algorithms, also known as 
‘machine learning’, classification and regression pro-
cesses are referred to as ‘supervised’, whereas clustering 
processes are called ‘unsupervised’ [5, p. 49 ff ]. In the 
context of non-learning algorithms all three processes 
listed above can be understood to be manual rule-based 
methods. Models are formed via the sensor data both 
in the context of learning and non-learning algorithms. 
According to the above listing these models perform the 
role of predicting a variable (classification and regres-
sion) or of dividing the data into similar groups (clus-
tering). 
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fully correspond to the ideal, resp. simplified, version 
of an extraction cycle but rather produce a less consist-
ent overall picture. Individual geological circumstances, 
and even the cutting technique used by the machine op-
erator, can result in variations in both the maximum and 
the minimum height of the cutter boom and these posi-
tions can differ quite significantly over successive win-
ning cycles. It is also evident from the sensor data that 
the downwards cut can be made at different speeds and 
with pauses of different length in between. In addition 
to this, floor cleaning cuts may be carried out before the 
machine engages in a new roof cut.

While these deviations from the idealised extrac-
tion cycle do complicate the detection of the individual 
extraction stages to some degree, they also yield quite 
valuable information that can be used, for example, for 
training the machine operators. Here an extraction-cy-
cle detection routine can be used to quantify the oper-
ating profile of different machine operators – with the 
aid of known quantities of coal mined by the individual 
operators, resp. shifts. 

Having access to a graphic image of the cutter-boom 
height, as presented in Fig.  6, serves to illustrate the 
differences that exist between the shifts, resp. crews, de-
ployed on machine operating duties. The cuts taken by 
one crew of operators show very consistent maximum 
boom heights, while the data obtained for a second 
crew indicate a less regular performance. Having said 
that, the winning cycles completed by the ‘irregular’ 
group are on average shorter than those produced by 
the more consistent group, so that the mere awareness of 
these differences does not provide a clear evaluation of 
the situation and ultimately only confirms the correla-
tion between machine operators and cutting behaviour, 

Fig. 5: Continuous miner extraction cycles on two temporal zoom levels
The blue graph line represents the height position of the cutting boom depending on the time. The orange and turquoise lines represent 
the cutter motor currents and the yellow line the hydraulic motor current. The bar chart (below) represents the cutting phases (green), 
cutting preparation phases (light green) and other (orange), as floor cleaning phases.

Fig. 6: Comparative visual data analysis of different groups of continuous 
miner operators – plot lines for the boom heights associated with 
uniform and non-uniform cutting

In the example case in point a manually generated, 
rule-based classification model is selected for detecting 
the individual steps in the extraction cycle. The reason 
for this choice is that the individual stages that make up 
the extraction cycle can be described with sufficient pre-
cision using a fairly small set of rules that have been very 
selectively defined using process know-how. An explora-
tive data visualisation, whose results are explained be-
low, is carried out beforehand in order to determine the 
set of rules required. Fig. 5 shows a sequence of several 
extraction cycles over a longer period of time. The blue 
graph represents the height position of the hydraulic 
cylinder that operates the boom. Clearly recognisable 
are the individual extraction cycles and, in particular, 
those points in time when the continuous miner low-
ers its boom for the downwards cut. At these points in 
time the cutter motor currents (shown in orange) also 
present higher amplitudes and variances. Fig.  5 also 
shows, however, that the actual extraction cycles do not 
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as these differences can be verified to be consistent over 
time as long as external conditions do not change. 

The foremost objective of an extraction-cycle detec-
tion system, however, is to count the extraction cycles 
and in this way to conduct a performance evaluation of 
the continuous miner and quantify the volume of coal 
extracted, taking account of the known geometry of 
the cutter drums and the depth of cut. These aims can 
be achieved, in spite of any irregular cutting behaviour, 
provided that the commencement and end of the ex-
traction cycle are correctly recognised and floor clean-
ing stages are not erroneously identified as new cutting 
cycles, as represented graphically in the stylised depic-
tion in Fig. 7. Here the blue plot line depicts the posi-
tion of the boom while the red line represents the cutter 
motor current. Two individual extraction cycles can be 
identified in this case. The movements taking place at 
the end of the second cycle are not incorrectly identi-
fied as the start of a new winning cycle. A rule-based 
classification model can be derived from the findings of 
this explorative data visualisation process and this will 
provide an accurate definition of the extraction cycles of 
the continuous miner machine. There are several differ-
ent ways in which this can be used to obtain an approxi-
mated calculation of the volume of material extracted. 
For example, the number of extraction cycles identified 
over the course of a working shift can be multiplied by 
an empirically determined, average volume of material 
per cycle. Alternatively, or in addition, the volume of 
mineral extracted during each extraction cycle can be 
calculated using the cutting height, the depth of cut 
taken by the drum and the drum width. The current re-
corded at the cutter motor can  also be used in order to 
remove any empty runs or non-productive cuts from the 
calculation. 

As noted above, obtaining a precise, reliable and 
sound calculation of the key performance indicators, 
and particularly the number of cutting cycles and the 
tonnage, will ultimately depend on the approach taken 

Fig. 7: Identification of winning cycles despite  irregularities

in handling the many irregularities, the different opera-
tor styles and the local conditions. Here help can be pro-
vided in the form of data science algorithms and meth-
ods, which are first trained with real machine operating 
data in which ideally many of the aforementioned vari-
ations can already be observed. Using additional real 
data the recognition of extraction cycles and mineral 
volumes can be tested for general accuracy and undesir-
able local artefacts.

A high degree of accuracy in the identification of 
the performance indicators is particularly possible when 
the variations lead to different findings for the recog-
nition of the performance parameters, such as the typi-
cal maximum and minimum boom heights, the typical 
cycle times and the typical horizontal machine travel 
paths during one cutting cycle. The collection and inter-
pretation of ‘big data’ obtained under real conditions, 
i. e. the transmitted sensor data, play a key role here. 

4  Data Architecture and IT Infrastructure 
Requirements below Ground

The operational deployment of data science algorithms 
and methods for the analytical treatment of data, as 
described in the example presented in the previous 
section, first requires the creation of infrastructural 
IT systems that are capable of storing and processing 
the sensor data and making it available for visualisa-
tion and/or further utilisation. For mining equipment 
manufacturers this presents the challenge of having to 
systematically integrate these algorithms and processes 
into an already existing and only part-integrated data 
infrastructure, or indeed of having to create a new one 
completely from scratch. For the purpose of this paper a 
data infrastructure is defined as the entire body of data 
handling systems that are used for the transmission, 
storage, processing and visualisation of data. Persistent 
data sinks, such as databases, are required for example 
to store the sensor data and these have to be populated 
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a big-data data infrastructure can be systematically de-
rived and specified in the following context:

 ▶ Large volumes of data and hence considerable stor-
age requirements

 ▶ High data generation, transmission and processing 
speeds

 ▶ Inhomogeneous data formats.

Big-data data infrastructures first try to process large 
volumes of data in an efficient manner. Here the speed 
at which the data can be read by an permanent memory 
plays a central role: a continuous miner fitted with five 
sensors, for example, generates a total of 1.73 million 
data points a day at a rate of 250 ms per data point and 
this has to be stored after it has been transferred into 
the data infrastructure. The terabyte-sized permanent 
memories in typical use today can now offer sufficiently 
large and convenient storage space for data volumes 
of this kind. However, the real problem for such large 
quantities of data has proved to be the read rate of the 
permanent memory. If this is about 600 MB/s, as is the 
case when rapid SSDs (solid state disks) are being used, 
it still takes about 28 minutes to read the entire contents 
of the permanent memory. This is not sufficient to meet 
the data infrastructure’s expressed target of being able 
to perform arbitrary calculations on arbitrary volumes 
of data in an efficient manner. A possible solution here 
is to use a distributed system for the parallel processing 
of the data sets [9, p. 3 ff ]. Here the entire body of data 
is distributed over several permanent memories that can 
be read from simultaneously. If a set of data amounting 
to 1 terabyte, in other words 1,000 billion bytes, is di-
vided separately on to 25 SSDs each with a read rate of 
600 MB/s, and if the amount of data on all the SSDs is 
read off simultaneously, it will only take about 1 minute 
and 6 seconds to read in the 1 terabyte of data. 

However, a distributed system does not only consist 
of computers and data stores each with 25 SSDs but also 
requires an entity that holds and records which sets of 
data are held on which permanent memory. By the same 
token the body of data is not necessarily distributed over 
the permanent memories in a completely unconnected 
way but can, for reasons of failure safety, also be held 
on a redundant basis. If an permanent memory should 
fail the data sets it contains can still be found on other 
permanent storage points. 

These connections and interdependencies between 
the individual system parts – the data storage comput-
ers on one hand and the computer nodes coordinating 
and logging the data distribution process on the other 
– represent the constitutive elements of a distributed 
data infrastructure. If more storage space is needed, or 
if the resilience to hardware and software crashes is to 
be enhanced, this can be achieved by using distributed 
data infrastructures: either by means of horizontal scal-
ing-out, i. e. adding new computers to the network, or 
vertical scaling-up, i. e. upgrading the existing network, 
this usually focussing on the computer hardware system. 

into a  coherent system landscape. Access to these data 
sinks should also be presented as unitary, fail-safe and 
responsive for downstream data processing and visu-
alisation systems [6, p. 7 ff.]. For mining equipment 
manufacturers in particular it is vital to have interme-
diate buffering of the data stream as it ‘flows’ through 
various subsystems in the data infrastructure. This has to 
be seen against the background of highly latency-prone 
communication pathways between the on-board data 
source and any distant data storage and processing de-
vices. Here the complexity of a data infrastructure sys-
tem is very much measured and defined by the demands 
being placed on it. Depending on the circumstances and 
the requirements they impose a semi-integrative data 
infrastructure can in fact achieve pragmatic objectives, 
which may provide grounds for the use of data science 
processes.

This initial description of the requirements that 
have to be met by a data infrastructure always reveals 
the software-architectonic complexity that equipment 
manufacturers have to face in the context of a system-
atic integration of data science algorithms and methods, 
especially against the backdrop of ‘big data’. The aim of 
this section is therefore to present an exemplary descrip-
tion of such a data infrastructure in consideration of the 
particular conditions that apply in the mining industry. 
With this in mind it is first necessary to explain the 
aforementioned term ‘big data’.

4.1 What is ‘Big Data’?

The term ‘big data’ refers to the huge rise in the vol-
ume of data in terms of the required storage resources, 
the generation, transmission and processing speeds in-
volved and the inhomogeneity of the data formats [7, 
8]. The increasing integration of sensors in machines 
means a continuous growth in the quantities of data 
to be processed [9, p. 1 ff ]. The challenges involved are 
intensified by the costly realtime processing operations 
that have to be carried out on these substantial data 
streams, e. g. when using prognostic machine controls 
in support of operational processes. This situation is 
aggravated by the fact that these data processing rou-
tines usually cannot be undertaken by the hardware 
that is embedded in the machine itself. What is more, 
different sensor datasets can exhibit structural dispari-
ties (‘inhomogeneity’) when it comes to their (format) 
semantics and logical data type. A machine-overarch-
ing data infrastructure must have the characteristics 
needed to meet all the different requirements imposed 
by large, high-frequency, inhomogeneous data collec-
tions. 

4.2  Characteristic Features of a big-data 
Data Infrastructure

The purpose of a data infrastructure is to perform ar-
bitrary calculations on arbitrary datasets and to do this 
efficiently [6, pp. 27, 83]. The characteristics required of 
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Big data also presents a data infrastructure with the 
challenge of having to achieve rapid handling speeds 
for data processing operations. One example of such a 
data processing operation is the use of the classification 
model (see Section 3 above) for handling distributed 
sensor data from one or several continuous miners. In 
practice, a MapReduce program or I/O-efficient data 
processing systems are mainly used for this purpose [9, 
p. 18f, p. 98; 10, p. 14f ]. In the first case, namely the 
MapReduce approach, partial results are first filtered 
into subsets of the overall body of data and then sub-
sequently merged together again to produce an overall 
outcome. The MapReduce option can also be described 
as parallel data processing. In the second case, namely 
the I/O-efficient approach adopted by Apache Spark, 
the distributed system attempts to carry out as many 
calculations as possible in a memory-uniform way us-
ing high-performance storage units such as processor 
registers, processor caches and random-access memory 
devices, with the aim of avoiding time-consuming per-
manent memory operations. Sufficiently rapid connec-
tion speeds can be achieved by employing the latest tele-
communications technology and by the additional use 
of edge computing techniques, if required.

And finally, big data also compels the data infra-
structure to support as many domain-relevant data 
formats and types as possible. The latter can broadly 
be divided into structured data formats (e. g. relational 
data sources), semi-structured data formats (e. g. XML 
or JSON) and unstructured data formats (e. g. video 
and audio files) [9, p. 5 f.]. In the given example of the 
continuous miner in particular it is useful to provide 
for storage over and above the time-series type of sensor 
data, for example by storing microphone, video and im-
age data or even RADAR and LiDAR datasets. 

The characteristic features of a big-data data infra-
structure can be summed up as follows [6, p. 7 ff ]:

 ▶ Robust against software and hardware corruption 
and fault tolerant of human error

 ▶ Low read latency of the data memory and ad hoc 
data requests

 ▶ Horizontal scalability of the data storage and pro-
cessing hardware

 ▶ Generalisability of the data formats and types and 
easy expandability of the data processing environ-
ment

 ▶ Low maintenance effort required for the data stor-
age systems through the use of inherently distrib-
uted system architectures

 ▶ Simplified troubleshooting and debugging through 
the separated storage of processed data and raw 
data.

The following sections will seek to explain how a big-
data data infrastructure – such as that used for the clas-
sification model described in Section 2 – can be fitted 
out in this way and can be prepared for practical deploy-
ment at product and company level.

4.3  Example of a big-data Data Infrastruc-
ture Concept with Lambda Architecture

A lambda architecture, which can be represented in 
software-topological terms as a layer model, can be used 
to integrate the various systems and tools needed for de-
veloping a data infrastructure into a complete system [6, 
p. 14]. Here a distinction is made between batch layer, 
serving layer and speed layer as the key system compo-
nents (Fig. 8).

4.3.1 The Batch Layer

The batch layer of a lambda architecture stores and 
processes the data in fixed cycles. In the given example 
of the continuous miner the sensor data, after going 
through a buffered and mine-external transmission pro-
cess, are first transferred to the batch layer of the lamb-
da architecture and held in storage there. As outlined 
above, the sensor data are stored in a distributed system 
using several computers with permanent memory, pos-
sibly with redundancy grouping. This creates robustness 
against the software and hardware corruption of a data 
infrastructure and also provides for horizontal system 
scalability. One example of such a distributed system 
used as a batch layer for a big-data data infrastructure 
is the Apache Hadoop framework whose functionalities 
and features are called on below for the application of 
the lambda architecture.

As the continuous miner then continuously gen-
erates sensor data and sends this information to the 

Fig. 8: Lambda architecture as layer model [6, p. 19]
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is therefore made possible by the generation of batch 
views in the batch layer and by the provision of batch 
views in the serving layer.

4.3.3 The Speed Layer

As the batch layer only carries out calculations on 
the master dataset cyclically, e. g. every three hours, it 
would not be possible, without an additional system 
component designed to supplement the batch and 
serving layers, to ensure that calculation results for ad 
hoc data queries will always be available for the most 
recent data. If the calculation cycle of the batch layer 
takes three hours, for example, then downstream sys-
tems such as data visualisation will in the worst-case 
scenario have to wait three hours for newly calculated 
data. For condition monitoring systems, or even real-
time recommendation systems, this time span is simply 
too long in any case. That is why batch and serving lay-
ers are supplemented by a speed layer that performs in-
cremental calculations on the data accruing during this 
intervening period. 

4.4  Technologies and Frameworks for 
Building a Data Infrastructure

The lambda architecture as described above is just one 
of the potential architecture models that can be used 
for a big-data data infrastructure. If the results of the 
sensor data-based calculations are not time critical, in 
that they are not to be visualised in real time, the speed 
layer can be omitted entirely. On the other hand, if the 
results of the calculations are exclusively time critical 
in nature, e. g. because realtime condition monitoring 
is to be applied, then the batch and serving layers can 
be left out. 

The lambda architecture therefore describes how 
these two architecture models are connected together. 
Apache Hadoop can specifically be used for the batch 
layer while, to complement this, Apache Spark can be 
employed for an I/O-efficient data processing routine. 
ElephantDB and Apache HBase are technology options 
for the serving layer, while Apache Storm and Apache 
Kafka, along with their relevant microservices as pro-
cessing elements, can potentially be used for the speed 
layer. 

The following now presents further examples of 
how different algorithms can be used for underground 
mining machinery, these operations being executed us-
ing the aforementioned lambda architecture of a big-
data data infrastructure.

5  Example Applications from the 
 Eickhoff Group

The data science set-up as described above, that is to say 
the entire body of data science algorithms and methods 
available here, can be built up to different configuration 
levels to meet the specific needs of the end users.

big-data data infrastructure increasing quantities of 
data will be compiled over time in the batch layer. If an 
arbitrary function, such as the extraction cycle detec-
tion process described in Section 3 or a machine learn-
ing model, is then executed on this body of data, the 
runtime of the calculation can be substantially reduced 
by deploying the MapReduce-based parallel processing 
program or an I/O-efficient processing routine oper-
ating in combination with suitable systems. However,  
this time reduction is often insufficient to produce a 
result in real time.  

In order to be able to supply results to ad hoc data 
queries immediately the subcalculation or precalcula-
tion of the function is available in ‘batch view’, this 
combining with the storage of the calculation results 
that takes place in the serving layer [6, p. 15]. A batch 
view will, for example, contain the requested results 
from the extraction cycle detection regime, in other 
words the particular point in time when the continu-
ous miner was at a certain stage in the winning cycle. 
Another batch view will contain the results for the 
number of extraction cycles per day or for the vol-
ume of mineral extracted by the continuous miner per 
minute. The actual sensor data held in the batch layer, 
which is also referred-to as the master dataset, remains 
unaffected when calculating a batch view. This repre-
sents a paradigm shift in relation to incremental archi-
tectures, as the batch views are recalculated cyclically, 
e. g. every three hours [6, p. 9 f, p. 88 ff ]. One key aspect 
here is that the calculation logic, which prescribes the 
function for the batch view generation, is completely 
removed from the master dataset. If for example the 
function for extraction cycle detection has a software 
bug then it is only the batch view that will be defec-
tive, not the master dataset. The batch view can then 
be overwritten with the corrected program code in the 
next batch cycle. Here the interpretation of the format 
of the sensor data ideally takes place during the runtime 
of the data processing operation. This means for exam-
ple that Codec-formatted sensor data, such as audio, 
graphic and video data, can be saved as binary files. By 
providing additional support for the storage of sensor 
data in pure text formats it is possible for a data infra-
structure based on Apache Hadoop to support many 
different data formats at the same time.

4.3.2 The Serving Layer

The purpose of the serving layer is to supply the end 
user, e. g. a data visualisation system or an API, with the 
batch views calculated by the batch layer [6, p. 179]. The 
data in the batch views must be provided very quickly, 
that is to say without any high latency. The serving layer 
therefore uses index data structures to help speed up the 
process of retrieving certain data within a data memory. 
However, data storage in the master dataset of the batch 
layer does not necessarily use indices, as these can slow 
down the insert operations to the data memory. Run-
ning an ad hoc data query in the lambda architecture 
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5.1  Configuration Stages for Data Science 
Infrastructure in the Mining Sector

The first stage often involves the visualisation of raw 
data using machine data dashboards. Depending on 
the application, commercially available solutions can be 
used as a visualisation front end for fixed or web-based 
activities. In the specific case of the Eickhoff Group, Mi-
crosoft PowerBI (Fig. 9) and Grafana (Figs. 5 and 6) 
are employed as web-based user environments for data 
visualisation. The purpose of raw-data visualisation is to 
determine key machine and process parameters and to 
present them in raw form and in chronological sequence 
so that discontinuities and deviations from norm can 
be quickly identified and analysed in detail. Of special 
relevance here is the dashboard, where fixed target val-
ues and averages from the past can be called upon as a 
benchmark – rather like the rev counter in a motor car. 
As far as underground mining machines such as shearer 
loaders and continuous miners are concerned this is es-
pecially useful for displaying motor current data, and 
hence for determining the load status and the produc-
tive usage of the machine, and for visualising error fre-
quency rates and other general (production) parameters 
such as travel distance, runtime, etc. In addition to the 
basic set-up parameters the solutions available also al-
low for customised adaptations and evaluations. 

As outlined in Section 4, a serving layer is a funda-
mental requisite for visualising raw data, this providing 
for direct, rather than just sequential access to the data in 
as responsive a manner as possible. Here it is particularly 
important to be mindful of the amount of data being 
depicted. If this volume exceeds many tens of thousands 
of individual data points, as is often the case when view-
ing sensor data acquired over long periods of time, the 
body of data involved will have an impact on the respon-
siveness available to the end user within the data visu-
alisation system especially when zooming or panning. 
Here again the batch layer is able to pre-aggregate and 
present the body of raw data in various batch views with 
different depths of detail. For example a batch view can 
provide sensor-data averages calculated as data points 
over the course of one day, while another batch view 
can produce data points with per-second resolution. 
The latter is used when zooming into a small time range, 
while the former is used when zooming out in order to 
get an overview of a whole year’s output without having 
to explicitly load and display millions of data points. In 
this way the raw data can be made available in different 
levels of detail and in a manner that is adapted to the de-
tail setting selected for the visualisation. If realtime data 
are also to be visualised it is advisable to use data-driven 
updating of the visualisation elements. The raw data are 
actively transferred to the visualisation program as soon 
as they have been processed by the speed layer, rather 
than being supplied as batch views from which they can 
be loaded by the visualisation system.

The next configuration stage involves the visualisa-
tion of calculated values using classical statistical and 

Fig. 9: Raw-data visualisation in a machine data dashboard for a  
shearer loader

manual rule-based models. The data infrastructure that 
processes the required calculated values and delivers 
them to the visualisation front end must, as outlined 
in Section 4, be capable of performing any calculation 
on the data. Raw-data time series from different sen-
sors can be correlated, also visually, this point in order 
to reveal patterns and correlations and to help test pre-
established assumptions. In this case the values calcu-
lated using the data infrastructure correspond to the 
findings of a correlation analysis. Root cause analyses, 
which seek to establish the relationship between certain 
conditions and the cause(s) of the error or defect, are 
also focused in this configuration stage. Likewise, the 
visualisations of analyses serve to select the right ma-
chine maintenance strategy on the basis of observed 
machine behaviour compared to reference benchmarks 
of the machine in the sense of a ‘machine fingerprint’. 
In this context Fig. 10 presents by way of example the 
working load at the cutter motors of coal shearer ma-
chines of identical type as recorded during operations 
at different collieries. While, as Fig. 10 shows, the data 
for machine tracks (i. e. mines) 1 and 2 clearly indi-
cate that the shearer in question is on a unidirectional 
cutting plan (because one of the two cutter motors is 
much more heavily loaded than the other), the data for 
mine  3 point to a bidirectional mode of operation. It 
is none the less clear to see that the loads acting on the 
left-hand motors (CML) of the shearers operating at 
mine 1 and 2, both generally as well as in terms of peak 
loading, are frequently greater than those for the cor-
responding right-hand motors (CMR) operating at the 
same mine. Furthermor, these figures also lie above the 
more constant load values for the two motors fitted to 
the shearers operating at mine 3. This is useful informa-
tion for the servicing department as far as the supply of 
spare parts is concerned and will also be of interest to 
the operator of colliery number 3 (Fig. 10) in the light 
of the unused machine potential.

In keeping with the visualisation of the raw sensor 
data, the batch, serving and speed layers of a data infra-
structure are also required for the visual display of calcu-
lated values. Batch and speed layers are responsible for 
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number of cuts per shift over the two-week period 
shown, team 2 (right) is generally raising the cutter 
boom higher and the standard variance of the cutting 
height as a measure of the irregularity of the cutting ac-
tion is much lower than for team 1 (Fig. 6). As far as 
the extraction volume is concerned team 2 were seen to 
have performed better by nearly 10 %, this also being 
reflected in the OEE diagram (middle) for this time-
frame. The total accumulated productive times (light 
and dark green), and especially the cutting time (dark 
green), recorded by team 2 are significantly higher than 
those registered by team 1. 

The identification, and more particularly the evi-
dential proof of such disparities can act as valuable 
starting points for mine operators in their efforts to ap-
ply successful operating strategies across the board and 
exploit the productivity potential to the full. However, 
these findings are also extremely relevant for the equip-
ment manufacturer: they enable him to optimise the 
machine’s functions by applying operating parameters 
and constraints based on actual usage conditions and to 
organise appropriate operator training for this and for 
the relevant automation routines.

The visualisation of calculated values based on 
classical statistical and manual rule-based models also 
provides the basis on which machine learning models 
(ML models) can be built and deployed for particular 
applications. One of the benefits of the ML approach 
is that the complex know-how built up by the machine 
operator can be mapped algorithmically and this can 
contribute towards developing intelligent automation, 
for example by using regression and  classification mod-
els. Another is that clustering models can be used, for 
instance, to identify complex cause-effect relationships 
with multiple variables without the need for continu-

Fig. 10: Machine fingerprinting of shearer loader operations
Each boxplot represents the distribution of the respective motor current in the left (CML) and right (CMR) cutter motor in a specific 
extraction field of a mine.

performing the calculations on the raw data. The results 
of these calculations, such as the findings of a correla-
tion analysis or a statistical hypothesis test, are always 
stored in batch views in the serving layer, so that adja-
cent systems (e. g. visualisation) can have responsive ac-
cess to the resulting output. 

A further configuration stage that can be applied 
to the data science set-up as described here involves the 
inclusion of exogenous, i. e. in this case machine-exter-
nal, data. This will be described using the example of a 
continuous miner operating on a two-shift basis. Here 
the exogenous data consists of information relating to 
the shift allocation of the mine operator.

Selecting a larger time frame makes it possible to 
identify various performance metrics that can then be 
used to evaluate and consequently interpret persisting 
operation characteristics as well as trends. In Fig. 11 it 
is clear to see that even though the two teams of con-
tinuous miner operators are each executing a similar 

Fig. 11: Analysis of the quantities of coal produced by different groups of 
continuous miner  operators
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ous and precise knowledge of these influencing factors 
for all possible scenarios. The two examples presented 
below relate to the first of these applications. 

5.2  ML Example – Control and 
 Optimisation of the Machine Winning 
and Travel Paths

ML models can be used for example to control and 
optimise the travel paths of a shearer loader within the 
longwall system and can make a contribution to bet-
ter process automation. In this example the research 
focuses on predicting the longitudinal gradient of the 
face system in order to support the automation of the 
ranging drum arm – and in particular to help the ma-
chine adapt to changes in face gradient. In real terms 
this can lead to the development of proposals on ma-
chine steering and to the implementation of machine 
control systems. 

Based on the first 40 cuts taken by the shearer loader 
the ML model is able to learn the gradient position of 
the face – this is illustrated in the heat maps shown in 
Fig. 12 that represent the positive and negative longi-
tudinal tilt of the machine over the length of the face. 
In visual terms the model learns that a ripple in the coal 
seam will be cut earlier or later in each following pass. In 
accordance with the learned pattern it will then be pos-
sible to predict the slope angles of the next three to five 
cuts with a high degree of precision.

As soon as sensor data are available for the longi-
tudinal tilt of the shearer loader learning ML models 
can be developed on the basis of this information. The 
recorded data for longitudinal tilt and other variables 
(shearer position on the face, motor currents, etc.) are 
modelled on the target variables in the course of the 
learning step, which in this case means the longitudinal 
tilt values for the next five cuts. The role of the neural 
network is to approximate the mapping instruction so 
that after the learning stage the neural network is in a 
position to calculate the target variable by itself. In this 
specific case various architectures of neural networks 
were tested and validated, including pure feedforward 
networks and others with time-series optimisation. The 
ultimate result is a pure feedforward network (Fig. 13) 
that can predict the longitudinal tilt values of up to five 
future cuts better than the reference metrics of constant 
tilt settings.

As is also the case with the calculation of classical 
statistical and manual rule-based models the ML model 
as described here can be computed in the batch and 
speed layers of a big-data data infrastructure as outlined 
in Section 4.

5.3  ML Example – Compensation for 
 Sensor Failure during Cutting Cycle 
Identification 

The second concrete application is aimed at the reli-
able identification of the cutting cycle, and hence at es-

Fig. 12: Actual and predicted longitudinal tilt of a shearer loader over the 
length of the face

Fig. 13: Deep-learning prediction with MLP-FF regressor grid of 8 layers and 
86,785 parameters

tablishing the amount of mineral extracted by the con-
tinuous miner, despite a failure of the sensor system. 
The volume of material extracted correlates strongly 
with the number of cutting cycles completed, except 
for variances in the height of the cut. As described 
earlier in Section 3, the determining factor for extrac-
tion cycle identification is the change in the height of 
the cutter boom. However, the failure of the relevant 
sensor, or rather the non-transmission of the recorded 
data, often has to be compensated for – not least be-
cause of the extremely inhospitable conditions that 
can occasionally prevail in room and pillar mining and 
the intense strain that this can place on the machinery. 
Such malfunctions can be neutralised by using an al-
ternative method for gauging the height of the boom: 
this can be done directly using the amount of travel at 
the cylinder or indirectly based on the failsafe meas-
urements of the hydraulic flow at the actuating valves 
(Fig. 14). 

While these physical correlations are obvious, they 
are however very difficult to map into formula form. 
There are too many influencing factors to take into ac-
count – from frictional resistance and superimposed dy-
namic loading through to temperature levels. Further-
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of sensor data can also be compensated for by having 
an alternative body of correlating data. New business 
models based on availability and output can therefore 
be developed in a much more robust manner than be-
fore. While there is a huge potential on offer here, this 
is not being properly exploited at the present time. 
However, more and more operators and manufacturers 
are beginning to think in these terms and are starting 
to avail themselves of the opportunities that this tech-
nology can provide. For individual companies this also 
means building up competencies in the application of 
data science algorithms and methods and at the same 
time further developing and expanding their data in-
frastructure systems. The ultimate objective must be to 
embed data science firmly into the company’s structure 
and thinking – along the lines of the set methods that 
have been adopted from the world of lean production, 
such as CIP (continuous improvement process) and 
FMEA (failure mode and effects analysis). Moreover, 
the synergy that comes from growing competence 
and acceptance has a self-amplifying effect – not least 
through the adaptation and enhancement of existing 
business models.
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Fig. 14: Real and predicted height data for a  continuous miner machine

more, these influencing variables are not constant for all 
application scenarios but can vary enormously depend-
ing on the extraction panel. The solution is to generate 
an ML model that is learned from a recorded time span, 
e. g a month, in which the height sensor functioned. 
This means that when no height data are available the 
data from the ML model can be used in order to replace 
the gaps in the data transmission. In Fig. 13 the blue-
coloured  ‘real data’ can be seen in place up until about 
10:10 hrs, backed by the lilac-coloured prediction data 
that then continue to estimate the height of the cutter 
boom and in so doing ensure an interruption-free detec-
tion of the cutting cycle. As in the preceding applica-
tion, the ML model was trained with different machine 
parameters. The purpose of the model is to estimate the 
height of the cutter boom based on these machine pa-
rameters. As Fig. 14 shows this ML tool has proved its 
effectiveness in successfully determining the height of 
the machine boom. 

6 Conclusions and Outlook

While the industry has not yet reached the end of the 
road as far as digitisation is concerned, the applications 
presented here are striking examples of the potential 
that data science technology now has to offer the min-
ing sector – and this will be of benefit to both users 
and manufacturers alike. Companies that are success-
fully taking the heuristic approach in using lean meth-
odology, for example, and so are nearing the limits of 
optimisation, will in particular have access to a whole 
range of options for identifying and quantifying pro-
cess deviations and abnormalities and this will facilitate 
changes and improvements using established practices 
from the world of lean technology. Hard evidence can 
be provided for these best practices and the potential 
of behavioural changes and planned measures can be 
determined in advance and then monitored during 
implementation. However, while the use of explora-
tive visualisation and manual rule-based modelling 
is improving the conditions are also becoming better 
for the application of machine learning systems in real-
life situations. There is valuable support to be had in a 
number of ways. Deviations from normal can for ex-
ample be detected using unsupervised learning models 
without the prior learning of ‘bad cases’ and the failure 
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In November 2020 Hatch published a study on the state of digital matu-
rity in Australia’s mining and mineral processing industry (M&M) dealing 
with digital transformation opportunities.

Mining • Study • Digitization • Opportunities • Growth • 
Sustainability • Australia

Digital Transformation Opportunities  
in Australia’s Mining Industry
Hatch Ltd., Brisbane, Australia

Fig. 1: Cover of the new study

Hatch Ltd.
Hatch’s experience spans over 150 countries around 
the world in the metals, energy, infrastructure, digi-
tal, and investments market sectors.
Contact: 
https://www.hatch.com

dustry. The findings and recommendations are relevant 
to those who work in a broad range of commercial-in-
dustrial, asset-intensive, advisory, engineering, and con-
struction settings around the world.

One-on-one interviews with industry leaders ex-
posed six common threads that illuminate the current 
state of digital maturity in the industry:

 ▶ Digital innovation is still in its infancy.
 ▶ A lack of standardisation across the industry
 ▶ Traditional tendencies in project leadership
 ▶ An emphasis on people over technology
 ▶ Positive attitudes towards digital innovation and de-

sire for better integration and connectedness
 ▶ Three common barriers to digital adoption are 

structural, cultural, and knowledge barriers.

Most business leaders in the survey agreed that the 
impetus for innovation should be focused on the rela-
tionships between teams and partners, and how every-
one works together. To back this, they reported several 
success stories, such as AUD$10M in savings year over 
year, that demonstrate the sheer magnitude of gain that 
is possible when you get the execution right.

’Leaders agreed that the desire for transformation is 
there,’ said Michael Grady, Hatch’s Digital Consulting 
Lead and main author of the study. ’But several funda-
mental challenges need to be solved to move forward. 
With targeted strategies, companies can navigate the 
difficult path through digital innovation.’

The report details nine actionable recommenda-
tions to accelerate digital transformation in Australia’s 
M&M industry with immediate benefits to create bet-
ter value for all capital project stakeholders and long-
term benefits to secure lasting prosperity in the industry.
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New Hatch research reveals opportunities to acceler-
ate digital transformation in Australia’s mining indus-
try documented in [1]. The research report ‘Unearth-
ing innovative opportunities for Australia’s mining and 
mineral industry’ looks at the current state and future 
opportunities of digital transformation and business in-
novation for capital projects in Australia’s mining and 
mineral processing industry. In November 2020 Hatch 
released the new study [1] on the state of digital maturi-
ty in Australia’s mining and mineral processing (M&M) 
industry that highlights key digital transformation op-
portunities for growth and long-term sustainability.

The report offers in-depth insights into the current 
state and future opportunities of digital and business 
innovation for capital projects in Australia’s M&M in-
dustry. The goal is that it will spur actionable paths for-
ward for business leaders seeking answers on what can 
be done today when it comes to advancing digital inno-
vation and reaping the widespread benefits for growth, 
profitability, resilience, and sustainability well into the 
future. ’A huge amount of value that is currently avail-
able is being left on the table. In this regard we would 
argue that the industry still has plenty of room to grow, 
and, more urgently, it cannot afford to fall behind,’ said 
Hatch’s Managing Director, Australia-Asia, Jan Kwak.

The report draws its insights from targeted primary 
research studies conducted for the Australian M&M in-
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Based on the example of a technology initiative being proposed in Chile 
this article uses schematic information to explain how carbon dioxide ob-
tained from copper production can be processed using electricity from 
renewable energy sources, such as solar power, to produce liquid fuels 
that can be used to drive heavy trucks operating in open-pit mines.

Mining • Energy • Environmental protection • Chile • Hydrogen •  
CO2 reduction • Cost

Using CO2 for Hydrocarbon Production with 
‘green’ Hydrogen Fuel for Mining Vehicles 
 operating in Remote Locations
Dipl.-Ing. Torsten Buddenberg and Dr.-Ing. habil. Christian Bergins, Mitsubishi Power Europe GmbH, Duisburg, Germany

Introduction

Two articles have already been published on this subject 
[1, 2], these relating to the production of hydrogen by 
electrolysis and the separation of carbon dioxide from 
industrial flue gases. In addition to the applications pre-
sented in [1] and [2] the two resources extracted in the 
manner described can also be used for the production 
of hydrocarbons, such as methane and methanol, and 
their derivatives, namely formaldehyde, dimethyl ether 
and gasoline. As a detailed description of all the options 
available in this area would be too wide-ranging in scale 
this article will seek to focus its attention solely on the 
production of methanol. Moreover, it only examines 
how methanol sourced in this way can be used as fuel 
for mining vehicles. Those seeking information on other 
potential applications are advised to refer to the relevant 
literature [3]. The use of sustainably produced methanol 
as a fuel for mining vehicles is an attractive prospect for 
reducing the greenhouse-gas impact of the mining sec-
tor. This initiative is explained by drawing on the exam-
ple of the Chilean copper industry where major efforts 
are already way to develop a sustainable strategy for 
copper mining while at the same time maintaining the 
industry’s central role in the national economy [4, 5]. 
Add to this the fact that diesel fuel now plays a crucial 
role when it comes to powering the fleet of heavy trucks 
required for open-pit operations like copper mining.

Potential for Sustainability in the  
Chilean Copper Mining Industry

Copper mining is an important economic driver for 
Chile and the country is one of the world’s largest sup-
pliers of this natural metal. Most of Chile’s copper 
mines are to be found in the north of the country [6] 
where there are also good opportunities for renewable 
energy production [7]. The world’s largest copper mine 
at Chuquicamata is located in the Atacama Desert in 
the Province of Antofagasta. The sustainability project 
being proposed here, combined with the use of solar 
energy, therefore has the advantage of a favourable en-
vironment from the outset. Fig. 1 shows the location of 
Chuquicamata mine in a solar map of Chile.

Copper processing is an extremely energy-intensive 
operation [5]. It also consumes a large amount of electri-
cal power and as the pure copper refining stage requires 
electricity [8] this process therefore uses a large quantity 

Fig. 1: Location of the world’s largest copper mine in the solar map of Chile and 
estimated energy requirements for different parts of the country [7, 8]
DNI = Direct Normal Irradiance

of energy directly in this form. As for the diesel that is con-
sumed by the heavy-duty mine trucks, this will be difficult 
to replace as it ideally has to be supplied as a liquid fuel. 

Methanol is generally suitable for use in internal 
combustion engines and the large-capacity diesel mo-
tors that are installed in mining vehicles can be com-
pletely, or indeed partially, converted to burn this type 
of fuel [9]. This usually results in a reduction in emis-
sion levels along with an increase in fuel efficiency. 

Copper smelting also uses a lot of oxygen, this being 
required not only at the smelters but also for the leach-
ing processes. Manufacturing this oxygen gas is an elab-
orate and costly procedure as the air separation plant 
has to operate at the high altitudes found in this part 
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Here the 3.5 MWh/h of released energy represents the 
difference between the calorific value of the added hy-
drogen and that of the generated methanol. This energy 
is enough to distil the resulting mixture of methanol and 
water, whereby less than 3 MWh/h of heat energy is re-
quired and approximately 1 % of the methanol remains 
in the water. During this process the reactor tempera-
ture is at around 210 °C, this being sufficient to produce 
low-pressure steam at about 3.3 bar[a].

This distillation stage will not be described in detail 
here. The waste gases still contain combustible constitu-
ents and have to be either flared off or admixed, for ex-
ample, with the combustion air of the copper smelter.

In this case the hydrogen and carbon dioxide, as 
referred-to in the previous articles, are recovered and 
made available for use by a process of electrolysis (H2) 
and amine separation (CO2). At a copper mill the flue 
gas emitted by the smelting furnaces can be used as a 
source of carbon dioxide – after of course it has been 
put to use in the sulphuric acid plant.  As these are sul-
phide copper ores the flue gas is particularly rich in sul-
phur compounds. Likewise the copper smelter is also a 
consumer of oxygen from the plant as this is where the 
combustion air is refined with oxygen [10].

Fig. 3 presents the relevant block flow chart while 
Table  2 shows the main energy flows of the process. 
These figures can be used to calculate the overall effi-
ciency, which in this case is 82.5 %. Fig. 4 provides an 
overall view of the methanol production plant. 

The sections below briefly examine plant efficiency 
levels and the use of methanol in heavy-duty dump 
trucks.

Solar Power Generation in Chile  
coupled with Methanol Production  
in a Copper Smelter

In the Atacama Desert a 138  MW concentrated solar 
power (CSP) plant requires around 1.3  km2 of space 
and is able to generate electricity 24 hours a day all year 
round [7]. Before it can be used the electricity first has 

Fig. 2: Process flow chart for the methanol-reactor process with material flow 
numbers

Table 1: Overview of the material flows for methanol-reactor process according to the numbers in Fig. 2

Material flow S4130 S4212 S4318 S4320 S4330 S4340 S4410 S4418 S4420

Carbon monoxide

Nm³/h 
or for 

S4340 
kg/h

1.97 477 476 476 0.57 0.0 475 475 475

Carbon dioxide 6,556 8,379 1,838 1,825 2.19 24.5 1,823 1,823 1,823

Hydrogen 19,853 191,229 171,592 171,584 205.94 0.7 171,376 171,376 171,376

Oxygen 4.60 5 0 0 0.00 0.0 0.0 0.0 0.0

Nitrogen 2.63 1,781 1,781 1,781 2.14 0.5 1,779 1,779 1,779

Methanol 0.00 628 7,171 628 0.75 9,352 628 628 628

Water 36.98 164 6,715 127 0.15 5,295 127.3 127.3 127.3

Temperature [° C] 146.6 144.1 45.0 45.0 44.9 45.0 44.9 59.6 144.0

Pressure [bar[a]] 81.0 80.4 74.5 74.5 74.0 74.5 74.0 81.8 81.0

Gas component [%] 100 100 93.06 100 100 0 100 100 100

Liquid component [%] 0 0 6.94 0 0 100 0 0 0

of Chile. The waste heat generated by renewable fuel 
production can also be put to good use as the leaching 
operations that run in parallel with the smelting process 
are large consumers of thermal energy. 

The mine’s individual operating environment and 
sustainability potential will now be further examined 
and factored into the cost calculation.

Production of Methanol from Hydrogen 
and Carbon Dioxide

Fig. 2 presents a process flow chart for a methanol plant 
designed for the production of 220 t of ready distilled 
methanol per day, with Table  1 showing the material 
streams and their composition. The hydrogen in this 
process is run as a surplus product in a recirculation 
process under pressure. The hydrogen in the process off-
stream S4330 is also recovered at a rate of around 90 % 
and then fed back into the system. Methanol is formed 
from carbon dioxide and hydrogen with the release of 
water, as represented in the following reaction equation:

CO2 + 3 H2 → CH3OH + H2O [+∆H] ...................  (1)
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to be transported to the specified copper smelting plant. 
Using information obtained from literature on solar 
energy in Chile, combined with own calculations, it 
is possible to estimate the level of investment required 
for a hypothetical production site (Table  3). The cal-
culations make it possible to establish a theoretical ef-
ficiency level, where the anticipated revenues are set 
against the costs. In this case the cost of the oxygen and 
the thermal energy is assessed on the basis of somewhat 
lower, though nonetheless fairly typical pricing levels 
and the required methanol price is then determined in 
such a way that revenue exceeds costs – in other words 
the plant can be run at a profit. If 700 €/t is set as the 
cost of methanol then this represents a diesel equiva-
lent price of 1.24 €/litre of diesel fuel. This price may 
be considered as quite high, though not unrealistically 
so. The current price stands at around 0.77  €/litre for 
the fossil fuel. If the willingness exists within the cop-
per industry to help cut greenhouse-gas emission levels 
it can therefore be assumed that the proposed approach 
is a feasible one.

Using Methanol as a Source of Power for 
heavy-duty Dump Trucks

Today’s high-performance dump trucks are already pow-
ered by diesel-electric technology [11]. This means that 
they have a generator that converts the fuel into elec-
tricity. If this concept is taken to its logical conclusion 
the outcome will be a drive system as depicted in Fig. 5. 
Here overhead lines are set up to supply power along the 
main haulage roads, where the operating conditions are 
not subject to change, while generator-powered systems 
are employed for the ore loading roads, where the situ-
ation tends to change on a regular basis. On downhill 
gradients the braking energy is temporarily stored in a 
battery, to the extent that this is possible. The calcula-
tions indicate that significant quantities of fuel can 
be saved in this way. When renewable energy sources 
are being used for this type of switchover to electrical 
power such a system is certainly a very sensible option as 
here the conversion losses can be kept at a low level and 

Table 2: Primary energy flows for the production of 
81 kt/a methanol MeOH (negative figures 
represent output)

Production 
 element

Electricity
[MW]

Heat
[MW]

Cooling
[MW]

Methanol
[MW]

H2-electrolysis 90.0 –15.3

CO2-separation 2.09 13.1 –11.1

Methanol-reactor 3.20 –3.4 –6.5

Methanol 
 distillation 0.34 3.0 –3.2 –51.1

Water preparation 0.10

Heat pump 36.3 -70.6 36.11

Total energy 
 requirement 132.0 –57.4 0.0 –51.1

Table 3: Solar energy generation and methanol production –  
specimen economic appraisal for the Chile project

Parameter Value

In
ve

st
m

en
t

Solar power plant 138 MW (CSP) 438,431,559 € 65.3 %

Transformer station 1 11,600,000 € 1.7 %

130 km 110 kV high voltage power line 14,560,000 € 2.2 %

Transformer station 2 10,600,000 € 1.6 %

81 kt/year methanol production 
& heat pumps 132 MW 196,500,000 € 29.3 %

Total investment 671,691,559 € 100.0 %

Es
tim

at
ed

  
op

er
at

in
g 

 co
st

s

Solar power plant 138 MW (CSP) 16,441,183 €/a

High voltage supply 1,286,600 €/a

Methanol production on site 5,895,000 /a

Subtotal operation costs 23,622,183 €/a

Investment annuity over 20 years (5.5  % interest) 56,206,700 €/a

Total annual costs 79,829,483 €/a

O
ut

pu
t Methanol 81,000 t/a

Oxygen 85,848 TNm³/a

Process steam 718,320 t/a

In
co

m
e 

fr
om

 
pr

od
uc

t s
al

es Methanol for 700 €/t oder 127 €/MW 56,700,000 €/a

Oxygen for 30 €/TNm³ oder 45 €/MW 2,575,440 €/a

Process steam for 30 €/t oder 21 €/MW 21,549,600 €/a

Total annual income 80,825,040 €/a

Fig. 3: Block flow chart for entire methanol production process in a copper 
smelter

Fig. 4: Overview of methanol production process
with the components: 1) H2 electrolysis, 2) CO2 capture, 3) MeOH reactor, 4) distillation, 
5) compressors and heat pumps, 6) waste water plant, 7) electric system
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Conclusion

Representing as it does some 11 % in total (including 
3 % diesel) of the operating costs of the Chilean copper 
mining industry (Fig. 6), energy therefore plays a rela-
tively minor role in this respect [15]. This means that 
a slight increase in costs would be acceptable if this is 
reflected in pricing levels based on a production process 
that generates fewer greenhouse-gas emissions.

As energy production constitutes the largest source 
of emissions when it comes to greenhouse gases it is 
obvious that action has to be taken at this juncture, all 
the more so since in Chile generating electricity from 
renewable sources will be more cost-effective than pro-
ducing it from conventional sources like coal and gas.

The above analysis of the Chilean copper mining in-
dustry shows that using synthetic fuels in this sector will 
not only have a positive environmental impact but is also 
a financially affordable option. A similar rethink should 
therefore also be taking place in other branches of the 
mining industry and serious consideration given to the 
replacement of diesel with renewable synthetic fuels.
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the costs reduced to an absolute minimum.  
In today’s mining operations around 70 % of the en-

ergy requirements are taken up by fuel for vehicles [12]. 
By skilful deployment of direct electrification technol-
ogy this fuel factor can be reduced to less than one 
third of the 70 % figure. At present something like 2.4 
to 2.8 MWh of fuel is consumed per tonne of copper, 
though of course this can be reduced to between 0.9 and 
1.1 MWh/t by taking the option described above. The 
current diesel price of about 0.77  €/litre is equivalent 
to around 79 €/MWh. Predictions for energy prices in 
Chile indicate that by the year 2030 this pricing level 
can be undercut by electricity generated from renewable 
sources such as wind power and PV solar and CSP so-
lar energy [13, 14], as this can be transformed into me-
chanical power at a high degree of efficiency.
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Weir Minerals’ Synertrex platform contributes to the mine of the future. All 
Weir Minerals products can optionally be equipped with the required hard-
ware and integrated into the digital Synertrex platform.

Mining • Equipment • Digitization • Pumping • Grinding •  
Mineral processing

Synertrex® – Weir Minerals’ digital 
 Contribution to the future Mine
Tobias Vraetz, PhD, Weir Minerals, Venlo, The Netherlands

Fig. 1: GeHo® PD pumps – (T)ZPM pump above and DH pump below

Fig. 2: Enduron® High Pressure Grinding Rolls (HPGR)

Weir Minerals began its digitalisation journey with 
the introduction of their Synertrex® platform in 2018. 
Since then, all Weir Minerals products have the op-
tion to be equipped with the smart analytics platform, 
en abling customers, engineers, and service technicians 
an advanced level of understanding into their equip-
ment – with accuracy and detail that is delivered in 
real time.

The Weir Minerals facility in Venlo, The Nether-
lands, manufactures both the GEHO® Positive Displace-
ment Pump and the Enduron® High Pressure Grinding 
Rolls, and can integrate it with Synertrex® technology if 
requested by a customer.

GEHO Positive Displacement Pumps

Weir Minerals offers two basic types of Positive Dis-
placement (PD) pumps, the crankshaft driven piston 
diaphragm pumps (TZPM and ZPM) and the hydrau-
lically driven piston pumps (DHC and DHT) (Fig. 1). 
Both types of pumps transport slurries via the move-
ment of a piston. When the piston moves backwards 
(suction stroke), the pumping chamber (ZPM) or cylin-
der space (DH) is charged with slurry. Similarly, when 
the piston moves in the opposite direction (discharge 
stroke), the slurry is discharged into the main slurry 
line. By utilising multiple chambers or cylinders, a con-
tinuous flow is generated. 

PD pumps are typically used for the transportation 
of abrasive and/or highly viscous slurries, for example, 
in pipeline transportation over long distances (pit to 
port), in the power, minerals processing and mining 
industry. Common applications include pipeline ore 
transportation, process feed, mine dewatering and back-
filling, tailings disposal. [1], [2]

Both types of Positive Displacement pumps have 
a proven track record within the mining industry. The 
design of the pumps enables the operator to control the 
flow of slurry without the influence of any changing 
pressure. DH pumps are renowned for their compact 
design, high wear resistant components and their capa-
bility to handle particle sizes up to 150 mm. 

(T)ZPM pumps are best utilised in transport-
ing highly abrasive, aggressive, and high temperature 
slurries at high pump efficiencies, reducing the overall 
power requirement and energy consumption. The dia-
phragm ensures the isolation of the piston and the drive 
mechanism from the abrasive fluid and ensures a her-
metic seal between the pumped slurry and the ambient 
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environment, thereby increasing the pump availability 
and reliability. [1], [2]

Enduron HPGR

Weir Minerals’ Enduron High Pressure Grinding Rolls 
(HPGR) are commonly found in the tertiary or qua-
ternary processing plant of mining operations (Fig. 2). 
Essentially the HPGR creates micro cracks and frac-
tures into a bed of particles which move within the 
gap between two counter-rotating rolls. The Enduron 
HPGR enables the user to reduce particle sizes from 
>85  mm down to a micron-sized product. Whith its 
unique dynamic skewing design and bearing assembly, 
it maxi mises grinding efficiency whilst durably adapt-
ing to ever-changing feed conditions. A high capacity 
feed coupled with low energy consumption sensures 
the Enduron HPGR is an energy efficient solution for 
the comminution of industrial minerals and metals like 
gold, iron, and copper ore. [3]

Synertrex

The IoT enables Weir Minerals equipment to be moni-
tored anywhere in the world. With the Synertrex smart 
analytics platform customers and engineers can gain 
insights into how their processes and products are op-
erating. Equipment conditions and performance can 
be monitored and compared to previous experiences, 
allowing for predictive maintenance prior to issues aris-
ing. With real time advanced understanding, custom-
ers can increase safety, efficiency, and throughput, while 
reducing unplanned downtime, carbon footprint and 
overall costs (Fig. 3). The Synertrex technology provides 
our customers with advice and support so that they can 
increase reliability and optimise their equipment’s per-
formance.

Weir Minerals provides weekly reports and email 
notifications according to a customer’s needs and can 
implement any changes that are needed to the custom-
er’s process control system. 

Synertrex key benefits:

 ▶ 24/7 data driven control of machine conditions and 
performance

 ▶ Improved maintenance and spare parts manage-
ment

 ▶ Reduced amount of unplanned down time
 ▶ Optimised energy and performance efficiency
 ▶ Increased safety
 ▶ Data security to meet the highest standards
 ▶ Automated reports and visual representation of the 

equipment’s status
 ▶ Continuous product improvement
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