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EDITORIAL

CERTIFICATION

Dy EFNMS

SKILLS AND KNOWLEDGE are the key factors
in European maintenance. The price tag per
work hour done in Europe is higher than in
the main competitor countries. High quality
maintenance supports the fulfilment of the
efficiency of European industrial production,
climate criteria and the competitive require-
ments of the circular economy.

High quality maintenance is achieved
with excellent skills and superior knowledge.
A good education system is the cornerstone
of all learning. An evaluation procedure is
needed to obtain feedback for further devel-
opment.

THE MAINTENANCE committee CEN/TC 319
Maintenance is making standards for the
European Committee for Standardization
(CEN). A huge amount of work has been done
over decades by writing a lot of standards try-
ing to describe the maintenance landscape.
The main maintenance standards specifying
the content of maintenance are EN 17007

- Maintenance process and associated indica-
tors, EN 13306 - Maintenance terminology
and EN 15628 - Qualification of maintenance
personnel. All maintenance related standards
can be found by searching keyword "TC 319”.

THE EUROPEAN FEDERATION of National
Maintenance Societies (EFNMS) has re-
newed the maintenance certification process.
Six EFNMS member countries have com-
pleted a three-year ERASMUS + project with
anew certification concept. The new model

will be a fully digitized process, a computer-
ized exam with a new question database, the
database now contains around 4000 ques-
tions covering certification areas from master
to expert (Manager, Engineer, Supervisor) ac-
cording to standard EN15628. The new ques-
tions are multiple choice questions, so auto-
matic correction of the answers is possible,
and thus the result of the exam is obtained
immediately.

FOR PERSONS working in the field of mainte-
nance the certificate proves your expertise,
and improves your position (salary, employ-
ment, market value). For companies certified
personnel guarantees more committed and
motivated people on the payroll, better work
results and quality. Service providers have an
argument for marketing, they have certified
personnel ensuring excellent results.

If you are wondering, would I succeed,
can I pass the exam? When you have the
required education, professional qualifica-
tion, and have gained work experience in the
field. When you have also been following
developments in the maintenance field, you
know what the others can do, and you know
the main features of the standards. Then you
are ready to test your skills and knowledge
by taking a certification exam organized by
EFNMS.

Ilkka Palsola
Promaint - Finnish Maintenance Society
EFNMS Certification Committee Chairman

High quality
maintenance
1s achieved
with excellent
skills and
superior
knowledge.
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The complete reliability solution

The Generation XT lineup contains all the tools you need for
reliable machinery installation and continued maintenance work.
They all work with the free XT Alignment App (iOS/Android)
and our rugged XT11 display unit, making it the most complete
reliability solution on the market.

With the all-new XT20 Laser transmitter with electronic precision
levels, it is now easier than ever to measure base flatness.

Learn more on our web site!
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XT190 Belt alignment

XT770 Shaft alignment

XT20 Straightness and

Flatness Laser Transmitter XT290 Digital Level XT280 Vibrometer
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v Shaft alignment

v/ Dynamic measurements
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XT11 Thermal camera (IR) add-on
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Editorial

Trends in Mine Maintenance
Technology

Towards Sustainability with an
Autonomous Industry

Digitalisation Redefines Plant
Management and Monitoring
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Storing energy is one of the key
challenges as we move from combustion
technologies to more sustainable forms
of energy production.

Manual or Automatic Lubrication?
How to Decide

Where do you Stand on the Key
Topics of Asset Management?

Driving Evolution for Preventative
Maintenance

Sand-Based Heat Storages
are a Hot Topic

&4

The online EuroMaintenance
20253 market survey about
the Future of Maintenance

In Furope 1s open for

participation from July 2022,

Companies need
proactive strategies

to minimise expensive
downtime and keep
their equipment
running smoothly.

Process safety can be
improved by investing in
the entire plant, individual
processes, and people.

32 To Repair or to Redesign?

36 Process Safety as an Integral Part
of Overall Safety Management

39 The Icelandic Maintenance
Association Looks to Strengthen
Education in the Field

The importance of materials
technology usually only
becomes clear when
something goes wrong,
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According to the association Plastic Europe,

368 million tonnes of plastic were produced in
2019 worldwide, and around 3 percent, or11.4 milion
tonnes, of this plastic ultimately ends up in the ocean.

The Digital Twins market in the U.S. is estimated at

US$2.B Billion inthe year 2020. The country currently
accounts fora 39.6 percent share in the global market.

In Short

Vanadium
50,94

Joint Venture to Start High

Purity Vanadium Production

AN EIT RawMaterials supported joint venture
in Finland between two Australian project
development companies, Critical Metals Ltd and
Neometals Ltd paves the way for a significant
increase in high purity vanadium production
in Europe for use in grid scale vanadium
redox flow batteries (VRFBs), specialty steel
applications and next generation lithium
vanadium cells.

The Vanadium Recovery Project (VRP) is

as a significant addition to new lithium-

ion cathode and anode chemistries used in
electric vehicles as well as in VRFBs used for
long duration energy storage solutions from

renewable sources.

- Innovative projects like the
VRP show how circular economy
approaches can have a substantial
impact on diversifying supply
chains. Recovery of metals and

)

Global Energy-as-a-Service [EaaS]
market size to reach USD 120.65
Billion by 2029

ACCORDING to recent research study published by Polaris Market Research, the
global energy-as-a-service market size and share is expected to reach USD 120.65
billion by 2029.

Energy-as-a-service refers to a business model in which a company provides elec-
tricity-related services. With this approach, customers pay for energy service, mini-
mizing electricity bills.

The EaaS model requires customers to take a subscription for accessing electrical
devices owned by a service company.

Leading companies are continuously moving from traditional power models to pow-
er as a facility model which is expected to generate lucrative growth opportunities
in the upcoming years. The global energy as a service market is expected to witness
strong growth during the forecast period owing to increased government investments
in supporting renewable power sources.

New Cir;c:ular Industrial Park
to Lulea Sweden

MAINTENANCE

INEXT [

NETWORK PLATFORM INDUSTRIAL MAINTENAMNCE

18 - 20 APRIL 2023

EuroMaintenance
and Maintenance
NEXT 2023 to take
place in Rotterdam

The largest European maintenance
conference will be held in Rotter-
dam from 17 to 19 April 2023. At
the same time, Rotterdam Ahoy will
be hosting the largest technology
and maintenance exhibition in the
Benelux from 18 to 20 April 2023:
Maintenance NEXT.

The combination will make
Rotterdam the European meeting
place for maintenance profes-
sionals in the Asset Management
industry.

- EuroMaintenance consists of
various components, such as the
conference and the workshops at
the Rotterdam Ahoy Convention
Centre. The congress visitors can
also visit the Maintenance NEXT
exhibition and learn about the in-
novations and the people behind
the innovations, says Ellen den
Broeder, NVDO General Manager.
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producers and recover some of the highest
purity vanadium products in the world.
Vanadium is a critical raw material according
to the European Commission and features
superior energy density compared to other
battery materials. It is fast becoming recognised
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Director at EIT RawMaterials says.

- We believe that in the next
10 years vanadium will be the
‘new lithium, Darren Townsend,
Chief Development Officer at
Neometals says.

well as gypsum as a by-product.

For Lulea, LKAB's planned industrial park means important development
for local business. In addition to major investment and up to 500 new jobs, a
whole new industrial cluster for chemical engineering will be created.

PARTNERSHIP PACKAGES
TarnMsinisnsags

T8 pL FRLE  ER R e

212022 maintworld |



IN'SHORT

EU Project Helps
Transition to a
Circular Economy

A NEW three-year EIT RawMaterials funded scheme, known as CSyARES (Circu-

lar System for Assessing Rare Earth Sustainability), will help companies improve
the transparency and sustainability of their supply chains when it comes to critical
materials.

Raw materials and advanced materials have a major impact on the environmen-
tal footprint of clean technologies and devices. The CSYARES project provides a
software solution that integrates sustainability standards, Life Cycle Assessment,
and supply chain traceability of rare earths. The tool will enable industry to better
monitor and track supply.

-With CSYARES, we see potential in developing solutions for suppliers, brands,
and industry as a whole to measure,
understand and reduce the climate
impact of Rare Earth Metals. As corpo-
rations and governments work toward

a sustainable future, climate supply

chain traceability software that lev- .
erages data and blockchain to meas- H&WIHE!ZE’I’]H]S
ure environmental impact can help and advanced

increase the secondary resource effi- materjals have a

ciency and accelerate transition to

a circular economy, notes Dr Roland m&’jﬂf jmpElC‘Z' on

GauB, Head of Innovation and Business ;

Intelligence at EIT RawMaterials. fhE’ E’H.VJI’UHmE’HZ'H]
-Demand for critical and strategic fUOZ’p]’]ﬂZ’ of clean

materials is skyrocketing. The Inter- .
national Energy Agency says that in Z'E,’C'h.ﬂU]OglE’S and
order to achieve the 2030 and 2050 dQV]CE}S_
climate targets will mean a dramatic
increase of mineral requirements by 2040, particularly for Nickel, Cobalt, Lithium
and Copper. These metals are irreplaceable in technologies like wind turbines, elec-
tric vehicles, mobile phones, computers and the defence industry. Rising demand
combined with resource shortages and supply chain disruptions means we need to
rely on sustainably mined and processed metal, states Jordi de Vos, Founder of Cir-
cularise, CSYARES project.

The project is led by the Dutch supply chain traceability start-up Circularise, BEC
GmbH, Grundfos, London-based Minviro, and the global Rare Earth Industry Asso-
ciation (REIA) partners.
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Climate Change
Rarely Addressed
from the Viewpoint of
Occupational Safety

CLIMATE CHANGE is visible in workplaces,
but an invisible subject when it comes to
occupational safety and health, according to
a study performed by the Finnish Institute of
Occupational Health and Centre for Occupa-
tional Safety.

From the panel respondents, almost two
thirds (60%) indicated that questions related
to climate change had been discussed in their
workplace, at least to some extent. From the
viewpoint of occupational safety, the impacts
of climate change have only been discussed in
a few workplaces (8%).

The most commonly recognised occupa-
tional safety risks are increase in slippery sur-
faces in wintertime, thermal exposure, and
the use of protective equipment in hot con-
ditions. Additionally, many workplaces have
recognised the dangers of extreme weather
conditions, such as storms and floods, and the
measures required after them, the variation in
the amount of rainfall, and the illnesses caused
by ticks and other animals.

Zero Emissions
and Recycling
Energy

WOOD-BASED SPINNOVA® fibre
has been developed in Finland to
replace conventionally used textile
fibres within the global textile
industry. Its carbon footprint is
1,28 kg CO2e per one kilogram

of fibre, which is 72 percent lower
than for conventionally produced
cotton (4,6 kg COze/ kg fibre).

As the use of conventionally pro-
duced cotton is replaced by the new
fibre, one kilogram of fibre helps to
decrease CO2 emissions by 6,5 kg,
according to research.
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Trends in Mine
Maintenance
Technology

Today, the emerging digital technologies
empowered by Artificial Intelligence (AI)
are transforming the Swedish mining in-
dustry where failure is not an option owing
to severe downtime costs. Such costs can
be as high as 30-40 percent of the total
equipment operating costs

DIEGO GALAR, UDAY KUMAR AND RAMIN KARIM

ames Cameron'’s Avatar paints a
dark vision of the future of min-
ing, where sophisticated remote
technologies are used to ruthlessly
exploit a vulnerable community’s
heritage and natural landscape. The
movie, set in the 22nd century, shows humans
mining minerals on a remote planet. Expansion
of the mining colony threatens the existence of
alocal tribe, a situation evocative of earlier colo-
nization efforts on Earth. The film has an impor-

10 maintworid 212022
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tant message: damaging the environment
with no regard for local communities is a
real risk. Yet from a technological point of
view, if James Cameron and his advisers are
right, the future of the mining industry is
exciting - mining equipment may be triple
the size of today’s equipment, and real-time
3D models of the mine may be in play.

The current developments are gradu-
ally heading towards as was imagined
in the technological breakthroughs in
James Cameron’s Avatar, but with one
major difference, namely the aspect of
sustainability. The mining industry to-
day has environmental sustainability at
the top of their agenda when deploying
new and emerging technologies. These
technologies are expected to facilitate
and accelerate innovation and stimulate
co-creation leading to effective and effi-
cient decision-making processes, and si-
multaneously contribute to achievement
of the global sustainability goals.

A consortium of mining companies,
equipment and system manufacturers and
universities has started a new European
Union-funded collaboration project NEXT-
GEN SIMS, a three-year project that will
support new technologies, methods and
processes enabling a more sustainable and
efficient carbon neutral mining operation.
Akey aspect of the project is to develop au-
tonomous carbon-neutral mining process-
es. This includes the use of battery-electric
mining equipment, full utilization of 5G
for optimal connectivity and positioning,
autonomous material handling, AT powered
traffic and fleet control and collaboration
among machines. The project also focuses
on the mine worker of the future - ‘the
modern miner’ and safety, for example by
developing autonomous mine inspection
technology facilitating correct maintenance
decision-making.

Furthermore, for social acceptability
and increased attractiveness there is a
spoken intension from the mining sector

, , Current
developmernts
are gradually
heading towards
the technological
breakthroughs in
James Cameron's
Avatar.

on becoming information-driven through
adaptation of digital transformation in
every part of production and management
processes.

Autonomous equipment
in mining
Cameron’s movie shows a small team of
people operating the mine thanks to auto-
mation. It seems that protecting the mine’s
assets requires more staff than operating
the mining equipment. In fact, this is a fea-
sible future for mining. Since mining opera-
tions imply a degree of repeatability, min-
ing equipment, such as excavators, wheel
loaders, mining dump trucks, and so on, has
huge potential to be automated, as automa-
tion yields cost, safety, efficiency, and envi-
ronmental benefits to mining enterprises.
Deep mining calls for technological and
innovative solutions, and these, in turn,
demand new strategic partnerships. LKAB,
in collaboration with leading industrial

partners, is working on the Sustainable Un-
derground Mining (SUM) project with other
globally-leading Swedish companies like
Epirock, Sandvik, ABB, and Combitech since
2018. SUM’s exciting view of the future of
mining stretches from robot dogs and under-
ground drones to self-driving electric behe-
moths conquering new depths and setting a
new world standard for mining. Accordingly,
each company involved in SUM contributes
its specific expertise, and by working togeth-
er, the partners will link digital systems and
mining operations.

Dog-bots are useful in this context, as they
can access almost every place in the mine.
LKAB, Vale and many other mining compa-
nies are using these robots as an inspection
toolin its operational areas. The dog-bot
carries arobotic arm capable of acting with
dexterity in the operational environment; it
can reposition sensors and collect samples in
places with difficult access.

Both performance and the working en-
vironment are more complex in mines than
in conventional scenarios. This makes the
control and health-assessment of equip-
ment more difficult. Condition-monitoring
algorithms must have better adaptability and
robustness. In this regard, Internet of Things
(IoT) provides a good solution to connect
vehicles in the mine and transmit all kinds
of information to the central processing unit
to realize intelligent traffic management,
vehicle control, and health assessment of
mobile units.

Turning a conventional mine into a fully
automatized mine or “dark mine” has sev-
eral implications for maintenance. First,
maintainers are not close to the assets and
cannot make small adjustments or perform
level-one maintenance tasks, so machines
need to be more reliable from a design point
of view, and traditional maintenance plans
will be ineffective. Second, failure is not an
option as any machine stoppages may lead to
production stoppage - digital butterfly effect.
Moreover, a failed machine may be working
in an atmosphere with gases, and it may be
dangerous for humans to repair it on site.
The only solution is to have excellent PHM
algorithms embedded into the machines in
such a way that an asset perceiving a poten-
tial failure that will eventually affect its func-
tionality may go to a point safe for humans
where it can be repaired and restored.

Itisrelevant to note that Cameron’s mines
need to consider maintenance in the design
phase, as the RAMS requirements are more
demanding; moreover, the PHM algorithms
for the operation phase must be more sophis-
ticated to avoid unexpected shutdowns.
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Digital twins in mining

The idea of digital twin (DT) was initiated
by NASA in 1970. Simply stated, based on
input data, DTs provide process prediction
and risk prevention in the physical world.
A digital twin is not a static model but a
responsive system connecting physical and
digital systems, with numerous potential
applications in industry. Other terms for
digital twin are digital shadow, digital mir-
ror, digital model, and digital avatar, etc.

A digital twin or digital avatar is a model
of areal system that is coupled with the
digital realisation of the abstracted model
via data generated by and collected from the
real system. Coupling the digital represen-
tation with its physical counterpart yields
the digital twin. The result is not a realistic
digital representation of a physical thing; it
is an abstracted digital representation of an
observed complex physical system.

DTs enable operators to predict the
future condition of assets and prevent pos-

12 maintworld 2/2022

DIGITAL SHADOW

]

A\ 4
PHYSICAL
OBJECT DIGITAL
OBJECT
'S
1
1 v
1 1

DIGITAL TWIN

-

v
PHYSICAL
OBJECT DIGITAL
OBJECT
»>

m DIGITAL TWINS (adopted from Kritzinger et al. ,2018)

sible risks. Additionally, DTs show the effect
of real things (products) and simulate their
behaviour in different environments so that
the company owners are at no risk. It is ac-
cepted that the first and most popular appli-
cation of DTs is to be as Crystal balls where
failure forecasting can be performed. More-
over, the increasing popularity of prescrip-
tive analytics in maintenance has turned
the DTs into potential test sets for different
operational and contextual profiles in order
to define the best O&M solutions. A digital
twin is in part a model of a real system that
is coupled with the digital realisation of the
abstracted model via data generated by and
collected from the real system. Coupling
this digital avatar with its physical counter-
partyields the digital twin. The result is far
from a realistic digital representation of a
physical thing; it is, however, an appropri-
ately abstracted digital representation of
an observed complex physical system. With
the enormous potential to support better

maintenance decisions, leading to better
outcomes. Digital twins in mining can defi-
nitely provide noticeable benefit in remote
monitoring and maintenance activities.
Smart applications can upload health data
to a cloud infrastructure, allowing for real-
time monitoring of multiple mining assets,
each of which are modelled by digital twin
software.

DTs enables operators to simulate the
impact of different design modifications
on the global site productivity, cost, energy
consumption, and emissions, and therefore
predict the future condition of assets and
prevent possible risks. DTs also show the
effect of real things (products) and simulate
their behaviour in different environments
so that company owners have no risk. A
popular application of DTs is failure fore-
casting. In fact, the increasing popularity of
prescriptive analytics in maintenance has
turned DTs into test sites for different op-
erational and contextual profiles in order to
define the best O&M solutions.

Given their enormous potential to sup-
port better maintenance decisions, leading
to better outcomes, DTs in mine equip-
ment maintenance is providing noticeable
benefits in remote monitoring and main-
tenance activities. Smart applications can
upload health data to a cloud infrastructure,
allowing real-time monitoring of multiple
mining assets, each of which is modelled by
DT software.

One example from the Swedish mining
sector is the initiative and project of ‘Ai
Factory for Mining (ATF/M)’, which is sup-
ported by LKAB, Boliden, Epiroc, IBM, and
Ericsson, etc.

The objective of ‘Al Factory for Min-
ing (AIF/M)’ is to enable a Digital Twin
through the development and provision
of an integrated platform and toolkit for
fact-based decision-making in mining asset
management, empowered by Al and digital

MINING INDUSTRY

technologies. This platform and toolkit aim
to contribute to the achievement of sustain-
able and resilient operational excellence

in the mining industry. ATF/M will have a
special focus on a) AT and sharing of data
and models; b) AI for context-aware analyt-
ics; ¢) cybersecurity; d) innovative business
models; and e) distributed computing. The
outcome from this project will enable Digital
Twin and enhanced analytics based on Al

Metaverse in mining

If we think of the mine as the universe,
then the metaverse is the digital dimension
where the mine’s digital entities interact.
The metaverse is the expansion of DTs. It

is not an augmented reality (AR) or virtual
reality (VR) application. While VR-related
studies focus on a physical approach and
rendering, the metaverse represents a ser-
vice with more content and social meaning.
The metaverse may use AR and VR tech-
nologies to augment immersive perception,
but platforms without VR and AR can be
metaverse applications.

Importantly, the metaverse has a scal-
able environment that can accommodate
many entities, thus reinforcing social
meaning among the DTs coexisting in
the space, immersed in that space and

participating in it. That is why maintain-
ers have to keep an eye on the evolution of
DTs and how they transfer those replicas
to the metaverse, as degradation mecha-
nisms, maintenance plans, and prognostics
will seriously affect the DT once it starts
interacting in the digital arena with its
counterparts. Maintainers will have to be
immersed in the metaverse to observe as
avatars how assets behave; this will obvi-
ously have an effect on maintainers and
maintenance.

Boliden is already streamlining mining
so that production can continue around
the clock, thanks to 5G networking. In this
case, the first 5G underground network
allows greater accuracy in terms of deter-
mining hazardous areas in the mine itself
and targeting employees who are stuck in
aparticular area by showing a 3D model of
the mine with real-time information.

The mine as an immersive virtual real-
ity universe will become the operator’s
playground. The virtual mine will be a place
where the limits of reality are simply the
limits of our own imagination. We can do
anything with our assets, go anywhere and
test everything. This will transform our
mining maintenance team, as team mem-
bers will interact with digital entities every

day. Immersive virtual worlds will com-
mand an increasing portion of their time.
In these virtual mines, maintainers will
take the form of avatars in the movie’s
sense of the word — digital representa-
tions of themselves (but not necessarily
tall and blue).

Last but by no means least, this way of
working will modify our behaviour and
way of thinking as maintainers. The Pro-
teus effect is the phenomenon whereby
our behaviours within virtual worlds are
influenced by the characteristics of our
avatar. Avatars with different roles be-
have differently with virtual entities and
modify their decision-making process in
adifferent. This will be relevant in main-
tenance, as maintainers need to assess
risk in a permanent way, but perception
in the digital arena may be compromised
due to the Proteus effect.

The human factor should be consid-
ered in the adoption of new technologies
as we move towards the metaverse. Over
the next decade, we will spend more time
on digital premises - both professionally
and personally - with more control over
our digital representations. The Proteus
effect will take hold. Furthermore, for
social acceptability and increased at-
tractiveness there is a spoken intension
from the mining sector on becoming in-
formation-driven through the adaptation
of digital transformation in every part of
production and management processes.

The mining industry today is conduct-
ing several initiatives to face the challeng-
es of becoming information driven.

The Swedish Mining industry is becom-
ing information-driven and maintenance
managers are getting used to data driven
decision making and learning to deal with
various challenges arising out of data driv-
en decisions strategy in their day-to-day
decisions. Their challenges can be broadly
classified into three groups-

¢ Technology-related challenges,

¢ Business model-related challenges

¢ Governance-related challenges
As mining in Sweden and other parts of
the world becomes increasingly data-
driven and dependent on automation,
cyber security is of increased concern.
These initiatives together make the fan-
tasy become areality! ®

REFERENCES

Galar, D, Kumar, U, & Seneviratne, D. (2020). Robots, Drones, UAVs and UGVs for Operation and Maintenance. CRC Press.
Galar, D., Goebel, K., Sandborn, P., & Kumar, U. (2021). Prognostics and Remaining Useful Life (RUL) Estimation: Predicting with Confidence. CRC Press.
Galar D, Daponte, P, Kumar, (2019) U handbook of Industry 4.0 and Smart System, CRC Press

212022 maintworid 13



AUTONOMOUS INDUSTRY

Towards Sustainability
WIth an Autonomous

ndustry

KAROLIINA SALMINEN, RIIKKA VIRKKUNEN,
HELI HELAAKOSKI, ANNA VILJAKAINEN,
VTT TECHNICAL RESEARCH CENTRE OF FINLAND LTD

When moving towards
a green and sustainable
industry, companies
have two kinds of goals.

panies save resources
and strive for carbon
neutrality in their own
processes and supply
chains. On the other
hand, industry must be
able to produce climate-
neutral products based
on the circular economy,
which are urgently
needed to mitigate cli-
mate change.

Autonomous supply
network & logistics

n a changing global context, including the national protec-

tionism highlighted by the pandemic and the vulnerability of

global supply chains, industrial autonomy is also increasingly

valued. Twin transition is a systemic change that cannot be

solved by technology alone, but where digital technology in-

novations, including automation, also play a significant role.
Together with about 30 VTT experts from different fields, we have
created a vision for future manufacturing. The purpose of our work
was to challenge current thinking, to support companies in prepar-
ing for future disruptions, and to secure global growth opportunities
and Finland’s competitiveness.

Autonomous manufacturing in 2035

In the autonomous factories of 2035, people and machines will
work together, utilizing their own strengths and skills. Skilled peo-
ple perform more advanced, holistic and strategic tasks that can also
be performed remotely. Intelligent machines are aware of their own
state, are able to predict and correct their own actions, and improve
their performance through continuous learning. Customized prod-
ucts that utilize recycled materials and parts are manufactured on
adaptive production lines.
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Value networks in . manufacturing
sustainable H o i

On the one hand, com- manufacturing

9 Future of work

System optimisation &
intelligent operations

Product lifecylce
design & autonomous

Asset management
& maintenace
= operations

Autonomous
production

A% Elements of
the future autonomous
manufacturing industry

Digital systems and adaptive automation are prerequisites for
meeting sustainability requirements in a cost-effective way and for
creating new products and businesses. Information is shared be-
tween different actors in real time, enabling a higher level of supply
chain automation and the transition to circular economy business
models. Production capacity is provided on demand to a wide range
of customers and material losses and waste have been reduced. The
use of sustainable solutions and recyclable materials has increased,
and the logistics footprint is smaller.

Asset management and maintenance operations will evolve from
predictive and prescriptive maintenance towards self-conscious
and self-healing machines. Fleets of multi-purpose robots and
drones are working with continuous maintenance and inspection
tasks. Fieldworkers are using efficient AR/VR/MR systems with all
the needed information at hand at the right time. Spare parts are
prescribed and created on-demand locally or nearby with additive
manufacturing enabling easy maintenance logistics.

In autonomous manufacturing, data and information flow in sev-
eral systems that connect companies, employees, production assets
and customers throughout the life cycle of products and services
- from concept to manufacturing, use and recycling. When building

the future manufacturing, several different levels and perspec-
tives must be taken into account in order to take full advantage
of the opportunities of green and sustainable industry through-
out the supply chain. In VT'T’s vision, we have identified the
key elements for future autonomous manufacturing. These are
presented in Figure 1.

What autonomy means for companies

The transition to autonomy has economic, environmental
and social benefits for businesses. Increasing the transpar-
ency of the production process improves resource and cost
efficiency. Better foresight enables factories to custom-

ize and adjust production volumes, allowing customers

to respond flexibly to changing expectations and market
changes and reduce storage levels. Manufacturing custom-
ized products requires adaptive production lines and short
delivery times, which requires automation.

Sharing lifecycle data enables real-time decision-
making. This, with the help of artificial intelligence, brings
automated, optimized and more efficient processes to the
entire supply chain. The small environmental impact of
the supply chain will be a significant competitive factor for
many Finnish companies in the future. This requires com-
mon rules for sharing data and ensuring security. Compa-
nies therefore need to understand the business potential
of data sharing and should prepare for the implementation
of the processes, rules and tools needed to share data.

Minimizing the physical and cognitive load on employ-
ees leads to better well-being and productivity as autono-
mous machines and robots perform repetitive, dangerous,
and simple tasks and support the employee in increasingly
complex tasks. Intelligent systems, in turn, help with
decision-making by providing data-based solutions or pre-
dictions. Raising the level of autonomy will increase the
opportunities for remote working in industry, where Fin-
land can be a pioneer. An intelligent and interactive work
environment makes the industry an attractive workplace,
giving workers the opportunity to be involved in making a
climate-neutral future.

THE FINNISH MANUFACTURING industry is
export-orientated and international. Its offerings
are dominated by high tech solutions and related
digital services. Increased autonomy is one of
the solutions for the required transition towards
more sustainable industry.

Finland has world-class expertise in artificial
intelligence, which is one of the main technical
enablers for autonomous manufacturing. Acade-
mia and industry are also successfully develo-
ping new innovations for circular and bio-based
materials to address the challenge of resource
sufficiency. Finland is also well positioned in
human technology collaboration research,
especially from human-cantered perspective
and empowering workers with new technologies
and work roles.
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Digitalisation Redefines Plant
Management and Monitoring

DR CESAR BUQUE, TUV SUD AG
PHOTOS: TUV SUD, SHUTTERSTOCK

Assessment of plants by combining periodic
inspections with continuous and permanent
monitoring and the use of suitable
algorithms can help to make the most of
existing tolerance ranges in operation.

longside artificial intelligence (AI) and machine

learning (ML), the Industrial Internet of Things

(IToT) is paving the way not only for near-auton-

omous chemical, power or manufacturing plants

of the future, but also for increased operational

safety, higher plant availability and significantly
reduced total cost of ownership (TCO).

16 maintworid 2/2022

Plant operators face enormous challenges related to
ageing infrastructures and increasingly ambitious
requirements for optimum production performance.
These challenges are compounded by the ageing of
industrial assets and the lack of qualified and trained
personnel for operational control management. To-
day’s industrial asset integrity management (AIM)
and process safety management (PSM) are character-
ised by periodic inspections and assessments with in-
tervals often determined by international standards,
regulatory frameworks and applicable manufacturing
guidelines. Yet these inspections only provide infor-
mation about the condition of the asset at a specific
point in time, failing to consider the impacts of con-
tinuous production processes on asset integrity.

DIGITALISATION

The results are highly conservative estimates of the remaining
lifetime, as asset condition and performance are frequently calcu-
lated and predicted on the basis of data that are years old and fail
to sufficiently consider the dynamics of ongoing operations. The
problem is that in industrial production, AIM and PSM are con-
stantly influenced by various intrinsic and extrinsic events, which
remain unaddressed in current strategies.

Making the invisible visible: lloT sensors as
game changers

Common technical standards (ASME, BetrSichV, etc.) fail to suf-
ficiently reflect the numerous intrinsic and extrinsic influences
and interactions to which assets are continuously exposed dur-
ing production processes. While difficult

to predict, complex degradation mecha-

nisms and safety parameters impact

on overall integrity and process safety,
potentially resulting in unexpected fail-

tial sources of failures may remain unde-

tected leading to incidents that may cause behaviour will characterise
injuries to engineers and techniciansor 1@ AIM and PSM
assessments of tomorrow. information on a digital dashboard.

environmental pollution.

The IToT also opens new horizons
for process safety management in the
form of digitalisation of risk management using sensor data
and a database for strategies such as PHA, HAZOP and LOPA
and algorithms for SIL/SIF computation. Properly designed
and permanently installed IToT systems provide more informa-
tion about previously invisible connections and dependencies
between plant performance and various integrity and process
safety events. This allows machine learning to use data collected
from different sources to identify predictable adverse incidents
in advance. Proper analysis of connected data turns them into
useful information for reliable, real-time decisions and repre-
sents a step towards optimised, more resilient and more efficient
management of asset integrity and process safety.

This development will soon be complemented by artificial
intelligence, which uses self-learning algorithms and expert in-
formation, e.g. from TUV SUD databases, to recommend appro-
priate solutions for specific issues. At this stage, decision-making
will no longer be based exclusively on rigid historical data, but
also take into account the actual condition of the plant.

Ultrasonic corrosion monitoring

Pressure bearing components, especially those that transport
hazardous chemical substances, are subject to various types of
degradation over time, such as corrosion. These degradation
mechanisms pose both economic and technical challenges.
Worldwide, the costs of corrosion alone amount to more than
2.8 trillion US dollars per year. From a technological perspective,
degradation refers to the gradual weakening of the material at
varying degrees of severity. Permanently installed IToT ultra-
sonic sensors can seamlessly monitor component condition,
thereby enabling continuous asset health monitoring (AHM).
One recommended approach is risk-based inspection (RBI).
RBI identifies likely degradation mechanisms and failures as
well as their consequences for production, the environment, and
the investment. The RBI experts draw up precise positioning
recommendations for the ultrasonic IToT sensors. In the next
step various types of sensors with different configurations are

Continuous data
acqguisition and
ures or machine faults whichmay cause ~ 41181515 a411d permanent
plants to shut down immediately. Poten- monitorin go f D lant

affixed to highly critical locations (locations that involve a high
failure probability or severe failure consequences). The sensors
gather data on wall thickness and crack/material behaviour

over time. TUV SUD and the Technical University of Dresden
are currently working on the development of special thin-film
ultrasonic sensors which will soon offer the opportunity to cover
entire object surfaces with permanent IToT sensing. These sen-
sors thus offer unprecedented ultrasonic capabilities, measuring
not only wall thickness, but also extrinsic parameters that affect
the progression of anomalies, such as temperature, pressure, and
humidity.

The collected data are automatically uploaded to the cloud
and analysed in real time. They include corrosion and crack
growth rates, dynamic fitness-for-
service assessment, and the remain-
ing lifetime. If defined thresholds are
reached or exceeded, operators are
alerted by email. TUV SUD’s AHM
solutions provide continuous moni-
toring and informative data on the
behaviour of critical assets over a pe-
riod of more than 5 years. Authorised
personnel can access the relevant

Acoustic emission testing

Scanning the entire surface and volume of a critical industrial
asset, such as a pressure vessel or storage tank, is not always cost-
effective. Acoustic emission testing (AET) can identify exactly
where an asset is affected by ongoing and active degradation,
without having to scan the entire asset. AET is typically done by
placing a set of sensors on the asset wall for a few hours to meas-
ure the acoustic waves caused by ongoing and active mechanical
stresses, for instance formation and growth of cracks, deforma-
tion slip bands, or recrystallisation effects related to twinning
and phase transformations. Using triangulation, experts can pre-
cisely locate the origin. Cumulation further increases accuracy.
Pinpointing developing anomalies such as cracks with reliability
is crucial for the overall integrity of the plant. Specialists can
target and analyse events at these locations and make appropri-
ate recommendations. This fosters mechanical integrity and the
efficient use of economic resources.
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Illustration of an industrial equipped
plant with permanently installed
industrial sensors (1loT) watching 24/7 the
mechanical integrity and sending data 24/7
to the cloud or to the control room.

.'r-'**

Intelligent algorithms for power plants

If conventional power plants were able to handle rapid changes
between peak and minimum loads, it would be possible to inte-
grate more wind and solar energy into the power grid. However,
existing plants are not designed for frequent changes in thermal
loads; the accompanying severe temperature fluctuations ex-
pose materials to thermal stresses, which can lead to creep dam-
age and thermal fatigue in steam generators and pipelines. Given
this, plant operators frequently engage in precise and permanent
tracking of parameters such as temperature and pressure to
monitor component fatigue.

TUV SUD physicists and engineers developed an analytical
software called TSE “Temperature-Stress-Exhaustion”. Using
the collected data e.g. continuous temperature and pressure data
the TSE software provides a realistic calculation of component
condition under consideration of the applicable standards and
regulations, thereby extending the tolerance range and ensuring
more flexibility for operationally required thermal loads. The
assessment also provides valuable input for the optimisation of
condition-based maintenance and the potential extension of
inspection intervals.

18 maintworld 212022

Mastering Digitalisation

THROUGHOUT the digitalisation process, various risks
and challenges need to be anticipated, mitigated and
mastered. In addition, the requirements of regulatory
frameworks must be met. Drawing on over 150 yea-
rs of experience in industrial services, plant managers
and operators around the globe trust TUV SUD when

it comes to digitalising their AIM and PSM processes.
The experts provide support with goal identification
and scope definition and help operators to equip their
facilities with IloT sensors, dashboards and Al modules
including machine learning. Remote and digital robo-
tic inspections and digital twins of assets round off the
Industry 4.0 services offered by TUV SUD.

DIGITALISATION

Taking the example of a nozzle, Fig. 1 shows how rapid tem-
perature changes in the fluid and the associated temperature
distribution in the component result in the formation of me-
chanical stresses. These, in turn, cause material fatigue, as can
be seen in Fig.2. TSE determines the current state of exhaustion
and evaluates the loads that have occurred in operation so far.
Fig.3 illustrates the advantage of determining exhaustion as pre-
cisely as possible. Using the remaining service life of the compo-
nent calculated in this manner and what-if analyses, the experts
can control the future development of exhaustion.

On the way to autonomous plants

The IToT and Al are paving the way for automated assets and
are ushering in a fundamental transformation of industrial
asset management. TUV SUD works with major industrial op-
erators to complement periodic inspections with continuous
monitoring using IToT sensors and enable long-term economic
asset management with artificial intelligence. Emerging AI ap-
plications are beginning to be able to interpret and recognise
complex dependencies. TUV SUD’s Al application is currently
still in the final stages of development. Plant operators will

High component stress
due to high temperature
differences

Fast cold/warm infeed Mechanical
stresses
caused by
temperature
changes.

STATE OF EXHAUSTION
(fatigue and creep)

Permissible exhaustion according
to TRD/DIN/ASME regulations

Conservatively

calculated exhaustion
Controlled future

by what-if analysis m
Advantages
Exhaustion calculated icti
realistically with TSE of real I':thC
evaluation of
TIME exhaustion
status.

Crack = admissibility limit
New part e.g. according to DIN EN or ASME

Operation up to the crack

Determination
of the
exhaustion
status and pre-
crack fatigue
life potential
by TSE.

CREEP  FATIGUE |

soon benefit from AT that uses not only patterning, trending
and reasoning, but also the knowledge that TUV SUD engi-
neers have accumulated over the years. Machine-learning
algorithms are already supporting plant operators with ATM
and PSM information in real time. As AT and ML progress,
the information obtained will also be constantly refined.
Continuous data acquisition and analysis and perma-
nent monitoring of plant behaviour will characterise the
AIM and PSM assessments of tomorrow. Supplemented
by digital twins and meaningful analysis of big data, plant
availability and plant safety will increase while total cost of
ownership will decrease.®
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Manual or
Automatic

Lubricat

How to

Decide

Lubrication is an essential part of machinery
maintenance for nearly every production facility.

On average, lubricant purchases only amount to

3 percent of a maintenance budget, but lubrication-
related activities can influence an estimated

40 percent of total maintenance costs.

n order to achieve optimum reliabil-
ity and maximum benefits from a
lubrication program, several factors
need to be taken into account. These
factors are summarized by the five R’s of
lubrication:
+ Right lubricant
« Right quantity
« Right time
« Right point
+ Right method
The starting point of an effective lubrica-
tion program is the detailed mapping
of all lubrication points, including their
working conditions, lubrication require-
ments, and criticality. This information
is needed to select the most suitable
lubricant and the quantity of lubricant
needed, as well as to calculate the ad-
equate relubrication intervals. These are
the first three R’s.

The fourth “R” refers to best practices,
such as tagging and color-coding (or
other methodology) of both lubrication
points and tools in order to avoid cross-
contamination.

MAINTENANCE COSTS INFLUENCED
BY LUBRICATION-RELATED
ACTIVITIES

Besides lubricant costs, half of the ac-
quired components will require relubrica-
tion. Overtime, labour is mostly a result
of machine failures typically caused by
inadequate lubrication. In addition, ap-
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proximately 5 percent of labour costs can
be attributed to lubrication activities.

The fifth “R” can be defined once the
application conditions, asset criticality,
and maintenance strategy are analysed.
This will help you decide whether to au-
tomate each lubrication point. To make
that decision, the pros and cons of auto-
matic lubrication should also be under-
stood and considered.

Once the five R’s are defined, you
can determine the best way to lubri-

ion?

cate a component with the resources
available.

CRITICALITY ANALYSIS
A thorough criticality analysis of each as-
set will illustrate the impact of a failure in
terms of:

« Overall production cost

« Overall maintenance cost

+ Environmental impact

« Health and safety of personnel
The most critical assets are com-

monly the first targets of automatic
lubrication.

MAINTENANCE STRATEGY

The maturity level of a maintenance pro-
gram (corrective, preventive, predictive,
etc.) will dictate the skill and knowledge
level required of personnel involved in
lubrication-related activities.

As the maturity of maintenance and
associated lubrication programs in-
creases, so does the complexity of tasks
that lubrication technicians must be
capable of completing. These include
activities such as:

« Lubricant analysis

« Continuous adjustment of lubrication

routes

« Contamination control and fluid re-

conditioning

« Inspection routes
Therefore, as more mature mainte-
nance programs are adopted, the ar-
eas where skilled maintenance techni-
cians can add value to your operations
need to be carefully considered. For
example, are they best utilized per-
forming manual relubrication, which
can easily be automated, or by using
their skills and knowledge to perform
more analytical tasks, lubricant analy-
ses, and making improvements to the
lubrication program?

BENEFITS OF AUTOMATED
LUBRICATION

There are many advantages to using
automatic lubrication systems. These in-
clude reduced waste and risk of bearing
failure, cleanliness, less labour, and im-
proved environmental health and safety.
The benefits of this system can be seen
across multiple industries. For example,
an automatic lubricating system would
be ideal for pharmaceutical industries
where they have to deal with multiple
types of equipment, harsh environments,
and hundreds of lubrication points. By
having this system, they ensure their ma-
chines are working at peak performance
to produce a quality product every time.

REDUCED WASTE AND RISK OF
BEARING FAILURE

Relubrication quantities are dictated

by the physical space available in the
bearing, while relubrication intervals are
dictated by the working conditions that
determine the degradation rate of the
lubricant. This includes factors such as
speed, load, temperature, and the type
of bearing.

Asingle-point automatic lubrication
system can deliver the right amount of
grease at the right time to each lubri-
cation point. This reduces both grease
waste and the risk of bearing failure. Es-
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pecially when such system is coupled with
ultrasonic sensors and a remote monitor-
ing system, lubricating based on bearings’
condition, assuring perfect lubrication at
the right time, always. One good example
is the OnTrak & Smartlube from UE Sys-
tems.

Consider, for example, a bearing that
needs to be relubricated with 2 grams
of grease every week. With a standard
grease gun, this would mean that the
bearing should receive about 1.3 “strokes.”
However, manually delivering 0.3 strokes
is difficult, and it would likely result in a
full two strokes being delivered. In other
words, the bearing would receive 3 grams
instead of 2 grams each time.

If we assume the technician is satis-
fied with two strokes because he doesn’t
see any grease coming from the seals,
after a year, the bearing will receive 156
grams (52 weeks times 3 grams per week)
instead of 104 grams (52 weeks times 2
grams per week). This means that up to
52 grams (50 percent) of the grease will
be wasted.

CLEANLINESS

An automatic lubricator can supply a
continuous and accurate flow of fresh and
clean lubricant.

Lubricant contamination will also af-
fect bearing life and increase the risk of
failure. In manual lubrication programs,
avoiding grease contamination can be a
challenge.

Processes must be clean to ensure
no external contamination ingress into
the grease, and each lubrication point
should have a cap on its grease fitting. In
addition, the utmost clean relubrication
process for each point must be followed
every time.

In the previous example, the technician
will relubricate the given point 52 times
a year. As a result, the bearing will be ex-
posed 52 times to external contamination
as well as to over-and under-lubrication.

By comparison, a properly installed
single-point automatic lubricator can
supply a continuous and accurate flow
of fresh and clean lubricant, keeping the
application in proper condition while at
the same time preventing contaminant
ingress.

WHEN TO USE AUTOMATIC
LUBRICATION

Automatic lubrication alone certainly is
not the solution to all your lubrication is-
sues. It must be properly understood to
boost its potential benefits. However,
there are solutions available in the market
for virtually every application, so it is dif-
ficult to imagine that a critical application
is not worth equipping with an automatic
lubrication device.
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Where do You
Stand on the Key

Topics of Asset
Management?

. EURD
MAINTENANCE

17-18 mm 2023

If you were to answer the question ‘what is your biggest challenge within
maintenance'?, your answer probably can be linked to one of the following themes:
Smart Industry, Asset Performance Management, Sustainability, Safety or

The Human Factor. Therefore, these are the pillars for EuroMaintenance 2023.

hat is in Europe the status about Predictive

Maintenance? Is this ‘the holy grail’ every facto-

ry will benefit from? And how many companies

are really making use of Artificial Intelligence
and Robotics? On some grounds we struggle, don’t know
where to start. On some grounds we are taking first steps to
professionalize, and we are discovering the benefits. And on
some grounds, some of us can act as an example to others.
What’s the status per country, per branch and can we learn
from companies who are best in class?

On Our Road to EuroMaintenance, a market survey on the pre-
vious mentioned themes will be held. What are the new business
requirements for maintenance organizations in Europe regarding
technical availability, safety, sustainability, lifetime extension and
costs? Which new working methods are applied to meet these
new requirements? This market survey about the Future of Mainte-
nance in Europe will be open for all European companies.

The survey will be executed this year and the results will be pre-
sented at EuroMaintenance, the largest maintenance congress in
Europe, to be held from 17 to 19 April 2023 in the brand new, state-
of-the-art, Rotterdam Ahoy Convention Centre in the Netherlands.

ONLINE MARKET SURVEY
The market survey is executed by Mainnovation in cooperation
with the NVDO, the Dutch Maintenance Society, and the EFNMS,
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the European Federation of National Maintenance Societies.

- The survey is one of the activities we organize on Our Road
to EuroMaintenance. Mainnovation is expert in market research in
the field of Maintenance and Asset Management. As a partner of
EuroMaintenance, they are in the lead and of course the NVDO will
make every effort to enthuse asset owners to participate, says Ellen
den Broeder, NVDO General Manager and Project leader EuroMain-
tenance 2023.

Maintenance- and Asset Managers and Reliability Engineers
will be invited to fill in the online survey. With the added information
about the branch in which they operate in, the size of the main-
tenance organization and in which country they work, results can
then be compared with other companies or other branches. And it
will also be interesting to find out, which country is ahead when it
comes to loT, Smart Industry or Sustainability.

- The goal is to be able to compare results amongst the different
countries and within different branches. Which industries and
countries are leading the step forward? This is valuable information
for every maintenance society and of course for the participating
companies, Den Broeder says.

LEARN FROM BEST PRACTICES

The analyzed results of the market survey will be presented at
EuroMaintenance. Besides numbers, figures, and comparisons
the best practices will be shared.

- The best-in-class companies who are really ahead, and can be
considered as an example to others, will be identified. Which best
practices are they applying? Mark Haarman, Managing Partner
from Mainnovation explains.

HOW TO PARTICIPATE

The online EuroMaintenance 2023 market survey about the Future
of Maintenance in Europe is open for participation from July 2022.
The survey can be approached via the websites euromaintenance.
net and nvdo.nl and you will most likely get an invitation for partici-
pation via your national maintenance organization.

When all results are gathered and analysed, a Vision Document
EuroMaintenance will be presented at the conference. All partici-
pants will receive this raport as well as an individual benchmark
analysis about their branch. This way you can compare your results
with others, and you can map out where your improvement poten-
tial lies. ®
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Driving Evolﬁf’
for Preventdtl,v
Mamtenance

DIGITALISATION

Y

Reliability and
uptime have always
been the primary

industries that hadn’t embraced remote work in the
past. Manufacturing companies that viewed remote
work with reservation have learned to use digital
tools like never before.

With the need to keep businesses running amid
modern-day challenges, a new way of delivering pro-

tive maintenance can lower risk and increase pro-
ductivity and profitability.

value companies are getting from it, is far beyond
what they may have realized in the past. Manufac-
turers are no longer looking at the cost of a new sys- drivers for
tem as a new expense, but assessing the value of the preventative
analytics it provides, and the resulting recommenda-  maintenance,
tions they can use to maximise the lifetime value of

Maintenance digitalisation is a solid
investment in productivity and profitability

for manufacturers. And, as affordability and
accessibility rise, the industry has begun to look
at digitalisation in a new light.

A revolution in remote work fuels new
discussions around digitalisation

Reliability and uptime have always been the primary
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JANNE-PEKKA KARTTUNEN, CEO, DISTENCE OY

inland-based company Distence Oy
hasbeen providing machine condi-
tion monitoring solutions for large
manufacturers for over a decade,
giving them a unique perspective on
the changes ahead.
Companies need proactive strategies to minimise
expensive downtime and keep their equipment
running smoothly without critical incidents.
Maintenance digitalisation has been discussed for
over a decade, but global shifts over the past 12 to
24 months are driving significant progress in the
industry.
Let’s look at why the timing is right for compa-
nies to explore how the digitalisation of preventa-

drivers for preventative maintenance, but key factors
are aligning for digitalisation to break through in new
ways. However, Janne-Pekka Karttunen, CEO of
Distence oy, says there is a challenge facing the industry
as this change unfolds.

- Digitalisation of maintenance is a huge topic
and for a maintenance engineer or manager it can
be hard to answer the question What does this
mean for me and my daily work?”

According to Karttunen, companies wanting to
capitalise on the benefits of digitalisation can help
smooth the transition by considering how to dovetail
new ideas into existing processes. Creating a better
understanding between maintenance engineers or
other personnel and those with data expertise can
move the industry forward in beneficial ways.

What’s changed in the landscape?

The events of the past two years mean working in
distributed teams is suddenly common across many

fessional services emerged. This shift swept through
every industry and every type of work, creating both
demand and urgency for remote solutions to indus-

try condition monitoring.

For example, many vendors providing services
like oil analyses or vibration-based inspections are
moving to remote services and inspections. Digi-
talisation is a rapidly developing perspective across
manufacturing companies, opening up the potential
for significant change.

Digitalisation is a smart investment

The need for a sustainable and cost-effective solution
for condition monitoring has existed for along time.
Still, manufacturers saw modern solutions as expenses
that didn’t fit into existing budgets.

Increases in affordability and value

The affordability of remote condition monitoring
technology has increased in recent years, and the

their assets.

Positive returns from digitalisation

As well, studies over time have shown a positive
return on investment from Internet of Things (IoT)
and digitalisation projects. This potential for posi-
tive returns encourages more managers and direc-
tors to promote digitalisation initiatives.

Having a business case and a clear user-driven
use case is often one of the success factors of digi-
talisation projects. In parallel, more organisations
begin to understand investments in maintenance
development are not expenses but investments in
productivity and quality.

Investment in reliability is an easier sell

Ithasbeen a challenge to adopt new technology in
an industry where there is pressure for cost reduc-
tions and savings. Looking at what manufacturers
can gain from remote condition monitoring requires
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an open dialogue and mindset from maintenance,
operations, and management teams.

The conversation around these topics has
shifted with proven results showing the benefits of
digitalisation and remote condition monitoring.

Condition monitoring offers

valuable insights

Machine condition monitoring leverages the digi-
talisation of preventative maintenance techniques
to create a powerful new approach to maximise ma-
chine health across your facility. Distence Oy’s objec-
tive, as a leading provider in this space, is to ensure
your rotating industrial assets last longer, produce
more, and perform better.

With remote condition monitoring, you get an
end-to-end solution. It allows you to combine wire-
less sensors and highly accurate sensing technologies
into one platform that integrates into your existing IT
infrastructure.

The solutions offered by Distence via their
Condence platform use open interfaces, making it
possible to combine several methods of machine
health analysis. The technology can easily adapt to
different environments and machines, making it a
widely recognised solution for facilities ready for a
new approach.

Breaking down barriers

Even when organisations recognise the gap be-
tween their needs and what their current system
can manage, progress can be slow. However, the
events of the past two years are spurring more pro-
gress than ever before.

As an industry, we must work as a collective to
move past limiting beliefs and envision a better
future with greater rewards for all involved. You
may have even heard some of these concerns men-
tioned in your organisation:

26 maintworld 2/2022

We already have enough data

This abundance might be true in some organisations
where data is collected for production purposes.
However, if the quality of that data is not sufficient
for other use cases, it can trigger costly or impracti-
cal approaches. Having access to the right informa-
tion is often the primary need, and this challenge
can be solved with AT and machine learning.

We need to consider the “10-year
perspective”

Industrial investments are often viewed from a
10-year perspective, but technology is evolving
much faster now than it used to. It is now more es-
sential than ever to ensure technology can be up-
dated continuously, that it develops over time, and is
future-proof.

We need one system to do it all

Maintenance employees already have multiple systems
they use daily, so adding one more can feel overwhelm-

DIGITALISATION

)

adopt new technology
In an industry where
there is pressure for
eductions and

s

ing. It can be compelling for maintenance engineers

to wish for one system that solves every problem. In
maintenance, a more practical approach is to ensure
integration between systems and create workflows that
support operational processes.

Evolution lies ahead: how can
manufacturers prepare?
The need for reliability and maintenance profes-
sionals is not going anywhere, yet it can rise to an-
other level. The question is how we can re-imagine
the operational processes that may be limiting us,
not the access to technology.
» User-centric software engineering
One of the core principles in software develop-
ment is to encourage vendors and to design
technology that is user-friendly and supports
more efficient business processes.
¢ A new approach to delivering peak reliability
Using results and process-oriented methods
to deliver reliability is an effective approach

It has been a
challenge to

Having access

to the right
information is often
the primary need,
and this challenge
can be solved with
Al and machine
learning.

that can help achieve buy-in from opera-
tions teams.

¢ Smooth implementation of
new projects
Digitalisation could support the imple-
mentation phase of Industrial Internet of
Things (IToT) projects, as the majority of
manufacturers report challenges during
the implementation phase.

e Training is key
Condition monitoring allows manufactur-
ers to scale up the capacity of how many
machines they can monitor. In doing so,
you might take a maintenance engineer
from monitoring a small number of ma-
chines manually, to being able to monitor
thousands of machines, then performing
maintenance where and as needed for op-
timal machine health.

According to Karttunen, The digitalisation of
condition monitoring is a triangle of:

a) understanding the data, its structures and
models, and how it is processed,

b) understanding the maintenance proce-
dures, and creating a workflow that sup-
ports the function and business process,

¢) and understanding the physics of these
industrial machines.”

Why is the transformation of
preventative maintenance so critical
to the manufacturing industry?

One might compare the shift to preventa-
tive maintenance to how communication
has evolved over the past few decades. Tech-
nology didn’t change our need to commu-
nicate, but it transformed our capacity to
share ideas and connect with one another.

No longer do we simply communicate
with one person at a time through single
written or spoken messages. Now we can
send a message to thousands with the tap of
a computer keyboard.

Technology will not change the need for
preventative maintenance. It won’t alter
the principal design of a pump or an elec-
tric motor, nor will it quickly disrupt many
principles of industrial processes.

However, it could transform our opera-
tional processes and how we organise our
businesses around them, and this is where
enormous opportunity lies.

Condence offers machine conditioning
monitoring solutions that combine afford-
ability with deep insights and benefits that
drive business performance. As more manu-
facturers adopt digitalisation and condition
monitoring as the new standard, the indus-
try is poised for dramatic increases in both
productivity and profitability. B
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Store Energy in Hot Sand

ENERGY

excess energy

electricity

Heat Storage

Sand-Based
Heat Storages
are a Hot Topic

We need new ways to store
large amounts of energy.
One solution is sand-based
heat storage.

LIISA NASKALI, PROJECT MANAGER AND
MIIKA PELTOLA, COMMUNICATIONS SPECIALIST,
POLAR NIGHT ENERGY
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e have aliftoff. A crane lifts a
massive steel cylinder off a truck
in Vatajankoski’s power plant area
in Kankaanpié, Western Finland.
The seven-meter times four-meter cylinder
swings slightly on a wire and looks a bit like
a space rocket.

Although Vatajankoski, an energy utility com-
pany, is not preparing for a space flight, this is a
historic event. The “rocket” is the first commer-
cial sand-based high-temperature heat storage in
the world. It utilizes an automatic heat transfer

system developed and patented by Polar Night En-

ergy, a Finnish startup from the city of Tampere.

Once the heat storage has safely landed on the
earth’s surface, about 50 cubic meters of sand is
poured into it from an opening on the roof of the
cylinder.

Vatajankoski uses the heat stored in the sand to

raise the temperature of waste heat generated by

Storing energy

is one of the key
challenges as

we move from
combustion
technologies to
more sustainable
forms of energy
production.

TECHNOLOGY

their data servers. The tempera-
ture of the 60-degree waste heat
from the servers needs to be

raised to between 75 and 100 de-
grees Celsius depending on the

the Kankaanpia district heat-
ing network. The heat storage
built in the beginning of 2022
can provide 100 kW of heating
power and can store 8 MWhs of thermal energy.

— The starting point of this project was not
long-term storage, but could we make seasonal
energy storages with the same technology, with
more than thousand times higher capacity?
ponders Lauri Holtta, Production Manager at
Vatajankoski.

- Such a storage would allow us to utilize the
cheap energy of the summer season as much as
possible to charge the storage, and then use this
stored energy to fulfill the heat demand of the
winter season. It would reduce heat production
based on combustion.

Energy Storage Is a Challenge

Storing energy is one of the key challenges as we
move from combustion technologies to more
sustainable forms of energy production. By
2030, the world’s current energy storage capac-
ity is projected to multiply, and annual growth

One good way to
season, before it canbe fedinto  SIOIE ENEIGJY fOr
long periods of
time is heat.

rates are in double digits.

R&D around the topic is ac-
tive. Polar Night Energy is part
of an EU ERA-Net SES project
called NewSETS together with
LUT University, Flexens and
Pumped Hydro Storage. The
project studies the utilization of
electricity and heat storages as
part of a flexible and independ-
ent energy network. NewSETS will do a case
study about the Aland archipelago.

— Storage is needed when energy production
and consumption do not meet. One good way to
store energy for long periods of time is heat, says
Tommi Eronen, CEO of Polar Night Energy.

Globally, heat production is largely based on
combustion and fossil fuels, which are being fe-
verishly sought to be replaced. It means there’s
aneed to electrify heat production, to recover
waste heat, and to find new ways of storing heat.

Sand-based Thermal Energy Storage
A common way to store heat is to heat up water.
This includes both domestic water boilers and
water-based district heating storages. Water-
based heat storages function as short-term and
high-power storages. However, storing large
amounts of energy in water is expensive and
takes up a lot of space.

Markku Ylénen (left),
CTO, and Tommi
Eronen, CEO of

Polar Night Energy.
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Sector Coupling - No Wasted Energy

SECTOR COUPLING OR SECTOR integration is the interconnection of different energy sectors, such
as renewable electricity generation, heating, cooling, and transport. Tuomas Vanhanen, who is
writing a doctoral dissertation on sector coupling, answered MaintWorld's questions.

Why and where do we need sector coupling?

- Sector coupling enables the optimization of a large entity. The result is economic value and
savings in energy and reductions in emissions. In line with the EU's new sector integration strate-
gy, energy systems must be developed as whole.

Do we need more than traditional electric batteries for energy storage?

- Long-term storage of electricity in conventional batteries does not make sense. Instead, the
excess electricity should be stored, for example in the form of hydrogen or heat, and it should be
utilized in industry and in district heating networks.

What kind of heat storages will play a significant role?

- Ordinary water-based heat storages are now being built. Storages based on solid materials are
probably the next step. Storages based on melting and cooling of salts will be of interest, as will
new types of storages based on chemical reactions. As far as electricity is concerned, converting
it to hydrogen and to methane is also a natural evolution of our energy system, because we have
big players in Europe with money invested in the gas infrastructure and an interest to promote
electricity-to-gas solutions.

What are the biggest barriers to the introduction of new storage technologies now?
- Policies both enable and discourage, and general attitudes have a major impact on the types of
policies promoted. Policies impose market boundary conditions that materially affect the profita-

)

There is an
economic
pressure to give
up fossil fuels.
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Many solid materials, such as ordinary
sand used by Polar Night Energy, can be
heated to temperatures well above the boil-
ing point of water. Sand-based heat storages
can store several times the amount of energy
that can be stored in a water tank of a similar
size; this is thanks to the large temperature
range allowed by the sand.

- In addition, a sand-based heat storage
can be used in industrial applications that
require temperatures above the boiling point
of water. In practice, the maximum tempera-
ture of a sand-based heat storage is not lim-
ited by the properties of the storage medium,
but by the heat resistance of the materials
used in the construction and automation of
the storage. The maximum temperature of
our storages built so far is about 600 degrees
Celsius, but we are planning to raise it even
higher, says Eronen.

From Season to Season

Polar Night Energy’s solution can be used for
both short-term and seasonal storages, allow-
ing energy to be stored even for months. The
sunshine of the summer can be stored for the
darkness and cold of the polar night. At the
same time, part of the capacity of the storage
can be utilized in leveling the shorter-term
consumption profile or in the frequency man-
agement of the electricity grid.

- The structure of our heat storage is sim-
ple. Itis an insulated tank made of concrete or
steel, filled with sand and pipes. Additionally,
equipment outside the storage is required, such
as automation components, valves, a fan and a
heat exchanger or a steam generator, Eronen
explains.

The basic operating principle of the storage
is also simple. Electricity is converted to heat by
heating air in a closed-loop piping using electri-

Sector coupling enables
the optimization of a

bility of technologies. Existing infrastructure also affects the interests of operators.

cal resistors. When hot air is circulated in
aclosed loop through the storage, heat
moves from the air to the sand.
The storage is unloaded by blowing cool
air through the pipes. It heats up as it passes
through the storage, and it can be used for ex-
ample, to convert water into process steam or to
heat district heating water in an air-to-water heat
exchanger.

In addition to electric heaters, heat can be re-
covered from hot gas or sufficiently warm waste
heat streams. However, the stored waste heat must
be above 500 degrees Celsius, as the storage is
driven by temperature difference and the storage
temperature is also high.

Towards Climate-neutral

District Heating

The Eagle has landed. Vatajankoski is on its way to
climate-neutral district heating.

- We want to mitigate climate change and of-
fer our customers sustainable energy solutions.
Most of our production is already renewable or
completely emission-free. A small number of fossil
fuels are still used in heat production, but they are
planned to be phased out soon, says Lauri HOltt4.

The use of renewable and zero-emission energy
has long been slowed down by high prices. Accord-
ing to Holtt4, this has now changed through taxa-
tion and emission rights, although some challenges
remain.

There is an economic pressure to give up fossil
fuels. In the case of renewables, which

culminate on biofuels in Finland, the problem
will be availability. Using waste heat, the challenge
is that production and consumption do not meet,
so thermal energy must be stored somewhere. The
energy demand for district heating is many times
higher in winter than in summer.

According to Holtt4, seasonal storages play a big
part in giving up fossil fuels and later biomass.

- Different technologies exist, but for example
sand and blast-furnace slag are suitable for longer-
term storage. Sand is a simple solution - some-
thing you may not even think of.

Sand is indeed an effective solution for reducing
climate emissions. According to a report by Mis-
sion Innovation, sand-based high-temperature
energy storage could save more than 100 Mt CO2e
annually after 2030. Saved emissions would be
around 3 percent of the current emissions of the
whole European Union. B
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MATERIALS TECHNOLOGY

SENIOR RESEARCH FELLOW SUVI SANTA-AHO, TAMPERE UNIVERSITY, ENGINEERING MATERIALS SCIENCE,

MATERIALS CHARACTERISATION RESEARCH GROUP

To Repair or

to Redesign?

The importance of materials technology usually only becomes clear
when something goes wrong, such as if a component fails during a
production process or breaks under wear. The number one question
should be “how do we prevent this from happening again”.

he significance of materials tech-
nology and non-destructive testing
is bound to grow in the future, as
digitalisation and sustainable devel-
opment start to place new require-

ments on products and components.

Materials technology parameters are chosen
based on standards, which means that the real po-
tential of using materials technology to optimise
the properties of materials according to their in-
tended use is lost.

The current craze is innovation ecosystems,
which offer one way to bring experts in dif-
ferent technological disciplines together with
businesses to brainstorm new approaches. The
role of materials technology and non-destruc-
tive testing in production chains is the subject
of a project called “Smart Manufacturing in an
Ecosystem”, which is a research collaboration
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between Tampere University and local me-
chanical engineering businesses and funded by
Business Finland.

The project promotes the development and
reinforcement of a multidisciplinary mechanical
engineering business ecosystem while also pro-
ducing data that can potentially be used more
widely going forward. The businesses involved
in the project include Sandvik and several other
businesses. The ecosystem engages in multidis-
ciplinary cooperation with various units of
Tampere University (Engineering Materials
Science, Automation Technology and Me-
chanical Engineering) and internationally with
RWTH Aachen University. The ecosystem be-
lieves in the power of working together: none of
the organisations can control everything alone,
but by pooling their resources they can make
significant contributions.

Better quality control required to
improve machining techniques
Non-destructive testing (NDT) refers to a
range of analysis techniques used to evaluate
the properties of components without damag-
ing them so that they can be used normally for
their intended purpose after the testing. Indus-
try uses NDT, for example, to check the stand-
ard of work in finished components.

NDT generates real value when it is used to
ensure that finished components comply with
the relevant requirements. Raw materials can
be analysed to ensure their quality, but final
inspections are usually not performed until the
end of the production process when the compo-
nent is finished and can only be “accepted” or
“rejected”.

In the context of different machining tech-
niques, NDT can be used to check that grinding,

What is materials technology?

DIFFERENT materials such as metals, plastics and ceramics typi-
cally have completely different properties. This means that the
technologies involved in their production are also fundamentally
different.

Materials technology involves selecting materials with the
properties that best meet the service requirements of a compo-
nent as well as maintaining the performance of the materials over
the operating life of the component by resisting corrosion, fatigue,
temperature and other harmful events.

Materials Science is closely related to materials technology.
Materials Science is a multidisciplinary field that connects material
properties to the material’'s chemical composition, micro-structure
and crystal structure.

Non-destructive testing (NDT) is a testing and analysis tech-
nique used by industry to evaluate the properties of a material,
component, structure or system for characteristic differences or
welding defects and discontinuities without causing damage to the
original part.
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The significance of
materials technology
and non-destructive
testing is bound to
grow in the future.

for example, has not resulted in grinding
burns, which can shorten the fatigue life of
components. Damage caused by machining
during the production process can rarely

be spotted by visual inspection alone. With
respect to grinding, the key parameter is the
temperature between the grinding wheel
and the component, which must not get so
high as to cause microstructural changes or
residual stresses.

Only NDT can detect this kind of damage.
The useful properties achieved by grinding,
such as accurate dimensions and higher fa-
tigue strength, can be undone in an instant
by a simple mistake.

Developing more sophisticated grinding
techniques and increasing competence also
requires better quality control. This can
be due to, for example, the introduction of
new materials that will be machined using
existing techniques or the deployment of in-
novative machining techniques, such as 3D
printing or heat treatment for microstruc-
tural customisation, that will be applied to
materials that have been used before.

Research into NDT in the context of qual-
ity control increases understanding and
awareness of the various techniques and
their potential and creates opportunities for
using the data in new ways. This is why re-
search is so important for the development
of quality and production control.

New approaches can be discovered by
combining innovative and conventional
techniques, such as smart computing and
modelling, and by increasing cooperation
between different scientific disciplines, as
was done in the “Smart Manufacturing in an
Ecosystem” project.

Quality control measures process
performance

Going forward, a potential trend could be the
use of NDT as a means of adjusting and con-
trolling machining parameters in real time
instead of focusing on simply testing the
standard of the finished article at the end of
the production process. This approach aligns
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well with the principles of sustainable develop-
ment and resource efficiency.

The reliability and accuracy of the data based
on which the production process is analysed is
crucial. This is why only high-quality, measured
data should be used to evaluate the standard
of finished products. In the case of the “Smart
Manufacturing in an Ecosystem” project, the
results of NDT were verified by means of labo-
ratory analyses. As long as a sufficiently large
sample of data is collected, the absolute quality-
control measurements taken during the pro-
duction process can be verified and a calibration
curve drawn.

Minor variations allowed

The ultimate definition of quality is the abil-
ity of a product to meet the customer’s ex-
pectations. Contemporary quality assurance
techniques focus on controlling variation by
means of what are known as process capabil-
ity indices. The modern view is that minor

\\

Case: Non-destructive
testing helps to replace
an old machine tool

ONE WAY to find new applications for NDT is
to use it in connection with tool upgrades as a
means of maintaining a consistent performance
of the manufacturing process through the tran-
sition. The research team involved in the ‘Smart
Manufacturing in an Ecosystem’ project applied
NDT to a number of real-life cases, one of which
sought to maintain consistent quality through
the deployment of new manufacturing technolo-
gy. In this case, NDT served as a means to verify
the results of analyses comparing components
produced using two different machine tools. The
goal was to use the comparative data to estab-
lish optimal machining parameters and quality
criteria for the new tool.

Could an innovative smart manufacturing
concept be developed by combining NDT meas-
urements and experimental research?

NDT also shows considerable potential in
the analysis of material properties beyond the
identification of quality deviations, which is
what these techniques have conventionally
been used for. Modern methods of signal pro-
cessing and the use of artificial intelligence
provide new ways to interpret the results of
traditional measurements. The data can then
be used in, for example, modelling. Combining
other measured material properties with NDT
data may lead to the discovery of new, more
practical applications of these conventional
techniques. This creates new opportunities and
potentially a link to the performance and use-
ful life of finished components.

The ultimate definition
of quality is the ability
of a product to

meet the customer’s
expectations.

variations in quality are allowed, and the
key is for a process to be able to produce
output within certain specification limits.
This approach attributes variations in the
finished product to variation at the indi-
vidual stages of the production process. An
anomaly in the properties of the material
or the machining technique, for example,
can therefore escalate during the process
and result in the finished product’s being
rejected or, in the worst-case scenario, a
defective product’s being delivered to a
customer, which in turn can cause serious
financial and reputational damage and
even jeopardise the entire business. Not in-
tervening in these kinds of deviations dur-
ing the process and only applying quality
control procedures to the finished prod-
ucts creates high wastage rates and, above
all, a lot of unnecessary work. Integrating
NDT into the production process provides
an effective solution to this problem. B

The importance of
materials technology
usually only becomes
clear when something
goes wrong.
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Process Safety

as an Integral Part
of Overall Safety
Management

Investments in process safety
increase the ability to manage
the entire industrial production
process, which helps to
improve reliability and control
emissions. They also have a
positive impact on productivity.

SANNA PIETIKAINEN, SENIOR OFFICER, PROCESS SAFETY,
FINNISH SAFETY AND CHEMICALS AGENCY
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rocess safety is an integral part of the
' overall safety management of chemi-

cal plants. It draws on both engineer-

ing and leadership competence and
focuses, in particular, on preventing chemical
spills and minimising their consequences.

Weaknesses in process safety can at their

worst lead to serious personal injury or sub-
stantial environmental or property damage.
There are various ways to improve safety, in-
cluding technological solutions, the correct
positioning of machinery, effective change

MEDIUMNM

LOW

MINIMUN

management as well as procedural develop-
ment and staff training.

The definition of process safety is not clear-
cut, but in this article the concept is understood
to mean the management of risks relating to
the handling and storing of chemicals in indus-
trial contexts.

Process safety can be improved by investing
in the entire plant, individual processes and
people. The way in which buildings and stores
are located on the property, how machinery is
positioned inside the buildings, what chemical
spill containment systems are in place and what
fire-fighting equipment is available, all affect
the level of process safety. Critical elements
within the production process itself include
hazardous chemicals and the way they can re-
act with each other, various
process parameters (such as
pressure, temperature, pH
and flow rate) and the degree
of process automation.

These systems are de-

A systematic
approach
Is crucial in the

state of flux while the plant is in operation,
and the risks presented by changing circum-
stances need to be carefully managed.

All efforts to improve process safety should
start with risk assessment. The consequences
of process failures (explosions, large fires,
clouds of toxic gases) can be too catastrophic
to contain afterwards. This is why the focus
must be on prevention, and accidents can only
be prevented if the risks are known.

Risk assessment in a fundamental role

A systematic approach is crucial in the assess-
ment of process safety risks. It is essential that
the chosen method is comprehensive enough
to factor in the root causes of human error

as well as not just the risks that are inherent
in the process but also
those related to storage
(including loading and
unloading) and other
handling. If the infor-
mation provided by one

signed and operated by peo- 95525511211 Opr’OCE’SS method is not enough for

ple, which is why people also
play a key role in determin-
ing the level of process safe-
ty. The organisation running the plant and its
decision-making and executive bodies are also
made up of people. All of the aforementioned
components of process safety are in a constant

safety risks.

a comprehensive assess-
ment, a second method
can be pursued to com-
plement the data. While it is essential that the
person performing the risk assessment has
experience of the chosen method or methods,
it is the operator (workers) who ultimately

o AV

i
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Process safety can be
improved by investing
in the entire plant,
individual processes
and people.

2
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provide the data about the process
itself.

The objective of risk assessment is
to identify risks - such as spills, un-
wanted chemical reactions and events
such as overheating - and the specific
root causes of the risks (e.g. in the
case of pipe failure, the reasons for the
failure) as well as the consequences
of the risks materialising (such as
the damage caused by a fire resulting
from a gas leak). The probability of the
event is then determined taking into
account all the known mechanisms of
exposure to the identified risks (e.g.

a gas leak can be attributable
to pipe failure resulting from
corrosion, clamp failure or
physical impact, or to valve
failure resulting from

worn or cracked seals).

The final step is to
assess the severity of the
event by factoring in all
the known consequences
of the event. A gas leak, for
example, can lead to death by
asphyxiation or a devastating fire.

The results of the risk assessment
give the operator information based on
which they can evaluate the adequacy
of the precautions they have in place.
This includes both safeguards designed
to prevent accidents and measures that
will help to limit the consequences if
an accident does happen.

In the context of process safety, it is
important that the risk assessment cov-
ers the entire plant, including outdoor
areas and any separate buildings or
spaces in which chemicals or explosives
are stored, handled or used. This pro-
motes the principles of continuous im-
provement by allowing the operator to
establish the baseline for process safety
at the plant, set targets and monitor
progress against relevant indicators.

Human factors

Many accidents are either directly

or indirectly attributable to human
factors. People design and build the
plants and processes, carry out risk as-
sessments, choose the techniques and
procedures to be applied, operate the
processes, and service and maintain
the equipment.

The actions of people therefore
influence many safety-critical aspects
of the operation at several different
stages of a plant’s life. Human factors
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Continuous
servicing and
process maintenance
are essential for
ensuring the safe
operation of
any plant.

can be examined in vari-
ous contexts, such as the
operating environment and
the organisation, relationships with
other people, the choice of tools and
equipment, and the competence re-
quired for the work.

While the focus is usually on the
risk of human error, human factors can
also have a positive impact through,
for example, the ability to deal with
unexpected situations more flexibly
than an automated system. There are
two types of human failure: errors and
violations.

A human error is an action that
later turns out to be a mistake. Some
errors are slips or lapses, and others
are errors of judgement or decision-
making. Violations, on the other hand,
are intentional deviations from the
rules or agreed procedures.

Regular maintenance

Continuous servicing and process
maintenance are essential for ensur-
ing the safe operation of any plant.
This is why all chemical plants need a
maintenance system that sets out both
preventive and corrective procedures.
In most cases the system is computer-
ised and consists of a preventive main-
tenance plan and lists of pending and
completed actions.

Safety-critical equipment includes
all those components that can, if they

malfunction, cause a dangerous situa-
tion or that the plant relies on to pre-
vent accidents - alarms, for example.
Safety-critical components must be
identified and incorporated into the
preventive maintenance plan. What
this means in practice is servicing,
testing and replacing safety-critical
components often enough to stop them
from ever failing.

The data held in the maintenance
system can be used, for example, to
check whether scheduled servicing or
repairs have been carried out, to pro-
vide feedback to workers who report
issues, to monitor the relationship
between preventive and corrective ac-
tions, and to measure process safety.
Indicators of process safety include,
among others, the timeliness of sched-
uled servicing and repairs as well as
fault statistics.

With so much emphasis put on oc-
cupational safety, process safety can
end up being seen as a secondary prior-
ity. Understanding of the importance
of process safety is nevertheless grow-
ing all the time, and the Finnish Safety
and Chemicals Agency is working hard
to give it enough attention in its en-
forcement and communications policy.
Despite the several interfaces where
process safety and occupational safety
overlap, the two are not the same. Pro-
cess safety deserves — and needs - its
own spotlight. ®

EFNMS

TEXT: TARJA RANNISTO

The Icelandic

\aintenance Assocliation
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The Icelandic Maintenance
Association (EVS) members
appreciate EVS for
emphasizing collaboration
and knowledge sharing.

THE PRESIDENT OF ICELANDIC MAINTENANCE
ASSOCIATION STEINER OMARSSON
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Until now,
Maintenance in
Iceland has mainly
meant repair work
that the industry
has been used to.
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ith the growth of Icelandic in-

dustrial production, the need

to increase knowledge in the

maintenance field has grown

significantly. While local com-
panies are aware of their responsibilities in the
professional and technological development of
the maintenance industry, investment should
also be made in training and education.

The President of Icelandic Maintenance As-
sociation Steiner Omarsson believes that focus
should also be given to training in the field. Ac-
cording to him, it will take a lot of work to raise
the level of education and training, but without
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proceeding, there will be no opportunity to learn
enough about the field and keep up with interna-
tional standards.

- Looking back at my own study times, I see
that although it was possible to focus on techni-
cal studies as a major, the teaching was some-
what lacking, says Omarsson.

In 2005, Omarsson completed his Mechanical
Engineer degree at the University of Reykjavik
and has since worked on a wide range of pro-
cesses in the field.

- I'was really excited to start working on new
maintenance functions in my hometown, he re-
calls from the early stages of his career.
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Omarsson has gained a strong knowledge
and experience in maintenance. He says
that he even grew up in the proximity of the
maintenance industry from an early age in
a small town where maintenance and repair
provided a livelihood for
many.

Today Omarsson
holds the position of ,
Maintenance Manager
at HS Orka, a private
company. The company
operates in the renew-
able energy sector and
builds electricity and
waterpower plants.

Omarsson considers
his personal strengths
to be good knowledge of maintenance pro-
cesses and practices. That’s what he wants
to focus on in future as well. He thinks the
quality level of the maintenance sector in
Iceland should be higher than what it is. Un-
til now, maintenance in Iceland has mainly
meant repair work that the industry has
been used to.

- I see that, we are in a very good posi-
tion to strengthen monitoring and preven-
tive maintenance in companies, and also in
training, he says.

Omarsson aims to strengthen mainte-
nance processes across the country through
the Icelandic Maintenance Society.

- This year we will be able to expand the
power plants so that we can get more power
from them. Of course, the project requires a
lot of work and new equipment that we have
acquired for it. A lot of interesting work to
come, he says.

To strengthen maintenance
training

Through increasing teaching, the Icelandic
Maintenance Society would have the oppor-
tunity to take responsibility. Cooperation is
already taking place with different schools
and is exploring opportunities to offer
courses or training. According to Omars-
son, there is no need to take big steps to add
training immediately, but any course that
increases the expertise of the maintenance
industry is useful.

It is popular for Icelandic students to
apply for a course or a whole degree abroad
and then return to Iceland for work.

Information is disseminated and shared
not only in education but also through
companies. For example, aluminium opera-
tors have a huge amount of expertise and
knowledge in the maintenance sector, where

With the growth
of Icelandic
Industrial production,
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maintenance field has
grown significantly

information can be transferred to those at the
beginning of their careers or to partners as well.

- Iwould say that, after all, we are well
placed to offer stable career paths in the field
of maintenance, within for example the fishing
and aluminium industries
and electricity companies.
Employment is good and
the work is of high stand-
ard, Omarsson says.

As anisland, Iceland’s
physical cooperation with
its neighbouring coun-
tries can be challenging.
Although cooperation
is active, particularly
with other Scandinavian
countries as well as with
the UK, the geographical distance and suppliers
sometimes causes grey hair.

- If we need a special service from other
countries, it can be challenging to arrange it
quickly.

Despite the distances, The Icelandic Main-
tenance Management Association is an active
member of the European Federation of National
Maintenance Societies (EFNMS) and partici-
pates in international conferences, Annual As-
semblies and other events. EVS also holds an-
nual general meetings. ®

e EVS, the Icelandic National Mainte-
nance Society was established in 2009

e In 2016 EVS became a part of EFNMS,
the European Federation of Nation-
al Maintenance Societies, first as an
observing member but then as a full
member from 2019.

e EVS has facilitated training events,
meetups for members, translated the
1S0 55000 standards into Icelandic in
association with the Icelandic Stand-
ards (IST) and is currently working
on translating EN 13306 Maintenance
terminology with IST.
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“Re-start” of EFNMS Certification

GUDMUNDUR JON BJARNASON, Managing Director at DMM Lausnir, is EVS' EFNMS delegate. He addressed the “Re-start” of
EFNMS Certification. From 2018 until late this year, EVS has taken part in an Erasmus+ project, Qualification, Validation and Certifi-
cation of Maintenance Personnel, together with national maintenance societies from Sweden, Czech, Finland, Hungary and Slovenia,
see www.cemaint.eu.

As stated in the project: European industry needs to work smarter to increase profitability and competitiveness. Working smart-
er with a combination of automation, digitalization and maintenance, with a higher availability in the production processes, will also
prevent the flow of production to low-cost countries. However, maintenance is not adequately emphasized in the academic world,
there is a need for validation of non-formal and informal maintenance learning and experience together with formal learning. In
other words, certified objective maintenance competences are needed for the individuals and companies concerned, within and
across European nations.

To achieve this, EFNMS has for many vears certified Maintenance Managers and Maintenance Technician Specialists. This has
been done in cooperation with some of the National Maintenance Societies based on standardized exams. However, the question
database has been somewhat limited, largely based on written questions and restrictions as to who can take part. This has been
identified as one of the main reasons why the European EFNMS certificates have not become widespread certificates recognised
by individuals and companies around Europe as the symbol for objective maintenance competences.

Still, the EFNMS certificates are known and respected in the societies where they are used, they are based on a good founda-
tion and issued by a respected party, the EFNMS and the National Maintenance Societies involved. The aim of this project was
to get past the limitations mentioned above, that is to create a database of multiple-choice questions that will be disseminated
through EFNMS, its European Certification Committee (ECC) and its National Maintenance Societies around Europe. The dissemina-
tion will be in the form of European Maintenance “Knowledge Passports” and Certificates issued by EFNMS to maintenance profes-
sionals around Europe seeking employment and working for European companies. The project has created a database of questions
that will be used in pilot validation projects in Sweden, Finland, and Hungary in 2022.

Following the pilot projects and finalization of this new certification platform EVS intends to bring the certification to Icelandic
companies and individuals as an important step to further improve asset and maintenance management in general in Iceland. By
taking part in this development, EVS has tried to contribute experience and practical approaches that have been important in our

Jisciplined and smart
Asset and Maintenance
Vianagement In lceland

Asset and maintenance management has always been important for
Iceland - a small, isolated nation, involved with fishing in open seas,
power production, and heavy industry, to name few areas of concern.

eing a small nation, where peo-
ple work in small agile groups,
there have been a lot of unwrit-
ten tacit rules, with fewer formal
written procedures. As compa-
nies, and the Icelandic society
in general, has steadily become bigger and more
mature in recent decades, there is now more
need for written rules and transparent well-
defined procedures. Also, as Iceland is now less
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isolated as the world is getting “smaller” and more
interconnected, we have needed to become more
disciplined, “smarter” and more administrative as
required for global cooperation and business man-
agement in general.

This was addressed at the EVS winter meeting,
which took place on December 1st, 2021, at Hotel
Natura in Reykjavik and on Microsoft Teams.
Following are excerpts from some of the presen-
tations that were given at the meeting.

small culture, in particular agility and ownership.

Landsnet’s road to digital

LANDSNET commenced operations in 2005 as the single Trans-
mission System Operator (TSO) for electricity in Iceland. It is
responsible for the operation and maintenance of the electric-
ity transmission system and is required to develop the grid in
an economical and secure way. Guélaugur Sigurgeirsson, Head
of Asset Management and Digitalization at Landsnet presented
Landsnet’s “road to digital” during the event.

For some years Landsnet has been implementing Asset Man-
agement (AM) in accordance with ISO 55001. The structure of
AM specified in the standard has been used as a guideline dur-
ing the build-up of Landsnet's asset management. All required
documentation has been generated to include AM Policy and a
Strategic Asset Management Plan (SAMP) to get maximum ben-
efit of AM's best practices. At this point no decision has been
made to go for ISO certification.

Early in 2019 Landsnet made a strategic decision to imple-
ment all new substations as “digital substations”. Most of AM's
effort has been on designing and building new substations in
accordance with IEC 61850, the main communication standard
for control and protection equipment. The benefit of digital sub-
stations is expected to be significant to include less wiring, lower
CAPEX and OPEX, increased personnel safety, less environmental
impact to name a few. Landsnet plans to complete and have 24
new digital substations in operation within two to three years.

The digital substation technology opens new ways to control
and operate the transmission system. Landsnet is implementing
“Smart Grid” solutions to meet increasing demand for renewable
energy in Iceland. Capacity of the grid has been reached and
faster control and optimized energy flow is applied to fulfil the
needs of the electricity market.

These are the new challenges in asset management and mainte-
nance planning. Opportunities to take transmission assets out for ser-
vice are reducing vet reliability requirements of the grid remain high.

Spareparts, 3D printing

GEIR GUDMUNDSSON gave a speech about 3D print-

ing, which originates from the "80s with SLA technol-

ogy - Stereolithography Apparatus. In the beginning

it was used to create small 3D plastic objects layer

by layer based on 3D computer models, primarily for

show and for rapid prototyping. Other methods were

developed, such as FDM - Fused Deposition Modelling,
where a plastic tip was melted layer by layer and SLS
- Selective Laser Sintering, where plastic powder was

melted together using laser.

In the last two decades there has been a lot of
development regarding materials used, precision, size,
speed and capacity, lower prices, and more powerful
and affordable 3D printers for companies and for the
public. So called Additive Manufacturing is used today
for the production of items and parts for expensive
and complex items produced in low volumes in particu-
lar, but there are still hindrances, e.g. regarding surface
quality, density, strength, production time and prices.

For many years it has been forecast that in the
future spare parts will not be shipped between coun-
tries, but 3D printed on-site based on production reci-
pes. Still, we are not there, and current strategies have
more to do with sending 3D models to big service com-
panies which create the parts and send them to the
customers. It is important to have several issues in
mind regarding the 3D printing of spares, such as qual-
ity; will guarantees still be valid if 3D printed spares
are used; Production rights; Relations with 3D print-
ing service providers and to have 3D models securely
stored. Whilst 3D printing has evolved in recent years,
so have other techniques such as CNC manufacturing
which has become cheaper and less time consuming.
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You have 750 motors, 300 pumps, 2 turbine generators...

What could possibly go wrong?

Automated anomaly detection for each machine

Valmet DNA Condition Monitoring is a single platform solution, providing
automated anomaly detection technology and connection to all sensors.

Our wired and wireless piezoelectric sensors can sense the earliest possible
indications of upcoming faults. Our MEMS sensors provide a cost-efficient
monitoring solution for large quantities of non-critical machinery.

The automated anomaly detection reports the changes in key vibration
parameters and provides an early indication of a developing machinery fault, even
without preset alarm limits. The automated diagnostic application identifies fault
types and severity based on the measured vibration data.

The condition monitoring shares the same system technology and user interface
with the Valmet DNA Automation System, meaning that you can smoothly
expand from condition monitoring to a full-scale distributed control system.

Read more: valmet.com Valm et )
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