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A silver lining to
the energy crisis?

Limited energy availability, soaring energy prices and

the urgent need to curb emissions have led to a perfect storm
throughout Europe. Or is this an opportunity to speed up

the replacement of carbon fuels with new technologies and
cutting-edge solutions?

Finland’s in a unique position because of its huge and
continuing growth in wind power in the coming decades.
Recently, wind power in Finland has been doubling every
four years. Given plans in progress, wind will continue to
double every four years. Also, a new nuclear power plant is
soon coming on stream.

But the current energy situation demands rapid change
and flexible energy solutions to replace carbon fuels, handle
fluctuating energy production and provide cost efficiency.
This is now a huge opportunity for us to unlock the valuable
potential of wind power. Finland does not have many
natural resources, but we have trees — and now wind to use
to replace fossil fuels cost efficiently.

Finland already has experience improving energy
efficiency. This gives us the skills to solve the challenges

of energy flexibility. Heat storage and timing of industrial
usage with energy availability are just some of the solutions
already being developed.

Offshore wind power is another area being explored.
Solutions already exist for building wind turbine foundations.
Coming steps include solutions for efficient transfer stations
and plan for new green fuel plants next to offshore turbines.
Shipping, too, is rapidly becoming green with numerous
new total system approaches being developed for carbon-
neutral vessels.

As the crisis speeds up our energy transition, we at
Elomatic are ready to help throughout the entire value
chain. We’re ready to take advantage of the natural
resources we have available and make them energy flexible
for new business opportunities.

I hope you enjoy reading our new issue!
Patrik Rautaheimo

Editor-in-Chief, CEO
patrik.rautaheimo@elomatic.com
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Since the global energy crisis hit, companies in
pharmaceutical manufacturing started improving
their energy efficiency to contribute to the economy
as well as to their budget. Heating, ventilation, and air
conditioning (HVAC) systems are typically the biggest
energy consumers in pharmaceutical facilities, and
design is the best stage at which to influence them.

Text: Gligor Mukaetov, Zarko Kostovski, Goran Serafimov

Images: NAYA Life Sciences

The energy efficiency of the system
typically takes a backseat to the func-
tionality of the system in the world

of cleanrooms. These are controlled
environments where particle concen-
tration and its generation are the
main criteria for performing sensitive
pharma operations, in which good
manufacturing practices (GMP) must
be followed.

Increasing energy efficiency is
crucial for both top-line growth and
cost reductions. For it to be more
successful, significant internal
organizational cultural changes are
required that demonstrate a desire to
act on environmental issues.




The biggest energy-saving
potential is usually found
in HVAC

HVAC can be a crucial component that
influences a facility's ability to provide
safe and effective products when
contamination control is desired. For
most of these manufacturing plants,
HVAC is typically the largest consumer
of energy.

Many factors need to be considered
when designing low-energy HVAC
systems for pharmaceutical facilities,
especially regarding maintaining a
clean and safe operational environ-
ment. Environmental control systems
that are properly planned, constructed,
installed, configured, maintained, and
operated can assist in ensuring the
quality of goods produced at a facility.
This increases dependability and
lowers a facility's upfront and ongoing
operating expenses.

The importance of design

Itis hard and expensive to change a
design during or after construction,
and there is more impact on capital
cost and schedule. As the design
develops, input from all interested
parties should be considered to avoid
later changes.
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Several goals are achieved through
the process of assessing drawings and
specifications, as a design progresses
from concept to issued-for-construc-
tion status:

- Confirm that a design adheres to

accepted tradition and practice

- Ensure that the concepts proposed

are meeting user expectations

- Make sure a design reduces the risk

to product quality or process safety

-Ensure that a design is reliable and

that it performs as expected

- Validate that the hazards have been

identified and considered while
also ensuring that the suggested
design is cost-effective.

A cost model helps
to estimate the need
for energy

An HVAC system's life-cycle cost is
typically significantly higher than its
initial cost. Hence, the overall cost is
a key consideration when selecting
HVAC systems.

It is customary to assess various
design possibilities using techniques
such as net present value or the rate
of return. Engineers that aim for the
most robust design regardless of cost
frequently lack familiarity with these
ideas. However, the layout of a manu-

facturing facility must be developed
around the needs of that facility.
Hence, separating "must" goals from
"want" goals requires work, because
each department must reassess its
operations in relation to what is
necessary for successful operations.

When working on the design, a cost
model helps to determine the facility's
final maintenance, consumables, and
energy needs. Net present value and
investment rate of return are common
components of systems. Early onin a
project, the cost model should serve as
the benchmark for evaluating judg-
ments about life-cycle costs, and it can
be utilized to contest choices regarding
user requirements.

Things to consider
in design

The basis for all consumption esti-
mations is the number of air changes
per hour. If this is overdesigned, the
air-handling units will have larger
flows than necessary, necessitating
larger fans and more cooling or
heating loads. On the other hand,
under-design would compromise the
system's usability and dependability,
which are critical factors in any
facility where contamination control
isrequired.

Furthermore, when designing the
HVAC system of ductwork or pipework,
itis not just important to ensure that
all ducts reach their location, it is also
important how they get there. Every
elbow, bend, reducer, and transition
contribute to a higher static pressure
drop, which increases the capacity of
the fans, which in turn consumes more
energy.

As the technology is modernizing,
good designers are considering
implementing modern technologies
in the design, to contribute to energy
efficiency. Proper design tools
(CADMATIC, REVIT, AUTO CAD MEP)
help to superpose all the systems in
the project, and to ensure that the best
distribution routes for the energy in
the system are considered.



11 Increasing energy efficiency is crucial for
both top-line growth and cost reductions.
For it to be more successful, significant
internal organizational cultural changes
are required that demonstrate a desire
to act on environmental issues.
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I11The air-flow strategy used in the building
layout, along with the analysis of
the physical flows within the facility,
is a key factor to consider.

Automation helps
especially in complex
systems

Better automation of the facility can
provide fine-tuning of the system,
which will reduce unnecessary
consumption. Some clients do not trust
it, but the rule of thumb is that the
more complex the system, the better
the control of energy efficiency.

If the project has less than 24/7
working time, the building monitoring
system can be programmed during the
downtime to operate with minimal
capacity. This ECO mode can be used
on weekends or evenings when the
process is not running. If the HVAC
system is designed so that the amount
of fresh air entering can be controlled
through the building monitoring
system, this can be a great asset at
times when the outside air is within
the required parameters.

The air-flow strategy used in the
building layout, along with the anal-
ysis of the physical flows within the
facility, is a key factor to consider. It is
preferable to keep similarly classified
areas physically close to one another
as much as possible, so that they can
be connected to the same air-handling
system. Duct runs, energy distribution
costs, and air system complexity will
all be reduced as a result.

Energy consumption
depends on the HVAC
system

Once-through air systems provide
the most acceptable form of preventing
cross-contamination. Without any
mixing or recirculation, the air leaving
the supplied room or space is fully
vented to the outside of the building.
Therefore, potential contaminants
from one space are not transferred to
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another through the return side of the
air-handling system.

This strategy necessitates a lot
of energy expenditure. However, a
once-through system is recommended
in locations where potent processes
are handled and where the product is
directly exposed to the environment.

Recirculated air systems increase
the energy savings in the facility. This
type of system circulates conditioned
air into the room before returning it to
the air-handling unit, where some of it
is combined with fresh air and recon-
ditioned, while the remainder is vented
outside of the building. When using air
recirculation technology, care should
be taken to prevent the contaminated
air from one location from contaminat-
ing the supply air for another.

Installing a heat recovery unit
may be considered as a typical method
in all HVAC systems in some parts
of the world. Despite the high cost of
the initial investment, this strategy
offers effective energy savings. Some
companies use constant recirculation
of fluid through heat recovery units.
However, at some time when the
outside conditions are ideal, the design
must ensure that the three-way valve
may not transfer the additional loads.

There are several options
for air drying

The best solution should be chosen
based on the energy consumption or
budget when determining how to dry
the air required for process control.

1. Cooling and drying. Relative
humidity is typically achieved by
cooling the air as much as feasible,
then heating it to the desired
room temperature to meet design
requirements. This can be done
with a water system.

2. Dehumidifiers with silica gel.
Drying a portion of the recirculated
air to a very low relative humidity
level before combining it with the
remaining air. It is necessary to
determine whether this design is
suited to delivering greater energy
efficiency throughout the design
calculation.

3. Devices for dehumidification.
Despite being the most expensive
solution and providing the best
control over low humidity, these
units use the most energy, as they
dehumidify all the air that has
been prepared for the cleanrooms.
Even when steam or electricity can
be used, a significant amount is still
needed.

The significance of training

Personnel involved in the manufacture
and testing of GMP facilities must be
sufficiently knowledgeable and trained
for their role. At a minimum, person-
nel must understand the fundamental
principles of GMP operations, as well
as the critical documents specific to
their area of work. For more important
operations, employees may need to
demonstrate operational skills, and
operators may need to undergo formal
qualification tests.

Training is a crucial component in
developing skills, competence, and a
high work performance culture, all of
which are necessary to enhance main-
tenance performance. Lower opera-
tional energy costs could also come
from properly implementing some
well-known maintenance procedures,
such as preventative maintenance and
predictive maintenance.



Elomatic has
strengthened its
expertise in cleanrooms

Elomatic has founded a new
business unit, Pharma BU, to further
develop our knowledge of engineering
and design for our customers
producing pharmaceuticals, and
to grow internationally. To meet our
customers’ demands for fast design
and delivery of new production facilities
and containment, Elomatic has
engaged with NAYA Life Sciences.
NAYA provides turnkey cleanroom
deliveries to customers in Europe
and other locations. Product safety,
containment, usability and energy
efficiency are key to the design of
NAYA cleanrooms.

Gligor Mukaetov
Eng. Manager,
NAYA Life Sciences

Gligor has over 10 years of strong

and diverse technical background in
engineering and mechanical design.

He has designed, supervised, and led
projects on developing innovative
solutions for many industry stakeholders.

Zarko Kostovski
_ Head of Design team,
./ NAYA Life Sciences

Zarko has comprehensive knowledge
and experience in projects where
contamination control is considered as
an issue. He has been involved in every
phase of NAYA's cleanroom projects.

Goran Serafimov
Designer,
NAYA Life Sciences

Goran is part of NAYA LS's Mechanical
engineering team. He's a versatile
member of the group, HVAC designer
with focus on the practices, methods,
materials, and equipment used in
installation and exploitation of HVAC
systems for the cleanroom projects.







The options for solving the energy crisis have been
known for a long time — now the actual solving of the
issues should take priority. In Finland, the forest industry
produces a large portion of the renewable energy, but
also uses a lot of energy just the same. Our special
characteristics also include our district heating network
that enables the large-scale distribution of heat from
different sources. We need investments in things such as
promotion of the circular economy and storing of energy.

In the last few months, the headlines
have been dominated by the energy
crisis. However, according to one
definition, a crisis is a new situation

or turning point encountered by a
human or organization wherein the
learned problem-solving skills may not
work anymore. In the big picture, the
situation in the energy market does not
really correspond to this definition of
a crisis.

The system built on fossil fuels is,
despite everything, approaching the
end of its life. The inevitable progress
has just been forced to leap forward,
which naturally causes more sudden
growing pains than a controlled
change would. However, the direction
of the long-term development is not
changing.

A clear consensus of needs
and means has prevailed
for along time

Naturally, the price of energy is an
issue for many households, companies
and communities, to put it mildly.
But the proposed solutions, such as
investment in energy and resource
efficiency and renewable energy, have
been known to us for at least a decade.
Ensuring our survival does not require
doing anything new or surprising.
The private persons, communities,
companies and states that have taken

action in a frontloading manner may
escape the crisis completely. The seed
of a much more severe crisis lies in the
continuous use of fossil fuels.

Finland has strived for a
quick change

The path of the EU and Finland
towards carbon neutrality has been
presented in both the general roadmap
of the EU and the roadmap of Finland.
The EU strives to achieve carbon
neutrality by 2050, whereas the objec-
tives of Finland are considerably more
ambitious: our country wants to be
carbon neutral by 2035. Countries such
asJapan and China have also presented
their own targets.

In any scenario, achieving these
targets would have required actions
that would be painful to at least some
parties. Now we have a taste of the
things to come, because we have had to
take action in one fell swoop. The list of
necessary actions remains massively
long, and implementing the plans will
not be easy.

11 The seed of a much more
severe crisis lies in the
continuous use of fossil fuels.




Long-term roadmaps often
include perspective issues

When a target is set far enough into the
future, there is no need to take unpleas-
ant action in the current parliamentary
term - in other words, now. The carbon
neutrality of Finland or even the EU
will not solve the global climate issues,
if the additional production demanded
by growth and the emissions related
to it are outsourced. The bond between
economic growth, consumption,
and energy consumption is yet to be
severed, which is part of the problem.
In addition to achieving zero-emis-
sion energy production, another essen-
tial task is building a circular economy
that is both extensive and energy
efficient. The benefits and disadvan-
tages of the circular economy are
largely determined through the energy
consumption of the cycle processes and
the disadvantages of the related energy
production. Transparent and compre-
hensive lifecycle reporting must be
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developed to verify these factors and,
of course, the benefits of a circular
economy.

Finland currently
utilizes wood-based
biomass extensively

Every country and economic community
has its own characteristics related to its
regional energy systems. The special
characteristics of Finland include the
large amount of wood-based biomass it
has in relation to its population, its forest
industry that uses the biomass effi-
ciently, and its district heating network
to which I will return later.

The biomass reserves of Finland
make the large-scale production of
wood-based renewable energy possible.
Of course, in political decision-making
the degree of renewability depends on
the agreed approaches and definitions.
Biomass will possibly be defined in the
EU region as renewable energy, which
is an issue for the system in Finland.

Impact of forest industry is
evident in both production
and consumption

At the moment, the forest industry
produces a considerable portion of
the renewable energy in Finland, but
the industry also uses a lot of energy.
The forest industry participates in
things such as frequency management
and the reserve market, and is thus

an essential operator in the Finnish
energy system.

The processes and logistics that
enable the efficient utilization of
forest biomass have found their
current forms through centuries of
development. The forest industry
has, throughout its history, survived
many upheavals, such as the end of tar
use and the crash in the demand for
magazine paper. It will also survive
the current crisis, and it will not only
survive; it will be part of the fossil-free
solution.



Side streams will continue
to have a key role

At the moment, the energy production
of the forestindustry is largely based
on burning unutilized side streams,
such as lignin. Therefore, the energy
system of Finland is affected by
whether the forest industry will start
utilizing its side streams for purposes
other than energy production, which
will require compensatory energy
production. For example, the demand
for heat pump solutions that are based
on the utilization of waste heat might
increase. In the future, we may see
solutions such as small nuclear power
reactors to generate heat.

The interest in utilizing side streams
in the manufacture of physical prod-
ucts may come, for example, through
EU regulation or as new innovations
and products of a better level of added
value become viable options. This will
make using biomass for energy less
appealing.

11 The forest industry participates
in things such as frequency
management and the reserve market,
and is thus an essential operator
in the Finnish energy system.

However, it is unrealistic to assume
that the burning of side streams would
cease completely, at least in the near
future. The products or markets in which
these raw materials could be utilized do
not exist on a large enough scale.

District heating network
increases flexibility of
energy system

The more urban Finland becomes,
the larger is the part of the Finnish
population living in an area covered
by the district heating network. The
district heating network enables the
large-scale distribution and utilization
of heat from multiple sources.
The already utilized sources of waste
heat include

» waste heat of industry

* heat from wastewater

» waste heat of data centers.

The district heating network also
enables things such as the production

and distribution of geothermal energy,
which is practical in comparison to
individual geothermal wells. The
benefits of a good network also include
an increasingly flexible energy system,
when energy can be stored cost-effec-
tively on a large scale.

Storing of energy is worth
the effort

Preparing for the increasing need

to store energy is a smart move. As
long as the production profile of the
industrial plant allows, effort should
be made to store energy or to direct the
use to occur at night. Cheap electricity
can also be stored in heat accumulators
and discharged as process steam, for
example.

The optimized storing and flexible
use of energy require a good under-
standing of the future consumption
in relation to the price of energy, now
and in the following hours or days. The
prediction of short-term consumption

13
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Finland can make the most of renewable electricity

Renewable electricity leads the
way to a fossil-free economy. It
enables things such as a green
hydrogen economy, which in turn
is the key to the flexibility of energy
systems. A district heating network
is an excellent way of distributing
and utilizing the lost heat from the
hydrogen economy processes.

In the Nordic countries, the
carbon footprint of electricity is
reasonably small, thanks to things
such as hydropower. Therefore,
replacing gas or other fossil fuels
with electrification will create a real
emission reduction in, for example,
industrial processes.

requires the process to have reliable
energy indicators, and, furthermore,
the data produced must be adjusted
and utilized in energy price data and
forecasts.

“Zero waste” thinking
is also required

The introduction of the circular
economy must be accelerated as part
of sustainable economic growth. The
investments to be made in it will bear
fruitin the future, similar to the way
the investments made in renewable
energy and energy efficiency in the
past are now being rewarded.

The lifecycle calculations striving
to verify the benefits, such as carbon
footprint analyses and carbon
handprint analyses, will become
mandatory, because the consumers
and financiers know to demand them.
This is why companies should imme-
diately develop their calculation and
reporting methods. The entity related

Contrary to this, the energy
systems in many other places in
Europe are based on natural gas
and other fossil fuels. For political
reasons, natural gas has quite
unscientifically been defined as a
renewable source of energy. In its
own way, this underlines how far
the EU still is from an energy system
based on actually renewable
sources.

There are still places in
Europe without a sufficiently
extensive district heating network.
Gas is used both for heating
communities and in many
industrial processes. Electricity

to energy and material flows must be
rethought, which will challenge the
benefit and disadvantage assessments
and business models and make them
more complex.

Introduction of
unimplemented energy
efficiency actions

On reflection, the solution to the
present problems is to take the same
actions that were supposed to be
taken before the crisis. It is crucial to
utilize the opportunities to optimize
energy use so that the specific energy
consumption required by the growth
is as small as possible, leading to the
investments in carbon neutral energy
production remaining similarly as
light as possible.

As someone who has spent almost
their entire career working with
energy efficiency, I know that the world
islamentably full of energy efficiency
actions that are clearly recommended

production is also widely
based on fossil fuels. Therefore,
electrifying processes is not a
solution as long as the carbon
footprint of electricity is high.
Even though the EU on a general
level requires massive investments
in its production capacity for
carbon-neutral energy, Finland has
an excellent opportunity to utilize
the head start it has in comparison
to Central Europe, for example. We
can now look beyond surviving the
coming winter, because Finnish
competence could be utilized
elsewhere as well.

but still unimplemented. It is certain
that our current standard of well-being
could also be achieved at reduced
energy consumption. A

Lari Heinonen
Senior Manager,
Energy Consulting

Lari works as a head of Elomatic’s Energy
Consulting function leading the world-
class energy experts, process specialists
and project managers. Lari has 15 years’
experience in industry and technology
supplier, mainly in the energy efficiency
field. He've had responsibilities in R&D,
solution sales, project management as
well as leading the expert teams.

lari.heinonen@elomatic.com




Vaasan Sahko
Is building
a future heat

pump plant
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Vaasan Sdhké will have a plant built at the Patt wastewater

treatment plant to recover waste heat from treated wastewater.

The heat will be fed into the district heating network, where it will

be sufficient to meet the needs of almost 2,000 private homes.
Elomatic is responsible for the entire project, from the planning and
procurement phase to construction management and commissioning.

Vaasan Sahko's heat pump plant

is a great example of the circular
economy: one investment that utilises
waste heat equivalent to the annual
heating energy of all the private
homes in Vaasan Sdhkd's district
heating network.

Elomatic has designed heat pump
plants before, especially for industrial
applications. However, this is the
largest overall project. Interest in
similar projects has clearly increased,
and Elomatic is currently working on
the concept design of another similar
solution.

"Heat pumps have developed so
rapidly in recent years that this kind
of heat recovery has become profit-
able," says Anne Kujanpdd, Project
Manager at Elomatic.

In cities, district heating
is the fastest way to move
to a zero-emission era

The Patt wastewater treatment plant
treats wastewater from the entire city
of Vaasa and part of the wastewater
from the neighbouring municipalities
of Mustasaari and Maalahti. The waste
heat from the treated water is fed into
the district heating network.

"It is better to invest in one efficient
heat pump system instead of forcing a
couple of thousand single-family home
owners in our region to switch their
heating to zero emissions themselves,"
says Juha-Matti Karvala, Project
Manager at Vaasan Sahko.

According to Karvala, the district
heating network serves as a platform
for a circular economy, and the Patt

heat pump plant is a good example.
"Heat recovery is definitely the way
of the future," Kujanpéa adds.

The project requires a wide
range of expertise

The project, which started in early
2022, is now well underway. Elomatic
is the EPCM supplier for the project,
which means that in addition to
design and procurement, it is respon-
sible for construction management
and commissioning.

"This is a major project for Vaasan
Sahko and EPCM's implementation is
a good fit, as we want to be involved in
the project throughout its life cycle,"
says Karvala.

"In addition to extensive planning
expertise, supervision and coordina-
tion, Elomatic will provide us with
up-to-date reporting on the overall
progress of the project, including
forecasts and necessary decisions,"
he continues.

The solid experience shows

At Elomatic, the aim is always to select
the project team such a way that the
expertise of each individual is utilized
in the best possible way. Most of the
designers involved in the project have
experience in industrial projects over
alonger period of time. Some have
been involved in heat pump projects
before.

"Yes, it shows that the designers are
experienced. The most important thing
is that they are able to carry out their
work to a high standard within their

own experience and that information
is passed between different locations,"
Kujanpaa says.

"When cooperation
is smooth, the work
is a pleasure”

The project is well on schedule, and
earthworks have started in October
2022.

"Our cooperation has been great,
and Elomatic has managed the whole
thing smoothly," says Karvala.

"Vaasan Sdhko has a team of experts
involved who have put a lot of effort
into the project. We have managed to
get things done together in a really
good team spirit," says Kujanpaa.

Kujanpéaa stresses the importance of
people enjoying their work and a good
and open atmosphere.

"Good communication, both within
the project team and with the client,
helps to achieve a good outcome in all
respects," she says. k

About the project

What: Waste heat recovery

from treated wastewater

Price: approx. EUR 11 million

Grant: EUR 1.9 million investment
grant from the Ministry of
Economic Affairs and Employment
Energy: 50-60 gigawatt hours
(6Wh) of heat/year

Planned commissioning:

end of 2023



Green ammonia
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A derivative of green hydrogen produced from

renewable energy, green ammonia has the potential
to become a new source of energy and revenue for
the Finnish national economy. It allows the country
to break its dependence on natural gas imports

and provides self-sufficiency to secure agricultural
production, power vessels in the future or to be a
carrier of green hydrogen. Finland has the ideal mix
of resources to produce green ammonia for both

its own domestic use and for global distribution.

Throughout history, Finns have used
their resourcefulness to survive some
of the harshest circumstances. When
life looked bleak, they turned to nature
for sources of inspiration, sustenance
and energy.

Only a few years ago, Finland was
known mostly as a country living from
the forests with its world-class pulp
and paper manufacturing, machinery
and wood-based products. Now
facing climate change and the energy
crisis, Finland is ready to leap ahead
in another sector — producing green
ammonia for its own self-sufficiency
and to share with other markets
globally.

The most critical resource
needed is electricity from a
renewable source

Finland has been lavishly endowed
with all the natural resources it takes
to produce carbon-free green ammonia
that can be further used mainly as
the essential ingredient in fertilizers,
marine vessel fuel or a hydrogen
carrier. The most important one is
electricity from a renewable source.
Finland is currently in the process
of building up its offshore and onshore
wind power production in the region
of North Ostrobothnia, thanks to the
region’s excellent wind conditions.
Today, there are approximately 80 wind
power projects at different planning
and permitting stages in this area alone

—with strong connections for transmit-
ting electricity to the national grid.

Onshore wind in Finland has been
experiencing explosive growth in 2022,
driving the green energy transition.

In the coming years, wind power will
more than double from the current
3.8 GW to 9 GW. By 2027, wind power
will have even surpassed the amount
of nuclear power produced in the
country.

Finland also has plenty of water —
another essential natural raw material
for producing green hydrogen and
green ammonia — and sufficient land for
ports from which ships can be loaded
and unloaded. From a logistics point of
view, the country can be considered an
island - fully dependent on exports and
imports. Yet, that same reason makes
Finland’s use of shipping a key security
factor for its national welfare.

Three growing ammonia
markets

First, ammonia (NH,) is used for agri-
cultural food production. Ammonia
has always had an essential role in the
agricultural industry in the production
of fertilizers. It releases nitrogen as a
nutrient for plants, crops and lawns.
At the moment, 80% of all ammonia is
used to produce fertilizer.

Second, ammonia is expected to
soon be used as marine fuel for deep-
sea vessels, cargo ships and tankers.
This may happen faster than expected




since Elomatic has already designed
several ammonia-fueled ships destined
for Japan. Such a green ammonia appli-
cation also enables Finland to break
away from its island-like status and
become independent in the production
of marine energy.

Third is to use ammonia as a
hydrogen carrier. Combining hydrogen
with nitrogen forms ammonia, which
unlike hydrogen can be efficiently
transported in large volumes over
long distances, after which it can be
returned to hydrogen gas again. For
example, Central Europe has arranged
to buy ammonia from Canada and the
United States for this purpose.

Ammonia can also be used to
produce industrial urea products,
manufacture textile dyes and recover
carbon dioxide. Forecasts in market
demand for existing and new ammonia
will double or even triple in the
next few years. Fertilizer demand is
estimated to grow fastest, but marine
fuel demand will also grow roughly
twofold. Demand for ammonia as an
energy carrier is estimated to increase
at a similar pace.
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Zero CO, emissions
- the great advantage
of green ammonia

Surprisingly as it sounds, fetid
ammonia is considered to be one of
the fastest routes to a carbon-neutral
Europe. Green ammonia is also the
closest to compete pricewise with any
synthetic fuel.

Grey ammonia production is based
on natural gas, while future green
ammonia production eliminates meth-
ane completely. The only inputs needed
for ammonia synthesis are water
and green electricity for electrolysis.
And the only emission is excess heat,
oxygen and clean water. Electrolyzing
water dissociates H,0 molecules into
hydrogen and oxygen. Once nitrogen is
added to green hydrogen, it can then be
converted into green ammonia, which
is ready for further processing.

Green ammonia, like green hydro-
gen, emits no CO, in its production
process. It is capable of storing energy
economically for long periods without
any energy losses. Its stored energy
can be transported over long distances

without significant losses. It is far
cheaper to store than hydrogen and
takes up about half the space.

Self-sufficiency for Finland

Finland now has the opportunity

to proactively build a market for
hydrogen as a raw material that can
be further refined to create a Finnish
gross domestic product. This is the
start to a sustainable green transition
that will increase the national econ-
omy and create new jobs.

The idea that Finland no longer
needs to import ammonia from abroad
but can instead produce sufficient
amounts of ammonia from its own
green resources is a promising
opportunity to improve the reliability
of food production.

The vision is to shift the industry
from the countries that currently export
natural gas, like Russia, China, the US and
India, to countries where green electric-
ity is available, so that green hydrogen
or its derivative green ammonia can be
produced from it. And Finland has what it
takes for such a transition.



Putting potential electricity
production capacity to
good use

With Finland’s renewable energy
resources and abundance of water,
producing green hydrogen is one
application that is worthwhile to
pursue. The process of making green
hydrogen needs a lot of electricity
and can be flexibly operated within
Finland’s strong and stable electricity
market. In that sense, the most efficient
is to situate production close to the
wind power farms.

Areas such as North Ostrobothnia
or the Aland Islands at the entrance to
the Gulf of Bothnia in the Baltic Sea are
interesting for hydrogen production
where they can also take advantage of
the natural cyclicality of wind power
generation. Thus, hydrogen production
increases when more wind blows and
especially when the electricity is not
needed elsewhere.

Finland’s advantages also include
predictable regulations. To limit
safety risks, a closed process is used
to produce both green hydrogen and

11 Finland’s abundance of clean water,

favorable wind power conditions and an
ambitious roadmap to build twice the
total capacity of the country’s current
electricity production make it eligible to
spearhead the green hydrogen economy.

green ammonia. Environmental safety
authorities in Finland issue permits,
supervise operations and collaborate
closely to ensure that green ammonia
will be a safe and reliable source of
carbon-free energy for the future.
Aslong as green hydrogen has good
potential to replace natural gas applica-
tions, it is perfect timing for Finland to
create a hydrogen market of its own.

Global green ammonia
opportunities ahead

Finland’s green ammonia market can
easily be made available to all other
countries that need additional green
ammonia resources. Most of the EU

is already very familiar with the
benefits of green ammonia. The EU
aims to wean its demand off Russian
natural gas and make the switch to
green hydrogen, where the ammonia
serves as its transport carrier between
continents. So, why not consider green
ammonia from Finland?

As ships power the Finnish market,
they are ready to go. Offshore wind
farm cables will come to shore close
to production facilities and shipping
ports. When the country’s first
green ammonia facilities are ready
in approximately four years, green
ammonia can be shipped abroad.

Green ammonia can just as easily
be shipped from the port of Naantali
to Helsinki as it can across the Atlantic
or to almost any other port, since
shipping costs are a minor share of the
total costs.

Start for two-way potential

To tackle climate change, break away
from dependence on Russian natural
gas and offer something of value to
other countries globally, Finns can
take pride of looking at their own
natural resources as a starting point.
Finland’s abundance of clean water,
favorable wind power conditions and
an ambitious roadmap to build twice
the total capacity of the country’s
current electricity production make
it eligible to spearhead the green
hydrogen economy. Its further refining
potential can bring huge benefits to
Finland’s national economy, while
simultaneously enables the country
to spread the advantages of the green
hydrogen economy to other regions.
Soon, the results of Finland’s natural
resource synergies will be ready to roll
out to the world. &

Jussi Ylinen
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How to
remove
barriers

to offshore

wind power?

Text: Ted Bergman, Heikki Valitalo
Images: Elomatic

The Baltic Sea holds a substantial but largely untapped
potential for offshore wind, which can accelerate

the phase out of Russian energy by replacing fossil
fuels. However, offshore wind projects often face big
challenges. For example, their timetable often depends
on the availability of expensive wind turbine installation
vessels. To solve this, Elomatic has developed a
solution that eliminates the need for offshore liftings.
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Countries surrounding the Baltic

Sea have announced that they will
strengthen their energy cooperation
and energy resilience as a response to
Russian aggression in Ukraine. They
see a huge potential for offshore wind,
which can replace fossil fuels through
for example electrification, increasing
renewable fuels and a green hydrogen
economy.

The countries have set combined
ambitions for offshore wind in the Baltic
Searegion of at least 19.6 GW by 2030,
seven times the current capacity, and
they recognize the substantial potential
for offshore wind power in the Baltic
Sea basin, reaching up to 93 GW. They
will pursue faster permitting processes




and strive for a balanced coexistence of
economic and ecological needs.

The availability of wind
turbine installation vessels
is a major limitation

Offshore wind turbine sizes are
continuously growing and demanding
bigger wind turbine installation vessels
(WTIV), which cannot pass the waters
between Sweden and Denmark due to
either height or draft limitations. US
waters also have local restrictions as
there is a shortage of domestically built
WTIVs as required by the Jones Act.
These challenges can be solved by
eliminating offshore liftings.

A new gravity-based Float Foundation
solution, developed by Elomatic, allows
the foundation including the wind
turbine to be floated and installed in
the final location where it is lowered to
the seabed. The solution is especially
suitable for the Baltic Sea, where bed
rock causes issues in many locations
with traditional monopiles.

The Float Foundation
solution is based on long-
term offshore experience

The development of the Float Foun-
dation solution started originally in
Elomatic Pori office, where our experts
have long offshore experience. The task

was to protect the port quayside from
ice. The work generated a pile solution
with an innovative way to drive it into
the seabed without using hammering.
The concept was further used as a
basis for different kinds of solutions in
the shallow-water Caspian Sea oil and
gas-related studies.

Development continued with the task
of replacing artificial rock islands used
in the oil and gas industry. Drawbacks
with the rock islands include long
construction times out at sea and
the involvement of a lot of dredging,
excavation, mass transportation for
filling, and concrete works. On top of
this, building up the topside equip-
ment and systems is a costly offshore




Il A cost-efficient,
environmentally
friendly solution
was born, which
put the industry
into change mode
with the existing
conventional
execution plans.
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operation. In harsh conditions, rock
islands typically need to be ice barrier
protected to minimize erosion and ice
entering the island.

The goal was to enable
local manufacturing

The solution selected was to go with
a steel structure with patent pending
outer skirt technology (pile concept)
that can withstand environmental
conditions without protection such as
ice barriers. Instead of constructing
the artificial island out at sea, the work
was moved to a site located onshore.
A method for floating the construction
out and finally lowering it to the
seabed was needed. All the top side
equipment was designed to be installed
already prior to floating out the island.
The design focused on keeping the
steel structure as easy to manufacture
as possible in order to be able to maxi-
mize local work in cases where it is
seen as a social benefit. A cost-efficient,
environmentally friendly solution
was born, which put the industry
into change mode with the existing
conventional execution plans.

Heading towards
wind energy

With the growing need in the offshore
wind industry, our engineers contin-
ued to develop the solution. Once again,

the target was to minimize offshore
work and, in this case, eliminate the
need for the special purpose WTIVs.
These vessels are limited in number
and the growth demand for renewable
offshore wind energy will be limited
by the lack of vessels for years to come.
At the same time, already expensive
offshore lifting is expected to continue
toincrease in cost.

A new challenge was that the
artificial island needed to be made
submergible for the final location.

To solve this, installation barges were
introduced for the lowering procedure.
In the solution, strand jacks between
barges and the foundation are used

in combination with ballasting of the
foundation.

Other benefits of
Float Foundation

A complete Float Foundation solution
utilizes the patent pending skirt
solution that has many benefits, such
as handling high side loads in ice
conditions. A family of patents with
innovations related to the solution
have been internationally filed.

The structure of the Float Founda-
tion is mainly designed in such a way
that typical shipbuilding technology
can be utilized. Manufacturing of
the solution can thus be contracted
to many suppliers in various parts of
the world, enabling cost competitive
construction also taking automated
production lines into account.

Yet another feature no other
design but Float Foundation has is the
possibility to install wind turbines in
ultra-shallow waters, 3-9m, enabling
new potential wind harvesting areas.
Current Float Foundation designs have
been made for turbine sizes of 1I5MW
and to water depth areas between
3-45m. In addition, sizing of the
foundations can be altered easily. Thus,
the solution can cope with any size of
turbine now and in the future.a
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How does the
Float Foundation
solution work?

- First, foundations are launched
to sea and towed from
manufacturing sites to the
wind turbine assembly site
near the final wind turbine farm
location. The wind turbines
are assembled by an onshore
crane on a quayside on top of
the foundation.

Next, the foundations are towed
to the final location out at sea.
Using ballasting and strand
jacks on installation barges, the
lowering to the seabed is done.
The skirt technology is used to
self-dredge the foundations
securely in place. After that,

the gravity-based foundations
enhanced with the wind-
turbine-equipped skirts are
ready for fossil-free production
for years to come.

At the end of its lifespan, the
foundations can be refloated,
leaving no material behind, and
the steel can be recirculated.







How to
enefit from
a digital twin

- real-life cases

- Text: Valerius Ylajoki
Images: iStock

Digital twin technology can bring great benefits to
manufacturing or processing industries, starting
with saving resources. You can already find several
documented cases of smaller successful adoptions
of a digital twin, and larger scale utilization looms
on the horizon. In the ever-growing need for greener
solutions and resource-saving adaptations, digital
twins will certainly find their place in industry.

The digital twin has been named as one
of the driving forces in the industry 4.0
transition. It is no wonder, because its
benefits range from saving resources
by optimizing processes, to improving
the training of personnel. Thus, an
understanding of the concept is crucial
to success in the changing business
environment.

However, you could ask what exactly
is a digital twin? One way to think of it
is as a counterpart to a physical world
machine or cog, or even to a whole
factory with its workers. The key aspect
of a digital twin is the bidirectional data
exchange between the twins, where data
flows between the physical and digital
twin in real time. Another key element
is the lifecycle management of the whole
interaction between the twins.

Next, several real-life cases are
presented, where the adoption of a
digital twin has been documented and
the benefits of the implementation listed.
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Case1- The potential of a
digital twin in the district
heating of cities

A digital twin provides value, for
example, in the simulation of district
heating services by utilizing the vast
amounts of data the physical network
creates and has created in the past.

By simulating the future needs of the
network’s heating power using the
digital twin, models can be created for
foreseeable needs.

In the simulation based on the data
from the physical twin’s history, a
digital twin provides a platform where
the simulation can happen. By getting
knowledge from the simulation, the
physical district heating network’s load
can be optimized. This optimization
saves resources in the long run by
cutting wasted energy.

Silo Al has implemented a digital
twin-like solution in the district heat-
ing services of Helen. This “intelligent
solution” provides better estimates of
the district heating networks’ future
energy needs based on the historical
data of the physical district heating
network!. Another case where machine
learning has been adapted for district
heating is Ensense’s software solution.
According to the company, their solu-
tion has saved hundreds of thousands
of euros for their customers, as well as
natural resources?.

If a digital twin were built as
an exact digital counterpart of the
physical network for district heating, it
could be used to simulate the physical
network in all its parts. The simulation
would consist of the whole network’s
status, down to even the tiniest single
apartment inside a block of flats. All
this simulation could be done with the
digital twin.

Case 2 - A digital twin
in optimizing plant
maintenance

Plant maintenance, also called
industrial maintenance, is a process
in which the goal is to reduce
breakdowns, promote reliability, and
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increase uptime in the assets of the
plant. One of the strategies in plant
maintenance is called reliability-
centered maintenance (RCM). RCM
requires a lot of information on the
assets, and especially on the critical
equipment that is necessary for the
plant to continue its daily operations.
The aim is to allocate resources more
efficiently depending on the needs of
the plant.?

Critical parts may be serviced every
three years, regardless of their perfor-
mance or condition. The plant must keep
operations ongoing, and these parts
cannot fail or break during operation.

If a critical part fails or breaks down
suddenly, it will lead to long operational
downtimes, which come at an enormous
cost.

To benefit from a digital twin, these
crucial parts could be simulated based
on their historical data, and the parts’
vibrations* could be monitored via
different sensors and probes in the
process, called condition monitoring,
which produces information on parts’
movement and patterns. By having the
data about the behavior of the parts, it is
possible to simulate the parts’ lifecycle
in the digital twin. The data could
indicate, for example, that critical parts
have alongerlifecycle than the three
years after which they are serviced.

Based on this finding, the plant
could service these crucial parts at the
corresponding time, when they are in
actual need of service. By prolonging the
life of the parts, maintenance costs can
be cut, and the plant can operate longer

without a service or a halt in production.

Definition of digital twin

This also saves resources and the
environment in the long term.

Case 3 - Using a digital
twin as a learning tool

If you have a digital counterpart to the
actual machine, you can multiply the
machine’s digital twin to your liking in
virtual reality. Having the same effect
that you see in the movie Matrix, you
can use virtual reality for training
in the operation and servicing of the
digital twin’s real-life counterpart.
Think of a complex physical factory
machine, for which only one person
can be physically present in the mainte-
nance environment. This environment
can be easily recreated via virtual
reality in a completely different location
from the factory where the machine
itself operates. The key benefit is having
all the digital twin’s elements in virtual
reality, where you can simulate the
physical twin wherever you need to, in
whatever scenario you want to.
Elomatic has produced for Valmet the
Virtual Mill°, which is a digital design
twin of the customer’s machinery and
surrounding facilities. It can be used
for training operators and maintenance
personnel before start-ups and major
shutdowns.

Wider adoption of digital
twins looms on the horizon

You can see many of the advantages
that a digital twin creates. The
described case examples are just
the start. However, many challenges

Originally, the term “digital twin” was used in a presentation by Dr Michael
Grieves in a product-lifecycle management conference held in 2004 at the
University of Michigan. Since then, the term has been characterized in multiple
different ways, both in academia and in industry. The easiest and simplest
definition in research and industry was found to be the following:

“A Digital Twin is a virtual dynamic representation of a physical system,
which is connected to it over the entire lifecycle for bidirectional data

exchange.”’



remain that are preventing the wider
adoption of digital twins. Data, privacy,
security, trust, expectations, and IT
infrastructure are listed as challenges
for both data analysis and the indus-
trial Internet of Things®.

To implement a properly functioning
digital twin that truly provides value,
itis crucial to understand the different
factors at play in the model and in the
environment in which the digital twin is
applied. The benefits must also outweigh
the costs of the implementation of the
digital twin for the investment to pay for
itself.

The fourth industrial revolution is
happening now, and even though the
technology has not yet been adopted
in the everyday manufacturing and
processing industries, it surely will find
its footing in the future. Currently, there
are many documented cases of smaller
successful adoptions of a digital twin in
practice, but multilayered digital twins
for whole manufacturing facilities and
large-scale adaptations are lacking.
Domain knowledge has been mentioned
as one of the reasons for this.®

For now, the digital twin is gaining
traction in the academic world, and more
and more companies across various

11 For now, the digital twin
is gaining tractionin
the academic world,
and more and more
companies across various
industries and domains
are starting to see its
potential as a component
in their processes.
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industries and domains are starting to
see its potential as a component in their
processes. Since the digital twin is all
about saving resources and optimizing
current operations, it will be relevant in
the future to come. Even though the digi-
tal twin is still in its infancy, when more
solutions start to emerge, it will certainly
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Elomatic. He is currently writing his Mas-
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start being more widely adopted. A
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Saving
energy by

reducing

weight

— advantages of

structural analysis

using modeling

Text: Johanna Sjélund
Images: Elomatic, iStock

As the price of energy is rising, so is the

price of materials. That is why it is now worth
reducing the weight of structures to save
energy and money. Structural analysis using
modeling offers great opportunities here: the
models give better results on the details of
the structure, and thus the material can be
used where it is needed. In addition, models
help in choosing the right materials and in
extending the service life of structures.
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Recently, there has been a lot of talk
about the CO, emissions of different
materials and applications and how to
reduce them. Lately, the discussion has
shifted more to energy consumption
and how it could be reduced.

This article concentrates on the
possibilities of reducing energy
consumption using structural analysis,
especially the finite element method
(FEM). With possibilities to save not
only energy, but also time and money,
structural analysis should not be
ignored at any design stage.

Benefits of modeling are
undeniable

Over the years, structural analysis
has moved from using purely manual
calculations to more and more sophis-
ticated models. Analytical models are
fast and reliable but cover only specific
cases and thus restrict the design.

As computational power has
increased and modeling tools have
become more advanced, making




complex models has become more
common for different applications.
These models can be used to analyze the
strength and behavior of a structure.

FE models give better results on
the details of the structure, and thus
the material can be used where it is
needed. For example, instead of making
the whole bulkhead of a boat thicker,
the thickness can be added to specific
locations, and fatigue can be prevented
with some carefully placed brackets
in the corners. Another benefit is the
possibility to change the thickness or
material parameters easily.

The right materials offer a
huge reduction in weight

Weight saving is not achieved only by
optimizing the amount of material
used or the type of steel, but also

the material itself. Frequently used
alternatives to steel are aluminum
and composites. Aluminum is three
times lighter than steel, although its
strength, fatigue life, and weldability
properties are poorer. Composites are
also very light and can offer a huge
reduction in weight, up to 50-70%?*.
One of the problems with composites is
manufacturing quality.

Modern modeling tools give the
possibility either to model composites
as layers or to estimate the properties
of a relevant corresponding heterog-
enous material. The latter makes it
possible to have approximate estimates
of the suitability of the composite.

Significance of structural
analysis is emphasized in
moving machines

In moving machines, such as cars or
elevated work platforms, conserving
energy by conserving weight has been
an industry practice for a long time.
For example, the automobile industry
uses composites for many parts to
reduce weight. A 10% mass reduction
results in approximately a 6-7% energy
reduction when moving the vehicle'.
High-strength steels with tensile
strength even over 1000 MPa are also

A simulation result for two different welding sequences for the same
structure. Displacement can be reduced by 50% by optimizing the
welding sequence.
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becoming a more and more frequently
used solution when trying to save
weight. Using structural analysis,

itis easy to find the minimum sheet
thickness needed, depending on the
strength of the steel used. This makes
it easy to estimate both financial and
energy savings when changing the
material.

Welding these high-strength steels
is more challenging, as the risk of
distortion is larger than for conven-
tional steels. This risk can be reduced
through modeling the welding process,
for example to optimize the welding
sequence.

The energy used by
material manufacturing
also matters

Material manufacturing plays a big
role in the energy consumption of
structures, especially for stationary
solutions, where weight has not
traditionally played a big part. In
Finland alone, the metal manufactur-
ing and refining industry uses 13% of
the energy consumption of the whole
industry sector, which amounts to

17 TWh a year? Energy consumption
accounted for 10-40% of the manufac-
turing costs of the metal industry in
20172

As the price of energy is rising,
the prices of metals are fluctuating,
depending on demand. The price of
steel in the US grew by 200% between
March 2020 and July 2021. Estimating
the future price is difficult, but this
risk can be reduced if less material
is needed. Globally, the steel and
iron manufacturing industries use
98 000 TWh in a single year®. Even a
small reduction in the amount of steel
and iron needed would mean a huge
amount of saved energy.

However, composites or aluminum
are not the solution to this problem,
either: the energy consumption
required to manufacture carbon
fibers is even greater than for metals.
Therefore, substituting steel with
carbon fiber or aluminum as a means
of saving energy is valid only when the



energy saving takes place throughout
the entire life cycle of the structure, as
with moving machines, not just during
the manufacturing phase.

Modeling also helps in
extending lifetime and
reducing energy loss

As manufacturing new products takes
alot of resources and energy, extend-
ing the lifetime of existing structures
isimportant. The models and methods
available today for structural analysis
are more sophisticated and can give
more precise predictions for fatigue
life. Combined with 3D scanning, this
enables the assessment of the factory’s
remaining lifetime to be extended
from the original estimate.

Yet another way to utilize modeling
is to reduce direct energy loss with it,
for example by modeling heat transfer
problems. Optimizing the amount of
insulation needed can reduce both the
amount of material needed and the
energy loss experienced.
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Sometimes the best option
is to start with novel
concepts

Although energy is just one parameter,
finding the best ways to save itis a
complex multiple parameter problem.
Itis not a simple task to find out where
energy consumption occurs and where
the greatest opportunities for savings
are. Structural analysis and modeling
can help with identifying some of the
parameters and estimating where the
biggest savings can be found.

One method is to test completely
new concepts that can perform better
or that are significantly lighter than
other currently used structures. This is
where structural analysis and models
bring a huge advantage: models make
it easy to test different ideas and to
compare varying concepts with each
other. In this way, the best ideas can be
found early in the design process. A

Johanna Sjélund
Design Manager, PhD

Johanna graduated in nanophysics from
the University of Turku in 2008, after which
she worked as a researcher at Aalto
University. There she produced a doctoral
thesis on the modeling of wood, which
she defended in 2015. After the PhD, she
moved on to consulting, first at Process
Flow and since 2017 at Elomatic. She has
worked with different types of projects in
structural analysis, ranging from marine
applications to cranes, and from high-
strength steel to soft soil. Since 2021, she
has been the manager of the structurall
analysis team in Turku and Espoo.

johanna.sjolund@elomatic.com

https://www.energy.gov/eere/vehicles/lightweight-materials-cars-and-trucks. [Retrieved September 2022].
2 Ty6- ja elinkeinoministeri®, “Energian kulutus ja séhkén hinta metallinjalostusteollisuudessa,” Tyé- ja elinkeinoministerion julkaisuja, osa/

vuosik. 15, 2017.

3 IAE, “Energy consumption in the iron and steel sector by scenario,” October 2020. [Online]. Available: https://www.iea.org/data-and-statistics/
charts/energy-consumption-in-the-iron-and-steel-sector-by-scenario. [Retrieved September 2022].

4 D.Cooper and T. Gutowski, "The Environmental Impacts of Reuse, a review,” Journal of Industrial Ecology, osa/vuosik. 00, 2015.

5 J.Zhang, V. S. Chevali, H. Wang and C.-H. Wang, “Current status of carbon fibre and carbon fibre composites recycling,” Composites Part B:

Engineering, osa/vuosik. 193, 2020.

33



} ~
- 5
"
=
=
I o
o e
AN
N b
ZEI e
=
B
s
o0
=
5
e
? -
(2
wE
2
W
25
=
3
s
i
&
- @
<
O
D
(@]
0
5
O
) L )
q
=
i




The electrification of industry will play a key role in the
pursuit of carbon neutrality at the EU level and soon
also globally. Electrification provides opportunities

for industrial operators at many levels. In order to
realize their full potential, a strategy and roadmap

to promote electrification need to be established.

The increased price of natural gas as a
result of the Russian war of aggression
against Ukraine has prompted many
operators to consider abandoning
natural gas, and one potential option is
to replace it with electrical solutions.
In general terms, electrification refers
to increasing the use of electricity and
electric applications in different areas.
In the longer term, electrification is
one of the key elements of the green
transition.

From the consumer’s point of view,
the development of electrification can
be best seen in how cars are powered.
In 2021, of the nearly 100,000 first-time
registered passenger cars, 10% were
electric cars and 20% were plug-in
hybrid cars. Some of the passenger cars
recorded as petrol- and diesel-powered
cars were light hybrids and non-re-
chargeable hybrid passenger cars.!

Electrification can also
be seenin industry

The electrification of industry can be

divided into three trends*

1. direct electrification,

2. electrification solutions that involve
heat pumps, and

3.indirect electrification involving
the production of electricity such as
hydrogen and synthetic fuels.

In industrial environments, direct
electrification refers to converting an
activity that currently uses fossil fuels
into an electric-powered activity. Prac-
tical examples include the replacement
of gas trucks with electric forklifts,
using electric furnaces instead of
natural gas-powered furnaces and
favoring electric boilers over oil

boilers in district heating. Potential
applications can be found in a wide
range of industrial sectors.

Heat pumps provide the
best energy savings

Electrification solutions that involve
heat pumps differ from direct
electrification in terms of efficiency.
Heat pumps can replace fossil energy
sources in the same way as in direct
electrification while creating energy
savings.

Direct electrification also provides
the potential to save energy by elimi-
nating the proportion of flue gas loss,
butin general, more significant energy
and cost savings can be achieved with
the help of heat pumps. However,
heat pumps have their own technical
limitations, and are not suitable for all
applications. For example, sometimes
the process requires a temperature
that is too high for heat pumps.

Modern heat pumps can already
profitably produce temperatures over
100 °C. Technically, the potential is
currently around 150 °C. Heat pumps
typically require buffer capacity to
provide stability, good control as well
as backup energy systems to ensure
the continuity of activities in all
conditions.

Text: Teemu Turunen
Images: Elomatic, iStock

Electrical energy is
also used to convert
water into hydrogen

The basic principle of indirect electri-
fication is that electrical energy is used
to decompose water into hydrogen and
oxygen through electrolysis. Hydrogen
can be used either directly as a source
of energy, for example in ship engines,
or as an energy carrier, in which case
the bound energy is converted back
into electricity with fuel cells.

Hydrogen can also serve as a raw
material for synthetic production
processes, for example, when produc-
ing methanol or green ammonia as
a replacement for fossil fuel. Today,
ammonia is mainly produced from
natural gas by means of steam
reforming.

The use of electricity and how it
is timed will be key elements in all
hydrogen economy solutions. However,
itis good to remember that one of the
most important short-term develop-
ment areas of the hydrogen economy is
the efficiency of the production chain.

At worst, the efficiency may be as low
as 25-50%, which is why direct electrifi-
cation can be the most cost-effective way
to promote low-carbon energy in certain
settings. Likewise, in the long term,
hydrogen economy solutions will play a
key role in our energy system.

11 Practical examples include
the replacement of gas trucks
with electric forklifts and using
electric furnaces instead of
natural gas-powered furnaces.



Electricity consumption in the different scenarios
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Fingrid’s future system scenario outlines

EU emission targets
guide electrification

According to the EU's emission targets,
55% emission reductions will be
achieved by 2030 and carbon neutrality
will be a reality by 2050. The EU also
considers the promotion of sector
coupling, in which electrification plays a
key role, as one of the concrete actions.®
Previous targets were set at the
national level with some variation.
Finland's goal is to increase wind
power capacity, which opens up
more opportunities for market-based
industrial electrification solutions.
However, it is important to ensure, for
example, the effective authorization of
projects at the national level.
Industrial projects will also be
supported with the electrification
subsidy for energy-intensive indus-
tries, which was introduced in 2022.
The aim of the subsidy system, which is
in place for a limited time, is to prevent
the risk of carbon leakage, safeguard
the cost competitiveness of industry
and guide operators to develop more
carbon-neutral industrial production
methods. Operators must use at least
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50% of the subsidy in development
efforts to reduce emissions, improve
energy efficiency or increase the
share of renewable energy in energy
consumption.*

What are the forecasts
for Finnish industry?

Several scenarios for the development
of electrification have been prepared,
for example, by the Finnish Climate
Change Panel, the Finnish Energy, Sitra
and Fingrid. Most recently, Fingrid
prepared four different scenarios for
the future of electricity consumption
and production®.

All Fingrid’s scenarios highlight the
growth of electricity consumption and
production by 2035 and 2045. It should
also be noted that in all scenarios,
Finland produces more electricity than
it uses, i.e. on an annual basis, self-suf-
ficiency of electricity is exceeded. The
main differences between the scenar-
ios can be seen in production in wind
power growth scenarios and in usage
in hydrogen economy solutions.

It is important to understand that
electrification takes place at several

Power to
Products

W Hydro power

2019 | 2035 2045|2035 2045| 2035 2045|2035 2045

Hydrogen Local Power

from Wind

Windy Seas

m Onshore wind m Offshore wind

= Nuclear power ® Other thermal power

levels, using both direct and indirect
electrification as well as hydrogen
economy solutions. We need all of
them, along with an understanding
of which solutions are best suited for
each application. In order to promote
the hydrogen economy, every effort
must be made to promote wind energy
projects, and projects related to the
production and use of hydrogen must
be started as soon as possible.

Risks and opportunities
abound

The electrification of industry involves
both challenges and opportunities,
which significantly affect the magni-
tude and speed of change. Energy is,
and always will be, a strongly political
issue. This creates risks, especially

for a small country that does not have
significant geopolitical influence. That
is why unity within the EU in energy
matters is important for Finland. On
the other hand, appropriate political
decisions allow us to support compa-
nies in implementing climate projects
to an increasing extent.



The development of electricity prices
has a significant impact on the elec-
trification of industry, both in terms
of the average price level and price
volatility. Profits from high electricity
prices should therefore be invested in
increasing clean energy production
and promoting the green transition.
Fluctuating electricity prices may
make it more difficult for electricity
companies to manage their cash flow
and, on the other hand, create more
financial risks.

Energy users may benefit from fluc-
tuating electricity prices if it is possible
to save on consumption volumes or to
reschedule periods of high electricity
consumption. Therefore, more alterna-
tive forms of energy production may
be available for production facilities
in the future, and in addition, reserve
capacities will increase.

Room for improvement
in technology

Technologically, we already have a
working technology, but its efficiency
still needs to be improved, which

in turn will have a direct impact on

-

T




the profitability of projects. It is also
important to start green hydrogen
projects as the proliferation of these
projects will certainly also open up
new financial channels.

In particular, the new connection
possibilities of heat pump technol-
ogy and the higher temperatures
produced will create new potential
applications. Heat pump applications
as part of district heating is a strong,
growing trendS. Hydrogen economy
projects have also been announced
to an increasing extent and suitable
application concepts are being
explored extensively. In addition, the
development and application of digital
solutions open up new opportunities
for electrification’.

However, as indicated above in the
Fingrid scenarios, electricity networks
and transmission links need to be
developed in order to transmit the
increasing generation of electricity to
operating sites. This will also require
the development of regional electricity
networks and networks within
industrial areas, which will require
significant investments. Improved
networks will also allow us to make
even more efficient use of electricity
while improving security of use and
supply.

There is also another missing piece:
the storage of electricity. There is no
efficient and profitable solution for
long-term storage of electricity in
addition to hydropower, the capacity
of which is nearly impossible to be
increased in Finland. Hydrogen is a
potential solution, but the current chal-
lenge is the profitability and financing
of projects.

References

Electrification of Finnish
industry is in its early days

Electrification is not always tech-
nically or economically feasible,
especially when it comes to processes
already in place. But when completely
new processes are planned, electronic
processes and solutions offer a very
high potential.

The electrification of Finnish indus-
try can be summarized as follows:

1. Electrification will be one of the
tools for achieving the carbon
neutrality targets of Finnish
industry. We also need many other
technologies and solutions, but
electrification has a very important
role to play.

2. Electrification partially enables
the utilization of waste heat, for
example with heat pumps, but on
the other hand, we are facing a shift
towards forms of energy production
that do not involve combustion.
Efforts should be made to examine
the attainable benefits as compre-
hensively as possible.

3. In the long term, electrification is
related to the hydrogen economy. It
is good to outline a roadmap for the
2030s, when solutions will start to
play an important role.

4. The extent and timing of electrifica-
tion will be significantly influenced
by future political decisions, the
level of technology and the develop-
ment of electricity prices.

In order to promote electrification,

a strategy and a roadmap should be
established to fully utilize its potential
and minimize the risks involved. &
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Special characteristics of industrial electrification projects

When considering electrification
solutions for industry, the baseline is
that effective production is always a
priority. If electronic solutions have

a negative impact on production,

for example in terms of production
volumes, quality or availability,
electrification is very difficult to justify.
It is therefore important to clarify the
possible constraints comprehensively
so that decisions are not based on
individual opinions.

1. Reliability plays an important role in

industrial environments.

For example, a heat pump solution that
uses waste heat always needs a back-
up form of production. The resilience

of the systems will play an increasingly
important role in the planning of future

energy systems.

2. One factor to consider in an
industrial environment is the large
scale of solutions.

In practice this causes, for example,
a need for space and significant
investments. It is therefore important
that sufficient investments are made
in the planning phase to ensure, for
example, that the cost estimate is
sufficiently exhaustive and that there
are no unwanted surprises during the
actual project.

3. Projects typically require
comprehensive competence.
Industrial projects can roughly be
divided into two categories: replicable
solutions (e.g. container solutions)

and unique process-specific solutions.

Replicable solutions are particularly
suited for SMEs, while heavy and
energy-intensive industries often

involve highly customized concepts.

In custom projects, holistic competence
is important as investments are

often made in the middle of existing
industrial processes or as part of one.
In the case of replicable solutions, it is
important to ensure the ease of use
and cost-effectiveness of the project to
achieve wide-ranging effectiveness.

In an industrial environment, the
operation of processes and production
equipment is a routine, which can
contribute to the introduction of
complex concepts. The goal must be
to make the operation as consistent as
possible with the existing concept to
ensure that the control is efficient and
user-friendly.
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